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NON-TECHNICAL SUMMARY
INTRODUCTION
United Steel Company (SULB) is a joint venture between Gulf United Steel Company,
(FOULATH) Kingdom of Bahrain (51%) and YAMATO KOGYO, Japan (49%) that is
seeking to construct and operate an integrated steel complex on land adjacent to
existing iron ore pelletizing plants and a stainless steel rolling mill plant within the Hidd
Industrial Area on the north east coast of the Kingdom of Bahrain.
The Bahraini government requires that an appropriate assessment of the potential
effects on the environment of the construction, operation and potential decommissioning
of the plant should be submitted. This Environmental & Health Evaluation Report
(EHER) for the SULB Integrated Steel Complex presents the approach and conclusions
of the impact assessment.
PROPOSED DEVELOPMENT
Development Description
The SULB complex will be developed over 2 phases and is designed to produce direct
reduced iron (DRI) from iron ore pellets. The DRI will then be used in turn to produce
steel in the form of beam blanks, billets and blooms which will be further processed
within the rolling mills of the complex to produce different steel section products.
The process itself will consist of the following four separate modules:
•
•

•
•

A Direct Reduction Plant with nominal capacity of 1,500,000 tons per year;
A Melt Shop with a Phase 1 nominal capacity of 650,000 tons per year rising
to a nominal capacity of 1,300,000 tons per year in Phase 2. The Melt Shop
consists of the following elements:
o Two Electric Arc Furnaces (EAF);
o Two Ladle Furnaces (LF); and
o Two Continuous Casting Machines (CCM).
A Heavy Section rolling mill with nominal capacity of 600,000 tons per year;
and
A Light and Medium Section rolling mill with nominal capacity of also
600,000 tons per year (to be erected as a 2nd phase of development).

In addition, the following ancillary processes will be included:
•
•
•
•
•
•
•
•
•

Wharf (2nd phase of the development);
Reverse osmosis plant (for treatment of incoming water);
Cooling water system;
Seawater Cooling System (Intake, Pump Station and Outfall);
Wastewater treatment plant;
Fume Treatment System;
Electrical Substation;
An air separation plant;
Support Facilities.
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Site and Surrounding Area
The proposed location of the SULB steel complex is in the Hidd Industrial Area which
lies to the south of Hidd Town on the south eastern extremity of Muharraq Island in the
northeast of the Kingdom of Bahrain.
Location of Hidd Industrial Area

The Hidd Industrial Area is built on reclaimed land and consists of almost entirely
industrial / commercial land use including the Al Ezzel Power Plant, the Hidd Power and
Desalination Plant, a ferro alloys producing plant (BAFA1) and Arab Shipbuilding and
Repair Yard (ASRY), besides many other large and small industries.
The site of the complex itself was allocated by the Industrial Areas Directorate (IAD),
Ministry of Industry, on a 347,362 m2 plot of existing reclaimed land, south of the
existing United Stainless Steel Company (USCO) a stainless steel rolling plant, and
west of the existing Gulf Industrial Investment Company (GIIC) iron ore pelletizing plants
(1 and 2). The location is shown in the figure below.

1

Bahrain Ferro Alloys
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Project Need and Consideration of Alternatives
An economic need for a large steel production facility within the Kingdom of Bahrain was
identified to service the growing GCC market given the trend in consumption of steel
section products against the current ability of GCC countries to supply. Therefore
against this economic backdrop the consideration of alternatives to reduce potential
environmental impact essentially becomes a matter of location and technology.
SULB propose to manufacture steel via the Electric Arc Furnace (EAF) process for the
following reasons:
•
•
•
•
•

The EAF is considered the best available technology (BAT) as defined in sector
BAT Reference (BREF) guidance
The EAF is more flexible in using steel scrap/DRI and can be operated as a
batch type process
The EAF produces less emissions as compared to Basic Oxygen Furnace (BOF)
process
The EAF process consumes less energy than the BOF process
The EAF technology has replaced the traditional BOF in many applications.

With regard to location, no alternative development sites within Bahrain were
considered. The SULB development was designed to be integrated with the existing
GIIC Pelletizing Plant for the provision of the main raw material (iron ore pellet) and for
sharing of required administrative services. The site also provides access to suitable
coastline for wharf facilities.
The Hidd Industrial Area represents an area of existing industrial development with
recently developed industrial infrastructure such as a power station, wastewater
treatment plant and port facilities nearby. Thus in terms of development control, the
location of large industrial installations in a defined zone with existing transportation links
and remote from urban centres represents good planning policy.
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ENVIRONMENTAL IMPACT ASSESSMENT
Legislative Context
Preliminary approval was sought and received from the Ministry of Industry and
Commerce Industrial Projects Directorate concerning the application for an industrial
license for the SULB development on 12th March 2008, letter reference 01/3751 (see
Appendix A) and has been renewed since then on a 6 monthly basis.
In accordance with Article 2 of Ministerial Order No. (1) of 1998 with respect to
Environmental Evaluation of Projects, form EA2 Environmental Screening of Industrial
Projects was completed and provided to the Environmental Authority (GDEWP) on the
13th May 2008.
The Environmental Scoping Report (ESR) was submitted to GDEWP on the 25th
January 2009 for review and approval. Comments on the ESR were received from
GDEWP on the 9th February 2009 stipulating a requirement for an Environment & Health
Evaluation Report (EHER) to fulfil the requirements of the Environmental and Health
Impact Assessment (EHIA) process.
The EHIA for the SULB Project was therefore required to be undertaken in accordance
with ‘Ministerial Order No. 1 of 1998 with respect to the Environmental Evaluation of
projects.’
Assessment Methodology
To assist in the identification of likely significant issues at an early stage, a scoping
study was completed through the submission of an Environmental Scoping Report
(ESR) to the regulator. It identified a number of key issues relating to the construction
and operation of the SULB Project:
• Potential impact on hydrodynamics from construction of wharf and operation of
outfall;
• Potential sediment plumes generated during wharf construction impacting on
surrounding water quality;
• Potential impacts on marine ecology during the construction of the wharf facility and
operation of outfall;
• Impacts on air quality as a result of plant operations and from operational traffic;
• Impacts of noise and vibration associated with operational traffic to and from the
plant;
• Impacts of wastes associated with the facility’s operation; and
• Impacts of chemical usage.
Subsequent to the review of the ESR by the regulator and following additional
consultation, specific additional parameters were defined for inclusion within the ongoing
environmental study:
•
•
•

Cumulative assessment;
Human health impact assessment; and
CO2 assessment.
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The EHIA process developed the findings from this preliminary work through the
following activities:
• Further consultation with the staff and management of the SULB Plant;
• Additional primary data collection and specialist studies (e.g. air quality dispersion
modelling);
• Impact assessment evaluation and the identification of mitigation measures; and
• Preparation of this EHER (i.e. the main product of the EHIA ‘process’)
Impacts of the proposed development
The results of the EHIA as reported in the EHER with the main elements as summarised
in the following sections;
Hydrodynamics
A number of potential construction impacts to hydrodynamic parameters of the
surrounding coastal waters were identified.
Assessment of bathymetry has judged that the impact of the construction of the wharf on
seabed levels is considered to be negligible.
Simulated flow patterns modelling the effect of the construction of the wharf were
derived and whilst the ebb and flood tide currents in the vicinity of the wharf are partially
deflected by the presence of the proposed wharf, there is a negligible impact on tidal
currents overall, with peak current speeds predicted to be very low both before and after
development (of the order of 0.1m/s).
With respect to the temporary relocation of the GIIC outfall, dispersion model
simulations for the four conditions tested, indicate that the overall plume footprints and
level of recirculation back to the existing GIIC intake are likely to be very similar to the
baseline behaviour. Therefore the impact is considered to be negligible.
Potential operational impacts to hydrodynamic parameters relate to the proposed
combined outfall and based on the detailed hydrodynamic and plume dispersion
modelling, these are considered to be negligible.
Water and Sediment Quality
As part of the construction process it is planned that the existing outfall at the
neighbouring GIIC plant is temporarily relocated. The predicted changes to seawater
temperature, salinity and sodium hypochlorite concentrations resulting from the
temporary relocation of the GIIC outfall are predicted to remain effectively the same as
that for the existing outfall, therefore a negligible effect on water quality is anticipated.
As part of the operational phase of the development, a combined outfall is proposed with
discharge from both the SULB plant and the GIIC plants. As with the temporary
relocation of the outfall during the construction phase, changes to seawater
temperature, salinity and sodium hypochlorite concentrations resulting from the
discharge were assessed via detailed hydrodynamic and plume dispersion modelling.
The combined GIIC/SULB discharge is warmer than the receiving sea water however
the results of the modelling indicate that, despite some build-up of the discharge in the
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vicinity of the outfall site over successive tides, tidal-average (and, therefore, monthlyaverage) excess temperatures at distances of 100m around the diffuser are lower than
3ºC, which means that the proposed discharge is predicted to be compliant with the
Bahrain outfall temperature standard.
The salinity increase is also likely to be negligible (basic calculations suggest an excess
salinity of around 0.1ppt, which is likely to be less than normal ambient seawater
variations).
The sodium hypochlorite dispersion patterns show that concentrations could remain
around half that of the discharge value in the vicinity of the point of discharge, within the
ASRY Basin and along the southern faces of the ASRY and GIIC reclamations (up to
0.2mg/l in the main core of the plume). The plume is then predicted to be carried at
lower concentrations (typically less than 0.1mg/l) under the action of tidal currents over a
similar area as indicated by the thermal plume footprint. Residual chlorine
concentrations are generally reduced to below 0.01mg/l within a radius of some 5km
from the combined outfall.
There are no specific Bahraini environmental regulations for residual chlorine; however,
the Bahraini standards for industrial effluent refer to a monthly average discharge
concentration limit of 0.5mg/l for residual chlorine. As the discharge concentrations of
sodium hypochlorite are stated by SULB to be anticipated to be equivalent to 0.5mg/l of
chlorine, the discharges will be compliant with this standard.
Marine Ecology
A direct impact of the development construction will be the loss of subtidal habitats due
to reclamation works. A total of 3.8 ha of seafloor will be permanently lost due to the
construction of the proposed wharf. However the footprint does not represent a natural
seabed but one that is likely to have been previously dredged and based on the
magnitude and low sensitivity of this marine habitat, the loss of marine biological
resources within the wharf footprint is not deemed to be significant.
A further impact from reclamation will be the impact of elevated total sediment loading
and deposition on surrounding marine ecology. The introduction of 500,000m3 of fill
material into marine waters will result in a percentage of fine fill material becoming
suspended in the water column. Sediment loading has two key effects on ecology, a)
whilst in suspension and b) following deposition (i.e. seabed smothering). The
reclamation methodology forwarded by the client includes the complete enclosure of the
site along the reclamation boundary with interlocking steel sheet piles, the joints of
which may be filled with grout material. This structure will effectively act as a
containment bund which will significantly reduce sediment loading of surrounding waters
Hydrodynamic assessment indicated that water currents in the area are very low and
therefore the passive plume (i.e. that generated by currents and consisting of typically
finer-grained material) is not anticipated to be large. Given the generally poor nature of
the receiving and adjacent environments, the impact upon marine ecology due to
sediment loading is deemed negligible to minor adverse.
The proposed construction methodology for the wharf calls for both vibro and hydraulic
hammer piling operations associated with the installation of both pipes and sheet piles.
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Fish, turtles and marine mammals (e.g. dugongs and dolphins) may all be adversely
impacted by noise
Dolphins are routinely observed in areas adjacent to the proposed wharf and it is
possible that both turtles and Dugong pass areas nearby. However, a review of existing
data indicates that the study area does not host significant numbers of either.
Given that the study area currently experiences a significant number of noise sources
(e.g. maintenance dredging, shipping related noises) marine ecology in the area is likely
to adapted to, or avoid, sources of noise that cause irritation. For this reason an impact
of minor adverse has been assigned
In light of the similarities of the predicted effects of the temporary outfall to the existing
outfall, on temperature, salinity and sodium hypochlorite concentrations, a negligible
impact is anticipated to marine fauna and flora.
With respect to the operational phase of the development, the effects of the combined
outfall on marine ecology are considered to be of minor significance based on the
following;
Given the predicted much localised extent of a rise in seawater temperature above 1°C
and the perceived low to medium sensitivity of the marine ecology present, the potential
impact resulting from an increase in seawater temperature from the proposed combined
GIIC outfall is expected to be of minor significance.
Predicted salinity increase resulting from the proposed combined GIIC outfall is likely to
be negligible (basic calculations suggested an excess salinity of around 0.1ppt, which is
likely to be less than normal ambient sea water variations).
Given Bahrain’s standards of industrial effluent is set at 2 mg/l for the maximum
discharge of residual chlorine, no impact is expected to marine ecology from the
discharge of sodium hypochlorite by the combined GIIC outfall.
Air Quality
A potential air quality issue which may arise during the construction phase of the SULB
development is the generation, suspension and deposition of particulate matter. Based
on the distance to the nearest residential receptors and predominant meteorological
conditions, the potential for nuisance or health effects from construction dust generated
by the SULB development are assessed as minor. If appropriate mitigation measures
such as dust suppression are used, the residual impact is anticipated to be negligible.
Air quality during construction may also be impacted by emissions from construction
plant and off road vehicles. However, with good management of site plant and
equipment and other appropriate mitigation measures, such as the use of ultra low
sulphur fuel (where available), the impact of construction plant emissions is considered
to be negligible.
In terms of operational impacts from the SULB development on air quality, air modelling
studies have shown that the pollutant concentrations produced by SULB emissions
(NO2, SO2, CO and PM10) do not breach Bahraini or international standards at any of the
______________________________________________________________________________________
SULB Steel Complex
Environmental & Health Evaluation Report

Final
vii

January 2010

sensitive local or site boundary receptors. Therefore the significance of the impact on air
quality from the operational emissions of SULB is considered to be negligible.
The effect of emissions from operational road traffic generated by the SULB
development was assessed using an air quality screening model. Based on the
estimate of the operational traffic likely to be generated by the development, the impact
of road traffic emissions on air quality is considered to be negligible.
An assessment of the impact of cumulative operational emissions was also undertaken
which considered releases from all permitted installations in the locality (USCO and
GIIC) in addition to those from SULB. For the pollutants SO2, CO and PM10 and long
term NO2, the impact of cumulative emissions was assessed as minor. For hourly
average concentrations of NO2, however, the impact is considered more significant, as,
based on worse case assumptions, ground level concentrations in excess of the hourly
NO2 standard are predicted. It should be noted however that the exceedance area
modelled is located predominantly within the boundary of the SULB, GIIC USCO
complex and over the sea to the south east, where there is no public exposure.
Therefore provided that SULB and the permitted installations achieve ongoing
compliance with specific emission limit values, air emissions are not considered to give
rise to significant long term environmental effects.
Operational impacts of CO2 emissions from the SULB plant were also considered, with
CO2 emissions calculated from the direct natural gas combustion in the process and the
indirect CO2 emissions via the electricity consumption of the plant. A gross estimated
total of 1.278 million tonnes of CO2 emitted annually from the SULB complex was
calculated. Whilst this represents a significant energy consumption and associated
annual CO2 release, the amount of CO2 emitted per tonne of steel produced for the
SULB complex compares favourably with other steel producers across the world,
indicating the use of best available technology.
Noise and Vibration
Potentially significant noise impacts from the construction phase of the SULB
development may arise as a result of excavation, ground works and site preparation
(e.g. percussive piling). To assess the significance of construction activities at
surrounding receptors, noise modelling software was used to predict the impact of using
a percussive piling rig operating within the boundary of the site.. The results showed that
no impact was predicted from potential percussive piling activities. Other construction
activities generate noise levels considerably lower than percussive piling and it is
predicted that the construction phase in general will have no significant noise impact.
Potentially significant noise impacts may also arise due to the transport of equipment
and materials to and from the site. Given the already high volume of traffic in the area, it
is considered unlikely that the additional traffic related to the construction of the
development will lead to anything more than a temporary negligible impact.
With regard to noise from onsite operations, the large distances between the proposed
development and the closest receptors mean that no significant noise impact is
predicted. Noise impacts from off-site operational road traffic were assessed from traffic
generation estimates and a negligible impact is predicted.
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With respect to decommissioning activities, noise impacts are expected to follow the
pattern of construction noise impacts and therefore a temporary negligible impact may
be expected.
Waste
The inappropriate management of construction waste may give rise to a range of
environmental impacts, such as contamination of soil, groundwater or surface water, the
release dust and air pollution, and also may adversely affect waste management
infrastructure itself (e.g. landfill space). Given the scale of the SULB project, the
significance of the potential impact from construction waste is considered to be
moderate, However the implementation of suitable management and robust controls
would reduce that impact to one of minor significance.
Similarly the inappropriate management of operational waste can have a significant
impact. Based on the identification of the waste streams likely to be generated by the
SULB operation and an assessment of their hazard as well as the volume, an impact of
moderate significance was predicted. However the implementation of suitable
management and robust waste minimisation policies (based on the principles of reduce,
reuse, recycle) would reduce this impact to one of minor significance.
The decommissioning of the SULB development could result in the generation of
hazardous and non hazardous wastes, which if not properly managed have the potential
to pose a public health or environmental hazard. Given the scale of such a
decommissioning project the significance of the potential impact for decommissioning
waste is considered to be moderate to major, but this potential impact would be
expected to be reduced with robust waste management and control techniques in place.
Resource Use (including utilities and other raw materials)
The resource use of the SULB development through its construction, operation and
decommissioning includes services and utilities (power, water, water treatment) as well
as other raw materials (including chemicals and fuels).
Utility use during construction will give rise to impacts upon the sewage system, power
supplies and water supplies, but these will arise only during the construction period and
are considered to be minor to negligible.
In operation the SULB development will consume significant quantities of energy and
water. However the overall environmental impact would be reduced if an energy
management program is put in place, and if conservation and management of water
resources within the facility is undertaken. Nevertheless, the projected consumption of
natural gas to fire the process equipment it is anticipated to be significant, as steel
manufacturing processes around the world are associated with high energy demand.
The steel making process itself and the operational maintenance of the plant will require
the use of a range of chemicals. If the chemical storage and handling instructions and
requirements for personal protective equipment (PPE) contained within the material
safety data sheets (MSDS) are followed, spillages, discharges and worker exposure can
be minimised and the associated environmental impact will be negligible.
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Any future decommissioning the SULB plant would remove this burden on utilities, and
so reduce the overall environmental impact of the steel manufacturing process at this
site, but the need to replace the installation with alternative steel manufacturing
provision in Bahrain may require equivalent energy and water consumption elsewhere.
Human Health (Health Impact Assessment)
Many development proposals have indirect effects on the health and well being of the
surrounding populations. Such development may improve local economic factors such
as employment and therefore income, whilst contributing to an existing background of
air pollution and the noise environment which may in turn affect population health.
These factors which are not primary indicators of individual health but may influence
health within a population are referred to as intermediate factors or determinants of
health.
Following an assessment of the SULB proposal in terms of it potential emissions and
other impacts, the location of the development and the location, distribution and nature
of the surrounding populations, the following key intermediate factors have been
identified;
•
•
•
•
•

Air Pollutants
Noise
Traffic and Transport
Employment
Income

Potential marine impacts, soil and groundwater impacts and direct waste impacts were
discounted as the potential human health impact from these factors are not considered
to be significant due to the nature of these potential emissions and the distance of these
pathways to human health receptors.
In terms of construction impacts on human health the following assessment was made;
•

Noise - Having undertaken a noise assessment on the proposed construction
activities, no significant impact is anticipated

•

Traffic and Transport (Air Pollutants) – Given the projected increase in traffic
during construction the increased health risk at haul route roadside locations due
to vehicle emissions is unlikely to be significant

•

Traffic and Transport (Road Traffic Accidents) - The projected increase in
vehicle movements on access roads during the construction period compared to
existing traffic volumes indicates that any increased risk is unlikely to be
significant

•

Employment – the potential significance on local population well-being
associated with the creation of construction jobs will be dependant on the nature
of those jobs, the conditions of employment and the length of contract

•

Income – whilst conventionally the creation of increased income within a
population is associated with an overall improvement in well-being and health,
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the temporary duration of the construction phase and the nature of the workforce
(expected to be largely non-Bahraini immigrants) means that the potential
benefit will be temporary and of limited significance.
In terms of operational impacts on human health the following assessment was made;
•

Air Pollutants - emissions will contribute to long-term ambient air quality and a
slight adverse (low) significance is anticipated

•

Noise - Having undertaken a noise assessment on the proposed operational
activities, no significant impact on population health or well-being is anticipated

•

Traffic and Transport (air pollution) – exhaust emissions from traffic generated
by the development will contribute to long-term ambient air quality and a slight
adverse (low) significance is anticipated

•

Traffic and Transport (Road Traffic Accidents) - traffic generated by the
development will increase the risk of incidents on specific road links and in these
locations a slight adverse (low) significance is anticipated over the long term

•

Employment – the creation of permanent employment within the local population
will be associated with a minor to moderate beneficial significance over the long
term

•

Income – depending on the number and profile of jobs created, a minor to
moderate beneficial significance is anticipated over the long term

Socio-Economics
Potential socio-economic impacts from the SULB development include employment
generation and economic stimulus to the surrounding businesses and services. Other
impacts include the effects of the influx of workers on local social services and facilities.
In terms of construction based on an ultimate investment of USD 1.4 billion, where a
substantial amount will be expended locally in cement, rebar, transport, hiring of
equipment and services (heavy lift, surveys, etc), accommodation, hotels, etc, in
addition to jobs generation means the impact of the SULB project will have a significant
impact on the local economy during the construction phase.
Once operational the SULB complex is anticipated to strengthen and diversify Bahrain’s
industrial base, help the balance of trade, contribute to employment and add to the
overall economic growth.
Also when operational a secondary effect along the supply chain will be created, which
will provide significant demand for cargo and people transport, use of the port facilities,
hotels for visitors, taxis, etc, with the concomitant generation of jobs.
SULB operations also have the potential to boost the creation of new companies,
associated with the processing of the steel sections products. An example of this is a
steel structure fabricator currently located in the United Arab Emirates (UAE), who has
indicated to SULB management considerations for constructing a facility in Bahrain to
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pre-process the required structures for attending its customers in the Eastern Province
of the Kingdom of Saudi Arabia (KSA).
Cumulative Assessment
The in-combination effects on those receptors which have been identified as potentially
impacted through coinciding spatial and/or temporal effects, have been considered in
more detail below.
•

Air Quality and CO2 Assessment
During the construction phase of the SULB development, there is the potential
that the identified developments will also be undergoing construction. The
generation, suspension and deposition of particulate matter is therefore
considered to be a potential cumulative impact. The significance of construction
dust impacts will be dependent on which construction activities are being
undertaken concurrently and the prevailing meteorological conditions.
Road traffic emissions are also considered to present a potential cumulative
impact as the identified developments will mean additional vehicles within the
Hidd Area during both the construction and operational phases.
Operational air quality impacts and CO2 emissions are common to all the
identified developments but are considered to more significant with respect to
SULB, the Sugar Refinery and the AMA Steel Mill.
Cumulative emission modelling was undertaken for the SULB complex, to
include the GIIC and USCO plants, and for the key pollutants NO2, SO2, PM10
and CO, predicted concentrations at all sensitive receptors, for all averaging
periods were less than 60% of the respective Bahraini standards
Although no cumulative modelling has been undertaken to include the proposed
Sugar Refinery and AMA steel mill emissions, it is considered highly unlikely,
provided that releases from these developments are compliant with Bahraini
emission standards, that the addition of these sources will add sufficiently to
ambient pollutant concentrations such that air quality standards at sensitive
receptors will be exceeded.
CO2 emissions represent a cumulative impact from all new development and
efforts should be made to encourage energy efficiency and low carbon
technology within all construction and operational activities.

•

Waste
Construction and operational waste are considered to be potentially significant
cumulative impacts if not managed appropriately. However based on the
currently available information, none of the identified developments are
anticipated to produce particularly large or particularly harmful waste streams.
Therefore the capacity available within Bahrain to deal with the anticipated
wastes generated by the developments is likely to be sufficient.

•

Resource Use (including utilities and other raw materials)
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Cumulative impacts from the consumption of non-renewable resources
represent an issue for all new development.
The supply and consumption of utilities is managed by the appropriate authority
(Electricity and Water Authority , Banagas etc) and the signature of the various
supply agreements for these utilities for the SULB development represents a
strong indication that the authorities consider the cumulative demand to be
manageable.
•

Traffic and Transport
A traffic study was carried out on behalf of the Ministry of Works Construction
Projects Directorate for the new port and industrial area at Hidd. This study
evaluated the necessary level of infrastructure required to accommodate the
proposed Phase 1 and subsequent full development of the port and industrial
area. It is considered therefore that the generated traffic from the key
developments has been identified and incorporated within the plans for the
necessary infrastructure.

•

Human Health (Health Impact Assessment)
With respect to potential human health factors associated with the identified
developments, the most significant potential for a cumulative negative impact is
considered to be from air pollution.
Releases from these developments are expected to be compliant with Bahraini
emission standards and the addition of these sources will not amount to
sufficient total pollutant concentrations to exceed air quality standards at
sensitive receptors within the Hidd industrial area. An increase in ambient air
pollutant concentrations over the long term is associated with an increase in risk
to human health within a population. However, the adoption of air quality
standards for particular pollutants is based on the acceptability of a residual risk
in the protection of public health, Therefore although emissions from the
developments will give rise to increased ambient pollutant concentrations, if
health-based ambient air quality standards are complied with the increased risk
to any individual is negligible.
A cumulative positive impact from the developments will be the increased
economic well being and associated health benefits from the increased
employment and income levels the developments will bring.

•

Socio-Economic
A cumulative impact on employment levels is anticipated especially during the
construction phases of the identified developments and the multiplier effect and
additional expenditures generated will act in combination to create a more
significant impact on the Bahrain economy. The disadvantage of significant
short-term job creation is the potential negative impact the population of
construction workers may have on the community facilities and infrastructure of
the area. The SULB complex is anticipated to manage its contribution to this
impact by ensuring specific facilities for construction personnel are made
available so that the impact on existing local community facilities is minimised.
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CONCLUSIONS AND RECOMMENDATIONS
As part of the development consenting process, an Environmental Management Plan
(EMP) will be prepared to ensure that the mitigation measures committed to by SULB as
part of the EHIA and best practices are implemented correctly on site. The EMP will
effectively be the mechanism to ensure that the mitigation measures and best practices
identified are implemented during construction. The EMP will set out the responsibilities
and requirements of each of the involved parties and it is recommended that it is
included in tender documents provided to the relevant contractors to ensure that those
responsibilities and requirements form part of the construction contract.
With regard to the environmental management of the SULB operations, a number of
enhancement suggestions and recommendations are summarised below for
consideration;
• Adoption of best available technology for the operation of the plant.
• Adoption of best management practices for the both the design and operation of the
plant, including defining environmental management policy, roles and responsibilities
• Develop and implement a waste minimisation plan to optimise the manufacturing
processes and reduce the amount of waste generated.
• Promote ‘greening ‘of the supply chain by adopting an environmentally friendly
procurement strategy, for example by specifying and purchasing materials with a
high recycled content or low hazardous material content.
• Develop and implement an energy management program to reduce the amount of
energy consumed by the plant and to ensure all the equipment efficiency is
optimised.
• Identify and utilise alternatives to potentially polluting or high resource cost
construction or operational materials and chemicals
The location, layout and process design of the proposed development has been detailed
in such a way as to minimise detrimental effects on the human and environmental
receptors in the surrounding area.
This EHIA of the development has involved detailed surveys, studies, assessments and
consultations to assess identified effects on the natural and physical environment as
well as the socio economic environment and the human health of nearby residents.
Overall, given the successful implementation of the stated mitigation measures it is
predicted that long-term significant impacts will be minimised.
The SULB project is viewed as an important part of the economic development of the
Hidd Industrial Area, and Bahrain as a whole, and is anticipated to strengthen and
diversify Bahrain’s industrial base, help the balance of trade, and contribute to
employment.
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Particulate matter less than 10 micrometres (10-6 m) in aerodynamic
diameter
Parts per billion

PPE

Personal Protective Equipment

PPM or ppm

Parts Per Million

PSA

Particle Size Analysis

RCRA

Resource Conservation and Recovery Act

RO
SO2

Reverse Osmosis
Sulphur Dioxide

SOX

Oxides of Sulphur

TIA

Traffic Impact Assessment

TMT

Thermo Mechanical Process

UK

United Kingdom

USEPA

United States Environmental Protection Agency

WHO

World Health Organization

WRD

Water Resources Directorate

WWTP

Wastewater Treatment Plant

µm

Micrometer (10-6 metre)

PM 2.5
PM10
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PART I
1

INTRODUCTION

1.1

Background
United Steel Company (SULB) is a joint venture between Gulf United Steel Company
(FOULATH) Kingdom of Bahrain (51%) and YAMATO KOGYO, Japan (49%) that is
seeking to construct and operate an integrated steel complex on land adjacent to
existing iron ore pelletizing plants and a steel rolling mill within the Hidd Industrial Area
on the north east coast of the Kingdom of Bahrain.
The complex will be designed to produce direct reduced iron (DRI) from iron ore pellets.
The DRI will then be used in turn to produce steel in the form of beam blanks, billets and
blooms, which will be further processed within the rolling mills of the complex to produce
different steel section products.
Under Bahraini legislation for development control, projects of this scope and nature
require an assessment of their potential environmental effects.
This document (the Environmental & Health Evaluation Report (EHER)) forms the final
stage of the Environmental and Health Impact Assessment (EHIA) process within
Bahrain and is a requirement of the national environmental regulator, the General
Directorate of Environment and Wildlife Protection (GDEWP).
This EHIA has been undertaken in accordance with the principles contained in
Ministerial Order No. 1 of 1998 with respect to the Environmental Evaluation of Projects.
Reference has also been made to the World Bank Standards and Equator Principles
(see Section 3 – Legislative Context and EHIA Process).

1.2

Project Need and Consideration of Alternatives

1.2.1

Project Need
The efforts of the GCC nations to diversify their economies from oil and natural gas, and
the availability of considerable monetary surpluses, have led to a significant increase in
investment in diverse sectors. Massive investments are taking place in infrastructure
projects such as airfields, ports, power plants and desalination plants. In addition, major
real estate developments are underway to provide resorts and residential
accommodation for international tourists and home owners.
All these factors have resulted in a significant increase in construction activities in the
region and as a consequence there has been a sharp rise in steel consumption in the
region. Local producers of steel have increased production to meet the growing
demand and with the major investments in petrochemical complexes there is natural
advantage of comparatively lower energy costs in setting up steel making facilities which
have high energy usage within the GCC area.
However, despite growth of steel production in the region, the consumption has by far
outstripped the domestic production. The production of steel in the GCC region
increased by 21 % between the years 2001 and 2005, the consumption of steel during
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this period, however, saw an increase of 64 %. This has led to ever increasing imports
of steel into this region. Imports of finished and semi-finished steel into the GCC region
was over 13 million tons in 2005. Figure 1.1 depicts the growth in production,
consumption and imports of steel.
Figure 1.1

Production, Consumption and Imports of Steel to the GCC Region 2001
- 20052

During the period 2001-2005, the world has seen a sustained growth in consumption of
steel with an average Compound Annual Growth Rate (CAGR) of 8 %. During this same
period the GCC region has seen a CAGR of over 17 % which is more than twice the
world average.
The International Iron and Steel Institute (IISI) medium term forecast for world steel
consumption projects a 4.9 % growth up to 2010 which is likely to come down to 4.2% in
the period up to 2015. The level of economic growth in the GCC region is expected to
continue to be robust based on sustained high surpluses generated by oil revenues.
The growth in construction activities may slow down as compared to the last couple of
years, but this sector is expected to continue to be important in its consumption of steel
products.
With regard to other elements of the GCC economies, the increase in per capita income
as well as the efforts to diversify into non-oil manufacturing sector is anticipated to result
in the setting up of manufacturing chains to produce items of mass consumption by local
industries leading to a diversification in the requirement of steel products. As a result of
the above factors, growth in consumption of steel for the GCC region is predicted to
remain high and is expected to be much above world averages.

2

Steel Rolling Sector in the GCC A Multi-Client Study – Gulf Organisation for Industrial
Consulting March 2008
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1.2.2

Consideration of Alternatives
Given the identified economic need for a large steel production facility within the
Kingdom of Bahrain, the consideration of alternatives essentially becomes a matter of
location and technology.
In relation to technology, the main producers of steel in the GCC region follow the Direct
Reduction route to produce direct reduced iron which is then converted into steel in
electric arc furnaces (EAF). The direct reduction route utilizes natural gas to produce the
reductant gas and in areas where natural gas is available it has been shown to be
economically competitive to the conventional route of steel making (Blast Furnace +
Basic Oxygen Furnace) in integrated steel plants which are however very capital
intensive to set up.
EAF based steel making can use 100% scrap, 100% Direct Reduced Iron (DRI) or Hot
Briquetted Iron (HBI) and can be started and stopped as per requirement (batch type),
unlike traditional coke based Blast Furnace Basic Oxygen steelmaking where there is
low flexibility of steel scrap usage and there is a requirement for the plant to be
continuously operated. The EAF process is a simple process and requires less variety
of materials for producing steel.
Therefore, in summary SULB propose to manufacture steel via the EAF process for the
following reasons:
•
•
•
•
•

The EAF is considered the best available technology (BAT) as defined in sector
BAT Reference (BREF) guidance;
The EAF is more flexible in using steel scrap/DRI/HBI and can be operated as a
batch type process;
The EAF process produces less emissions as compared to Basic Oxygen
Furnace (BOF) process;
The EAF process consumes less energy than the BOF process; and
The EAF technology has replaced the traditional BOF in many applications.

With regard to location, no alternative development sites within Bahrain were
considered. The SULB development was designed to be integrated with the existing
GIIC Pelletizing Plant for the provision of the main raw materials (iron ore pellets) and
for sharing of required administrative resources. The site also provides access to
suitable coastline for wharf facilities.
The Hidd Industrial Area represents an area of existing industrial development with
recently developed industrial infrastructure such as power stations, wastewater
treatment plant and port facilities located nearby. Thus in terms of development control,
the location of large industrial installations in a defined zone with existing transportation
links and remote from urban centres represents good planning policy.
The industrial context of the surrounding area is described in more detail in Section 2.2.

1.3

Scope
In the context of EIA, the process of scoping is determining, from all the project’s
possible impacts and from all the alternatives that could be addressed, those that are
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the key significant ones. An Environmental Scoping Report (ESR)3 was undertaken for
the project in order to identify those impacts thought to be potentially significant, those
thought to be non-significant and those that require further studies to determine the level
of significance. The results of this scoping exercise form the extent of the issues to be
addressed within this report.
Figure 1.2 below highlights the priorities that have been assigned to the parameters
investigated as part of the ESS, this prioritisation was confirmed following consultation
with the regulator after submittal and review of the ESS document.
Figure 1.2

Scoping Prioritization

Air Quality

Medium Priority
Desk Based/Secondary
Data
Noise and Vibration

Marine Ecology

Health and Safety

High Priority
Specialist Assessment

Water and Sediment
Quality
Hydrodynamics

Low Priority
Desk Based
Traffic and Access
Landscape and Visual
Quality

Waste Management
Chemical Usage
Groundwater
Socio-economics

Key:
Likely to be the most important issues; EIA study will focus on these
Of concern and the EIA study will consider them
Unlikely to be of significant interest because features of this parameter do not exist,
are not plentiful, or are not relevant

Subsequent to the review of the ESS by the regulator and following additional
consultation, specific parameters were defined for inclusion within the remit of this
report, most notably;
•

Cumulative Effects Assessment

Cumulative impact has been defined as follows
“The impacts on the environment which result from incremental impacts of the action
when added to other past, present and reasonably foreseeable future actions,
regardless of what agency or person undertakes such other actions. Cumulative impacts
can result from individually minor but collectively significant actions taking place over a
period of time.”4
Consultation with GDEWP has suggested that a cumulative effects assessment of the
Hidd Industrial Area is required to gain an understanding about the capacity of the
receiving environment and whether critical thresholds have been or are likely to be
breached.
3
4

SULB Integrated Steel Complex Environmental Scoping Report - PHE Gulf (January 2009)
United States Council on Environmental Quality (1978)
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With this in mind an assessment of the cumulative effects for the complex composed by
GIIC, USCO and the future SULB plant has been included as a separate chapter within
the impact assessment section of this report.
•

Health Impact Assessment

Health Impact Assessment (HIA) has been defined as
“…a combination of procedures, methods and tools by which a policy, programme or
project may be judged as to its potential effects on the health of a population, and the
distribution of those effects within the population.”5
The above definition reflects the fact that there is no single way of conducting an
assessment. The combination of procedures, methods and tools used will depend on
both the decision-making structures of the organisation undertaking health impact
assessments and the proposal in question. Flexibility is necessary to ensure the best
approach is taken in the given circumstances.
HIA provides a systematic yet flexible framework that can be used to consider the wider
effects, policies, programmes or projects and how they, in turn, may affect people’s
health. Some of the effects may be positive, while others could be more harmful. The
final aim is to remove or mitigate any possible negative impacts on people’s health and
well-being.
Following consultation with GDEWP, a rapid desk based HIA was proposed to provide a
broad overview of potential health impacts from the project. The results of this
assessment have been included within Section 13 Human Health (Human Health
Impact Assessment ) which details the potential impacts from the development on the
health of the local population.
•

CO2 Assessment

Following consultation, GDEWP has requested SULB make an assessment of process
alternatives that could contribute to the reduction of emissions, especially CO2. This
assessment was requested in order to direct efforts for the reduction of gases with
climate change potential; the results have been included within Section 4 Air Quality
and CO2 Assessment.

1.4

Objectives
EHIA can be regarded as having objectives that relate to a particular proposal (in this
case the development of an integrated steel works) and within the larger context, to the
management and sustainability of the environment. For a project proposal, an EHIA
informs the decision maker of the likely consequences of granting consent. More
strategically, EHIA helps to ensure the project proposal does not undermine critical
environmental systems or the well being of communities and by so doing contributes to
sustainable development.
5

World Health Organization (1999) Health impact assessment: Main concepts and
suggested approach. Copenhagen: World Health Organization.
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Immediate objectives of EHIA6 are to:
Improve the environmental design of the proposal;
Check the environmental acceptability of the proposal / capacity of the site
and receiving environment;
Ensure that resources are used appropriately and efficiently;
Identify appropriate measures for mitigating the potential impacts of the
proposal; and
Facilitate informed decision making, including setting the environmental
terms and conditions for implementing the proposal.

•
•
•
•
•

Long term objectives of EHIA are to:
•
•
•
•

1.5

Avoid irreversible changes and serious damage to the environment;
Safeguard valued resources, natural areas and ecosystem components;
Enhance the social aspects of proposals;
Protect human health and safety.

Report Structure
The Environmental & Health Evaluation Report is structured as follows:
Non – Technical Summary
PART I
•

•

•

Section 1 introduces the project providing background, assessment of project
need and consideration of alternatives as well as outlining the scope of the
report and the objectives.
Section 2 provides an account of the development details, including information
on the site and surrounding area and details related to the construction,
operation and potential decommissioning of the plant.
Section 3 provides legislative context, national and international policy and the
EHIA process which has been carried out, as well as information on the EHIA
Project Team.

PART II
•

•

Sections 4 – 15 are topic based, whereby each section describes a separate
environmental parameter. Details on the assessment methodology, existing
environment, impacts during construction and operation are presented as well
as any necessary mitigation and monitoring.
Section 16 summarises the main findings of the EHIA

PART III
.

6

Source: Guidelines for Environmental Impact Assessment – Institute of Environmental
Management and Assessment (IEMA) 2004
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•

Section 17 details the cumulative impact assessment for the project. A
cumulative impact arises when impacts from several developments, which
individually might be insignificant, coincide together and potentially produce a
significant cumulative impact

Technical information is included in the Appendices to the report. Figures and
Tables are numbered consecutively within the Sections (e.g. 1.1, 1.2, 1.3, 2.1, 2.2,
etc.).
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2

DEVELOPMENT DESCRIPTION

2.1

Introduction
This chapter of the Environmental & Health Evaluation Report provides a detailed
description of the development site and surroundings and the operation of the SULB
plant. Other elements of the project, including the construction, maintenance and
decommissioning of the plant and associated structures are described according to the
detail available.

2.2

Description of Development Site and Surroundings
The proposed location of the SULB steel complex is in the Hidd Industrial Area, which
lies to the south of Hidd residential area, Muharraq Island in the northeast of the
Kingdom of Bahrain (Figure 2.1).
Figure 2.1

Location of Hidd Industrial Area

The Hidd Industrial Area is built on reclaimed land and consists of almost entirely
industrial / commercial land use including the Al Ezzel Power Plant, the Hidd Power and
Desalination Plant, a ferro alloys producing plant (BAFA7) and Arab Shipbuilding and
Repair Yard (ASRY), besides many other large and small industries.
The site of the complex itself was allocated by the Industrial Areas Directorate (IAD),
Ministry of Industry, on a 347,362 m2 plot of existing reclaimed land, south of the
existing United Stainless Steel Company (USCO) a stainless steel rolling plant, and

7

Bahrain Ferro Alloys
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west of the existing Gulf Industrial Investment Company (GIIC) iron ore pelletizing plants
(1 and 2). The location is shown in Figure 2.2:
Figure 2.2

SULB Site Location

USCO (Existing)

GIIC (Existing)
SULB Integrated Steel
Complex (Proposed)

Proposed Wharf

The surrounding Hidd Industrial Area is rapidly being developed, and the Hidd
Development Plan, shown in Figure 2.3, outlines proposed and existing development in
this area.
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Figure 2.3

Hidd Industrial Area Development Plan

Existing and additionally proposed major industrial land use within the Hidd Industrial
Area includes:
• Universal Rolling Mill (operational);
• GIIC Iron Ore Pelletizing Plant (Plant 1 operational and Plant 2 under
commissioning);
• USCO8 (operational);
• Ready Mix & Concrete Production Facilities (operational);
• BAFA (operational);
• Hidd power and desalination station (operational);
• Al Ezzel Power Plant (operational);
• ASRY (operational); and
• Sugar Refinery (proposed).
In addition, significant mixed-use development is planned within the Bahrain
International Investment Park (BIIP) and the Bahrain Investment Wharf (BIW), which are
both located to the north of the proposed SULB complex. See detailed plan of BIW in
Figure 2.4 below.

8

United Stainless Steel Company
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Figure 2.4

Bahrain Investment Wharf (BIW)
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2.3

Potential Receptors
The study area for this EHER includes the proposed site and those adjacent areas
which may be directly or indirectly impacted upon by the construction, operation or
decommissioning activities of the plant. The nearest existing residential receptors to the
site are those located approximately 1.3km away, with proposed residential receptors
approximately 1.0km away.
Table 2.1 and Figure 2.5 below list known potential receptors and existing industries,
and their associated distances from the proposed steel plant.
Table 2.1

Potential Receptors

Receptor
Juffair Residential
Area (existing)
Hidd Residential Area
(existing)
Sitra Residential Area
(existing)
GIIC Residential
Compound (existing)
ASRY Worker
Accommodation
(existing)
Bahrain Investment
Wharf Labour
Accommodation C49
(proposed)
Bahrain Investment
Wharf Labour
Accommodation F23
(proposed)
Bahrain Investment
Wharf Hotel
(proposed)
Bahrain Investment
Wharf Service
Apartments
(proposed)

Approximate Straight
Line Distance
6.64 km

Direction from
SULB
North West
North North West

4.67 km

South West

7.30 km

North West

2.30 km

West

1.30 km

North

1.30 km

North North East

1.00 km

North North East

1.66 km

North North East

1.57 km

North

Type of Receptor
Residential
Residential
Residential
Residential Area
Residential Area

Residential Area

Residential Area

Residential Area

Residential Area

BIIP Office 1

2.30 km

Commercial Area

BIIP Office 2

2.30 km

North

Commercial Area

BIIP Office 3

2.30 km

North

Commercial Area

BIIP Office 4

2.30 km

North

Commercial Area
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Figure 2.5

Potential Receptors
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2.4

Operation of SULB Plant and Associated Processes
The SULB Complex will be designed to take pelletized iron oxide produced in the GIIC
pelletizing plants and produce Direct Reduced Iron (DRI), which in turn will be used as
the raw material to produce steel beam blanks, billets, and blooms. The majority of
these intermediate steel products will then be further processed to produce a range of
steel section products. The SULB complex will be developed over 2 phases and the
process itself will consist of the following four separate modules:
•
•

•
•

A Direct Reduction Plant with nominal capacity of 1,500,000 tons per year;
A Melt Shop with a Phase 1 nominal capacity of 650,000 tons per year rising
to a nominal capacity of 1,300,000 tons per year in Phase 2. The combined
Melt Shop consists of the following elements:
o Two Electric Arc Furnaces (EAF);
o Two Ladle Furnaces (LF); and
o Two Continuous Casting Machines (CCM).
A Heavy Section rolling mill with nominal capacity of 600,000 tons per year;
and
A Light and Medium Section rolling mill with nominal capacity of also
600,000 tons per year (to be erected as a 2nd phase of development).

In addition, the following ancillary processes will be included:
•
•
•
•
•
•
•
•
•

Wharf (2nd phase of the development);
Reverse osmosis plant (for treatment of incoming water);
Cooling water system;
Seawater Cooling System (Intake, Pump Station and Outfall);
Wastewater treatment plant;
Fume Treatment System;
Electrical Substation;
An air separation plant;
Support Facilities.

A flow diagram is presented in Figure 2.6 below.
Appendix A.

A Plant Layout is included in
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Figure 2.6

SULB Flow Diagram

______________________________________________________________________________________
SULB Steel Complex
Environmental & Health Evaluation Report

Final
42

January 2010

2.4.1

Direct Reduction Plant
In the Direct Reduction Plant the iron oxide pellets will be converted into highly
metalized iron in the form of Cold Direct Reduced Iron (CDRI) or Hot Direct Reduced
Iron (HDRI). This process is based upon reduction reactions in which electrons are
gained and therefore the oxidation number is reduced in such a way the iron oxide is
reduced to sponge iron in solid-state, i.e. without melting. The process thus removes
the chemically bonded oxygen in the iron ore at elevated temperatures by reaction with
Carbon Monoxide (CO) and Hydrogen (H2) contained in a reducing gas to produce
metallic iron (Fe), while producing Carbon Dioxide (CO2) and water vapour which are
recycled back in the process.
The CO and H2 reducing gases required for the chemical reactions are produced by
reactions with natural gas and CO2 in a reforming process. The reactions to produce
the CO and the H2 are both endothermic, which means they require energy in the form
of heat in order to occur. The reactions are also catalyzed in order to increase the
speed of reaction. The reforming process recycles spent reducing gas in the reformer,
and reforms both CO2 and water, resulting in more efficient recovery of un-reacted
reductants still present in the reducing gas stream.
The main components of the Direct Reduction Plant include the reduction shaft furnace,
the reformer, the process gas system, the heat recovery system, the hot transport
system (to be installed in Phase 2) and a cold DRI system. These components are
supported by ancillary systems for handling oxide pellets, products, hot and cold gases,
and water.

2.4.2

Melt Shop
The Melt Shop will consist of two electric arc furnaces (EAF), two ladle furnaces (LF),
and two continuous casting machines (CCM), but on Phase 1 of the project only one
Melt Shop line consisting of one EAF, one LF and one CCM will be erected with the
second line to be installed in Phase 2 in the near future.
Electric Arc Furnace (EAF)
The electric arc furnaces to be used on the complex are direct three phase AC furnaces
with three movable graphite electrode columns mounted in arms above the roof. The
furnace shell is refractory-lined below the slag line with water-cooled panels on its upper
shell and roof. The roof is swivelled in order to charge the furnace with internally
generated scrap and the DRI pellets are charged continuously through a hopper/shuttle
in the roof. After the furnace is charged, the roof is brought back into position, the
electrodes are lowered to just above the feed stock, and the electric arcs are struck
between the tip of the electrode columns and the metallic charge, providing the heat for
melting the DRI pellets/scrap charge. The furnace can be tapped (or recharged) after
approximately every hour.
Ladle Furnace (LF)
After the DRI pellets/scrap charge is melted in the electric arc furnaces, the furnaces are
tilted to tap the liquid steel into refractory-lined ladles, which are moved for further
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processing in the ladle furnaces. The ladle furnace process has two primary functions,
which are to supply liquid steel to the casters with a specified chemistry and precisely
controlled temperature, and to act as a process buffer, maintaining a constant material
flow to the casting machines. The ladle furnaces are equipped with a hood which
provides efficient fume capture. Dust discharge from the hood passes through the bag
filter system as described in the Fume Treatment System section.
Continuous Casting Machine
In the continuous casting process, a ladle containing liquid steel is positioned over a
refractory-lined vessel called a tundish (see Figure 2.7 below) into which steel is tapped
to a predefined level. The steel can be shrouded by refractory tubes to minimize contact
with air. Refractory valves in the base of the tundish are opened to control the flow of
liquid steel into one of the four water-cooled moulds10, which will form the billets, blooms
or beam blanks to be used in the subsequent rolling process.
Figure 2.7

2.4.3

Example of a Tundish

Heavy Section Mill
The starting materials (Billets, Blooms and Beam Blanks) are loaded into the reheating
furnace, heated to the required temperature, and individually discharged to the rolling
mill, where they are initially descaled (removal of the oxide layer formed on the surface
of the rolling stock). A high pressure water descaler is shown in Figure 2.8.

10

www.ec.gc.ca
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Figure 2.8

Heavy Section Mill High Pressure Water Descaler

The rolled and descaled stock is fed into the breakdown mill (see Figure 2.9), in which
the stock is reshaped to a preliminary section to be rolled in the mill, which shapes the
material into the desired configuration.
Figure 2.9

Breakdown Mill

When the required shape has been achieved after successive passes in the
downstream rolling stands, the steel enters the walking beam type cooling bed (Figure
2.10).
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Figure 2.10

Cooling Bed

After the cooling bed, the bars are automatically fed into the horizontal straightener
(Figure 2.11), which performs the full length in-line straightening of the multiple length
bars.
Figure 2.11

Straightening Machine

After straightening, the bars are grouped into regular layers and transferred to the coldcutting line. The bars are subsequently conveyed to the inspection bed, and then to the
binding machines and loading beds.
2.4.4

Light and Medium Section
The billets from the storage yard are charged onto the cold charging table of the
reheating furnace by crane for cold charge. The starting materials are loaded into the
reheating furnace, heated to the required rolling temperature, discharged individually,
and transferred to the rolling mill.
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The rolling mill is comprised of two main operations: one breakdown mill (Figure 2.12),
and continuous rolling stands. The breakdown mill reshapes the semi-finished bars to a
preliminary section.
Figure 2.12

Light and Medium Section Mill – Breakdown Mill

After completing the last shaping pass in the breakdown mill, the sections then progress
to the continuous mill (Figure 2.13).
Figure 2.13

Light and Medium Section Mill – Continuous Mill

The rolled bars are then discharged into the cooling bed (Figure 2.14). The bed
residence time is adjusted to provide the necessary cooling time to ensure the steel is at
the target temperature for straightening.
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Figure 2.14

Light and Medium Section Mill – Cooling Bed

After the cooling bed, the bars are automatically fed into the straightening machine
(Figure 2.15) for full length straightening.
Figure 2.15

Light and Medium Section Mill – Straightening Machine

The bars are then grouped into regular layers and are transferred to the cold cut-tolength line (Figure 2.16).
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Figure 2.16

Light and Medium Section Mill – Cold Cutting

The bars are subsequently sprayed with air to avoid any water remaining in the top
chamber of the sections. Following this, the bar layers are transferred to the inspection
bed; after inspection they are transferred to the magnetic stackers. The product is then
stacked, bound, and discharged into the product storage area (see Figure 2.17).
Figure 2.17

2.4.5

Light and Medium Section Mill – Stackers

Ancillary Processes
Wharf Facilities - Due to the continuous ‘production-export-import’ scheme, which
generates extensive daily loading-unloading operations coupled with considerable ship
traffic, the SULB project requires dedicated wharf facilities to be constructed
immediately to the south of the project site (see Figure 2.18 below). The wharf will be
400m in length and 95m wide. It is anticipated that wharf facilities will include mooring
for a maximum of 3 vessels at a time with associated loading and unloading facilities
(cranes).
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Figure 2.18

Proposed Wharf Facilities

GIIC Pelletizing Plant
and existing jetty

New Port

ASRY

Process Water Treatment – Process water treatment will consist of using the Reverse
Osmosis (RO) process to treat incoming raw water from the EWA to provide a process
water of specific quality for use within the plant.
The RO treatment consists of 3 main stages:
•
•
•

Pre-treatment – Screening, filtration, dosing of biocides and anti-scalants and
adjustment of pH;
Treatment – pressurising of the feedwater to pass through the RO membrane;
Post treatment – pH readjustment of the process water and disposal of the high
salinity wastewater (brine).

Given that SULB has been allocated a maximum supply of 10,200m3 /day from the
Electricity & Water Authority (EWA), it is anticipated that this will represent a maximum
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potential of 416m3 /hr requiring treatment. Although final design and working capacities
of the process are yet to be defined, if 416m3 /hr is assumed to be the feed volume of
the system which operates at a nominal 55% efficiency (RO plants are typically 30-60%
efficient) that would represent an anticipated 187 m3 /hr treated process water and an
anticipated 229 m3 /hr reject volume of brine.
The reject volume of brine will be disposed of via the proposed sea outfall (see below).
Cooling System – There are anticipated to be 2 cooling systems in operation at the
plant:
•

Non Contact Cooling
Cooling of equipment such as the electric arc furnace, ladle, and fume exhaust,
reheating furnace, rolling mill motors, hydraulic power stations etc, will be made
without contact with the product i.e. “non contact cooling”.
The non contact cooling water circuit consists of water storage from where the
water will be pumped to the different points of the plant to cool the various parts
of the equipment. Once the cooling of the different equipment is complete, the
hot waters return to water storage after passing through cooling towers or heat
exchangers to remove the transferred heat in a closed loop system with
evaporative losses being replaced through water treated by the RO Plant.

•

Contact Cooling
Other secondary and tertiary equipment such as the continuous casting
secondary cooling, rolling stands of the bar mill etc will be cooled by a contact
method of the water with the hot material called “contact cooling”.
Contact cooling water will be an open circuit with the water making contact with
the bar, as well as with the rolling rolls. After material/equipment cooling, the
contact cooling water will contain oil and scale as well as being at an elevated
temperature, therefore the water will require treatment prior to reuse.

Seawater Intake and Outfall – The current proposal for a seawater intake and marine
discharge is as follows;
•

•

Intake
Current plans are for a construction of an intake for a 25,000 m3/hr cooling water
system for the Direct Reduction Plant with the possibility of an additional 13,000
m3/hr for use within the wider plant.
Outfall
Construction of an outfall for the discharge from the Direct Reduction Plant and
potentially other parts of the plant (including the discharge from the reverse
osmosis plant) will also ultimately be combined with the relocated existing
discharge from the GIIC pelletizing plant.

Wastewater treatment plant - The contact cooling water (now wastewater) will be
passed to an initial decanter or settlement basin, where the heavier scale will settle out.
This heavy scale will be recovered from the basin by means of a submersible clamshell
and it will be transferred to a suitable storage area prior to recycling in the Pelletizing
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Plants. Skimmers will also be in place at this point to recover most of the oil in
suspension with the wastewater.
The water is then subsequently passed to horizontal decanters or separators, where the
remaining iron fines and oil will be removed by filtration. The water produced by the
filtering process will be returned back into the decanters for additional treatment and the
solids from the filtering (sludge) will be transferred to a suitable storage area prior to
appropriate disposal.
Washing of the filters within the treatment process will be required, and it will create
additional wastewater, this will be decanted and passed through a sludge thickener.
The resultant water returns back into the system and the solids (sludge) is transferred to
a suitable storage area prior to appropriate disposal.
The process outlined above indicates that following treatment, most of the blow down
water will be reintroduced into the cooling system. The surplus wastewater from the
process will be treated and used on-site for irrigation purposes and Melt Shop slag
cooling.
Fume Treatment Plant - The main buildings where the electric arc furnaces are located
will be supplied with canopy hoods to provide secondary fume extraction during EAF
charging, tapping and melting phases as well as primary fume extraction of the EAF
itself and the filtering of the dust produced during the LF operation and material
handling. The Fume Treatment Plant also allows suction of the required dilution air to
cool down the primary/secondary emission temperature prior to discharge to the filter
unit. The filter units will consist of axial cyclones followed by bag filters. The axial
cyclones are designed to fulfil two requirements: stop sparks from reaching the bag
filter, and to reduce the heavy particulate load to the bag filters. The bag filters will
consist of several compartments; each compartment will have many bags made of
polyester felt.
Electrical substation - Although the design of the electrical substation at the site has
yet to be finalised in conjunction with the EWA, the SULB 220Kv substation is
anticipated to contain high voltage switchgear, a number of power transformers, low
voltage switchgear, surge protection controls, grounding (earthing) system and
metering.
Following the phasing out of the use of polychlorinated biphenyls (PCBs) as an
insulation medium in liquid-filled transformers and capacitors due to their resistance to
biodegradation, no PCB containing equipment is anticipated to be present in the
electrical substation for the SULB development.
Air Separation Plant - The anticipated configuration of the air separation plant to be
used within the SULB development is shown below in Figure 2.19. It is recognised that,
per se, air separation plants do not have significant or harmful emissions to air, water or
land during normal operations. Essentially, the process takes air and compresses it,
cools and dries it, then passes it through a series of vaporisation and cooling steps to
achieve separation into pure nitrogen and oxygen and argon. The only returns are
unused components of the air.
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Figure 2.19

2.5

Anticipated Air Separation Plant Configuration

Aspects of Construction
Detailed project specific information concerning the construction methods and
programme for the SULB plant are not currently available. However, anticipated generic
construction aspects for a development of this nature are outlined below.

2.5.1

Site Preparation
This element of the construction process usually involves; significant earthmoving to
establish the development platform, any ground improvement works that might be
required as well as the construction of the in-ground foundations to support the
development structures.
The SULB development will be built on marine reclaimed fill rather than natural ground.
Due to the nature of the fill (marine dredged sand) and the reclamation process (placed
and compacted) significant earth moving and ground improvement works may not be
required. However it is anticipated that near surface fill material will be removed during
foundation activities and either replaced upon completion or stockpiled for further
landscaping use. Design of the foundations are likely to be a mixture of piled and pad.
Piled foundations will require to be taken down into the bedrock beneath the site. Piling
to a depth of not exceeding 25m below ground is anticipated.
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It is anticipated that Pad foundations will require to be excavated to a depth of greater
than 3m and therefore if there is any shallow groundwater present, significant
dewatering may be required and will be properly handled.
Potential plant use during this phase of the construction programme is likely to include
the following:
•
•
•

Excavators, bulldozers and dump trucks for earthmoving;
A piling rig and compactors for foundation construction; as well as,
Typical non specific construction plant such as compressors, generators
construction personnel transport etc.

Wharf Construction
Detailed design of the wharf is provided within the Wharf Facilities Method Statement
(Appendix B) and is summarised below.
• Preparation works – This includes the preliminary survey work and temporary
yard preparation.
• Protection of Reclamation Area - To prevent leaking of sand fill material into the
open sea, sheet pile with interlock shall be used. If required, interlocking sealant
joint of the sheet pile shall be used. This shall seal the gaps between the sheet
piles. For the steel pile sheet pile (SPSP) the joints shall be filled with grout
material depending of the type of joints.
• Steel Sheet Pile Driving – A crane barge with a vibratory hammer driving method
will be used.
• Steel Pipe Sheet Pile Driving - After the sheet piling works, steel pipe sheet pile
(SPSP) shall follow. Steel pipe sheet pile (SPSP) is a pile driven close together
that serves same purpose as steel sheet pile (SSP). The piles shall be driven
first by a vibro hammer and then followed by hydraulic hammer up to the design
penetration.
• Installation of Tie-Rod - Tie rods shall be installed to the steel sheet pile (SSP)
and connected to the steel pipe sheet piles (SPSP).
• Backfill (1st Stage) - Back fill shall be started on the landside, by using backhoe,
bulldozer etc. Back fill shall be dumped offshore in the reclamation area. The
steel sheet pile (SSP) area shall be back filled on both sides to maintain its
stability. The material to be used for reclamation is already stockpiled onsite
from previous activities carried out by GIIC.
• Steel Pipe Pile Driving - Steel pipe pile (SPP) shall be driven in two rows one on
the landside and other on the seaside. These steel pipe piles (SPP) will support
the crane rail beams. The landside piles shall be driven by a crawler crane and
the seaside row shall be driven by a crane barge. After the piling, piles shall be
cut-off to the design pile top elevation. Reinforcement cage bar shall be
installed inside the steel pipe piles, and after In-fill concrete or filling concrete
shall be poured.
• Backfill (2nd Stage) - Prior to second stage back fill, concrete capping for the
sheet piles and steel piles shall be poured. Back fill shall be set up to the design
elevation, and compacted properly by rollers and compactors.
• Pavement - On the yard side concrete pavement shall be applied, prior to
concreting, sub base course and base course shall be compacted properly. On
the wharf side concrete pavement shall be applied, prior to pavement concreting
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all embedded accessories shall be fixed and installed, such as bollard bolts,
fender anchor bolts, and rail accessories.
2.5.2

Erection of Steel Framework
This element of the construction process is where the framework for the development’s
structures are assembled and secured together.
Given the size of some of the proposed structures within the SULB development, a
substantial amount of structural steelwork will be required. At present it is considered
most likely that the steel structures used in the project will come from Saudi Arabia via
truck or via ship through the adjacent port facilities. Other deliveries to site are also
anticipated to increase during this phase of the construction process
In terms of potential plant use during this phase of the construction process, in addition
to the use typical non specific construction plant, it is anticipated that there will be
significant craning of the steel framework around the site.

2.5.3

Installation of Process Equipment and Commissioning
This element of the construction process is anticipated to be the busiest part of the
programme both in terms of number of site personnel and site deliveries.
The SULB project involves 3 different technology suppliers each providing elements of
the integrated plant. It is anticipated that the process equipment making up the plant will
be delivered to site in a large number of consignments coming through the new nearby
Khalifa Bin Salman Port.
Commissioning of process equipment will include activities such as testing and
inspection, setting changes and calibration as well as checks on condition, operation,
suitability and safety. The potential for out of spec emissions or waste from the plant is
anticipated to be relatively higher during this phase of the project.

2.6

Aspects of Maintenance and Decommissioning
An overall Decommissioning Plan would need to be prepared for the whole SULB
project, this would be a live document which would be reviewed and updated over the
lifetime of the project. At present there are no details concerning the operational life of
the plant, but it is anticipated that the plant will be operational for at least thirty years.
No plans for methods of decommissioning have been formulated at this stage, although
continued use, redevelopment of the facility, and change of use are all options. It is
important however to highlight that provided appropriate management is undertaken, the
decommissioning of steel making facilities of this kind poses no major environmental
technical challenges.
Typical considerations for a decommissioning plan would include:
•
•

Either the removal or the flushing out of pipelines and vessels where appropriate
and their complete emptying of any potentially harmful contents;
Records and plans of all underground pipes and vessels;
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•
•
•
•

The method of ensuring that any on-site waste disposal landfill areas can meet
statutory closure requirements;
The removal of potentially harmful materials unless agreed that it is reasonable
to leave such liabilities to future owners;
Methods of dismantling buildings and other structures, including consideration of
the protection of soil and groundwater at the site; and
Site testing of the soil to ascertain the degree of any pollution caused by the
activities and the need for any remediation to return the site to a satisfactory
state.

Best practice guidelines for the frequency of maintenance of the equipment within the
SULB plant would be adhered to during the lifetime of the operational phase. For
example; routine maintenance may be run on a weekly, monthly and annual cycle, with
major maintenance programmes including shutdowns performed on an 18 month cycle.
Given that the same sort of engineering activities would occur during a shutdown as
would occur during the original commissioning, the potential for out of spec emissions or
waste from the plant is also anticipated to be relatively higher during this phase of the
project.
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3

LEGISLATIVE CONTEXT AND EIA PROCESS

3.1

Introduction
This chapter outlines the consent and regulatory requirements relating to the
construction, operation and potential decommissioning of the SULB Integrated Steel
Works in the Hidd Industrial Area, Bahrain. The approach taken in carrying out the EHIA
is described, including the assessment methodology and consultation exercise.
The policies, procedures and guidelines of the project financiers in relation to
environmental assessment are also discussed.

3.2

Bahrain Environmental Consent Process
Planning regulation in Bahrain is split between various departments within the
government ministries of the Kingdom of Bahrain, with GDEWP being responsible for
the final review of environmental information before a decision is made.
Preliminary approval was sought and received from the Ministry of Industry and
Commerce Industrial Projects Directorate concerning the application for a preliminary
industrial license for the SULB development on 12th March 2008, letter reference
01/3751 (see Appendix C) and this has been renewed since then on a 6 monthly basis.
In accordance with Article 2 of Ministerial Order No. (1) of 1998 with respect to the
Environmental Evaluation of Projects, form EA2 Environmental Screening of Industrial
Projects was completed and provided to the Environmental Authority (GDEWP) on the
13th May 2008.
The Environmental Scoping Report (ESR) was submitted to GDEWP on the 25th
January 2009 for review and approval. Comments on the ESR were received from
GDEWP on the 9th February 2009 stipulating a requirement for an Environment & Health
Evaluation Report (EHER) to fulfil the requirements of the Environmental and Health
Impact Assessment (EHIA) process.
The EHIA for the SULB Project was therefore required to be undertaken in accordance
with ‘Ministerial Order No. 1 of 1998 with respect to the Environmental Evaluation of
projects.’
Specifically Article 7 which stipulates that the Environmental Authority (GDEWP) shall
inform the project applicants of the scope of studies and content of the evaluations
required for each project.
Article 8 of the Ministerial Order states that the EHER shall include:
•
•
•
•

A complete and precise description of the project;
The justifications for establishing the project from an economic and social
perspective;
The objective of the project;
The project establishment stages;
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Assessment of the general impacts resulting from the execution of the project
and impacts on natural resources and safety in particular;
Procedures to be adopted to protect the environment;
The programme for detecting emissions resulting from the project (monitoring);
and
A comprehensive description of the existing environmental situation which may
be affected by the project and details of potential environmental effects from
each element of the project.

•
•
•
•

With respect to environmental effects, Article 9 of Ministerial Order No. 1 stipulates
assessment should be undertaken of the following:
•
•

•

•
•
•
•
•
•
•
•
•
•

Any effect on human and population group health;
Any effect on the environmental systems in the area where the project is to be
located or any other environmental systems which may be affected by the
project;
Any effect on an area, place or building having an aesthetic, archaeological,
architectural, cultural, historic, scientific, social or any other environmental
characteristics of a special value for the present or future generations;
Any threat to any type of animal or plant group;
Any long-term effect on the environment;
Any change to the quality of the environment in a specific area;
Any decline in the quality of the environment;
Any environmental pollution;
Any threat to the safety of the environment;
Any decline in the utility of the environment;
Any environmental problems connected to waste disposal;
Any increase in demand for natural resources and other scarce materials, or
those that are likely to become exhausted; and
Any cumulative effects arising from current or possible future activities.

The requirements of Articles 7, 8 and 9 of the Ministerial Order are typically discharged
via a scoping and consultation exercise designed to determine, from all a project’s
possible impacts and from all the alternatives that could be addressed, those that are
the key significant ones.
Once the EHER is submitted, the Environmental Authority has the power to demand
further evaluation of environmental impacts, issue the environmental license for the
project, or issue the environmental license with certain conditions designed to mitigate,
minimise or compensate for identified adverse impacts.
Finally Article 18 of the Ministerial Order states that project owners once subject to
environmental approval shall maintain an approved register of the projects impacts on
the environment which should include the following:
•
•
•
•

Any modifications to the industrial operations of the development;
Emissions or discharges;
Output specifications after emission or discharge treatment and efficiency of
treatment operation;
Environmental follow up and safety;
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•
•

Regular tests and measurements and their results;
A nominated individual responsible for environmental follow up.

Compliance with this element of the legislation will be through completion of an
Environmental Management Plan (EMP) which is a separate supporting document to the
EHER to be provided as part of the application for consent.
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Figure 3.1

Bahrain Environmental Consent Process
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3.3

EHA Methodology

3.3.1

Introduction
The following section describes the methodology employed for this EHIA. The stages of
the process are identified and discussed, along with the specific elements of work that
have been undertaken.
.
The EHER was prepared over the period spanning 6 months. The main component
stages of the EHIA process for the project have been outlined below in Figure 3.2.
Figure 3.2

Key Stages within the EIA Process

Stage of EIA

Components

Client start up and submission of
environmental screening form EA-2

First point of contact with GDEWP
and provides basic information and
description of the proposed
development

Start-up meeting and discussion of
Screening Form

Including Client, Consultant and
GDEWP so all parties are informed
of developer’s intentions

Environmental Scoping and consultation Including site visits, visual
with relevant govt. and private
inspection, data collection, deskorganisations
based studies and consultation to
identify key issues
Establishing Baseline

Baseline environmental studies and
secondary data collection

Impact identification and assessment

Identification of potentially
significant impacts for all
environmental parameters

Recommendation of mitigation
measures and monitoring planning

Feedback to Contractor and Client
throughout EHIA process

Preparation of the EHER

Design of accurate,
comprehensive, informative and
practical report

Potential future monitoring of the
development and site developed within
EMP

Measures designed within EHER
taken forward into operational
phase

Deliverable
Screening Form
(Client submission to
GDEWP)
Internal notes only

Environmental Scoping
Report (ESR)
(Client and GDEWP)

Findings reported in
EHER
(Submitted to Client and
GDEWP)

Throughout the EHIA, ongoing consultation was held with relevant Government
organisations and other interested parties (see Section 3.5)
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3.3.2

Environmental Scoping Study
To assist in the identification of likely significant issues at an early stage, an
Environmental Scoping Matrix (ESM) was produced. It illustrated, in a concise and
systematic manner, the potential interaction between components of the proposed plant
and a variety of environmental parameters.
Inputs to the matrix, which is part of conventional EHIA procedure, were derived from
previous experience of key environmental aspects of construction and industrial process
operations in this sector, and taking into consideration the specific information gathered
through meetings with the management of the SULB Project, and GDEWP. Other
contributory factors included a visual appraisal of the site and experiences of other
industries within this locale.
The matrix assisted in focusing investigative resources on the identified significant
impacts, particularly those identified as being potentially adverse in nature. The ESM is
shown in Figure 3.3.
Figure 3.3

EHIA Scoping Prioritisation

Air Quality

Medium Priority
Desk Based/Secondary
Data
Noise and Vibration

Marine Ecology

Health and Safety

High Priority
Specialist Assessment

Water and Sediment
Quality
Hydrodynamics

Low Priority
Desk Based
Traffic and Access
Landscape and Visual
Quality

Waste Management
Chemical Usage
Groundwater
Socio-economics

Key:
Likely to be the most important issues; EHIA study will focus on these
Of concern and the EIA study will consider them
Unlikely to be of significant interest because features of this parameter do not exist,
are not plentiful, or are not relevant

The scoping study was completed and the Environmental Scoping Report (ESR) was
submitted to GDEWP on 25th January 2009 and it identified a number of key concerns
relating to the construction and operation of the SULB Project outlined below:
• Potential impacts on marine ecology during the construction of the wharf facility and
operation of outfall;
• Potential sediment plumes generated during wharf construction impacting on
surrounding water quality;
• Potential impact on hydrodynamics from construction of wharf and operation of
outfall;
• Impacts on air quality as a result of plant operations and from operational traffic;
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• Impacts of noise and vibration associated with operational traffic to and from the
plant;
• Impacts of wastes associated with the facility’s operation; and
• Impacts of chemical usage.
Subsequent to the review of the ESR by the regulator and following additional
consultation, specific additional parameters were defined for inclusion within the ongoing
environmental study (as outlined in Section 1.3):
•
•
•
3.3.3

Cumulative assessment;
Human health impact assessment; and
CO2 assessment.

Impact Identification
The EHIA process developed the findings from this preliminary work through the
following activities:
• Further consultation with the staff and management of the SULB Plant;
• Additional primary data collection and specialist studies (e.g. air quality dispersion
modelling);
• Impact assessment evaluation and the identification of mitigation measures; and
• Preparation of this EHER (i.e. the main product of the EHIA ‘process’).
Method of Impact Evaluation
Having established the ‘key’ environmental impacts during scoping, the ‘significance’ of
these impacts has been evaluated by compiling relevant information on the existing
characteristics of the environment (i.e. the baseline). Through consultation, desk study
(i.e. literature review and comparison to Gulf/Bahrain/international standards) and some
specialist studies, an evaluation of the potential severity of the impact and an
assessment of the likely effects and implications were made with reference to the
baseline situation.
The potential impacts of the operation phase were initially defined as beneficial or
adverse, short-/medium-/long-term, direct or indirect, reversible or irreversible, and
local/national/regional/international or strategic. Impacts were quantified where possible
with reference to numerical benchmark; for aspects where such value did not exist,
professional judgement was applied.
The following additional criteria were applied in consideration of the significance of a
‘potential’ impact from the SULB development:
• Extent: whether the impact will occur on the site, in a limited area (within 1 km of the
site); locally (within 5 km of the site); nationally (e.g. have an impact on Bahrain’s
surrounding waters), or beyond 5 km – regionally (impact on neighbouring countries
or territorial seas).
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• Duration: whether the impact will be temporary (<1 year), short-term (1 to 5 years),
medium term (5 to 10 years), long-term (over 10 years), or permanent.
• Magnitude: the quantifiable effects of impacts, measured where possible, against
the appropriate standard for each respective environmental component. This
includes existing Bahrain standards, alternative Gulf-wide guidance (e.g.
Meteorological and Environmental Protection Administration (MEPA - Saudi Arabia),
European or USA guidance, World Bank, World Health Organisation (WHO) or expert
judgement.
• Legal Requirements: the specific legislation and permit requirements pertaining to
the proposed project and the procedure for complying with legislation and obtaining
permits.
• Sensitivity of the Receiving Parameter – this is a measure of the relative
importance of an environmental receptor as well as its sensitivity to any impact:
o Very High – The receptor is of international or national importance and, as such,
may be very sensitive to any adverse effects;
o High – The receptor is of regional importance and as such is highly sensitive to
any adverse effects;
o Medium – The receptor is important at a local level, and has, therefore, a medium
sensitivity to any adverse effects; or
o Low – The receptor is important at a local level or site-specific level only and has,
therefore, a low sensitivity to any adverse effects.
Using a combination of these factors, a consistent set of significance criteria has been
applied to impacts throughout this EER. The levels of significance applied are shown in
Table 3.2 below. To calculate the level of significance, the following relationship was
utilised:
Significance =
Of Effect

Magnitude of Impact

x

Value & Sensitivity of the
Receptor

This formula provides us with a better appreciation of the fact that as the sensitivity of
the environment and the magnitude of the effect increases, so the significance of that
effect increases. This is illustrated in Table 3.1 below:
Table 3.1

Dependence of Significance on Magnitude & Sensitivity

MAGNITUDE

High
Moderate
Moderate/Major
Medium Minor/Moderate
Moderate
Low
Minor
Moderate
Negligible Minor/No Impact
Minor/Moderate
Low
Medium
VALUE & SENSITIVITY

Major
Moderate/Major
Moderate
Minor/Moderate
High
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Table 3.2

Impact Significance

Impact Significance
Major Beneficial

The impact is large scale, giving rise to a significant gain to the
environment and human health.

Moderate Beneficial

The impact will provide a positive gain to the environment and
human health.

Minor Beneficial

The impact is small and will have a slight benefit to the
environment and human health.

Negligible

Either no impact or the impact is neutral (neither adverse nor
beneficial).

Minor Adverse

The impact is small and of little concern; it is undesirable but
acceptable.

Moderate Adverse

The impact gives rise to some concern but is likely to be
tolerable in the short-term (e.g. during the construction phase) or
will require a value judgment as to its acceptability.

Major Adverse

3.3.4

Impact Characteristic

The impact is large scale, giving rise to great concern; it
should be considered unacceptable and requires mitigating,
compensating or a significant change to the development if no
alternative is available. If no mitigation is possible, then the
impact will require a value judgment as to its acceptability.

Recommendation of Mitigation Measures
One of the most important parts of the EHIA is the identification (and, indeed,
qualification of significance) of potentially adverse impacts and the options for
economically and technically viable mitigation measures in order to ameliorate those
impacts, as far as practicable. Where potentially significant adverse impacts were
identified, practical mitigating measures were examined and recommended, in this
EHER.
In addition, any residual impacts (i.e. impacts still outstanding following the successful
implementation of mitigation measures) are identified and evaluated, and environmental
enhancement opportunities sought.

3.3.5

Presentation of Impacts & Findings
For the purpose of consistency, potentially significant impacts are discussed in a logical
progression, as follows:
•
•
•
•
•

The title of the potential impact (in bold);
A brief description of each ‘significant’ impact or major issue identified;
A description of the work that took place to investigate the impact;
The significance of the impact (in bold);
Where significant adverse impacts have been highlighted, a description of the
possible mitigating measures (typically shown in a box entitled Mitigation); and
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• A comment on any residual impacts (i.e. that impact remaining following the
implementation of mitigation measures) may also be given.
3.3.6

Environmental & Health Assessment Team
PHE Gulf was commissioned by SULB to carry out an EHIA of the proposed integrated
steel works and report the findings within this Environmental & Health Evaluation
Report.
Significant input was also provided by SULB and their technology providers. This input is
summarised in Table 3.3 along with details of any specific specialists who were
contracted to undertake particular EHIA surveys and studies.
Table 3.3

The EHIA Project Team

Organisation

Subject Area

PHE Gulf

EHIA Project management and co-ordination, including consultation,
specific studies relating to air quality, noise, marine ecology and water and
sediment quality as well as EHER production

SULB
MIDREX
SMS
DANIELI
HR Wallingford

Proponent of development
Technology provider of the DR Plant
Technology provider of the Meltshop and Heavy Section Mill
Technology provider of the Medium and Light Section Mill
Contractor providing Hydrodynamic Study

3.4

Additional Policies, Procedures and Guidelines for Impact Assessment

3.4.1

World Bank Guidelines and Equator Principles
World Bank requirements for EHIA are established in the Operations Policy for
Environmental Assessment (OP 4.0111). Further guidelines are presented in the
Environmental Assessment Sourcebook (1991) and updates thereof.
The Sourcebook is designed to assist environmental assessors, project designers (as
they need to know Bank requirements and environmental implications of project design),
financiers and borrowers with the environmental assessment of a project, and provides
practical guidance for designing Bank-assisted projects. It supports the fact that
“sustainable development is achieved most efficiently when negative environmental
impacts are identified and addressed at the earliest possible planning stage” (World
Bank, 1991).
The guidance produced in the Sourcebook was followed while carrying out the EHIA, as
it is basically a reference manual containing information needed to manage the process
of EHIA, according to the requirements of the World Bank’s Operational Directive (OD)
on EA 4.01, October 1991.

11

OP 4.01 supplements OD 4.01
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There is a further set of guidance documents that have been useful in compiling an
international standard EHIA documentation, for example:
I. World Bank procedures and guidelines:
•
•

Pollution Prevention and Abatement Handbook, July 1998; and
General Environmental Guidelines.

II. IFC Environment, Health, and Safety (EHS) guidelines, good practice guides,
and manuals:
•
•
•
•

Procedure for Environmental and Social Review of Projects, December,
1998;
Good Practice Guide: Addressing the Social Dimensions of Private Sector
Projects, 2003; and
Good Practice Manual: Doing Business Better Through Effective Public
Consultation, 1999.

Other relevant standards that would potentially be applicable are:
•
•
•
•
•

OP 4.03: Cultural Property;
OP 4.04: Natural Habitats;
OP 4.10: Indigenous People (supersedes OD 4.20);
OP 4.12: Involuntary Resettlement; and
OP 4.36: Forestry.

The above-mentioned policies are reviewed below with regard to their applicability and
implications for this project.
• OP 4.03 (Management of Cultural Property) aims at preserving and avoiding the
elimination of properties of cultural and historical value. It is anticipated that such cases
will not be encountered because the land in question has been reclaimed from the sea
as part of the Hidd Industrial Area development. The policy requires an identification (in
advance) of cultural property aspects of the proposed project site, and that if there is any
question of cultural property in the area, a brief reconnaissance survey should be
conducted in the field by a specialist. There are no areas of cultural significance within
the vicinity of the proposed SULB site.
• OP 4.04 (Natural Habitats) and OP 4.36 (Forestry) address environmental aspects
that have no relevance to the SULB project site, as the project area does not consist of
natural habitats or forestry reserves of any importance.
• OP 4.1029 (Indigenous People) there are no people residing in the project site that
could be considered as indigenous. OP 4.10 is therefore not applicable.
• OP 4.12 (Involuntary Resettlement) is to be complied with where residents or
occupiers of a specific tract of land require removing and resettlement as part of
development; this is similar to the effect imposed by a compulsory purchase order in
Europe. This policy covers direct economic and social impacts that both result from the
project, and are caused by:
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•

The involuntary taking of land resulting in:
o Relocation or loss of shelter;
o Loss of assets or access to assets; or
o Loss of income sources or means of livelihood, whether or not the
affected persons must move to another location.

•

The involuntary restriction of access to legally designated parks and protected
areas resulting in adverse impacts on the livelihoods of the displaced persons.

There are no formal designations at the site and the nearest anticipated residents are
located at a distance of about 1.0 km from the SULB project, therefore there will be no
breach of this policy.
Equator Principles
This EHIA has been carried out according to the Equator Principles guidelines. The
Equator Principles apply to all developments funded by an Equator Bank (i.e. a financial
institution which has signed up to the Equator Principles), which have a capital cost of
US $50 million or more.
Projects are also categorized according to the level of expected impact;
•
•

•

Category A – Projects with potentially significant adverse, social or
environmental impacts that are diverse, irreversible or unprecedented;
Category B – Projects with potential limited adverse social or environmental
impacts that are few in number, site specific, largely reversible and readily
addressed through mitigation measures; and
Category C – Projects with minimal or no adverse social or environmental
impacts.

In order to determine the level of impact, an environmental assessment is required. This
is normally an EHIA which screens the issues associated with the development and then
further assesses those aspects, which have the potential for significant impact. The
EHIA is often supplemented by an Environmental Management Plan (EMP), which acts
as a reference document during the construction and operation of the development.
In order to comply with the Equator Principles during the EHIA, reference must be made
to World Bank documentation such as the Pollution Prevention and Abatement
Handbook (PPAH) and other documentation published by the IFC, which is part of the
World Bank, and local legislation.
It is expected that the SULB plant will fall into Category B, due to the location and the
type of project. As a result, the financiers have asked for an EHIA to be carried out to
confirm this.
3.4.2

Integrated Pollution Prevention and Control (IPPC)
From the outset, the new facility will be designed to meet international standards
including European Union (EU) Directives. The most important EU Directive in relation
to environmental control is the Integrated Pollution Prevention and Control (IPPC)
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Directive. IPPC is a regulatory system that uses an integrated approach to the control of
environmental impacts from industrial sites.
The IPPC Directive is not based upon fixed emissions limits but involves the
determination of appropriate equipment design and operation to protect the environment
through the application of “Best Available Techniques” (BAT). This means that
emissions to air, water (including discharges to sewer) and land, plus a range of other
environmental impacts must be considered together. Operators have to assess
emissions to all environmental media in the design of the whole plant using ‘clean
technology’ rather than relying on ‘end-of-pipe’ techniques.
To assist the designers and operators of such facilities the EU has produced a number
of BAT Reference notes (known as the “BREF notes”) that describe BAT for each
industry sector within IPPC. The Guidelines applicable to this development is the BREF
note for the “Production of Iron and Steel”. Although the IPPC Directive does not apply
in Bahrain, the guidance provided by the Production of Iron and Steel BREF has been
used as a benchmark standard for undertaking the EHIA associated with the
assessment of this development.
The BREF note not only contains information about the basic design of the facility but
also how it should be operated, suggested Emission Limit Values and how the facility
emissions should be monitored. The BREF also includes guidance concerning the
restoration of sites when industrial activities cease. These requirements have been
taken into account in the consideration of the future closure of the SULB Development.
In addition to the BREF note, the Draft Environmental Health and Safety Guidelines for
Integrated Steel Mills produced by the International Finance Corporation (February
2007) have also been used to provide indicative design and operation requirements for
the type of facility proposed.
It has been anticipated that the design of the proposed facility will comply with the
general requirements of the EU BREF note and IFC guidelines. Where insufficient
design information was available the EU BREF note has been used to establish the
recommended mitigations and a future Environmental Monitoring Plan.

3.5

Stakeholder Consultations
An essential part of this EIHA process comprised a consultation exercise with interested
parties (see Table 3.4 below.). See Appendix C for consultation letters and responses.
Table 3.4

List of Consultees

Department or
Organisation

Key Contacts

Areas of Interest

● Eng. Zawha Al Kuwari, Director –
EIA & Planning
GDEWP

● Dr. Afaf Al Shoala; Director –
Environmental Monitoring &
Control

Permitting, assessment of
ESR and EHER, monitoring
and regulation of project
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Department or
Organisation

Key Contacts

Areas of Interest

● Luma Al Mahroos, Industrial
Environmental Specialist – EIA &
Planning

● Ebrahim Bu Hussain, Air Quality
Specialist

● Rehan Ahmed, Waste Specialist –
Directorate of Environmental
Monitoring & Control
Water Resources
Directorate (WRD),
Ministry of Municipalities
& Agriculture Affairs
(MoMA)

● Dr. Mubarak Aman Al Noaimi,

Industrial Areas
Directorate (IAD), Ministry
of Industry

● Mr. Salah Janahi

Central Planning
Organisation (CPO),
Ministry of Works

● Dominic McPolin

Sanitary Engineering
Operations &
Maintenance Directorate
(SEOMD)

● Ebrahim Al Hawaj;

Electricity & Water
Authority

● Shaikh Nawaf Al Khalifa

Roads Planning & Design
Directorate, Ministry ot
Works

● Huda Fakhro

Civil Defence

● Lt. Eng. Mohammed Al Aali

Chemical use and inventory

● Shaikh Hamed bin Mohammed Al

Bahrain master plan and
future plans for Hidd area

Urban Planning
Bahrain Environment
Society

3.5.1

Director & Groundwater Specialist

Groundwater issues, piling,
contamination

Industrial zoning

Future plans for the Hidd
industrial area
Plans for the new Hidd WWTP,
future plans for Tubli WWTP
and its existing capacity
Electricity and Water Supply
Road networks and traffic
concerns

Khalifa

● Saeed Mansoor

Environmental concerns

Start-up Meetings & Site Visits
An initial meeting with PHE Gulf and SULB representatives took place to discuss the
scope of works and the key parameters to be studied within the EHIA. Confirmation of
the parameters to be studied was received after the acceptance of the scoping report on
9th February 2009 (see GDEWP letter in Appendix C).
Several site visits were carried out during the EHIA process.
Additionally,
communication and meetings have taken place with the Client and the potential
technology suppliers to ensure that information is up to date and current.
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PART II
4

AIR QUALITY AND CO2 ASSESSMENT

4.1

Introduction
This Chapter assesses the potential effects of the construction, operation and
decommissioning of the proposed SULB development on local air quality.
Potential construction impacts include fugitive dust and emissions from mobile and nonmobile construction plant, and road traffic. The key pollutants considered are, therefore,
dust, fine particulate matter (PM10), nitrogen dioxide (NO2) and sulphur dioxide (SO2). A
qualitative approach has been taken to the assessment of cumulative impacts.
For the operational phase, the key pollutants produced from the steel making process
are considered to be dust, fine particulate matter (PM10), nitrogen dioxide (NO2), sulphur
dioxide (SO2), carbon monoxide (CO) and negligible amounts of toxic metals. Ground
level pollutant concentrations arising from emissions from the release points within the
proposed integrated steel complex were quantified through a detailed dispersion
modelling study, using the United States Environmental Protection Agency model,
Aermod. The model was configured to account for the local land use and buildings and
was driven by hourly sequential meteorological data from Bahrain International Airport.
The modelled concentrations were then assessed against accepted air quality
standards.
Emissions from operational road traffic were also assessed quantitatively using the UK
Highways Agency Design Manual for Roads and Bridges (DMRB) model.
Potential decommissioning impacts of the development are likely to be dust, fine
particulate matter (PM10) from the onsite activities as well as emissions from potential
road traffic. These impacts were assessed qualitatively.
In response to a request received from GDEWP during the consultation process (see
Section 4.2.3) a CO2 assessment has also been undertaken for the operation of the
SULB plant. The CO2 assessment provides a technical review of the steel making and
associated processes and the measures incorporated within them to improve energy
efficiency and reduce emissions of carbon dioxide from the plant.

4.2

Assessment Methodology

4.2.1

Relevant Legislation, Guidance and Best Practice
Air Quality Assessment
The assessment of potential air quality impacts from the proposed development has
been made with reference to the following Bahraini, UK and international legislation,
guidance and good practice;
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•

Ambient Air Quality

Ambient air quality standards are put in place to protect human health and the
environment. In Bahrain, national standards were laid down by the Environmental
Affairs Directorate (EAD), now known as the General Directorate of Environment and
Wildlife Protection (GDEWP39).
Where no national standard has been set for an individual pollutant, international
standards have been used. The following supplementary standards are presented in
Table 4.1 below40.
•

World Health Organisation (WHO) Air Quality Guidelines41, published in 2006.
http://www.who.int/phe/health_topics/outdoorair_aqg/en/index.html

•

European directive limit values (96/62/EC, 99/30/EC, 200/69/EC, 2002/3/EC)
http://ec.europa.eu/environment/air/ambient.htm.

The health-based standards are set at a level at which exposure to the pollutant
concentration over the relevant averaging period for the standard are unlikely to have a
significant effect on human health for the majority of the population.

39

Ministerial Order No. 3 of 2001 – Amendments to Tables in Ministerial Order No. 10 of 1999 With Respect to

Environmental Standards (Air and Water) and its Amendments in Ministerial Order No. 2 of 2001.
40

All sites accessed on 08/09/2009

41

WHO (2006) Air Quality Guidelines for Particulate Matter, Ozone Nitrogen Dioxide and Sulphur Dioxide Global

Update 2005.
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Table 4.1
Pollutant

National and International Ambient Air Quality Standards (µg.m-3)
Averaging

Bahrain

UK / EU

WHO

Period
42

Nitrogen Dioxide

hourly

200

(NO2)

daily

150

-

-

annual

40

40

40
500

200

Sulphur Dioxide

10 minutes

-

-

(SO2)

15 minutes

-

26643

hourly

35044

35045

daily

Carbon
Monoxide (CO)

•

125

-

46

2047

annual

50

266

-

8-hourly

10 000

10 000

-

daily

-

-

-

annual

-

-

-

hourly

-

-

-

daily

340

5048

50

annual

-

40

20

Particulate
Matter (PM10)

125

200

Stack Exit Concentrations

Pollutant concentrations from all stacks were assessed against IFC/ World Bank and
international emission limits for integrated steel mills and Bahraini combustion unit
emission limits. These limits, expressed as a concentration of pollutant in the exit air
stream under specified exit conditions, are shown in Table 4.2.
-3

Table 4.2 Stack Emission Limits (mg.m )
IFC World Bank integrated

Japanese integrated steel

steel mills

mills

Bahrain-combustion units

NOx

500

200

100

SO2

500

--

500+

PM10

50^

--

50*

CO

100

--

100

Conditions

Combustion gas

--

Combustion gas

Dry, 273K, 101.3kPa, 3% O2

Dry, 273K, 101.3kPa, 15% O2

Non-combustion gas

Non-combustion gas

273K, 101.3kPa

273K, 101.3kPa

--

information unavailable

+

the limit for combustion using oil fuel was applied in the absence of a limit for gas

*for units with input energy > 50MW
^limit is applied on the assumption that no toxic metals are present in the air-stream

42

18 hourly exceedences per year allowed

43

35 exceedences per year allowed

44

Not to be exceeded more than twice in any 30-day period at a given location.

45

24 exceedences per year allowed

46

3 exceedences per year allowed

47

WHO also proposes interim targets of 125 µg.m-3, which is equal to the former WHO guidelines (WHO, 2000), and

50 µg.m-3, which is viewed as a feasible and achievable goal that would lead to significant health improvements.
48

35 daily exceedences per year allowed
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In the absence of specific stack emission limits for Integrated Steel Mills in Bahrain,
GDEWP were consulted as to the appropriate pollutant concentration limits against
which to assess compliance. The emission limits presented in Error! Reference source
not found. were agreed in written correspondence between GDEWP and PHE Gulf in
June 200949,50. Alternative integrated steel mill standards for NOx from Japan and the
IFC World Bank, and the Bahraini combustion unit standards are presented. Where
potential exceedences of these limits were identified, technological suppliers were
consulted and the opportunity provided to revise the supplied emissions data to
guarantee compliance with these limits.
•

Dust and Plant Emissions

Construction phase impacts were assessed qualitatively, however, there is no definitive
source of emissions data on the generation of fugitive dust from construction activities
that could be used. The Department for Environment, Food and Rural Affairs Technical
Guidance (Defra, 2009) on air quality assessment for the purposes of Local Air Quality
Management (LAQM), provides a screening approach for the determination of the likely
contribution of various pollutant sources to ambient air quality. In addition, the Greater
London Authority and London Councils (GLA, 2006) have produced Best Practice
Guidance on the control of dust and emissions from construction and demolition. This
includes a risk-based approach to assessment, which can be used with generic
information about the construction activities and potential receptors. These guidance
documents were considered in the description of the likely effects of fugitive construction
and decommissioning emissions.
CO2 Assessment
With regard to the CO2 assessment for the operation of the SULB plant, internationally
recognised Best Available Techniques (BAT) for the improvement of energy efficiency
and emission reduction within the iron and steel sector were referenced and provided a
basis to assess the suitability of the proposed measures within the SULB complex.
Definition of the term ‘Best Available Technique’ is given by European Council Directive
96/61/EC on integrated pollution prevention and control. Article 2(11) of the Directive
defines BAT as:
“the most effective and advanced stage in the development of activities and their
methods of operation which indicate the practical suitability of particular techniques for
providing in principle the basis for emission limit values designed to prevent and, where
that is not practicable, generally to reduce emissions and the impact on the environment
as a whole.”
4.2.2

Data Sources
The data sources used in the assessment are shown in Table 4.3:

49

Written correspondence from PHE Gulf to GDEWP reference 1B021001/L007/HAR on 6/5/2009

50

Written correspondence from GDEWP to PHE Gulf reference EAP/24/09/321/LAM on 3/6/2009
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Table 4.3

Data Sources

Phase

Data

Source

Baseline

Passive diffusion tube data

Indicative background survey undertaken by PHEG

Continuous monitoring data

GDEWP continuous monitoring network

Environmental
Conditions
Construction and

Assumed vehicles and plant used to

decommissioning

construct the steelworks
DR plant emissions data

Historical projects
Midrex

Melt Shop emissions data

Concast (SMS Group)

Heavy Section Mill emissions data

SMS Meer (SMS Group)

Light Section Mill emissions data

Danieli

Meteorological data

ADM consulting

Operational

Aerial photography

Google Earth

Phase

AutoCAD layers

Provided by SULB

Locations of receptors

GPS co-ordinates supplied by PHE Gulf

Baseline road traffic data

BIIP traffic assessment 2005
United Steel Company (SULB) Integrated Steel

SULB road traffic data

Complex Project. Generated Road Traffic. Short
report. August 2009.

Decommissioning

4.2.3

Assumed vehicles and plant used to
decommission the steel works

Historical projects

Consultation
The national environmental regulator of the Kingdom of Bahrain, the General Directorate
of Environment and Wildlife Protection (GDEWP) was consulted as to the requirements
of the environmental assessment to enable them to properly determine the impacts of
the proposed integrated steel works on the local environment and human health.

4.2.4

Significance Criteria
The descriptors used for the assessment of impacts were taken to be those
recommended by Environmental Protection UK (formerly NSCA). Table 4.4 and Table
4.5 summarise the criteria applied:
Table 4.4

Descriptors for Changes in Ambient Concentrations of Nitrogen
Dioxide and PM10

Magnitude of Change

Annual Mean NO2/PM10

Days PM10 >50 µg/m3

Very Large

Increase/decrease >25%

Increase/decrease >25 days

Large

Increase/decrease 15-25%

Increase/decrease 15-25 days

Medium

Increase/decrease 10-15%

Increase/decrease 10-15 days

Small

Increase/decrease 5-10%

Increase/decrease 5-10 days

Very Small

Increase/decrease 1-5%

Increase/decrease 1-5 days

Extremely Small

Increase/decrease <1%

Increase/decrease <1 day

‘Well below’ the standard = < 75% of the standard level.
‘Standard’ in the context of this table relates to specific air quality objective or Limit Value in question
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Table 4.5

Air Quality Impact Significance Criteria
Air Quality Impact Significance Criteria

Absolute
Concentration in
Relation to

Extremely

Very Small

Small

Medium

Large

Very Large

Small

Standard
Decrease with scheme
Above Standard

Slight

Slight

Substantial

Substantial

Very

Very

beneficial

beneficial

beneficial

beneficial

substantial

substantial

beneficial

beneficial

Above Standard

Slight

Moderate

Substantial

Substantial

Very

Very

without scheme

beneficial

beneficial

beneficial

beneficial

substantial

substantial

beneficial

beneficial

Negligible

Slight

Slight

Moderate

Moderate

Substantial

beneficial

beneficial

beneficial

beneficial

beneficial

with Scheme

Below with Scheme
Below Standard
without scheme, but
not Well Below
Well Below

Negligible

Negligible

Standard without

Slight

Slight

Slight

Moderate

beneficial

beneficial

beneficial

beneficial

scheme
Increase with scheme
Above Standard

Slight

Slight

Substantial

Substantial

Very

Very

without scheme

adverse

adverse

adverse

adverse

substantial

substantial

adverse

adverse

Below Standard

Slight

Moderate

Substantial

Substantial

Very

Very

without scheme

adverse

adverse

adverse

adverse

substantial

substantial

adverse

adverse

Moderate

Moderate

Substantial

adverse

adverse

adverse

Slight

Slight

Moderate

adverse

adverse

adverse

Above with Scheme
Below Standard

Negligible

with Scheme but not

Slight

Slight adverse

adverse

Well Below
Well Below

Negligible

Negligible

Slight adverse

Standard with
Scheme

4.2.5

Air Quality Modelling Methodology
Dispersion Modelling
Dispersion modelling is a predictive tool used to calculate the concentration of pollutants
at sensitive receptors resulting from known sources of air pollution.
The Gaussian-plume formula describes a bell-shaped distribution of pollutants in both
the horizontal and vertical dimensions, as shown in Figure 4.1. Meteorological
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conditions are assumed to remain constant over distance and time between the source
and the receptor and these models are often known as “steady-state” models as a
result. Emission details and meteorological conditions do vary from hour to hour, but do
not affect dispersion on concentrations in subsequent hours. Gaussian models are a
good representation of dispersion when the terrain is relatively flat, the meteorological
conditions are relatively uniform across the model area and there are few periods of
calm or light winds.
Figure 4.1

Idealised Plume Model

Modelling was carried out using an advanced dispersion model, Aermod (Lakes ISCAERMOD View version 6.2.1), which was developed by the US Environmental
Protection Agency (EPA). This has replaced ISC as the recommended model for
regulatory assessments in the US, and is used for EHIA worldwide. It is a so-called
“new generation” Gaussian dispersion model with a number of improvements compared
to older models. It uses hourly sequential meteorological data to calculate ground level
pollutant concentrations and uses boundary-layer similarity theory to define turbulence
and dispersion coefficients as a continuum, rather than as a discrete set of stability
classes. Variation of turbulence with height allows a better treatment of dispersion from
different release heights. Also, dispersion coefficients for unstable conditions are nonGaussian, to represent the high concentrations that can be observed close to a stack
under convective conditions.
Before being used for regulatory dispersion modelling, models should undergo rigorous
testing and validation to ensure that the results are accurate. Aermod has been
subjected to a large number of independent reviews and validation studies. The results,
published by the US EPA show good overall agreement between model results and
observations51.
Meteorological Data
It is good practice to consider the effect of variable local meteorology on pollutant
dispersion. As conditions vary from year to year, it is generally recommended that a
modelling study uses several years’ of data from a nearby monitoring station. Both the
EPA in the United States and Department for Environment, Food and Rural Affairs
(DEFRA) in the UK recommend that five years’ of data be used.
51

http://www.epa.gov/ttn/scram
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Meteorological data were obtained from Bahrain International Airport (Station ID 41150)
for the years 2004 – 2008. The average data capture for this 5 year period was greater
than 90% (98.9 %). The data are summarised in Table 4.6.
Table 4.6

Meteorological Data Summary

Year

2004

2005

2006

2007

2008

Number of Hours of Data

9213

9191

9177

9160

9039

Calm Hours

198

184

164

137

169

2.27 %

2.11 %

1.89 %

1.58 %

1.98%

4.41

4.33

4.27

4.25

4.65

Calm Winds Frequency
Average Wind Speed (m/s)
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Figure 4.2 to Figure 4.7 show wind roses for the five years.
Figure 4.2

Wind Rose, Bahrain 2004

Figure 4.3

Wind Rose, Bahrain 2005
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Figure 4.4

Wind Rose, Bahrain 2006

Figure 4.5

Wind Rose, Bahrain 2007
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Figure 4.6

Wind Rose, Bahrain 2008

Figure 4.7

Wind Rose, Bahrain 2004-2008 (August Only)
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Building and Terrain Effects
Site buildings can have an important influence on the dispersion of local air pollutants as
a re-circulating wake forms in the lea of large structures. This is known as “building
downwash” and it can lead to the grounding of a plume before the pollutants emitted
have been diluted by atmospheric dispersion. As a result, local concentrations increase
significantly. Data on building dimensions and heights were obtained from SULB site
plans and elevation drawings. All buildings, tanks and solid structures that might affect
plume dispersion were included in the model setup. The US EPA Building Profile Input
Program (BPIP) algorithm was used to calculate building downwash parameters.
Figure 4.8 describes the building and stack (red) configuration used in Aermod. All
model runs include the influence of buildings associated with the permitted USCO and
GIIC complexes (grey) and the SULB complex (blue):
Figure 4.8

Building (Blue and Grey) and Stack (Red) Configuration

Local terrain can also affect ground level concentrations by causing the plume to divert
from a straight path, or meander, or by changing the location of plume “grounding”.
However, as Hidd is a strip of reclaimed land surrounded by the sea, a flat, desert scrub
land surface was assumed.
Receptors
Numerical dispersion models calculate pollutant concentrations at discrete points,
known as receptors. Grids of receptors are used to determine the spatial pattern of
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dispersion. The grid resolution needs to be high enough to capture the maxima and
minima in concentration of pollutants. However, very fine grids require excessive
computation time and do not provide additional useful information, so a compromise
must be reached. The impacts at individual sensitive points within the grid are
considered by placing additional receptors at these locations. In this case, receptors
were also placed at the limits of the plant to provide concentration predictions at the site
boundary. There were fourteen of these receptors.
For the assessment of the impact of air pollutants from SULB, a number of historical and
new sensitive receptors were considered. The historical receptors used were the nine
considered in the assessment of emissions from the United Stainless Steel Company
cold steel rolling mill (‘USCO’) and Gulf Industrial Investments Company iron pelletizing
plants (‘GIIC’) (R1-R10). This approach allowed for a comparison of the contribution of
USCO, GIIC and SULB pollutants to total pollutant concentration in the Hidd area.
Thirteen new receptors (R10-R22) were considered in the assessment of SULB and
cumulative emissions against national and international standards. These new receptors
represent potential locations of exposure identified in the area since the GIIC permit
application in February 2008. These take into consideration the existing and proposed
development of the Bahrain Investment Wharf (BIW), Bahrain International Investment
Park (BIIP) and industrial installations in Hidd.
Table 4.7 is a list of all receptors used in the assessment. The grids, sensitive receptors
and the site are shown in Figure 4.9 to Figure 4.11:
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Table 4.7

Receptors used in the Assessment of Pollutants from Historical Air
Quality Assessments and the SULB Integrated Steel Works

Modelling study

USCO and GIIC Plant 2
permit applications

ID

Description

Location
X

Y

R1

BIIP

467701

2900457

R2

GIIC housing

466294

2899128

R3

Hotel

468414

2899230

R4

Staff accommodation

467348

2898992

R5

ASRY housing

466365

2897683

R6

Residential

465526

2901222

R7

Al Muharraq coast

461508

2902462

R8

Al Juffair coast

461893

2899336

R9

Sitrah coast

462644

2895999

R10 Juffair Residential Area

461893

2899336

R11 Hidd Residential Area

465526

2901222

R12 Sitra Residential Area

462644

2895999

R13 GIIC Residential Compound

466294

2899128

R14 ASRY Worker Accommodation

466365

2897683

SULB permit application

R15 Bahrain Investment Wharf Labour Accommodation C49

467725

2898920

receptors updated in

R16 Bahrain Investment Wharf Labour Accommodation F23

468201

2898447

September 2009

R17 Bahrain Investment Wharf Hotel

467757

2898447

R18 Bahrain Investment Wharf Service Apartments

468480

2899087

R19 Office 1

467667

2900489

R20 Office 2

467704

2900555

R21 Office 3

468010

2900586

R22 Office 4

467633

2900260

Note: The position of receptors R1, R2 and R7 moved slightly between the USCO and GIIC model runs. Therefore,
the locations used in the most recent of these assessments, GIIC, were assumed.
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Figure 4.9

Receptors used in the Assessment of Pollutants from SULB Integrated Steelworks
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Figure 4.10

Site Boundary Receptors

Figure 4.11
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BIIP and BIW

The location of receptors used in historical studies is shown in Appendix D.
In this study, a coarse receptor grid with a 500 m horizontal resolution, and measuring
12000 m x 12000 m, was used. In addition, a 4000 m by 4500 m fine grid with 100 m
horizontal resolution, was placed over Hidd to increase the resolution where
concentrations are expected to be highest.
Model Configuration
Input Data
Building dimensions and all pollutant sources were represented according to the design
specifications provided by Kobe Steel - Midrex, SMS-CONCAST_MEER and Danieli. A
combined SULB, GIIC and USCO site plan is shown in Figure 4.8. Emission rates were
derived from the pollutant concentrations and volumetric flow rates provided by Midrex
(DR Plant), Concast - SMS Group (melt shop), SMS Meer – SMS Group (Heavy Section
Mill) and Danieli (Light Section Mill). Additional data, including stack locations, geometry
and emission temperature were also provided. A conservative approach was taken to
the derivation of emission rates, in that where a range of concentrations were provided,
the highest value of this range was included in the model. All pollutant sources were
represented as ‘point sources’ in the model. Appendix D shows the final stack
geometry, derived emission rates and pollutant concentrations used to run the model.
In the assessment of the baseline and cumulative emissions assessments, GIIC, USCO
and SULB were assumed to be operational for 365 days per year. This represented a
conservative approach, as SULB is expected to be operational for 8000/8760 hours
which represents 91% of all hours during the year.
Rural mixing heights were assumed in the model, as urban heating effects were not
considered to be significant.
Atmospheric Chemistry
All SOx and long term NOx were assumed to be converted to SO2 and NO2, respectively.
For SO2, this is a realistic assumption as oxidation is likely to be almost complete during
combustion. For NO2, this is a conservative assumption as the oxidation will be slow
and limited by the ambient concentration of ozone and the level of atmospheric mixing.
The UK Environment Agency recommends the use of a short term average
concentration conversion factor of 50% for combustion emissions52. Therefore, this
conversion factor was applied to all hourly NO2 concentration predictions presented in
the report.
Model scenarios
To assess the impact of emissions from SULB and cumulative emissions, a number of
scenarios were represented in the model. These model scenarios are described in
Table 4.8:

52

http://www.environment-agency.gov.uk/commondata/acrobat/noxno2conv2005_1233043.pdf (accessed 31/10/07)
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Table 4.8

Model Scenarios

Scenario

Name

Description

Met

Met

Meteorological

Purpose
sensitivity

2004-2008

To

determine

the

meteorological
producing

year
the

conservative

most

predictions

from SULB sources
A

Baseline

Full

which

To represent emissions and

considers existing pollutant

gridded

buildings from GIIC iron ore

concentrations

from

pelletizing plant and USCO

installations

cold steel rolling mill to

permitted

run

USCO and GIIC

determine

the

‘baseline’

condition
B

SULB

Full

gridded

run

which

The magnitude of SULB

considers SULB emissions

pollutant

only

from SULB emissions in

including

GIIC

and

USCO buildings

concentrations
to

comparison

existing

permitted installations i.e.
USCO and GIIC
C

Cumulative

Full

gridded

run

which

To determine the magnitude

considers all emissions and

of

buildings from USCO, GIIC

concentrations produced by

ambient

pollutant

and SULB

‘cumulative’ emissions from
GIIC, USCO and SULB

Meteorological Sensitivity Study
A meteorological sensitivity analysis was undertaken to determine the ‘worst case’
meteorological year i.e. the annual dispersion conditions producing the highest predicted
concentrations. To achieve this, Aermod was run in shortened ‘screening mode’ to
provide receptor concentration predictions at the nine sensitive receptors for the
meteorological years 2004-2008. A decision was then made as to which meteorological
year to use as the worse case, based upon on an aggregate of the number of pollutants
and averaging periods for which the meteorological data provided the highest predicted
concentration.
Screening Assessment of Road Traffic Emissions
The assessment of emissions from on-road construction vehicles during the operational
phase were assessed quantitatively. This was carried out using the DMRB, published
by the UK Highways Agency. The DMRB model requires input data on annual average
daily traffic flow (AADT), annual average speeds, the proportion of different vehicle
types, the type of road and the distance from the centre of the road to the receptor. The
model predicts pollutant concentrations for direct comparison with the relevant
standards. It is generally considered to be a conservative methodology.
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4.3

Baseline Conditions and Sensitivity

4.3.1

Air Quality
Baseline air quality data are available from a previous three month passive diffusion
tube survey and a continuous monitoring program undertaken by GDEWP.
Passive Diffusion Tubes
Over a three month period (October to December 2005) a NO2 and SO2 measurement
survey was undertaken at Bahrain International Investment Park (BIIP) by PHE Gulf.
Passive diffusion tubes were fixed at four locations, exposed for a period of one month
and then analysed. The South and East locations were considered to be “background”
concentrations as they were not close to any significant roads. The North and West
locations were considered to be roadside locations, likely to be influenced by local traffic
emissions.
Figure 4.12 and Figure 4.13 show the average monitoring results for SO2 and NO2 at
each of the four locations and the range of results over the three month monitoring
period. The concentrations of SO2 exceeded the annual mean standard of 50 µg.m-3 at
two locations, were close to the standard at one location and were below the standard at
one location. Average concentrations of SO2 over the three month period at the West
location were nearly twice the annual average air quality standard.
Figure 4.12

SO2 Diffusion Tube Survey

140
Bahrain Annual Air Quality
3
Standard = 50 µg.m
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SO2 µg/m

3
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0
North
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East

West

Monitoring site

The average concentrations of NO2 were below the air annual mean standard of 40
µg.m3 at all of the monitoring locations.
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Figure 4.13

NO2 Diffusion Tube Survey
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For both pollutants, a large month to month variability was seen in the monitoring
results. The average standard deviation for all diffusion tube locations for the survey is
44%, and a longer period of monitoring would be required to fully characterise the
ambient air quality in this location. Results from a 3-month survey should not be
extrapolated to provide an annual mean concentration value, as inter-seasonal
meteorological conditions may vary. Nevertheless, the monitoring undertaken at Hidd
provides useful baseline data at a relevant locality and is indicative of the longer-term
average concentrations. The results are shown in Table 4.9 and Table 4.10:
-3

Table 4.9

SO2 Diffusion Tube Results (µg.m )
October 2005

November 2005

December 2005

North

51.49

66.14

31.17

South

18.61

157.66

16.09

East

40.78

27.55

21.31

West

69.91

90.43

122.65

October 2005

November 2005

December 2005

19.91

21.91

35.83

Table 4.10

NO2 Diffusion Tube Results (µg.m-3)

North
South

20.32

17.33

28.95

East

20.97

16.27

35.92

West

27.55

29.96

41.23

Continuous Monitoring
Continuous monitoring of a range of pollutants is carried out by GDEWP close to the
Hidd area (Muharraq Governorate). Results were provided for the period of November
2007 to October 2008, and these data are shown in Table 4.11. It should be noted that
no quality assurance or quality control information was provided.
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The ‘standards’ in Table 4.11 are those used by GDEWP as benchmarks for the
monitoring results, some of which are equivalent to the national standards provided in
Table 4.1. The results indicate that periodically at this location, concentrations of fine
particles PM10 and PM2.5 are above their respective standards. In 2008, exceedences
were most frequent in the summer months, and particularly July where 21 exceedences
of the PM10 and PM2.5 standards were recorded.
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Table 4.11

Muharraq Island Governorate (November 2007 – October 2008)

Parameter
Sulphur
Dioxide ppb

Nitrogen
Dioxide ppb

PM10 µg/m

3

PM2.5 µg/m

3

Carbon
Monoxide ppm

Nov-07

Dec-07

Jan-08

Feb-08

Mar-08

Apr-08

May-08

Jun-08

Jul-08

Aug-08

Sep-08

Oct-08

Mean

6.5

6.7

6.9

19.1

19.1

19.8

18.9

10.7

3.5

3.4

5.6

Maximum

72.3

42.0

167.6

49.8

49.8

49.1

35.8

28.0

51.0

98.4

36.7

Exceedences

0

0

1

0

0

0

0

0

0

0

0

Mean

18.1

19.3

17.4

15.9

14.4

14.4

15.2

18.1

16.0

10.4

12.7

13.4

Maximum

69.0

74.2

57.9

93.8

54.2

54.2

73.4

104.8

73.6

55.0

105.8

55.9

Exceedences

0

0

0

0

0

0

0

0

0

0

0

0

Mean

95.8

82.1

76.9

301.2

182.2

182.2

*253.5

671.3

361.5

220.9

258.6

142.5

Maximum

134.7

179.8

157.4

1247.8

320.3

320.3

*947.6

1795.6

1912.3

670.4

984.2

344.6

Exceedences

0

0

0

8

0

0

*4

17

21

4

6

1

Mean

31.4

29.6

33.0

60.5

37.5

37.5

53.0

126.9

86.2

68.6

65.4

46.2

Maximum

53.4

55.5

61.7

175.5

63.5

63.5

158.4

336.6

335.1

131.3

186.0

83.1

Exceedences

3

2

4

14

4

4

7

21

21

22

15

14

Mean

0.4

1.2

0.4

0.3

0.1

0.1

0.2

0.2

0.3

0.2

0.2

0.3

Maximum

1.7

8.2

5.6

4.5

1.6

1.6

4.3

1.9

1.5

2.4

4.4

1.4

Exceedences

0

0

0

0

0

0

0

0

0

0

0

0
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Standard

1hr = 134

1hr = 106

24hr = 340

24hr = 50

1hr = 26

4.3.2

CO2 and Climate Change
Bahrain signed the United Nations Framework Convention on Climate Change
(UNFCCC) in 1992, which was ratified in 1994. In 2005, the Kingdom of Bahrain’s
General Commission for the Protection of Marine Resources, Environment and Wildlife
published ‘Bahrain’s Initial Communication to the UNFCCC’53 in fulfilment of the
obligations set as a Party to the Framework Convention. The report stated that Bahrain
had begun undertaking the task of compiling its first greenhouse gas emissions
inventory in 1996, assisting in the formulation of climate sensitive development goals.
In 2006, Bahrain signed and ratified the Kyoto Protocol54, which sets targets for member
states to cut emissions of the basket of six greenhouse gases comprising Carbon
Dioxide (CO2); methane (CH4); nitrous oxide (NOx); hydrofluorocarbons (HFCs);
perfluorocarbons (PFCs); and sulphur hexafluoride (SF6). Water vapour and ozone
are also potent greenhouse gases.
Bahrain signed as a ‘non-Annex I Party’ to the Kyoto Protocol, meaning it is not bound
by specific greenhouse gas emission targets. However, Article 5, paragraph 1, of the
Kyoto Protocol requires that each Annex I Party establish and maintain a national
system for the estimation of greenhouse gas emissions and removals. A national
system refers to the institutional, legal and procedural arrangements necessary for the
planning, preparation, reporting and archiving of inventory information.
The United Nations Statistics Division reported that Bahrain produced a total of 21.9 Mt
CO2 from all sectors in 2003. The main sources of CO2 emissions in Bahrain are the
energy sector (70%), solid and liquid remnants (13%), the industry sector (10%), and the
transport sector (7%)55.

4.4

Construction Impacts, Mitigation and Residual Effects

4.4.1

The Generation, Suspension and Deposition of Particulate Matter during Operational
Activities
A potential air quality issue during the construction phase of the SULB development will
be the generation, suspension and deposition of particulate matter. Unmitigated, this
has the potential to cause nuisance to residents living in close proximity to the
development. These are likely to be the locations represented by the sensitive
receptors which lie within 200 m of the site boundary, i.e. receptor R17 Bahrain
Investment Wharf Hotel, the labour accommodation at receptors R4 Staff
Accommodation, R15 BIW labour accommodation C49 and R16 BIW labour
accommodation F23 (see Figure 4.11).
Fugitive construction dust emissions have the potential to cause nuisance at nearby
receptors by causing soiling of surfaces. In addition, a proportion of dust emitted will be
in the form of fine particles which can have an adverse effect on human health.
53

General Commission for the Protection of Marine resources, Environment and Wildlife (2005) ‘Bahrain’s Initial

Communication to the UNFCCC’.
54
55

The United Nations Framework Convention on Climate Change (1997) The Kyoto Protocol
United Nations Development Programme (2008) ‘The Millennium Development Goals Progress of Work 2004-

2007 for the Kingdom of Bahrain’, United Nations.
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However, studies have shown that typically only around 20% of total suspended
particulate matter from construction activity is in the PM10 size range (Quality of Urban
Air Review Group, 1996), (Airborne Particles Expert Group, 1999).
Operations that often result in dust emission include:
•

site preparation and earth moving;

•

stockpiling and handling of loose materials; and

•

movement of vehicles causing re-suspension of road dust, particularly on
unmade roads.

As airborne concentrations decline rapidly away from the source, the potential for
nearby existing properties to be affected will depend on where on site the dust
generation and dispersion is occurring, the nature of the site activities and the prevailing
local meteorological conditions. The impact of dust generation and dispersion will be
local and short term-lasting for the duration of construction only.
Meteorological Data
Figure 4.2 indicates that Bahrain is subject to a dominant north-westerly wind, with
occasional south-easterlies. As the majority of the sensitive receptors lie to the north
and north-west of the SULB application site, the probability that pollutants will be
dispersed towards these receptors is lower than those which lie in the direction of the
prevailing wind. Figure 4.3 indicates that although north-westerly is still the dominant
wind direction, the distribution is more even in summer with easterly winds occurring
more frequently. It is therefore more likely that pollutants from the construction site will
be dispersed in a westerly direction in summer. However, receptors R13 GIIC
Residential Compound and R14 ASRY worker accommodation, which lie to the west of
the application site, are located over 2000 m away from the application site and so are
unlikely to be impacted upon by particulate matter or dust produced during the
construction phase.
Impact Box 4-1 Generation, Suspension and Deposition of Dust during Construction
Operations
Description of Impact
Fugitive construction dust emissions have the potential to
cause nuisance at nearby receptors by causing soiling of
surfaces. In addition, a proportion of dust emitted will be in the
form of fine particles which can have an adverse effect on
human health
Receptor(s)
Sensitive receptors listed in Table 4.7.
Investigation
Features of Impact
Significance of Impact
Mitigation Advice
Residual Impact

Qualitative assessment
Short term and intermittent
Minor adverse
As outlined in Mitigation Box 4-1 - effected through the
implementation of an Environmental Management Plan
Negligible

Therefore, in consideration of the distance of the construction site to the residential
receptors, the overall impact of dust nuisance is likely to be intermittent and of minor
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adverse significance. Elevated short term PM10 concentrations are predicted to have a
local minor adverse impact on air quality.
Mitigation Box 4-1 Mitigation of Construction Dust

In order to reduce dust emissions, a number of mitigation measures should be
implemented, as appropriate, including:
•
•
•
•
•
•

Vehicles carrying loose aggregate and workings to be sheeted at all times;
Implementation of design controls for construction equipment and vehicles and
use of appropriately designed vehicles for material handling;
Regular inspection and, if necessary, cleaning of internal highways to check for
dust deposits (and removal if necessary);
Minimise surface areas of stockpiles to reduce areas of surface exposed to wind
scouring;
Use of dust-suppression methods as appropriate for all operations; and
All construction plant and equipment to be maintained in good working order and
not left running when not in use.

These measures are routinely and successfully applied to construction projects
throughout Bahrain and the rest of the world and if properly managed will reduce the
potential for adverse dust impacts during the construction phase.

4.4.2

Assessment of Residual Effects
With the implementation of appropriate management and control mitigation measures it
is likely that there may still be limited, occasional incidences of increase dust deposited
on property, therefore the residual impact of dust nuisance is considered to be
negligible.

4.4.3

Impact of Construction Off-Road Vehicles and Plant Emissions
Both static and mobile Non-Road Mobile Machinery (NRMM) and plant should be well
maintained. If any emissions of dark smoke occur, then the relevant machinery should
stop immediately and any problem be rectified. In addition, the following controls should
apply to NRMM:
• All NRMM should use fuel equivalent to ultra low sulphur diesel where available;
• All NRMM should be fitted with Diesel Particulate Filters (DPF) conforming to a
defined and demonstrated filtration efficiency (load/duty cycle permitting);
• The ongoing conformity of plant retrofitted with DPF, to a defined performance
standard, should be ensured through a programme of on-site checks; and
• Implementation of energy conservation measures, including throttle down or
switching off idle construction equipment, switching off the engines of trucks
while they are waiting to access the site and while they are being loaded or
unloaded, and ensuring that equipment is properly maintained to ensure
efficient energy consumption.
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Release of Emissions to Air from Construction Traffic
The following measures may reduce emissions from construction traffic:
• Introduction of a car share scheme for construction workers;
• Provision of worker transport by bus; and
• Implementation of minimum vehicle emission controls, which could be based on
national or international standards.
Such routine environmental management controls would be implemented through the
EMP during the construction phase to minimise the impact of pollutant emissions on
local ambient air quality.
4.4.4

Assessment of Residual Effects
The potential for short term release of emissions from off-road vehicles and plant, will
remain following mitigation. However, good management of the use of site plant and
equipment and implementation of the mitigation measures outlined above is likely to
reduce the impact to negligible.
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4.5

Operational Impacts, Mitigation and Residual Effects
All model results presented in the study are those produced by Aermod exclusive of the
background values outlined in Section 4.3.1.

4.5.1

Operational Impacts on Air Quality from SULB Emissions
Exit Stack Pollutant Concentration Compliance
An analysis of the release concentrations for the exhaust stacks was undertaken to check for
compliance with the IFC/World Bank and Japanese stack emission limits for integrated steel
mills and the Bahraini unit stack emission limits for combustion units. For combustion
sources, emission concentrations are compared to both the Bahraini and World Bank limits
at reference conditions with a temperature of 273K. However, for non-combustive sources,
the Bahraini limits refer to discharge conditions, in contrast to the IFC World Bank which
refer to standard conditions. As a conservative approach, for the sources where even limited
combustion of natural gas occurs, compliance was assessed against the most stringent
Bahraini combustion unit limits for each pollutant to ensure that all emission limits are met.
Sources DR1 (DR plant ejector stack), DR2 (DR plant charge hopper), HSM1 (heavy section
mill reheating furnace stack) and LSM1 (light section mill reheating furnace stack) are
defined as combustion sources and are therefore compared to the Bahraini limits at
reference conditions of dry 15% O2 content and the IFC/World Bank limits of dry 3% O2
content. However, it should be noted that in the case of the DR plant, just 15% of the natural
gas is used for combustion. The remaining 85% is used as a reducing gas and is recirculated back into the process as the carbon fixed in the reduced iron as Fe3C.
•

Bahraini emission limits - It was found that all SULB sources will meet the Bahraini
stack emission limit values for NOx, SO2 and PM10. However, the Bahraini
combustion unit limit is very stringent when applied to sources in the DR plant and
potentially, for short-term periods, release concentrations may exceed the Bahraini
NOx combustion limit.

•

IFC / World Bank and Japanese integrated steel mill emission limits - All SULB
sources were found to meet the IFC World Bank stack emission limits for NOx and
SO2, but the specified concentration of PM10 in the exit gas from source DR2 (DR
plant charge hopper) does not. The Japanese NOx emission limit will be met.

Therefore, the emission rates used in the dispersion modelling study for the prediction of
ambient pollutant concentrations were derived from exhaust pollutant concentrations which
do not exceed any of the integrated steel mill or Bahraini combustion unit stack emission
limits.
Meteorological Data Sensitivity
A study of the sensitivity of ambient pollutant concentrations to meteorological data was
undertaken, to determine the year of meteorological data producing the highest or most
‘conservative’ results. At each of the 36 discrete receptors (22 off-site and 14 site boundary
locations), Aermod was used to determine the highest pollutant concentrations produced by
SULB emissions for the hourly maximum, 24-hour and annual averaging periods. Figures
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4.14 – 4.17 show the number of maximum values predicted across the 36 receptors in each
of the five years 2004-2008:
Figure 4.14
Number of 1-Hour Maximum
Concentrations

Figure 4.15
Number of 24-Hour Average Maximum
Concentrations Predicted per Year
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Figure 4.16
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Figure 4.17
Number of Annual Average Maximum
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Figure 4.14 shows that for hourly NOx, at 15 out of the 36 receptors (42%), the maximum
concentration was predicted using 2007 dispersion data. The highest number of maximum
concentration values was also predicted for hourly maximum SO2, 24-hour average NOx and
SO2 and annual average NOx and SO2, using 2007 data. Only for 8-hour CO and 24-hour
average PM10 was the highest number of maximum concentrations across all receptors not
predicted using 2007 data. As CO emissions are not expected to be critical in terms of
compliance with the 8-hour ambient standard, 2007 meteorological data was determined as
producing the most conservative pollutant concentrations and was therefore the data used in
the assessment of pollutants from SULB and cumulative emissions.
It should be noted that in the assessment of pollutant emissions from the permitted USCO
and GIIC installations, separate meteorological sensitivity studies were undertaken, on
meteorological data available at the time each assessment. In each study, 1999 was
determined as the year producing the most conservative pollutant concentrations. Therefore,
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where SULB pollutant concentrations are compared to those from USCO and GIIC, SULB
pollutant concentrations are predicted using 1999 meteorological data.
SULB Installation Emissions
Table 4.12 shows the predicted ambient pollutant concentrations from SULB emissions at
receptors R10-R22 and the site boundary maximum, in comparison to the Bahraini, UK/EU
and WHO standards:
Table 4.12

Pollutant Concentrations Produced by SULB Emissions

Receptor

NO2

SO2

CO

PM10

1-hour

24-hour

Annual

1-hour

24-hour

Annual

8-hour

24-hour

Annual

R10

10.3

2.0

0.1

3.3

0.3

0.02

7.4

1.4

0.1

R11

12.7

2.4

0.2

4.2

0.4

0.03

9.4

2.0

0.1

R12

14.2

2.7

0.2

5.3

0.4

0.04

10.8

1.4

0.1

R13

16.9

5.1

0.4

5.2

0.8

0.1

10.7

1.5

0.2

R14

25.4

8.4

0.8

10.2

1.6

0.1

26.1

2.0

0.5

R15

23.3

5.2

0.4

10.0

1.1

0.1

26.9

4.3

0.2

R16

59.7

5.7

0.5

34.1

1.4

0.1

44.5

8.5

0.3

R17

47.6

8.5

0.6

26.1

2.3

0.1

69.6

3.7

0.5

R18

31.5

4.4

0.3

14.1

0.8

0.1

23.4

10.8

0.1

R19

14.2

2.6

0.1

6.3

0.5

0.02

10.5

7.7

0.1

R20

15.5

2.4

0.1

6.4

0.4

0.02

11.2

5.1

0.1

R21

19.5

3.6

0.2

10.1

0.9

0.03

26.8

1.6

0.1

R22

13.9

2.9

0.2

6.3

0.5

0.03

10.1

1.6

0.1

Site bound (max)

137.1

42.0

8.8

47.2

7.8

1.4

188.3

31.1

8.9

Bahrain

200

150

40

350

125

50

--

340

80

UK/EU

200

--

40

350

125

266

10000

50

40

WHO

200

--

40

--

20

--

--

50

20

For each of the pollutants and averaging periods, the highest concentrations are predicted
on the site boundary. The predicted maximum 1-hour concentration of 137 µg.m -3 is 69% of
the standards and the highest predicted 24-hour average PM10 concentration 62% of the
UK/EU standard. However, concentrations reduce with distance from the site, and at the
sensitive receptors, concentrations are predicted to be lower with the concentration at R16
30% of the 1-hour standard and R18 22% of the UK/EU 24-hour average PM10 standard.
Therefore, for all pollutants and all averaging periods, none of the Bahraini, UK/EU or
WHO standards are predicted to be exceeded at any of the sensitive local and site
boundary receptors as a consequence of pollutant emissions produced by SULB.
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SULB Emissions in Comparison to Permitted Installations
Pollutant concentrations from SULB were compared to those predicted for USCO and GIIC
in their permit applications. The comparisons, which were made for pollutant emissions from
each plant over different averaging periods, are presented in Figures 4.18 to 4.23:
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Figure 4.18

Comparison of 1-Hour Mean NO2 Concentrations

Figure 4.19

Comparison of 1-Hour Mean Nitrogen Dioxide Concentrations

Comparison of Annual Mean NO2 Concentrations
Comparison of Annual Mean Nitrogen Dioxide Concentrations

Concentration (ug/m3)

Concentration (ug/m3)

50.0

200
100
0

SB
max

R1

R2

R3

R4

R5

R6

R7

R8

R9

USCO

40.5

42.1

58.4

53.4

47.1

30.2

4.5

8.4

5.9

GIIC

34.5

36.5

29.7

82.7

64.7

22.2

8.4

6.6

9.5

182

SULB

15.7

16.9

27.5

22.4

25.4

12.7

4.6

10.3

14.2

137.1

Standard

200

200

200

200

200

200

200

200

200

200

Figure 4.20

Comparison of 24 Hour Mean NO2 Concentrations

40.0
30.0
20.0
10.0
0.0

R2

R3

R4

R5

R6

R7

R8

R9

USCO

0.1

0.2

0.1

0.3

0.4

0.1

0.0

0.1

0.1

GIIC

0.2

0.5

0.3

0.8

0.7

0.2

0.2

0.2

0.3

11.5

SULB

0.2

0.4

0.2

0.5

0.8

0.2

0.1

0.1

0.2

8.8

Standard

40

40

40

40

40

40

40

40

40

40

Figure 4.21

Comparison of 24 Hour Mean PM 10 Concentrations

Comparison of 24-Hour Mean Nitrogen Dioxide Concentrations

Comparison of 24-Hour Mean PM10 Concentrations
400

Concentration (ug/m3)

200

Concentration (ug/m3)

SB
max

R1

150
100
50
0

R4

R5

R6

R7

R8

R9

300
200
100
0

SB
max

R1

R2

R3

USCO

2.2

4.0

2.8

7.0

7.0

2.5

0.3

0.6

0.7

GIIC

4.4

5.9

6.2

14.2

11.6

4.0

2.2

2.2

3.1

62.8

SULB

2.5

5.1

4.4

7.4

8.4

2.4

1.1

2.0

2.7

Standard

150

150

150

150

150

150

150

150

150

R2

USCO

6.0

10.0

6.4

10.0

16.6

7.6

3.7

4.3

9.7

GIIC

8.2

12.0

20.4

17.0

17.1

4.2

1.6

2.5

3.0

56.9

42.0

SULB

1.6

4.3

7.8

5.3

8.5

1.5

0.7

1.4

2.0

31.1

150

Standard

340

340

340

340

340

340

340

340

340

340
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R3

R4

R5

R6

R7

R8

R9

SB
max

R1

Figure 4.22

1-Hour Max NO2 USCO

Figure 4.24

1-Hour Max NO2 GIIC

Figure 4.23

1-Hour Max NO2 SULB
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Figures 4.18 to 4.23 indicate that none of the emissions from the two permitted installations
(this includes GIIC 1 and 2, and USCO) were predicted to result in concentrations exceeding
the national Bahraini, international or WHO standards at any of the modelled receptors or the
site boundary. Similarly, emissions from SULB are not predicted to exceed these standards
at any of the receptors.
For concentrations of short-term SO2, CO and PM10, and annual mean SO2 and NO2, none
of the emissions from the three processes were predicted to produce concentrations greater
than 10% of the respective national standards at any of the modelled receptors. Figures
4.22 to 4.24 are isopleth plots of hourly maximum NO2 concentration. Figure 4.24 shows
that emissions from GIIC exceed the standard of 40 µg.m -3 within the site boundary but not
at any of the receptors. Figures 4.22 and 4.23 show that for USCO and SULB, the standard
is not exceeded within the site boundary or at the sensitive receptors. Concentrations of 8hour CO, daily SO2 and annual mean SO2 and NO2, shown in Appendix D, are not predicted
to exceed 5% of the respective national standards at any of the modelled receptors.
For hourly NO2, Figure 4.18 shows that the highest predicted concentration was made at
receptor R4 (82.7 µg.m-3) for emissions from GIIC. This equates to approximately 41% of the
national standard. The highest predicted concentration from emissions from the SULB
complex was made at receptor R3 (25 µg.m-3), which is 12.5% of the standard.
Comparison of the daily mean NO2 results between the three installations shows that
emissions associated with the GIIC plant were predicted to yield the highest concentrations
at all modelled receptors, the highest of which (14.2 µg.m-3) represents 9% of the standard.
This concentration was approximately double the highest predicted concentration resulting
from SULB process emissions (7.7 µg.m -3), modelled at receptor R5.
Therefore, atmospheric dispersion modelling has shown that predicted pollutant
concentrations from SULB emissions made at historical receptors and the existing site
boundary, are lower than those from both the permitted USCO and GIIC installations.
Impact Box 4-2
Operational Impacts on Air Quality from SULB
Description of Impact
Impact of operational air emissions from SULB on air quality
Receptor(s)
Sensitive receptors listed in Table 4.7.
Investigation
Features of Impact
Significance of Impact
Mitigation Advice
Residual Impact

Atmospheric dispersion modelling
Local, long term, low sensitivity of receptors
Negligible
None required
Negligible
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4.5.2

Emissions from Operational Road Traffic
The United Steel Company (SULB) Integrated Steel Complex (SULB Project) Generated
Road Traffic Short Report (August 2009) provided estimates of the road traffic associated
with the operational SULB complex. This included traffic related to both the operation of the
steelworks and the movement of staff. To assess the impact of SULB generated road traffic
emissions, the baseline condition was represented by operational traffic flow figures from the
Bahrain International Investment Park Environmental Impact Assessment (2005).
The traffic flow figures and road links used in the assessment are shown in Appendix D:
Tables 4.13 and 4.14 show the results of the DMRB screening assessment of NO2 and PM10
from these vehicle movements. The impact of these emissions was determined at 5
theoretical roadside receptors located immediately adjacent to link E (Al Hidd Road), link F
(Sheikh Khalifa Bin Salman Causeway), A1, A3 and on the roundabout of links B, E and C
(see Section 11).
Table 4.13

The Impact of Emissions from On-Road Construction Vehicles on Long
-3
Term NO2 Concentrations (µg.m )

1

Distance from
centre of road (m)
5

19.3

19.4

0.1

2

5

19.5

19.6

0.1

3

5

16.2

17.9

1.7

4

5

10.0

10.2

0.2

5
Bahraini standard

5

2.6

3.0

0.4

Receptor

Table 4.14
Receptor

Baseline

Baseline+operational
traffic

Impact

40

The Impact of Emissions from On-Road Construction Vehicles on Long
-3
Term PM10 Concentrations (µg.m )
Baseline

Baseline+operational
traffic

Impact

1

Distance from
centre of road (m)
5

6.6

6.6

<0.1

2

5

6.7

6.7

<0.1

3

5

4.7

5.3

<0.1

4

5

2.7

2.7

<0.1

5

5

0.5

0.5

<0.1

UK/EU standard
WHO standard

40
20

At all receptors, the impact of operational traffic on annual average NO2 concentration is
anticipated to be an increase of between 0.1 (0.5%) and 1.7 µg.m -3(10%), on the baseline
concentration. For PM10, the increase does not exceed 0.1 µg.m-3.
Impact Box 4-3
Operational Impacts on Air Quality from SULB Road Traffic
Description of Impact
Impact of operational road traffic air emissions on air quality
Receptor(s)
Sensitive receptors listed in Table 4.7.
Investigation

Atmospheric dispersion modelling
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Impact Box 4-3
Operational Impacts on Air Quality from SULB Road Traffic
Features of Impact
Local, long term, low sensitivity of receptors
Significance of Impact Negligible
Mitigation Advice
None required
Residual Impact
Negligible

It should be noted that these long term predicted pollutant concentrations are highly
conservative for the reasons outlined in Appendix D. However, they provide an indication
that the impact from vehicle exhaust gas emissions on sensitive receptors will be of
negligible significance.
4.5.3

Operational Impacts on Air Quality from Cumulative Emissions
The impact of ‘cumulative’ operational emissions, considers emissions from all permitted
installations in addition to emissions from SULB. The ‘baseline’ condition is represented by
emissions from the permitted USCO and SULB installations including all buildings and static
machinery. The ‘cumulative’ scenario represents emissions from USCO, GIIC and SULB and
all existing and proposed buildings and items of static machinery. All scenarios were run with
2007 meteorological data, which has been shown to produce the most conservative pollutant
concentrations estimates from SULB emissions in Section 4.5.4.
Figures 4.25 to 4.32 show the predicted ambient pollutant concentrations from ‘cumulative’
emissions at receptors R10-R22 and the site boundary maximum, in comparison to the
‘baseline’ condition.
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Figure 4.25

1-Hour Mean NO2 Concentrations

Figure 4.26

1- Hour Mean SO2 Concentrations

Comparison of 1-Hour Mean Nitrogen Dioxide Concentrations

Comparison of 1-Hour Mean Sulphur Dioxide Concentrations
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Figure 4.27
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5.0

14.9

4.6

29.7

37.4

31.5

43.5

43.7

29.3

24.4

23.2

Cumulative

7.8

15.7

7.2

32.9

40.5
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101.0

44.1

47.6

24.7
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150
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Baseline

3.3

4.8
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11.6
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8.0
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5.5
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18.0
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27.6
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Figure 4.29

Annual Mean NO2 Concentrations

Figure 4.30

Annual Mean SO2 Concentrations
Comparison of Annual Mean Sulphur Dioxide Concentrations

Comparison of Annual Mean Nitrogen Dioxide Concentrations
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Figure 4.31

24 Hour Mean PM 10 Concentrations
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Figures 4.25 to 4.32 show that at all receptors, including those on the site boundary,
baseline emissions from the USCO and GIIC installations meet the Bahraini standards for all
pollutants and averaging periods.
For SO2, PM10 and CO predicted concentrations at all receptors, both in sensitive locations
and on the site boundary, are under half of the Bahraini standard in both the baseline and
cumulative modelling scenarios.
For NO2, predicted concentrations at the sensitive receptors are under half the standard in
both the baseline and cumulative modelling scenarios. However, on the site boundary,
receptor concentrations are higher with the baseline site boundary maxima 32% and the
cumulative maximum approximately 45% of the standards for the 24-hour and annual
averaging periods. For the hourly maximum, predicted concentrations are higher than the 24hour and annual averaging periods. The baseline hourly maximum is above half the standard
(111.6 µg.m -3) at receptor R17 (BIW Hotel) which is close to the northern edge of the site
boundary. However, at all other receptors predicted concentrations are below half the
standard. For the cumulative emission scenario, concentrations at all receptors are predicted
to be under half the standard except at receptors R17 (Bahrain Investment Wharf) and R16
(BIW labour accommodation F23) which at 120 µg.m -3 is 60% of the standard. On the site
boundary, the maximum predicted concentration from USCO and GIIC is 185.3 µg.m -3 which
is 93% of the standard. With the addition of emissions from SULB, the standard is exceeded
by a maximum of 32.6 µg.m-3 (16%) on the site boundary. A comparison of the distribution of
the hourly maximum concentration around USCO, GIIC and SULB between the baseline and
cumulative scenarios, is shown in Figures 4.33 and 4.34.
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Figure 4.33

1-hour max NO2 baseline

Figure 4.34
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1-hour max NO2 cumulative

Figures 4.33 and 4.34 show that the maximum hourly concentrations are predicted when
the wind direction is north westerly as the shape of the plume is aligned north west / south
east with the highest concentrations to the south east of the installations. In the baseline
scenario, exceedences of the hourly standard are broadly confined by the site boundary as
defined by the red area in Figure 4.33. However, there are two small zones of exceedence
over the sea which are aligned with the tallest building in the GIIC complex which is the 45 m
balling area building and likely to be a result of building downwash effects.
In the cumulative emissions scenario, the area of exceedence extends beyond the site
boundary to the south east over the sea as shown by a larger red exceedence area shown in
Figure 4.34. With the addition of SULB buildings and emissions in the cumulative emissions
scenario, the DR plant ejector stack which stands at 52 m, is directly in the wake of the 48 m
high meltshop building. As a result, grounding of the pollutant from this stack can be
expected when the wind is in line with the melt-shop building from the north-west. Therefore,
this extended area of off-site exceedence is almost certainly a result of the downwash effect
of the melt-shop on the additional pollutant releases from SULB, the majority of which is
produced by ejector stack DR1.
It should be noted that although exceedences of the standard are predicted under the
cumulative emissions scenario, this exceedence area is located within the site boundary and
predominantly over the sea where there will be no public exposure. Furthermore, the
contribution of the SULB plant to the site boundary maximum is 47.3 µg.m -3 out of a total
cumulative concentration of 232.6 µg.m-3, which equates to 20% of the total cumulative
concentration. Therefore, the dispersion modelling of emissions indicates that 80% of the
NO2 levels predicted at the site boundary is produced by existing permitted installations.
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Impact Box 4-4
Operational Impacts on Air Quality from Cumulative Emissions
Description of Impact
Impact of air emissions on local air quality
Receptor(s)
Sensitive receptors listed in
Investigation
Features of Impact
Significance of Impact

Mitigation Advice

Residual Impact

4.5.4

Atmospheric dispersion modelling
Local, long term, high sensitivity of receptors, cumulative
For the pollutants SO2, PM10 and CO and long term NO2, the
impact of cumulative emissions on the baseline can be classed
as slight adverse. For hourly maximum NO2, the impact at offsite receptor locations is minor adverse, and on the site
boundary, the impact can be classed as substantial adverse,
although exposure will be minimal over peak hourly average
periods.
A regular stack monitoring program will be implemented
including continuous emission monitoring systems (CEMS)
to demonstrate compliance with specific stack emission limit
values
Mitigation measures are not considered to be necessary as
compliance with stack emission limits has been demonstrated
and no exceedences of the standards at sensitive receptors
have been predicted through atmospheric dispersion
modelling.

Assessment of Residual Effects
Ongoing compliance with specific emission limit values will ensure that ground level pollutant
concentrations do not give rise to significant long term environmental impacts.

4.5.5

Operational Impacts of CO2 Emissions from SULB Plant
Potential emissions of CO2 from the SULB plant will be predominantly from natural gas
consumption within the combustion plant processes. However there will also be an element
of indirect (off-site) CO2 emissions associated with the electricity consumption of the plant.
In order to assess the potential impact of CO2 emissions from the operation of the SULB
plant, the following calculations were undertaken;
Natural Gas Combustion
Each combustion plant process was assessed individually and subsequently summed to
provide the total annual CO2 emissions from the complex.
Emission estimates of CO2 were calculated for each process by using the following
equations:
a) Natural Gas Consumption = Operating Time x Natural Gas Flow Rate
3

-1

(Nm a )

-1

3

(hours a )

-1

(Nm h )
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b) Emissions of CO2 = Natural Gas Consumption x CO2 Emission Factor
-1
3 -1
-3
(Nm a )
(kg m )
(kg a )

A standard CO2 Emission Factor of 1.92 kg CO2 m-3 is provided by the USA Environmental
Protection Agency56 however the emission factor varies according to the actual composition
of the gas used, and therefore for Bahrain Khuff Gas, a factor of 1.62 kg CO2 m-3 has been
applied.
The estimates of annual CO2 emissions from each process within the SULB complex, and
the variables used to calculate them, are presented in Table 4.15. See full report in
Appendix E.
Table 4.15

Estimated Annual CO2 Emissions from Natural Gas Consumption
Anticipated
Operating Hours
-1
(hours a )

Anticipated
Natural Gas
Flow Rate
3 -1
(Nm h )

Natural Gas
Consumption
-3 -1
(Nm a )

MIDREX ®
DRI Plant*

8000

61461

4.92 x 10

Rolling Mill
(Light and
+
Medium)

6000

5600

5197 (rolling time
required)

6603

Process

Heavy
Section
Rolling
++
Mill
Meltshop

+++

CO2 Emission
Factor
-3
(kg m )

CO2
Emissions
-1
(t a )

8

1.565**

7.69 x 10

3.36 x 10

7

1.62

54432

8250

4.29 x 10

7

1.62

69498

2419
(Average)***

1.61 x 10

7

1.62

26082

MAXIMUM TOTAL CO2 emissions from SULB complex (natural gas use)

5

9.19 x 10

5

* Kobe Steel Ltd, MIDREX technologies, ‘Technical Proposal Direct Reduction Plant: Volume 2 Technical Specification’
**This emission factor takes into account ‘fixing’ of carbon during DRI Production (approx 18kg Carbon per ton DRI).
+

Danieli & C. SPA, ‘Technical Specification Document’.

++

SMS Meer (2008) ‘Heavy Section Mill for United Steel Company Bahrain’.

+++

CONCAST, SMS Group (2008) ‘Technical Specification for New 1’800’000 TPY Steel Plant’

**Flow rates summed from operations relating to Continuous Casting Machines 1 and 2, ladle preheating, Concast and
oxygen (CONSO) system, and other plant.

56

United States Environmental Protection Agency (1995) ‘AP 42, Volume 1, Fifth Edition: Chapter 1 Section 1.4 – Natural

Gas Combustion (Supplement D July 1998)’, US EPA.
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It is evident from Table 4.15 that the main contributor to the estimated annual CO2 emissions
from the SULB complex is the DRI plant (7.69 x 105 t.a-1), which corresponds to 84% of the
total maximum predicted output.
Electricity Consumption
To determine the contribution of electricity consumption to the CO2 emissions from the SULB
complex the following information was considered;
•
•

The projected electricity requirements for the complex whilst in production
The average emission rate of CO2 per unit of electricity generated

Given the projected average electricity demand estimate is anticipated to be 105 MWh57
based on a maximum 350MW supply and the anticipated operating hours are 8000 hours (as
above), the total projected electricity requirement is estimated as 840,000 MW.
The UK average emission rate of CO2 per unit of generated electricity is 0.43 tonnes CO2
per MWh58, but this factor reflects the mix of gas, coal and renewable electricity sources
which will not necessarily be the same as in Bahrain. It is likely that this factor will be lower
than the value for electricity generation in Bahrain, but no equivalent value is available.
Based on this factor, an estimate of the contribution of electricity consumption to the CO2
emissions from the SULB complex is 361, 200 tonnes of CO2 per annum.
Thus the total CO2 emissions from natural gas and electricity combustion are 1.28 million
tonnes of CO2 emitted annually from the SULB complex.
Benchmarking
Comparison of the relative annual CO2 emissions in terms of output (tonnes of steel) can be
made with other steel manufacturers across the world.
The estimated annual output of the SULB Complex is 1.5 million tonnes of steel, and so the
relative release equates to 0.85 tonnes of CO2 per tonne of steel.
Table 4.16 illustrates how the estimated CO2 emissions of the SULB complex compare with
steel plants across the world.
Table 4.16

Benchmarks of Tonnes of CO2 per Tonne of Steel Produced

Plant
SULB
59
US Steel Producers
60
Chinese Steel Producers

Tonnes of CO2 per tonne of Steel produced
0.85
1.2
2.5

57

Estimated average derived from stated 350MVA supply
UK Carbon Trust Website (www.carbontrust.co.uk)
59
American Iron and Steel Institute Website (www.steel.org)
58
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Plant
61
UK Steel Producers
World Steel Sustainability
62
Indicator

Tonnes of CO2 per tonne of Steel produced
1.75
1.7

The table above shows that the CO2 emissions produced by the SULB complex compare
favourably when benchmarked against other sourced values, which indicates a relatively
energy efficient process and reflects the state of the art technology proposed.
It should be noted that the effects of transportation have not been included within the
preceding calculations and it is considered that there would be potentially significant CO2
emissions associated with steel manufacture related to the transport of raw materials and
final products.
However the SULB complex is anticipated to be associated with reduced transport-related
CO2 emissions in the following ways;
•
•

the significant integration with respect to the raw materials derived from the
adjacent pelletizing plant, and
the relatively close proximity of the market the SULB Complex is anticipated to
serve within the GCC.

Impact Box 4-5
Operational Impacts from CO2 Emissions from the Plant
Description of Impact
CO2 emissions from the plant contributing to greenhouse gas
inventory and climate change potential
Receptor(s)
Global climate
Investigation
Desk based.
Features of Impact
International, long-term, high sensitivity of receptor, cumulative.
Significance of Impact Moderate Adverse Significance
Mitigation Advice
Adoption of BAT for the improvement of energy efficiency
and emission reduction (as already proposed)
Residual Impact
Moderate Adverse Significance

At a national scale, Bahrain emitted a total of 21.9 Mt CO2 in 2003 from all sectors. The
estimated total maximum output from the SULB complex equates to approximately 5.6% of
the 2003 national output, but total national emissions will have increased in the intervening 6
years from considerable expansion of industrial, aviation and road transportation sources.
The contribution of SULB releases to total national annual CO2 emissions when the
installation is fully operational is considered to be of Moderate Adverse significance.

60

As above
UK Carbon Trust Website (www.carbontrust.co.uk)
62
WorldSteel Association (worldsteel.org)
61
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4.5.6

Assessment of Residual Effects
Adoption of Best Available Techniques (BAT) designed to prevent and, where that is not
practicable, to reduce emissions and the impact on the environment has already been
committed to in the process design of the SULB complex. Thus despite SULB being
favourably comparable with other steel producers across the globe, given the considerable
output of steel from the SULB process, significant emissions of CO2 cannot be avoided and
therefore the impact is anticipated to remain of Moderate Adverse significance.
SULB will continue to operate according to the principles of Best Available Techniques and
will consider opportunities for cost-effective improvement in management techniques and
operational technologies on an ongoing basis.

4.6

Decommissioning Impacts, Mitigation and Residual Effects

4.6.1

The Generation, Suspension and Deposition of Particulate Matter
The generation and dispersion of dust due to decommissioning activities is not well
quantified and is therefore difficult to predict accurately. As described for the construction
aspects (see Section 4.4), dust generation and dispersion depends on a number of factors
including the activity taking place, the timescale of activity, the type and number of plant
required, the type of dust emitted, the location and nature of sensitive receptors and
meteorological conditions. A potential air quality issue during the decommissioning of the
SULB development will be the generation of particulate matter, and its impacts on existing
and any new industrial and residential receptors in the vicinity of the activities. Dust
generation and dispersion will local, reducing significantly with distance from the source, and
will be short term, lasting for the duration of decommissioning only.
Impact Box 4-6
Generation, Suspension and Deposition of Dust during
Decommissioning Operations
Description of Impact
Impact of decommissioning phase air emissions on air quality
Receptor(s)
Future and existing sensitive receptors listed in Table 4.7.
Investigation
Features of Impact
Significance of Impact
Mitigation Advice

Residual Impact

Qualitative assessment
Short term and intermittent
Minor Adverse
As outlined in Section 4.4.2 effected through the
implementation of a Decommissioning Environmental
Management Plan
Negligible

In consideration of the distance of the site to the existing residential receptors, the overall
impact of dust nuisance is likely to be intermittent and of minor adverse significance.
Elevated short term PM10 concentrations are predicted to have a local minor adverse
impact on air quality.
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Mitigation Box 4-2 Mitigation of Decommissioning Dust

In order to manage and control dust emissions, a number of mitigation measures should
be considered at the decommissioning stage, as appropriate, including:
•
•
•
•
•

Vehicles carrying loose aggregate and workings to be sheeted at all times;
Regular inspection and, if necessary, cleaning of internal highways to check for
dust deposits (and removal if necessary);
Minimise surface areas of demolition material stockpiles to reduce areas of
surface exposed to wind scouring;
Use of dust-suppression methods as appropriate; and
All plant and equipment to be maintained in good working order and not left
running when not in use.

These measures and others appropriate to a large scale decommissioning project,
including compliance with future off-site vehicle emission standards and good
management of on-site traffic, would be expected to minimise the potential for adverse
dust impacts.

4.6.2

Assessment of Residual Effects
Even with the implementation of appropriate mitigation measures it is likely that there may
still be limited incidences of dust releases from decommissioning of the large installation, but
the residual impact of dust nuisance is considered to be negligible.
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5

HYDRODYNAMICS

5.1

Introduction
This chapter of the EHIA assesses the likely significant impacts of the proposed
development on hydrodynamics and plume dispersion arising from:
• the construction of the wharf;
• construction and operation of a seawater intake;
• construction and operation of a combined outfall for the existing GIIC plant and the
new SULB plant; and
• temporary relocation of the existing GIIC outfall during the wharf construction.
This chapter describes the assessment methodology, the baseline conditions currently
existing; the likely significant environmental impacts; and the mitigation measures required to
prevent, reduce or offset any significant adverse impacts.
HR Wallingford (UK), an internationally regarded expert consultancy was commissioned
directly by the client in order to carry out specialist hydrodynamic studies. Their scope of
works was identified as:
•
•
•
•
•
•
•
•

Studies to determine the effect of the presence of the proposed wharf on local
hydrodynamics;
Determine suitable locations for the proposed intake and combined outfall to meet
environmental regulations;
Indicative initial discharge footprint from the temporary relocated discharge;
Assessment of compliance with Bahraini environmental regulations;
Predicted thermal, saline and chlorine footprints from the discharge;
Predicted level of recirculation to existing intakes;
Identify initial discharge footprint from combined discharge; and
Determination of which of the combined CW system flow rates is acceptable in terms
of meeting environmental regulations (for EHIA), and acceptable recirculation
requirements.

With regards to this EHIA, only the works underlined above will be summarised within this
section. This chapter is accompanied by Appendix F which provides full details on the
hydrodynamic and dispersion studies.
5.2

Legislation
Ministerial Order No. 10 of 1999 With Respect to Environmental Standards (Air & Water)
Ministerial Order No.10 provides standards for discharges to water. Discharges are required
to meet the Bahrain temperature standard, which states that the discharge must not raise or
lower the monthly average temperature of the undisturbed ambient seawater by more than
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±3°C63 at distances 100m from the point of discharge. From information provided by GIIC,
the existing discharge is already compliant with the Bahrain temperature standard, as the
discharge temperature is at maximum 3ºC above background. However, for the modelling
study, compliance with the temperature standard was assessed for the combined discharge,
which is predicted to have a higher excess temperature of approximately 8ºC.
The residual chlorine in the discharge results from the application of sodium hypochlorite as
a disinfectant or biocide. There are no specific Bahraini environmental regulations for
residual chlorine; however, the Bahraini standards for industrial effluent refer to a monthly
average discharge concentration limit of 0.5mg/l for residual chlorine. As the discharge
concentrations of sodium hypochlorite are stated by GIIC to be equivalent to 0.5mg/l of
chlorine, all the discharges are compliant with this standard.
As there are no specific Bahraini environmental standards for chlorine or salinity, chlorine
concentration and excess salinity contours were presented by the modelling to enable
interpretation for the EHIA.
5.3

Assessment Methodology

5.3.1

Hydrodynamic Modelling
The TELEMAC-2D system has been used for the simulation of tidal currents. TELEMAC is a
finite element model which represents the study area on a mesh of triangles of variable size
and orientation. This approach allows very precise representation and high resolution in
areas of interest, with coarser coverage in areas where less detail is required. Further details
of the TELEMAC system are provided in Appendix F.
The regional model has been calibrated and used for regional planning studies and has been
adapted for numerous local studies, including hydrodynamic studies, dispersion studies and
masterplans.
For the current study a local model was set up based on regional model. The local baseline
model was updated to include the most up-to-date coastline and bathymetry for the ASRY
Basin and surrounding area. These were derived from the following sources, provided by
GIIC:
• SHIP CHANNEL of Hidd Master Plan
• 080622 – GIIC Insurvey & Pipe

5.3.2

Outline Outfall Configuration and Initial Dilution
In order to model the discharges from the outfall the CORMIX (Cornell Mixing Zone Expert
System) expert system has been used. CORMIX is an internationally accepted software
system for the analysis, prediction and design of aqueous toxic or conventional pollutant
63

Ministerial Order No. 10 of 1999 With Respect to Environmental Standards (Air & Water)
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discharges into diverse water bodies. It incorporates an expert system that uses the
characteristics of the discharge (depth, width, current speed, etc) to determine a class for the
discharge jet. It then calculates the centre-line trajectory and dilution rate of the jet to the
edge of the near-field area. Further details of the CORMIX system are provided in Appendix
F.
5.3.3

Sediment Dispersal
Construction of the proposed wharf will involve sheet piling of the region to be reclaimed,
followed by backfilling of the region by land. Interlock sealant will be applied to the sheet
piles, and grout will be applied to interlock joints, to minimise the release of fine sediment to
the water column during filling activities. It is considered that the only other likely cause of
fine sediment release might be during piling of the sheets into the seabed. However, the
quantity of sediment released during this activity is likely to be small. Further consideration of
sediment dispersal is therefore considered unnecessary.

5.4

Baseline Conditions and Sensitivity

5.4.1

Bathymetry
The baseline bathymetry used for the modelling is shown on Figure 5.1 (represents a future
scenario for the basin). Depths in the area are in the order of -10 to -8 mCD.
Figure 5.1

Local baseline model bathymetry, detail within the ASRY Basin and
around the proposed wharf
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5.4.2

Tides and Currents
The tide in Bahrain’s coastal waters is semi-diurnal (two high waters and two low waters per
day. Both spring and neap tides exhibit noticeable diurnal characteristics, with differences
between the two low water levels, and two high water levels, which occur in any 24-hour
period.
The flood (rising) tide approaches Bahrain from the north. Persistent winds can cause
significant changes in the tidal currents. Figures 5.2 and 5.3 show the current speeds over
the spring and neap tides respectively. Tidal speeds in the vicinity of the proposed wharf are
low with peak current speeds in the vicinity of the wharf and proposed intakes and outfall in
the order of 0.01m/s.
Figure 5.2

Simulated current patterns before and after construction of the
proposed wharf at times of peak flood and ebb flow, mean spring tide,
calm conditions
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Figure 5.3

5.4.3

Simulated current patterns before and after construction of the
proposed wharf at times of peak flood and ebb flow, mean neap tide,
calm conditions

Ambient Sea Water Conditions
Data provided by GIIC from seawater samples taken on 9 July 2009 indicate that ambient
seawater salinities (as total dissolved solids, or TDS) of 38.76ppt (parts-per-thousand) are
found at the site. No information is available on seasonal or tidal variation in ambient
seawater salinity at the site, but data provided for previous studies undertaken by HR
Wallingford suggest that whilst the salinity of Bahrain’s coastal waters does vary spatially
and through the year, there are no significant detectable seasonal or tidal patterns to the
variations. Therefore an ambient salinity of 38.76ppt has been assumed to apply at the site
throughout the year.
Temperature records were provided by GIIC for samples taken within the existing intake and
outfall basins during the year 2008. These indicated temperatures of between 20.5ºC and
36.5ºC in the intake basin, with larger variations observed in the outfall basin. It is not clear
to what extent the temperatures at the intake basin were affected by recirculation of the
existing discharge, and so for the present study the data has been supplemented by
additional ambient temperature data gathered during similar previous HR Wallingford studies
in the region. In HR Wallingford’s experience, ambient temperatures typically fall as low as
15ºC in winter and up to around 35ºC in summer. For the purposes of modelling cooling
water discharges, warmer ambient conditions will often be associated with increased
atmospheric dissipation of the excess temperature due to evaporative cooling. Therefore, a
winter seawater temperature from the lower end of the typical range was selected for the
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basis of the winter conditions assessment (15ºC) whilst for the summer condition tests a
more typical ambient seawater temperature of 30ºC has been selected. This is likely to be
consistent with conservative modelling assumptions.
5.4.4

Characteristics of Effluent Discharge
The parameters for the existing outfall at GIIC and the new combined outfall are given in
Table 5.1; the information is provided by GIIC. Note that when the existing outfall is
temporarily moved to allow construction of the wharf, the discharge parameters will remain
the same. The flow rates shown correspond to the upper limit of ranges of values provided
by GIIC, to ensure that modelling is based on conservative assumptions. It is possible that
slightly lower discharge flow rates will occur following commission of the new SULB facility,
due to evaporation that occurs through the system. Similarly, sodium hypochlorite
concentrations at the upper end of the range provided by GIIC (0.1-0.5ppm) were chosen for
the purposes of modelling.
Table 5.1

Discharge data assumed for the modelling

Parameter
Existing discharge (will be temporarily relocated)
Flow rate
Excess temperature
Excess salinity (TDS)
Sodium hypochlorite concentration
Combined discharge
Flow rate
Excess temperature
Excess salinity (TDS)
Sodium hypochlorite concentration

Unit

Value

m3/h
°C
ppt
mg/l

2,250
3
1.9
0.5

m3/h
°C
ppt
mg/l

41,000
8
negligible
0.5

Salinity values for the existing discharge were derived from samples provided by GIIC, which
state a salinity (as TDS) of 40.62ppt. Compared to the ambient seawater salinity, this gives a
discharge excess salinity of around 1.9ppt.
Salinity values for the combined discharge are likely to be very similar to the ambient
seawater, due to the dilution of the excess salinity of the existing effluent by the large volume
of cooling water. Basic calculations based on mass balance estimations for the existing
system (provided by GIIC, 10 July 2009), suggest that the excess salinity for the combined
discharge could be as low as 0.1ppt, which is likely to be well within the range of natural
variation at the site, and has therefore been assumed to be negligible for the purposes of
modelling. The existing and proposed temporary outfalls are identified on Figure 5.4. The
modelled plumes for the existing discharge for the parameters of temperature, salinity and
sodium hypochlorite are shown on Figures 5.5, 5.6 & 5.7.
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Figure 5.4

Existing Outfalls
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Figure 5.5

Maximum simulated excess temperature at the
sea bed, existing discharge, different
metocean conditions
a – mean spring tide, winter calm conditions b – mean neap tide,
winter calm conditions
c – mean neap tide, winter wind conditions d – mean neap tide,
summer calm conditions

Figure 5.6

Maximum simulated excess salinity at the sea
bed, existing discharge, different metocean
conditions
a – mean spring tide, winter calm conditions b – mean neap tide,
winter calm conditions
c – mean neap tide, winter wind conditions d – mean neap tide,
summer calm conditions

______________________________________________________________________________________
SULB Steel Complex
Environmental & Health Evaluation Report

Final
124

January 2010

Figure 5.7

Maximum simulated sodium hypochlorite concentrations at the sea
bed, existing discharge, different metocean conditions

a – mean spring tide, winter calm conditions
conditions
c – mean neap tide, winter wind conditions
conditions

b – mean neap tide, winter calm
d – mean neap tide, summer calm

5.5

Construction Impacts Mitigation and Residual Effects

5.5.1

Impact on Bathymetry from the Construction of the Wharf
The impact of the construction of the wharf on bathymetry is considered to be
negligible.
Impact Box 5-1
Impact of Construction of Wharf on Bathymetry
Description of Impact
Impact of construction of wharf on bathymetry
Receptor(s)
Sea bed levels
Investigation
Features of Impact
Significance of Impact
Mitigation Advice
Residual Impact

Hydrodynamic modelling
Local, permanent, low sensitivity of receptor
Negligible
None required
Negligible
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5.5.2

Impact on Currents from the Construction of the Wharf
Simulated flow patterns after construction of the wharf are shown in Figures 5.2 and
5.3. It can be seen that whilst the ebb and flood tide currents in the vicinity of the wharf
are partially deflected by the presence of the proposed wharf, there is a negligible
impact on tidal currents, with peak current speeds predicted to be very low both before
and after development (of the order of 0.1m/s).
Differences in peak current speeds due to the wharf development are shown in Figures
5.8 and 5.9 for mean spring and mean neap tides respectively.
Figure 5.8

Simulated speed differences due to the proposed wharf
development, spring tide, calm conditions

Figure 5.9

Simulated speed differences due to the proposed wharf
development, neap tide, calm conditions
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The results indicate that, as might be expected, the shielding effect of the reclamation
has reduced peak tidal currents on the east and west sides of the proposed wharf. Peak
currents in the immediate vicinity of the wharf are reduced by up to 0.12m/s, although
the overall shielding effects are predicted to be limited to a region extending
approximately 500m east and 500m west of the wharf, where current speeds before
development were already predicted to be weak. Therefore the impact is considered to
be negligible.
Impact Box 5-2
Impact of Construction of Wharf on Currents
Description of Impact
Impact of construction of wharf on currents
Receptor(s)
Currents in vicinity of wharf
Investigation
Features of Impact
Significance of Impact
Mitigation Advice
Residual Impact

5.5.3

Hydrodynamic modelling
Local, permanent, low sensitivity of receptors
Negligible
None required
Negligible

Residual Effects
The construction of the wharf will have a negligible impact on currents within the
vicinity.

5.5.4

Impact of Temporary Relocation of GIIC Outfall
The existing GIIC outfall currently discharges at the southern face of the GIIC site
(Figure 5.4) within the area proposed for the new wharf. Therefore, during construction
activities, and prior to the incorporation of this discharge into the new cooling water
system, the existing GIIC discharge needs to be relocated. For this purpose, GIIC
propose to use an existing overflow outfall at the site (Figure 5.4), which is not currently
in operation.
Four metocean conditions (that is, tide, wind and season) were investigated to test the
sensitivity of the results to the range of environmental conditions which are likely to be
found at the site. The four metocean conditions tested were:
•
•
•
•

Spring tide, winter calm conditions
Neap tide, winter calm conditions
Neap tide, winter typical conditions
Neap tide, summer calm conditions

Each simulation was run over a period of five days to allow sufficient time for the
dispersion patterns to reach approximate equilibrium, furthermore five days is also
roughly the maximum period of time for which individual tidal conditions (e.g. spring or
neap). The following discharge parameters were modelled:
•
•
•

Excess temperature
Excess salinity
Sodium hypochlorite concentration
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Figures 5.10, 5.11 and 5.12 show the modelling results for the temporary outfall. For
both the existing and temporary outfalls, the discharge plume is largely limited to the
region along the south face of the GIIC reclamation, at temperatures typically less than
0.5ºC above ambient seawater temperatures (the existing outfall plume dispersion
results are found within Figures 5.5 – 5.7. Excess salinity values are up to some 1.5ppt
in the vicinity of the discharge, with values falling to less than 0.5ppt above ambient
along the southern edge of the site. Sodium hypochlorite concentrations in the plume
reduce to values below 0.01mg/l within approximately 300m of the shoreline. The plume
does extend further into the ASRY Basin, although at relatively low concentrations (less
than 0.05mg/l).
The plume footprints for temperature are similar for the discharge from the temporary
outfall, although maximum temperatures at the sea bed are around 0.5ºC higher along
the GIIC shoreline. This is likely due to the effects of the proposed wharf, which slightly
deflects the prevailing tidal currents away from the outfall, reducing the mixing and
dilution that can occur.
Figure 5.10

Maximum simulated excess temperature at the sea bed, temporary
discharge, different metocean conditions

a – mean spring tide, winter calm conditions b – mean neap tide, winter calm conditions
c – mean neap tide, winter wind conditions d – mean neap tide, summer calm conditions
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Figure 5.11

Maximum simulated excess salinity at the sea bed, temporary
discharge, different metocean conditions

a – mean spring tide, winter calm conditions b – mean neap tide, winter calm conditions
c – mean neap tide, winter wind conditions d – mean neap tide, summer calm conditions
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Figure 5.12

Maximum simulated sodium hypochlorite concentrations at the sea
bed, temporary discharge, different metocean conditions

a – mean spring tide, winter calm conditions b – mean neap tide, winter calm conditions
c – mean neap tide, winter wind conditions d – mean neap tide, summer calm conditions

Tables 5.2, 5.3, 5.4 and 5.5 show the excess temperatures at the existing intake for
both existing and temporary outfalls, for each of the metocean conditions tested. The
tables show that, as expected, due to the increased proximity of the outfall and existing
intake, recirculation temperatures are slightly increased due to the relocation of the GIIC
outfall. However, recirculation temperatures are low both before and after relocation,
with peak recirculation temperatures of less than 0.2ºC above ambient. As expected, the
predicted recirculation is higher during neap tides than on spring tides, due to the
reduced ambient current speeds and corresponding reduced mixing.
The predicted recirculation was found to be higher for summer conditions than winter;
this is most likely due to the increase in atmospheric cooling due to evaporation during
summer which, whilst acting to dissipate the excess temperature, also increases the
effects of the discharge’s excess salinity, which makes the plume somewhat denser.
The increased density causes the plume to reach the intakes, which are near the sea
bed, at marginally higher concentrations. It is emphasised that the level of recirculation
is predicted to be low both before and during the temporary relocation.
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Table 5.2

Outfall

Existing
Temporary
Increase/decrease

Excess recirculation temperatures at the existing intake for
the existing and temporary discharges, spring tide, winter
calm conditions
Excess temperature at 1m

Excess temperature at 2m

Depth-average

above bed

above bed

temperature

(ºC)

(ºC)

Tide-average

Peak

Tide-average

Peak

Tide-average

0.02

0.01

0.02

0.01

0.02

0.01

0.03

0.01

0.03

0.01

0.03

0.01

+0.01

0

+0.01

0

+0.01

0

Table 5.3

Outfall

(ºC)

Peak

Excess recirculation temperatures at the existing intake for
the existing and temporary discharges, neap tide, winter
calm conditions
Excess temperature at 1m

Excess temperature at 2m

Depth-average

above bed

above bed

temperature

(ºC)

(ºC)

(ºC)

Peak

Tide-average

Peak

Tide-average

Peak

Existing

0.11

0.05

0.10

0.05

0.05

0.03

Temporary

0.20

0.06

0.16

0.05

0.06

0.02

+0.09

+0.01

+0.06

0

+0.01

-0.01

Increase/decrease

Table 5.4

Outfall

Tide-average

Excess recirculation temperatures at the existing intake for
the existing and temporary discharges, neap tide, winter
wind conditions
Excess temperature at 1m

Excess temperature at 2m

Depth-average

above bed

above bed

temperature

(ºC)

(ºC)

(ºC)

Peak

Tide-average

Peak

Tide-average

Peak

Existing

0.02

0.01

0.02

0.01

0.02

0.01

Temporary

0.04

0.02

0.04

0.02

0.04

0.02

+0.02

+0.01

+0.02

+0.01

+0.02

+0.01

Increase/decrease

Table 5.5

Outfall

Tide-average

Excess recirculation temperatures at the existing intake for
the existing and temporary discharges, neap tide, summer
calm conditions
Excess temperature at 1m

Excess temperature at 2m

Depth-average

above bed

above bed

temperature

(ºC)

(ºC)

(ºC)

Peak

Tide-average

Peak

Tide-average

Peak

Existing

0.07

0.03

0.07

0.03

0.05

0.02

Temporary

0.16

0.05

0.14

0.04

0.06

0.02

+0.09

+0.02

+0.07

+0.01

+0.01

0

Increase/decrease

Tide-average

Dispersion model simulations for the four metocean conditions tested indicate that
during the temporary relocation of the GIIC outfall, the overall plume footprints and level
of recirculation back to the existing GIIC intake are likely to be very similar to the
baseline behaviour. As might be expected, due to the increased proximity of the outfall
and existing intake, the level of recirculation is marginally increased by the relocation,
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although peak predicted recirculation temperatures are low (less than 0.2ºC) before and
during relocation. Therefore the impact is considered to be negligible.
Impact Box 5-3
Impact of Temporary Relocation of Outfall
Description of Impact
Impact of relocation of outfall
Receptor(s)
Water quality and existing GIIC intake
Investigation
Features of Impact
Significance of Impact
Mitigation Advice
Residual Impact

5.5.5

CORMIX modelling
Local, temporary, medium sensitivity of receptor
Negligible
None required
Negligible

Assessment of Residual Effects
The impact of the temporary relocation of the outfall is considered to be negligible.

5.6

Operational Impacts Mitigation and Residual Effects

5.6.1

Impact of the proposed intake and combined outfall
The proposed intake structure will abstract seawater from approximately 1-2m above the
sea bed. Intakes are often sized on the basis of promoting horizontal flows towards the
structures with velocities limited to about 0.3m/s (approximately 0.5 knots).
The location of the proposed intake and combined outfall is shown on Figure 5.13. The
outfall is proposed to take the form of a submerged, multiport, diffuser located towards
the south west corner of a new wharf extension at the seaward end of the ASRY basin.
An outline configuration for the proposed outfall comprises:
•
•
•
•
•
•

20 x 0.49m ports evenly-spaced along a diffuser of length 38m.
Ports orientated so that they make an upwards angle of 20º with the sea
bed.
Ports arranged normal to the main diffuser pipe.
Port centrelines approximately 0.5m above the sea bed, although the exact
elevation would depend on engineering and construction constraints at the
site.
Diffuser situated at the southwest of the 15mx95m corridor, with the main
outfall pipe aligned parallel to the proposed jetty.
Modelling has assumed the southern tip of the diffuser structure to be
located at 468,040mE 2,896,840mN (Bahrain State Grid), approximately
15m north of the southern edge of the proposed wharf, and near the
western limit of the corridor, but there will be some flexibility in these
coordinates depending on the exact sea bed elevations at the site, and
depending on any engineering constraints.
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Figure 5.13

Location of Proposed Combined Outfall

The combined GIIC/SULB discharge is warmer than the receiving sea water, although
the salinity increase is likely to be negligible (basic calculations suggest an excess
salinity of around 0.1ppt, which is likely to be less than normal ambient sea water
variations). Dosing with sodium hypochlorite will be carried out to prevent biofouling of
the combined system.
As for the existing and temporary outfall assessment, dispersion model simulations were
conducted for four metocean conditions. Dispersion patterns for the combined outfall are
shown in Figures 5.14 to 5.17.
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Figure 5.14
Maximum simulated excess temperature at the sea surface, combined
discharge, different metocean conditions
a – mean spring tide, winter calm conditions b – mean neap tide, winter calm conditions
c – mean spring tide, winter wind conditions d – mean spring tide, summer calm conditions

Figure 5.15

Tidal-average simulated excess temperature at the sea surface,
combined discharge, different metocean conditions

a – mean spring tide, winter calm conditions b – mean neap tide, winter calm conditions
c – mean spring tide, winter wind conditions d – mean spring tide, summer calm conditions
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Figure 5.16

Simulated excess temperature at the sea surface at different stages
in the tide, spring tide, winter calm conditions
a – High Water b – peak ebb c – Low Water d – peak flood

Figure 5.17

Maximum simulated sodium hypochlorite concentrations at the sea
surface, combined discharge, different metocean conditions

a – mean spring tide, winter calm conditions b – mean neap tide, winter calm conditions
c – mean spring tide, winter wind conditions d – mean spring tide, summer calm conditions
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As expected, due to the larger discharge flow rate and larger discharge excess
temperature, the predicted maximum excess temperature footprint is considerably larger
than for the existing and temporary discharges.
The core of the thermal plume is predicted to extend into the ASRY Basin, along the
southern faces of the ASRY and GIIC reclamations, and to the north in the navigation
channel that lies to the west of the ASRY reclamation. Offshore tidal currents to the
south of the ASRY Basin, are predicted to carry the discharge at lower temperatures to
around 3km southeast and to around 4km south of the outfall (at some 0.1ºC above
ambient at the southeast and southern tips of the plume). The plume is also predicted to
reach the shallower areas further west of the ASRY Basin (offshore of Sitra), although at
much lower temperatures than in the main core of the discharge (typically less than
0.25ºC above ambient).
The predicted effect of the wind is to reduce excess surface temperatures, due to
increased mixing and atmospheric cooling, although the overall plume footprint is of a
similar size. As expected, summer conditions provide more evaporative cooling of the
surface plume to the atmosphere, which results in a slightly smaller footprint, and
reduced excess temperatures within the main core of the plume.
The excess temperature dispersion patterns for the spring tide, winter calm conditions
simulation at key stages in the tide (Figure 5.14) show that the instantaneous plume
footprints are considerably smaller than the overall maximum plume footprint and tidalaverage dispersion patterns. As might be expected, the highest excess temperatures
occur around the outfall, with peaks occurring around Low Water when the available
volume of ambient seawater for mixing is reduced.
The modelling results indicate that, despite some build-up of the discharge in the
vicinity of the outfall site over successive tides, tidal-average (and, therefore,
monthly-average) excess temperatures at distances of 100m around the diffuser
are lower than 3ºC, which means that the proposed discharge is predicted to be
compliant with the Bahrain temperature standard.
It should be noted that the mid- to far-field dispersion model cannot include the rapid
initial mixing of the discharge due to the outfall diffuser, nor the additional wave-induced
mixing and dilution that might occur at the site.
The sodium hypochlorite dispersion patterns show that concentrations could remain
around half that of the discharge value around the point of discharge, within the ASRY
Basin and along the southern faces of the ASRY and GIIC reclamations (up to 0.2mg/l in
the main core of the plume). The plume is then predicted to be carried at lower
concentrations (typically less than 0.1mg/l) under the action of tidal currents over a
similar area as indicated by the thermal plume footprint. Residual chlorine
concentrations are generally reduced to below 0.01mg/l within a radius of some 5km
from the combined outfall. It is emphasised that the chemical breakdown of chlorine
compounds cannot be represented in the 3D dispersion model and so the overall
chlorine footprint may be somewhat smaller than that presented here as chlorine is
rapidly broken down by sunlight. The model approach is therefore likely to be
conservative (worst-case) in terms of chlorine dispersion.
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Tables 5.6 and 5.7 show the excess temperatures at the existing and proposed intakes,
for each of the metocean conditions tested.
Table 5.6

Excess recirculation temperatures at the existing intake for the
combined discharge, different metocean conditions

Metocean condition

Excess temperature at

Excess temperature at

Depth-average

1m above bed

2m above bed

temperature

(ºC)

(ºC)

Peak

Tide-

Peak

(ºC)
Tide-

average

Peak

Tide-

average

average

Spring, calm winter

0.04

0.03

0.04

0.03

0.07

Neap, calm winter

0.01

0.01

0.01

0.01

0.04

0.02

Spring, wind, winter

0.04

0.03

0.04

0.03

0.06

0.04

Spring, calm, summer

0.03

0.03

0.03

0.03

0.06

0.04

Table 5.7

0.05

Excess recirculation temperatures at the proposed Option 1 intake
for the combined discharge, different metocean conditions

Metocean condition

Excess temperature at

Excess temperature at

Depth-average

1m above bed

2m above bed

temperature

(ºC)

(ºC)

Peak

Tide-

Peak

average

(ºC)
Tide-

Peak

average

Tideaverage

Spring, calm winter

0.06

0.04

0.06

0.04

0.13

0.07

Neap, calm winter

0.03

0.02

0.03

0.02

0.07

0.04

Spring, wind, winter

0.05

0.03

0.05

0.03

0.05

0.03

Spring, calm, summer

0.04

0.03

0.05

0.03

0.09

0.05

Temperatures are presented as depth-average values and at 1m and 2m above the sea
bed, as it is assumed that the proposed intake structures will be located approximately
1m above the bed. The tables show that due to the increased distance between the
combined outfall and the intakes, recirculation temperatures are slightly reduced over
the existing and temporary configurations. Recirculation temperatures are predicted to
be very low, with peak excess temperatures at the intakes of less than 0.1ºC above
ambient. The predicted recirculation is marginally higher during spring tides than on
neap tides, due to the increased tidal excursion of the combined plume, which is not
compensated for by increased mixing due to the faster ambient current speeds that
occur on spring tides.
The recirculation is predicted to be reduced for summer conditions over winter due to
the increase in atmospheric cooling due to evaporation which dissipates more of the
excess temperature.
Dispersion model simulations indicate that the proposed combined outfall location
should comply with the Bahrain temperature standard at 100m from the point of
discharge, therefore the impact is considered to be negligible.
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Impact Box 5-4
Impact of Creation of Proposed Intake and Outfall
Description of Impact
Potential impact on water quality and existing intake from
proposed combined outfall.
Receptor(s)
Sea water quality and existing GIIC intake
Investigation
Features of Impact
Significance of Impact
Mitigation Advice

Residual Impact

5.6.2

CORMIX modelling
Local, temporary, medium sensitivity of receptors
Negligible
• Ensure adequate dilution of the discharge to meet the
Bahrain temperature standard at 100m from the outfall.
This would usually require high energy discharge jets,
spread over a diffuser structure, to ensure rapid turbulent
mixing with as large a volume of ambient seawater as
possible.
• Reducing the likelihood of recirculation of the discharge
back to the nearby SULB/GIIC intakes by directing the
outfall jets away from the existing and proposed intake
structures.
• Reducing the level of interaction between neighbouring
jets along the diffuser (which would limit dilution) by
allowing sufficient spaces between ports.
• Increasing the trajectory of the combined buoyant plume
before impact at the sea surface by locating the outfall
near the seabed.
• Angling ports for the suggested diffuser upwards, away
from the bed, but not directly towards the sea surface.
• Allowing as long as possible a diffuser in the space
available.
• Choosing port diameters to satisfy two criteria:
o Exit velocities at each of the ports of at least 3m/s, to
minimize the risk of bio-fouling of the pipeline by marine
organisms;
o Sufficient jet exit velocity to prevent sea water intake into
the pipeline.
Negligible

Assessment of Residual Effects
Assuming the implementation of appropriate mitigation measures the operation of the
new intake and combined outfall is considered to be negligible.
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6

WATER AND SEDIMENT QUALITY

6.1

Introduction
Due to the potential for the proposed development to impact upon marine water quality,
during both the construction and operational phases, it was deemed necessary that
these impacts be fully identified and assessed such that suitable mitigation may be
proposed. Based on the potential for contaminated sediments to adversely impact water
quality as a result of the suspension of these sediments during wharf construction,
sediment quality was also investigated. It must be noted that the location of the study
area within a coastal zone already subjected to the effects of heavy industrial activities
means that the potential exists for the adjacent waters and seabed sediments to have
already been impacted as a result of past and present anthropogenic activities.
This section provides a summary of the findings of the specialist water and sediment
quality studies (i.e. sampling and laboratory analysis) conducted as part of the current
EIA and addresses those impacts relevant to the proposed development.

6.2

Assessment Methodology
In addition to the specialist field surveys conducted by PHE Gulf, detailed hydrodynamic
and plume dispersion modelling was conducted by HR Wallingford (UK) and
commissioned directly by the client (see Section 5). These studies were conducted to
assess the dispersion of two potentially polluting physico-chemical parameters a)
temperature and b) chlorine. The results of both the water and sediment quality analysis
have been compared to regional and national guidelines/standards where applicable
(see Section 6.2.1).
Other studies conducted by HR Wallingford focus on engineering designs and are not
covered in this section, which addresses impacts related to water quality and considers
the operational regime of the development. Where necessary, relevant information from
Section 5 has been revisited in order to address the identified impacts. All other
information remains in Section 5 or within the Marine Baseline Report (bound
separately).

6.2.1

Relevant Legislation, Guidance and Best Practice
Water Quality
There are currently no published guidelines in Bahrain against which to assess the
quality of marine water. However, in the absence of local standards, there are a number
of guidelines published in other countries which we have referred to within this EIA used,
namely:
•

UNEP/UNDP’s Development and Harmonisation of Environmental Laws, Volume 2:
Report on the Development and Harmonization of Environmental Standards in East
Africa. (UNEP/UNDP, 1999).

•

The Japanese Ministry of Environment’s Environmental Quality Standards
(Japanese Ministry of Environment, 2008).
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•

The United States Environmental Protection Agency’s
Recommended Water Quality Criteria (USEPA, 2006).

(USEPA)

National

•

The Canadian Water Quality Guidelines (Canadian Council of Ministers of the
Environment, 2002).

•

Association of the South East Asian Nations’ Marine Water Quality Criteria for the
ASEAN Region (ASEAN, 2009).

•

European Commission Directive 76/464/EEC on Pollution Caused by Certain
Dangerous Substances Discharged into the Aquatic Environment (Environment
Agency, 2009).

However, water quality standards do exist for industrial effluents64 which provide
maximum concentrations for a number of parameters (including temperature and
chlorine) which may be discharged into marine waters. For the purpose of this study the
standards indicate the following:
•
•

Chlorine:
Temperature:

0.5mg/l (monthly average65), 2.0mg/l (maximum66)
(∆T) ±3°C for receiving water

Both these standards must be met within a 100m radius of the point of discharge.
Specific legislation regarding reclamation operations and for the parameter of TSS does
not exist, however, national guidance does exist namely within MRD (2005) Minimum
Requirements for Obtaining a Dredging Permit. The pertinent content of this brief
document is the following:
•
•

TSS 200m from the project boundary should not exceed 10mg/l above baseline;
TSS at the point of dewatering from the reclamation should not exceed 20g/l.

Sediment Quality
Similar to water quality, there are currently no published guidelines in Bahrain against
which to assess the quality of marine sediments. However, in the absence of local
standards, there are a number of guidelines published in other countries which we have
referred to within this EIA used, namely:
•
•

•
•

64

The Interim Marine Sediment Quality Guidelines (ISQGs) issued by CCME
(Canadian Council of Ministers of the Environment, 2002).
The UK Centre for Environment, Fisheries and Aquaculture Science (CEFAS)
guideline ‘action levels’ for the disposal of dredged material at sea (Department
for Environment, Food and Rural Affairs; DEFRA, 2003).
The Australian National Ocean Disposal Guidelines for Dredged Material
(NODGDM; Commonwealth of Australia, 2002 & 2008).
The Canadian Water Quality Guidelines (Canadian Council of Ministers of the
Environment, 2002).
‘Ministerial Order No. 10 of 1999 with Respect to Environmental Standards (Air and Water)’ and subsequent

amendments.
65
66

Average for a period of 30 days.
Not to be exceeded at any time.
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•

Association of the South East Asian Nations’ Marine Water Quality Criteria for
the ASEAN Region (ASEAN, 2009).

It may be noted that the latter two guidelines are concerned with water quality – these
have been used as reference points for both the nitrate and phosphate content of the
sediment since the values for both parameters are expressed as mg/l (not mg/kg).
6.2.2

Data Sources
Reference was made to the sources identified in Section 6.2.1 in addition to previous
EIA and baseline studies conducted within the vicinity of the study area (e.g. Hidd Port).

6.2.3

Consultation
Discussions with the client were held in order to obtain a better understanding of the
characteristics of the proposed construction and operational activities of the plant.
Subsequent consultation with HR Wallingford allowed for an initial plume-affected area
to be identified. This provided PHE Gulf with a more accurate estimation of the likely
affected marine areas.
Importantly, consultation with GDEWP allowed for the
development of a suitable survey methodology (see Section 6.3) including the
identification and selection of a number of chemical, biological and physical water and
sediment quality parameters.

6.2.4

Significance Criteria
The assessment of impact significance upon water quality was undertaken with regard
to compliance with national, regional and/or international standards where applicable.

6.3

Survey Methodology

6.3.1

Sampling
The following sections provide a brief summary of the survey methodology employed.
The reader is directed to the Marine Baseline Report for a stand-alone Marine
Baseline Report which provides full details, including coordinates, of all survey/sampling
stations.
Water and sediment samples were collected from a total of 10 stations within the study
area; 4 stations were located within the proposed wharf footprint and 6 within the
identified plume-affected area (see Figure 6.1). A further two samples were taken from
two control stations, C1 & C2 (see Figure 7.5).
Water sampling was undertaken using a 1.5 l Niskin sampler and sediment samples
collected using a manually deployed 0.05 m² van-Veen grab. The grab was thoroughly
rinsed after each sample was taken in order to avoid cross-contamination.
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Figure 6.1

Location of sediment and water sampling and in situ monitoring stations

6.1
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All water and sediment samples were analysed at Scientifics Ltd. (UK) except for those
shaded in the table below which were analysed at Al Hoty Analytical Services (Bahrain).
Table 6.1

Suite of parameters for laboratory analysis of sediment and water
Sediment

Water

Total Organic Carbon (TOC)

Total Organic Carbon (TOC)

-

Nitrate (NO3 )

Chemical oxygen demand (COD)

Phosphate (PO43-)

Nitrate (NO3-)

Total Nitrogen (TN)

Phosphate (PO4 )

Total Petroleum Hydrocarbons (TPH)

Total Kjeldahl Nitrogen (TKN)

Metals and metalloids (aluminium, arsenic,
cadmium, chromium, copper, iron, lead,
mercury, nickel, zinc)

Metals and metalloids (aluminium,
arsenic, cadmium, chromium, copper,
iron, lead, mercury, nickel, zinc,
vanadium)

Total oil content (plus saturates)

Total Petroleum Hydrocarbons (TPH)

Polyaromatic Hydrocarbons (PAHs)

Polyaromatic Hydrocarbons (PAHs)

Polychlorinated Biphenyls (PCBs)

Polychlorinated Biphenyls (PCBs)

Phenols

Phenol

Sulphide

Sulphide

Tributyltin (TBT)

Tributyltin (TBT)

Nitrite

3-

(NO2-)

Total oil content (plus saturates)
Nitrite (NO2-)

Cyanide
Particle Size Analysis

67

(PSA)

Cyanide

Total & faecal coliforms

Biochemical oxygen demand (BOD)
Total & faecal coliforms
Total suspended solids (TSS)

In situ measurement of a number of physical and chemical water quality parameters was
conducted at the same stations sampled for sediment and water quality (Figure 6.1).
The parameters measured were:
•
•
•
•
•

Temperature (ºC);
Salinity (ppt);
Turbidity (NTU);
Dissolved oxygen (mg/l); and
pH

Readings were taken at 1m below the water surface and at mid-water column depth
using a ‘Hydrolab MS5’ water quality multiprobe connected to a ‘Hydrolab Surveyor 4a’
viewing console. A Secchi disc was also deployed at each station and the ‘Secchi
depth’ was noted. Free and total chlorine concentrations were measured on site using a
HACH Cl2 test kit.

67

PSA is not an indicator of sediment ‘quality’ but is used to determine sediment type by revealing the particle sizedistribution in a sediment sample.
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6.4

Baseline
To prevent repetition of the marine baseline report, only those water and sediment
parameters of importance are discussed in detail within this section.

6.4.1

In situ Water Quality Parameters
Water salinity within the study area varied between 43.41ppt to 43.47ppt, which with
reference to past surveys and other secondary data is within the normal range for this
region of Bahrain. Dissolved oxygen concentrations ranged between 6.32 mg/l at
station C2 and 6.91 mg/l within the ASRY basin, which suggests the waters are well
oxygenated.
At all 12 survey stations, free and total chlorine was either entirely absent or the level of
total chlorine attained an extremely low value of 0.1mg/l. Free chlorine was not detected
at any of the 12 survey stations.

6.4.2

Laboratory Analysis of Water Quality Parameters
Values for BOD of the samples collected at all stations ranged from 8 mg/l to 11 mg/l
These results suggest that the water body is either polluted or heavily polluted
(unpolluted waters are said to have values ≤4mg/l). Based on the capital dredging
works and heavy industry operating within this coastal area, as well as its close
proximity to a major navigational channel, the potential for contamination of the marine
environment from both passing vessels and anthropogenic shore-based sources is high.
In this respect, the elevated BOD results are unsurprising.
All of the water samples analysed for COD exceeded the Japanese Ministry of
Environment’s Environmental Quality Standards (EQS) for ‘Class A’ coastal waters
utilised for bathing, fisheries, industrial activities and the conservation of the natural
environment (i.e. 2mg/l). Values ranged from 175 mg/l to 275 mg/l and are indicative of
highly polluted waters.
Although all samples fell within relevant standards for other nutrients, those for
phosphates all exceed the ASEAN’s phosphate guideline for the protection of aquatic
life in coastal waters (ASEAN, 2009). Within the study area the majority of stations
exhibited concentrations between 0.02 – 0.03mg/l, however, a single station within the
wharf footprint showed levels of 0.06mg/l. Station C1 (located ~5km north) was
analysed at 0.2mg/l. This suggests that there may be a source of eutrophication within
the study area.
Total cyanide was not detected at levels <0.2 mg/l at eleven of the twelve survey
stations although it was present at 0.38 mg/l at station W3. The relevant USEPA (2006)
guidelines, the Criteria Continuous Concentration (CCC) and Criteria Maximum
Concentration (CMC), for free cyanide (i.e. the undissociated cyanide ion, CN-) both
state a level of 1 µg/l. Although the total cyanide concentration of 0.38 mg/l (i.e. 380
µg/l) recorded at station W3 exceeds the USEPA guidelines considerably, it is not
known what proportion of this constitutes free cyanide.
Of the nine metals tested for in the water samples at the twelve sampling stations, six
(cadmium, chromium, iron, lead, nickel and zinc) were present at levels below the
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relevant international guideline values (USEPA and Canadian); cadmium and lead were
non-detectable at all stations. No Canadian or US guidelines exist for either iron or
vanadium.
In contrast, arsenic and copper concentrations exceed the Canadian WQG and USEPA
CCC guidelines at every station. Furthermore, at seven of the stations the more critical
CMC guideline was exceeded for copper. The USPEA CCC guideline for mercury was
exceeded at seven stations (Table 6.3). However, whether the guideline was exceeded
at the five remaining stations is unclear since the USEPA guideline value (0.025 µg/l)
falls below the detection limits of the laboratory (0.1 µg/l).
At nine of the twelve survey stations, TSS levels were reasonably low, ranging from 1.7
mg/l at station SU69 to 5.1 mg/l at station SU48 (Table 6.1); these are indicative of
reasonably clear waters and similar to the results of a recent PHE Gulf survey
conducted along the northern coastline of Bahrain (PHE Gulf, 2009). However, both
control stations C1 & C2 and station W.ASRY 2 exhibited values of 7.6, 9.0 and 15.0
mg/l respectively (Table 6.1). These suggest more turbid waters and potentially higher
rates of sedimentation, particularly within the ASRY basin.
Laboratory water quality analysis for Nitrate, Nitrite, Total Kjeldahl Nitrogen, Sulphide,
Total Petroleum Hydrocarbons, Total Oil Content, Polyaromatic Hydrocarbons68,
Polychlorinated Biphenyls, Phenols, Tributyltin and Total and Faecal Coliforms indicated
that for all stations either the relevant standards were met or that concentrations fell
below the detection limit of the laboratory [for those parameters in italics].
6.4.3

Laboratory Analysis of Sediment Quality Parameters
With regard to the limiting nutrients nitrogen and phosphorus, both nitrate and
phosphate parameters were compared to the Canadian Water Quality Guidelines
(CWQGs) and ASEAN water quality criteria respectively since laboratory results were
presented in mg/l. Although nitrate levels were below, and phosphate levels exceeded,
the relevant guidelines at all sampling stations, the results should be interpreted with
caution since test results for sediment are usually presented as mg/kg and in this
instance are presented otherwise (i.e. mg/l). Nitrite was non-detectable in all samples,
whilst Total Nitrogen (TN) was present at low levels (0.04-0.14 %); no marine water
quality standards exist for this parameter [measured as a percentage]; this is also the
case for sulphide, levels of which varied between 1.8 mg/kg and 22.7 mg/kg at the
twelve survey stations, inclusive of the two controls.
With regard to organic parameters, Total Organic Carbon (TOC) levels varied
considerably between sample stations although were generally low (<2 %). Total
Petroleum Hydrocarbons (TPH) fell below the United Kingdom CEFAS Action Level 1
(UK CAL 1) guideline (100 mg/kg) in all sediment samples collected from the study area.
With regard to Polyaromatic Hydrocarbon (PAH) contamination, levels of the 16 USEPA
target PAHs were determined and the following observations made:
•
68

6 PAHs were present at levels exceeding the Canadian TEL (Total Effects Level)
and/or UK CAL 1 guidelines at station W8.
Each of the 16 target PAH fell below detection limits.
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•

5 PAHs exceeded the Canadian TEL and/or UK CAL 1 guidelines at stations SU46
and SU48.

•

2 PAHs exceeded the UK CAL 1 guideline at station W5.

•

1 PAH exceeded the UK CAL 1 guideline at station W10.

•

The UK CAL 1 guideline for three of the PAHs was equalled at stations W5, W8 and
W10.

With regard to Polychlorinated Biphenyls (PCBs), all seven of the ‘ICES 7 congeners’
were non-detectable at levels <0.05 µg/kg at each of the survey stations. The sum of
these values equals <0.035 µg/kg for total PAHs, this value falling below the Australian
NODGDM screening level, the UK CAL 1 and Canadian PEL and TEL guideline values.
Phenol was non-detectable at levels <0.5 mg/kg at seven of the twelve survey stations.
At the remaining five stations, it was present at low levels, ranging from 0.5-0.8 mg/kg.
Both tributyltin and total cyanide levels were non-detectable at levels of <0.05 mg/kg
and <0.5 mg/kg respectively in the sediment samples collected at all twelve stations.
With regard to biological parameters, total and faecal coliforms were not detected (i.e. 0
CFU/g) at two sample stations and present at very low levels (10-150 CFU/g) at the
remaining stations.
Of the ten metals tested for, six (arsenic, cadmium, chromium, lead, mercury and zinc)
were present at levels below the relevant guideline(s) at all survey stations. However,
one or more of the copper guideline values were exceeded at stations W5, W8, W10,
SU46 and SU48, and the Australian NODGDM screening value for nickel was exceeded
at stations W10 and W.ASRY 2. There are no marine sediment quality guidelines for
either iron or aluminium.
6.4.4

Summary
In summary, the results of the water and sediment quality baseline survey suggest a
water and sedimentary environment already impacted by industrial and dredging
activities. Based on the results of the baseline survey, the sensitivity of the water and
sediment quality receptor is considered to be low to medium sensitivity.

6.5

Construction Impacts Mitigation and Residual Effects

6.5.1

Sediment Loading of Marine Waters (i.e. during reclamation)
Impact Box 6-1
Sediment Loading of Marine Waters (i.e. during reclamation)
Description of Impact
Sediment loading of marine waters (i.e. during reclamation)
Receptor(s)
Water quality
Investigation
Survey
Features of Impact
Local, Temporary, Likely, Medium Sensitivity of Receptor
Significance of Impact Negligible to minor adverse
Mitigation Advice
Contractor’s construction methodology
Residual Impact
Negligible
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Since the reclamation of the wharf area is expected to require approximately 500m3 of fill
material, the potential for significant volumes of fine material to enter marine waters and
be dispersed in suspension over a wider area exists. Details have not been provided
regarding the quality of the fill material (i.e. its fine contents) and therefore estimation of
the total sediment loading cannot be made. However, due to the methodology to be
employed by the contractor (i.e. full enclosure within steel sheet and pipe piles, Figure
6.2), the reclamation area is effectively contained such that sediment loading will be
restricted/controlled by the rate of backfilling and to small openings of the overlapping
sheet piles.
Thus, sediment loading is predicted to be minimal and has been deemed by HR
Wallingford to be too small to model. Impacts are expected in the order of negligible to
minor adverse.
Figure 6.2

Illustration of sheet and pipe pile installation

Mitigation Box 6-1 Mitigation of Potential Sediment Loading During Wharf
Construction

The enclosure of the reclamation site represents key mitigation in itself. Additionally, the
use of grout to further seal sheet sections will further prevent sediment loading from the
site. However, the contractor is informed of the following:
•

•

It is unclear if the contained area will be fully water tight. If so, a waterbox/sluice gate
will need to be installed along the perimeter of the enclosure so as to allow dewatering of the site. The water box will need to be adjustable such that the flow of
water leaving the site can be controlled. By increasing the height of the sluice, the
retention time of water within the contained area is increased, thereby allowing a
greater level of TSS to fall out of suspension within the reclamation site itself. This is
important in controlling the levels of TSS entering the marine environment (see
below);
A TSS monitoring programme must be established taking into account existing
government guidance (i.e. MRD, 2005) which states key TSS levels must not be
exceeded. Full details regarding a water quality monitoring programme will be
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Mitigation Box 6-1 Mitigation of Potential Sediment Loading During Wharf
Construction

identified with the EMP. However, as a brief summary, the following guidance must
be adhered to:
 TSS levels at the point of dewatering should not exceed 20g/l. This relates to the
water leaving the reclamation site prior to it mixing with marine waters.
 TSS levels associated with the reclamation (i.e. >200m from the reclamation
boundary) should not exceed 10mg/l above baseline.

Although not formally assessed, steel sheet pile driving and steel pipe pile driving
activities associated with wharf construction also has the potential to impact upon water
quality. Since the piling activities involve driving sheets and pipes into the seabed using
vibro and hydraulic hammer techniques, this physical disturbance of the seabed is likely
to result in the suspension of seabed sediment. Laboratory results for sediment quality
indicated that phosphate, copper, nickel and several PAHs were present at levels
exceeding the relevant guidelines at one or more stations within the wharf footprint
(Section 6.4.3). Thus, the potential exists for contaminated sediment to be suspended
in the water column, potentially resulting in a reduction in water quality. However by
virtue of the limited exceedances of sediment quality standards, the baseline water
quality of the area and the methodology to be employed by the contractor it is
considered that the potential impact to water quality from re-suspended contaminated
sediment is negligible.
6.5.2

Assessment of Residual Effects
If feasible, the incorporation of the above mitigation and adherence to the existing
government guidance would result in a residual impact of negligible adverse.

6.5.3

Impact on Water Quality of Changes in Temperature, Salinity and Chlorine Levels from
Temporary Relocation of GIIC Outfall
The existing GIIC outfall currently discharges at the southern face of the GIIC site within
the area proposed for the new wharf. During construction, and prior to the incorporation
of this discharge into the new cooling water system, the existing GIIC discharge needs
to be relocated to use an existing overflow outfall at the site not currently in operation.
The detailed hydrodynamic and plume dispersion modelling is summarised within
Section 5 – Hydrodynamics. These studies were conducted to assess the dispersion of
three potentially polluting physico-chemical parameters a) temperature b) excess salinity
and c) chlorine.
From the modelling results, for both the existing and temporary outfalls, the discharge
plume is largely limited to the region along the south face of the GIIC reclamation, at
temperatures typically less than 0.5ºC above ambient seawater temperatures. Excess
salinity values are up to some 1.5ppt in the vicinity of the discharge, with values falling to
less than 0.5ppt above ambient along the southern edge of the site. Sodium
hypochlorite concentrations in the plume reduce to values below 0.01mg/l within
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approximately 300m of the shoreline. The plume does extend further into the ASRY
Basin, although at relatively low concentrations (less than 0.05mg/l).
The plume footprints for temperature are similar for the discharge from the temporary
outfall, although maximum temperatures at the sea bed are around 0.5ºC higher along
the GIIC shoreline. This is likely due to the effects of the proposed wharf, which slightly
deflects the prevailing tidal currents away from the outfall, reducing the mixing and
dilution that can occur.
Impact Box 6-2
Impact of Temporary Relocation of Outfall on Water Temperature
Salinity and Chlorine Concentrations
Description of Impact
Impact of relocation of outfall
Receptor(s)
Water quality
Investigation
Features of Impact
Significance of Impact
Mitigation Advice
Residual Impact

6.5.4

CORMIX modelling
Local, temporary, medium sensitivity of receptor
Negligible
None required
Negligible

Assessment of Residual Effects
It was deemed that mitigation is not required; therefore the impact of the temporary
relocation of the outfall on water quality is predicted to result in a temporary negligible
impact.

6.6

Operational Impacts Mitigation and Residual Effects

6.6.1

Impact of the Proposed Combined Outfall on Water Quality
The detailed hydrodynamic and plume dispersion modelling for the proposed intake and
combined outfall is summarised within Section 5 – Hydrodynamics.
The combined GIIC/SULB discharge is warmer than the receiving seawater. However
the results of the modelling indicate that, despite some build-up of the discharge in the
vicinity of the outfall site over successive tides, tidal-average (and, therefore, monthlyaverage) excess temperatures at distances of 100m around the diffuser are lower than
3ºC, which means that the proposed discharge is predicted to be compliant with the
Bahrain temperature standard.
In addition, the salinity increase is likely to be negligible; basic calculations suggest an
excess salinity of around 0.1ppt, which is likely to be less than the normal ambient
seawater temperature variations.
The sodium hypochlorite dispersion patterns show that concentrations could remain
around half that of the discharge value around the point of discharge, within the ASRY
Basin and along the southern faces of the ASRY and GIIC reclamations (up to 0.2mg/l in
the main core of the plume). The plume is then predicted to be carried at lower
concentrations (typically less than 0.1mg/l) under the action of tidal currents over a
similar area as indicated by the thermal plume footprint. Residual chlorine
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concentrations are generally reduced to below 0.01mg/l within a radius of some 5km
from the combined outfall.
There are no specific Bahraini environmental regulations for residual chlorine; however,
the Bahraini standards for industrial effluent refer to a monthly average discharge
concentration limit of 0.5mg/l for residual chlorine. As the discharge concentrations of
sodium hypochlorite are stated by SULB to be anticipated to be equivalent to 0.5mg/l of
chlorine, the discharges are compliant with this standard.
Impact Box 6-3
Impact of Creation of Proposed Outfall
Description of Impact
Potential impact on water quality from proposed combined
outfall.
Receptor(s)
Seawater quality
Investigation
CORMIX modelling
Features of Impact
Local, temporary, medium sensitivity of receptors
Significance of Impact Negligible
Ensure adequate dilution of the discharge to meet the
Mitigation Advice
Bahrain temperature standard 100m from the outfall. This
would usually require high energy discharge jets, spread over
a diffuser structure, to ensure rapid turbulent mixing with as
large a volume of ambient seawater as possible.
Residual Impact
Negligible

6.6.2

Assessment of Residual Effects
No additional mitigation measures are considered relevant other than to ensure the
appropriate design of the outfall diffuser to meet the Bahraini temperature standard and
undertake confirmatory monitoring.

6.6.3

Impact of the Proposed Combined Outfall on Sediment Quality
The outfall is proposed to take the form of a submerged, multiport, diffuser located
towards the south west corner of a new wharf extension at the seaward end of the
ASRY basin.
The seawater intake and outfall system is purely for non contact cooling purposes and
given the discharge data provided by the SULB management, the principal issues are
temperature, salinity and residual chlorine, no other contaminants are expected within
the discharge.
The expected levels of elevated temperature, excess salinity and residual chlorine are
not anticipated to have any direct effects on sediment quality. Also given the previous
assessment of the effects of the outfall on water quality as negligible, there is not
considered to be any indirect effects on sediment quality.
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7

MARINE ECOLOGY

7.1

Introduction
This section provides an introduction to the baseline marine ecology within the study
area (i.e. footprint of the proposed wharf and predicted plume-affected area) and
subsequently identifies those impacts predicted to occur as a result of the construction
and operation of the SULB development.
The study area is located within an area zoned as industrial; neighbouring areas (i.e.
Mina Salman approach channel) may be regularly dredged to maintain navigable water
depths. The area is unlikely to host what may be considered diverse or unique
ecological communities. The marine ecological survey methodology and findings are
discussed within the following sections.

7.2

Assessment Methodology
Impact assessment was informed by specialist (primary) ecological studies (see Section
7.3) and following review of existing secondary data (see Section 7.2.1). Determination
of the magnitude of the impact was based upon the current status of the benthic habitats
(e.g. whether protected by law, considered endangered etc.) and considers those
anthropogenic activities both past and present that are likely to have influenced, or are
currently influencing, this status with regard to habitat quality and benthic community
diversity.

7.2.1

Data Sources
With regard to the Bahrain’s subtidal marine environment, two key secondary data
sources have mapped the distribution of marine habitats in Bahrain’s coastal waters,
namely Vousden (1988)69 and GEOMATEC (2006)70. Both provide information on the
broadscale distribution of marine habitats and associated benthic communities although
the former is somewhat dated given the rapid rate of development of Bahrain’s coastal
zone in recent years. However, neither report provides detailed ecological information
on specific sites, including the current project’s study area. In addition, due to the
increasing intensity of anthropogenic activities within the study area and the cumulative
impact that is associated with such activities (e.g. dredging, industrial discharges), the
marine environment is likely to have been altered in the past from what may be
considered its ‘natural’ state.
PHE Gulf has conducted other marine surveys within close proximity to the study area
including the following:
1. Posford Duvivier (1998) New Port and Industrial Area at Hidd – Environmental
Impact Assessment

69

Vousden, D.H.P. (1988). The Bahrain Marine Habitat Survey: Volume 2. Environmental Protection Committee,

State of Bahrain.
70

GEOMATEC (2006) Marine Environmental Geographic Information System (MARGIS II). GEOMATEC, Bahrain

Center for Studies and Research, Manama, Bahrain.
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2. United Stainless Steel Company (USCO) (2006) – Environmental Impact
Assessment.

7.3

Baseline Survey Methodology
Marine impact assessment needs to be based upon recent and reliable data and this
was obtained via specialist marine surveys commissioned by the client and conducted
by the PHE Gulf marine survey team.
The Scope of Works (SoW) for field investigations was initially set out by PHE Gulf in
the Environmental Scoping Report (ESR) dated the 25th of January, 2009; however, it
was subsequently revised in July 2009 following comments received from GDEWP71.
The methodology employed both fulfils, and exceeds, the requirements included within
DEAP’s EA8 Guidelines of the Ecological Study Conducted as Part of the EIA Study of
Large-scale Projects Involving GIS (national guidance). The reader is directed to the
Marine Baseline Report (bound separately) for the stand-alone marine baseline
document.
The surveys took place at and around the location of the proposed wharf facility and
within the areas identified by HR Wallingford’s plume dispersion model simulations (for
excess temperature, salinity and sodium hypochlorite dispersion patterns). All survey
station coordinates are included within the stand-alone marine baseline report.
A multi-tiered approach was adopted including a number of survey methodologies. A
brief summary is provided in the following sections.

7.3.1

Drop-down Video
Drop-down video (i.e. tethered video camera linked to an onboard screen) observations
were undertaken at 18 stations within the footprint of the jetty (50 m grid spacing) and 32
stations within the predicted thermal plume-affected area emanating from the combined
outfall (500 m grid spacing; see Figure 7.1 and Figure 7.2).
At each station, a drop-down video
was manually deployed whilst the
boat was allowed to slowly drift
until adequate video footage was
recorded
(ca.
1-2
minutes
recording at each station).
Both during this period, and upon
subsequent review of the footage,
the major habitat characteristics
(including substrate type and
microhabitat) and any conspicuous
benthic flora and fauna present
were recorded and a suitable
habitat category assigned.
In
71

Letter ref.: EAP/24/09/419/SA-MA dated the 29th of July 2009.
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addition to the video footage, representative photos of the habitats encountered were
also taken using the video camera (see image above). The drop-down video allowed for
the production of a marine habitat map which was subsequently truthed using SCUBA
techniques outlined in Section 7.3.2.
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Figure 7.1

Location of drop video stations within the proposed wharf footprint

7.1
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Figure 7.2

Location of drop video stations within the plume affected areas

Sitra

7.2

Area of greatest
thermal plume
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7.3.2

Quantitative and Qualitative Assessment of Epibenthic Ecology (SCUBA)
Quantitative and qualitative information on the habitat types, epibiota and fishes present
within the study area was obtained through targeted SCUBA diver surveys at a total of 8
stations72 (see Figure 7.3).
At each station a number of observations were made including record of all epiflora and
epifauna present within a 3 x 1m2 quadrats. In addition, the presence of epibiota was
noted over a larger area and during a ten minute search. Fish populations were noted
whilst swimming along a line transect of 20m. All fishes noted within the field of vision of
the line were recorded.

7.3.3

Infauna
Infaunal communities (i.e. those that live within the sediment) play a critical role in softsediment marine ecosystems, particularly with regard to overall ecosystem function and
benthic-pelagic coupling. As both predators and prey of epibenthic macrofaunal
organisms, they may be considered essential to the maintenance of the dynamic
equilibrium associated with trophic webs in soft-sediment environments.
Infaunal samples were collected from 8 sampling stations, four from within the proposed
wharf footprint and four within the plume-affected area (see Figure 7.4). At each
station, three replicate sediment samples (a, b and c) were collected by a 0.05m2 vanVeen grab and subsequently sieved using a 0.05mm mesh. Sediment, debris and
infauna retained were carefully transferred to a ‘zip-loc’ plastic bag. For preservation, 5
% formalin solution was added to the sample before sealing the bag and storing it in a
chilled cool box. For each sample, the major physical characteristics (coloration, texture
and smell) of the samples were noted whilst the sediment was still held within the open
grab. The relative volume of each grab (i.e. whether it was ¼, ⅓, ½, ⅔ etc. full) was
also estimated. Samples were stained using Rose Bengal solution, and all infaunal
organisms sorted and identified to the highest taxonomic level possible using a
stereomicroscope fitted with a digital camera interfaced with a PC. Infaunal specimens
were stored in labelled jars.
Upon receiving the raw data, uni- and multi-variate statistical analyses were carried out
in order to characterise and identify similarities/differences in infaunal community
diversity and composition between stations; the potential influence of abiotic parameters
(e.g. sediment particle size) on community composition was also investigated. This
analysis was accomplished using the statistical software PRIMER 6 (PRIMER-E Ltd.,
Plymouth, UK).

7.3.4

Control Stations
As per EA8 guidance control stations were selected that best represent the existing
marine habitats within the study area. Due to influencing factors (i.e. neighbouring
developments) and the variable nature of the study area, a total of four sites were
chosen. Two sites (C1 and C2) were chosen to reflect soft-bottom habitat and were
sampled for infauna, whereas C3 and C4 were surveyed for epibenthic ecology using
SCUBA techniques (see Figure 7.5).
72

Not including control stations.
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Figure 7.3

Location of SCUBA surveys

7.3
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Figure 7.4

Location of infaunal sampling

7.4
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Figure 7.5

Location of control stations (C1-C4)

Soft substrate control stations

7.5

Hard substrate/reef control
stations
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Baseline
Through the comparison and revision of the results obtained from both the drop-down
video and ecological diver surveys, an appropriate habitat classification system which
best describes the marine environment within the study area was formulated. Table 7.1
describes these and indicates the estimated total geographical coverage of each within
the surveyed area.
Table 7.1

Marine habitats within the study area

Habitat

Soft substrate

Mud

Fine sand
/ mud

Finemedium
sand
Mediumcoarse
sand

Hard substrate

7.4

Reef with
Sand
Veneer

Ex-coral
structure

Brief description
Fine mud plain with few burrows, including small
infaunal ‘volcanoes’, may be present. No epibiota
present. Water often turbid and visibility poor.
Slightly undulating, fine sand/mud plain, occasionally
with hummocks found up to 15m depth. Many burrows
may be present, including infaunal ‘volcanoes’;
surficial algal mat encountered at shallower stations.
Little conspicuous epibiota (e.g. Pinna sp.).
Occasional presence of Halophila ovalis in shallower
waters (i.e. ≤5m)
Sand plain with scattered shell fragments and debris.
Encountered in shallower waters (<6m), very sparse
Halophila ovalis and Halodule uninervis present.
Epifauna (e.g. sponges) may be attached to scattered
rubble fragments.
Relatively flat, coarse sand plain, typically present at
shallower depths (<5m). Lots of surface debris.
Characterised by underlying bedrock (including small
outcrops) with a ‘veneer’ of coarse sediment of
variable thickness and scattered shell fragments and
rubble.
Epibiota recorded include the bivalves
Pinctada sp., Pinna sp., the ascidian Phallusia nigra,
indeterminate hydroid species and the urchin
Echinometra mathaei.
Only present at one station sloping towards the centre
of the narrow section of the navigational channel. A
labyrinthine ex-coral structure with numerous fishes
and attached epibiota, particularly hydroids and
sponges. Indeterminate hydroid / soft coral noted.

Coverage (ha)
Plume Wharf

39.3

-

247.4

3.8

44.9

-

187.5

-

193.2

-

25.0

-

The larger plume-affected area comprised a number of habitats representing both
dredged and ‘natural’ environments (see Figure 7.7). Dredged areas typically consisted
of fine sand/mud benthos with limited epibiota. Although the classification applied
separates these into four differing classes, they could collectively be classified as soft
substrate habitats. Naturally remaining areas (i.e. shallow fasht) did, at some locations,
suggest the previous presence of coral (namely Acropora sp.), although the only
surviving coral noted was Siderastrea sp.
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The proposed wharf area consisted entirely of fine sand/mud benthos with shallower
regions closer to the shore hosting limited coverage (i.e. ≤1%) of the seagrass Halophila
ovalis. Deeper areas were largely devoid of conspicuous epibiota.
Figure 7.6 illustrates the number of epifaunal73 and epifloral species (species richness)
recorded at each SCUBA station.
Figure 7.6

Species richness at SCUBA surveyed stations

Figure 7.7 and Figure 7.8 illustrate the spatial distribution of each habitat for the plumeaffected and proposed wharf areas respectively.

73

In this instance, ‘epifaunal’ refers to both motile and attached sedentary animals, which either reside upon, or are

closely associated with, the surface of the seabed; this includes bottom-dwelling fishes such as gobies.
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Reef with Sand Veneer

Figure 7.7

Mud habitat in ASRY Basin

Benthic marine habitat map of thermal plume-affected area

7.7

Sand/mud habitat
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Figure 7.8

Benthic habitat map of the proposed wharf footprint

7.8
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A total of nine species of fish were recorded at seven of the ecological diver survey
stations; Table 7.2 summarises the presence/absence and counts (where applicable) of
these species.
Presence/absence of fish at the SCUBA survey stations

Halichoeres sp. (wrasse)
Indet. sand goby (Family
Gobiidae)
Cryptocentrus lutheri
(Luther’s goby)
Scolopsis taeniatus
(black streak monocle
bream)
Scolopsis ghanam
(spotted bream)
Upeneus tragula
(freckled goatfish)
*

7.4.1

W3

W5

W8

W10

SU31

SU32

near
SU53

C3

C4

P

P
(1)

P
(2)

P

P

P
(1)

P
(8)

P
(3)

P

P

P
(12)*
P
NO FISHES OBSERVED

Terapon puta
(spinycheek terapon)
Possibly a ‘filefish’
(Family Monacanthidae)
Pseudochromis persicus
(dottyback; dark phase)

ASRY
Basin

NO FISHES OBSERVED

Station ►
Species ▼

NO FISHES OBSERVED

Table 7.2

P
(2)

P
P

P

P

P

Numbers in brackets indicate number of individuals observed during fish counts

Infauna
The results of the univariate analysis indicate that the infaunal communities at stations
W.ASRY, W10 and SU48 exhibit the lowest number of taxa, number of individuals and
Shannon diversity index (H’). With regard to the W.ASRY site, this is unsurprising since
this area of the ASRY basin has been recently dredged, and indeed, these capital
dredging works are ongoing. With regard to infaunal community composition, recovery
and recolonisation of the remaining mud habitat may be considered to be in its infancy.
Interestingly, the infaunal community at station SU69, situated at the entrance to the
ASRY Basin, possessed the highest number of taxa of the ten stations. Samples
collected from station W5, a shallow site (3.5 mBSL) located within the proposed wharf
footprint, contained the highest number of individuals. With the exception of station
W.ASRY, Pielou’s evenness was high (>0.85) and similar between all stations. The
Shannon diversity index was highest at control station C1 (2.9) and SU69 (2.8).
With regard to community composition [derived from mean abundance], polychaete
worms dominated the infauna at all stations, although crustaceans also contributed
notably at stations C1, C2 and SU46 (>25% of mean abundance). Molluscs and
sipunculid worms comprised <10% of the mean abundance at all stations; the latter two
taxa were absent at the control stations. Both molluscs and sipunculid worms were
absent from station W10, whilst the former were not recorded at Station W3, and latter
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appeared to be absent from stations W.ASRY and SU48. Nematode worms and the
brittlestar Ophiuroidea sp. (an echinoderm) were only present in low abundance (<4%)
at stations W3 & W5 and SU69, C1 & C2 respectively. However, Ophiuroidea sp.
collected at SU48 constituted almost 25% of the total mean abundance of infaunal
organisms at this station.
Multivariate analysis, namely CLUSTER/SIMPROF and MDS) identified eight major
infaunal groups within the study area.
These are summarised as follows:
•

Group A: This is represented solely by the infaunal community at station W5,
located within the proposed wharf footprint at 3.5 mBSL depth. The polychaetes
Glycera sp. and Cirriformia sp. A sp. are typical taxa found within this muddy sand
sediment.

•

Group B: This is represented by the infauna at the proposed wharf stations W3 (6.0
mBSL) and W8 (8.0 mBSL) situated in muddy sand / sandy mud sediments.
Characteristic taxa are the polychaetes Cirriformia sp. A and Lumbrinereis sp.

•

Group C: This constitutes all replicates samples from station W10 (wharf) and
W.ASRY (ASRY Basin), both mud habitats, and one replicate from SU69, a muddy
sand station located at the mouth of the ASRY Basin. Both stations W10 and
W.ASRY are relatively impoverished habitats with regard to infauna, possessing a
low number of individuals and few taxa; there are no infaunal species which may be
considered characteristic of this group.

•

Group D: This is represented solely by the infaunal community at station SU46, a
deeper (13.0 mBSL) muddy sand habitat situated ~700 m south of the ASRY Basin.
An amphipod species of the family Caprellidae and the polychaete Cirriformia sp. B
are typical of this habitat.

•

Group E: This constitutes the infaunal community at station SU48 only, a deep
(12.3 mBSL) mud habitat situated ~1 km south of the ASRY Basin. An unidentified
brittlestar species (Ophiuroidea sp.) was particularly conspicuous here.

•

Group F: This is the smallest group, consisting of just two replicates from station
SU69 at the mouth of the ASRY Basin. The infrequently encountered polychaete
Poecilochaetidae sp. and ubiquitous polychaete Orbiniidae were typical of this
station.

•

Group G: This constitutes all replicates from control station C1 only, the bamboo
worm Euclymene sp. being the characteristic taxon at this muddy sand station.

•

Group H: This constitutes all replicates from control station C2 , a fine mud habitat.
Similar to station C1, the polychaete Euclymene sp. was the major characteristic
taxon.

The relationship between the silt content of the sediment (as an broad indicator of
sediment type) and infaunal community composition derived from the multivariate
analysis remains unclear and infaunal community composition is likely to be influenced
by the interactions between a number of physico-chemical parameters. Neither copper
nor nickel levels appear to influence infaunal community composition when considered
as ‘stand-alone’ abiotic parameters.
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Figure 7.9

Cluster analysis dendrogram indicating groupings of similar infaunal
replicate samples. Clusters identified by SIMPROF analysis are
highlighted in red
Transform: Square root
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7.5

Construction Impacts, Mitigation and Residual Effects
The client has submitted a construction method statement which outlines the complete
enclosure of the area using interlocking steel sheet piles. This structure will effectively
act as a containment bund. Fill material is currently being stored adjacent to the site
and has been obtained by the client via dredging operations not assessed within this
EHIA. PHE Gulf assumes that the material was of sufficient quantity and quality once it
was removed from the neighbouring site. Full details of the proposed contractor’s
method statement are contained within the Marine Baseline Report.

7.5.1

Loss of Subtidal Habitats due to Reclamation Works (wharf construction)
Impact Box 7-1
Loss of Subtidal Habitats Due to Reclamation Works (wharf
construction)
Description of Impact
Loss of seafloor habitats due to the construction of the
proposed wharf
Receptor(s)
Predominantly infaunal communities
Investigation
Survey
Features of Impact
Onsite, Permanent, Definitely, Low Sensitivity of Receptor, Low
Magnitude of Impact
Significance of Impact Negligible to minor adverse
Mitigation Advice
None
Residual Impact
Negligible to minor adverse remains as mitigation not
warranted

A total of 3.8 ha of seafloor will be permanently
lost due to the construction of the proposed
wharf. The footprint does not represent a
natural seabed but one that is likely to have
been previously dredged.
A narrow strip (~20m) of seabed running
parallel to the shoreline was characterised by
relatively shallow water (i.e. ~4m) and the
limited abundance of Halophila ovalis,
although differentiation between this softsubstrate habitat and those of deeper waters
within the wharf footprint did not merit separate
habitat classification. Deeper sections were
predominantly flat and homogenous, with
conspicuous epibiota restricted to the
presence of a surficial algal biofilm and the
infrequently recorded ascidian Phallusia nigra.

Presence of H. ovalis in shallow areas

Flat, homogenous sand/mud habitat

Within the footprint, polychaete worms
dominated the infaunal community.
The
phylum Mollusca was poorly represented at all stations, contributing just 9% to the mean
number of individuals present at station W5 and less than 5% at station W8. The subphylum Crustacea represented 15-20% of individuals at station W8, although at the
remaining three stations within the footprint constituted <10% of the total community
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composition. Based on the magnitude and low sensitivity of this marine habitat, the loss
of marine biological resources within the wharf footprint is deemed negligible to minor
adverse.
7.5.2

Assessment of Residual Effects
Mitigation can only be achieved if the wharf is relocated to an area of lesser marine
ecological value. However, given the already low importance afforded to the affected
habitat, coupled with the unlikely possibility that a site of lesser marine ecological value
is located nearby, mitigation is not warranted and an impact significance of negligible to
minor adverse remains.

7.5.3

Sediment Loading of Marine Waters and Marine Ecology during Wharf Construction
Impact Box 7-2 Sediment Loading of Marine Waters and Marine Ecology during
Wharf Construction
Description of Impact
Impact of elevated total sediment loading and deposition on
surrounding marine ecology
Receptor(s)
Marine epibenthic/infaunal ecology and pelagic fish
Investigation
Survey
Features of Impact
Local, Temporary, Definitely, Low-Medium Sensitivity of
Receptor, Low to Medium Magnitude of Impact
Significance of Impact Minor Adverse
Mitigation Advice
Containment of reclamation - see Appendix G (Contractor’s
method statement for the wharf construction)
Residual Impact
Minor Adverse to Negligible adverse

PHE Gulf has not been provided geotechnical data on the proposed fill material and its
fines content is therefore unknown. However, the introduction of 500,000m3 of fill
material into marine waters will result in a percentage of fine fill material becoming
suspended in the water column. Sediment loading has two key effects on ecology, a)
whilst in suspension and b) following deposition (i.e. seabed smothering). The
information box below lists the key impacts and potential physical tolerances of some
organisms:
General impacts of elevated TSS and associated deposition on marine ecology
•

By decreasing the penetration of light into the water column, primary productivity can be
diminished and the rate of respiration of phytoplankton may exceed the rate of
74
photosynthesis . This results in the balance between respiration and photosynthesis
falling below the ‘compensation point’ (where both processes are equal) and as a result
the primary producers (e.g. phytoplankton) must survive on accumulated reserves – this
may lead to a reduction in primary production in more turbid waters;

•

The introduction of fines into the marine environment can also ‘bioload the waters (i.e.
introducing organic matter and nutrients locked within the sediment) resulting in
increased biological activity and temporarily reducing dissolved oxygen concentrations

74

’

Johnston, S.A. (1981) Estuarine dredge and fill activities: A review of impacts Environmental Management 5: 427-

440.

______________________________________________________________________________________
SULB Steel Complex
Environmental & Health Evaluation Report

Final
168

January 2010

within the waters75. This can have a knock-on effect on ecology, temporarily displacing
motile organisms and/or impacting upon the health of others;
•

Reducing the oxygen concentration of local waters by releasing oxidised material into
the water column;

•

Irritate or clog fish gills and interfere with fish feeding behaviour ;

•

Large quantities of suspended sediment in the water column can cause the loss of filterfeeding components of bivalves through clogging of the gills77. Furthermore, suspended
sediment can also be detrimental to filter-feeding organisms due to impairment of proper
respiratory and excretory functioning and feeding activity78;

•

Physical abrasion of body and gills (with removal of protective mucus) in fish leading to
79
infections and/or invasion by parasites ;

•

Increased levels of TSS has both direct and indirect effects on marine organisms and
studies have shown that TSS levels may result in species-specific mortality (e.g. TSS
levels of 270mg/l induced mortality in trout over a period of 10-15 days80);

•

Reduction of visual skills of predatory fish49;

•

Smothering of epibenthic and infaunal ecology. The degree of impact is varied
according to organism type. Bivalves are often tolerant of periodic increases in TSS
81
levels . Differing species of seagrass have shown varying degrees of tolerance and
survivability, with Halodule uninervis (i.e. found within the study area), recovering after
approximately 1-year of burial82. Many benthic species are able to tolerate high levels of
sedimentation and some groups (e.g. polychaetes, molluscs and crustaceans) can
successfully recolonise areas by undergoing vertical migration83.

76

The reclamation methodology forwarded by the client includes the complete enclosure
of the site along the reclamation boundary with interlocking steel sheet piles, the joints of
which may be filled with grout material. This structure will effectively act as a
75

Clark, A.B. (2001) Marine Pollution (5th Edition). Oxford University Press, Oxford, UK.

76

Al-Ghadban, A.N. and Price, A.R.G. (2002) Dredging and infilling. In: N.Y. Khan, M. Munawar and A.R.G. Price

(eds.) The Gulf Ecosystem: Health and Sustainability, Backhuys publishers, Leiden, The Netherlands.
77

Newell, R.C., Seiderer, L.J. and Hitchcock, D.R. (1998) The impact of dredging works i n coastal waters. A review

of the sensitivity to disturbance and subsequent recovery of biological resources on the seabed. Oceanography and
Marine Biology: an Annual Review 36: 127-178.
78

Sherk, J.A. (1971) Effects of suspended and deposited sediments on estuarine Organisms. Chesapeake

Biological Laboratory, University of Maryland, Contribution no. 443.
79

Everhart, W.H. and Duchrow, R.M. (1970) Effects of suspended sediment on aquatic environments. NTIS US

Department of Commerce. PB-196-641.
80

Herbert, D.W.M. & Merkens, J.C. (1961) The effect of suspended mineral solids on trout. International Journal of

Air and Water Pollution 5: 46-55.
81

Newell, C.R., Shumway, S.E., Cucci, T.L. and Selvin, R. (1989) The effects of natural seston particle size and

type on feeding rates, feeding selectivity and food resource availability for the mussel, Mytilus edulis Linnaeus, 1758
at bottom culture sites in Maine. Journal of Shellfish of Research 8:187-196.
82

Duarte, C.M., Terrados, J., Agawin, N.S.R., Fortes, M.D., Bach, S. and Kenworthy, W.J. (1997) Response of a

mixed Philippine seagrass meadow to experimental burial. Marine Ecology Progress Series 147: 285-294.
83

Maurer, D.L., Keck, R., Tinsman, J., Leathem, W., Wethe, C., Lord, C. and Church, C. (1986) Vertical migration

and mortality of marine benthos in dredged material: a synthesis Internationale Revue der Gesamten Hydrobiologie
71:49-63.
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containment bund which will significantly reduce sediment loading of surrounding
waters. Under the advice of HR Wallingford, the geographical extent and concentration
of sediment plumes emanating from the reclamation area has not been assessed:
“...based on the proposed wharf construction methodology provided by GIIC, the
quantity of sediment released during construction is likely to be small. Provided that the
construction method is employed as described, sediment dispersion modelling is
therefore considered to be unnecessary, and is not considered in the present study.” 84
It is understood that despite the in-built mitigation within the construction methodology,
sediment loading of marine waters will occur, albeit limited. Without the aid of plume
dispersion modelling the affected area(s) cannot be identified. However, most probable
locations of impact (i.e. highest levels of suspended solids and/or deposition) in light of
the prevailing hydrodynamic conditions will be 100-200m from point source, with the
largest sediment particles falling out of suspension first.
The HR Wallingford
hydrodynamic assessment indicated that water currents in the area are very low and
therefore the passive plume (i.e. that generated by currents and consisting of typically
finer-grained material) is not anticipated to be large. Given the generally poor nature of
the receiving and adjacent environments, the impact upon marine ecology due to
sediment loading is deemed negligible to minor adverse.
7.5.4

Assessment of Residual Effects
Key mitigation (i.e. containment of reclamation) has been incorporated into the
contractor’s method statement and as such represents a proactive best practice
approach. However, the mitigation identified within Sections 6.5 and 6.6 (water quality)
should be conducted to further ameliorate impacts upon marine ecology. As mitigation
has been incorporated into the contractor’s method statement, a residual impact
significance of negligible to minor adverse is expected to remain.

7.5.5

Impact of Noise on Marine Receptors
Impact Box 7-3 Impact of Noise on Marine Receptors
Description of Impact
Impact of construction noise on marine life
Receptor(s)
Marine fauna (cetaceans, turtles, fish)
Investigation
Survey and Qualitative Assessment
Features of Impact
Local, Temporary, Possible, Medium Sensitivity, Low-medium
magnitude
Significance of Impact Minor adverse
Mitigation Advice
Typical mitigation may include the slow ramping up of noise
levels such that potentially affected marine animals receive
an early warning of the impending increase in noise levels
and therefore avoid the area. However, given that the study
area is subjected to a considerable sources of noise, this
mitigation is unlikely to yield any further benefits.
Residual Impact
Minor adverse

84

HR Wallingford (2009) SULB Seawater Intake and Outfall System Hydrodynamic Dispersion Studies. Report

EX6089, Release 3.0. HR Wallingford, UK.
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The proposed construction methodology calls for both vibro and hydraulic hammer piling
operations associated with the installation of both pipes and sheet piles. Secondary
data has shown that hammering operations have resulted in sounds in the order of 131135dB re 1µPa at a range of 1km, transient signals showed the strongest components
at 30-40 Hz and ~100 Hz85. Furthermore, Moore et al. (1984)86 stated that transient
pipe-driving bangs were recorded up to 1km with received levels in the order of 25-35
dB above background levels in the 50-200 Hz band. Noise of this magnitude is likely to
be received underwater as far as 10-15 km from the point source.
Fish, turtles and marine mammals (e.g. dugongs and dolphins) may all be adversely
impacted by noise. Scientists also believe that artificial noises in the marine
environment may hinder turtle navigation. Due to the efficiency of sound propagation
underwater, marine mammals are heavily dependent upon the use of sound as a means
of communication, foraging for food and navigation. Anthropogenic noise within the
marine environment has the potential to impact marine mammals in a number of ways87:
•

•
•
•

•

Altered behaviour occurs as marine mammals attempt to avoid the source of the
noise or flee from it. Such unusual behaviour may cause them to expend valuable
energy as well as preventing them from conducting their normal feeding and social
functions;
Interference with acoustic communication or echolocation may adversely affect
all aspects of normal behaviour, feeding, etc.;
Displacement as a result of excessive noise may exclude cetaceans from breeding
grounds and affect migrations;
Unnecessary stress may result from elevated volumes of noise through an
alteration in diving and breathing rates, compromised communication, prolonged
exposure to loud noise, harassment and displacement; and
Physiological damage. Exposure to high sound levels can cause tissue damage;
marine mammals sense of hearing is especially vulnerable. The threshold peak
impulse sound pressure responsible for direct physical trauma is considered to be
greater than 200dB (EMU, 2002).

Richardson et al. (1995)88 suggest that cetaceans (e.g. dolphins) avoid stationary
industrial facilities where noise levels are high. Avoidance of such facilities accounts for
the most likely behavioural activity although other responses such as changes in
surfacing-dive cycles have also been recorded. The echolocation of bottlenose dolphins
can also be seriously affected by the introduction of masking noises, although to a
certain extent the dolphin may compensate for masking noise interference by increasing
the number of ‘clicks’ per scan and by increasing signal intensity (Au and Nachtigall,
1993).

85

Richardson. W.J., Green Jr. , C. R., Malme, C.I, and Thomson. D.H (1995) Marine Mammals and Noise.

Academic Press, London.
86

Moore, S.E., Ljungblad, D.K. and Schmidt, D.R. (1984) Ambient, industrial and biological sounds recorded in the

northern Bering, eastern Chukchi and Alaskan Beaufort seas during the seasonal migrations of the bowhead whale
(Balaena mysticetus), 1979-1982. Rep. From SEACO Inc., San Diego, CA, for U.S. Minerals Management Services,
Anchorage, AK. NTIS PB86-168-887.
87

Simmonds, M., Dolman, S., Weilgart, L. (eds.) (2004) Oceans of Noise – A WDCS Science report.

http://www.wdcs.org/submissions_bin/OceansofNoise.pdf. (viewed on 5.10.09.)
URS (2004)
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Two species of dolphins,
namely the Indo-Pacific
humpback dolphin Sousa
chinensis and bottlenose
dolphin Tursiops sp. are
routinely observed in areas
adjacent to the proposed
wharf and at distances not
exceeding a few hundred
metres. It is possible that
Indo-Pacific humpback dolphin observed within
both turtles and Dugong
1km of the proposed wharf
pass
areas
nearby.
However, a review of existing data (GEOMATEC, 2006) indicates that the study area
does not host significant numbers of either.
Given that the study area currently experiencing a significant number of noise sources
(e.g. maintenance dredging, shipping related noises) marine ecology in the area is likely
to adapted to, or avoid, sources of noise that cause irritation. For this reason an impact
of minor adverse has been assigned.
7.5.6

Assessment of Residual Effects
Typical mitigation may include the slow ramping up of noise levels such that potentially
affected marine animals receive an early warning of the impending increase in noise
levels and therefore avoid the area. However, given that the study area is subjected to
considerable sources of noise, this mitigation is unlikely to yield any further benefits and
an impact of minor adverse is expected to remain.

7.5.7

Temporary Relocation of GIIC Outfall
Impact Box 7-4 Impact of Temporary Relocation of GIIC Outfall upon Marine
Receptors
Description of Impact
Impact of temporary relocation of outfall on marine flora and
fauna
Receptor(s)
Marine fauna and flora
Investigation
Survey and Assessment against international standards
(Canadian Water Quality Guidance)
Features of Impact
Local, Temporary, Predicted, Low Sensitivity, Low magnitude
Significance of Impact Negligible
Mitigation Advice
None required
Residual Impact
Negligible

The predicted changes to seawater temperature, salinity and sodium hypochlorite
concentrations resulting from the temporary relocation of the existing GIIC outfall are
described in detail in Section 7.6.1. In summary, the discharge plume is predicted to
remain effectively the same as that for the existing outfall, being largely limited to the
region along the south face of the GIIC reclamation although extending slightly further
into the ASRY Basin. Differences in temperature along the GIIC shoreline were
predicted to be 0.5°C above that of the existing discharge; this is thought to be a result
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of the proposed wharf deflecting the prevailing tidal currents away from the temporary
outfall.
In light of the similarities of the predicted effects of the temporary outfall to the existing
outfall with regard to temperature, salinity and sodium hypochlorite concentrations, a
negligible impact on marine fauna and flora is anticipated.
7.5.8

Assessment of Residual Effects
No mitigation required therefore the residual impact is anticipated to remain negligible.

7.6

Operational Impacts, Mitigation and Residual Effects

7.6.1

Potential Impact of Proposed Combined GIIC Outfall
Impact Box 7-5 Impact of Proposed Combined GIIC Outfall upon Marine Receptors
Description of Impact
Impact of outfall on marine flora and fauna
Receptor(s)
Marine fauna and flora
Investigation
Survey and Assessment against international standards
(Canadian Water Quality Guidance)
Features of Impact
Local, Permanent, Predicted, Low to Medium Sensitivity, Low
magnitude
Significance of Impact Minor Adverse
Mitigation Advice
None required
Residual Impact
Minor Adverse

The predicted changes to seawater temperature, salinity and sodium hypochlorite
concentrations resulting from the proposed combined GIIC outfall are described in detail
in Section 5 (Hydrodynamics).
The predicted thermal plume resulting from the combined outfall is significantly larger
than that of the existing discharge, with seawater temperature being raised above that of
ambient seawater temperature by over 3°C within the immediate vicinity of the proposed
outfall. However, excess seawater temperature is predicted to have dissipated to below
3°C at 100m from the discharge, which is compliant with the Bahrain temperature
standard. The predicted extent of a rise in seawater temperature of 0.75 °C to 1°C
extends into the ASRY Basin, along the GIIC and ASRY reclamations and extending
slightly into the navigation channel to the west of the ASRY reclamation.
Most marine and estuarine organisms are poikilotherms (i.e., cannot regulate their
internal temperatures). As a result, biological processes such as photosynthesis and
respiration, spawning, uptake of toxic substances, and behavioural patterns of
organisms, are all responsive to changes in temperature.
The effects of extremely high temperatures include insufficient supply of oxygen,
enzyme inactivation, change in lipid state, increase in cell membrane permeability,
protein denaturation, release of toxic substances from damaged cells and death. Water
temperature changes that are not lethal can produce a wide variety of significant
sublethal effects. For example temperature changes can significantly affect
photosynthesis, respiration, susceptibility to disease, osmoregulation, uptake of
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pollutants, susceptibility to the toxic effects of pollutants and various behavioural
patterns89.
In light of the above, Canadian water quality guidance advises that human activities
should not cause changes in ambient temperature of marine and estuarine waters to
exceed ±1°C at any time, location or depth90.
Given the predicted localised extent of a rise in seawater temperature 1°C above
baseline and the perceived low to medium sensitivity of the marine ecology present, the
potential impact resulting from an increase in seawater temperature from the proposed
combined GIIC outfall is expected to be of minor adverse significance.
Predicted salinity increase resulting from the proposed combined GIIC outfall is likely to
be negligible; basic calculations suggested an excess salinity of around 0.1ppt, which is
likely to be less than normal ambient seawater variations.
The predicted sodium hypochlorite dispersion patterns showed that concentrations
within the immediate vicinity of the proposed combined outfall could remain around half
that of the discharge value (0.5 mg/l), with the ASRY Basin and along the southern
faces of the ASRY and GIIC reclamations exhibiting concentrations between 0.1 to
0.2mg/l. The plume is then predicted to be carried at lower concentrations (typically less
than 0.1mg/l) under the action of tidal currents over a similar area as indicated by the
thermal plume footprint. Residual chlorine concentrations are generally reduced to
below 0.01mg/l within a radius of some 5km from the combined outfall. Given Bahrain’s
standards of industrial effluent is set at 2 mg/l for the maximum discharge of residual
chlorine, no impact is expected on marine ecology from the discharge of sodium
hypochlorite by the combined GIIC outfall.
Mitigation
The following mitigation measures are recommended to reduce the potential impacts
resulting from the proposed combined GIIC outfall:
•

•
•
•
•

89

Ensure adequate dilution of the discharge to meet the Bahrain temperature
standard at 100m from the outfall. This would usually require high energy
discharge jets, spread over a diffuser structure, to ensure rapid turbulent mixing
with as large a volume of ambient seawater as possible.
Reduce the level of interaction between neighbouring jets along the diffuser
(which would limit dilution) by allowing sufficient spaces between ports.
Increase the trajectory of the combined buoyant plume before impact at the sea
surface by locating the outfall near the seabed.
Angle ports for the suggested diffuser upwards, away from the bed, but not
directly towards the sea surface.
Allow as long a diffuser as possible in the space available.

Kinne, O. 1963. The effects of temperature and salinity on marine and brackish water animals. I. Temp.

Oceanogr. Mar. Biol. Ann. Rev. 1: 301-340.
90

CCME (Canadian Council of Ministers of the Environment). 1996. Appendix XXII—Canadian water quality

guidelines: Updates (December 1996), interim marine and estuarine water quality guidelines for general variables.
In: Canadian water quality guidelines, Canadian Council of Resource and Environment Ministers. 1987. Prepared by
the Task Force on Water Quality Guidelines.
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Residual Impact
An impact of minor adverse is expected to remain.
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8

NOISE AND VIBRATION

8.1

Introduction
This chapter describes the potential noise and vibration impacts arising from the
construction, operation and potential decommissioning of the proposed SULB integrated
steel works.
Potentially significant noise impacts from the construction phase of the development
may arise as a result of:
•
•

Excavation, ground works and site preparation (e.g. percussive pilling); and
The transport of equipment and materials associated with the construction works

Potentially significant noise impacts from the operational phase of the works may arise
as a result of:
•
•
•

Raw materials and product handling;
Main process plant and equipment such as the electric arc furnace; and
Ancillary process equipment such as fans and compressors etc.

Potentially significant impacts from the possible decommissioning of the works may
arise as a result of:
•
•

Demolition and dismantling activities; and
The transport of recycled equipment, materials and waste.

8.2

Assessment Methodology

8.2.1

Relevant Legislation, Guidance and Best Practice
This assessment of potential noise and vibration impacts from the proposed
development has been made with reference to the following Bahraini, UK and
international legislation, guidance and good practice:
Bahrain
•

Bahrain Guidelines for Noise Levels from the General Directorate of
Environment Wildlife and Protection (GDEWP) see Table 8.1.

Table 8.1

Bahrain Guidelines for Noise Levels

LOCATION OF FACILITY

Residential Area A
Residential Area B
Residential Area C
Residential Area with some Commercial Activity A
Residential Area with some Commercial Activity B
Residential Area with some Commercial Activity C

MAXIMUM ALLOWABLE
NOISE LIMIT (Leq (dB(A))
55
50
45
60
55
50
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MAXIMUM ALLOWABLE
NOISE LIMIT (Leq (dB(A))
70
70
70

LOCATION OF FACILITY

Commercial Area A
Commercial Area B
Commercial Area C
A
B
C

Acceptable daytime noise levels from 7.00-16.00 hours
Acceptable evening noise levels from 16.00-23.00 hours
Acceptable night time noise levels from 23.00-7.00 hours

UK
•
•
•

British Standards Institute (BS) 5228-1 2009: Code of practice for noise and
vibration control on construction and open sites – Part 1: Noise
The Highways Agency (HA) 2008: Design Manual for Roads and Bridges
(DMRB), Volume 11, Section 3, Part 7: Noise and Vibration.
Department of Transport (DoT) 1988: Calculation of Road Traffic Noise (CRTN)

International
• World Health Organisation (WHO)1999: Guidelines for Community Noise see
Table 8.2.
• International Standards Organisation (ISO) 9613-2 1996: Acoustics - Attenuation
of sound during propagation outdoors -- Part 2: General method of calculation
Table 8.2

Guideline Values for Community Noise

Environment

Critical Health Effect

Time
(hours)

Outdoor living areas

Annoyance

50 – 55

16

Indoor dwellings

Speech intelligibility

35

16

Bedrooms

Sleep disturbance

30

8

School classrooms

Disturbance of
communication

35

During class

Industrial, commercial, and
traffic areas

Hearing impairment

70

24

Music through ear phones

Hearing impairment

85

1

100

4

Ceremonies and entertainments Hearing impairment
8.2.2

Sound level
(dB(A))*

Data Sources
Detailed data regarding the sources of noise within the facility and the associated design
source noise levels was not available at the time of writing. The location of the facility in
relation to the surrounding area and receptors was obtained from a plan of the site.
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8.2.3

Consultation
As part of the consultation process, the national environmental regulator of the Kingdom
of Bahrain, the General Directorate of Environment and Wildlife Protection (GDEWP)
was consulted for their views on the SULB development. GDEWP requested that an
assessment of noise and vibration impacts associated with the proposed development
was conducted.

8.2.4

Potential Vibration Impacts
Due to the large separation distance between the proposed development and the
closest receptors, it is considered very likely that there will be no vibration impacts from
the construction or operational phases of the facility. Vibration impacts have not been
considered further within this assessment.

8.2.5

Assessment of Construction Noise Impact
The assessment of construction noise impacts was conducted with regard to the
construction activity that would generate the highest noise levels; percussive piling. It is
not known at this stage whether the construction of the development will require
percussive piling, however the assessment of this potential construction activity ensures
that the assessment is conservative.
Noise levels were calculated at the selected receptor locations assuming the operation
of an IHC-S80 hydrohammer within the boundary of the proposed development. The
noise level at the receptors was calculated using the SoundPlan noise modelling
package, which incorporates the calculation methodology defined within ISO 9613. This
calculation method takes various factors into consideration, including air absorption,
which becomes significant at the large distances involved in this assessment.
Noise levels were calculated at all receptors and were assessed using the criteria
defined within Section 8.2.7. Receptors were located at the closest point within their
respective area, for example the Bahrain Investment Wharf, to the proposed
development.

8.2.6

Assessment of Operational Noise Impact
Noise from On-Site Operations
Detailed data regarding the noise levels associated with the processes and plant within
the proposed facility was not available at the time of writing. In order to provide an
indicative quantitative assessment of the noise impact, noise data relating to a similar
steel facility was used. The data included various significant noise sources and process
areas within the meltshop and rolling mill, and external noise sources such as ventilation
fans and the stack outlet.
The indoor noise sources within each area of the mill were summed to provide a total
sound power level (SWL) for all equipment, then a reverberant sound pressure level
(SPL) within the shed was calculated, using approximate dimensions taken from plans
of the facility. Assuming a sound reduction index (SRI) of a material typically used in
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this type of construction91, the breakout noise from the enclosed sections of the facility
was calculated.
A total SWL for the plant situated outdoors was calculated and, considering this and the
breakout noise from the facility shed, the noise level at the closest potential receptors
was predicted. The receptor noise levels were calculated using the SoundPlan noise
modelling package and were assessed according to the criteria defined in Section 0.
Receptors were located at the closest point within their respective area to the proposed
development.
Noise from Operational Traffic
Additional vehicle movements on the local and distant road network will arise from the
operation of the proposed development, due to the delivery of raw materials, shipping of
finished product, removal of waste products for disposal and the arrival and departure of
personnel.
Estimated vehicle numbers were provided by SULB, separated into heavy goods
vehicles, for the delivery and removal of materials goods, and buses and cars for the
transport of personnel. The data provided average daily vehicles and the maximum
likely hourly vehicles. Using baseline traffic data obtained by PHE Gulf, an assessment
was made of the potential traffic noise impacts associated with the addition of the
operational road traffic to the road network.
An initial screening assessment was conducted, which calculated the percentage
increase in traffic flow on all roads shown in Section 11 Traffic and Transport
Assessment (Figure 11.2) As the estimated traffic flows did not provide a breakdown of
vehicle flows per-road, the assessment was based on the conservative assumption that
all vehicles were added to the particular road link in question. In reality, traffic would be
distributed across the road network and the impact would be lower than predicted. UK
guidance in the Highways Agency Design Manual for Roads and Bridges (DMRB) states
that a detailed assessment of road traffic noise from a new development should be
conducted if there is an increase in daily traffic flow of 25% or more, as this change
equates approximately to a 1 dB increase in the LA10,18h noise level. DMRB specifies
that the methods contained within CRTN must be used for the detailed assessment.
8.2.7

Significance Criteria
It was presumed that the construction works associated with the proposed development
will primarily occur during the daytime, therefore the predicted receptor noise levels
were assessed against Bahrain daytime guideline noise levels. The guideline noise
levels vary for different land uses, thus as some of the receptors considered in the
assessment are in mixed commercial and residential areas and some are in purely
residential areas different criteria were defined for each land use.

91
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Table 8.3

Criteria for assessing the Significance of Daytime Construction Noise
Impacts
Construction noise level at receptor (dB LAeq)
Impact
significance

Residential area

Residential area with
some commercial activity

None

<= 55

<= 60

Negligible

55-58

60-63

Minor

58-60

63-65

Moderate

60-65

65-70

Major

> 65

> 70

The proposed development is expected to be a 24 hour operation, therefore the
operational noise was assessed against the night-time noise limit defined within the
Bahrain noise guidelines shown in Table 8.3. As for the assessment of construction
noise impacts, different criteria were set for residential and mixed residential /
commercial areas (Table 8.4).
Table 8.4

Criteria for assessing the Significance of Operational Noise Impact
Construction noise level at receptor (dB LAeq)
Impact
significance

8.3

Residential area

Residential area with
some commercial activity

None

<= 45

<= 50

Negligible

45-48

50-53

Minor

48-50

53-55

Moderate

50-55

55-60

Major

> 55

> 60

Baseline Conditions and Sensitivity
Table 8.5 presents the locations considered within the noise assessment.
Table 8.5

Receptors considered within the Noise Assessment

Receptor

Approximate distance from proposed
development (m)

Bahrain Investment Wharf

1000

ASRY staff accommodation

1300

GIIC staff accommodation

2200

Offices to north of Hidd

2500

Hidd residential area

3500

Sitra residential area

5900

Juffair residential area

5800
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The proposed development is located at the southern end of the Hidd industrial area,
adjacent to the existing GIIC Pelletizing Plant. This is a large, heavily industrialised area
to the south of the Al Hidd residential area. The existing noise levels in the vicinity of the
proposed facility would be expected to be high, due to the existing heavy industry in the
area.
The sensitive receptors considered within the assessment are listed in Table 8.5. The
closest of these to the proposed facility are the Hotel and workers accommodation in the
Bahrain Investment Wharf (BIW) area. The BIW area is currently not developed,
although it is proposed to comprise residential, commercial and light industrial uses.
Due to this mixed use, and the industrial nature of the surrounding area, some elevated
background noise levels are expected when the development is complete. These
receptors are between 1km and 1.7km from the proposed facility.
The existing ASRY and GIIC workers accommodation are approximately 1.5km and 2.2
km respectively from the proposed facility. Due to the proximity to the industrial
installations that the accommodations serve, existing noise levels at the accommodation
are likely to be relatively high.
The residential areas of Hidd, Sitra and Juffair are between approximately 3.5km and
6km from the proposed facility. These areas are highly populated and existing noise
levels may potentially be relatively low away from major traffic routes.
The offices to the north of the Hidd industrial area were considered as receptors in the
assessment of construction noise impact, but not operational noise. The assessment of
operational noise considered night time noise impacts and it would be expected that the
offices would only be occupied during the day.

8.4

Construction Impacts Mitigation and Residual Effects

8.4.1

Noise from On-Site Construction Activities
Table 8.6 presents the calculated receptor noise levels from the operation of a
percussive piling rig at the development site and the associated impact, assessed
according to the criteria defined in Section 8.2.7.
Figure 8.1 presents a noise contour of the construction noise levels.
Table 8.6

Assessment of Potential Noise Impacts from Construction Works

Receptor

Area
type*

Predicted operational
noise level
(dB LAeq)

Impact

Bahrain Investment Wharf

(2)

54.8

None

ASRY staff accommodation

(2)

45.5

None

GIIC staff accommodation

(2)

39.5

None

Offices to north of Hidd

(2)

39.2

None

Hidd residential area

(1)

32.3

None

Sitra residential area

(1)

20.9

None
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Receptor

Area
type*

Predicted operational
noise level
(dB LAeq)

Impact

Juffair residential area

(1)

21.2

None

* (1) Residential area
(2) Residential area with some commercial activity
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Figure 8.1

Noise Contour showing Noise from Percussive Piling

The results show that no impact is predicted from potential percussive piling activities.
Other construction activities generate noise levels considerably lower than percussive
piling, therefore it is construed that the construction phase in general will have no noise
impact.
8.4.2

Noise from Construction Related Traffic
Detailed information regarding the road traffic which may be generated during the
construction phase of the development was not available at the time of writing. The
delivery of materials and machinery will be by road. The number of daily deliveries will
vary over the construction period, with higher numbers during critical times such as
concrete pours for the development foundations. The number of materials deliveries
may be reduced by storing and processing certain materials on site. In addition to
materials deliveries the daily arrival and departure of construction workers will generate
additional traffic on the local road system.
A 25% increase in traffic flow would give rise to a noise level increase of 1dB adjacent to
a road, although if the additional traffic is largely heavy goods vehicles (HGV) a smaller
percentage increase would effect this change.
A doubling of traffic volume
approximately equates to a 3dB increase in traffic noise. As the proposed development
lies within an existing industrial area, the access routes that would be used during
construction already carry high volumes of traffic, of which large numbers are heavy
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goods vehicles. Taking these factors into account, it is likely that the additional traffic
related to the construction of the development will lead to no more than a temporary
negligible impact. No mitigation is required.
8.4.3

Assessment of Residual Effects
It was deemed that mitigation is not required; therefore the construction generated traffic
is predicted to result in a temporary negligible impact.

8.5

Operational Impacts Mitigation and Residual Effects

8.5.1

Noise from On-Site Operations
Table 8.7 presents the calculated receptor noise levels from the operation of the
proposed development, and the impact as assessed against Bahrain night time noise
guidelines. The assessment criteria for the assessment of impact are shown in Section
8.2.7.
Figure 8.2 presents a noise contour of the operational noise levels.
Table 8.7

Assessment of Potential Noise Impacts from Facility Operations

Receptor

Area
type*

Predicted operational
noise level
(dB LAeq)

Impact

Bahrain Investment Wharf

(2)

34.9

None

ASRY staff accommodation

(2)

27.5

None

GIIC staff accommodation

(2)

21.1

None

Offices to north of Hidd

(1)

14.2

None

Hidd residential area

(1)

3.7

None

Sitra residential area

(1)

4.3

None

* (1) Residential area
(2) Residential area with some commercial activity
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Figure 8.2

Noise Contour of the On-Site Operational Noise

Due to the large distances between the proposed development and the closest
receptors, including future receptors in the BIW area, the operation of the proposed
development is predicted to have no noise impact. No mitigation is required.
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8.5.2

Noise from Operational Traffic
Table 8.8 presents the results of the initial screening assessment of the operational
traffic flows associated with the proposed development.
Table 8.8

Baseline and Development Traffic Flows and the Results of the
Screening Assessment

Road link

Annual Average
Daily Traffic Flow
without SULB

Annual Average Daily
Traffic Flow
with SULB

% increase

Vehicles

%
HGV

Vehicles

% HGV

A1

2380

24.0

2622

26.2

10.2

A2

2380

24.0

2622

26.2

10.2

A3

2380

24.0

2622

26.2

10.2

B

2380

24.0

2622

26.2

10.2

C

2380

24.0

2622

26.2

10.2

D

18183

34.0

18425

34.2

1.3

E (Al Hidd Road)

7711

36.0

7953

36.4

3.1

F (Shaikh Khalifa Bin Salman
Causeway

2475

21.0

2717

23.4

9.8

The results of the initial screening assessment show that there is a maximum increase
of 10.2% on any affected road link, which equates to an increase in the LA10,18h of less
than 1 dB – an increase that is below the minimum perceptible change in environmental
noise for a typical human. The increase of 10.2% is on internal access roads in the Hidd
industrial area; roads external to the industrial area, potentially passing through quieter
areas, show an increase of no more than 9.8%. Additionally, as the baseline traffic data
was collected in 2005 it is likely that the current baseline flows will be higher than those
used in the assessment, which would reduce the relative impact of the development
traffic.
As the addition of the operational traffic is predicted to result in a negligible increase in
noise level, a negligible impact is predicted.
8.5.3

Assessment of Residual Effects
Mitigation is not required; therefore the addition of operational road traffic is predicted to
result in a negligible impact.
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8.6

Decommissioning Impacts Mitigation and Residual Effects

8.6.1

Noise from On-Site Activities
The potential impacts from the decommissioning of the proposed development would be
expected to be no greater than the impacts resulting from the construction phase of the
development, as there are no known activities associated with the decommissioning that
would produce higher noise levels than percussive piling. Therefore no noise impact is
anticipated.

8.6.2

Noise from Decommissioning related Traffic
Traffic numbers associated by the decommissioning phase of the proposed
development would be expected to be no greater than that during the construction
phase, therefore a potential temporary negligible impact is predicted.

8.6.3

Assessment of Residual Effects
Mitigation is not required; therefore the addition of operational road traffic is predicted to
result in a negligible impact.
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9

WASTE

9.1

Introduction
This chapter describes the potential waste streams derived from the proposed
development during its lifetime from construction, through operation to decommissioning
and considers the impact on existing waste management resources within the area and
beyond.
Potential impacts on waste management resources such as waste disposal sites and
the regional recycling infrastructure are identified and assessed. Where potentially
significant effects are predicted, appropriate mitigation actions are proposed. Good
waste management practice during construction and operational phases are also
outlined in order to minimise any effects.

9.2

Assessment Methodology

9.2.1

Relevant Legislation, Guidance and Best Practice
This assessment of potential impacts from waste streams from the proposed
development has been made with reference to the following Bahraini, UK and
international legislation, guidance and good practice:
Bahraini
• Legislative Decree No. 11 of 1992 with respect to Ratifying the Basel
Convention on the Control of Transboundary Movement of Hazardous Waste
and their Disposal for the year 1989;
• Ministerial Order No 1 of 2001 with respect to Managing Health Care Hazardous
Waste;
• Legislative Decree No. 26 of 2001 with respect to Ratifying the Protocol on the
Control of Transboundary Sea Transport of Hazardous Waste and other waste
and their Disposal;
• Law No. 8 of 2005 with respect to Ratifying the Amendment of the Basel
Convention on the Control of Transboundary Movement of Hazardous Waste
and their Disposal for the year 1989;
• Resolution No. 3 of 2006 with respect to the Management of Hazardous
Materials; and
• Resolution No.4 of the Year 2006 with Respect to the Management of
Hazardous Chemicals.
UK
•
•
•
•

Environmental Protection Act 1990;
The Waste Management (England and Wales) Regulations 2006;
The Site Waste Management Plans Regulations 2008 and associated guidance;
and,
Planning Policy Statement 10 - Planning for Sustainable Waste Management
2005.

Europe
• European Hazardous Waste Directive (91/689/EEC); and
• European Framework Directive on Waste (2006/12/EC).
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International
• Basel Convention on the Control of Transboundary Movement of Hazardous
Waste and their Disposal.
9.2.2

Data Sources
Information regarding the potential waste streams anticipated from the operation of the
SULB development was provided by SULB management within the screening document
(EA-2)95 . Identification of potential waste streams from the construction of the
development is based on experience from similar projects.
Details of the current waste management infrastructure within the Kingdom of Bahrain
were derived from internet and literature surveys, as well as from the local knowledge of
PHEG’s experienced consultants.

9.2.3

Consultation
Municipal waste in the Kingdom of Bahrain is managed by the Municipalities Affairs
through the five governorates, however the Waste Management Department at GDEWP
as part of the Directorate of Environmental Monitoring and Control, is the responsible
decision-making body when it comes to waste issues during construction and operation
of industrial projects.
As part of the consultation process the Directorate of Environmental Monitoring and
Control was consulted for its views on the SULB development.

9.2.4

Significance Criteria
The following characteristics have been used to attribute significance to potential
impacts from anticipated waste streams derived from the proposed development (see
Table 9.1):
Table 9.1

Criteria for Impact Significance of Anticipated Waste Streams

Impact Significance

95

Impact Characteristic

Major Adverse

A large quantity of waste is likely to arise, or a smaller
quantity of a harmful waste stream (hazardous waste) is likely
to arise, comparative to the capacity available to deal with the
particular waste stream. Treatment and disposal options are
limited and capacity is restricted (e.g. hazardous landfill
capacity). The materials may need special handling, storage
or transportation requirements or be subject to particularly
stringent legislation.

Moderate Adverse

A moderate amount of material (typically 100m3 – 1000m3 per
annum) is likely to arise which may have some particular
treatment or disposal requirements.

SULB Steel Complex Data Form EA-2 Environmental Screening of Industrial Projects
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9.3

Impact Significance

Impact Characteristic

Minor Adverse

Waste arisings are likely to be low and treatment or disposal
options are widely available locally or likely to involve reuse /
recycling as standard practice.

Baseline Conditions and Sensitivity
Current waste management infrastructure within the Kingdom of Bahrain which may be
impacted by the SULB development includes the following:
•
•
•
•
•

Municipal landfill at Askar;
Class 1 hazardous waste landfill at Hafeera;
Hazardous waste incinerator at Askar;
Municipal sewage treatment plant at Tubli Bay; and
Municipal sewage treatment plant at Hidd.

A recent study96 conducted for the Kingdom of Bahrain revealed that the municipal
waste disposal at Askar municipal landfill site was 659,847 tons in 2003 recording a 71
% increase in the previous seven years and accommodating around 94% of the
municipal waste generated in the country which consists of domestic, building,
commercial, garden and industrial waste and carcasses. The composition of domestic
waste includes 59% organic and recyclable items such as paper, cardboard, plastic,
tins, metals, glass and textiles. Limited waste recycling facilities exist in Bahrain
including for plastic, paper, aluminium and metal processing.
A recent article produced by the United Nations Environment Programme (UNEP)97
stated that more than 2,700 tonnes of municipal waste is transported to Askar landfill
daily; five tonnes of health care waste, of which 30 per cent is hazardous, is carried to
the Bahrain Waste Treatment (Incineration) Facility; and 380 tonnes of industrial waste
(20% to 40% hazardous) is transported to the Hafeera landfill.
Bahrain is a small country with limited natural resources, high population growth rate
and restricted space. The waste generation from domestic, industrial and healthcare
facilities and their uncontrolled and sometimes inappropriate disposal may be adversely
impacting upon ecosystems and public health, land, water and air resources. Waste
management is currently a priority issue to be solved by waste minimisation and utilising
appropriate waste disposal technologies.

9.4

Construction Impacts Mitigation and Residual Effects

9.4.1

Management of Construction Waste
Waste is created on every construction site and should be managed by the construction
contractor to ensure that the impact on the site and the environment is minimised. The
impact of waste, especially on an area where large development is to take place, can
give rise to impacts upon landscape, human health, contamination of soil and/or
96

Toward sustainable municipal solid waste management in the Kingdom of Bahrain
A. Karim Hassan Rashid University of Bahrain Master thesis
97
UNEP – The Environment in the News (April 2008)
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groundwater, pollution of watercourses and the sea, dust and air pollution, and also on
the waste management infrastructure itself (e.g. landfill space)
The types of waste that may be found on the SULB construction site include:
Pre-casting works and concrete works (concrete rubble);
Domestic refuse (this includes bags, bottles, paper, cans, etc.);
Steel scrap;
Plastics, packaging, wood, paint cans, etc.; and
Waste oil.

•
•
•
•
•

Waste types will depend on the source, with a greater volume of inert wastes likely
during construction.
Impact Box 9-1 Management of Construction Wastes
Description of Impact
Management of the waste generated from the construction of
the SULB development
Receptor(s)
Askar landfill site, and possibly Hafeera landfill site if
construction activities produce hazardous or special waste.
Investigation
Desk based.
Features of Impact
National (i.e. the only non hazardous landfill site is at Askar and
the only hazardous waste landfill site is at Hafeera), short-term,
high sensitivity of receptor, cumulative.
Significance of Impact Moderate Adverse
Mitigation Advice
• Suitable waste management should be a contractual
obligation between SULB and all construction contractors.
• A Site Waste Management Plan (SWMP) should be drawn
up by the construction contractor.
• Waste minimization techniques should be implemented by
the site contractor;
• Encourage re-use and recycling of waste materials as
much as possible;
• All unusable inert waste to be disposed of at Askar landfill
site and all hazardous or special wastes to be disposed of
at Hafeera landfill site (upon consultation and approval
with the Waste Department of GDEWP);
• Appropriate awareness training provided for all site staff;
• Waste skips should be covered at all times to prevent
wind-blown releases;
• Provision of appropriate site boundary to secure waste
inside;
• Regular litter patrols to clean up wind-blown litter;
• Adherence to Bahrain legislation covering hazardous
waste and hazardous chemicals98;
• Best practice housekeeping procedures should be
followed;
• Proper segregation, storage, transport and waste disposal
98

Ministerial Order No. 4 of 2006 with respect to the Management of Hazardous Chemicals
and Ministerial Order No. 3 of 2006 with respect to the Management of Hazardous Materials.
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Impact Box 9-1 Management of Construction Wastes
(i.e. ensure that waste is taken to appropriate sites,
depending on type, with licensed transporters and
approval from authorities);
• Waste contractor should ensure legal disposal of waste
(i.e. at designated landfill site)
Residual Impact
Minor Adverse

Given the scale of the project, the significance of the potential impact from construction
waste is considered to be moderate adverse if appropriate management is not
undertaken. The impact is also regarded as cumulative as all construction, domestic,
and recyclable wastes are disposed of at Askar landfill. The Askar landfill is the only
landfill that accepts all types of wastes with the exception of hazardous waste and is
therefore constrained by space.
There are a number of mitigation measures that could be utilised to ensure that waste is
not a significant issue on-site.
Mitigation Box 9-1 Mitigation for Management of Construction Waste

To manage waste effectively, the site contractor should focus on:
• Efficient use of materials and waste minimisation;
• The method in which waste is handled and stored;
• The amount of waste that can be re-used or recycled; and
• The method of waste disposal.

The site manager should allocate responsibility for these issues to selected staff. It may
be appropriate to designate one person as the site waste manager. The contractor
should adopt the 3 R’s strategy: reduce, reuse, and recycle.
Waste can be reduced choosing the storage sites for materials in areas away from wind
activity and ordering “just in time” deliveries thereby reducing standing/exposure times.
All waste should be stored in designated areas that are isolated from surface water
drains and open water, and should be contained to prevent spills. The contractor should
also ensure best practice by:
• Segregating different types of waste as they are generated
• Mark waste clearly with their intended contents – consider colour coding bins
• Encourage recycling of materials such as plastic, paper and cardboard, glass, metals,
etc
• Provide bins for general litter and domestic refuse and also awareness training for all
personnel
• Ensure that waste cannot be blown away or washed away – containers must be
securely covered
• Use drip pans around mobile plant
• Keeping the site and roads free from excessive build-up of materials
• Using adequate security to avoid vandalism and theft
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Mitigation Box 9-1 Mitigation for Management of Construction Waste

• Adequate labelling of tanks and drums and also providing sufficient containment;
• A procedure for emergency scenarios (e.g. spill of fuel, hazardous chemicals/
materials, etc) should be developed and workers trained as to its contents
• Spill kits should be provided in appropriate locations and, if a spill occurs, the GDEWP
24-hr pollution hotline should be telephoned at 17785659
• Prevent damage and loss of material during unloading
• Only accept deliveries with correct specifications and quantities
• In line with ‘Duty of Care’ protocol, maintain a record of waste leaving the site
(description and volume)
• The waste carrier must be authorised/licensed to carry the type of waste for disposal
• Conduct occasional ‘spot checks’ on waste carriers to ensure hazardous materials are
taken to Hafeera (upon approval with GDEWP) and normal waste is taken to the
Askar landfill; and
• Ensure hazardous waste determinations conform to GDEWP requirements

9.4.2

Assessment of Residual Effects
Following the implementation of the above, there will be a residual impact of minor
adverse significance as the generation of waste cannot be avoided, but the impact can
be minimised through appropriate management.

9.5

Operational Impacts Mitigation and Residual Effects

9.5.1

Management of Operational Wastes
Appropriate waste management during the operation of the development must be given
high priority because not only does it conserve resources, it also has the potential for
saving money. By reducing wastes through accurate purchasing plans, some types of
waste can be eliminated, saving resources and eliminating unnecessary costs of raw
materials, cost of processing the unwanted raw materials, and transport, storage, and
disposal costs.
Where possible, materials should be reused and materials which cannot be reused
should be collected for recycling. Recycling achieves many goals, including reducing
waste materials generated, decreasing the cost of waste disposal, reducing the
requirement for landfill sites and maximising the value of natural resources. Purchasing
materials with recycled content such as office paper and paper towels should be
encouraged where possible in order to support the local market for recycled products.
Details of the expected wastes arising from processes and activities at the operational
SULB site are given in , and
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Table 9.2

Estimated Types & Volumes of Wastes Expected from DR Plant

Source of
Wastes

Composition

Category

Quantity

Iron Oxide
sludge

DR Plant
Clarifier

Iron Oxide

Non
hazardous

35,000 t/yr

Iron Oxide
sludge

DR WWTP

Iron Oxide

Non
Hazardous

25,970 t/y

Iron Oxide
sludge

Reverse
Osmosis
Plant

Iron Oxide

Non
Hazardous

1,600 t/y

Refractory

DR Reactor

Al2O3, SiO2

Non
Hazardous

180 t/y

Non
Hazardous

<330,000
m3/y

Plant Irrigation

100 l/y

Approved
Recycling
Vendor

Description

Blow Down
Water

Oil and
Grease
Table 9.3

Clarifier/
Thickener

Compressors
and Pumps

Water with
dissolved
minerals (e.g.
Ca, Mg)

Oil and grease

Potentially
Hazardous

Disposal
Method
Recycled back
into Pelletizing
Plant
Recycled back
into Pelletizing
Plant
Recycled back
into Pelletizing
Plant

Approved landfill

Estimated Types & Volumes of Wastes Expected from Meltshop

Description

Sludge
Electric Arc
Furnace Slag

Ladle Furnace
Slag

Furnaces/Ladle
Furnaces/Material
Handling Dust

Casters scale

Source of
Wastes

Composition

Category

Quantity

Direct cooling
systems

Oil, grease,
and iron scale

Dependant
on oil
content

15 tpy

Electric Arc
Furnace process

FeO, CaO,
SiO2, MgO,
Al2O3, MnO

Non
hazardous

190,000
tpy

Ladle furnace
processes

FeO, CaO,
SiO2, MgO,
Al2O3, MnO

Non
Hazardous

18,000
tpy

FeO, MnO,
CaO, Zn

Potentially
Hazardous

23,000
tpy

Mix of iron
oxide

Non
Hazardous

4,000 tpy

Dedusting
systems stack

Direct cooling
system of
casters

Disposal
Method
Recycle
at the
Pelletizing
plant
Approved
Recycling
Vendor
(Steel Mill
Services)
Approved
Recycling
Vendor
(Steel Mill
Services)
Recycled
at
Pelletizing
plant
Recycled
at
Pelletizing
plant
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Source of
Wastes
Wrecking of
remaining
refractory of
furnaces/
ladles/tundishes

Description

Refractory

Composition

Category

Quantity

CaO, MgO,
Al2O3, C

Non
Hazardous

8,800 tpy

Disposal
Method
Approved
Recycling
Vendor
(Steel Mill
Services)

Slag material will be transported to a nearby facility, where the metallic content of the
slag will be separated by magnetic drum and recycled back to the EAF process as
metallic charge. The non-metallic fraction, being non-hazardous will be sold for land
reclamation or road construction.
Table 9.4

Estimated Types & Volumes of Wastes Expected from Rolling Mills

Description

Source of Wastes

Composition

Category

Quantity

Sludge

Direct cooling
system

Oil, grease
and iron oxide

Dependant
on oil
content

30tpy

Rolling mill
scale

Direct cooling
system

Mix of iron
oxides

Non
Hazardous

12,000 tpy

Disposal
Method
Recycle in
the
Pelletizing
plant
Recycle in
the
Pelletizing
plant

It is important to note that the quantity of waste indicated for the Meltshop and Rolling
Mills are for the ultimate steel complex capacity which will be developed over 2 phases.
Quantities of waste anticipated for the Meltshop and Rolling Mills within Phase 1 will be
approximately half.
Non-Hazardous Waste
As typical for a manufacturing facility, a number of non-hazardous wastes will be
generated during operation. Potentially recyclable items include paper, plastic, and
toner cartridges.
Impact Box 9-2 Non-Hazardous Recyclable Wastes
Description of Impact
Increase in recyclable waste generated, which includes
the following: non-hazardous office waste (including
canteen waste), wood packaging waste, paper and
plastics, and used oil which can all be recycled.
Receptor(s)
Natural resources and Askar landfill site.
Investigation
Desk-based
Features of Impact
National, long-term, high sensitivity of receptor,
cumulative, can be minimized with awareness
Significance of Impact
Minor Adverse
Mitigation advice
• Provide adequate labelled storage containers for the
types of wastes generated; and
• Investigate possible alternatives to sending waste to the
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Impact Box 9-2 Non-Hazardous Recyclable Wastes
landfill such as composting food waste,
• Encourage employees to recycle office paper; and
• Implement pollution prevention strategies when buying
office products such as paper with a recycled content,
buying recycled toner cartridges, and replacing paper
towels with reusable towels.
Residual Impact
Minor Adverse

An impact of minor adverse significance is anticipated due to the increase in the
amount of waste generated which must be sent to Askar landfill for disposal. If recycling
of most offices waste and composting of most waste is implemented, then an impact of
minor adverse significance will remain as not all office and food waste can be
recycled/composted.
Impact Box 9-3 Non-Hazardous Non-Recyclable Wastes
Description of Impact
Increase in non-recyclable waste generated
Receptor(s)
Natural resources and Askar landfill site.
Investigation
Desk-based
National, long-term, high sensitivity of receptor,
Features of Impact
cumulative, can be minimised with awareness
Significance of Impact
Moderate Adverse
Investigate possible alternatives to sending waste to the
Mitigation advice
landfill
Residual Impact
Minor Adverse

A moderate adverse impact significance is expected due to the increase in amounts of
waste generated. However, the impact will be minimised if the waste is re-used or
recycled.
Mitigation Box 9-2 Minimising Impacts of Non-Hazardous Waste

• Develop and implement a waste minimisation plan which encourages the 3R’s:
Reduce, Reuse, and Recycle
• Provide special bins for recyclable materials and train staff on their use
• Encourage the use of recycled office products; and
• Give responsibility of waste management to a single management person; one

responsibility would be to ensure that the waste is transported to the correct
locations by licensed and approved transporters (SULB has committed to employing
an environmental manager).
Hazardous Waste
Bahrain has promulgated hazardous waste regulations,
characterization, transport, and disposal of hazardous waste.

which mandate

the
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Impact Box 9-4 Hazardous Waste
Description of Impact
Operation of the SULB development could result in the
generation of hazardous wastes such as:
• Waste oils and greases
• Used fluorescent light tubes, metal halide lights, and HID
lights; and
• Potentially used solvents, depending on solvent type.
Receptor(s)
Hafeera hazardous landfill site (if disposal accepted)
Investigation
Desk-based
Features of Impact
National, long-term, high sensitivity of receptor, cumulative, can
be minimised
Significance of Impact Moderate Adverse
Mitigation Advice
• Waste management plan should be developed and
implemented to manage hazardous waste
• Ensure hazardous waste is properly stored in appropriate
containers that are labelled according to Bahraini regulations;
and
• Use only approved licensed waste transporters
Residual Impact
Minor Adverse

The production of hazardous waste will have an impact of moderate adverse
significance, as products such as fluorescent lights and batteries can contain heavy
metals such as mercury, nickel, and cadmium, and wastes such as waste oils and
greases can have a significant impact on the environment if released. However with the
potential exception of waste oils and greases, the operation of the SULB development is
not anticipated to produce large volumes of such materials.
Hazardous wastes must be stored separately from general non-hazardous waste as
these waste streams must be disposed of separately either via Hafeera hazardous
landfill or suitable recycling, rather than at the Askar domestic landfill.
Mitigation Box 9-3 Minimising Impacts from Hazardous Waste

• Store the used fluorescent light tubes whole and in enclosed metal bins to minimize
personnel exposure to mercury vapour
• Ensure each hazardous waste type is accumulated in separate containers which are
compatible with the waste types stored99
• Each container must be properly labelled according to the UN protocol
• Hazardous waste storage areas must be designed to meet Bahraini standards100
• Provide proper disposal methods for each waste stream; and
• Use only approved licensed carriers to transport the waste
• Prevent damage and loss of material during unloading through supervision

99

The United Nations Model Regulations for the Transport of Dangerous Goods
Resolution No.4 of the Year 2006 with Respect to the Management of Hazardous
Chemicals

100
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Mitigation Box 9-3 Minimising Impacts from Hazardous Waste

• Only accept deliveries with correct specifications and quantities
• In line with ‘duty of care’ protocol, maintain a record of waste leaving the site
(descriptions and volume)
• The waste carrier must be authorised to carry the type of waste for disposal
• Undertake a small number of ‘spot checks’ on the waste carriers to ensure
hazardous materials are taken to Hafeera and non-hazardous waste to the Askar
landfill site
• In terms of storage:
- Segregate different types of waste as they are generated

- Mark waste containers clearly with their intended contents – consider colour
coding
- Use containers suitable for their contents – check their condition
- Minimise the risk of accidental spillage or leaks – containers with hazardous
substances in them should be placed in impervious bunded areas; and
- Ensure that wastes cannot be blown or washed away – containers must be

securely covered.
9.5.2

Assessment of Residual Effects
Following the implementation of the above, there will be a residual impact of minor
adverse significance as the generation of waste cannot be avoided, but the impact can
be minimised through appropriate management.

9.6

Decommissioning Impacts, Mitigation and Residual Effects

9.6.1

Management of Decommissioning Waste
Action taken at the time of plant closure to ensure the security of a site over the short
and long term may range from the provision of security fencing (the site will be fenced)
or other measures to prevent unauthorised access (site security will be 24 hrs over 365
days), to the systematic shutdown and clearance of the site. This may involve the
emptying of pipework and vessels, the controlled removal of unused stock, the disposal
of wastes and the decontamination of buildings and structures. Depending on the
intended use of the site and the timescales involved, dismantling of plant and the
demolition of buildings may then follow.
Three distinct types of activity can be identified and defined:
•

Decommissioning - refers to bulk removal activities taking place immediately
on the closure of an active site, usually for safety reasons. Decommissioning
should allow the site to be safely placed under minimum supervision.
Decommissioning measures may include the controlled removal of volatile fuels
or solvents, the clearing of tanks and associated pipe work, safe disconnection
of services where appropriate, general ‘housekeeping’ measures in buildings
and store rooms, removal of experimental materials and securing the site and
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buildings from unauthorised access. The controlled removal and disposal, or
treatment, of accessible packaged and drummed wastes or reagents and, at
least, temporary stabilisation if not treatment of any bulk solid and liquid wastes
should also be carried out at this stage.
•

Decontamination - refers to the treatment of structures or equipment
contaminated during the operation of the plant, or where hazardous substances
are part of the building or plant. Decontamination methods include surface
treatment, such as sealing and washing, as well as treatment of the building
fabric. Decontamination may be carried out:
o immediately on completion of decommissioning;
o prior to demolition;
o as part of a refurbishment programme in those cases where the site
buildings are to be re-used; or
o during major building maintenance programmes

•

Demolition - refers to the physical process of dismantling and disposing of built
structures, including buildings, framed structures and process plant, usually in
preparation for a new use of the site

Potentially hazardous materials may remain on a site, often for indefinite periods
following the closure of active operations, posing risks to both human health and the
environment. Both short and long-term hazards may exist due to the presence of toxic,
flammable and explosive gases; biological agents; and a wide variety of solid, liquid and
gaseous residues derived from manufacturing, processing, maintenance and other
operations.
Contaminants may migrate from the site and present a hazard:
• following physical deterioration or failure of structural components, or
unintentional or unauthorised disturbance;
• during demolition; or,
• by natural processes, such as leaching or wind action as a result of fires or other
accidents.
Demolition in the absence of adequate decommissioning and decontamination has
significant potential for the release of hazardous substances as well as ongoing hazards
through the distribution and use of contaminated demolition products.
When demolition residues are recovered for re-use, it is important to take appropriate
decontamination precautions to ensure that they do not pose a public health or
environmental hazard at some later stage, for example, during processing (e.g. crushing
and grading), during transport from the site, during incorporation into a new built
development or on scrap merchants’ premises.
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Impact Box 9-5 Inappropriate Management of Decommissioning Waste
Description of Impact
The decommissioning of the SULB development could result in
the generation of hazardous and non hazardous wastes which if
not managed properly have the potential to pose public health or
environmental hazard
Receptor(s)
Human health, soil and groundwater, waste management
infrastructure (landfill space)
Investigation
Desk-based
Features of Impact
National, long-term, high sensitivity of receptor, cumulative, can
be minimised
Significance of Impact Moderate Adverse
Mitigation Advice
• An overall Decommissioning Plan would need to be prepared
for the whole SULB project, this would be a live document
which would be reviewed and updated over the lifetime of the
project
• Ensure hazardous waste is properly stored in appropriate
containers that are labelled according to Bahraini regulations;
and
• Use only approved licensed waste transporters
Residual Impact
Minor Adverse

Given the scale of the project the significance of the potential impact from
decommissioning waste is considered to be moderate adverse if appropriate
management is not undertaken. Current building practices preclude the use of
deleterious materials such as asbestos; therefore demolition residues of the building
fabric are unlikely to be hazardous. However process residues and any remaining
chemicals will need to be dealt with appropriately if they are not to cause contamination.
Mitigation Box 9-4 Minimising Contamination Potential During Decommissioning
Activities

An overall Decommissioning Plan would need to be prepared for the whole SULB
project, this would be a live document which would be reviewed and updated over the
lifetime of the project.
Typical considerations for a decommissioning plan would include:
•
•
•
•
•
•

Either the removal or the flushing out of pipelines and vessels where appropriate
and their complete emptying of any potentially harmful contents;
Records and plans of all underground pipes and vessels;
The method of ensuring that any on-site waste disposal landfill areas can meet
statutory closure requirements;
The removal of asbestos or other potentially harmful materials unless agreed that
it is reasonable to leave such liabilities to future owners; and
Methods of dismantling buildings and other structures, including consideration of
the protection of soil and groundwater at the site;
Site testing of the soil to ascertain the degree of any pollution caused by the
activities and the need for any remediation to return the site to a satisfactory
state.
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9.6.2

Assessment of Residual Effects
With the implementation of the above mitigation, there will be a residual impact of minor
adverse significance as the generation of waste cannot be avoided, but the impact can
be minimised through appropriate management.
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10

RESOURCE USE (INCLUDING UTILITIES AND OTHER RAW MATERIALS)

10.1

Introduction
This chapter describes the anticipated resource use of the SULB development through
its construction, operation and decommissioning phases. The resource use of SULB
includes services and utilities (e.g. power, water and water treatment) as well as other
raw materials (including chemicals and fuel). Consideration is given to the potential
impacts of the development’s resource use and an evaluation of the significance of
these impacts is undertaken through a process comprising consultation, literature review
and desktop study.

10.2

Assessment Methodology

10.2.1

Relevant Legislation, Guidance and Best Practice
The assessment of the SULB development’s resource use including utilities and other
raw materials and the evaluation of its significance have been made with reference to
the following Bahraini, UK and international legislation, guidance and good practice.
Bahraini
• Resolution No. 3 of 2006 with respect to the Management of Hazardous
Materials.
• Resolution No.4 of the Year 2006 with Respect to the Management of
Hazardous Chemicals.
• Ministerial Order No. (7) of 2002 with respect to Restricted and Strongly
Prohibited Chemicals
• Ministerial Order No. (1) of 1999 with Respect to Control of Ozone Layer
Depleting Substances.
UK
•

UK’s Energy Efficiency Action Plan which brings together current and planned
policies and measures to improve energy efficiency and meet the energy saving
targets under the Energy End-Use Efficiency and Energy Services Directive

International
• The (International Organisation for Standardization) ISO 14000 series environmental management standards
• European Union’s Energy End Use Efficiency and Energy Services Directive
• International Taskforce for Sustainable Products which aims at improving
international cooperation to encourage more sustainable products through better
product performance information and standards.
10.2.2

Data Sources
Information regarding the anticipated resource use of the operation of the SULB
development (including utilities and raw materials) was provided by SULB management
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within the screening document (EA-2)107 . Identification of resources required during the
construction of the development is based on experience from similar projects.
10.2.3

Consultation
As part of the consultation process, a number of stakeholders were consulted with in
relation to the aspect of resource use (specifically utilities).
•

•

10.2.4

The Electricity and Water Authority, (EWA) Industrial Security and Safety
Directorate - which specified the following within their consultation reply;
o

Requirements for application for a large supply such as that to SULB be
made a minimum of 2 years in advance to ensure it can be incorporated
in the EWA network development plans. It should be noted that the
Memorandum of Understanding (MoU) for the supply of electricity was
signed with the EWA in January 2008.

o

Requirements and specification for the construction of a dedicated sub
station and associated circuits. It should be noted that the design of the
substation is being performed by ESBI a consultant approved by EWA.

o

Requirements to highlight any peculiarities of the process such as
sudden load swings or harmonic generation to avoid any negative
impacts on the EWA system network. These requirements have been
highlighted within the scope of supply.

o

Requirements for industries which have a requirement of large quantities
of water for their internal process must make their own arrangement in
the form of desalination units. The requirements agreed for EWA to
supply 10,200 m3 /d of water for make up purposes will be supplemented
by using seawater in the non-contact cooling system.

o

Concerns and the seeking of assurances with regard to potential air and
water emissions from the development and potential impacts on their
nearby generating stations (Sitra Power and Water Station and Hidd
Power and Water Station). It should be noted that the concerns
regarding air and water emissions of the development are addressed
within this EER.

Sanitary Engineering Operations and Maintenance Directorate (Ministry of
Works) which specified no objection for the disposal of effluent / sewage to the
municipal sewage network provided it meets Trade Effluent Discharge
Standards.

Significance criteria
The following characteristics have been used to attribute significance to potential
impacts from resource use of the proposed development:

107

SULB Steel Complex Data Form EA-2 Environmental Screening of Industrial Projects
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Table 10.1

Criteria for Impact Significance of Resource Use

Impact Significance

Major Adverse

Moderate Adverse

Minor Adverse

Impact Characteristic

A large utility supply is required relative to availability, and /or
intensive use of municipal infrastructure and / or high
consumption of resource intensive raw materials is anticipated
across all stages of the development
A moderate utility supply is required and / or a moderate use of
municipal infrastructure and / or moderate consumption of
resource intensive materials (or high consumption for a limited
period during development)
A small utility supply is required and / or minor use of
municipal infrastructure and / or low consumption of resource
intensive materials

10.3

Baseline Conditions and Sensitivity

10.3.1

General Energy Consumption
Current electricity generating capacity in Bahrain is about 2,800 MW. This is delivered
from 4 power stations – Sitra and Rifa’a (which are owned and operated by EWA and
have a joint capacity of about 825 MW), Hidd Power Station, which is privately owned
and has a capacity of about 1,000MW, and Al Ezzel Power Station, which is also private
and has a capacity of about 950MW. In addition, EWA buys power from ALBA
aluminium plant (about 135 MW in 2009). Peak load in August 2009 was 2,438 MW, so
currently Bahrain generating capacity is about 120% of demand. Electricity consumption
in Bahrain increased from 1,216MW in 1999 to 2,314MW in 2008 – a CAGR of 7.4%.
For planning purposes, EWA is forecasting an annual increase of 8% - although it was
12% between 2006 and 2007, and 10% between 2005 and 2006. The Addur Power
Station is coming on stream by 2011, which will add 1,200MW capacity, making a total
of 4,000MW. Phase 2 is planned, but at this stage its completion date is unknown. By
2012, underlying consumption maybe in the order of 3,100MW and SULB will require
about 250 MW for its phase 1, and there is in addition the AMA mini-mill planned for the
Hidd Industrial Area (requiring about 100MW) and a major offshore property
development (requiring about 315 MW). If all these projects move forward, by 2012
Bahrain will once again be close to balance between generating capacity and
consumption108.
The signature of the MoU for the supply of power to the SULB Project is a strong
indication that despite this scenario, EWA is confident to be able to supply the
requirements of the different organizations and public.

108

Atkins Report to Sumitomo Bank (2009).
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10.3.2

Natural Gas
Bahrain has natural gas reserves of about 3.2 trillion cubic feet (Tcf), most of which is
associated gas from the Awali oil field. Bahrain produced 300 billion cubic feet (Bcf) of
natural gas in 2000, all of which was consumed locally109. Gas production and
processing are the responsibility of the majority state-owned Bahrain National Gas
Company (Banagas). Because of Bahrain's growing demand for fuel for electric power
generation, the country is expected to become a net natural gas importer in coming
years, with this in mind, the Government of Bahrain is progressing to develop long term
supply contracts with Iran and Qatar as well as opening new areas within the coastal
areas of Bahrain for prospecting for gas and oil.
The signature of the gas supply agreement with Bapco on the 9th July 2008 expresses
the relevant Authorities confidence that the situation is manageable.

10.3.3

Water Consumption
Consumption of water in Bahrain rose by 9,745 MIG (millions of imperial gallons) in
1980 to 43,181 MIG in 2008 – a CAGR of 5.5%. The consumption in 2008 is equivalent
to 53,000 cu.m/per day – so SULB’s maximum take adds only 2.8%. Water is produced
as a by-product by three power stations (Al-Hidd, Sitra, and ALBA) and by two reverse
osmosis plants (Ras Abu Jarjur and Addur). A small volume of ground water is also
extracted. In September 2009 production was about 139 MIG/day, of which 78% was
provided by the desalination plants, 14% by the RO Plants, and 8% from ground water.
According to EWA, installed capacity is 442 MIG/day or 146,000 MIG/pa (allowing 330
operational days per year). This is well in excess of current consumption.110
This supports the position that water supply is not an issue, particularly considering that
SULB’s main source of water as cooling media is sea water. In an extreme situation the
amount of intake sea water can always be increased.

10.3.4

Wastewater Treatment
The population of Bahrain in 2007 was around 1.05 million of which 88% is currently
served by wastewater treatment plants at different locations.
The nearest wastewater treatment plant to the site is the Hidd Wastewater Treatment
Plant and collects the municipal sewage from the Hidd Industrial Area. This plant is a
new state of the art facility providing tertiary treatment for incoming municipal sewage
and industrial effluent.

10.3.5

Other Raw Materials
Chemical usage is governed by Ministerial Order No. 7 of 2002 with Respect to
Restricted and Strongly Prohibited Chemicals. The Order contains a list of the chemicals
which are banned or restricted. The chemicals contained on the list pose potential
hazards to both human health and the environment, and usage of these chemicals
should be closely controlled.
109
110

Source US Energy Information Administration
Atkins Report to Sumitomo (2009).
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10.3.6

Sensitivity
Given the current trends of resource consumption within Bahrain, coupled with current
capacity, and existing impacts, the aspect of resource use, especially utilities within the
construction and operation of the SULB complex is considered relatively sensitive.

10.4

Construction Impacts, Mitigation and Residual Effects

10.4.1

Impacts during Construction on Existing Services and Utilities
Electricity
The area of the development has already been connected to the municipal electrical
supply through the GIIC Pelletizing Plant, so it is assumed that electricity will be supplied
via this route from an early date in the construction programme. Any electricity
requirements needed prior to connection to the municipal supply will be supplied by onsite diesel generators.
Water
Water use during the construction process will be supplied via the municipal supply
delivered to the GIIC Pelletizing Plant. Any water requirements needed prior to
connection to the municipal supply will be supplied by tankers.
Domestic Sewage and Wastewater
During construction, it is anticipated that domestic sewage will be collected on-site in
septic tanks, and that comfort stations will be provided for staff. Sewage production will
be linked to the numbers of staff working on the site. Current projections are that there
will be approximately 3,000 personnel working on-site during peak construction.
3,000 construction personnel working on-site will generate an estimated maximum
600m3/day of sewage and wastewater approximately and this will be transferred to the
Hidd WWTP. This figure may be larger than that expected during the construction of the
SULB development, especially if mitigation measures are incorporated into site work.
Impact Box 10-1 Impact on Existing National Sewerage System
Description of Impact Pumping of septic tanks and tankering of wastewater to the
national sewage and drainage system. The national system is
currently working at maximum or over capacity, however Hidd
WWTP is a new plant and has been designed to reduce the load
on existing WWTPs.
Receptor(s)
Hidd WWTP and the marine environment surrounding the WWTP
discharge point
Investigation
Desk based
Features of Impact
National, short term, medium to high sensitivity of receptor,
cumulative.
Significance of Impact Negligible
Mitigation Advice
• Minimise the volumes of sewage and waste water produced by
using urinals and low volume flush toilets;
Residual Impact
Negligible
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The building of the Hidd WWTP was in response to concerns regarding the previous
capacity of waste water treatment in Bahrain. Before the commissioning of the Hidd
WWTP, the combined impact of all these developments would have put strain on
wastewater treatment capacity, however with the additional capacity of the Hidd WWTP
impact from increasing sewage volume is not considered to be significant. Therefore the
impact on the existing national sewage system of sewage and wastewater generated
during the construction of the SULB Plant is assessed as negligible provided it meets
Trade Effluent Discharge Standards.
Mitigation Box 10-1 Reducing Sewage Volume

• It is expected that most of the workers and visitors to the site during construction will
be men. Utilising urinals rather than flushing toilets will reduce the volumes of
sewage generated as flushing urinals use smaller volumes of water. Some full toilets
will be required, but these should be limited; and
• Taps in the washing areas should shut off automatically rather than having twist taps
where water flows until manual shut off. Taps with nozzles are also useful to reduce
water flow.

10.4.2

Assessment of Residual Effects
If mitigation measures are implemented to reduce the sewage volume produced during
the construction phase of the development, the residual impact will be ensured as
negligible significance.

10.5

Operational Impacts, Mitigation and Residual Effects

10.5.1

Operational Impact on National Electricity Supplies
The electricity for the SULB plant is to be supplied by EWA with a power supply rating of
250 MW for Phase 1 and 350 MW for Phase 1 and 2.
Impact Box 10-2 Impact on National Electricity Supplies
Description of Impact
Use of energy resources for providing electricity to the facility
Receptor(s)
Natural resources
Investigation
Desk –based
Features of Impact
National, long-term, high sensitivity of receptor, cumulative
Significance of Impact Moderate adverse
Mitigation Advice
Use of energy conservation measures
Residual Impact
Minor to moderate

It is anticipated that an impact of moderate adverse significance will occur in order to
meet facility demands. As the facility is located in an industrial area with other large
electricity consumers, the plant will add strain on the existing energy supply network.
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Mitigation Box 10-2 Minimising Impacts on Electricity Supplies

• Implement an energy management program:
o Install demand control system in the 200kv Substation.
o Use energy efficient lighting, particularly in office areas;
o Use timer based switches and/or motion sensors for non-essential lighted areas
(such as office areas, certain areas of the plant);
o Do not maintain office areas at comfort temperatures during periods of nonoccupancy (such as weekends, evenings, and holidays);
o Allow computers to “sleep” while not being used; and
o Ensure equipment is properly maintained according to manufacturer’s
specifications in order to keep it operating at maximum efficiency: i.e. ensure air
compressor filters are included on routine preventive maintenance schedules to
prevent filter clogging which increases pressure drop and compression ratios.
• Operating, maintenance and housekeeping measures should be in place to minimise
energy use. The following activities should be considered:
o Air conditioning, process refrigeration and cooling systems (leaks, seals,
temperature control, evaporator/condenser maintenance)
o Operation of motors and drives
o Compressed gas systems (leaks, procedures for use); and
o Lubrication to avoid high friction losses
• Basic, low cost, physical techniques should be in place to avoid gross inefficiencies.
These should include insulation, containment methods (e.g. seals and self-closing
doors) and avoidance of unnecessary discharge of heated water or air (e.g. by fitting
simple control systems). Energy efficiency measures should consider heat recovery
from different parts of the processes:
o High efficiency dewatering techniques to minimise drying energy
o Good insulation
o Plant layout to reduce pumping distances
o Phase optimisation of electronic control motors
o Optimised efficiency measures for combustion plant (e.g. air/feed water
preheating, excess air etc.); and
• Ensure consumption of electrical energy is a key performance indicator within Plant
Manager’s annual appraisal, ensuring a high level commitment to energy efficiency
measures.

10.5.2

Assessment of Residual Effects
If energy conservation and management measures are implemented, the residual
impact should be of minor to moderate significance.
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10.5.3

Operational Impact on National Water Supplies
It is proposed that a percentage of the water for the SULB project will be supplied by the
EWA. The maximum water requirement from EWA for the plant will be approximately
10,200 m3/day,
Impact Box 10-3 Impact on Water Resources
Use of 10,200m3/day of water for industrial processes at the
Description of Impact
SULB development.
Receptor(s)
Water resources
Investigation
Desk-based.
Features of Impact
National, long-term, medium sensitivity of receptor, cumulative.
Significance of Impact Moderate Adverse
• Minimize volumes of water used in the process and for
sanitary use by design ; and
Mitigation Advice
• Implement water conservation and management measures,
and take any reasonable and effective water recycling
opportunities presented (e.g. grey water recycling).
Residual Impact
Minor Adverse

Based upon the projected water consumption, it is anticipated that an impact of
moderate adverse significance will occur on water resources. As is the case with
energy supplies, water resources are also scarce in Bahrain and being used at full
capacity. Conservation and management of water resources within the facility will be
paramount in working towards sustainability.
Mitigation Box 10.3 Minimising Impacts on Water Resources
• Efficient use of water, implementation of water conservation measures and water
management on-site
• Instigation of grey water recycling (already considered in the design);
• Check, report, and repair leaks quickly;
• Turn off water-using equipment when not in use;
• Turn off all flows during shutdowns unless flows are essential for cleanup – use
solenoid valves to stop the flow of water when production stops; and
• Adjust cooling water pump rates to the minimum required.

10.5.4

Assessment of Residual Effects
If mitigation measures are implemented, a residual impact of minor adverse
significance will remain for water resource consumption.

10.5.5

Operational Impact on Natural Gas Supplies
Natural gas will be supplied by Bapco’s Khuff gas wells via a trenched pipeline. The
average natural gas consumption is projected to be 55 Million Standard Cubic Feet per
Day (MMSCFD.)
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Impact Box 10-4 Impact on Natural Gas Supplies
Description of Impact
Consuming approximately 55 MMSCFD natural gas from
BAPCO Fields.
Receptor(s)
Scarce natural resource.
Investigation
Desk-based.
Features of Impact
National, long-term, high sensitivity of receptor, cumulative
Significance of Impact Major Adverse
Mitigation Advice
Implement energy efficiency and conservation measures.
Residual Impact
Major Adverse

Based on the projected consumption of natural gas to fire process equipment, it is
anticipated that an impact of major adverse significance will occur to natural gas levels
within Bahrain
Mitigation Box 10-3 Minimising Impacts on Natural Gas Resources

• Implement an energy management and conservation program:
o Install removable insulation on valves and fittings
o For furnaces, check the burner to air fuel ratios to achieve maximum efficiency
o Measure and manage ventilation in the plant; and
o Rework schedule of processing operations (e.g. lessen the frequency of mixed
and/or partial loads) to reduce delays and reheat requirements
• Implement gas consumption as a key performance indicator in the Plant Manager’s
annual appraisal.

10.5.6

Assessment of Residual Effects
Even if mitigation measures are implemented, it is considered that a residual impact of
major adverse significance will remain for natural gas resources.

10.5.7

Operational Impact on Sewage Treatment Facilities
It is anticipated that connections will be available to the public sewage system prior to
the SULB Plant becoming operational; therefore sewage will be pumped to the Hidd
Industrial WWTP.
Impact Box 10-5 Impact of Domestic Sewage Treatment & Disposal
Description of Impact
Treatment and disposal of domestic sewage.
Receptor(s)
Hidd WWTP.
Investigation
Desk-based
Features of Impact
National, long-term, medium to low sensitivity, cumulative
Significance of Impact Negligible
Minimise volumes of sewage and wastewater produced by using
Mitigation Advice
urinals and low volume flush toilets, etc.;
Residual Impact
Negligible.
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Based on an anticipated ultimate operational workforce of 900 personnel (485 in Phase
1) it is anticipated that an impact of negligible significance will occur to the public
sewage system, provided it meets Trade Effluent Discharge Standards.
Mitigation Box 10-4 Reducing Sewage Volumes

• It is expected that most of the workers and visitors will be men. Utilizing urinals rather
than flushing toilets will reduce the volumes of sewage generated as flushing urinals
use smaller volumes of water. Some full toilets will be required and the use of low flow
toilets is recommended.
• Taps in the washing areas should shut off automatically rather than having twist taps
where water flows until manually shut off. Taps with nozzles may reduce water flow.
• Maintenance of taps and toilets to avoid leaks

10.5.8

Assessment of Residual Effects
If measures to reduce sewage volumes are implemented, the residual impact should be
maintained as negligible significance.

10.5.9

Operational Impact of Chemical Usage
The steel making process itself and the operational maintenance of the SULB plant will
require the use of chemicals. These chemicals must be handled and stored properly to
prevent personnel exposure and spills.
Chemical usage is governed by Ministerial Order No. 7 of 2002 with Respect to
Restricted and Strongly Prohibited Chemicals. The Order contains a list of the chemicals
which are banned or restricted. The chemicals contained on the list pose potential
hazards to both human health and the environment, and usage of these chemicals
should be closely controlled. None of the chemicals anticipated for use in the
operation of the SULB Plant are contained on the list
Table 10.2

Chemical used within the DR Plant

Material

Consumption (T/y)

Iron Oxide
Lime
DR Plant Refractory

2,350,000 t/y
4,200 t/y
Replaced every 4-5
years; approximately
800 tons
28,270 t/y
40,000,000 Nm3/y

Oxygen
Nitrogen
Nalco 8539 Corrosion Inhibitor
(Methylene Phosphonic Acid)
Nalco 1392 Dispersant (Ethylene
Oxide + Propylene)
Nalco 7330 Biocide (5-chloro,2methyl, 4-isothiazolin, 3-one)

445 kg/yr
38,000 kg/yr
8,700 kg/yr

Source
(L – Local
I – International)
I
L/I
I

Produced on-site
Produced on-site
I
I
I

______________________________________________________________________________________
SULB Steel Complex
Environmental & Health Evaluation Report

Final
211

January 2010

Table 10.3

Material

Consumption (T/y)

Hydraulic Oil
Lubricating Oil
Grease

600 gal/yr
4,600 gal/yr
60 gal/yr

Chemical used within the Meltshop

Material

Consumption (T/y)

DRI
Lime
Dololime
Anthracite
Recarburizer
Aluminium
Ferro Silicon Manganese
Ferro Silicon LC
Ferro Silicon 75
Ferro Managanese LC
Ferro Vanadium
Ferro Niobium
Bauxite
Synthetic slag
Fluorspar
Graphite Electrodes
Oxygen
Nitrogen
Argon
Nalco 8539 Corrosion Inhibitor
Nalco 7330 Biocide
Nalco 1392 Dispersant
Hydraulic Fluid
Grease

1,750,000 t/y
82,000 t/y
26,000 t/y
27,500 t/y
6,700 t/y
1,700 t/y
8,550 t/y
15,000 t/y
6,000 t/y
15,000 t/y
500 t/y
500 t/y
5,130 t/y
3,500 t/y
2,700 t/y
3,600 t/y
70,000,000 Nm3/y
86,000 Nm3/y
344,000 Nm3/y
25 t/yr
210 t/yr
21 t/yr
65 gal/yr
40 kg/yr

Table 10.4

Source
(L – Local
I – International)
I
I
I

Source
(L – Local
I – International)
Produced on-site
I/L
I/L
I
I
L
I/L
I
I
I
I
I
I
I
I
I
Produced on-site
Produced on-site
L
I
I
I
I
I

Chemical used within the Rolling Plants

Material

Consumption (T/y)

Oil

45,000 t/y

Source
(L – Local
I – International)
L

Phase 2 of the development will require light diesel oil which will be supplied via trucks
by Bapco. The expected consumption of light diesel oil during the operation of Phase 2
of the development will be around 31,000 ton/year.
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Impact Box 10-6 Chemical Usage
Operation of the SULB Plant will require process raw materials,
Description of Impact
wastewater treatment chemicals, oils and greases and other
maintenance and cleaning chemicals
On-site personnel and surrounding soil, groundwater and surface
Receptor(s)
water
Investigation
Desk-based
Local, long-term, high sensitivity of receptor, cumulative, can be
Features of Impact
avoided
Significance of Impact Minor to Moderate Adverse depending on the chemical
The chemicals should be handled and stored according to the
Mitigation Advice
instructions contained in the Material Safety Data Sheet (MSDS)
Minor Adverse to Negligible depending on the chemical and
Residual Impact
exposure period

The use of chemicals can have a minor to moderate adverse significance, depending
upon which type of chemical is used. With the exception of oils and greases, the
proposed chemicals to be used within the SULB plant would not represent a particularly
significant pollution threat to the environment should they be accidentally released.
10.5.10

Assessment of Residual Effects
If the chemical handling instructions and requirements for personal protective equipment
(PPE) contained within the Material Safety Data Sheet (MSDS) are followed, the impact
can be avoided and will be negligible.

10.6

Decommissioning Impacts Mitigation and Residual Effects

10.6.1

Decommissioning Impacts on Resource Use
No significant adverse environmental effects on resource use are anticipated to occur as
a result of the potential decommissioning activities of the proposed SULB development.
However the potential closure of the plant would result in the conservation of water,
electricity and gas supplies previously utilised in the SULB operation. In this respect
decommissioning impacts on resource use can be considered to be a moderate to
major beneficial significance depending on the future background resource use at the
time of decommissioning (although it is noted that any need to replace the installation
with alternative steel manufacturing provision in Bahrain may require equivalent energy
and water consumption elsewhere).

______________________________________________________________________________________
SULB Steel Complex
Environmental & Health Evaluation Report

Final
213

January 2010

11

TRAFFIC AND TRANSPORT

11.1

Introduction
This chapter describes on the transportation related impacts of the development on the
local environment; this includes the impacts of the movement of personnel and freight by
road as well as the impacts of the movement of freight by sea.

11.2

Assessment Methodology

11.2.1

Relevant Legislation, Guidance and Best Practice
No specific Bahraini legislation exists in regard of the assessment of traffic impacts, and
the assessment of the potential transport related impacts of the SULB development and
the evaluation of significance have been made with reference to the following UK and
international legislation, guidance and good practice.
UK
•
•

The Transport Act 2000.
Planning Policy Guidance (PPG) 13 – Transport (Department of Communities
and Local Government 2001).

International
• World Bank Technical Paper No 376 – Roads and the Environment A Handbook
World Bank 1997.
• Highway Capacity Manual, Transportation Research Board 2000 (USA)
11.2.2

Data Sources
Information regarding the anticipated road traffic generated by the proposed
development was provided by SULB management within their report United Steel
Company (SULB) Integrated Steel Complex (SULB Project) Generated Road Traffic
Short Report August 2009 (Appendix G).
Information on the existing environment has also been derived from previous studies
carried out in the Hidd Area. Local Traffic counts were undertaken by PHE Gulf as part
of the Bahrain International Invest Park (BIIP) Air Quality Assessment in 2005.
In addition reference has also been made to a traffic study carried out on behalf of the
Ministry of Works Construction Projects Directorate for the new port and industrial area
at Hidd, Ministry of Works and Agriculture Construction Projects Directorate New Port
and Industrial Area at Hidd, Bahrain Traffic Study Report.

11.2.3

Consultation
As part of the consultation process, the Traffic Planning and Studies (TPS) Department
of the Roads Planning and Design Directorate (RPDD) of the Ministry of Works were
consulted for their view on the development in respect to potential road traffic
generation. The RPDD suggest and mandate according to the nature and size of the
project and specified the following in their consultation reply:
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•
•
•

•
•

(Provide) estimated traffic (both trucks and passenger vehicles) that would
be generated with the proposed development;
(Detail) whether any raw materials will be received by road apart from GIIC
or by Sea;
(Provide) estimations on what quantum of finished product (600,000 Tonnes
of Heavy Steel & 600,000 Tonnes of Light & Medium Steel Sections) that is
expected to be distributed by road within Bahrain and to rest of GCC states;
Hope that adequate warehousing facilities will be located inside the
complex; and,
Whether any TIA was carried out for this project?

Response to the consultation was provided by SULB management within their report
United Steel Company (SULB) Integrated Steel Complex (SULB Project) Generated
Road Traffic Short Report August 2009.
11.2.4

Significance Criteria
The following characteristics have been used to attribute significance to potential
impacts from traffic and transport generated by the proposed development;
Table 11.1

11.3

Criteria for Impact Significance of Traffic and Transport

Impact Significance

Impact Characteristic

Major Adverse

Significant congestion of road network over multiple intersections
or road segments on key access routes for a long term period
(over 3 years operational period). Significant decrease in Level
of Service (LOS)111 or similar measurement

Moderate Adverse

Moderate or intermittent congestion over the medium term (1 to
3 year construction period) affecting only a small number of road
sections.

Minor Adverse

Level of Service remains good with short term effects (less than
1 year) on single road sections in non key areas of the network

Baseline Conditions and Sensitivity
Access to the site, from the main traffic arterial routes serving Muharraq from Manama,
is by the Shaikh Khalifa Bin Salman Causeway from the North West and via ASRY
Avenue from the North. An extension of the Causeway is in the process of being
completed which will link to the new port to the Hidd Industrial Area (see Figure 11.1).

111

Level-of-service (LOS) is a measure-of-effectiveness by which traffic engineers
determine the quality of service on elements of transportation infrastructure used
predominantly within USA.
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Figure 11.1

Main Routes into Hidd Industrial Area

Shaikh Khalifa Bin
Salman
Causeway
New roadway to
ASRY Avenue

Port

New Port

SULB and GIIC Complex

Traffic counts were conducted by PHE Gulf in 2005 112 as 30 minute counts of light
(LGV) and heavy (HGV) vehicles between the hours of 7:40 am and 10:05 am on 7
September 2005. The counts were obtained on roads A, B, C, and D as shown in
Figure 11.2. Traffic data for roads E and F were provided by the Roads Directorate as
annual average daily traffic flow based on 24 hour counts in 15 minute intervals between
24 May 2005 to 1 June 2005, and 24 hour counts in hourly intervals between 8 May
2005 and 14 May 2005.
Figure 11.2

Hidd Road Traffic Diagram

112

Traffic counts were conducted by PHE Gulf as part of the BIIP Air Quality Assessment
(2005).
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These counts were doubled to provide hourly data and multiplied by 23.8 (the ratio of
vehicles during the same hour on annual average daily counts provided by the Roads
Directorate), to provide annual average daily traffic flow as shown in Table 11.2.
Table 11.2

Hidd Traffic Data 2005

Annual Average Daily Traffic Flow
LGV
HGV
1809
571
4935
2776
1809
571
1809
571
12,001
6182
1955
520

Road

A
B
C
D
E
F

With respect to the traffic study carried out on behalf of the Ministry of Works
Construction Projects Directorate for the new port and industrial area at Hidd, this study
evaluated the necessary level of infrastructure required to accommodate the proposed
Phase 1 and subsequent full development of the port and industrial area.
For the purposes of the study, traffic forecasts were undertaken, with the years 2011
and 2036 considered to best represent expected traffic conditions at Phase and full
development respectively.
The estimated traffic for Phase 1 (peak vehicles per hour) is shown below:
Port

Industrial Area

Passenger Cars
Buses
Trucks

320
12
150

Passenger Cars
Buses
Trucks

1317
115
308

Total

482

Total

1740

11.4

Construction Impacts Mitigation and Residual Effects

11.4.1

Impact of Construction Traffic on Local Road Network
During the construction phases of the complex, traffic will be generated by the
workforce, delivery vehicles and construction plant. The impact from construction traffic
will be minimised by the fact that implementation of the overall development will be
phased over several months (approximately 30).
Delivery vehicles will bring various materials to the site at each phase of the
development and the types of vehicles and material brought will be dependent on the
stage of the development.
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Additional construction activities will comprise the provision of utilities and services as
well as security features including lighting and fencing. In addition to the permanent
works, temporary works will also be required on site. This will include construction of
offices and workshops etc.
The staged nature of the construction work together with the provision of a significant
volume of construction materials via the adjacent new port facility will assist in mitigating
the volumes of traffic anticipated during construction as set out in the mitigation section
below.
Typically a civil engineering construction site of this nature might be expected to
generate around 50 HGV movements each way per day. Particular high activity
operations, such as concrete pours, might temporarily increase that and result in
localised hourly peak flows of perhaps 10 HGV per hour.
There will also be a requirement for a number of special loads for the large pieces of
process equipment, exceeding 44tonnes or 3 meters in width. Following consultation
with the relevant authorities, the transport of abnormal loads, which may lead to delays
and cause inconvenience to other road users, would be timed to minimise disruption.
Construction staff levels fluctuate dependent upon the activity being undertaken and the
density of construction operation on the site. In periods of high intensity the staffing
levels will be increased due to particular types of construction operations. Subcontractors for these types of operations can be obliged to manage the attendance of
their operatives to site and many construction companies already do this as best
practice. The construction journeys to work can therefore be influenced through travel
planning measures that might form part of a Construction Environmental Management
Plan.
Impact Box 11-1 Impact of Construction Traffic on Local Highways
Impact of increased traffic (trucks delivering concrete, cement,
asphalt, and other construction materials, and transporting away
Description of Impact
wastes, as well as buses for workers and personal vehicles) on
the road network.
Receptor(s)
Existing traffic flow/local road network.
Investigation
Desk study.
Features of Impact
Local, temporary, medium sensitivity.
Significance of Impact Moderate Adverse
• Reduce the volumes of construction traffic where possible;
• Utilise appropriate haul routes
Mitigation Advice
• Arrange for deliveries during off-peak
• Phasing of construction program.
• Adoption of a travel plan
Residual Impact
Minor Adverse

It is therefore considered that the construction traffic associated with the proposed
development could result in a short term moderate adverse impact from vehicle
movements.
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Mitigation Box 11-1 Reducing Construction traffic impact

• Reduce the volumes of construction traffic where possible;
• Use of new port facility to utilise haul routes with shorter distances and fewer sensitive
receptors
• Arrange for deliveries during off-peak periods (i.e. early morning between 6:30am –
8am, afternoon between 1pm – 2pm, and evening between 5pm-6pm), weekends, and
public holidays; and
• Phasing of construction program.
• Adoption of a travel plan detailed within Construction Environmental Management
Plan.

11.4.2

Assessment of Residual Effects
If measures to reduce construction traffic impact are implemented, the residual impact
should be maintained as minor significance.

11.5

Operational Impacts Mitigation and Residual Effects

11.5.1

Impacts from Operational Traffic on Local Road Network
Generated road traffic from the operation of the development will consist of the number
of vehicles (trucks, cars and buses) entering and leaving the SULB Site Area.
Truck Traffic
Estimated truck traffic is based on the following tables provided by SULB management
within their report United Steel Company (SULB) Integrated Steel Complex (SULB
Project) Generated Road Traffic Short Report August 2009.
Table 11.3

Destination of Steel Profiles

Country
Bahrain
Saudi Arabia
UAE
Kuwait
Qatar
Total
Table 11.4

Tons/Year
81,600
624,000
459,000
28,800
6,000
1,200,000

Remarks
By truck (100%)
By ship (80%), by truck (20%)
By ship (80%), by truck (20%)
By ship (100%)
By truck (100%)

Ultimate Yearly Volume of Materials and Products

Description
Steel Profiles
Billets
Scrap
Lime, Dolo-Lime
Refractories
Ferro Alloys

Other
Total

Tons/Year
1,200,000
500,000
137,500
54,000
24,300
36,000

60,000
2,012,800

Remarks
From Table 11.3 by ship (75%), by truck (25%)
To Kuwait by ship (100%)
By ship
From Saudi Arabia by truck
From Khalifa Port in containers by trucks
From: Saudi Arabia (50%), Bafa (20%), Al
Khalifa Port (30%)
From Khalifa Port by trucks
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Table 11.5

Truck Traffic113

Description
Outgoing
Traffic
Steel Profiles

Tons/Year

Trucks*/Year

Trucks/Day

304,200

16,010

304,200

16,010

54,000

2,842

24,300

1,279

Ferro Alloys

36,000

1,895

Other

60,000

3,158

Billets
Scrap
Total Outgoing
Incoming
Traffic
Lime,
DoloLime
Refractories

Total Incoming

Trucks/Hour

From
Table 11.4

From
Table 11.4
From
Table 11.4
From
Table 11.4
From
Table 11.4
From
Table 11.4

9,174

Grand Total
478,500
25,184
*Assuming maximum allowable load on truck is 19 tons

Remarks

76.3

3.2

Car Traffic
Estimated car traffic is based on the following tables provided by SULB management
within their report United Steel Company (SULB) Integrated Steel Complex (SULB
Project) Generated Road Traffic Short Report August 2009.
Table 11.6

Ultimate SULB Manpower Distribution

Shift
06:00-14:00
14:00-22:00
22:00-06:00
07:00-16:00*
*Staff

SULB Operatives
235
235
235
272

Subcontractors
140
140
140
160

Total
375
375
375
432

Approximately 5% of SULB Operatives, 30% of SULB Staff and 5% of Subcontractors
Staff are anticipated to be using Cars. The rest of the workforce are anticipated to be
using Buses. A Bus accommodates 40 Passengers.
Using the above information, the following vehicle numbers can be derived;
Cars/Day
Shift 06:00-14:00  235 x 0.05 = 12 (SULB Operatives)
113

Assuming 330 Operational Days per Year and 24 Operational Hours per Day
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Shift 14:00-22:00  235 x 0.05 = 12 (SULB Operatives)
Shift 22:00-06:00  235 x 0.05 = 12 (SULB Operatives)
Shift 07:00-16:00  272 x 0.30 = 82 (SULB Staff)
Shift 07:00-16:00  160 x 0.05 = 8 (Subcontractors’ Staff)  Total: 126 Cars/Day
Maximum Hourly Car Traffic
From above: 82 + 8 + 12 (For all practical purposes considering Overlap) = 102
Cars/Hour
Buses/Day
Shift 06:00-14:00  235 x 0.95 = 223  223/40 = 6 (SULB Operatives)
Shift 06:00-14:00  140 x 1.00 = 140  140/40 = 4 (Subcontractors’ Operatives)
Shift 14:00-22:00  235 x 0.95 = 223  223/40 = 6 (SULB Operatives)
Shift 14:00-22:00  140 x 1.00 = 140  140/40 = 4 (Subcontractors’ Operatives)
Shift 22:00-06:00  235 x 0.95 = 223  223/40 = 6 (SULB Operatives)
Shift 22:00-06:00  140 x 1.00 = 140  140/40 = 4 (Subcontractors’ Operatives)
Shift 07:00-16:00  272 x 0.70 = 190  190/40 = 5 (SULB Staff)
Shift 07:00-16:00  160 x 0.95 = 152  152/40 = 4 (Subcontractors’ Staff) Total:
39 Buses/Day
Maximum Hourly Traffic: 5 + 4 + (6 + 4) (Considering Overlap) = 19 Buses/Hour
A summary of this information is provided below:
Table 11.7

Estimated Generated Daily and Hourly Road Traffic during
114
Operations

Description

Daily Traffic

Trucks
Cars
Buses

77
126
39
242

Total

Maximum
Hourly Traffic
4
102
19
125

If the estimated generated traffic is compared with the previously collected traffic count
data, the significance of the potential traffic on the local road network can be
determined.

114

Figures have been rounded off to the closest digit.
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The Institution of Highways and Transportation “Guidance for Traffic Impact
Assessment” define the threshold for an impact to be considered as material as “where
traffic to and from the development will exceed 10% of the existing two-way traffic (or
5% in congested or other sensitive locations) or such other threshold as may have been
established by the highway (roads) or planning authority”.
Table 11.8

Percentage Increase on Daily Road Traffic based on 2005 Traffic Count
Data

Road (see Figure 11.2)

Annual Average Daily
Traffic Flow (total of
LGV and HGV)

Percentage increase
(%)

A
B
C (not applicable)
D
E
F

2380
7711
2380
18183
2475

10.2
3.1
10.2
1.3
9.7

Table 11.8 shows the percentage increase in traffic flow based on 2005 traffic count
data and assumes all additional flows use the identified roads.

What we can see from the table is that the most significant impacts (i.e. impact
considered material) will be on roads within the Hidd Industrial Area itself.
However it should be noted that to some extent the 2005 data does not accurately
represent current baseline conditions for road traffic within the Hidd Industrial Area given
the significant developments and ongoing construction in the intervening period (2005 to
present) as a result the percentage increase in traffic flow indicated in Table 11.8 is
most likely an overestimate.
Impact Box 11-2 Impact of Operational Traffic on Road Network
Impact of operational traffic and additional vehicles on road
Description of Impact
networks leading to the SULB complex.
Receptor(s)
Road networks leading to the SULB Complex
Investigation
Desk study.
Features of Impact
National, medium to high sensitivity of road networks, cumulative.
Significance of Impact Moderate Adverse
• Implementation of a traffic management strategy
• Increased use of Khalifa Port or onsite wharf for export and
Mitigation Advice
deliveries
Residual Impact

Minor Adverse

It is therefore considered that the operational traffic associated with the proposed
development could result in a moderate adverse impact from vehicle movements.

______________________________________________________________________________________
SULB Steel Complex
Environmental & Health Evaluation Report

Final
222

January 2010

Mitigation Box 11-2 Reducing Operational traffic impact

• Implementation of a traffic management strategy for timing and co-ordination of traffic
movements to and from the plant to coincide with off peak traffic timings; and
• Increased use of Khalifa Port or onsite wharf for export and deliveries to reduce use of
trucks.

11.5.2

Assessment of Residual Effects
If measures to reduce operational traffic impact are implemented, the residual impact
should be maintained as minor significance.

11.5.3

Impacts from Operational Marine Traffic on Local Navigation
Due to the continuous “production-export-import” scheme, which generates extensive
daily loading-unloading operations coupled with considerable ship traffic, the SULB
Project requires dedicated Wharf Facilities to be constructed in the south shore of the
Project Area, which is planned to be erected as part of the 2nd Phase of the project
where transport requirements increase.
As part of the initial plot application for the development (including the wharf facilities)
SULB applied to the Industrial Areas Directorate (IAD) for a no objection agreement.
As part of this application process SULB commissioned a feasibility study of the wharf
(see Appendix H) addressing the navigational, operational, hydrodynamic and
structural issues surrounding the proposed wharf facilities. The conclusions of the report
considered the wharf to be feasible with respect to the issues assessed and following
the receipt of a no objection letter from the Industrial Areas Directorate (IAD) and
General Organization of Sea Ports (GOP), no impacts are considered to occur from
SULB operational marine traffic on local navigation.

11.6

Decommissioning Impacts Mitigation and Residual Effects

11.6.1

Impact of Decommissioning Traffic on Local Road Network
During the decommissioning phases of the complex, traffic will be generated by the
workforce and by the export of the recycled and waste materials anticipated to be
generated by the decommissioning process. No details of any proposed
decommissioning is available at present; however the characteristics of
decommissioning impacts on the road network are expected to be similar to construction
impacts, specifically in terms of being local and temporary.
Impact Box 11-3 Impact of Decommissioning Traffic on Local Highways
Impact of increased traffic (generated by the workforce and by
the export of the recycled and waste materials anticipated to be
Description of Impact
generated by the decommissioning process) on the road
network.
Receptor(s)
Existing traffic flow/local road network.
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Impact Box 11-3 Impact of Decommissioning Traffic on Local Highways
Investigation
Desk study.
Features of Impact
Local, temporary, medium sensitivity.
Significance of Impact Moderate Adverse
• Reduce the volumes of decommissioning traffic where possible;
Mitigation Advice
• Utilise appropriate haul routes
• Phasing of decommissioning program.
Residual Impact
Minor Adverse

It is therefore considered that the traffic associated with the potential decommissioning
of the development could result in a short term moderate adverse impact from vehicle
movements.
11.6.2

Assessment of Residual Effects
If measures to reduce construction traffic impact are implemented, the residual impact
should be maintained as minor significance.
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12

SOILS AND GROUNDWATER

12.1

Introduction
This chapter describes the soil and groundwater conditions of the development site and
assesses the potential direct and indirect impacts of the proposed SULB integrated steel
works with respect to soil and groundwater resources.
Potential impacts arising from the construction, operation and decommissioning of the
integrated steel mill and associated processes are identified and assessed, taking
account of specific elements of the environmental baseline such as; site geology,
presence of water bodies, presence of aquifers, present land quality, the sensitivity of
relevant features and the likely magnitude of effects. Where potentially significant effects
are predicted, appropriate mitigation actions are proposed. Good practice during
construction, operational and decommissioning phases is also outlined in order to
minimise any effects further.

12.2

Assessment Methodology

12.2.1

Relevant Legislation, Guidance and Best Practice
There is currently no Bahrain legislation specifically covering the protection of soil and
groundwater. Therefore the assessment of impacts to soil and groundwater has been
made with reference to the following UK and international legislation, guidance and good
practice;
UK
•
•
•
•
•

Environment Protection Act (1990)
Environment Agency Pollution Prevention Guidance (PPG) and codes of good
practice
Construction (Design and Management) Regulations 2007
Control of Pollution from Construction Sites C532 (Construction Industry
Research and Information Association (CIRIA) 2001)
Environmental Good Practices – Working on Site C503 (CIRIA 2000)

Europe
• European Directive on Groundwater (80/68/EEC)
USA
•
•

The Pollution Prevention Act (PPA) 1990
Comprehensive Response, Compensation and Liability Act (CERCLA or
Superfund) 1980
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12.2.2

Data Sources
A geotechnical investigation of the site was undertaken between 26th September and
25th December 2008 with the final report 115 issued on 25th March 2009.
The object of the investigation was to obtain information on the ground and groundwater
conditions relating to the design of the proposed development. The scope of works
comprised the drilling of twenty-two boreholes to depths of between 20 – 32m using a
combination of cable tool percussion boring and rotary core drilling methods.
Thirteen boreholes were drilled using a cable tool percussion technique to reach depths
of between 20 and 25m. Nine boreholes were initially drilled using cable tool percussion
and were subsequently extended into the underlying bedrock using diamond drilling
techniques to reach depths of between 20 and 25m with the exception of a single
borehole that was extended to 32m.

12.2.3

Consultation
As part of the consultation process, the Water Resources Directorate (WRD) within the
Ministry of Municipalities and Agriculture Affairs (MoMA) of the Kingdom of Bahrain was
consulted for their views on the SULB development.

12.2.4

Significance Criteria
The following characteristics have been used to attribute significance to potential
impacts soil and groundwater from the proposed development (Table 14.1);
Table 12.1

Criteria for Impact Significance to Soil and Groundwater

Impact Significance

Impact Characteristic

Major Adverse

Extensive contamination of soil and groundwater by toxic,
persistent contaminant within a sensitive environment.
Potential risk to; human health, water systems and other
ecosystem components. Potentially large clean up costs

Moderate Adverse
Minor Adverse

Discrete contamination of soil and
contaminants with a moderate toxicity.

groundwater

by

Minor spills of low toxicity and non-persistent contaminants

12.3

Baseline Conditions and Sensitivity

12.3.1

Geology
The Kingdom of Bahrain is occupied by Tertiary sediments, which are gently folded on a
regional scale into elongate domes or periclines of near north-south trend. Bahrain
Island is dominated by one such dome, developed principally in carbonate sediments of

115

Final Report on Geotechnical Site Investigation Sulb DR Plant Project at Hidd, Kingdom
of Bahrain – Report No G/2493 (Al Hoty Analytical Services March 2009)
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Cretaceous-Tertiary age, which dip gently outwards. The Bahrain dome is elongate
(about 30 km x 30 km) and with slight asymmetry.
The geological sequence is composed of three main formations (see Figure 14.1):
•

Damman Formation, which consists of fossiliferous dolomitized limestone,
dolomitic marl, and dolomitic limestone, has two forms, known as Alat limestone
and Khobar dolomite, from the Middle Eocene

•

Rus Formation of the Lower Eocene consists of chalky dolomitic limestone,
shale, gypsum, and anhydrite

•

Umm er-Radhuma Formation of the Palaeocene is composed of dolomitic
limestone and calcarenite with some argillaceous and bituminous facies, which
is underlain by shales, marls, and argillaceous limestone of the upper Arma
formation of the Cretaceous

Table 14.2 highlights the geological sequence and aquifer characteristics in Bahrain.
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Figure 12.1

116

Schematic Geological Profile of Bahrain and the Arabian Peninsula116

Source: Birch and Al Arrayedh (1985)
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Table 12.2
ERA

Geological Sequence and Aquifer Characteristics

PERIOD

FORMATION

MEMBER

APPROXIMATE

LITHOLOGY

THICKNESS (m)
5

Recent

SIGNIFICANCE
Aeolian sand,bioclastic

Superficial

HYDROGEOLOGICAL

Unsaturated.

limestone, beach

QUANTERNARY

deposits

Pleistocene

Superficial

10

Sand, sabkha deposits

Unsaturated.

33

Dolomitic bioclasic

Forms cap to Jabal Dukhan.

Jabal Cap

limestone, algal coral
breccia

OligoceneMiocene

10-66
Neogene

Marl with subordinate

Confines Dammam aquifers.

sandy limestone

Basal limestone forms part of
the 'A' aquifer.

Alat

15-25

Limestone

Fossilifeous dolomitised

Main 'A' aquifer. Formerly

limestone

sustained small artesian flows.
Low productivity. Used in NE
and W coast.

Orange Marl 19-15

Khobar
Damman

TERTIARY

30-39

Orange-brown dolomitic

Confines Aquifer B when

marl

present

Dolomitic limestone

Main 'B' aquifer, usually

Dolomite

confined. Highly permeable in
top 5-10m. Main source of

Eocene

freshwater.
Khobar Marl Discontinuous

Marl and shale

Alveolina

c. 10

Friable brown dolormite

8-20

Shale with silty dolomitic

Forms part of the 'B' aquitard.

Limestone
Sharks
Tooth Shale

Aquitard

limestone
60-150

Rus

Chalky dolomitic

Part of 'C' aquifer. Aquitard if

limestone, shale, gypsum

evaporites present.

and anhydrite
115-350

Paleocene

MESOZOIC

Cretaceous

Dolomitic limestone and

'C' aquifer in upper UER and

Umm Er

calcarenite, often

Rus. Salinity stratified. Lower

Radhuma

argillaceous and

UER saline with low

bituminous

permeability.

Mainly shale in the upper

Aruma shales form hydraulic

part, limestone

base to Umm Er Radhuma.

Aruma

c. 400

predominates below

With respect to the site itself, following the completion of the geotechnical investigation,
ground conditions encountered were reported as follows:
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12.3.2

•

Shallow SAND – All boreholes encountered a surface stratum of shallow sand.
The shallow sand layer was generally loose to medium dense, occasionally very
loose and silty. The sand comprised of fine to coarse grained carbonate and
siliceous sand with gravel fragments, shells and shell fragments. Thicknesses of
this stratum varied from 1.0m to 14.0m with the majority of boreholes containing
approximately 5.0m thick.

•

SILT – Below the upper sand layer, the majority of boreholes encountered silt
layers. The silt layers were generally very soft to soft, slightly clayey to clayey,
occasionally firm to very stiff and with fragmented shells. The thickness of the
silt layer varied from not observed to 4.5m thick.

•

CALCERENITE (CARBONATE SANDSTONE) “CAPROCK” – All the boreholes
encountered “caprock” type layers which was very weak, shelly and vuggy (with
small voids or microcavities). Caprock layers were encountered between 5.0 –
8.0m below ground level and again between 13.5 – 17.5m below ground level.

•

Deeper SAND – A deeper sand layer was encountered in the majority of
boreholes. In general the deeper sand was characterised as being mostly
medium dense to dense and containing variable amounts of silt, gravel and/or
shell debris.

•

CALCISILTITE (CARBONATE SILTSTONE) – In the majority of boreholes the
calcisiltite (carbonate siltstone) commenced directly beneath the deeper sand
stratum. The calcisltite was proved in all boreholes and most of the boreholes
were terminated in this stratum, at depths ranging from 19.95m to 25.0m.

•

CALCILUTITE (CARBONATE MUDSTONE) – One borehole encountered
calcilutite at a depth of 23.85m below ground level and was proved to borehole
completion depth of 25.0m. A second borehole encountered calcilutite at a
depth of 28.0m below ground level and was proved to borehole completion
depth of 32.0m

•

LIMESTONE - One borehole encountered calcilutite at a depth of 20.0m below
ground level and was proved to borehole completion depth of 25.0m

Hydrogeology
Historically, Bahrain has utilized groundwater for both agriculture and municipal
requirements. Natural fresh-water springs used to flow freely in the northern part of
Bahrain, but, with increased demand, spring flow has decreased and pumped boreholes
became the normal means of obtaining water. Before 1925, the water supply depended
on free flowing springs and some hand-dug wells. With increased water demand after
the exploration of offshore reservoirs of crude oil and gas in 1946, spring flow decreased
and pumped boreholes became the normal means of procuring water. During the 1980s,
most of the springs ceased flowing, and further increase in water demand has caused
deterioration in water quality, including the intrusion of seawater into the aquifer system.
Given this context, protection of existing groundwater resources is considered to be of
the highest priority and groundwater aquifers are assessed as very sensitive.
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With respect to the site, standing water levels were noted within the boreholes during
the investigation at depths varying from 2.45m to 4.95m below existing ground levels.
These depths can be expected to reflect the prevailing levels of the perched
groundwater table at the site which can vary by up to several hundred millimetres
according to tidal, seasonal and weather influences.
Previous consultations with WRD for other projects in the Hidd area have indicated that
in the north-eastern part of Bahrain, the Negoene aquifer / aquitard is believed to be
open to the sea and hence receiving saline water. This phenomenon is well
documented in both drilling and hydrogeological grounds. Isolated incidents of saline
water intrusion have been recognised in some wells around Muharraq area, particularly
near the Bahrain International Airport. Whether these incidents are due to localised
contamination in individual wells through casing leaks, improper well designs or
widespread saline intrusion is yet to be known. According to WRD, the area is sensitive
from a hydrogeological point of view and geologically complex. The Directorate has
previously stated that in places offshore of the Hidd area, structural maps and geological
cross-sections demonstrate significant depositional thinning of the Pleistocene-Recent
deposits, which in turn had affected the thickness of the Neogene.
12.3.3

Land Quality
The site area is adjacent to the existing GIIC Iron Ore Pelletising Plant and is primarily
covered by sand at the surface. At the time of the Geotechnical Investigation, the site
was being used as a temporary storage area for plant and equipment for the ongoing
development of the GIIC plant. Given this past use of the site as a lay-down area, the
presence of potentially contaminating materials associated with the equipment (oils,
greases, heavy metals, iron oxide dust etc) cannot be ruled out.

12.4

Construction Impacts Mitigation and Residual Effects

12.4.1

Contamination of Soil from Construction Activities
Contamination by fuels or other liquid contaminants potentially in use during the
construction process would have an adverse effect on surface and sub-surface soils.
The magnitude or severity of the potential impact will be increased by the permeable
nature of the deposits in the area, which are granular rather than cohesive and do not
inhibit vertical or lateral migration. However the main determinants of magnitude of
potential impacts will be the volume of any spills and the toxicity of the spilled material.
The value and sensitivity of the soil resource in this area is not anticipated to be high, as
it is reclaimed fill within a predominantly industrial area, however it should be noted that
the fill represents a pathway for contaminants to potentially impact deeper soils and
possible groundwater.
Impact Box 12-1 Contamination of Soil from Construction Activities
Description of Impact
Potential contamination of onsite surface and sub soils
Receptor(s)
On-site soils and underlying sub-soils
Investigation
Desk Study
Variable magnitude dependent on volume and toxicity of
Features of Impact
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Impact Box 12-1 Contamination of Soil from Construction Activities
term to long-term impact. Avoidable by good management and
adherence to national legislation (e.g. Ministerial Orders No. 3 & 4
of 2006 with respect to the Management of Hazardous Chemicals
and Hazardous Materials respectively).
Minor to Moderate Adverse depending upon extent of
Significance of Impact
contamination
Prevent contamination of soil by, control of hazardous
substances, chemicals, etc via correct storage and bunding for
Mitigation Advice
example and implementation of an Environmental Management
Plan (EMP).
Residual Impact
Negligible

An impact of minor to moderate adverse significance is anticipated in respect of the
possibility of soil contamination. The impact could range from short-term to long-term,
depending on the type of contaminant, and extent and magnitude of contamination.
There are a number of mitigation measures that could be utilized to ensure that potential
soil contamination during construction activities is minimised.
Mitigation Box 12-1 Mitigating Soil Contamination during Construction

Prevent contamination of near surface and deeper soil by:
• Good housekeeping to ensure that any spillages of hazardous materials are quickly
contained, removed and not allowed to seep into underlying soil
• Bunding of areas around workshops, chemical storage areas and offloading areas
where spill risk is highest.
• Clear identification of hazardous materials
• Ensuring that oil, diesel, liquid hydrocarbons and fuel tanks are bunded so that leaks
will not impact the underlying soils
• Fuel storage vessels should be fitted with overfill alarms or other effective system to
prevent spillages during deliveries
• Preventative maintenance to reduce leaks (e.g. hydraulic fluids etc.)
• Ensuring that wastes are placed into skips rather than on soils
• Ensuring that waste management materials (e.g. absorbent materials, etc.) are stored
in several locations on-site (near potential spill sources), and that workers are trained
to use them
• Ensuring sewage holding tanks are pumped out regularly and that leaks or overflows
are avoided. Ensuring that when pumped out, the waste water is disposed of
appropriately rather than spread on site; and
• In cases of contamination, the contaminated soil should be removed and either
treated and returned, or disposed of in Hafeera hazardous landfill site (with approval
from GDEWP).
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12.4.2

Damage to Aquifer and Contamination of Groundwater from Construction Activities
Details of the construction of the SULB development are not available at the time of
writing this report however the design of the foundations are anticipated to be a mixture
of pad and piled.
Piled foundations will require to be taken down several metres into the siltstone bedrock
the top of which lies between 7.6 and 9.4 m below ground level at the site and therefore
piling to a depth of not exceeding 25 m below ground level is anticipated. Impacts on
the deeper strata, are therefore not expected to be significantly adverse (negligible as
mitigation measures are implemented) and no adverse impacts to the underlying Alat
groundwater aquifer are anticipated. For each pile that is inserted into the ground, a
concrete casement should be provided to ensure that the aquifer is not damaged.
It is anticipated that pad foundations will only require to be excavated to a depth of less
than 1m and therefore since the water table118 is at a depth of between 2.35m to 2.80m
below ground level at the site, it is not anticipated that any significant dewatering will be
required.
Contamination by fuels or other liquid contaminants would have an adverse effect on
surface and sub-surface soils and due to their permeable nature also an adverse effect
potentially on groundwater.
Impact Box 12-2 Contamination of Groundwater from Construction Activities
Contamination of groundwater by materials used in the
Description of Impact
construction process
Receptor(s)
Perched groundwater and deeper groundwater (Alat Aquifer)
Investigation
Desk Study
National, long term to permanent depending on the level of
Features of Impact
damage, very high sensitivity of receptor, risk avoidable
Major Adverse if damage occurs to aquifer. However this can be
Significance of Impact
avoided by following national legislation
• Ensure WRD recommendations are implemented regarding
piling depth (see WRD letter – Appendix A)
• Pile design should ensure a good seal is maintained between
Mitigation Advice
the pile and the formation to prevent possible contaminant
pathways
• Prevent contamination by good housekeeping (proper storage
of materials, bunding, drip trays etc) and implement an EMP
Residual Impact
Negligible

The risk of groundwater contamination is present; however, it is an avoidable risk. If
contamination does occur, an impact of major adverse significance is anticipated, due
to the very high sensitivity of the receiving receptor (i.e. groundwater resources).
However if mitigation measures are put into practice, the residual impact would be
negligible.

118

This is the perched water level, which is above the underground aquifer.
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12.4.3

Assessment of Residual Effects
If these mitigation measures are put into practice and properly managed during the
construction period, the residual impact to soil and groundwater is anticipated to be
negligible.

12.5

Operational Impacts Mitigation and Residual Effects

12.5.1

Contamination of Soil and Groundwater from Operational Activities
There are a number of potential contamination sources on the site, such as bulk storage
of chemicals. If there is a leak from any of these sources, contamination of the
underlying soils could occur.
Impact Box 12-3 Contamination of Soil and Groundwater during Operational
Activities
Possible contamination of soils underlying sub-soil and
Description of Impact
potentially perched groundwater by loss of containment of
chemicals stored on-site or process effluent from sewage pipes.
Receptor(s)
Soils, underlying sub-soils and perched groundwater
Investigation
Desk-based study
Long-term risk, localised but could lead to groundwater
Features of Impact
contamination, avoidable.
Significance of Impact Minor Adverse
Follow the recommendations of UK Pollution Prevention
Guidelines and US EPA 40CFR112, which are concerned with the
Mitigation Advice
storage of petroleum and petroleum products, containers stored
and managed properly, and containers labelled. Additionally, the
storage areas should be inspected for leaks periodically.
Residual Impact
Negligible

As a long-term risk of soil contamination exists, an impact of minor adverse
significance is anticipated. However significant quantities of potentially polluting
substances are not anticipated being stored in bulk quantities.
The prevention of environmental impacts due to accidental releases in a plant such as
this is dependant not only on the physical controls but also on management procedures.
Particular areas to consider may include, but should not be limited to, the following:
• Transfers of substances, including the possibility of overfilling vessels (e.g.
transformer dielectric fluids, lubricants);
• Oil filled equipment, such as transformers;
• Failure of vessels or pipework carrying liquids, overflowing of bunds;
• Fire, and the consequences of fire fighting such as containment of fire water; and
• No discharges of effluent before adequate checks have been completed

Depending on the scale of the potential risk, (judged by the quantity of material stored,
the level of controls, and the likely impact), the management techniques to minimize the
effects of accidental releases may include the following:
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Mitigation Box 12-2 Minimising Soil and Groundwater Contamination Potential During
Operational Activities

• An inventory should be maintained of substances, present or likely to be present,
which could have environmental consequences if they escape;
• Procedures should be in place for checking raw materials and wastes to ensure
compatibility with other substances with which they may accidentally come into
contact;
• Adequate storage arrangements for raw materials, products and wastes should be
provided;
• Preventative techniques, such as suitable barriers to prevent damage to equipment
from the movement of vehicles, should be included as appropriate;
• Appropriate containment should be provided, e.g. bunds and catchpots, building
containment etc.;
• There should be an installation log/diary to record all incidents, near-misses, changes
to procedures, abnormal events and findings of maintenance inspections;
• Safe shutdown procedures should be in place;
• Appropriate control techniques should be in place to limit the consequences of an
accident, such as oil spillage equipment, isolation of drains, alerting of relevant
authorities and evacuation procedures; and
• Drainage sumps should be equipped with a high-level alarm or sensor with automatic
pump to storage (not to discharge); there should be a system in place to ensure that
sump levels are kept to a minimum at all times.

12.5.2

Assessment of Residual Effects
Assuming the principles of the above management techniques are adopted, the residual
impact is negligible.

12.6

Decommissioning Impacts Mitigation and Residual Effects

12.6.1

Contamination of Soil and Groundwater during Decommissioning Activities
As mentioned previously, current building practices preclude the use of deleterious
materials such as asbestos; therefore demolition residues of the building fabric are
unlikely to cause potential contamination. However process residues and any remaining
chemicals will need to be dealt with appropriately if they are not to cause soil and
groundwater contamination
Impact Box 12-4 Contamination of Soils and Groundwater during Decommissioning
Activities
Possible contamination of soils and underlying sub-soils by loss
Description of Impact
of containment of process residues during decommissioning and
demolition.
Receptor(s)
Soils and underlying sub-soils
Investigation
Desk-based study
Long-term risk, localised but could lead to groundwater
Features of Impact
contamination, avoidable.
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Impact Box 12-4 Contamination of Soils and Groundwater during Decommissioning
Activities
Significance of Impact Minor Adverse
• An overall Decommissioning Plan would need to be prepared
for the whole SULB project,
• Ensure potentially contaminated materials are properly stored
Mitigation Advice
and disposed of according to Bahraini regulations
Residual Impact

Negligible

Unless appropriate decommissioning and decontamination have been carried out to
deal with major contaminant sources, potential exists for the uncontrolled release of
hazardous material during the post-closure period. This may add to any soil and water
contamination already present from the operational phase. However significant
quantities of potentially polluting substances are not anticipated to be stored in bulk
quantities, therefore an impact of minor adverse significance is anticipated.
An overall Decommissioning Plan would need to be prepared for the whole SULB
project.
Mitigation Box 12-3 Minimising Soil and Groundwater Contamination Potential During
Decommissioning Activities

Typical considerations for a decommissioning plan would include:
•
•
•
•
•

Either the removal or the flushing out of pipelines and vessels where appropriate
and their complete emptying of any potentially harmful contents;
Records and plans of all underground pipes and vessels;
The method of ensuring that any on-site waste disposal landfill areas can meet
statutory closure requirements;
The removal of potentially harmful materials unless agreed that it is reasonable to
leave such liabilities to future owners; and
Methods of dismantling buildings and other structures, including consideration of
the protection of soil and groundwater at the site;

Site testing of the soil to ascertain the degree of any pollution caused by the activities
and the need for any remediation to return the site to a satisfactory state.
12.6.2

Assessment of Residual Effects
Provided a decommissioning plan is prepared and the site is decommissioned,
decontaminated and demolished in accordance with best practice, the residual impact of
potential contamination of soils and groundwater during decommissioning activities are
considered to be negligible.
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13

HUMAN HEALTH (HEALTH IMPACT ASSESSMENT)

13.1

Introduction
This chapter assesses the potential human health effects of the proposed development,
including identifiable social, environmental and economic impacts that will have both
direct and indirect impacts on health and wellbeing of the surrounding populations.
The assessment considers not only impacts on the air quality, noise environment, land
and water quality but also impacts on the social environment which may have a
consequence for population health and the impact of the development on the risk of
disease (communicable and non-communicable) all of which would potentially affect the
health of those living close to the SULB site, during the construction, operation and
potential decommissioning of the development. Occupational health is assessed within
Chapter 14: .

13.2

Assessment Methodology

13.2.1

Relevant Legislation, Guidance and Best Practice
There is currently no specific Bahraini legislation covering the completion of a health
impact assessment; however the assessment of potential health impacts of the SULB
development and the evaluation of significance has been made with reference to the
following Bahraini, UK and international legislation, guidance and good practice.
Bahraini
• Ministerial Order No. (1) of 1998 with Respect to Environmental Evaluation of
Projects
• Ministerial Order No. (10) of 1999 with Respect to Environmental Standards (Air
and Water) as amended

UK
•
•
•

International Health Impact Assessment Group - The Merseyside Guidelines for
Health Impact Assessment (2001)
West Midlands Directors of Public Health Group – Using Health Impact
Assessment to make Better Decisions - A Simple Guide (2003)
Welsh Health Impact Assessment Support Unit – Improving Health and
Reducing Inequalities – A Practical Guide to Health Impact Assessment (2004)

International
•
•
•

EnHealth Council, National Public Health Partnership, Commonwealth of
Australia - Health Impact Assessment Guidelines (2001)
World Health Organisation (WHO) Air Quality Guidelines published in 2006.
http://www.who.int/phe/health_topics/outdoorair_aqg/en/index.htm
European directive limit values (96/62/EC, 99/30/EC, 200/69/EC, 2002/3/EC)
http://ec.europa.eu/environment/air/ambient.htm.
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•

13.2.2

World Health Organisation (WHO)1999: Guidelines for Community Noise

Data Sources
It was considered that a rapid, desk based health impact assessment was most
appropriate to consider the potential health impacts from the SULB development and
that data gathering was confined to sourcing currently available health indicators from
government statistics for the surrounding population and a literature review to establish
potential health impacts from similar proposals.

13.2.3

Consultation
As part of the consultation process, the Central Informatics Organisation was consulted
regarding population composition of the neighbouring sensitive human health receptors.

13.2.4

Significance Criteria
Many development proposals have indirect effects on the health and well being of the
surrounding populations. Developments may affect aspects such as employment,
income, air quality or noise which in turn may affect population health. These factors
which are not primary indicators of individual health but may influence health within a
population are referred to as intermediate factors or determinants of health.
Following an assessment of the SULB proposal in terms of it potential emissions and
other impacts, the location of the development and the location, distribution and nature
of the surrounding populations, the following intermediate factors have been identified;
•
•
•
•
•

Air Pollutants
Noise
Traffic and Transport
Employment
Income

Potential marine impacts, soil and groundwater impacts and direct waste impacts have
been discounted at this stage as the human health impact from these factors are not
considered to be significant due to the nature of these potential emissions and the
distance of these pathways to human health receptors.
Air Pollutants
In terms of air pollutants with the potential to affect human health the construction
impacts of the SULB development are considered to be emissions from mobile and nonmobile construction plant, and road traffic. The key vehicle exhaust pollutants
considered are, therefore, fine particulate matter (PM10), nitrogen dioxide (NO2) and
sulphur dioxide (SO2).
For the operational phase, the key pollutants produced from the steel making process
are considered to be dust, fine particulate matter (PM10), nitrogen dioxide (NO2) sulphur
dioxide (SO2) carbon monoxide (CO) and negligible amounts of toxic metals.
Nitrogen Dioxide (NO2) - people with healthy lungs, whether at rest or exercising, show
little response to experimental inhalation of nitrogen dioxide at concentrations well
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above those occurring in the ambient air, even during extreme pollution episodes. Very
small changes in sensitive tests of lung function have been recorded at exposures
between 2500 and 7500 ppb. However, in people with asthma, some studies have
shown changes in these tests of lung function to have occurred at exposures of around
300 ppb when the subjects have been exercising, though other studies have shown no
changes at higher concentrations. Measurements of the responsiveness of the lung to
inhalation of irritant chemicals have shown that the airways of some people with asthma
may become more sensitive to such stimuli after exposure to nitrogen dioxide at
concentrations down to about 200 ppb119.
Sulphur dioxide (SO2) - causes its irritant effects by stimulating nerves in the lining of
the nose, throat and the lung's airways. This causes a reflex cough, irritation, and a
feeling of chest tightness, and may lead to narrowing of the airways. This latter effect is
particularly likely to occur in people suffering from asthma and chronic lung disease,
whose airways are often inflamed and easily irritated. It follows that the adverse effects
of sulphur dioxide on lung function will be more evident in such people, particularly those
whose disease is severe or who are subject to frequent attacks. Moreover, such
individuals often already have narrowed airways and any further narrowing will have a
disproportionately large effect on the resistance to airflow in their airways and, thus, on
the ease with which they can breathe.
One effect of SO2 exposure is on respiratory health, especially the exacerbation of
asthma and chronic bronchitis. A few minutes of exposure to 500ug/m3 SO2 can alter
the FEV (a lung function measure) of a sensitive person. Actual exposures of over
125ug/m3 on a daily average have been shown to affect sensitive people. Another
important potential health effect associated with atmospheric SO2 is due to particulate
aerosol formation, that is secondary particles, which when breathed in have a similar
effect to particles120.
Carbon Monoxide (CO) – Carbon monoxide can cause harmful health effects by
reducing oxygen delivery to the body's organs (such as the heart and brain) and tissues.
The health threat from lower levels of CO is most serious for those who suffer from heart
disease, like angina, clogged arteries, or congestive heart failure. For a person with
heart disease, a single exposure to CO at low levels may cause chest pain and reduce
that person's ability to exercise; repeated exposures may contribute to other
cardiovascular effects.
Even healthy people can be affected by high levels of CO. People who breathe high
levels of CO can develop vision problems, reduced ability to work or learn, reduced
manual dexterity, and difficulty performing complex tasks. At extremely high levels, CO
is poisonous and can cause death.
CO contributes to the formation of smog ground-level ozone, which can trigger serious
respiratory problems.

119

Extract from Department of the Environment (1996), Expert Panel on Air Quality
Standards – Nitrogen Dioxide. London: The Stationery Office.
120
Expert Panel on Air Quality Standards – Department for Environment, Transport and
Regions (1998)
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Particulate Matter (PM10) – Particles with a mean aerodynamic diameter of 10µm or
less (PM10) are readily inhalable and because of their small size are not filtered and
penetrate deeply into the gas-exchange region of the lung where they cause damage.
Those smaller than 2.5 µm penetrate deeper than those closer to 10µm. Mainly because
of their physical properties, they have a strong association with most types of respiratory
illness and even mortality. They also have a strong association with circulatory (heart
disease and strokes) disease and mortality. Inhalation of particles may allow chemicals
harmful to human health to be carried to other internal organs causing a wide range of
health effects.
Below is a list of health effects compiled by the US EPA who state that elevated
particulate concentrations have been associated with:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

increased total mortality;
increased respiratory deaths;
increased cardiovascular deaths;
increased cancer deaths;
increased risk of premature births and infant mortality;
increased risk of pneumonia;
increased risk of postneonatal mortality from respiratory disease and
sudden infant death syndrome;
increased hospital admissions and emergency room visits;
increased hospital admissions, emergency room visits and surgery
for respiratory and cardiovascular conditions;
exacerbation of asthma attacks, increased bronchodilator use and
increased hospital admissions due to asthma attacks;
increased pneumonia, bronchitis and chronic obstructive pulmonary
disease;
increased respiratory symptoms in both the lower and upper
respiratory tract;
decreased lung function;
increased incidences of rhinitis;
increased absenteeism and increased number of days of restricted
activity.

Noise
The potential health impacts arising from noise and vibration emissions associated with
the construction and operation of this scheme may be subdivided into short-term and
long-term effects and any health effects tend to be secondary (indirect effects). Direct
effects, such as damage to hearing, only generally occur with exposure to very high
noise levels, usually in an occupational setting.
Short term effects will tend to be associated with the temporary construction operations
and may principally relate to stress-related effects associated with adverse noise and /or
vibration disturbance within residential properties. The perception of disturbance within
the home environment, caused by external noise or vibration sources, can lead to
feelings of annoyance and physiological stress which can have associated effects on
general well-being, sleep etc. These effects tend to be temporary and reversible.
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More significant long-term impacts may be associated with the operation of the scheme.
Elevated levels of environmental noise can lead to sleep disturbance with associated
indirect health effects and recent research (UK Health Protection Agency, 2009) has
suggested links between long-term exposure to elevated levels of environmental noise
and increased risk of coronary heart disease. Long-term exposure to elevated levels of
ground-borne vibration can also lead to indirect stress-related health effects whilst
airborne noise can exhibit itself in the rattling and shaking of domestic fixtures and
fittings and the noise thus caused can increase the adverse noise disturbance with its
associated long-term health implications121.
Traffic and Transport
Increased roadway traffic from the SULB development represents an additional source
of the air pollution that can affect human health as well as additional risk in terms of road
traffic accidents.

Traffic Related Air Pollution –. Road traffic emits pollutants at ground level in close
proximity to people. In urban areas with high levels of congested traffic, ambient air
quality is characterised by elevated levels of nitrogen oxides (NOx) (which are also
precursors of ground-level ozone), sulphur oxides (SOx), fine particulate matter (PM10),
and carbon monoxide (CO).
Road Traffic Accidents – According to the World Health Organization, an estimated
1.2 million people worldwide are killed every year due to road accidents, and as many
as 50 million are injured or disabled. The majority of these deaths, approximately 85
percent, occur in low to middle-income countries.
In 2000, Bahrain fatality rate per 10.000 registered vehicles was 2.45 as compared to
Canada 1.6, Germany 1.5, USA 1.9 and UK 1.25. One traffic accident is reported every
14 minutes in Bahrain123.
Employment
Employment is one of the most important determinants of health. Having a job or an
occupation is an important determinant of self-esteem. It provides a vital link between
the individual and society and enables people to contribute to society and achieve
personal fulfilment. The World Health Organisation identifies a number of ways in which
employment benefits mental health. These include the provision of structured time,
social contact and satisfaction arising from involvement in a collective effort. It is also
important to consider the impact that employment has on other aspects of people’s lives
that are important for health – for example, family life, social life and caring
responsibilities for family members.
Income
It is generally agreed that low-income levels are associated with poor health even in
relatively affluent societies. Poor health is clearly linked to poor material circumstances
(e.g. limited access to healthcare, good nutrition, good quality housing etc.) but also
there are other causal mechanisms between income and health such as status and
stress which will effect well being.
121
123

Environmental Noise and Health in the UK - draft report, HPA 2009
Bahrain Medical Bulletin Vol 25 No 3 Sept 2003
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13.3

Baseline Conditions and Sensitivity
With respect to baseline health conditions Bahrain enjoys an advanced level of health as
manifested by its health status indicators. “Health-for-all” objectives were achieved early
in the 1990s. Comprehensive health services are provided to the citizens in Bahrain free
of charge. The Ministry of Health (MOH) offers most services through the primary health
care which is the cornerstone of the health system. The accessibility and coverage are
almost 100%. Bahrain’s national health strategy for the period 2002–2010 is the action
framework for long term development of the health system.
The government is funding the provision of comprehensive health services for all
Bahrainis and is major source of health service funding. Non-Bahrainis are also heavily
subsidized by the Government. The expenditure on health however is relatively low
compared with other Gulf Cooperation Council (GCC) countries and countries with
similar income levels.
A health insurance scheme with extensive deliberation by all stakeholders was
introduced in 2006.
Noncommunicable diseases such as cardiovascular diseases (CVD), diabetes, cancer
and injuries, are rising dramatically in Bahrain, and represent the leading causes of
death in the country. Accurate data on prevalence are not available. Tobacco smoking
among both men and women is a concern. Obesity is an emerging major problem, with
prevalence of obesity as measured by Body Mass Index of 21.2% in men and 48.6% in
women.
Communicable diseases are largely under control in Bahrain. The country has a very
efficient immunization programme. Infectious diseases of childhood have been almost
eradicated in Bahrain, however, viral infections are on the slight rise. These include:
gonococcal infection, syphilis; and viral hepatitis. Available data indicate a low
prevalence of HIV, but accurate data are not available.
In terms of the sensitivity of the surrounding population, the proposed location of the
SULB steel complex is in the Hidd Industrial Area which lies to the south of Hidd Town
on the south-eastern extremity of Muharraq Island in the northeast of the Kingdom of
Bahrain.
The Hidd Industrial Area is built on reclaimed land and consists of almost entirely
industrial / commercial land use and additional industrial and commercial land uses exist
and are planned within the Bahrain International Investment Park (BIIP) situated to the
north and east of the Hidd Industrial Area. In addition, significant mixed-use
development is planned within the Bahrain Investment Wharf (BIW), which will be to the
north of the proposed complex.
The nearest existing residential receptors to the site are those located approximately
1.3km away (ASRY Workers Accommodation), with proposed residential receptors
approximately 1.0km away (Bahrain Investment Wharf Labour Accommodation F23).
In summary the population living closest to the proposed development are likely to be
economic migrants to Bahrain, working within the Hidd Industrial Area for existing
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industry (ASRY, GIIC etc). The perceived high percentage of migrants within the
surrounding population suggests a profile of young to middle aged non-Bahraini men on
lower incomes with relatively few families (i.e. comparatively fewer women and relatively
lower numbers of children and elderly compared to other residential populations). This
population profile (relatively low income although relatively low percentages of children,
women and elderly) suggests a low to moderate sensitivity in relation to impacts to
health determinants.
The populations more distant to the proposed development area within Hidd, Juffair and
Sitra are more likely to be more representative of the Bahraini population as a whole and
are therefore considered to be of moderate sensitivity.

13.4

Construction Impacts Mitigation and Residual Effects

13.4.1

Impact of Construction on Aspects of Human Health
Potential construction impacts identified from the SULB development, with indirect
effects on health and well being have been identified and assessed below (Table 13.1).
Figure 13.1

Impact of Construction on Aspects of Human Health

Aspect

Affected Group

Health Impact
Short term effects caused by external

ASRY Workers and
proposed BIW

Noise

Labour
accommodation

noise or vibration sources, can lead
to feelings of annoyance and
physiological stress which can have
knock-on effects on general wellbeing, sleep etc. These effects tend
to be temporary and reversible

ASRY Workers and
proposed BIW

Traffic and
Transport (air
pollution)

Labour
accommodation and
Populations adjacent
to haul routes

Traffic and
Transport
(Road Traffic

on the proposed
construction activities
indicates that, no
significant impact is
anticipated

construction period with increases in

Given projected

traffic and associated emissions

increase in traffic

resulting in a temporary increased

during construction

risk of asthma and other respiratory

increased health risk is

disease especially within individuals

unlikely to be significant

with previous histories

construction period with increases in
traffic and associated risk of road
traffic accidents

Accidents)

The noise assessment

Short term effect for duration of

Short term effect for duration of
Bahrain Population

Comment

Given projected
increase in traffic
during construction
increased risk is
unlikely to be significant

Given the current development plan
and intended programme it is

Employment

Health significance of

estimated that approximately 300

the creation of

Bahraini and non

construction jobs will be created over

construction jobs, will

Bahraini workforce

the development period. The health

be dependant on the

effect of job creation can be

nature of the jobs and

regarded as improving the well being

the length of contract

of the affected group
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Aspect

Affected Group

Health Impact

Comment

The health effects of
increased income

Income

Bahraini population

The construction phase of the

will be of variable

work would ensure the

significance across

employment of a number of

the population and

workers, and result in additional

are likely to be

expenditures throughout all levels

limited by virtue of

of the economy, as a result of the

the nature of the

multiplier effect. Elevated income

workforce (non-

levels across the economy will

Bahraini immigrants)

raise levels of well being

and the temporary
nature of the
construction process

In summary the identified negative impacts on human health from the construction of the
SULB development are unlikely to be significant given the identified aspects of the
construction process and the current nature and distribution of the surrounding
residential population.
The identified positive impacts on human health of employment and income are
considered to represent a minor beneficial significance based on the likely nature and
duration of the construction jobs and the likely employees’ limited expenditure within the
Bahraini economy.

13.5

Operational Impacts Mitigation and Residual Effects

13.5.1

Impact of Operation on Aspects of Human Health
Potential operational impacts identified from the SULB development, with indirect effects
on health and well being have been identified and assessed below (Table 13.2).
Figure 13.2

Impact of Operation on Aspects of Human Health

Aspect

Affected Group
ASRY Workers and

Air Pollutants

proposed BIW
Labour
accommodation

Health Impact
Increased emissions from the operation
of SULB will result in an increased risk
of asthma and other respiratory disease
especially within individuals with
previous histories

Comment
A slight adverse
(low) significance is
anticipated over the
long term
The noise

ASRY Workers and
Noise

proposed BIW
Labour
accommodation

Exposure to elevated levels of long term
operational noise can lead to sleep
disturbance with associated indirect
health effects also potential increased
risk of coronary heart disease

assessment of the
proposed
operational
activities indicates
that no significant
impact is
anticipated
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Aspect

Affected Group

Health Impact

Comment

ASRY Workers and
proposed BIW
Traffic and
Transport (air
pollution)

Labour
accommodation
and Populations
adjacent to

increases in traffic and associated
emissions resulting in an increased risk of
asthma and other respiratory disease
especially within individuals with previous
histories

operational delivery

A slight adverse
(low) significance is
anticipated over the
long term

and export routes
Traffic and
Transport (Road

increases in traffic will produce an
Bahrain Population

associated increased risk of road traffic
accidents

Traffic Accidents)

Employment

Income

Bahraini and non
Bahraini workforce

A slight adverse
(low) significance is
anticipated over the
long term

The operational phase of the development

A minor to

would ensure the employment of a

moderate beneficial

number of workers with a significant level

significance is

of Bahrainisation increasing economic

anticipated over the

well being among the affected group

long term

SULB operations will result in a series

A minor to

of trickle-down beneficial economic

moderate

Bahraini

effects being realised by a diverse

beneficial

population

receptors (suppliers, hauliers, etc)

significance is

leading to a greater amount of income

anticipated over

and associated economic well being

the long term

In summary the identified negative impacts on human health from the operation of the
SULB development are anticipated to be slight adverse (low) significance given the
identified aspects of the SULB operations and the current nature and distribution of the
surrounding residential population.
The identified positive impacts on human health of employment and income are
considered to represent a minor to moderate beneficial significance based on the
likely nature and duration of the operational jobs and levels of Bahrainisation and the
likely multiplier effect within the Bahraini economy.

13.6

Decommissioning Impacts Mitigation and Residual Effects

13.6.1

Impact of Decommissioning on Aspects of Human Health
Potential decommissioning impacts identified from the SULB development, with indirect
effects on health and well being are considered to be similar in nature to construction
impacts , however no attempt has been made to assess significance given the time
period considered until decommissioning (30 years).
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14

HEALTH AND SAFETY

14.1

Introduction
This chapter addresses the specific issues of health and safety of plant personnel during
construction, operation and potential decommissioning of the proposed SULB
development.
Potential health and safety impacts arising from the construction, operation and
decommissioning of the integrated steel mill and associated processes are identified
and assessed, and where potentially significant effects are predicted, appropriate
mitigation actions are proposed. Good practice during construction, operational and
decommissioning phases is also outlined in order to minimise any effects further.

14.2

Assessment Methodology

14.2.1

Relevant Legislation, Guidance and Best Practice
The assessment of the potential health and safety impacts of the SULB development
and the evaluation of significance have been made with reference to the following
Bahraini, UK and international legislation, guidance and good practice:
Bahraini
•
•

Ministerial Order No. (3) of 2005 with Respect to Environmental Regulations and
Standards in the Work Place;
Ministerial Order No. (6) of 2000 with respect to Organisation of Industrial Safety
in the Establishment, Ministry of Labour.

UK
•
•
•
•
•

The Health and Safety at Work Act 1974;
The Control of Substances Hazardous to Health Regulations 2002;
The Noise at Work Regulations 1989;
The Construction (General Provisions) Regulations 1961;
The Construction (Design and Management) Regulations 2007.

International
•
•
•
•
•

The Management of Health and Safety at Work Regulations 1992 (SI
1999/3242) (EC Directive 89/391/EEC) (European);
The Workplace (Health, Safety and Welfare) Regulations 1992(SI 1992/2966)
(EC Directive 89/656/EEC) (European);
The Provision and Use of Work Equipment Regulations 1998 (SI 1998/2306)
(EC Directive 89/655/EEC) (European);
The Personnel Protective Equipment at Work Regulations 1992 (SI 1992/2966)
(EC Directive 89/656/EEC) (European);
Occupational Safety and Health Act 1979 (USA).
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14.2.2

Data Sources
Information regarding the potential health and safety impacts from the construction,
operation and potential decommissioning of the proposed SULB development was
provided by SULB management in conjunction with input from PHEG consultants based
on experience from similar projects.

14.2.3

Consultation
Health and safety matters in Bahrain are regulated by GDEWP’s Directorate of
Environmental Monitoring and Control and by the Ministry of Labour in conjunction with
the Ministry of Health.
As part of the consultation process, the national environmental regulator of the Kingdom
of Bahrain, the General Directorate of Environment and Wildlife Protection (GDEWP)
was consulted for their views on the SULB development

14.2.4

Significance Criteria
The following characteristics have been used to attribute significance to potential
impacts to health and safety from the proposed development:
Table 14.1

14.3

Criteria for Impact Significance to Health and Safety

Impact Significance

Impact Characteristic

Major Adverse

Accident or incident results in loss of life or major injury; chronic
exposure to chemical or physical hazards manifests as health
effect

Moderate Adverse

Accident or incident results in operational lost time and /or off
site treatment of personnel is required; medium-term exposures
to chemical or physical hazards above occupational exposure
standards;

Minor Adverse

Minor accident or incident; short-term exposures to chemical or
physical hazards at or above recommended occupational
exposure limits

Baseline Conditions and Sensitivity
In relation to operational health and safety, Ministerial Order No. 3 of 2005, relating to
the Bahrain Standards for Occupational Health and Safety, sets out the legal
requirements and specifies actions and considerations that are required to be addressed
in the workplace.
Health and Safety issues are paramount for any industrial facility. The potential for injury
or acute or chronic health effects are increased in an industrial setting due to the
presence of potentially harmful chemicals and moving process equipment.
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Generic occupational health and safety issues raised during the SULB operations may
include the following;
Chemical exposure;
Electricity risks exposure;
Heat stress;
Noise and Vibration;
Entrapment risk from moving machinery;
Risk from moving equipment / vehicles such as forklifts and delivery trucks and
overhead cranes.

•
•
•
•
•
•

With respect to construction and decommissioning, the contractors on-site must also
adhere to the Labour Law for the Private Sector, 1976 and legislation relating thereto.
Important legislation is provided in this document (e.g. for protecting workers from
occupational diseases, procedures for lifting heavy machinery, etc.) and this should be
followed and used as a reference throughout the works. All contractors should adhere
to the content and recommendations of this document, and a copy should be kept on
site for continual reference.

14.4

Construction Impacts Mitigation and Residual Effects

14.4.1

Occupational Health & Safety Impacts during Construction
Occupational health and safety risks exist during all construction activities and therefore
the construction period of the proposed SULB development is no different.
Impact Box 14-1 Occupational Health & Safety Impacts During Construction
Increased risk of occupational health and safety hazards onDescription of Impact
site (e.g. accidents, injury, falling, falling equipment, hot work,
confined spaces, heat stress during summer, etc.)
Receptor(s)
Site workers.
Investigation
Desk study.
Local, avoidable risk but impact could be long-term or permanent
(or could even result in death) if safety measures are breached;
very high sensitivity of receptor, national legislation relating to
Features of Impact
occupational health and safety within Ministerial Order No. 3 of
2005 and 6 of 2000, and international standards such as WHO
Standards for Worker & Occupational Health and the US
OSHA124 Standards.
Minor to Moderate Averse depending on type of
Significance of Impact
accident/injury, Major Adverse significance if serious accidents
or fatalities occur.
• suitable and sufficient risk assessments of site activities should
be undertaken to recognise, evaluate and control risks;
Mitigation Advice
• Training and awareness of workers regarding occupational safety
issues on site;
• Provision of safety facilities, emergency equipment, and first aid

124

OSHA – Occupational Safety and Health Administration
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Impact Box 14-1 Occupational Health & Safety Impacts During Construction
facilities together with personnel trained in its use;
• Provide Personal Protective Equipment (PPE)125as appropriate
for tasks undertaken;
• Ensure the contractor specification adequately covers the
assessment of risk of their employees for all construction
activities, such as in a Construction Code of Practice, and
• Continuous provision of drinks and sheltered/shaded areas for
labourers, especially during the summer months to avoid heat
stress.
Residual Impact
Negligible impact

The worst-case scenario is for an accident to occur during the mobilization and
construction phase, resulting in serious injury or death. This would be deemed a Major
Adverse impact.
The contractor should ensure occupational health and safety is a priority during
construction, and this should be managed by a specific Environment, Health, and Safety
(EHS) Officer.

14.4.2

Assessment of Residual Effects
By providing mitigation measures such as those listed above, and ensuring that the
systems and procedures are managed in a robust way, negligible residual impacts are
anticipated during construction.

14.5

Operational Impacts Mitigation and Residual Effects

14.5.1

General Occupational Health & Safety Impacts during Operations
There is the potential for many types of accidents and injuries in a facility like the SULB
development. These could include chemical exposure (via inhalation, skin absorption or
ingestion), and physical hazards such as exposure to excess noise or heat, manual
handling, and physical safety in a large complex site with hot plant, high voltage
equipment and moving vehicles.
Impact Box 14-2 General Health & Safety Risks Associated with SULB Operations
Risk of accidents, injuries, chemical and physical exposure,
Description of Impact
etc. within the plant
Receptor(s)
Employees
Investigation
Desk-based study
On-site, long-term risk, very high sensitivity of receptor; national
legislation on health and safety is found within Ministerial Order
Features of Impact
No. 3 of 2005 and 6 of 2000 and specific details about
occupational safety and health protection can be found in
international legislation and best practice such as from OSHA

125

This may include hard hats, eye protection, ear defenders, gloves, respiratory protective
equipment, etc.
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Impact Box 14-2 General Health & Safety Risks Associated with SULB Operations
(Occupational Safety and Health Administration (US)).
Minor to Moderate Adverse depending upon the type of
Significance of Impact
accident, injury or duration of exposure; Major if the accident is
serious or life-threatening, or chronic high exposures
•
suitable and sufficient risk assessments of site activities
should be undertaken to recognise, evaluate and control
risks;
•
maintain and service plant and equipment, including local
exhaust ventilation systems;
•
provide training and awareness of workers regarding
occupational safety issues on site;
•
Provide safety facilities, emergency equipment, and first
Mitigation Advice
aid facilities together with personnel trained in its use;
•
Provide Personal Protective Equipment (PPE) as
appropriate for tasks undertaken;
•
Maintain a log of accidents and analyse for trends and
prepare management actions to address significant trends
observed;
•
Follow procedures and provide on-going training; and
Implement health and safety plans.
Residual Impact
Minor Adverse to Moderate

A minor to moderate adverse impact has been assigned in the event of an accident;
however, if this accident were to be serious or life-threatening, the impact then becomes
of major adverse significance.
All attempts to reduce the possibility of accidents should be made. SULB management
should encourage all staff to be aware of health and safety issues, and to highlight any
areas where improvements can be made. On-going monitoring of “near misses” will
highlight areas where changes should be made or further training provided.
Mitigation Box 14-1 Minimising Accidents

• The use of personal protective equipment (PPE) should be mandatory in certain
situations, i.e. hearing protection in areas where noise levels exceed 80 dBA,
gloves, eye protection and respiratory protective equipment when handling
chemicals whose MSDSs stipulate their use; hard hats in certain areas, etc;
• Provide first aid supplies in necessary areas;
• Provide HAZOP or equivalent and initial safety training upon hiring or upon
assignment to a job which requires specific training; and
• Ensure that emergency procedures are clearly outlined during training and that staff

have easy access to procedures and emergency numbers while working.
Exposure to physical and chemical hazards which are not caused by incidents or
accidents but by routine daily work activities should also be considered via a suitable
and sufficient risk assessment approach. Whilst the MSDS’s provide information on the
hazard associated with certain substances, the assessment of risk includes a
consideration of the likelihood of exposure (i.e. the manner in which the substance is
used and for how long). Controls should be implemented at the source wherever
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possible, and these may include a hierarchy of measures depending on the degree of
risk identified, such as:
Substitution of very hazardous materials;
Enclosure of the activity;
Provision of local exhaust ventilation;
Provision of general work area ventilation;
Minimise individual workers exposure by managing shift patterns;
If still required, provide and require the use of personal protective equipment (PPE);
Monitor exposures where there is a residual risk. This may include personal
exposure sampling surveys and/or a biological monitoring programme; and
• Review the risk assessment whenever new substances are introduced or there are
changes to plant, equipment, or the way in which exposure may occur.
•
•
•
•
•
•
•

The risk of chemical exposure of employees from SULB operations is not considered to
be significant due to the limited and low toxicity nature of the operational materials, see
Section 10.5.9. .
14.5.2

Impacts of Residual Effects
Health and Safety risks cannot be completely removed from the operational activities of
the SULB development, however if all reasonable mitigation and risk reduction
measures are put in place, the significance of operational health and safety risks can be
reduced to minor adverse to negligible.

14.5.3

Occupational Health & Safety – Radiation, Heat and Hot Liquid
High temperature and direct infrared (IR) radiation are common hazards in steel plants.
High temperature can cause fatigue and dehydration. Direct IR radiation also poses a
risk to the eyes and skin. Potential contact with the hot metal or hot water may occur
from the cooling spray zone of continuous casting, from splashes of molten metal, and
from contact with hot surfaces.
Gamma ray testing of steel plant equipment and products during operation is typically
required to determine the steel composition and integrity. Also within the continuous
casting process a radioactive source of Cs 137 is used as part of the mould level control
system (a system used to guarantee that the level of liquid steel inside the mould is kept
stable for quality reasons).
There is therefore a potential exposure to non-ionising and ionising radiation, thermal
radiation (heat) and to hot liquids during daily operational activities.
Impact Box 14-3 Occupational Health & Safety – Radiation, Heat and Hot Liquid
Description of Impact
Risk of Radiation, Heat and Hot liquid exposure
Receptor(s)
Employees
Investigation
Desk-based study
On-site, long-term risk, very high sensitivity of receptor,
avoidable, specific details about heat stress can be found in
Features of Impact
Ministerial Order No. 3 of 2005 and international legislation and
best practice such as from OSHA (Occupational Safety and
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Impact Box 14-3 Occupational Health & Safety – Radiation, Heat and Hot Liquid
Health Administration (US)).
Minor to Moderate Adverse depending upon the level of
Significance of Impact exposure to radiation, heat and hot liquid exposure; Major if
exposure is life-threatening
• Prepare and implement Safe Operating Procedures (SOPs) for
all activities, and induct and train all new staff;
• Follow health and safety plans and permit to work systems;
• Provide Personal Protective Equipment (PPE) as appropriate
Mitigation Advice
for tasks undertaken;
• Provide comfort stations; and
• Train supervisors to recognize and react in emergencies and
incidents of such exposure.
Residual Impact
Minor Adverse to Negligible

A minor to moderate adverse impact has been assigned in the event of exposure to
radiation, heat and hot liquids; however, if this exposure were to be life-threatening, the
impact then becomes of major adverse significance. However, if mitigation measures
are implemented, then a minor adverse to negligible impact remains.
Minimising Radiation, Heat and Hot liquid exposure Risks
• Shield surfaces where close contact with hot equipment or splashing from hot
materials is expected

Mitigation Box 14-2

• Implement safety buffer zone to separate areas where hot materials and
radioactive items are handled or temporarily stored. Rail guards around those
areas should be provided, with interlocked gates to control access to areas during
operations
• Use appropriate PPE (e.g insulated gloves, coveralls and shoes, goggles to
protect against IR and ultraviolet radiation and molten steel splashes)
• Install cooling ventilation to control extreme temperature
• Implement work rotations providing regular work breaks, access to a cool rest
area, and drinking water.
• Gamma ray testing should be carried out in a controlled restricted area using a
shielded collimator. No other activities should be undertaken in the testing area
• All incoming scrap (if used) should be tested for radioactivity prior to use as
feedstock material
• If the testing area is near the plant boundary, ultrasonic testing (UT) should be
considered as an alternative to gamma ray techniques
• Regular maintenance and repair should be conducted on testing equipment,
including protective shields.

14.5.4

Fire Risk during Operations
Impact Box 14-4 Impact of Fire Risk during Operations
Description of Impact
Risk of fire within the facility
Receptor(s)
Employees plant, site buildings
Investigation
Desk Study
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Impact Box 14-4 Impact of Fire Risk during Operations
Local, avoidable risk but impact could be long-term or permanent
Features of Impact
(or could even result in death) if safety is breached; very high
sensitivity of receptor,
Significance of Impact Major to Moderate Adverse given an uncontrolled fire.
• Implement Health and Safety plans
• Develop, write and implement fire procedures
Mitigation Advice
• Provide ongoing training
• Establish a trained plant emergency response team
Residual Impact
Minor Adverse to Negligible

An impact of moderate to major adverse significance is expected at the SULB Plant in
case of a fire event. There will always be a long-term risk of fire; however, this risk can
be minimised by defining site rules and adopting mitigation measures.
Mitigation Box 14-3 Minimising the Risk of Fire

• Ensure regular and adequate electrical safety testing for all plant and equipment;
• Ensure fire detection and protection measures are inspected, maintained, and tested
on a regular basis. For example, fire extinguishers should be inspected to ensure an
adequate charge is maintained, and sprinkler nozzles should be flow tested
periodically
• Implement health and safety plans specifically for fire and include procedures such as
evacuation routes, muster locations, fire wardens, etc. and training frequencies;
• Establish and train an emergency response team that can handle incipient fire
response;
• Co-ordinate with local emergency services providers to familiarize them with the
location of hazardous materials stored on-site; and
• Ensure fire exits are always unlocked

14.5.5

Assessment of Residual Effects
As the risk of fire is present but, after mitigation measures are adopted, the residual
impact will be minor adverse to negligible

14.5.6

Potential for Heat Stress during Operations
Given the extreme heat of Bahrain summers and the use of the heat within the process,
the possibility of heat stress for workers is likely.
Impact Box 14-5 Safety Risks for Heat Stress
Description of Impact
Risk of heat stress
Receptor(s)
Employees
Investigation
Desk-based study
On-site, long-term risk, very high sensitivity of receptor,
avoidable, specific details about heat stress can be found in
Features of Impact
international legislation and best practice such as from OSHA
(Occupational Safety and Health Administration (US)).
Significance of Impact Minor to Moderate Adverse depending upon the level of
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Impact Box 14-5

Safety Risks for Heat Stress
exposure to heat stress; Major if exposure to heat was lifethreatening
• Follow health and safety plans;
Mitigation Advice
• Provide comfort stations; and
• Train supervisors to recognize and react to signs of heat stress.
Residual Impact
Minor Adverse to Negligible

A minor to moderate adverse impact has been assigned in the event of exposure to
heat stress; however, if this heat exposure were to be life-threatening, the impact then
becomes of major adverse significance.
Mitigation Box 14-4 Minimising Heat Stress Risks

• Train supervisors and employees on the following126:
o
o
o
o
o

Knowledge of the hazards of heat stress
Recognition of predisposing factors, danger signs, and symptoms
Awareness of first-aid procedures
Employee responsibilities in avoiding heat stress; and
Dangers of using drugs, including therapeutic ones, and alcohol in hot work
environments

• Reduce the physical demands of work, i.e. excessive lifting, etc.
• Provide recovery areas e.g. air-conditioned enclosures and rooms
• Use intermittent rest periods with water breaks
• Use relief workers; and
• Use worker pacing.127

The management at the SULB Plant should provide frequent breaks for employees, air
conditioned refuges for breaks, and electrolyte solutions to maintain body chemistry in
order to minimise the effects of heat stroke.
To eliminate causes of heat stress, a suitable working environment for workers and
employees should be provided. This can be achieved by limiting the amount of work
effort per person (and percent of work/rest ratio) depending on the outside or inside
temperature. Listed below is a reference table that should be used to determine the
work/rest ration based upon temperature (Table 14.2).

126
127

US OSHA
US OSHA
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Table 14.2

14.5.7

Relationship between Amounts of Work Effort/Working Hours128,129

Work Time/Day/Hour

Minimum
Work
Effort

Medium
Work
Effort

Continuous
75% Work and 25% Rest
50% Work and 50% Rest
25% Work and 75% Rest

30ºC
30.5ºC
31.5ºC
32.5ºC

28ºC
29ºC
30.5ºC
31.5ºC

MediumHigh
Work
Effort
27ºC
28ºC
29.5ºC
31.5ºC

High
Work
Effort

25.5ºC
26.5ºC
28.5ºC
30.5ºC

Assessment of Residual Effects
However if mitigation measures are implemented, then a minor adverse to negligible
impact remains.

14.5.8

Potential impact of Occupational Noise during Operations
There is a potential for certain equipment such as the extraction fans and the electric arc
furnace to have an impact on employees working close to such equipment, especially if
noise levels are higher than the allowable maximum noise exposure of 85 dBA averaged
over an eight hour shift. This however, depends on many factors including the distance
from the noise source at which the employee is working, the number of working hours,
and the adequacy of ear protection and the manner in which it is worn.
Guidelines for occupational noise are found in Occupational Noise Standards from
Ministerial Order No. (3) of 2005 with Respect to Environmental Regulations and
Standards in the Work Place, as shown in .
Table 14.3

Maximum Allowable Limit for Continuous Noise

Hours
8
4
2
1
30 mins
15 mins

Allowable Max. Noise Levels (dBA)
85
88
91
94
97
100

Impact Box 14-6 Occupational Noise
Description of Impact
Impact of high noise levels
Receptor(s)
Employees
Investigation
Desk-based study
On-site, long-term risk, very high sensitivity of receptor, avoidable,
Features of Impact
national legislation on noise is found within Ministerial Order No. 3 of
128

Ministerial Order No. 3 of 2005 with Respect to Environmental Regulations and
Standards in the Work Place.
129
The temperatures listed are determined using a wet bulb globe thermometer.
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Impact Box 14-6 Occupational Noise
2005 and specific details about occupational safety and health
protection can be found in international legislation and best practice
such as from OSHA (Occupational Safety and Health Administration
(US)).
Minor to Moderate Adverse depending upon noise exposure
levels and number of employees. If not adequately protected there
Significance of Impact
is the possibility of noise-induced hearing loss which would be a
Major impact.
Undertake suitable and sufficient risk assessments in the workplace.
This should include noise measurements and an assessment of
worker exposures, accounting for the period of exposure to different
noise levels and the peripatetic workers (those who move around into
different work areas);
Mitigation Advice
Control the risks to noise exposure at source where possible,
provide acoustic enclosures for machines, undertake regular
maintenance of noisy plant such as fans;
Provide adequate ear protection and on-going training; and
Implement health and safety plans.
Residual Impact
Minor Adverse to Negligible

A minor to moderate adverse impact has been assigned, depending upon the noise
exposure levels and number of employees. If the employees, however, are not
adequately protected from noisy equipment, then there is a possibility of noise induced
hearing loss which could lead to a major adverse impact.
Mitigation Box 14-5 Mitigating Occupational Noise
•
Undertake suitable and sufficient risk assessments in the workplace. This should
include noise measurements and an assessment of worker exposures, accounting for the
period of exposure to different noise levels and the peripatetic workers (those who move
around into different work areas);
•
Control the risks to noise exposure at source where possible, provide acoustic
enclosures for machines, undertake regular maintenance of noisy plant such as fans;
•
identify high noise areas within the site and mandate ear protection in these areas for
all workers and visitors;
•
Provide adequate ear protection, clean storage facilities and on-going training;
•
consider a long-term hearing conservation programme, including audiometric testing
•
Implement health and safety plans.

14.5.9

Assessment of Residual Effects
If the above mitigation measures are implemented, then a minor adverse to negligible
impact remains.

14.5.10

Potential Impact of Occupational Vibration during Operations
In the event of using machinery and equipment on-site which causes vibration (when in
use), there is a need to reduce the vibration produced as much as possible to protect
the health of the workers. Workers should not be subjected to continuous vibration and
GDEWP’s Directorate of Environmental Monitoring & Control is responsible for
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approving any mitigation measures for dealing with continuous vibration from
equipment. Ministerial Order No. (3) of 2005 with Respect to Environmental Regulations
and Standards in the Work Place will apply under this topic.
Impact Box 14-7 Occupational Vibration
Description of Impact
Impact of high Vibration levels
Receptor(s)
Employees
Investigation
Desk-based study
On-site, long-term risk, very high sensitivity of receptor, avoidable,
national legislation on noise is found within Ministerial Order No. 3 of
2005 and specific details about occupational safety and health
Features of Impact
protection can be found in international legislation and best practice
such as from OSHA (Occupational Safety and Health Administration
(US)).
Minor to Moderate Adverse depending upon exposure levels and
Significance of Impact
number of employees.
• Undertake suitable and sufficient risk assessments in the
workplace
Mitigation Advice
• replace hand-held equipment if vibration levels are excessive;
• provide adequate PPE (e.g. vibration-proof gloves)
• Implement health and safety plans.
Residual Impact
Minor Adverse to Negligible

14.5.11

Assessment of Residual Effects
If the above mitigation measures are implemented, then a minor adverse to negligible
impact remains.

14.6

Decommissioning Impacts Mitigation and Residual Effects

14.6.1

Occupational Health & Safety Impacts during Decommissioning
Occupational health and safety risks during decommissioning will be similar to those
experienced during construction activities and therefore the decommissioning period of
the proposed SULB development needs to be assessed in relation to potential impacts
on occupational health and safety.
Impact Box 14-8 Occupational Health & Safety Impacts During Decommissioning
Increased risk of occupational health and safety hazards onDescription of Impact
site (e.g. accidents, injury, falling, falling equipment, hot work,
confined spaces, heat stress during summer, etc.)
Receptor(s)
Site workers.
Investigation
Desk study.
Local, avoidable risk but impact could be long-term or permanent
(or could even result in death) if safety measures are breached;
Features of Impact
very high sensitivity of receptor, national legislation relating to
occupational health and safety within Ministerial Order No. 3 of
2005 and 6 of 2000, and international standards such as WHO
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Impact Box 14-8 Occupational Health & Safety Impacts During Decommissioning
Standards for Worker & Occupational Health and the US
OSHA130 Standards.
Minor to Moderate Averse depending on type of
Significance of Impact
accident/injury, Major Adverse significance if serious accidents
or fatalities occur.
• Training and awareness of workers regarding occupational safety
issues on site;
• Provision of safety facilities, emergency equipment, and first aid
facilities together with personnel trained in its use;
• Provide Personal Protective Equipment (PPE) as appropriate for
tasks undertaken;
Mitigation Advice
• Ensure the contractor specification adequately covers the
assessment of risk of their employees for all decommissioning
activities, and
• Continuous provision of drinks and sheltered/shaded areas for
labourers, especially during the summer months to avoid heat
stress.
Residual Impact
Negligible to No impact

The worst-case scenario is for an accident to occur during the decommissioning phase,
resulting in serious injury or death. This would be deemed a Major Adverse impact.
Mitigation Box 14-6 Health & Safety Risks during Decommissioning

In order to mitigate potential health and safety risks, the following recommendations
should be followed:
• Training and awareness of workers regarding occupational safety issues on-site
• Provision of safety facilities (i.e. ensure site is free from any safety hazards)
• Provision of site security to ensure no unauthorised entry during decommissioning
operations
• Provision of safety tools and clothing (i.e. PPE) such as hard hats, safety boots, eye
protection, ear protectors, respiratory protection against emissions and fumes, gloves
for handling certain types of materials and waste, etc
• Provision of emergency response equipment such as first aid boxes (which need to be
checked frequently), adequate water supply, and eye wash stations and emergency
showers if appropriate
• Ensure the contractor specification adequately covers the assessment of risk of their
employees for all decommissioning activities
• Correct storage and handling of hazardous materials / waste; and
• Continuous provision of drinks and sheltered/shaded areas for labourers, especially

during the summer months to avoid heat stress

130

OSHA – Occupational Safety and Health Administration
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14.6.2

Assessment of Residual Effects
By providing mitigation measures such as those listed above, and ensuring that the
systems and procedures are managed in a robust way, negligible to no adverse
residual impacts is anticipated during decommissioning.
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15

SOCIO-ECONOMICS

15.1

Introduction
This chapter relates to the potential socio-economic impacts of the development on the
local population and economy.
The majority of the impacts are anticipated to be predominantly economic in nature for
instance, employment, economic stimulus to the surrounding businesses and services.
However the potential social effects of the influx of workers both for the construction and
operational phases of the development such as housing supply and capacity of social
facilities are also discussed.

15.2

Assessment Methodology

15.2.1

Relevant Legislation, Guidance and Best Practice
Bahraini legislation requirements state that an environmental assessment needs to
identify, describe and assess the direct and indirect effects of the proposed development
on the environment and the surrounding population. However there is no specific
guidance which sets out the procedures to assess the socio-economic and community
impacts arising from the construction, operation and decommissioning of a project such
as this. For this reason a qualitative assessment of the socio-economic and community
effects has been undertaken based on professional judgement relating to the
information available.

15.2.2

Data Sources
Information regarding the details of employment potential, proposed levels of
Bahrainisation within the workforce and potential local economic activity derived from
the construction, operation and potential decommissioning of the proposed SULB
development was provided by SULB management.
Information regarding the existing socioeconomic status of Bahrain was sourced from
official government statistics issued by the Central Bank of Bahrain.

15.2.3

Consultation
No consultation was undertaken with specific regard to potential socio-economic effects
of the SULB development.

15.2.4

Significance Criteria
In terms of socioeconomic factors, potential effects would be significant if the
development resulted in any fundamental or material changes in population, structure of
the local community, and local economic activity during the different construction,
operation or decommissioning phases.
The following characteristics have been used to attribute significance to potential
impacts to the socioeconomic environment from the proposed development:
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Table 15.1

Criteria for Impact Significance to Socio – Economic Environment

Impact Significance
Major Adverse

Moderate Adverse

Minor Adverse
Negligible

Impact Characteristic

A reduction in employment opportunities over a regional and
national scale.
A significant reduction in Bahrain’s export revenue
A reduction of employment opportunities at a local level
A loss of access to a market for local regional and national
Bahraini traders
A significant reduction in the effectiveness of local community
facilities (housing, healthcare, schools, public transport, utilities
etc)
A reduction in the effectiveness of local community facilities
(housing, healthcare, schools, public transport, utilities etc)
A potential change that is unlikely to be recognisable
Improved employment opportunities at a local level

Minor Beneficial

Major Beneficial

15.3

Access to a market for local regional and national Bahraini
traders (trading with SULB directly and with employees (trickle
down))
The Scheme would result in improved economic benefits for the
Bahrain as a whole

Baseline Conditions and Sensitivity
The current population of Bahrain is 727,785 of which approximately 235,000 are nonnationals. The current estimated annual population growth rate is 1.285%.
With respect to the economy, petroleum production and refining account for over 60% of
Bahrain’s export receipt, over 70% of government revenues and 11% of GDP (exclusive
of allied industries) 142, underpinning Bahrain’s strong economic growth in recent years.
Aluminium is Bahrain’s second major export after oil. Other major segments of Bahrain’s
economy are the financial and construction sector.
In terms of employment, the total number of employed persons in Bahrain at the end of
the first quarter of 2009 reached 596,224 representing an annual growth rate of 16.5%,
this includes a 9.8% increase in Bahraini employment and an 18.8% increase in foreign
worker employment143
In relation to the various economic sectors, the estimated total employment figures for
construction are 134,104 with 13,248 classed as Bahraini and 120,856 classed as nonBahraini. For trade, the figures are 120,265 total employment with the breakdown of
25,852 Bahraini and 94,412 non-Bahraini144.

142

CIA World Factbook (http://www.cia.gov)
Central Bank of Bahrain
144
Central Bank of Bahrain
143
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15.4

Construction Impacts Mitigation and Residual Effects

15.4.1

Impacts of Construction on Employment Levels
Based on an ultimate investment of USD 1.4 billion, where a substantial amount will be
expended locally in cement, rebar, transport, hiring of equipment and services (heavy
lift, surveys, etc), accommodation, hotels, etc, in addition to jobs generation means the
impact of the SULB project will have a significant impact on the local economy during
the construction phase.
Given the current development plan and intended programme it is estimated that
approximately 300 construction jobs will be created over the development period;
beginning with the initial groundwork and through all phase of construction. The nature
of jobs created will span a range of construction related employment and the length of
employment contracts will vary, with anything between a few months to some jobs
potentially spanning over several years.
The construction phase of the work would ensure the employment of a number of
workers, and result in additional expenditures throughout all levels of the economy, as a
result of the multiplier effect.
The firms contracted to carry out the work are likely to be locally based and it is
expected that they will hire a proportion of local workers. The appointed contractor will
be able to provide jobs for Bahrainis if suitable workers can be sourced.
Impact Box 15-1 Impact of Construction on Employment Levels
Benefits to local Bahrainis, local businesses, suppliers of building
Description of Impact
materials, contractors, consultants, etc.
Receptor(s)
The Bahraini community.
Investigation
Desk based.
National, short to medium term, cumulative, Bahrainisation
Features of Impact
requirements are set out in the National Labour Law of 1976 and
subsequent updates.
Minor Benefit depending on contractor chosen and level of
Significance of Impact
Bahrainisation.
Actively encourage the use of Bahraini workers, suppliers,
Enhancement Advice
contractors, consultants, etc., if they can be sourced

15.4.2

Impacts from Increased Spending and Investment
There will be some indirect income and employment benefits from the construction of
the SULB complex, primarily through the erection of site offices and support facilities.
The influx of people to the area is likely to bring minor benefits to Bahrain. Such
activities may create opportunities for additional service or retail outlets to provide food
and other supplies during this phase of the development.
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Impact Box 15-2 Benefits from Increased Spending & Investment
Benefits to the economy of Bahrain from increased employment
Description of Impact
and expenditure.
Receptor(s)
The national economy.
Investigation
Desk study.
Features of Impact
National, medium-term, cumulative.
Significance of Impact Minor Beneficial.
Enhancement Advice
Promote the use of local amenities and local expenditure.

It is expected that a minor benefit to the national economy will occur with the
construction of the SULB Complex.
As local employment increases, national
expenditure in the country increases adding a benefit to the local economy. The
construction of the plant along with construction of other projects in Bahrain will have a
cumulative beneficial impact on the national economy.
15.4.3

Impacts from Increased Population of Construction Workers
Whilst there is anticipated to be some indirect income and employment benefits from the
construction of the SULB complex, the influx of the associated construction workforce
may have detrimental on the effectiveness of local community facilities including
housing, healthcare, schools, public transport and utilities.
Impact Box 15-3 Impacts from Increased Population of Construction Workers
Impact on the effectiveness of community facilities (housing,
Description of Impact
healthcare, schools, public transport, utilities etc)
Receptor(s)
Community facilities and infrastructure
Investigation
Desk Study
Regional, short term, medium to high sensitivity of receptor,
Features of Impact
cumulative.
Significance of Impact Minor Adverse
Provision of specific services for construction personnel so impacts
Mitigation Advice
on existing local community facilities are minimised.
Residual Impact
Negligible

15.4.4

Residual Impact
By providing specific services for construction personnel specifically in terms of
transport, and healthcare, negligible residual impacts on existing community facilities
are anticipated during construction.

15.5

Operational Impacts Mitigation and Residual Effects

15.5.1

Impact of SULB Operations on Socio-economic Status of Area
Once operational the SULB complex is anticipated to strengthen and diversify Bahrain’s
industrial base, help the balance of trade, contribute to employment and add to the
overall economic growth.
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Impact Box 15-4

Direct Economic Impact
Benefits to the local and national economy as a result of
Description of Impact
diversification, improved balance of trade and increased
investment and employment opportunities
Receptor(s)
Local and national economy
Investigation
Desk based
Direct national economic impact in terms of new investment in
Features of Impact
Bahrain, creation of jobs for local Bahrainis, benefits to local
suppliers of material and staff, long-term, cumulative..
Significance of Impact Moderate Beneficial
• Promote employment of Bahrainis to ensure compliance with
labour laws; and
Enhancement Advice
• Promote training of workers and opportunities to progress
within the SULB organisation.

Also during operation we need to consider the multiplying effect of the SULB operation,
which will provide significant demand for cargo and people transport, use of the port
facilities, hotels for visitors, taxis, etc, with the concomitant generation of jobs
SULB operations also have the potential to boost the creation of new companies,
associated with the processing of the steel sections products. An example of this is a
steel structure fabricator currently located in the United Arab Emirates (UAE), who has
indicated to SULB management thoughts about constructing a facility in Bahrain to preprocess the required structures for attending its customers in the Eastern Province of
the Kingdom of Saudi Arabia (KSA).
Impact Box 15-5

Multiplier Effect on Local and National Economy
SULB operations will result in a series of trickle-down beneficial
Description of Impact
economic effects being realised by a diverse receptors (suppliers,
hauliers, etc)
Receptor(s)
Local businesses
Investigation
Desk based
Indirect local and national economic impact in terms of benefits to
Features of Impact
local businesses and benefits to indirect employment potential,
long-term, cumulative.
Significance of Impact Moderate Beneficial
• Maximise Bahrainisation
Enhancement Advice
• Specify use of local suppliers as much as possible
Residual Impact
Moderate Beneficial remains

15.6

Decommissioning Impacts Mitigation and Residual Effects

15.6.1

Impacts of Decommissioning on Employment Levels
As with construction the decommissioning phase of the project would ensure the
employment of a number of workers, and result in additional expenditures throughout all
levels of the economy, as a result of the multiplier effect. This however would be offset
by the loss of operational employment as the plant closes.
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Therefore in the long term the significance of decommissioning of the SULB project on
future employment levels will be entirely dependent on the proposed future uses of the
decommissioned site and the job creation potential.
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16

CONCLUSIONS AND RECOMMENDATIONS

16.1

Summary of Project
PHE Gulf was appointed by United Steel Company (SULB) to conduct an EHIA of the
proposed SULB Integrated Steel Works to be constructed on existing land adjacent to
existing iron ore pelletizing plants and a steel rolling mill within the Hidd Industrial Area
on the north east coast of the Kingdom of Bahrain.
This document (EHER) comprises the third and final component of the EIHA process
under Bahraini legislation following on from the Screening Form and the Scoping Report
already completed for the development.
Current plans are that the complex will be designed to produce direct reduced iron (DRI)
from iron ore pellets. The DRI will then be used in turn to produce steel in the form of
beam blanks, billets and blooms, which will be further processed within the rolling mills
of the complex to produce a number of final steel section products.
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16.2

Summary of Impacts and Mitigation Measures

16.2.1

Air Quality and CO2
No

Type of Impact

Characteristics (Potential
Significance)

Receptor(s)

Mitigation (Residual Impact/ Significance)

Fugitive construction dust emissions have

Surrounding sensitive

In order to reduce dust emissions, a number of mitigation

the potential to cause nuisance soiling and

receptors (human

measures should be implemented, as appropriate, including:

Construction
1

Construction Dust

potential health effects

health)

•

Vehicles carrying loose aggregate and workings to
be sheeted at all times;

Minor Adverse
•

Implementation of design controls for construction
equipment and vehicles and use of appropriately
designed vehicles for material handling;

•

Regular inspection and, if necessary, cleaning of
local highways to check for dust deposits (and
removal if necessary);

•

Minimise surface areas of stockpiles to reduce

•

Use of dust-suppression methods as appropriate;

•

All construction plant and equipment to be

areas of surface exposed to wind scouring;
and
maintained in good working order and not left
running when not in use.
Negligible

______________________________________________________________________________________
SULB Steel Complex
Environmental & Health Evaluation Report

Final
267

January 2010

No
2

Type of Impact

Characteristics (Potential
Significance)

Off Road Vehicles and Plant

Increased concentrations of air pollutants

Emissions

associated with traffic and construction
plant on site

Receptor(s)
Surrounding sensitive
receptors (human
health)

Mitigation (Residual Impact/ Significance)
Reduce numbers of vehicles required for construction
operations as much as possible;
Regular inspection and maintenance of mobile plant and
construction vehicle exhausts to ensure minimum emissions;

Minor to moderate adverse

Instruct drivers to switch off engines when vehicles are
waiting;
Prevent queuing and idling;
Do not rev engines unnecessarily; and
Use of alternative route (other than the route passing
residential areas
Minor adverse

Operation
3

Operational emissions (air quality

Impact of operational air emissions from

parameters)

SULB on air quality
Negligible

4

Road Traffic Emissions

Impact of operational road traffic air
emissions on air quality
Negligible

5

CO2 Emissions

CO2 emissions from the plant contributing

Surrounding sensitive

None required

receptors (human

Negligible

health)
Surrounding sensitive

None required

receptors (human

Negligible

health)
Global climate

to greenhouse gas inventory and climate

Continual benchmarking for the improvement of energy
efficiency and emission reduction

change potential

Moderate

Moderate

Decommissioning
6

Generation of dust during

Fugitive dust emissions have the potential

decommissioning operations

to cause nuisance soiling and potential
health effects

Surrounding sensitive

Mitigation measures as per construction

receptors (human

Negligible

health)
Minor Adverse
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16.2.2

Hydrodynamics
No

Type of Impact

Characteristics (Potential
Significance)

Receptor(s)

Mitigation (Residual Impact/ Significance)

Construction
Impact of Wharf on Bathymetry

A local permanent effect on a low

Sea bed levels

No mitigation required

sensitivity receptor

Negligible

Negligible
Impact of Wharf on Currents

A local permanent effect on a low

Currents in the vicinity

No mitigation required

sensitivity receptor

of the proposed wharf

Negligible

Seawater quality and

No mitigation required

Negligible
Impact of temporary relocation of

A local temporary effect on a medium

outfall on water quality and existing

sensitivity receptor

intake

existing GIIC intake

Negligible

Negligible

Operation
Impact of Wharf on Bathymetry

A local permanent effect on a low

Sea bed levels

No mitigation required

sensitivity receptor

Negligible

Negligible
Impact of Wharf on Currents

A local permanent effect on a low

Currents in the vicinity

No mitigation required

sensitivity receptor

of the proposed wharf

Negligible

Negligible
Impact of proposed intake and

A local temporary effect on a medium

combined outfall on water quality

sensitivity receptor

and existing intake

Seawater quality and
existing GIIC intake

Ensure adequate dilution of the discharge to meet the
Bahrain temperature standard at 100m from the outfall. This
would usually require high energy discharge jets, spread

Negligible

over a diffuser structure, to ensure rapid turbulent mixing with
as large a volume of ambient seawater as possible.
Negligible

Decommissioning
Not assessed
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16.2.3

Water and Sediment Quality
Characteristics (Potential
Significance)

Receptor(s)

Mitigation (Residual Impact/ Significance)

Impact of Wharf on Water Quality

Local, temporary likely effect on a medium

Marine water quality

Containment of reclamation by sheet pile wall

(sediment loading during

sensitivity receptor

reclamation)

Negligible to Minor Adverse

Impact of temporary Relocation of

Local, temporary effect on a medium

GIIC Outfall on water quality

sensitivity receptor

No

Type of Impact

Construction
Negligible
Marine water quality

None required
Negligible

Negligible

Operation
Impact of proposed combined GIIC

Local, permanent, predicted impact on a

Outfall on water quality

medium sensitivity receptor

Marine water quality

Negligible

Negligible

Decommissioning
Not assessed
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16.2.4

Marine Ecology
Characteristics (Potential
Significance)

Receptor(s)

Loss of seafloor (subtidal) habitats

Onsite, permanent definite impact on a low

Predominantly infaunal

None required

due to construction of the proposed

sensitivity receptor

communities

Negligible to Minor Adverse

No

Type of Impact

Mitigation (Residual Impact/ Significance)

Construction

wharf

Negligible to Minor Adverse

Impact of elevated total sediment

Local, temporary, definite impact on a low

Marine epibenthic /

Containment of reclamation by sheet pile wall

loading and deposition on

to medium sensitivity receptor

infaunal and pelagic fish

Minor Adverse to Negligible

surrounding marine ecology

Minor Adverse

Impact of construction noise on

Local, temporary, possible impact on a

Marine fauna

Slow ramping up of noise levels (soft start)

marine life

medium sensitivity recpetor

(cetaceans, turtles,

Minor Adverse

Minor Adverse

fiish)

Impact of temporary Relocation of

Local, temporary, predicted impact on a

Marine flora and fauna

GIIC Outfall on marine flora and

low sensitivity receptor

fauna

Negligible

Impact of proposed combined GIIC

Local, permanent, predicted impact on a

Outfall on marine flora and fauna

low sensitivity receptor

None required
Negligible

Operation
Marine flora and fauna

Negligible

Negligible

Decommissioning
Not assessed

______________________________________________________________________________________
SULB Steel Complex
Environmental & Health Evaluation Report

Final
271

None required

January 2010

16.2.5

Noise and Vibration
No

Type of Impact

Characteristics (Potential
Significance)

Receptor(s)

Mitigation (Residual Impact/ Significance)

Activities such as percussive piling have

Surrounding sensitive

None required

the potential to generate noise impacts

receptors (human health)

No Impact

Construction
1

Noise from on-site construction
activities

No Impact
2

Noise from construction related

An increase of 1dB in noise level adjacent

Surrounding sensitive

None required

traffic

to a road requires a 25% increase in traffic

receptors (human health)

Temporary Negligible

Noise levels from the operation were

Surrounding sensitive

None required

assessed against Bahrain night time noise

receptors (human health)

No Impact

An increase of 1dB in noise level adjacent

Surrounding sensitive

None required

to a road requires a 25% increase in traffic

receptors (human health)

Negligible

No activities with a noise potential greater

Surrounding sensitive

None required

than percussive piling

receptors (human health)

No Impact

Traffic numbers associated with the

Surrounding sensitive

None required

decommissioning phase expected to be no

receptors (human health)

Temporary Negligible

flow
Temporary Negligible

Operation
3

Noise from on-site operations

guidelines
No impact
4

Noise from operational traffic

flow
Negligible

Decommissioning
5

Noise from on-site
decommissioning activities

No Impact
6

Noise from construction related
traffic

greater than during construction phase
Temporary Negligible
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16.2.6

Waste
No

Type of Impact

Characteristics (Potential
Significance)

Receptor(s)

A national short term cumulative

Waste infrastructure (Askar and

impact on a high sensitivity receptor

Hafeera Landfill sites)

Mitigation (Residual Impact/ Significance)

Construction
Management of
Construction Waste

Moderate Adverse

• Suitable waste management should be a contractual obligation
between SULB and all construction contractors.
• A Site Waste Management Plan (SWMP) should be drawn up
by the construction contractor.
• Waste minimization techniques should be implemented by the
site contractor;
• Encourage re-use and recycling of waste materials as much as
possible;
• All unusable inert waste to be disposed of at Askar landfill site
and all hazardous or special wastes to be disposed of at
Hafeera landfill site (with approval from GDEWP);
• Appropriate awareness training provided for all site staff;
• Waste skips should be covered at all times to prevent wind
blow;
• Provision of appropriate site boundary to secure waste inside;
• Regular litter patrols to clean up wind-blown litter;
• Adherence to Bahrain legislation covering hazardous waste and
hazardous chemicals
• Best practice housekeeping procedures should be followed;

• Proper segregation, transport and waste disposal
• Waste contractor should ensure legal disposal of waste.

Minor Adverse
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No

Type of Impact

Characteristics (Potential
Significance)

Receptor(s)

A national short term cumulative

Waste infrastructure (Askar and

impact on a high sensitivity receptor

Hafeera Landfill sites)

Mitigation (Residual Impact/ Significance)

Operation
Management of
Operational Waste

Moderate Adverse

•

Waste management plan should be developed and implemented to
manage waste

•

Ensure waste is properly stored in appropriate containers that are
labelled according to Bahraini regulations;

•

In terms of storage:
-

Segregate different types of waste as they are generated
Mark waste containers clearly with their intended contents –
consider colour coding

-

Use containers suitable for their contents – check their condition
Minimise the risk of accidental spillage or leaks – containers
with hazardous substances in them should be placed in
impervious bunded areas; and

-

Ensure that wastes cannot be blown or washed away –
containers must be securely covered.

•

Use only approved licensed waste transporters

•

Give responsibility of waste management to a single management
person; one responsibility would be to ensure that the waste is
transported to the correct locations by licensed and approved
transporters (SULB have committed to employing an environmental
manager).

•

Provide special bins for recyclable materials and train staff on their
use

•

Encourage the use of recycled office products
Minor Adverse
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No

Type of Impact

Characteristics (Potential
Significance)

Receptor(s)

Mitigation (Residual Impact/ Significance)

A national short term cumulative

Waste infrastructure (Askar and

Mitigation measures as per construction

impact on a high sensitivity receptor

Hafeera Landfill sites)

Minor Adverse

Decommissioning
Management of
Decommissioning
Waste

Moderate Adverse
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16.2.7

Resource Use
No

Type of Impact

Characteristics (Potential
Significance)

Mitigation (Residual Impact/
Significance)

Receptor(s)

Construction
Construction impacts on existing
national sewage system

A national short term cumulative impact on

Hidd WWTP and marine

Minimise the volumes of sewage and wastewater

a medium to low sensitivity receptor

environment surrounding

produced by using urinals and low volume flush toilets

Negligible

WWTP discharge point

Negligible

A national long term cumulative impact on

Natural resources

Operation
Operational impact on national
electricity supplies

a high sensitivity receptor

• Implement an energy management program:
• Install demand control system in the 200kv
Substation.

Moderate Adverse

• Operating, maintenance and housekeeping
measures should be in place to minimise energy
use.
• Energy efficiency measures should consider heat
recovery from different parts of the processes:
• High efficiency dewatering techniques to minimise
drying energy
• Good insulation
• Plant layout to reduce pumping distances
• Phase optimisation of electronic control motors
• Optimised efficiency measures for combustion
processes (e.g. air/feed water preheating, excess air
etc.); and
• Ensure consumption of electrical energy is a key
performance indicator within Plant Manager’s annual
appraisal, ensuring a high level buy into energy
efficiency measures.
Minor to Moderate Adverse
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No

Type of Impact
Operational impact on national
water supplies

Characteristics (Potential
Significance)

Receptor(s)

Mitigation (Residual Impact/
Significance)

A national long term cumulative impact on

Water resources

• Minimize volumes of water used in the process and

a medium sensitivity receptor

for sanitary use by design and
• Implement water conservation and management

Moderate Adverse

measures and take reasonable and effective water
recycling opportunities
Minor to Moderate Adverse
Operational impact on national
natural gas supplies

A national long term cumulative impact on

Scarce natural resource

a high sensitivity receptor

• Implement an energy management and conservation
program:
• Install removable insulation on valves and fittings

Major Adverse

• For furnaces, check the burner to air fuel ratios to
achieve maximum efficiency
• Measure and manage ventilation in the plant; and
• Rework schedule of processing operations (e.g.
lessen the frequency of mixed and/or partial loads)
to reduce delays and reheat requirements
• Implement gas consumption as a key performance
indicator in the Plant Manager’s annual appraisal.
Major Adverse
Operational impact on sewage
treatment facilities

A national long term cumulative impact on

Hidd WWTP and marine

Minimise the volumes of sewage and wastewater

a medium to low sensitivity receptor

environment surrounding

produced by using urinals and low volume flush toilets

Negligible

WWTP discharge point

Negligible
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No

Type of Impact

Characteristics (Potential
Significance)

Receptor(s)

Mitigation (Residual Impact/
Significance)

Operational impact of chemical use

Operation of SULB Plant will require

Onsite personnel and

The chemicals should be handled and stored according
to the instructions contained in the Material Safety Data

process raw materials, wastewater

surrounding soil,

treatment chemicals, oils and greases and

groundwater and surface

Sheets (MSDS)

other maintenance and cleaning chemicals

water

Minor Adverse to Negligible

Resources

Potential closure of the plant would result in conservation

A local long term cumulative impact on a
high sensitivity receptor
Minor to Moderate Adverse

Decommissioning
Decommissioning Impacts on
Resource Use

A national long term cumulative impact on
a high sensitivity receptor

of water, electricity , gas supply and other resources

Moderate to Major Beneficial

previously utilised in the development
Moderate to Major Beneficial
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16.2.8

Traffic and Transport
No

Type of Impact

Characteristics (Potential
Significance)

Receptor(s)

A local temporary impact on a medium

Existing traffic flow /

sensitivity receptor

local road network

Mitigation (Residual Impact/ Significance)

Construction
Impact of Construction Traffic

• Reduce the volumes of construction traffic where
possible
• Utilise appropriate haul routes

Moderate Adverse

• Arrange for deliveries during off peak
• Phasing of construction program
• Adoption of a travel plan for construction workers
Minor Adverse

Operation
Impact of Operational Traffic

A national long term impact on a medium

National road networks

to high sensitivity receptor

• Implementation of a traffic management strategy
• Increased use of Khalifa Port or onsite wharf for export
and deliveries

Moderate Adverse

Minor Adverse

Decommissioning
Impact of Decommissioning Traffic

A local temporary impact on a medium

Existing traffic flow /

Mitigation measures as per construction

sensitivity receptor

local road network

Minor Adverse

Moderate Adverse

______________________________________________________________________________________
SULB Steel Complex
Environmental & Health Evaluation Report

Final
279

January 2010

16.2.9

Soils and Groundwater
No

Type of Impact

Characteristics (Potential
Significance)

Receptor(s)

Mitigation (Residual Impact/ Significance)

Construction
Contamination of Soil from
Construction Activities

Local short term to long term impact on a

Onsite soils and

Prevent contamination of soil by control of hazardous

low to medium sensitivity receptor

underlying sub-soils

substances, chemicals, etc via correct storage and bunding
and implementation of a Construction Environmental

Minor to Moderate Adverse

Management Plan
Negligible
Damage to Aquifer and

• Ensure WRD recommendations are implemented regarding

National long term to permanent on a high

Perched groundwater

sensitivity receptor

and deeper

Major Adverse

groundwater (Alat

• Pile design should ensure a good seal is maintained

Aquifer)

between the pile and the formation to prevent possible

Contamination of Groundwater
from Construction Activities

piling depth

contaminant pathways
• Prevent contamination by good housekeeping (proper
storage of materials, bunding, drip trays etc)and implement
an EMP
Negligible

Operation
Contamination of Soil and
Groundwater from Operational

Local short term to long term impact on a

Onsite soils and

Follow the recommendations of UK Pollution Prevention

low to medium sensitivity receptor

underlying sub-soils

Guidelines and US EPA 40CFR112, which are concerned

Activities

with the storage of petroleum and petroleum products,

Minor Adverse

containers stored and managed properly, and containers
labelled. Additionally, the storage areas should be inspected
for leaks periodically
Negligible
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Decommissioning
Contamination of Soil and
Groundwater from Operational

Local short term to long term impact on a

Onsite soils and

low to medium sensitivity receptor

underlying sub-soils

Activities

Minor Adverse

•

An overall Decommissioning Plan would need to be
prepared for the whole SULB project,

•

Ensure potentially contaminated materials are properly
stored and disposed of according to Bahraini regulations
Negligible
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16.2.10

Human Health
No

Type of Impact

Characteristics (Potential
Significance)

Receptor(s)

Mitigation (Residual Impact/ Significance)
No mitigation is required

Construction
Noise

The noise assessment on the

ASRY Workers and

proposed construction activities

proposed BIW Labour

indicates that no significant impact is

accommodation

anticipated
Traffic and Transport (Air Pollution)

Given projected increase in traffic

ASRY Workers and

during construction increased health

proposed BIW Labour

risk is unlikely to be significant

No mitigation is required

accommodation and
populations adjacent to
haul routes

Traffic and Transport (Road Traffic
Accidents)

Bahrain Population

No mitigation is required

Health significance of the creation of

Bahraini and non-

Actively encourage the use of Bahraini workers, suppliers,

construction jobs, will be dependent on

Bahraini workforce

contractors, consultants etc

Given projected increase in traffic
during construction increased risk is
unlikely to be significant

Employment

Moderate Benefit

the nature of the jobs and the length of
contract
Income

The health effects of increased income will

Bahraini population

be of variable significance across the

Minor Benefit

population and are likely to be limited by
virtue of the nature of the workforce (nonBahraini immigrants) and the temporary
nature of the construction process

Operation
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No

Type of Impact
Operational Air Pollutants

Characteristics (Potential
Significance)

Receptor(s)

Mitigation (Residual Impact/ Significance)

A slight adverse (low) significance is

ASRY Workers and

No mitigation is proposed

anticipated over the long term

proposed BIW Labour

Having undertaken a noise

ASRY Workers and

assessment on the proposed

proposed BIW Labour

construction activities, no significant

accommodation

accommodation
Noise

No mitigation is required

impact is anticipated
Traffic and Transport (Air Pollution)

A slight adverse (low) significance is

ASRY Workers and

anticipated over the long term

proposed BIW Labour

No mitigation is proposed

accommodation and
populations adjacent to
operational and delivery
routes
Traffic and Transport (Road Traffic
Accidents)
Employment

A slight adverse (low) significance is

Bahrain Population

No mitigation is proposed

A minor to moderate benefit is

Bahraini and non-

Actively encourage the use of Bahraini workers, suppliers,

anticipated over the long term

Bahraini workforce

contractors, consultants etc

anticipated over the long term

Moderate Benefit
Income

A minor to moderate benefit is

Bahraini population

anticipated over the long term

Promote the use of local amenities and local expenditure
Minor Benefit

Decommissioning
Human health impacts from

Indirect effects on health and well-being are considered to be similar in nature to construction impacts, however no significance has

decommissioning

been assessed given the time period considered until decommissioning

______________________________________________________________________________________
SULB Steel Complex
Environmental & Health Evaluation Report

Final
283

January 2010

16.2.11

Health and Safety
No
Type of Impact
Construction

Characteristics (Potential Significance)

Receptor(s)

Occupational Health

Local (on-site) avoidable risk but impact could be long

Site Workers

and Safety Impacts

term or permanent on a high sensitivity receptor

during Construction

Minor to Major Adverse

Mitigation (Residual Impact/ Significance)

• Training and awareness of workers regarding occupational
safety issues on site;
• suitable and sufficient risk assessments of site activities
should be undertaken to recognise, evaluate and control
risks;
• Provision of safety facilities, emergency equipment, and
first aid facilities together with personnel trained in its use;
• Provide Personal Protective Equipment (PPE) as
appropriate for tasks undertaken;
• Ensure the contractor specification adequately covers the
assessment of risk of their employees for all construction
activities, such as in a Construction Code of Practice, and
• Continuous provision of drinks and sheltered/shaded areas
for labourers, especially during the summer months to avoid
heat stress.
Negligible Impact
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No
Type of Impact
Operation

Characteristics (Potential Significance)

Receptor(s)

Mitigation (Residual Impact/ Significance)

General Occupational

Local (on-site) avoidable risk but impact could be long

Employees

• The use of personal protective equipment (PPE) should

Health and Safety

term or permanent on a high sensitivity receptor

be mandatory in certain situations, i.e. hearing protection

Minor to Major Adverse

in areas where noise levels exceed 80 dBA, gloves, eye

Impacts during
Operation

protection and respiratory protective equipment when
handling chemicals whose MSDSs stipulate their use;
hard hats in certain areas, etc
• Provide first aid supplies in necessary areas
• Provide HAZWOPPER or equivalent and initial safety
training upon hiring or upon assignment to a job which
requires specific training; and
• Ensure that emergency procedures are clearly outlined
during training and that staff have easy access to
procedures and emergency numbers while working
Minor Adverse to Negligible

Impact of Fire during
Operations

Local (on-site) avoidable risk but impact could be long

Employees, plant, site

term or permanent on a high sensitivity receptor

buildings

• Implement Health and Safety plans
• Develop, write and implement fire procedures
• Provide ongoing training

Moderate to Major Adverse

• Establish a trained plant emergency response team
Minor Adverse to Negligible
Safety Risk for Heat
Stress

Local (on-site) avoidable risk but impact could be long

Employees

term or permanent on a high sensitivity receptor

• Follow health and safety plans;
• Provide comfort stations; and
• Train supervisors to recognize and react to signs of heat

Minor to Major Adverse (if life threatening)

stress
Minor Adverse to Negligible
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No

Type of Impact
Occupational Noise

Characteristics (Potential Significance)

Receptor(s)

Local (on-site) avoidable risk but impact could be long

Employees

term or permanent on a high sensitivity receptor

Mitigation (Residual Impact/ Significance)
• Undertake suitable and sufficient risk assessments in the
workplace.
• Control the risks to noise exposure at source where

Minor to Major Adverse (for noise induced hearing

possible, provide acoustic enclosures for machines,

loss)

undertake regular maintenance of noisy plant such as
fans;
• Provide adequate ear protection and on-going training;
and
• Implement health and safety plans.
Minor Adverse to Negligible
Occupational
Vibration

Local (on-site) avoidable risk but impact could be long

Employees

term or permanent on a high sensitivity receptor

• Undertake suitable and sufficient risk assessments in the
workplace
• Implement health and safety plans.

Minor to Moderate

Minor Adverse to Negligible

Decommissioning
Occupational Health

Local (on-site) avoidable risk but impact could be long

and Safety Impacts

term or permanent on a high sensitivity receptor

during

Site Workers

• Training and awareness of workers regarding occupational
safety issues on site;
• Provision of safety facilities, emergency equipment, and

Minor to Major Adverse

first aid facilities together with personnel trained in its use;

Decommissioning

• Provide Personal Protective Equipment (PPE) as
appropriate for tasks undertaken;
• Ensure the contractor specification adequately covers the
assessment of risk of their employees for all construction
activities, such as in a Construction Code of Practice, and
• Continuous provision of drinks and sheltered/shaded areas
for labourers, especially during the summer months to avoid
heat stress.
Negligible Impact
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16.2.12

Socio-Economics
No

Type of Impact

Characteristics (Potential
Significance)

Receptor(s)

Mitigation (Residual Impact/ Significance)

National, medium to short term, cumulative

Bahraini Workforce

Actively encourage the use of Bahraini workers, suppliers,

Construction
Impact of Construction on
Employment Levels

contractors, consultants etc

Minor to Moderate Benefit

Moderate Benefit
Benefits from Increased Spending

National, medium to short term, cumulative

Bahrain Economy

Promote the use of local amenities and local expenditure

Regional medium to short term, cumulative

Community facilities

Provision of specific facilities for construction personnel so

Minor Adverse

and infrastructure

existing local community facilities are not impacted

and Investment
Impacts from Increased Population

Minor Benefit

of Construction Workers

Minor Benefit

Negligible to no impact
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No

Type of Impact

Characteristics (Potential
Significance)

Receptor(s)

National, long term cumulative

Bahrain Economy

Mitigation (Residual Impact/ Significance)

Operation
Direct Economic Impact

•

Promote employment of Bahrainis to ensure compliance
with labour laws; and

Moderate Beneficial
•

Promote training of workers and opportunities to
progress within the SULB organisation.
Moderate Beneficial remains

Decommissioning
Impact of Decommissioning on
Employment Levels

National, medium to short term, cumulative

Bahraini Workforce

As with construction the decommissioning phase of the
project would ensure the employment of a number of

Significance not assessed

workers, and result in additional expenditures throughout all
levels of the economy, as a result of the multiplier effect. This
however would be offset by the loss of operational
employment.
Therefore

in

the

long

term

the

significance

of

decommissioning of the SULB project on future employment
levels will be entirely dependent on the proposed future uses
of the decommissioned site and the job creation potential.
Significance not assessed
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16.3

Monitoring Requirements
Monitoring is an important aspect of quality control, maintaining environmental
compliance, and for ensuring health and safety standards are met. As part of any
monitoring programme, records of monitoring results must be kept to provide an audit
trail in the event of any future enquiry.
Likely monitoring requirements for the complex are summarised below:
Monitoring of Air Emissions

A regular stack monitoring program must be implemented as required by Ministerial
order No. 10 of 2007. Under this legislation the monitoring program is required to be
carried out via on-line continuous emission monitoring systems (CEMS) which must be
maintained and calibrated according to the supplier’s instructions. SULB will comply with
this order by installing continuous monitoring facilities to all main stacks.
Monitoring of Wastewater

The load of the SULB process wastewater (BOD/COD) along with the volume should be
monitored to ensure they remain within parameters agreed with the Sanitary
Engineering Operations & Maintenance Directorate (SEOMD), (MoW) for the
maintenance of treatment efficiency within the municipal sewage treatment system.
SULB are committed to fulfil this requirement.
Monitoring of Outfall

The volume and quality of the discharge to the sea should be monitored to ensure they
remain within the agreed parameters. SULB are committed to fulfil this requirement.
Monitoring of Waste

Monitoring of waste management activities is crucial to ensure they are going to plan. A
designated person (SULB employee during operation and contractor during
construction) should ensure that the waste is being handled properly, that waste is
stored in the appropriate manner onsite and are being transported and disposed of in a
proper and legal way. SULB are committed to fulfil this requirement.
Monitoring of Noise

Noise monitoring at the plant/ site boundary is important to prove compliance with
Bahrain noise guidelines.
Monitoring of Energy & Water Use

Monitoring energy and water use of the production process and ancillary activities can
help to focus management effort on areas of waste or inefficiencies. The resultant
reduction in use can lead to financial savings as well as reduced impact on national
resources. SULB are committed to fulfil this requirement.
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Monitoring of Chemical Use

Monitoring of chemical use can lead to identification of waste or spills/losses. SULB are
committed to fulfil this requirement.
Health and Safety Monitoring

Monitoring of compliance to health and safety standards is crucial to ensuring that a safe
workplace is provided for all employees. Types of monitoring include; occupational noise
monitoring to assess worker exposure, occupational exposure monitoring to assess
exposure to airborne contaminants by inhalation, monitoring the use of PPE, logging
incidents and accidents and training logs. SULB are committed to securing a safe
environment for its workforce.

16.4

Liaison Requirements
It will be necessary to enter into discussions with the relevant Bahraini regulatory
authorities during activities, as appropriate to the construction and operation of the
SULB Complex. These bodies have a diverse range of specific responsibilities and
powers to enforce legislation and consultation is recommended at all times, particularly if
issues arise, etc.
• General Directorate of Environment & Wildlife Protection - Noise, air quality, traffic
issues, waste, soil contamination, landscape, designation of protected areas,
ecology.
• Roads Directorate, Ministry of Works (MoW) - Traffic and access issues
• Civil Defence & Fire Service Directorate (CDFSD), Ministry of Interior - Issues related
to accidents, fire, contamination (e.g. soil, marine etc.) and emergency spill
response.
• Sanitary Engineering Operations & Maintenance Directorate (SEOMD), (MoW) Issues related to sewage transport and treatment.

16.5

Recommendations
As part of the development consenting process, an Environmental Management Plan
(EMP) will be prepared to ensure that the mitigation measures committed to by SULB as
part of the EHIA and best practices are implemented correctly on site. The EMP will
effectively be the mechanism to ensure that the mitigation measures and best practices
identified are implemented during construction. The EMP will set out the responsibilities
and requirements of each of the involved parties and it is recommended that it is
included in tender documents provided to the relevant contractors to ensure that those
responsibilities and requirements form part of the construction contract.
With regard to the environmental management of the SULB operations, a number of
enhancement suggestions and recommendations are summarised below for
consideration;
• Adoption of best available technology for the operation of the plant.
• Adoption of best management practices for the both the design and operation of the
plant, including defining environmental management roles and responsibilities
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• Develop and implement a waste minimisation plan to optimise the manufacturing
processes and reduce the amount of waste generated.
• Promote ‘greening ‘of the supply chain by adopting an environmentally friendly
procurement strategy, for example by specifying and purchasing materials with a
high recycled content or low hazardous material content.
• Develop and implement an energy management program to reduce the amount of
energy consumed by the plant and to ensure all the equipment is optimised.
• Identify and utilise alternatives to potentially polluting or high resource cost
construction or operational materials and chemicals

16.6

Conclusions
The location, layout and process design of the proposed development has been detailed
in such a way as to minimise detrimental effects on the human and environmental
receptors in the surrounding area.
This EHIA of the development has involved detailed surveys, studies, assessments and
consultations to assess identified effects on the natural and physical environment as
well as the socio economic environment and the human health of nearby residents.
Overall, given the successful implementation of the stated mitigation measures it is
predicted that long-term unacceptable or significant impacts will be minimised.
The SULB project is viewed as an important part of the economic development of the
Hidd Industrial Area, and Bahrain as a whole, and is anticipated to strengthen and
diversify Bahrain’s industrial base, help the balance of trade, and contribute to
employment.
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PART III
17

CUMULATIVE IMPACTS

17.1

Introduction
The proposed SULB Integrated Steel Works development has undergone EHIA to
identify the environmental impacts associated with the proposed works. The findings of
this assessment process are reported in the EHER (Sections 4 to 15 of this report).
The EHIA identified the potential environmental impacts of the proposal in isolation.
However there are several activities within the Hidd Industrial Area which in combination
with the SULB project, have the potential to impact on the environment. This chapter
assesses the residual impact of the proposed SULB Integrated Steel Complex
cumulatively with the residual impacts of the other recent and planned major
developments within the vicinity of the proposed development.
A cumulative impact arises when impacts from several developments, which individually
might be insignificant, coincide together and potentially produce a significant cumulative
impact.

17.2

Assessment Methodology
Typically, for the purposes of cumulative assessment, the environmental effects of other
developments that are already built and operational are effectively included within the
environmental baseline of the EIA so are excluded from a cumulative assessment. The
developments that are typically included are those built in the recent past and not yet
fully operational, those that are under development and those developments that are
planned in the reasonably foreseeable future.
However the proposed construction of the SULB complex represents the final element of
a wider integrated hub of steel production which include the following;
GIIC Pelletizing Plant #1 (operational in 1984);
GIIC Pelletizing #2 (to be operational by the end of 2009); and,
USCO Stainless Steel Rolling Mill (operational in 2007).

•
•
•

Therefore these existing developments have been taken into account within this
cumulative assessment.
Other additional projects identified for consideration within the Cumulative Effects
Assessment (CEA) are:
•
•
•
•

Arabian Sugar Refinery
AMA Mini Steel Mill
Bahrain Investment Wharf (BIW)
Bahrain Industrial Investment Park (BIIP)
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17.3

Assessment of Potentially Cumulative Impacts
Table 17.1 below presents the qualitative assessment of potential cumulative residual
impacts resulting from other developments taking place within the Hidd Industrial Area in
combination with the construction and operational phases of the SULB integrated Steel
Works. No cumulative assessment has been undertaken for the decommissioning
aspects of the project due to the obvious problems in assessing the potential timeframes
for future decommissioning.

Information sources consulted to identify potential cumulative impacts were;
•
•
•

Arabian Sugar Refinery Environmental Evaluation Report March 2009
AMA Mini Steel Mill Draft Environmental Evaluation Report (in preparation)
BIIP Air Quality Assessment

______________________________________________________________________________________
SULB Steel Complex
Environmental & Health Evaluation Report

Final
293

January 2010

Table 17.1

Potential Cumulative Impact Summary Table
Type of Impact

SULB
Complex

Sugar
Refinery

AMA Mini Steel
Mill

BIIP

BIW













































































































































Construction
Air Quality and CO2
Marine Ecology
Water and Sediment
Quality
Hydrodynamics
Noise and Vibration
Waste
Resource Use
Traffic and Transport
Soils and Groundwater
Human Health
Health and Safety
Socio-economics
Operation
Air Quality and CO2
Marine Ecology
Water and Sediment
Quality
Hydrodynamics
Noise and Vibration
Waste
Resource Use
Traffic and Transport
Soils and Groundwater
Human Health
Health and Safety
Socio-economics
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17.4

Cumulative Effects Summary and Conclusions
The in-combination effects on those receptors which have been identified as potentially
impacted through coinciding spatial and/or temporal effects, have been considered in
more detail below.
Air Quality and CO2 Assessment
During the construction phase of the SULB development, there is the potential that the
identified developments will also be undergoing construction. The generation,
suspension and deposition of particulate matter is therefore considered to be a potential
cumulative impact. The significance of construction dust impacts will be dependent on
which construction activities are being undertaken concurrently and the prevailing
meteorological conditions.

Road traffic emissions are also considered to be a potential cumulative impact as the
identified developments will mean additional vehicles within the Hidd Area during both
the construction and operational phases.
Operational air quality impacts and CO2 emissions are common to all the identified
developments but are considered to more significant with respect to SULB, the Sugar
Refinery and the AMA Steel Mill.
Cumulative emission modelling was undertaken for the SULB complex, to include the
GIIC and USCO plants, and for SO2, PM10 and CO predicted concentrations at all
sensitive receptors, for all averaging periods were under half of the Bahraini standard.
NO2, concentrations at all sensitive receptors for all averaging periods were predicted to
be under half the standard except at receptors R17 (Bahrain Investment Wharf) and R16
(BIW labour accommodation F23) which at 120 µg.m -3 is 60% of the standard for the
hourly maximum.
Although no cumulative modelling has been undertaken to include the proposed Sugar
Refinery and AMA steel mill emissions, it is considered highly unlikely provided that the
individual emission points within these developments are compliant with Bahraini
emission standards that the addition of these sources will amount to sufficient pollutant
concentrations to exceed air quality standards at the identified sensitive receptors.
CO2 emissions represent a cumulative impact from all new development and efforts
should be made to encourage energy efficiency and low carbon technology within all
construction and operational activities.
Waste
Construction and operational waste are considered to be potentially significant
cumulative impacts if not managed appropriately. However based on the currently
available information, none of the identified developments are anticipated to produce
particularly large or particularly harmful waste streams. Therefore the capacity available
within Bahrain to deal with the anticipated wastes generated by the developments is
likely to be sufficient.

______________________________________________________________________________________
SULB Steel Complex
Environmental & Health Evaluation Report

Final
295

January 2010

Resource Use (including Utilities and Other Raw Materials)
Cumulative impacts from the consumption of non-renewable resources represent an
issue for all new development.

The supply and consumption of utilities is managed by the appropriate authority
(Electricity and Water Authority, Bapco etc) and the signature of the various supply
agreements for these utilities for the SULB development represents a strong indication
that the authorities consider the situation to be manageable.
Traffic and Transport
A traffic study was carried out on behalf of the Ministry of Works Construction Projects
Directorate for the new port and industrial area at Hidd, this study evaluated the
necessary level of infrastructure required to accommodate the proposed Phase 1 and
subsequent full development of the port and industrial area. It is considered therefore
that the generated traffic from the identified developments has been identified and
incorporated within the plans for the necessary infrastructure.
Human Health (Health Impact Assessment)
With respect to potential human health factors associated with the identified
developments, the most significant potential for a cumulative negative impact is
considered to be from air pollution.

Although individual emission points within these developments are expected to be
compliant with Bahraini emission standards and that the addition of these sources will
not amount to sufficient pollutant concentrations to exceed air quality standards at the
identified sensitive receptors within the Hidd industrial area, any increased concentration
of pollutants will lead to an increase in risk to human health. The adoption of air quality
standards for particular pollutants represents a threshold of acceptability of health risk
and therefore although the developments will ultimately increase the risk to human
health at the identified sensitive receptors, through increased concentrations of air
pollutants, that risk is deemed acceptable.
A cumulative positive impact from the developments will be the increased economic well
being and associated health benefits from the increased employment and income levels
the developments bring
Socio-Economics
A cumulative impact on employment levels is anticipated especially during the
construction phases of the identified developments and the multiplier effect and
additional expenditures generated will act in combination to create a bigger impact on
the Bahrain economy. The downside to the job creation is the potentially significant
negative impact the population of construction workers may have on the community
facilities and infrastructure of the area. The SULB complex is anticipated to manage its
contribution to this impact by ensuring specific facilities for construction personnel are
made available so the impact on existing local community facilities are minimised.
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Appendix A
SULB Plant Layout

Appendix B
Wharf Facilities Method Statement

WHARF FACILITIES
METHOD STATEMENT

1. SCOPE OF WORK
This Method Statement outlines the construction activities of the Wharf Facilities for the SULB
Project.

2. PROJECT LOCATION
The Site of the Wharf facilities is Located in Hidd Area, Bahrain

PROJECT
LOCATION

3. WORK SEQUENCE
Overall Work Sequence

Preparation Works

Protection of Reclamation Area

Steel Sheet Pile Driving
Protection of Reclaimed Area
Steel Pile Sheet Pile Driving

―――――――――――――――――

――――――――――――――――――――――

Installation of Tie-Rod
)
Back fill (1st stage)

Steel Pipe Pile Driving

Back fill (2nd stage)

Pavement

Installation of Accessories

Site Clearance

4. WORK METHODOLOGY
4.1 PREPARATION WORKS
4.1.1 Preliminary Survey Works
Survey benchmarks shall be checked first and confirmed. Temporary benchmark to be
used for construction shall be established. The temporary benchmark shall be established at
appropriate location so that it will not interfere with the construction activities. All temporary
benchmark should be protected throughout the construction period. This temporary benchmark
shall be referred for every construction work.
4.1.2 Temporary Yard Preparation
Existing temporary yard shall be used. All necessary facilities such as comfort room,
eating area, fabrication area and stock rooms shall be established. The perimeter shall be
fenced and a guard post shall be established for the safe keeping of materials and equipments
in the yard.

4.2 PROTECTION OF RECLAMATION AREA
During reclamation time environment shall be protected to do this some preventive
measures to be prepared.
To prevent leaking of sand fill material into the open sea, sheet pile with interlock
shall be used. Upon necessity interlocking sealant joint of the sheet pile shall be used. This
shall seal the gaps between the sheet piles.
For the steel pile sheet pile (SPSP) the joints shall be filled with grout material
depending of the type of joints.

4.3 STEEL SHEET PILE DRIVING
Vibratory Driving Method shall be used for driving. Using a crane barge and vibratory
hammer steel sheet piling shall be done. Surveyor shall be on stand by during the sheet pile
driving. Temporary guide or templates have to be carried on to ensure the sheet piling are
placed and driven to the correct alignment. Laying out a sequence of sheet pile section is
necessary to ensure that sheet piles will interlock.
Sheet piles shall be driven up to the required depth. If additional penetration is
needed splicing works shall be carried on. Excessive sheet pile shall be cut off and remove
from the site. All cutting off work must be done in neat and workmanlike manner for safety
purposes.

S T E E L S H E E T P IL E

M A T E R IA L B A R G E
CRANE BARGE

Figure – 1
Sheet Piling Sequence

Figure – 2
Sheet Piling Using Vibro Hammer

4.4 STEEL PILE SHEET PILE DRIVING
After the sheet piling works, steel pile sheet pile (SPSP) shall follow. Steel pile sheet
pile (SPSP) is a pile driven close together that serves same purpose as steel sheet pile (SSP).
It is connected with a pile section with smaller diameter to interlock with each other.
During piling works two location of transit shall be established to check the correct
location and alignment.

The piles shall be driven first by a vibro hammer and then followed by hydraulic
hammer up to the design penetration.
The joint section of the piles is filled with grout so that the reclaimed sand would not
go out of the area.

S T E E L S H E E T P IL E

S T E E L P IP E S H E E T P IL E

CRANE BARGE

M A T E R IA L B A R G E

Figure – 3
Steel Pile Sheet Piling Sequence

SC-150

Figure – 4
Steel Pile Sheet Piling Using Hydro Hammer

4.5 INSTALLATION OF TIE-ROD
Tie rods shall be installed to the steel sheet pile (SSP) and connected to the steel pipe
sheet piles (SPSP). Tie rods will be anchored with back to back C-Channel walers on both
sides.
On the steel sheet pile (SSP) side, waler bracing shall be installed with stiffener bolts
on the c-channel and bearing plates on the sheet piles. While on the steel pile sheet pile
(SPSP) side waler bracing shall be installed on brackets welded on the piles.

T IE R O D

S T E E L S H E E T P IL E

S T E E L P IP E S H E E T P IL E
M A T E R IA L B A R G E
CRANE BARGE

Figure – 5
Installation of Tie-Rod

Figure – 6
Installation of Tie-Rod (SPSP to SSP)

4.6 BACK FILL (FIRST STAGE)
Back fill shall be started on the landside, by using backhoe; bulldozer etc. back fill
shall be dumped offshore in the reclamation area.
The steel sheet pile (SSP) area shall be back filled on both sides to maintain its
stability. Crawler crane with clam shell on land side or in barge can be used.
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Figure – 7
1st Stage Back Filling

Figure – 8
1st Stage Back Filling by Back Hoe

4.7 STEEL PIPE PILE DRIVING
Steel pipe pile (SPP) shall be driven in two rows one on the landside and other on the
These steel pipe piles (SPP) will support the crane rail beams.
The landside piles shall be driven by a crawler crane and the seaside row shall be
driven by a crane barge.
After the piling, piles shall be cut-off to the design pile top elevation. Reinforcement
cage bar shall be installed inside the steel pipe piles, and after In-fill concrete or filling concrete
shall be poured.

seaside.

STEEL PIPE PILE
CRAWLER CRANE

STEEL SHEET PILE

STEEL PIPE SHEET PILE

TIE ROD

Figure – 9
Steel Pipe Pile Driving using Crawler Crane on Land Side

S C-1 5 0

Figure – 10
Steel Pipe Pile Driving

4.8 BACK FILL (SECOND STAGE)
Prior to second stage back fill, concrete capping for the sheet piles and steel piles
shall be poured.
Back fill shall be set up to the design elevation, and compacted properly by rollers and
compactors.

Figure – 11
2nd Stage Back Fill

4.9 PAVEMENT

4.9.1 Yard Side
On the yard side concrete pavement shall be applied, prior to concreting, sub base
course and base course shall be compacted properly.

4.9.2 Wharf Side
On the wharf side concrete pavement shall be applied, prior to pavement concreting
all embedded accessories shall be fixed and installed, such as bollard bolts, fender anchor bolts,
and rail accessories. Templates shall be use for fixing embedded items for accuracy.

Figure – 12
Pavement Concreting

4.10 ACCESSORIES
After the concrete pavement, wharf accessories such as bollards, fenders, and crane
rail shall be installed. Bollards and fenders shall be installed by mobile crane.

4.11 SITE CLEARANCE
After completion of the work, demobilization shall be started as soon as possible. And
work site shall be cleaned.
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ENG. ZAHWA AL KUWARI
DIRECTOR – EIA & PLANNING
GENERAL DIRECTORATE OF ENVIRONMENT & WILDLIFE
PROTECTION
SALMABAD
KINGDOM OF BAHRAIN

Suite 611, 6th Fl., Falcon Tower
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+973 17 533 259
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+973 17 533 754
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Direct line:
E-mail:
Date:

N/A
1B021001/L0001/FAS
00973 17533259
faisal@batelco.com.bh
th
23 July 2009

Subject:

Marine Survey Methodology- SULB Steel

Dear Zahwa,
The following methodology is being proposed in order to obtain marine baseline information in that
area within the influence of the proposed SULB development. It is our current understanding that the
marine ecology within the general study area has largely been impacted upon due to the construction
of marine navigational channels (typically serving Mina Sulman Port), dredging of the ASRY basin
and liquid discharges originating from a number of industrial processes occurring within the area.
The surveys will focus within an area of influence likely to be impacted as a result of the construction
of a new wharf and from operation discharges from new plant processes. The plant processes will
result in effluent with elevated temperature and biocide concentrations.
Proposed Wharf
Ecology
Due to the potential for human health and safety risks in the area, we would propose to conduct an
initial investigation of benthic marine life using a drop down video camera. This methodology allows
the real time viewing of the seabed from the safety of a survey vessel. Although the data obtained is
not quantitative, it does provide (if conditions allow) a qualitative assessment of epibenthic ecology.
We would propose to survey up to 20 stations within the footprint of the proposed wharf.
Observations would be recorded on a video observation sheet and supported by digital still images
and video (CD-ROM).
Upon review of the drop video, quantitative epibenthic surveys may be conducted using SCUBA
techniques, however, the decision will be made on site and upon review of the initial data. Should
diving occur a maximum of 2 dives will be conducted within the footprint.
In addition we propose to sample infaunal communities at two locations within the footprint of the
proposed wharf. Samples will be taken using a Van-veen grab, sieved through a 0.5mm mesh and
preserved in 5% formalin solution. Quantitative sampling (i.e. triplicate) will be conducted with

laboratory analysis conducted by Dr. Saeed Mohammed. PHE Gulf’s Dr. Daniel Edwards will perform
a number of multi and univariate statistical analysis on the data (will include data sets from other
geographical locations within the study area) to assess community relationships and species
diversity.
Sediment and water quality
At two stations within the footprint of the wharf, we will take water samples, using a 1.5l Niskin
sampler, and sediment samples, using a Van-veen grab. Samples will be stored correctly and
transported to an accredited laboratory for a number of chemical, physical and biological parameters.
Table 1 identifies these:
Table 1Parameters for sediment and water analysis
Sediment
Water
BOD
Total organic carbon
COD
Nitrate
Total organic carbon
Phosphate
Nitrate
Total Nitrogen
Metals (arsenic, cadmium, chromium, Phosphate
Total Nitrogen
copper, lead, mercury, nickel, zinc)
Metals (arsenic, cadmium, chromium,
Total Petroleum Hydrocarbons
copper, lead, mercury, nickel, zinc, arsenic,
Polyaromatic Hydrocarbons
vanadium)
Polychlorinated Biphenyls
Total Petroleum Hydrocarbons
Phenols
Polyaromatic Hydrocarbons
Sulphide
Polychlorinated Biphenyls
Total and fecal coliforms
Phenols
Particle Size Analysis
Sulphide
TBT
Total suspended solids
Total and fecal coliforms
TBT
Free and total chlorine
Water quality in the study area will also be assessed in situ using a Hydrolab MS5 multiprobe meter.
At a total of 2 locations within the wharf footprint, readings will be taken at two depths (1m from
surface and mid-water column) for the following parameters:
• pH
• Salinity
• Depth
• Temperature
• Turbidity
• Dissolved Oxygen(DO)
ASRY Basin
Ecology
We do not propose to conduct ecological surveys within the ASRY basin. It is our understanding that
dredging operations are currently being undertaken in this area and hence, survey of ecological
interests would not be beneficial.
Sediment and water quality

One sample of water and sediment will be taken within the dredged area of ASRY basin and analysed
for those parameters identified within Table 1. In situ water readings will also be taken at this site and
as described previously.
Plume affected areas
Preliminary plume dispersion modeling conducted by HR Wallingford has indicated a likely affected
area for a worse case scenario (i.e. spring tides). The modeling indicates that plumes are likely to
extend within the existing navigational channel which runs parallel to ASRY and towards Mina
Sulman Port. Additional other areas likely to be impacted include the anchorage area associated with
ASRY dry dock.
As with the wharf survey, we proposed to survey up to 20 stations using drop video techniques and in
areas identified by HR Wallingford as being affected by plumes. A decision will be made upon review
of the data as to whether quantitative survey using SCUBA will be conducted.
We will also take infaunal samples at 3 locations.
Sediment and water quality
A total of three sediment and water samples will be taken and analysed for the parameters identified
within Table 1. In situ readings will also be taken at these stations.
Controls
According to GDEWP environmental guidance, two control stations will be identified during the
surveys that are indicative of a natural environment and not within the influence of polluting factors.
At each of these stations, survey works will be conducted and as described in preceding sections of
this methodology.
Please find attached the SULB Seawater Intake and Outfall System preliminary indicative dispersion
studies carried out by HR Wallingford for you reference.
We look forward to receiving your approval and feedback on this.
Yours Sincerely
For Posford Haskoning Environment Gulf WLL

Faisal Siddiqui
Environmental Consultant

SULB Integrated Steel Complex
Project Information Sheet – March 2009

Posford Haskoning Environment Gulf has been commissioned by United Steel Company
(SULB) to conduct an Environmental Health Impact Assessment (EHIA) for the proposed
integrated steel complex in the Hidd Industrial Area, Bahrain. In order to assist in the
consultation process which forms part of the EHIA process, this Project Information Sheet
has been prepared to introduce the proposed project and summarise the EHIA
methodology to be adopted.
Statement of Need
The finished products which will be manufactured by the SULB complex (steel sections)
are not currently produced in Bahrain. The SULB complex will integrate with the Gulf
Industrial Investment Company (GIIC) plant by using the pellets produced by GIIC to feed
SULB’s direct reduction plant. The products will be used within Bahrain and the GCC in
the construction industry, supporting the development of the Kingdom and generating
direct and indirect jobs.
Project Location
The SULB steel complex will be located in the Hidd Industrial Area on an area of
approximately 34.7 hectares of previously reclaimed land to the west of the GIIC plant
and to the south of the United Stainless Steel Company (USCO), as shown on Figure 1.
The location for the proposed development was selected as:
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•
•
•
•

The Hidd Industrial Area is specifically designated for industrial development;
The site is adjacent to the GIIC plant, which will supply raw materials for the
facility;
Proximity to the sea for a new wharf for receiving raw materials and shipping the
final product; and
Proximity to the new Hidd Port.

Project Design
The SULB complex will be designed to produce Direct Reduced Iron (DRI), which in turn
will be used as the raw material to produce beam blanks, billets and blooms in the
adjacent electric Meltshop, which will feed the Rolling Mills. The steel complex will
consist of the following four plants:
1. A DRI plant with nominal capacity of 1,500,000 tonnes per year;
2. A Melt Shop with nominal capacity of 1,300,000 tonnes per year, which will
consist of the following:
a. Two Electric Arc Furnaces (EAF);
b. Two Ladle Furnaces (LF); and
c. Two Continuous Casting Machines (CCM).
3. A heavy section Rolling Mill with nominal capacity of 600,000 tonnes per year;
and
4. A light and medium section Rolling Mill with nominal capacity of also 600,000
tonnes per year.
In addition the following ancillary processes will be included:
•
•
•
•
•

An air separation plant;
Wastewater treatment plant;
Wharf;
Workshops; and
Warehouse.

A flow diagram depicting the SULB steel manufacturing process is provided at Figure 2.
EIA Methodology
Environmental reporting will be continuously undertaken, enabling specific targeted
environmental guidance to be applied to the design and construction phases of the
proposed development.
The EHIA will be undertaken in accordance with ‘Ministerial Order No. 1 of 1998 with
Respect to the Environmental Evaluation of Projects’, as it is considered that the
proposed development may potentially give rise to significant environmental impacts.
An Environmental Health Impact Assessment (EHIA) will be prepared in order to identify
the likely significant environmental impacts of the construction and operation of the SULB
complex. This consultation exercise forms part of the EHIA process.
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FIGURE 1: PROJECT LOCATION

FIGURE 2: SULB STEEL MANUFACTURING OVERVIEW

Appendix D
Air Quality Technical Appendix

SULB INTEGRATED STEELWORKS ENVIRONMENTAL EVALUATION REPORT
AIR QUALITY TECHNICAL APPENDIX
1

INTRODUCTION

This report provides the technical detail to the assessment of potential local air quality
effects summarised in the SULB Integrated Steelworks Environmental Evaluation Report
reference 1B021001.
Potential construction impacts include fugitive dust and emissions from mobile and nonmobile construction plant, and road traffic. The key pollutants considered are dust, fine
particulate matter (PM10), nitrogen dioxide (NO2) and sulphur dioxide (SO2). A qualitative
approach has been taken to the assessment of cumulative impacts.
For the operational phase, the key pollutants produced from the steel making process
are considered to be dust, fine particulate matter (PM10), nitrogen dioxide (NO2) sulphur
dioxide (SO2) carbon monoxide (CO) and small amounts of toxic metals. Ground level
pollutant concentrations arising from emissions from the release points within the
proposed integrated steel complex were quantified through a detailed dispersion
modelling study, using the United States Environmental Protection Agency model,
Aermod. The model was configured to account for the local land use and buildings and
was driven by hourly sequential meteorological data from Bahrain International Airport.
The modelled concentrations were then assessed against accepted air quality
standards. Emissions from operational road traffic were also assessed quantitatively
using the UK Highways Agency Design Manual for Roads and Bridges (DMRB) model.
Potential decommissioning impacts of the development are likely to be dust, fine
particulate matter (PM10) from the onsite activities as well as emissions from potential
road traffic. These impacts were assessed qualitatively.

1.1

Assessment Methodology

Relevant Legislation, Guidance and Best Practice
1.1.1

Air Quality Assessment

The assessment of potential air quality impacts from the proposed development has
been made with reference to the following Bahraini, UK and international legislation,
guidance and good practice;
Ambient air quality
Ambient air quality standards are put in place to protect human health and the
environment. In Bahrain, national standards were laid down by the Environmental
Affairs Directorate (EAD), now known as the General Directorate of Environment and
Wildlife Protection (GDEWP1).
Where no national standard has been set, international standards have been used. The
following supplementary standards are presented in Table 1 below2.
1

Ministerial Order No. 3 of 2001 – Amendments to Tables in Ministerial Order No. 10 of 1999 With Respect to

Environmental Standards (Air and Water) and its Amendments in Ministerial Order No. 2 of 2001.
2

All sites accessed on 08/09/2009
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•

World Health Organisation (WHO) Air Quality Guidelines3, published in 2006.
http://www.who.int/phe/health_topics/outdoorair_aqg/en/index.html

•

European directive limit values (96/62/EC, 99/30/EC, 200/69/EC, 2002/3/EC)
http://ec.europa.eu/environment/air/ambient.htm.

The health-based standards are set at a level at which exposure to the pollutant
concentration over the relevant averaging period for the standard are unlikely to have a
significant effect on human health for the majority of the population:
Table 1
Pollutant

National and International Ambient Air Quality Standards (µg.m-3)
Averaging

Bahrain

UK / EU

WHO
200

Period
Nitrogen Dioxide

hourly

200

2004

(NO2)

daily

150

-

-

annual

40

40

40
500

Sulphur Dioxide

10 minutes

-

-

(SO2)

15 minutes

-

2665

hourly

3506

3507

-

daily

125

1258

209

annual

50

266

-

8-hourly

10 000

10 000

-

daily

-

-

-

annual

-

-

-

Carbon
Monoxide (CO)
Particulate
Matter (PM10)

3

hourly

-

-

-

daily

340

5010

50

annual

-

40

20

WHO (2006) Air Quality Guidelines for Particulate Matter, Ozone Nitrogen Dioxide and Sulphur Dioxide Global

Update 2005.
4

18 hourly exceedences per year allowed

5

35 exceedences per year allowed

6

Not to be exceeded more than twice in any 30-day period at a given location.

7

24 exceedences per year allowed

8

3 exceedences per year allowed

9

WHO also proposes interim targets of 125 µg.m-3, which is equal to the former WHO guidelines (WHO, 2000), and

50 µg.m-3, which is viewed as a feasible and achievable goal that would lead to significant health improvements.
10

35 daily exceedences per year allowed
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Stack exit concentrations
Pollutant concentrations from all stacks were assessed against IFC/ World Bank and
international emission limits for integrated steel mills and Bahraini combustion unit
emission limits. These limits, expressed as a concentration of pollutant in the exit air
stream under specified exit conditions, are shown in Table 2:
Table 2 - Stack emission limits (mg.m-3)
IFC World Bank integrated

Japanese integrated steel

steel mills

mills

Bahrain-combustion units

NOx

500

200

100

SO2

500

--

500+

PM10

50^

--

50*

CO

100

--

100

Conditions

Combustion gas

--

Combustion gas

Dry, 273K, 101.3kPa, 3% O2

Dry, 273K, 101.3kPa, 15% O2

Non-combustion gas

Non-combustion gas

273K, 101.3kPa

273K, 101.3kPa

--

information unavailable

+

the limit for combustion using oil fuel was applied in the absence of a limit for gas

*for units with input energy > 50MW
^limit is applied on the assumption that no toxic metals are present in the air-stream

In the absence of specific stack emission limits for Integrated Steel Mills in Bahrain,
GDEWP were consulted as to the appropriate pollutant concentration limits against
which to assess compliance. The emission limits presented in Table 2 were agreed in
written correspondence between GDEWP and Posford Haskoning Environment Gulf
(PHEG) in June 200911,12. Alternative integrated steel mill limits for NOx from Japan and
the IFC World Bank, and the Bahraini combustion unit limits are presented. Where
potential exceedences of these limits were identified, technological suppliers were
consulted and the opportunity provided to revise the supplied emissions data to
guarantee compliance with these limits.
Dust and plant emissions
Construction phase impacts were assessed qualitatively. However, there is no definitive
source of emissions data on the generation of fugitive dust from construction activities
that could be used. The Department for Environment, Food and Rural Affairs Technical
Guidance13 on air quality assessment for the purposes of Local Air Quality Management
(LAQM), provides a screening approach for the determination of the likely contribution of
various pollutant sources to ambient air quality. In addition, the Greater London
Authority and London Councils14 have produced Best Practice Guidance on the control
of dust and emissions from construction and demolition. This includes a risk-based
approach to assessment, which can be used with generic information about the
construction activities and potential receptors. These guidance documents were

11

Written correspondence from PHEG to GDEWP reference 1B021001/L007/HAR on 6/5/2009

12

Written correspondence from GDEWP to PHEG reference EAP/24/09/321/LAM on 3/6/2009

13

Department for Environment, Food and Rural Affairs (2009) Local Air Quality Management Technical Guidance

TG(09). London, The Stationery Office
14

Greater London Authority and London Councils (2006) The Control of Dust and Emissions from Construction and

Demolition – Best Practice Guidance.
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considered in the description of the likely effects of fugitive construction and
decommissioning emissions.
1.1.2

Data Sources

The data sources used in the assessment are shown in Table 3:
Table 3 - Data sources
Phase

Data

Source

Baseline

Passive diffusion tube data

Indicative background survey undertaken by PHEG

Continuous monitoring data

GDEWP continuous monitoring network

Environmental
Conditions
Construction and

Assumed vehicles and plant used to

decommissioning

construct the steelworks

Operational
Phase

Historical projects

DR plant emissions data

Midrex

Melt shop emissions data

Concast (SMS Group)

Heavy section mill emissions data

SMS Meer (SMS Group)

Light section mill emissions data

Danieli

Meteorological data

ADM consulting

Aerial photography

Google Earth

AutoCAD layers

Provided by SULB

Locations of receptors

GPS co-ordinates supplied by PHEG

Baseline road traffic data

BIIP traffic assessment 2005
United Steel Company (SULB) Interated Steel Complex (SULB

SULB road traffic data
Decommissioning

1.1.3

Project). Generated Road Traffic. Short report. August 2009.

Assumed vehicles and plant used to

Historical projects

decommission the steelworks

Consultation

The national environmental regulator of the Kingdom of Bahrain, the General Directorate
of Environment and Wildlife Protection (GDEWP) were consulted as to the requirements
of the environmental assessment to enable them to properly determine the impacts of
the proposed integrated steelworks on the local environment.
1.1.4

Significance Criteria

The descriptors used for the assessment of impacts were taken to be those
recommended by Environmental Protection UK (formerly NSCA)15. Table 4 and Table 5
summarise the criteria applied:

15

National Society for Clean Air (2006). Development Control: Planning for Air Quality 2006 update. NSCA

September 2006.

4
SULB- Air Quality Technical Appendix

Table 4 - Descriptors for Changes in Ambient Concentrations of Nitrogen Dioxide and
PM10
Magnitude of Change

Annual Mean NO2/PM10

Days PM10 >50 µg/m3

Very Large

Increase/decrease >25%

Increase/decrease >25 days

Large

Increase/decrease 15-25%

Increase/decrease 15-25 days

Medium

Increase/decrease 10-15%

Increase/decrease 10-15 days

Small

Increase/decrease 5-10%

Increase/decrease 5-10 days

Very Small

Increase/decrease 1-5%

Increase/decrease 1-5 days

Extremely Small

Increase/decrease <1%

Increase/decrease <1 day

‘Well below’ the standard = < 75% of the standard level.
‘Standard’ in the context of this table relates to specific air quality objective or Limit Value in question

Table 5 - Air quality impact significance criteria
Air Quality Impact Significance Criteria
Absolute
Concentration in
Relation to

Extremely

Very Small

Small

Medium

Large

Very Large

Small

Standard
Decrease with scheme
Above Standard
with Scheme

Slight

Slight

Substantial

Substantial

Very

Very

beneficial

beneficial

beneficial

beneficial

substantial

substantial

beneficial

beneficial

Above Standard

Slight

Moderate

Substantial

Substantial

Very

Very

without scheme

beneficial

beneficial

beneficial

beneficial

substantial

substantial

beneficial

beneficial

Negligible

Slight

Slight

Moderate

Moderate

Substantial

beneficial

beneficial

beneficial

beneficial

beneficial

Below with Scheme
Below Standard
without scheme, but
not Well Below
Well Below

Negligible

Negligible

Standard without

Slight

Slight

Slight

Moderate

beneficial

beneficial

beneficial

beneficial

scheme
Increase with scheme
Above Standard

Slight

Slight

Substantial

Substantial

Very

Very

without scheme

adverse

adverse

adverse

adverse

substantial

substantial

adverse

adverse

Below Standard

Slight

Moderate

Substantial

Substantial

Very

Very

without scheme

adverse

adverse

adverse

adverse

substantial

substantial

adverse

adverse

Moderate

Moderate

Substantial

adverse

adverse

adverse

Above with Scheme
Below Standard
with Scheme but not

Negligible

Slight

Slight adverse

adverse

Well Below
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Well Below

Negligible

Negligible

Slight adverse

Standard with
Scheme
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Slight

Slight

Moderate

adverse

adverse

adverse

1.2
1.2.1

Air Quality Modelling Methodology
Dispersion modelling

Dispersion modelling is a predictive tool used to calculate the concentration of pollutants
at sensitive receptors resulting from known sources of air pollution.
The Gaussian-plume formula describes a bell-shaped distribution of pollutants in both
the horizontal and vertical dimensions, as shown in Figure 1. Meteorological conditions
are assumed to remain constant over distance and time between the source and the
receptor and these models are often known as “steady-state” models as a result.
Emission details and meteorological conditions do vary from hour to hour, but do not
affect dispersion on concentrations in subsequent hours. Gaussian models are a good
representation of dispersion when the terrain is relatively flat, the meteorological
conditions are relatively uniform across the model area and there are few periods of
calm or light winds.
Figure 1 - Idealised Plume Model

Modelling was carried out using an advanced dispersion model, Aermod (Lakes ISCAERMOD View version 6.2.1), which was developed by the US Environmental
Protection Agency (EPA). This has replaced ISC as the recommended model for
regulatory assessments in the US, and is used for EIA worldwide. It is a so-called “new
generation” Gaussian dispersion model with a number of improvements compared to
older models. It uses hourly sequential meteorological data to calculate ground level
pollutant concentrations and uses boundary-layer similarity theory to define turbulence
and dispersion coefficients as a continuum, rather than as a discrete set of stability
classes. Variation of turbulence with height allows a better treatment of dispersion from
different release heights. Also, dispersion coefficients for unstable conditions are nonGaussian, to represent the high concentrations that can be observed close to a stack
under convective conditions.
Before being used for regulatory dispersion modelling, models should undergo rigorous
testing and validation to ensure that the results are accurate. Aermod has been
subjected to a large number of independent reviews and validation studies. The results,
published by the US EPA show good overall agreement between model results and
observations16.

16

http://www.epa.gov/ttn/scram
7
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1.2.2

Meteorological Data

It is good practice to consider the effect of variable local meteorology on pollutant
dispersion. As conditions vary from year to year, it is generally recommended that a
modelling study uses several years’ of data from a nearby monitoring station. Both the
Environmental Protection Agency (EPA) in the US and Department for Environment,
Food and Rural Affairs (DEFRA) in the UK, recommend that five years’ of data be used.
Meteorological data were obtained from Bahrain International Airport (World
Meteorological Organisation station ID 41150) for the years 2004 – 2008. The average
data capture for this 5 year period was greater than 90% (98.9 %).
The data are summarised in Table 6:
Table 6 - Meteorological data summary
Year

2004

2005

2006

2007

2008

Number of Hours of Data

9213

9191

9177

9160

9039

Calm Hours
Calm Winds Frequency
Average Wind Speed (m/s)

198

184

164

137

169

2.3 %

2.1 %

1.9 %

1.6 %

2.0%

4.4

4.3

4.3

4.3

4.7

Figures 2 to 7 show wind roses for the five years.
Figure 2 - Wind Rose, Bahrain 2004
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Figure 3 - Wind Rose, Bahrain 2005

Figure 4 - Wind Rose, Bahrain 2006
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Figure 5 - Wind Rose, Bahrain 2007

Figure 6 - Wind Rose, Bahrain 2008

10
SULB- Air Quality Technical Appendix

Figure 7 - Wind Rose, Bahrain 2004-2008 (August Only)

1.2.3

Building and Terrain Effects

Site buildings can have an important influence on the dispersion of local air pollutants as
a recirculating wake forms in the lea of large structures. This is known as “building
downwash” and it can lead to the grounding of a plume before the pollutants emitted
have been diluted by atmospheric dispersion. As a result, local concentrations increase
significantly. Data on building dimensions and heights were obtained from SULB site
plans and elevation drawings. All buildings, tanks and solid structures that might affect
plume dispersion were included in the model setup. The US EPA Building Profile Input
Program (BPIP) algorithm was used to calculate building downwash parameters.
Figure 8 describes the building and stack (red) configuration used in Aermod. All model
runs include the influence of buildings associated with the permitted USCO and GIIC
complexes (grey) and the SULB complex (blue):

11
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Figure 8 - Building (blue and grey) and stack (red) configuration

Local terrain can also affect ground level concentrations by causing the plume to divert from
a straight path, or meander, or by changing the location of plume “grounding”. However, as
Hidd is a strip of reclaimed land surrounded by the sea, a flat, desert scrub land surface was
assumed.
1.2.4

Receptors

Numerical dispersion models calculate pollutant concentrations at discrete points, known as
receptors. Grids of receptors are used to determine the spatial pattern of dispersion. The
grid resolution needs to be high enough to capture the maxima and minima in concentration
of pollutants. However, very fine grids require excessive computation time and do not
provide additional useful information, so a compromise must be reached. The impacts at
individual sensitive points within the grid are considered by placing additional receptors at
these locations. In this case, receptors were also placed at the limits of the plant to provide
concentration predictions at the site boundary. There were thirteen of these receptors.
For the assessment of the impact of air pollutants from SULB, a number of historical and
new sensitive receptors were considered. The historical receptors used were the nine
considered in the assessment of emissions from the United Stainless Steel Company cold
steel rolling mill (‘USCO’) and Gulf International Investment Company iron pelletizing plant
(‘GIIC’) (R1-R9). These receptors are shown in Figure 9:

12
SULB- Air Quality Technical Appendix

Figure 9 - Receptors and grids used in historical Hidd permit modelling studies
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This approach allowed for a comparison of the contribution of USCO, GIIC and SULB
pollutants to total pollutant concentration in the Hidd area.
Thirteen new receptors (R10-R22) were considered in the assessment of SULB and
cumulative emissions against national and international standards. These new receptors
represent potential locations of exposure identified in the area since the GIIC permit
application in February 2008. These take into consideration the existing and proposed
development of the Bahrain Investment Wharf (BIW), Bahrain International Investment
Park (BIIP) and industrial installations in Hidd.

Table 7 is a list of all receptors used in the assessment. The grids, sensitive receptors
and the site are shown in Figures 10 to 12:

14
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Table 7 - Receptors used in the assessment of pollutants from historical air quality
assessments and the SULB integrated steelworks

Modelling study

USCO and GIIC Plant 2
permit applications

ID

Description

Location
X

Y

R1

BIIP

467701

2900457

R2

GIIC housing

466294

2899128

R3

Hotel

468414

2899230

R4

Staff accommodation

467348

2898992

R5

ASRY housing

466365

2897683

R6

Residential

465526

2901222

R7

Al Muharraq coast

461508

2902462

R8

Al Juffayr coast

461893

2899336

R9

Sitrah coast

462644

2895999

R10 Juffair Residential Area

461893

2899336

R11 Hidd Residential Area

465526

2901222

R12 Sitra Residential Area

462644

2895999

R13 GIIC Residential Compound

466294

2899128

R14 ASRY Worker Accommodation

466365

2897683

SULB permit application

R15 Bahrain Investment Wharf Labour Accommodation C49

467725

2898920

receptors updated in

R16 Bahrain Investment Wharf Labour Accommodation F23

468201

2898447

R17 Bahrain Investment Wharf Hotel

467757

2898447

R18 Bahrain Investment Wharf Service Apartments

468480

2899087

R19 Office 1

467667

2900489

R20 Office 2

467704

2900555

R21 Office 3

468010

2900586

R22 Office 4

467633

2900260

September 2009

Note: The position of receptors R1, R2 and R7 moved slightly between the USCO and GIIC model runs. Therefore,
the locations used in the most recent of these assessments, GIIC, were assumed.
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Figure 9 Receptors used in the assessment of pollutants from SULB integrated steelworks

Key

500 m grid square

100 m grid square

1
Receptor

Building

Site boundary

Site boundary receptor
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Figure 10- Site boundary receptors

Figure 11- – BIIP and BIW
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In this study, a coarse receptor grid with a 500 m horizontal resolution, and measuring
12000 m x 12000 m, was used. In addition, a 4000 m by 4500 m fine grid with 100 m
horizontal resolution, was placed over Hidd to increase the resolution where
concentrations are expected to be highest (Figure 10).
1.2.5

Model configuration

Input data
Building dimensions and all pollutant sources were represented according to the design
specifications provided by Midrex, Kobe Steel and Danieli. A combined SULB, GIIC and
USCO site plan is shown in Figure 9. Emission rates were derived from the pollutant
concentrations and volumetric flow rates provided by Midrex (DR Plant), Concast - SMS
Group (melt shop), SMS Meer – SMS Group (heavy section mill) and Danieli (light
section mill). Additional data, including stack locations, geometry and emission
temperature were also provided. A conservative approach was taken to the derivation
of emission rates, in that where a range of concentrations were provided, the highest
value of this range was included in the model. All pollutant sources were represented as
‘point sources’ in the model. Figure 13 shows the final stack geometry, derived emission
rates and pollutant concentrations used to run the model:

Figure 13 - Stack geometry, derived emission rates and pollutant concentrations
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In the assessment of the baseline and cumulative emissions assessments, GIIC, USCO
and SULB were assumed to be operational for 365 days per year. This represented a
conservative approach, as SULB is expected to be operational for 8000/8760 hours
which represents 91% of all hours during the year.
Rural mixing heights were assumed in the model, as urban heating effects were not
considered to be significant.
1.2.6

Atmospheric chemistry

All SOx and long term NOx were assumed to be converted to SO2 and NO2, respectively.
For SO2, this is a realistic assumption as oxidation is likely to be almost complete during
combustion. For NO2, this is a conservative assumption as the oxidation will be slow
and limited by the ambient concentration of ozone and the level of atmospheric mixing.
The UK Environment Agency recommends the use of a short term average
concentration conversion factor of 50% for combustion emissions17. Therefore, this
conversion factor was applied to all hourly NO2 concentration predictions presented in
the report.
1.2.7

Model scenarios

To assess the impact of emissions from SULB and cumulative emissions, a number of
scenarios were represented in the model. These model scenarios are described in
Table 8:

17

http://www.environment-agency.gov.uk/commondata/acrobat/noxno2conv2005_1233043.pdf (accessed 31/10/07)
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Table 8 - Model scenarios
Scenario

Name

Description

Met

Met

Meteorological

Purpose
sensitivity

2004-2008

To

determine

the

meteorological
producing

year
the

conservative

most

predictions

from SULB sources
A

Baseline

Full

which

To represent emissions and

considers existing pollutant

gridded

buildings from GIIC iron ore

concentrations

from

pelletizing plant and USCO

installations

cold steel rolling mill to

permitted

run

determine

USCO and GIIC

the

‘baseline’

condition
B

SULB

Full

gridded

run

which

The magnitude of SULB

considers SULB emissions

pollutant

only

from SULB emissions in

including

GIIC

and

USCO buildings

concentrations

comparison

to

existing

permitted installations i.e.
USCO and GIIC
C

Cumulative

Full

gridded

run

which

To determine the magnitude

considers all emissions and

of

buildings from USCO, GIIC

concentrations produced by

ambient

pollutant

and SULB

‘cumulative’ emissions from
GIIC, USCO and SULB

1.2.8

Meteorological sensitivity study

A meteorological sensitivity analysis was undertaken to determine the ‘worst case’
meteorological year i.e. the annual dispersion conditions producing the highest predicted
concentrations. To achieve this, Aermod was run in shortened ‘screening mode’ to
provide receptor concentration predictions at the nine sensitive receptors for the
meteorological years 2004-2008. A decision was then made as to which meteorological
year to use as the worse case, based upon on an aggregate of the number of pollutants
and averaging periods for which the meteorological data provided the highest predicted
concentration.

1.3

Screening assessment of road traffic emissions

The assessment of emissions from on-road construction vehicles during the operational
phase were assessed quantitatively. This was carried out using the DMRB screening
model, published by the UK Highways Agency. The DMRB model requires input data on
annual average daily traffic flow (AADT), annual average speeds, the proportion of
different vehicle types, the type of road and the distance from the centre of the road to
the receptor. The model predicts pollutant concentrations for direct comparison with the
relevant standards. The model is based on emission factors derived from the UK vehicle
fleet. Therefore, results from the DMRB screening tool when applied to the Bahraini
vehicle fleet, which is subject to its own emission control regime, should be considered
as indicative. It is generally considered to be a conservative methodology.
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1.4

Baseline Conditions and Sensitivity

Baseline air quality data are available from a previous three month passive diffusion
tube survey and a continuous monitoring program undertaken by GDEWP.
1.4.1

Passive Diffusion Tubes

Over a three month period (October to December 2005) a NO2 and SO2 measurement
survey was undertaken at Bahrain International Investment Park (BIIP) by PHE Gulf.
Passive diffusion tubes were fixed at four locations, exposed for a period of one month
and then analysed. The South and East locations were considered to be “background”
concentrations as they were not close to any significant roads. The North and West
locations were considered to be roadside locations, likely to be influenced by local traffic
emissions.
Figure Figures 14 and 15 show the average monitoring results for SO2 and NO2 at each
of the four locations and the range of results over the three month monitoring period.
The concentrations of SO2 exceeded the annual mean standard of 50 µg.m-3 at two
locations, were close to the standard at one location and were below the standard at
one location. Figure 14 shows that average concentrations of SO2 over the three month
period at the West location were nearly twice the annual average air quality standard.
Figure 14

SO2 Diffusion Tube Survey

140
Bahrain Annual Air Quality
3
Standard = 50 µg.m
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Monitoring site

Figure 15 shows that the average concentrations of NO2 were below the air annual
mean standard of 40 µg.m3 at all of the monitoring locations.
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Figure 15

NO2 Diffusion Tube Survey

45.0
Bahrain Annual Air Quality
3
Standard = 40 µg.m

40.0

35.0

NO2 µg/m3

30.0

25.0

20.0

15.0

10.0

5.0

0.0
North

South

East

West

Monitoring site

For both pollutants, a large month to month variability was seen in the monitoring
results. The average standard deviation for all diffusion tube locations for the survey is
44%, and a longer period of monitoring would be required to fully characterise the
ambient air quality in this location. Results from a 3-month survey should not be
extrapolated to provide an annual mean concentration value, as inter-seasonal
meteorological conditions may vary. Nevertheless, the monitoring undertaken at Hidd
provides useful baseline data at a relevant locality and is indicative of the longer-term
average concentrations. The results are shown Table 9 and Table 10:
Table 9 - SO2 Diffusion Tube Results (µg.m-3)
October 2005

November 2005

North

51.49

66.14

December 2005
31.17

South

18.61

157.66

16.09

East

40.78

27.55

21.31

West

69.91

90.43

122.65

November 2005

December 2005

-3

Table 10 - NO2 Diffusion Tube Results (µg.m )
October 2005

1.4.2

North

19.91

21.91

35.83

South

20.32

17.33

28.95

East

20.97

16.27

35.92

West

27.55

29.96

41.23

Continuous Monitoring

Continuous monitoring of a range of pollutants is carried out at Hidd Power Station by
GDEWP. Results were provided for the period of November 2007 to October 2008, and
these data are shown in Table 11. It should be noted that no quality assurance or quality
control information was provided.
The ‘standards’ in Table 11 are those used by GDEWP as benchmarks for the
monitoring results, some of which are equivalent to the national standards provided in
Table 1. The results indicate that periodically at this location, concentrations of fine
22
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particles PM10 and PM2.5 are above their respective standards. In 2008, exceedences
were most frequent in the summer months, and particularly July where 21 exceedences
of the PM10 and PM2.5 standards were recorded.
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Parameter
Sulphur
Dioxide ppb

Nitrogen
Dioxide ppb

PM10 µg/m

3

PM2.5 µg/m3

Carbon
Monoxide ppm

Jan-08

Feb-08

Mar-08

Apr-08

May-08

Jun-08

Jul-08

Aug-08

Sep-08

Oct-08

Mean

Nov-07
6.5

Dec-07

6.7

6.9

19.1

19.1

19.8

18.9

10.7

3.5

3.4

5.6

Maximum

72.3

42.0

167.6

49.8

49.8

49.1

35.8

28.0

51.0

98.4

36.7

Exceedences

0

0

1

0

0

0

0

0

0

0

0

Mean

18.1

19.3

17.4

15.9

14.4

14.4

15.2

18.1

16.0

10.4

12.7

13.4

Maximum

69.0

74.2

57.9

93.8

54.2

54.2

73.4

104.8

73.6

55.0

105.8

55.9

Exceedences

0

0

0

0

0

0

0

0

0

0

0

0

Mean

95.8

82.1

76.9

301.2

182.2

182.2

*253.5

671.3

361.5

220.9

258.6

142.5

Maximum

134.7

179.8

157.4

1247.8

320.3

320.3

*947.6

1795.6

1912.3

670.4

984.2

344.6

Exceedences

0

0

0

8

0

0

*4

17

21

4

6

1

Mean

31.4

29.6

33.0

60.5

37.5

37.5

53.0

126.9

86.2

68.6

65.4

46.2

Maximum

53.4

55.5

61.7

175.5

63.5

63.5

158.4

336.6

335.1

131.3

186.0

83.1

Exceedences

3

2

4

14

4

4

7

21

21

22

15

14

Mean

0.4

1.2

0.4

0.3

0.1

0.1

0.2

0.2

0.3

0.2

0.2

0.3

Maximum

1.7

8.2

5.6

4.5

1.6

1.6

4.3

1.9

1.5

2.4

4.4

1.4

Exceedences

0

0

0

0

0

0

0

0

0

0

0

0

Table 11 - Muharraq Island Governorate at Hidd Power Station (November 2007 – October 2008)
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Standard

1hr = 134

1hr = 106

24hr = 340

24hr = 50

1hr = 26

1.5

Construction Impacts, Mitigation and Residual Effects

The qualitative assessment of construction phase impacts is described in detail in the
SULB Integrated Steelworks Environmental Evaluation Report reference 1B021001.
This includes a description of the potential impacts, assessment of local meteorological
data, off-road vehicles and plant emissions, emission from construction traffic and
residual effects.
The impacts identified are summarised in Impact Box 1:
Impact Box 1 - Construction phase impacts on Air Quality from SULB
Description of Impact Impact of construction phase air emissions on air quality
Receptor(s)
Sensitive receptors listed in Table 7.
Investigation
Features of Impact
Significance of Impact
Mitigation Advice
Residual Impact

Qualitative assessment
Short term and intermittent
Minor adverse
Effected through the implementation of an Environmental
Management Plan
Negligible
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1.6

Operational Impacts, Mitigation and Residual Effects

All model results presented in the study are those produced by Aermod exclusive of the
background values.
1.6.1

Exit stack pollutant concentration compliance

An analysis of the release concentrations for the exhaust stacks was undertaken to check for
compliance with the IFC/World Bank and Japanese stack emission limits for integrated steel
mills and the Bahraini unit stack emission limits for combustion units. For combustion
sources, emission concentrations are compared to both the Bahraini and World Bank limits
at reference conditions with a temperature of 273K. However, for non-combustive sources,
the Bahraini limits refer to discharge conditions in contrast to the IFC World Bank which refer
to standard conditions. As a conservative approach, for the sources where even limited
combustion of natural gas occurs, compliance was assessed against the most stringent
Bahraini combustion unit limits for each pollutant to ensure that all emission limits are met.
Sources DR1 (DR plant ejector stack), DR2 (DR plant charge hopper), HSM1 (heavy section
mill reheating furnace stack) and LSM1 (light section mill reheating furnace stack) are
defined as combustion sources and are therefore compared to the Bahraini limits at
reference conditions of dry 15% O2 content and the IFC/World Bank limits of dry 3% O2
content. However, it should be noted that in the case of the DR plant, just 15% of the natural
gas is used for combustion. The remaining 85% is used as a reducing gas and is recirculated back into the process as the carbon fixed in the reduced iron as Fe3C. Therefore,
to impose a stack emission limit for combustion sources to the sources in the Direct
Reduction Plant can be considered a conservative approach.
The exit stack pollutant concentration compliance exercise is shown in Figure 16:
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Figure 16 - Stack emission assessment calculations
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Figure 16 shows that all SULB sources will meet the Bahraini stack emission limit values for
NOx, SO2 and PM10. However, the Bahraini combustion unit limit is very stringent when
applied to sources in the DR plant and potentially, for short-term periods, release
concentrations may exceed the Bahraini NOx combustion limit.
1.6.2

IFC / World Bank and Japanese integrated steel mill emission limits

All SULB sources were found to meet the IFC World Bank stack emission limits for NOx and
SO2, but the specified concentration of PM10 in the exit gas from source DR2 (DR plant
charge hopper) does not. The Japanese NOx emission limit of 200 mg.m-3 will be met.
Therefore, the emission rates used in the dispersion modelling study for the prediction of
ambient pollutant concentrations, were derived from exhaust pollutant concentrations which
do not exceed any of the integrated steel mill or Bahraini combustion unit stack emission
limits.
1.6.3

Meteorological data sensitivity

A study of the sensitivity of ambient pollutant concentrations to meteorological data was
undertaken, to determine the year of meteorological data producing the highest or most
‘conservative’ results. At each of the 36 discrete receptors (22 off-site and 14 site boundary),
Aermod was used to determine the highest pollutant concentrations produced by SULB
emissions for the hourly maximum, 24-hour and annual averaging periods. Figures 17 – 20
show the number of maximum values predicted across the 36 receptors in each of the five
years 2004-2008:
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Figure 17

Figure 18
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Figure 17 shows that for hourly NOx, at 15 out of the 36 receptors (42%), the maximum
concentration was predicted using 2007 dispersion data. The highest number of maximum
concentration values was also predicted for hourly maximum SO2, 24-hour average NOx and
SO2 (Figure 18) and annual average NOx and SO2 (Figure 20), using 2007 data. Only for 8hour CO (Figure 19) and 24-hour average PM10 (Figure 18) was the highest number of
maximum concentrations across all receptors not predicted using 2007 data. As CO
emissions are not expected to be critical in terms of compliance with the 8-hour ambient
standard, 2007 meteorological data was determined as producing the most conservative
pollutant concentrations and was therefore the data used in the assessment of pollutants
from SULB and cumulative emissions.
It should be noted that in the assessment of pollutant emissions from the permitted USCO
and GIIC installations, separate meteorological sensitivity studies were undertaken, on
meteorological data available at the time each assessment. In each study, 1999 was
determined as the year producing the most conservative pollutant concentrations. Therefore,
where SULB pollutant concentrations are compared to those from USCO and GIIC, SULB
pollutant concentrations are predicted using 1999 meteorological data.
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1.6.4

Operational Impacts on Air Quality from SULB Emissions

SULB installation emissions
Table 12 shows the predicted ambient pollutant concentrations from SULB emissions at
receptors R10-R22 and the site boundary maximum, in comparison to the Bahraini, UK/EU
and WHO standards:
Table 12 - Pollutant concentrations produced by SULB emissions
Receptor

NO2

SO2

CO

PM10

1-hour

24-hour

Annual

1-hour

24-hour

Annual

8-hour

24-hour

Annual

R10

10.3

2.0

0.1

3.3

0.3

0.02

7.4

1.4

0.1

R11

12.7

2.4

0.2

4.2

0.4

0.03

9.4

2.0

0.1

R12

14.2

2.7

0.2

5.3

0.4

0.04

10.8

1.4

0.1

R13

16.9

5.1

0.4

5.2

0.8

0.1

10.7

1.5

0.2

R14

25.4

8.4

0.8

10.2

1.6

0.1

26.1

2.0

0.5

R15

23.3

5.2

0.4

10.0

1.1

0.1

26.9

4.3

0.2

R16

59.7

5.7

0.5

34.1

1.4

0.1

44.5

8.5

0.3

R17

47.6

8.5

0.6

26.1

2.3

0.1

69.6

3.7

0.5

R18

31.5

4.4

0.3

14.1

0.8

0.1

23.4

10.8

0.1

R19

14.2

2.6

0.1

6.3

0.5

0.02

10.5

7.7

0.1

R20

15.5

2.4

0.1

6.4

0.4

0.02

11.2

5.1

0.1

R21

19.5

3.6

0.2

10.1

0.9

0.03

26.8

1.6

0.1

R22

13.9

2.9

0.2

6.3

0.5

0.03

10.1

1.6

0.1

Site bound (max)

137.1

42.0

8.8

47.2

7.8

1.4

188.3

31.1

8.9

Bahrain

200

150

40

350

125

50

--

340

80

UK/EU

200

--

40

350

125

266

10000

50

40

WHO

200

--

40

--

20

--

--

50

20

For each of the pollutants and averaging periods, the highest concentrations are predicted
on the site boundary. The predicted maximum 1-hour maximum concentration of 137.1 µg.m 3
is predicted to be 69% of the standards and the highest predicted 24-hour average PM10
concentration 62% of the UK/EU standard. However, concentrations reduce with distance
from the site, and at the sensitive receptors, concentrations are predicted to be lower with
the concentration at R16 30% of the 1-hour maximum standard and R18 22% of the UK/EU
24-hour average PM10 standard.
Therefore, for all pollutants and all averaging periods, none of the Bahraini, UK/EU or WHO
standards are predicted to be exceeded at any of the sensitive local and site boundary
receptors as a consequence of pollutant emissions produced by SULB.
SULB emissions in comparison to permitted installations
Pollutant concentrations from SULB were compared to those predicted for USCO and GIIC
in their permit applications. The comparisons, which were made for pollutant emissions from
each plant over different averaging periods, are presented in Figures 21 to 29:
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Figure 21

Figure 22
Comparison of 1-Hour Mean Nitrogen Dioxide Concentrations

Comparison of Annual Mean Nitrogen Dioxide Concentrations
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Figure 24
Comparison of 24-Hour Mean Nitrogen Dioxide Concentrations

Comparison of 24-Hour Mean PM10 Concentrations
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Figure 26
Comparison of Annual Mean Sulphur Dioxide Concentrations

Comparison of 1-Hour Mean Sulphur Dioxide Concentrations
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Figure 28
Comparison of 24-Hour Mean Sulphur Dioxide Concentrations

Comparison of 8-Hour Mean Carbon Monoxide Concentrations
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Figure 30
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Figures 21 to 29 indicate that none of the emissions from the two permitted installations
were predicted to result in concentrations exceeding the national Bahraini, international or
WHO standards at any of the modelled receptors or the site boundary. Similarly, emissions
from SULB are not predicted to exceed these standards at any of the receptors.
For concentrations of short-term SO2, CO and PM10, and annual mean SO2 and NO2, none
of the emissions from the three processes were predicted to produce concentrations greater
than 10% of the respective national standards at any of the modelled receptors. Figures 30
to 32 are isopleth plots of hourly maximum NO2 concentration. Figure 29 shows that
emissions from GIIC exceed the standard of 200 µg.m -3 within the site boundary but not at
any of the receptors. Figures 30 and 31 show that for USCO and SULB, the standard is not
exceeded within the site boundary or at the sensitive receptors. Concentrations of 8-hour
CO, daily SO2 and annual mean SO2 and NO2, are not predicted to exceed 5% of the
respective national standards at any of the modelled receptors.
For hourly NO2, Figure 21 shows that the highest predicted concentration was made at
receptor R4 (82.7 µg.m-3) for emissions from GIIC. This equates to approximately 41% of the
national standard. The highest predicted concentration from emissions from the SULB
complex was made at receptor R3 (25 µg.m-3), which is 12.5% of the standard.
Comparison of the daily mean NO2 results between the three installations shows that
emissions associated with the GIIC plant were predicted to yield the highest concentrations
at all modelled receptors, the highest of which (14.2 µg.m-3) represents 9% of the standard.
This concentration was approximately double the highest predicted concentration resulting
from SULB process emissions (7.7 µg.m -3), modelled at receptor R5.
Therefore, atmospheric dispersion modelling has shown that predicted pollutant
concentrations from SULB emissions made at historical receptors and the existing site
boundary, are lower than both the permitted USCO and GIIC installations.
Emissions from Operational Road Traffic
The SULB EER Generated Road Traffic Short Report 2009, provided estimates of the road
traffic associated with the operational SULB complex. This included traffic related to both the
operation of the steelworks and the movement of staff. To assess the impact of SULB
generated road traffic emissions, the baseline condition was represented by operational
traffic flow figures from the BIIP Environmental Impact Assessment (2005).
The road network around the steelworks is represented indicatively in Figure 33:
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Figure 33 – Hidd local road network sample (indicative)
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The traffic flow figures and road links used in the assessment are shown in Tables 13 and
14:
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Table 13 - Traffic flow figures for BIIP
Road

Speed

Annual Average

Annual Average

km/h

Daily Traffic

Daily Traffic

Flow

Flow

Without BIIP

With BIIP

LDV

HDV

LDV

HDV

LDV

HDV

A1

90

60

1809

571

17109

3271

A2

90

60

1809

571

9459

1921

A3

90

60

1809

571

1809

571

B

90

60

1809

571

12001

6182

C

90

60

1809

571

4935

2776

D

50

30

12001

6182

1955

520

E (Al Hidd Road)

90

60

4935

2776

24046

9425

F (Shaikh Khalifa Bin Salman Causeway)

90

60

1955

520

23241

9029

Access 1

35

35

0

0

7650

1350

Access 2

35

35

0

0

7650

1350

Figure 14 – Generated operational traffic flow figures for SULB
Description

Daily traffic

Hourly traffic

Trucks

77

4

Cars

126

102

Buses

39

19

Total

242

125

To determine two way vehicle flow movements, these figures were doubled.

Tables 15 and 16, show the results of the DMRB screening assessment for NO2 and PM10
from these vehicle movements. The impact of these emissions was determined at 5
theoretical roadside receptors located adjacent to link E (Al Hidd Road), link F (Sheikh
Khalifa Bin Salman Causeway), A1, A3 and on the roundabout of links B, E and C.
Table 15– The impact of emissions from on-road construction vehicles on long term
NO2 concentrations (µg.m-3)
Baseline

Baseline+operational
traffic

Impact

1

Distance from
centre of road (m)
5

19.3

19.4

0.1

2

5

19.5

19.6

0.1

3

5

16.2

17.9

1.7

4

5

10.0

10.2

0.2

5
Bahraini standard

5

2.6

3.0
40

0.4

Receptor
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Table 16 - The impact of emissions from on-road construction vehicles on long term
PM 10 concentrations (µg.m-3)
Receptor
1

Distance from
centre of road (m)
5

2
3

Baseline

Baseline+operational
traffic

Impact

6.6

6.6

<0.1

5

6.7

6.7

<0.1

5

4.7

5.3

<0.1

4

5

2.7

2.7

<0.1

5

5

0.5

0.5

<0.1

UK/EU standard
WHO standard

40
20

At all receptors, the impact of operational traffic on annual average NO2 concentration is
anticipated to be an increase of between 0.1 (0.5%) and 1.7 µg.m -3(10%), on the baseline
concentration. For PM10, the increase does not exceed 0.1 µg.m-3.
Although long term predicted pollutant concentrations are conservative estimates, they
provide an indication that the impact from vehicle exhaust gas emissions on sensitive
receptors will be of minor adverse significance.
The impacts on local air quality from SULB road traffic operational road traffic is described in
Impact Box 2:
Impact Box 2 Operational impacts on Air Quality from operational SULB road traffic
Description of Impact Impact of operational road traffic air emissions on air quality
Receptor(s)
Sensitive receptors listed in Table 7.
Investigation
Features of Impact
Significance of Impact
Mitigation Advice
Residual Impact

1.6.5

Atmospheric dispersion modelling
Local, long term low sensitivity of receptors
Negligible
None required
Negligible

Operational Impacts on Air Quality from Cumulative Emissions

The impact of ‘cumulative’ operational emissions considers emissions from all permitted
installations in addition to emissions from SULB. The ‘baseline’ condition is represented by
emissions from the permitted USCO and SULB installations including all buildings and static
machinery. The ‘cumulative’ scenario represents emissions from USCO, GIIC and SULB and
all existing and proposed buildings and items of static machinery. All scenarios were run with
2007 meteorological data, which has been shown to produce the most conservative pollutant
concentrations estimates from SULB emissions.
Figures 34 to 41 show the predicted ambient pollutant concentrations from ‘cumulative’
emissions at receptors R10-R22 and the site boundary maximum, in comparison to the
‘baseline’ condition:
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Figure 34 -

1-Hour Mean NO2 Concentrations

Figure 35 -

1- Hour Mean SO2 Concentrations

Comparison of 1-Hour Mean Nitrogen Dioxide Concentrations

Comparison of 1-Hour Mean Sulphur Dioxide Concentrations
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Figure 38 -

Annual Mean NO2 Concentrations

Figure 39 -

Annual Mean SO2 Concentrations
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Figures 34 to 41 show that at all receptors, including those on the site boundary, baseline
emissions from the USCO and GIIC installations meet the Bahraini standards for all
pollutants and averaging periods.
For SO2, PM10 and CO predicted concentrations at all receptors, both in sensitive locations
and on the site boundary, are under half of the Bahraini standard in both the baseline and
cumulative modelling scenarios.
For NO2, predicted concentrations at the sensitive receptors are under half the standard in
both the baseline and cumulative modelling scenarios. However, on the site boundary,
receptor concentrations are higher with the baseline site boundary maxima 32% and the
cumulative maximum approximately 45% of the standards for the 24-hour and annual
averaging periods. For the hourly maximum, predicted concentrations are higher than the 24hour and annual averaging periods. The baseline hourly maximum is above half the standard
(111.6 µg.m -3) at receptor R17 (BIW Hotel) which is close to the northern edge of the site
boundary. However, at all other receptors predicted concentrations are below half the
standard. For the cumulative emission scenario, concentrations at all receptors are predicted
to be under half the standard except at receptors R17 (Bahrain Investment Wharf) and R16
(BIW labour accommodation F23) which at 120 µg.m -3 is 60% of the standard. On the site
boundary, the maximum predicted concentration from USCO and GIIC is 185.3 µg.m -3 which
is 93% of the standard. With the addition of emissions from SULB, the standard is exceeded
by a maximum of 32.6 µg.m-3 (16%) on the site boundary. A comparison of the distribution of
the hourly maximum concentration around USCO, GIIC and SULB between the baseline and
cumulative scenarios, is shown in Figures 42 and 43:
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Figure 42 -

1-hour max NO2 baseline

Figure 43 -
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1-hour max NO2 cumulative

Figures 42 and 43 show that the maximum hourly concentrations are predicted when the
wind direction is north westerly as the shape of the plume is aligned north west / south east
with the highest concentrations to the south east of the installations. In the baseline scenario,
exceedences of the hourly standard are broadly confined by the site boundary as defined by
the red area in Figure 42. However, there are two small zones of exceedence over the sea
which are aligned with the tallest building in the GIIC complex which is the 45 m balling area
building and likely to be a result of building downwash effects.
In the cumulative emissions scenario, the area of exceedence extends beyond the site
boundary to the south east over the sea as shown by a larger red exceedence area shown in
Figure 43. With the addition of SULB buildings and emissions in the cumulative emissions
scenario, the DR plant ejector stack which stands at 52 m, is directly in the wake of the 48 m
high meltshop building. As a result, grounding of the pollutant from this stack can be
expected when the wind is in line with the melt-shop building from the north-west. Therefore,
this extended area of off-site exceedence is almost certainly a result of the downwash effect
of the melt-shop on the additional pollutant releases from SULB, the majority of which is
produced by ejector stack DR1.
It should be noted that although exceedences of the standard are predicted under the
cumulative emissions scenario, this exceedence area is located within the site boundary and
predominantly over the sea where there will be no public exposure. Furthermore, the
contribution of the SULB plant to the site boundary maximum is 47.3 µg.m -3 out of a total
cumulative concentration of 232.6 µg.m-3, which equates to 20% of the total cumulative
concentration. Therefore, the dispersion modelling of emissions indicates that the 80% of the
NO2 levels predicted at the site boundary maximum is produced by existing permitted
installations.
The impacts on local air quality from cumulative emissions are described in Impact Box 3:
Impact Box 3 Operational impacts on Air Quality from Cumulative Emissions
Description of Impact Impact of air emissions on local air quality
Receptor(s)
Sensitive receptors listed in Table 7
Investigation
Atmospheric dispersion modelling
Features of Impact
Local, long term high sensitivity of receptors, cumulative
Significance of Impact For the pollutants SO2, PM10 and CO and long term NO2, the
impact of cumulative emissions on the baseline can be
classed as slight adverse. For hourly maximum NO2, the
impact at off-site receptor locations is minor adverse, and on the
site boundary, the impact can be classed as substantial
adverse, , although exposure will be minimal over peak hourly
average periods
Mitigation Advice
A regular stack monitoring program should be implemented
including continuous emission monitoring systems (CEMS), to
demonstrate compliance with specific stack emission limit
values
Residual Impact
Mitigation measures are not considered to be necessary as
compliance with stack emission limits has been
42
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Impact Box 3 Operational impacts on Air Quality from Cumulative Emissions
demonstrated and no exceedences of the standards at
sensitive receptors have been predicted through
atmospheric dispersion modelling

1.6.6

Assessment of Residual Effects

Ongoing compliance with specific emission limit values will ensure that ground level pollutant
concentrations do not give rise to significant long term environmental impacts.

1.7

Decommissioning Impacts, Mitigation and Residual Effects

The qualitative assessment of decommissioning phase impacts are described in detail in the
SULB Integrated Steelworks Environmental Evaluation Report reference 1B021001. This
includes a description of the potential impacts, assessment of local meteorological data, offroad vehicles and plant emissions, emission from decommissioning phase traffic and
residual effects.
The impacts identified are summarised in Impact Box 4:
Impact Box 4 Decommissioning phase impacts on Air Quality from SULB
Description of Impact Impact of decommissioning phase air emissions on air quality
Receptor(s)
Future and existing sensitive receptors listed in Table 7.
Investigation
Features of Impact
Significance of Impact
Mitigation Advice
Residual Impact

Qualitative assessment
Short term and intermittent
Minor adverse
Effected through the implementation of a Decommissioning
Environmental Management Plan
Negligible
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SUMMARY
The United Steel Company (SULB) proposes to construct an integrated steel complex
that will be located in the Hidd Industrial Area, Bahrain. The complex will be sited to the
south of the existing United Stainless Steel Company (USCO) cold steel rolling plant,
and west of the existing Gulf Industrial Investment Company (GIIC) iron ore pelletizing
plant.
This assessment provides a technical review of the processes relating to the SULB
complex and the measures incorporated within them to maximise energy efficiency and
reduce emissions of carbon dioxide (CO2) from the plant. Furthermore, the review
considers the measures to be adopted within the complex to limit the release of effluents
and waste, which could be potentially harmful to the environment.
The most applicable Best Available Techniques (BAT) in the iron and steel sector,
identified by international bodies such as the European Commission, are referenced
alongside the measures incorporated within the complex. The review indicated that the
measures proposed within the complex do adhere to internationally recognised BAT for
optimising energy efficiency and minimising waste and effluents.
The report also provides the predicted carbon dioxide (CO2) emissions from natural gas
consumption relating to the combustion processes proposed within the SULB complex.
The main contributor of CO2 from the complex was predicted to be the Direct Reduced
Iron (DRI) plant, corresponding to 84% of the total output. The total predicted annual
emissions from the complex will equate to around 5% of the 2003 national CO2
emissions from Bahrain.
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1

INTRODUCTION

1.1

The Scheme
The United Steel Company (SULB) proposes to construct an integrated steel complex
that will be located in the Hidd Industrial Area on a 347,362 m2 plot of existing reclaimed
land. The complex will be sited to the south of the existing United Stainless Steel
Company (USCO) cold steel rolling plant, and west of the existing Gulf Industrial
Investment Company (GIIC) iron ore pelletizing plant.
The SULB plant will be designed to produce Direct Reduced Iron (DRI), which in turn will
be used as the raw material to produce beam blanks, billets, and blooms. The process
itself will consist of the following four separate modules:
1. A DRI plant with nominal capacity of 1,500,000 tonnes per year;
2. A Melt Shop with nominal capacity of 1,300,000 tonnes per year, which will
consist of the following:
a. Two Electric Arc Furnaces (EAF);
b. Two Ladle Furnaces (LF); and
c. Two Continuous Casting Machines (CCM).
3. A heavy section rolling mill with nominal capacity of 600,000 tonnes per year;
and
4. A light and medium section rolling mill with nominal capacity of 600,000 tonnes
per year.

1.2

The Assessment
This assessment provides a technical review of the aforementioned processes and the
measures incorporated within them to improve energy efficiency and reduce emissions
of carbon dioxide (CO2) from the plant. Furthermore, the technical review considers the
measures to be adopted within the complex to limit the release of effluents and waste,
which could be potentially harmful to the environment.
Internationally recognised Best Available Techniques (BAT) for the improvement of
energy efficiency and effluent / waste reduction within the iron and steel sector were
referenced and provided a basis to assess the suitability of the proposed measures
within the SULB complex.
The technical specification of the plant, in terms of the natural gas flow rate and the
annual total hours of operation required for each process, were obtained from a review
of each module to facilitate the calculation of total annual CO2 emissions from the
installation. The predicted annual CO2 emissions from natural gas use within the
complex were compared to the total CO2 annual emissions from the Kingdom of Bahrain
for 2003, the most recent CO2 inventory year.
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1.3

Definition of Best Available Technique
Definition of the term ‘Best Available Technique’ is given by European Council Directive
96/61/EC on integrated pollution prevention and control. Article 2(11) of the Directive
defines BAT as:
“the most effective and advanced stage in the development of activities and their
methods of operation which indicate the practical suitability of particular techniques for
providing in principle the basis for emission limit values designed to prevent and, where
that is not practicable, generally to reduce emissions and the impact on the environment
as a whole.”
Article 2(11) goes further to clarify this by indicating the term ‘Techniques’
encompasses the technology choice and the way in which an installation is to be built,
operated, maintained and decommissioned...
…‘Available’ is defined as techniques who’s scale and availability allows
implementation, taking into account both capital and operating costs, and the
environmental advantages associated with the choice of ‘Technique’….
….‘Best’ is defined as the most effective ‘Technique’ in achieving high levels of
protection as a whole’…
Further clarification is provided by Article 2(11)
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2

CLIMATE CHANGE: KINGDOM OF BAHRAIN
Bahrain signed the United Nations Framework Convention on Climate Change
(UNFCCC) in 1992, which was ratified in 1994. In 2005, the Kingdom of Bahrain’s
General Commission for the Protection of Marine Resources, Environment and Wildlife
published ‘Bahrain’s Initial Communication to the UNFCCC’1 in fulfilment of the
obligations set as a Party to the Framework Convention. The report stated that Bahrain
had begun undertaking the task of compiling its first greenhouse gas emissions
inventory in 1996, assisting in the formulation of climate sensitive development goals.
In 2006, Bahrain signed and ratified the Kyoto Protocol2, which sets targets for member
states to cut emissions of the basket of six greenhouse gases comprising CO2;
methane; nitrous oxide; hydrofluorocarbons (HFCs); perfluorocarbons (PFCs); and
sulphur hexafluoride. Water vapour and ozone are also potent greenhouse gases.
Bahrain signed as a ‘non-Annex I Party’ to the Kyoto Protocol, meaning it is not bound
by specific greenhouse gas emission targets. However, Article 5, paragraph 1, of the
Kyoto Protocol requires that each Annex I Party establish and maintain a national
system for the estimation of greenhouse gas emissions and removals. A national
system refers to the institutional, legal and procedural arrangements necessary for the
planning, preparation, reporting and archiving of inventory information.
The United Nations Statistics Division reported that Bahrain produced a total of 21.9 Mt
CO2 from all sectors in 2003. The main sources of CO2 emissions in Bahrain are the
energy sector (70%), solid and liquid remnants (13%), the industry sector (10%), and the
transport sector (7%)3.

1

General Commission for the Protection of Marine resources, Environment and Wildlife (2005) ‘Bahrain’s Initial

Communication to the UNFCCC’.
2
3

The United Nations Framework Convention on Climate Change (1997) The Kyoto Protocol
United Nations Development Programme (2008) ‘The Millennium Development Goals Progress of Work 2004-

2007 for the Kingdom of Bahrain’, United Nations.
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3

SULB STEEL COMPLEX PROCESS EFFICIENCY AND WASTE MINIMISATION
This section provides a review of the measures proposed to improve the efficiency of the plant processes to be undertaken within the SULB complex,
in addition to the techniques adopted to reduce effluent discharge and waste. These measures are presented in a tabulated format, relating to each
specific process within the SULB complex and referenced to the most relevant BAT.

3.1

MIDREX® Direct Reduced Iron Plant
Table 3.1:

Process efficiency measures and reduction of effluents and waste relating to the DRI Plant
PROCESS

The Reformer

PROCESS CHARACTERISTICS
The primary energy source for the reforming process is natural gas, which is
reacted with CO2 and water vapour to produce a reducing gas rich in carbon
monoxide and hydrogen. These reactions are endothermic and therefore
require an input of heat energy. These reactions are also catalysed to increase
the reaction rate and maximise reformer efficiency.
The MIDREX reformer produces a reformed gas without excess steam, thereby
avoiding “metal dusting” and decarburisation problems experienced in plants
using reformed gas reheaters. The reforming process recycles spent reducing
gas to the reformer, thus reforming both CO2 and water vapour. This recycling
yields a more efficient recovery of the unreacted reducing agents.

EQUIVALENT BEST AVAILABLE TECHNIQUE (BAT)

•

Recovery of heat in the waste gas by feedstock
4
pre-heating.

•

Recovery of heat in the waste gas by regenerative
4
or recuperative burner systems.

•

Generation of energy from waste.

•

Recovery of heat in the waste gas by feedstock

5

Approximately 50% of the reducing agents (H2/CO), in the reducing gas fed to
the shaft furnace, originate from the recycled spent reducing gas. This lowers
the quantity of natural gas required to be reformed, in order to produce the
reductants.
Heat Recovery System
4
5

Flue gas from the reformer is used to preheat the combustion air in the main

European Commission (2001) ‘IPPC Best Available Techniques Reference Document for the Production of Iron and Steel’.
Environment Agency (2004) ‘IPPC Guidance for the Production of Coke, Iron and Steel’, Bristol: Environment Agency.
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PROCESS

PROCESS CHARACTERISTICS
burner of the reformer, in addition to preheating the reformer feed gas, in the
two series streams.

EQUIVALENT BEST AVAILABLE TECHNIQUE (BAT)
4
pre-heating.
•

Recovery of heat in the waste gas by regenerative
4
or recuperative burner systems.

•

Generation of energy from waste.

•

Limiting
the
air
pre-heating
temperature
(advantages of reduced energy consumption and
4
reductions in CO2).

The total benefit of the series heat recovery system is an increase in reformer
capacity and reduction in the net energy consumption of the DRI plant by
approximately 25-30%. This is in comparison to the first generation MIDREX
DRI plant designed in 1969.
The control of the main process will be via a PC based operation and control
system. The plant control system will provide centralised control and data
acquisition of the following systems: combustion; flue gas/heat recovery; seal
gas; process gas; ore reduction; material handling; utility; and hot transport
control interface.

•

Good insulation enhancing energy efficiency.

•

Careful choice of fuel and implementation of
furnace automation/control to optimise the firing
4
conditions.

•

For all furnace types, minimisation of slag
production should be achieved by a range of good
practice measures such as computer controlled
charging
operations,
simulation
models,
management and operational procedures to
improve metal yield and to optimise material
6
flows.

Machinery cooling water is designed as a closed circuit system to supply
cooling water to all indirect coolers. The cooling water system comprises
circulation pumps, a sump, plate and frame heat exchangers, and a

•

Separate cooling water systems operating in
4
closed loops.

The combustion air preheaters are U-bundle and box type heat exchangers
suspended in the refractory lined flue gas ducts of the reformer. They are
designed to preheat the combustion air to about 675 degrees Celsius in two
stages. The first stage cold air preheaters are of box type construction and the
second stage hot air preheaters are of a U-bundle type.

Control System

Cooling Water

6

5

UK Department for Environment, Food and Rural Affairs (2006) ‘IPPC Secretary of State’s Guidance for the A2 Ferrous Foundries Sector’, DEFRA.
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PROCESS

PROCESS CHARACTERISTICS

EQUIVALENT BEST AVAILABLE TECHNIQUE (BAT)

scale/corrosion inhibitor dosing system. Circulation pumps circulate hot water
from the machinery cooling sump through the heat exchanger on one side
while sea water is pumped through on the other side to cool the machinery
water. Chemicals are added to the machinery make-up water to control scale
and/or corrosion in the system.

Water Treatment

Final Report

•

Minimisation of water use and closed circulating
6
water systems.

•

Cooling water and water used for wet abatement is
recycled in a closed circuit in order to minimise or
6
avoid effluent discharge.

The process cooling water circuit will supply cooling water to the direct contact
coolers and process users such as the top gas scrubber and dust collection
systems. The process water consists of a sump, circulation pumps, process
water heat exchangers, and a clarifier system.

•

Descaling: material tracking to reduce water and
4
energy consumption.

Dirty, hot process water flows from the process users to the clarifier. The
clarifier is used to settle out particulate matter, assisted by a dosing system
supplying a flocculating agent. Underflow from the clarifier will be sent as
slurry to settling ponds for de-watering. Overflow will be sent to the process
water sump.

•

Reduction of emissions by using a suitable
4
combination of treatment techniques.

•

Oily waste/sludge collected should be de-watered
4
to allow for thermal utilisation or safe disposal.

•

Process effluent is channelled / transported to
6
suitable effluent treatment plant.

•

Water should be recycled within the process from
5
which it issues, by treating first if necessary.

•

Consideration should be given to the use of
filtration or other techniques which allow the
effluent water to be cleaned for release or,
5
preferably, returned to the process.

Differing chemical dosing options are proposed for the different water circuits.
These include pH control and the addition of biocides, dispersants, corrosion
and scale inhibitors, and flocculants.
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3.2

Danieli Light and Medium Section Rolling Mill
Table 3.2:

Process efficiency measures and reduction of effluents and waste relating to the Danieli Light and Medium Section Rolling Mill

PROCESS
Furnace Combustion

PROCESS CHARACERISTICS
The furnace flexibility and energy savings will be maximised by utilising a
number of controlled zones, each one with a fuel-air ratio control. This permits
high furnace flexibility at all throughputs as well as minimising fuel
consumption.

•

Recovery of heat in the waste gas by feedstock
4
pre-heating.

•

Recovery of heat in the waste gas by regenerative
4
or recuperative burner systems.

•

Avoiding excess air and heat loss during charging
4
by operational measures or structural means.

•

Careful choice of fuel and implementation of
furnace automation/control to optimise the firing
4
conditions.

•

Limiting the air pre-heating temperature.

•

Good insulation enhancing energy efficiency.

One combustion air fan, equipped with inlet vane control, will allow for the
optimum combustion air flow control, thereby saving energy. The combustion
quality will be controlled by means of an oxygen analyser installed on the
recuperative zone roof, upstream of the waste gas outlet. This will ensure the
fuel is completely burnt before the waste gas leaves the furnace. Waste gases
will be removed from the furnace through a natural draught stack. An
automatically controlled furnace pressure damper is provided.

•

Use of variable speed fans and fit control dampers
to fume extraction ducting to balance the volume of
air extracted when process units, which are
5
connected to the system, are not in operation.

A number of cooling water circuits will be utilised within the rolling mill.

•

Separate cooling water systems operating in
4
closed loops.

The discharging temperature uniformity will be optimised by combining the
different burner lay-out and type. An optimised recuperative (unfired) zone,
refractory lining design (for heat loss minimisation) and a suitable air
preheating zone (waste gas energy recovery) will ensure fuel consumption is
minimised.
The refractory walls will be of composite construction and high quality
insulation, thereby providing a high thermal efficiency. Waste gases will leave
the furnace through an outlet flue and will be ducted through the recuperator to
the stack. The high efficiency metallic recuperator will enhance furnace
efficiency at all levels of production.

Cooling Water
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PROCESS

PROCESS CHARACERISTICS

RELEVANT BEST AVAILABLE TECHNIQUE (BAT)

System QW: This is a non-contact closed circuit designed for re-heating
furnace cooling. The circuit consists of water-water heat exchangers, a water
collecting basin and pumping stations for delivering the cooled water to the
users.

•

Minimisation of water use and closed circulating
6
water systems.

•

Cooling water and water used for wet abatement is
recycled in a closed circuit in order to minimise or
6
avoid effluent discharge.

•

Reduction of emissions by using a suitable
4
combination of treatment techniques.

•

Process effluent is channelled / transported to
6
suitable effluent treatment plant.

•

Oily waste/sludge collected should be de-watered
4
to allow for thermal utilisation or safe disposal.

•

Water should be recycled within the process from
6
which it issues, by treating first is necessary.

•

Consideration should be given to the use of
filtration or other techniques which allow the
effluent water to be cleaned for release or,
5
preferably, return to the process.

•

Descaling: material tracking to reduce water and
4
energy consumption.

System CW: This is an open non-contact cooling circuit designed for cooling
the rolling mill and second side plate heat exchanger for re-heating the furnace.
System KW: These contact cooling circuits are designed for rolling mill contact
cooling. The subsequent effluent will require treatment.
The water discharged by the rolling mill operations is treated with a chemical
agent to enhance flocculation and flows, by gravity, to a circular scale pit, in
which the coarser scale settles. Oil skimming takes place at the scale pit, with
a hydraulically driven bucket being used for the periodical automatic collection
of the scale settled on the bottom of the pit.

Water Treatment

Clarified water in the scale pit overflows to an adjacent basin, where a pumping
system sends it to a basin situated in the water treatment plant area. The
cleaned, filtered water enters an induced draft-cooling tower and is delivered
via a cold basin to the users by means of pumping system.
The water conditioning program for each system, required to obviate any
scaling or corrosion problem in the machinery and circuits, will be agreed with
the local water treatment chemical suppliers.
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3.3

Heavy Section Rolling Mill
Table 3.3:

Process efficiency measures and reduction of effluents and waste relating to the Heavy Section Rolling Mill
PROCESS

PROCESS CHARACERISTICS
The reheating furnace is capable of operating with diesel oil or natural gas as a
fuel source. The products of combustion of diesel oil will yield 13% CO2 in the
flue gases, whereas combustion of natural gas will yield 9%.
The products of combustion will flow from the furnace through a flue located at
the furnace charging end and then to a recuperator system. From there, the
waste gases are ducted via a flue gas damper and then to the furnace stack.

Walking Beam Reheating
Furnace

A butterfly type flue damper, with air-cooled shaft, is provided. The damper is
located downstream of the recuperator and is integrated with the furnace
pressure control loop.
The furnace will be refractory lined and insulated.

RELEVANT BEST AVAILABLE TECHNIQUE (BAT)

•
•
•

•
•
•
•

A high pressure water system will be installed to provide descaling and to
serve both hot and cold saws within the mill.
The cooling water circulating within the cooling system will be chemically
treated such that it does not cause corrosion or deposition on the machine
components.

Cooling water and Treatment
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Recovery of heat in the waste gas by feedstock
4
pre-heating.
Recovery of heat in the waste gas by regenerative
4
or recuperative burner systems.
Careful choice of fuel and implementation of
furnace automation/control to optimise the firing
4
conditions.
6
Energy supply utilising less polluting fuels.
6
Good insulation enhancing energy efficiency.
Avoiding excess air and heat loss during charging
4
by operational measures or structural means.
Descaling: material tracking to reduce water and
4
energy consumption.

•

Separate cooling water systems operating in
4
closed loops.

•

Minimisation of water use and closed circulating
6
water systems.

•

Reduction of emissions by using a suitable
4
combination of treatment techniques.

•

Water should be recycled within the process from
6
which it issues, by treating first is necessary.
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PROCESS

PROCESS CHARACERISTICS

RELEVANT BEST AVAILABLE TECHNIQUE (BAT)
•

3.4

Runoff from the installation is controlled and
managed and, where necessary, treated before
6
discharge in a suitable effluent treatment plant.

Meltshop
Table 3.4:

Process efficiency measures and reduction of effluents and waste relating to the Meltshop
PROCESS

PROCESS CHARACERISTICS

RELEVANT BEST AVAILABLE TECHNIQUE (BAT)

Closed machinery cooling water circuits will be used for the electric arc furnace
(EAF), ladle furnace (LF), continuous casting machines (CCMs), and Rolling
Mill 1 and 2.

Indirect Cooling Circuit

The closed circuits for the CCMs will consist of water-water heat exchangers, a
water collecting basin and pumping systems for delivering cooling water to the
users. The EAF, LF and rolling mills, will be cooled by means of an induced
draft cooling tower. The cooling system is designed to maintain a uniform
distribution of flow through each unit to provide efficient cooling.

The open cooling water systems will comprise circuits for machinery cooling
water to the reheat furnace and rolling mills, and CCM spray for the CCMs.
Direct Cooling Circuit and
Water Treatment

Final Report

The water delivered by the CCM sprays and rolling mills will undergo
gravitational settling in a scale pit, where the coarser scales will settle. The
scale pit will be provided with oil skimming devices and a hydraulically driven
submersible bucket conveyor for collection of scale settled in the bottom of the
pit. Clarified water will overflow to an adjacent basin, where a pumping station
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•

Separate cooling water systems operating in
4
closed loops.

•

Minimisation of water use and closed circulating
6
water systems.

•

Reduction of emissions by using a suitable
4
combination of treatment techniques.

•

Water should be recycled within the process from
6
which it issues, by treating first is necessary.

•

Runoff from the installation is controlled and
managed and, where necessary, treated before
6
discharge in a suitable effluent treatment plant.

January 2010

PROCESS

PROCESS CHARACERISTICS

RELEVANT BEST AVAILABLE TECHNIQUE (BAT)

will send the partially decanted water to a battery filtration, situated in the water
treatment plant area. The scale from the bucket conveyor is discharged above
ground into a pit. All equipment will be placed nearby the operations.
Potable water will be used as make-up water and the circuits will be chemically
and biologically treated, using chemical agents.

Electric Control Switchboard

Final Report

In order to assure efficient operation of the plant, the following monitoring and
controls will be provided for: pressure gauges on delivery of each electro pump
for clean water and on inlet and outlet of heat exchanger; level controls for
pumps starting and stopping; and thermometers, pH meter, pressure switches,
necessary for plant operation.
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•

Descaling: material tracking to reduce water and
4
energy consumption.

•

Oily waste/sludge collected should be de-watered
4
to allow for thermal utilisation or safe disposal.

•

Plant layout to reduce pumping distances, thereby
6
improving energy efficiency.

•

For all furnace types, minimisation of slag
production should be achieved by a range of good
practice measures such as computer controlled
charging
operations,
simulation
models,
management and operational procedures to
improve metal yield and to optimise material
6
flows.
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3.5

Summary of Efficiency and Waste Minimisation
Sections 3.1 to 3.4 demonstrate that the measures proposed within the SULB integrated
steel works complex will follow the key principles of internationally recognised BAT for
optimising energy efficiency and minimising waste and effluents.
The DRI plant and light, medium and heavy section mills will incorporate energy
recovery systems to utilise the heat energy available from waste gases, thus reducing
fuel consumption and enhancing energy efficiency. As a consequence, CO2 emissions
are also minimised since these are directly proportional to prime energy use.
Closed circuit cooling water systems proposed within the plant will reduce the release of
effluents, in addition to reducing the demand for water supply. Chemical and biological
pre-treatment of cooling waters will reduce scale and hardness throughout the systems
and enhance efficiency of operations. Open water circuits will undergo treatment on
site, including primary settling and oil skimming, prior to discharge to the water treatment
plant. The layout of the plants is such that pumping distances and transport of raw
materials within the operations are kept to a minimum.
The entire production process will be operated by a process control, thus reducing the
production of waste material and optimising the production yield from raw materials.
Consequently, this will increase fuel efficiency within the plant processes and limit the
release of waste gases from combustion, including CO2.
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4

CARBON DIOXIDE EMISSIONS FROM NATURAL GAS COMBUSTION
This section assesses the potential emissions of CO2 from natural gas consumption
within the combustion plant processes. Each process was assessed individually and
subsequently summed to provide the total annual CO2 emissions from the complex.
The estimated CO2 emissions from the adjacent USCO cold steel rolling plant and the
GIIC iron ore pelletizing plant were calculated. This enabled both a comparison
between the estimated emissions from each respective plant and a cumulative
assessment with respect to industrial emissions from the Hidd area of Bahrain.
Emission estimates of CO2 were calculated for each process by using the following
equations:
a) Natural Gas Consumption = Operating Time x Natural Gas Flow Rate
3

-1

(Nm a )

-1

(hours a )

3

-1

(Nm h )

b) Emissions of CO2 = Natural Gas Consumption x CO2 Emission Factor
(kg a-1)
(Nm3 a-1)
(kg m-3)
Where:
-3
CO2 Emission Factor = 1.62 kg CO2 m (Khuff Gas)

A standard CO2 Emission Factor of 1.92 kg CO2 m-3 is provided by the USA
Environmental Protection Agency7 however the emission factor varies according to the
actual composition of the gas used, and therefore for Bahrain Khuff Gas, a factor of 1.62
kg CO2 m-3 has been applied.
The estimates of annual CO2 emissions from each process within the SULB complex,
and the variables used to calculate them, are presented in Table 4.1.

7

United States Environmental Protection Agency (1995) ‘AP 42, Volume 1, Fifth Edition: Chapter 1 Section 1.4 –

Natural Gas Combustion (Supplement D July 1998)’, US EPA.
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Table 4.1:

Estimated annual CO2 emissions from natural gas consumption
Anticipated
Operating Hours
-1
(hours a )

Natural Gas
Flow Rate
3 -1
(Nm h )

Natural Gas
Consumption
-3 -1
(Nm a )

MIDREX ®
DRI Plant*

8000

61461

Danieli
Rolling Mill
(Light and
+
Medium)

6000

Process

Heavy
Section
Rolling
Mill++

CO2 Emission
Factor
-3
(kg m )

CO2
Emissions
-1
(t a )

4.92 x 10

1.565**

7.69 x 10

5600

3.36 x 107

1.62

54432

5197 (rolling time
required)

8250

4.29 x 107

1.62

69498

6603

2419
(Average)***

1.61 x 107

1.62

26082

Meltshop+++

8

MAXIMUM TOTAL CO2 emissions from SULB complex (natural gas use)

5

9.19 x 105

* Kobe Steel Ltd, MIDREX technologies, ‘Technical Proposal Direct Reduction Plant: Volume 2 Technical
Specification’
**This emission factor takes into account ‘fixing’ of carbon during DRI Production (approx 18kg Carbon per ton DRI).
+

Danieli & C. SPA, ‘Technical Specification Document’.

++

SMS Meer (2008) ‘Heavy Section Mill for United Steel Company Bahrain’.

+++

CONCAST, SMS Group (2008) ‘Technical Specification for New 1’800’000 TPY Steel Plant’

**Flow rates summed from operations relating to Continuous Casting Machines 1 and 2, ladle preheating, Concast
and oxygen (CONSO) system, and other plant.

It is evident from Table 4.1 that the main contributor to the estimated annual CO2
emissions from the SULB complex is the DRI plant (7.69 x 105 t.a-1), which corresponds
to 84% of the total maximum predicted output.
Predicted emissions of CO2 associated with the USCO and GIIC plants are presented in
Table 4.2. Operation of the plant was assumed to be 24-hours for each day of the year.
Table 4.2:

Estimated annual CO2 emissions from natural gas consumption

Process

Anticipated
Operating Hours
-1
(hours a )

Natural Gas
Consumption
-3 -1
(Nm a )

USCO cold steel
rolling plant

8760

5.4 x 10

GIIC iron ore
plant

8760

2.82 x 10
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CO2 Emission
Factor
-3
(kg m )

CO2 Emissions
-1
(t a )

1.62

8.75 x 10

1.62

4.57 x 10

5

5
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At a national scale, Bahrain emitted a total of 21.9 Mt CO2 in 2003 from all sectors. The
estimated total maximum output from the SULB complex, from natural gas consumption,
equates to approximately 5% of this 2003 national output. This is the most recent CO2
inventory year for Bahrain, and clearly total national emissions will have increased in the
intervening 6 years from considerable expansion of industrial, aviation and road
transportation sources. The contribution of SULB releases to total national annual CO2
emissions when the installation is fully operational is therefore expected to be
proportionally considerably lower than 5%.
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5

CONCLUSION
This assessment provides a technical review of the industrial processes proposed as
part of the SULB complex and the measures incorporated within them to improve energy
efficiency and reduce emissions of CO2 from the plant. Furthermore, the technical
review considers the good practice measures within the sector which would minimise
the release of effluents and waste, which could be potentially harmful to the
environment.
The proposed inherent design and process control measures within the installation have
been compared to relevant ‘Best Available Techniques’ within the iron and steel sector,
in respect of efficiency and effluent/waste minimisation.
It was established that the proposed SULB facility will incorporate relevant Best
Available Techniques relating to improving energy efficiency of the plant, which would
contribute to lower fuel consumption and hence lower CO2 output. Furthermore, a
number of measures will be incorporated within each process relating to the
minimisation of effluent and waste products, through the use of closed circuit water
systems and appropriate water treatment technology. A key aspect of BAT is the
management philosophy and structure, and SULB is committed to a robust and
continuous approach to managing its environmental releases.
An assessment of the potential CO2 emissions produced by the SULB complex has
been presented, based on expected volumes of natural gas combustion. Using plant
technical specification data, the anticipated annual hours of operation and anticipated
natural gas flow rate were derived, and a CO2 emission factor was applied to determine
estimated total annual emissions. The result indicated that the CO2 output from the
SULB complex would correspond to 5% of the total national output from Bahrain, based
on the most recent national inventory data from 2003. Clearly total national emissions
will have increased in the intervening 6 years from considerable expansion of industrial,
aviation and road transportation sources. The contribution of SULB releases to total
national annual CO2 emissions when the installation is fully operational is therefore
expected to be proportionally considerably lower than 5%.
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1. BACKGROUND
As part of the Environmental Impact Assessment Study for the SULB Project, it is required to
review the Generated Road Traffic (the types of vehicles entering and leaving the site) and the
impact on the local area.
(Note: Related tables have been prepared thanks to the information provided by Mr. Renato.)
2. PURPOSE AND USAGE OF ESTIMATED FIGURES
The Purpose of this Short Report is to estimate the above-mentioned Generated Road Traffic.
Our Environmental Consultants will use the figures estimated hereinafter in comparison with
the results from traffic counts carried out by PHE Gulf in 20051 and previous traffic count data2,
in order to assess the impact on the local traffic of the same.
3. DESTINATION AND YEARLY VOLUME OF MATERIALS AND PRODUCTS
Destination of Steel Profiles and Yearly Volume of Materials and Products is shown in Table.1
and Table.2 respectively.
Table.1 Destination of Steel Profiles
Country
Bahrain
Saudi Arabia
UAE
Kuwait
Qatar

Total

Tons/Year
81,600
624,000
459,000
28,800
6,000
1,200,000

Remarks
By truck (100%)
By ship (80%), by truck (20%)
By ship (80%), by truck (20)
By ship (100%)
By truck (100%)

Table.2 Yearly Volume of Materials and Products
Description
Steel Profiles
Billets
Scrap
Lime, Dolo-Lime
Refractories
Ferro Alloys
Other
Total
1
2

Tons/Year
1,200,000
500,000
137,500
54,000
24,300
36,000
60,000
2,012,800

Remarks
From Table.1 by ship (75%), by truck (25%)
To Kuwait by ship (100%)
By ship
From Saudi Arabia by truck
From Khalifa Port in containers by trucks
From: Saudi Arabia (50%), Bafa (20%), Al Khalifa Port (30%)
From Khalifa Port by trucks

Traffic counts were carried out by PHE Gulf as part of the BIIP Air Quality Assessment (2005)
Carried out by Roads Directorate, Ministry of Works & Housing in 2005
3
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4. SULB MANPOWER DISTRIBUTION
SULB Manpower Distribution is shown in Table.3 below.
Table.3 SULB Manpower Distribution
Shift
06:00-14:00
14:00-22:00
22:00-06:00
07:00-16:003

SULB Operatives
235
235
235
272

Subcontractors
140
140
140
160

Total
375
375
375
432

5. BASIC ASSUMPTIONS FOR MANPOWER ARRIVAL AT SITE
Approximately 5% of SULB Operatives, 30% of SULB Staff and 5% of Subcontractors Staff
are using Cars. The rest of the Passengers are using Buses. A Bus accommodates 40
Passengers.
6. GENERATED ROAD TRAFFIC
Generated Road Traffic means the number of vehicles entering and leaving the SULB Site Area.
This traffic consists of (1) Trucks, (2) Cars and (3) Buses. Information in Tables 1 and 2 will be
used to estimate the Truck Traffic, whereas information under the Section titled Manpower
Distribution will be used to estimate the Traffic of Cars and Buses.
6.1 Truck Traffic: (The maximum allowable load on a truck is 19 tons.)
Table.4 Truck Traffic4
Description
Outgoing Traffic
Steel Profiles
Billets
Scrap
Total Incoming
Incoming Traffic
Lime, Dolo-Lime
Refractories
Ferro Alloys
Other
Total Outgoing
Grand Total
3
4

Tons/Year

Trucks/Year Trucks/Day

Trucks/Hour

Remarks

304,200
304,200

16,010
16,010

From Table.1

54,000
24,300
36,000
60,000

2,842
1,279
1,895
3,158
9,174
25,184

From Table.2
Ditto
Ditto
Ditto
Ditto

478,500

76.3

Staff
Assuming 330 Operational Days per Year and 24 Operational Hours per Day
4
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6.2 Car Traffic
From Page 4 Basic Assumptions for Manpower Arrival at Site:
Cars/Day
Shift 06:00-14:00  235 x 0.05 = 12 (SULB Operatives)
Shift 14:00-22:00  235 x 0.05 = 12 (SULB Operatives)
Shift 22:00-06:00  235 x 0.05 = 12 (SULB Operatives)
Shift 07:00-16:00  272 x 0.30 = 82 (SULB Staff)
Shift 07:00-16:00  160 x 0.05 = 8 (Subcontractors’ Staff)  Total: 126 Cars/Day
Maximum Hourly Car Traffic
From above: 82 + 8 + 12 (For all practical purposes considering Overlap) = 102 Cars/Hour
6.3 Bus Traffic
Buses/Day
Shift 06:00-14:00  235 x 0.95 = 223  223/40 = 6 (SULB Operatives)
Shift 06:00-14:00  140 x 1.00 = 140  140/40 = 4 (Subcontractors’ Operatives)
Shift 14:00-22:00  235 x 0.95 = 223  223/40 = 6 (SULB Operatives)
Shift 14:00-22:00  140 x 1.00 = 140  140/40 = 4 (Subcontractors’ Operatives)
Shift 22:00-06:00  235 x 0.95 = 223  223/40 = 6 (SULB Operatives)
Shift 22:00-06:00  140 x 1.00 = 140  140/40 = 4 (Subcontractors’ Operatives)
Shift 07:00-16:00  272 x 0.70 = 190  190/40 = 5 (SULB Staff)
Shift 07:00-16:00  160 x 0.95 = 152  152/40 = 4 (Subcontractors’ Staff) Total: 39
Buses/Day
Maximum Hourly Traffic: 5 + 4 + (6 + 4) (Considering Overlap) = 19 Buses/Hour

5
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7. SUMMARY OF GENERATED DAILY AND HOURLY ROAD TRAFFIC
Table.5 below summarizes the findings:
Table.5 Generated Daily and Hourly Road Traffic5
Description
Trucks
Cars
Buses
Total

Daily Traffic
77
126
39
242

Hourly Traffic
4
102
19
125

******

5

Figures have been rounded off to the closest digit.
6
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1. BACKGROUND
United Steel Company (SULB) is a partnership between Gulf United Steel Company, (FOULATH)
Kingdom of Bahrain (51%) and YAMATO KOGYO, Japan (49%).
FOULATH also owns 100 % of Gulf Industrial Investment Company (GIIC) which is located in
Hidd Industrial Area running an Iron Ore Pellet Plant with a capacity of 5 million tons of pellets per
year and having under construction a second Pellet Plant with a capacity of 6 million tons of pellets
per year.
United Steel Company (SULB) is currently embarking on a 1.5 billion USD project (SULB Project)
for building an Integrated Steel Complex in the west of GIIC second Pellet Plant.
The SULB Project consists of the following:
(1)
(2)
(3)
(4)

Direct Reduction Plant (1.5 million tons/year of DRI)
Steel Making Plant (1.3 million tons/year of Billets, Blooms and Beam Blanks
Heavy Section Rolling Mill (6 hundred thousand tons/year)
Light Section Mill (6 hundred thousand tons/year)

Due to the continuous “production-export-import” scheme, which generates extensive daily
loading-unloading operations coupled with considerable ship traffic, the SULB Project requires
dedicated Wharf Facilities to be constructed in the south shore of the Project Area.1
GIIC have applied to the Industrial Areas Directorate (IAD) for the allocation and therefore the
lease of the required plot for constructing the above-mentioned Wharf Facilities. Subject to
completion of the related formalities and procedures, IAD have no objection in principle to lease the
plot requested by GIIC. Meanwhile however, in order to put the request of GIIC for Plot Allocation
on the agenda of the Industrial Areas Affairs Committee (IAAC) for approval, IAD requires
following documentation:
(1) Feasibility Report
(2) No Objection from:
(a) General Organization of Sea Ports (GOP)
(b) General Directorate for the Protection of Marine Resources (GDPMR)
(c) Water Resources Directorate (WRD)
(3) Bathymetric Survey of the related Area
1

Please see attached the following:

Attachment-1, General Location Plan of Wharf Facilities
Attachment-2, Location Plan of Wharf Facilities
Attachment-3, Layout of Wharf Facilities and Sea Route of Access
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2. PURPOSE
The Purpose of this Feasibility Report is to provide through a logical order of analysis necessary
information2 for receiving the consent of all related Government Offices so that the requested Plot
Allocation is materialized.
3. INTRODUCTION
This Feasibility Report addresses essential issues, which may be listed as follows:
(a) Navigational
(b) Operational
(c) Hydrodynamic
(d) Structural
4. NAVIGATIONAL ISSUES
The Navigational Issues addressed hereinafter are (1) Maximum Yearly Ship Traffic, (2)
Maneuvering of Ships and (3) Neighboring Navigational Operations
4.1 Maximum Yearly Ship Traffic3
The General Organization of Sea Ports and their Operators APM Terminals must be informed
about the maximum Yearly Ship Traffic as well as the related Ship Characteristics so that they
are able to make necessary arrangements for the monitoring and control of the same.
It is obvious that the minimum ship capacity will give the maximum number of ships per year.
Therefore, the calculations have been based on the minimum ship capacity.
For all practical purposes in this respect, the ship capacity has been taken as 10,000 Deadweight
tons (DWT). This we will name as the Unit-Ship4.
We must also mention here that as the capacity of the ships increases, the yearly number of
ships to berth on the Proposed Wharf facilities will be reduced.
In accordance with the calculations in Appendix-A, Calculations for Maximum Yearly Ship
Traffic the Maximum Number of Ships per year to berth on the Wharf Facilities is 219. In other
words, the maximum number of ships that must be monitored and controlled by the Control
Tower in Hidd Port is 219 per year.
An ABSTRACT SUMMARY has been included as Appendix-D; please see attached.
Please see Appendix-A, Calculations for Maximum Yearly Ship Traffic
4
Please see Table of Ship Characteristics in Appendix-A
4
2
3
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4.2 Maneuvering of Ships
We have to answer the following question:
Is the Layout of the Proposed Wharf Facilities including the Sea Route of Access adequate for
safe maneuvering?
As it can be seen in Attachment-1, Layout of Wharf Facilities and Sea Route of Access, ASRY
Channel, which is 500 m wide, lies in the west boundary of the area of the SULB Project.
It can also be seen that there is a recess of 15 m from the west boundary of the Proposed Wharf
Facilities to the west boundary of the SULB area, which coincides with the east boundary of
ASRY Channel.
The Sea Route of Access to the Wharf is considered to be a 400 m wide strip the boundaries of
which are the same as the boundaries of the Wharf. Between the east boundary of the Wharf
and the west edge of the existing GIIC Jetty there is also an “access strip” approximately 285 m
wide. In order to be on the safe side however, this strip is not considered as part of the Sea
Route of Access.
The above 400 m wide Sea Route of Access during Ship Maneuvering can accommodate a
turning diameter of approximately twice the Length Overall5 (190 m) of the ship of maximum
capacity.
Save for the fact that the above turning diameter6 could be considered almost adequate for selfpropelled or free turning, also that the additional 285 m wide “buffer” zone between the east
boundary of the wharf and the west edge of the existing GIIC Jetty is not considered as part of
the Sea Route of Access and since berthing and maneuvering will be made with the aid of tugs,
we can easily conclude that there is not going to be any problem as regards the Maneuvering of
Ships.
In other words, the Sea Route of Access is adequate for the Safe Maneuvering of Ships.
4.3 Neighboring Navigational Operations
Another question to be answered is as follows:
Is there going to be any interference to neighboring navigational operations?
In view of Section 4.2 above, it can be easily seen that the ships approaching the Wharf
Facilities shall not enter the ASRY Channel and it is therefore confirmed that the ship traffic
will have no interference to the navigational operations of ASRY.
Please see Table of Ship Characteristics in Appendix-A.
In Standard Handbook for Civil Engineers, McGraw-Hill Fourth Edition 1996, Section 23, Coastal and Harbor
Engineering it is mentioned that “the minimum diameter should be at least 20% greater than the length of the largest
ship to be turned”. (Page 23.11)
5
5
6
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5. OPERATIONAL ISSUES
The Operational Issues address the following questions:
(a) Considering the Envisaged Yearly Material Flow7, are the Loading and Unloading Facilities
adequate in maintaining the Yearly Operational Time of the Proposed Wharf Facilities well
within the Design Yearly Operational Time?
(b) Can the selected length of the Quay Wall accommodate the Berthing Configurations of the
to-be-selected ships? In other words, is the size of the Wharf capable of accommodating the
required number of ships?
And the topics covered in this section are (1) Yearly Operational Time, (2) Verification of Yearly
Operational Time and (3) Size of Wharf Facilities and (4) Berthing Configurations of Ships.
5.1 Yearly Operational Time
The Design Yearly Operational Time of the Wharf Facilities is 330 days.
In order to maintain the Envisaged Yearly Material Flow, the Loading and Unloading Facilities
and the Size of Wharf (particularly the length of quay wall) must be selected in such a way that,
the Design Yearly Operational Time is not exceeded. In other words, the calculated Operational
Time should not exceed 330 days per year.
5.2 Verification of Yearly Operational Time8
As shown in Appendix-B, Calculations for Occupation of Wharf and Required Number of
Cranes for Verification of Yearly Operational Time, in order not to exceed the Design Yearly
Operational Time, the Required Number of Cranes9 is 3.
The Yearly Operational Time by using 3 Cranes is 284 days and this Yearly Operational Time
provides a Buffer capacity of 14 % as compared with the Design Yearly Operational Time and
22 % as compared with calendar days.10
5.3 Size of Wharf Facilities11
The selected dimensions are as follows:
Length of Quay Wall, 400 m; Draft, 12 m; Width of Wharf Facilities, approximately 95 m
Please see Chart-1, Envisaged Yearly Material Flow in Appendix-A, Calculations for Maximum Yearly Traffic.
Please see Appendix-B, Calculations for Occupation of Wharf, Number of Cranes Required for Verification of Yearly
Operational Time
9
In the calculations, the load lifted by one Crane per Cycle has been assumed to be 20 tons. However, the capacity of
the Cranes will be selected to be 40 tons each.)
10
Please see Appendix-B and especially Pages 2 and 3.
11
Please see details in Appendix-C, Wharf Size and Berthing Configurations of Ships
6
7
8
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5.4 Berthing Configurations of Ships
The selected 400 m length of the Wharf provides flexibility to the operations; it can
accommodate all berthing configurations, which will serve the purpose intended.12
6. HYDRODYNAMIC ISSUES
The issues in this section are (1) Hydraulic Effects and (2) Hydraulic-Related Forces.
6.1 Hydraulic Effects
A Hydraulic Study by Marine Consultants was carried out in January-February 2006 to
investigate the hydraulic effects of a new proposed jetty in the same are as the Wharf Facilities
under discussion, using a numerical hydrodynamic model named MIKE 21 HD.13
The above proposed jetty was extending from the shore to the sea and the conclusion was that
“the effect of the new jetty is negligible with respect to changes in currents”.14 In our case, the
Wharf will be a structure parallel to the shore and therefore it is considered more favorable than
this jetty as regards the effects with respect to changes in currents. Nevertheless, the actual
changes in currents (strength and directions) will be studied at the completion of construction.
6.2 Hydraulic-Related Forces
Nevertheless, another study, which will produce a design basis for the wharf structure including
all hydraulic-related forces (hydrostatic, wave, vessel, impact, uplift) is underway and the
results of this study will be used during the detailed design of the Wharf Facilities.
7. STRUCTURAL ISSUES
In general, Structural Issues will be handled during detailed design, which is part of the Tender for
the Wharf Facilities; the Tender will be a Design and Build Tender and the items to be considered
may be summarized as follows:
(a) Hydraulic-Related Forces: These will be identified as mentioned in section 6.2 above.
(b) Wheel Load of Crane: A Logistics Study is underway by a Logistics Consultant. The
Wheel Load will be fixed in this study; for the time being however, the Resultant Point Load
per Leg of Crane is assumed to be 400 tons.
(c) Soil Characteristics: A Soil Investigation to define the characteristics of the soil in the
seabed, which will be considered in the design of the structural components of the Wharf
Facilities, is underway.
Please see Appendix-C, Wharf Size and Berthing Configurations of Ships
Please see attached Hydraulic Study Final Report, February 2006 prepared by DHI, Water & Environment
14
Please see Page 4-1 of the report mentioned in Footnote 12
7
12
13
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(d) Structural System: This will be decided during Tender Evaluation after assessment of the
options to be submitted by the Bidders.
8. CONCLUSION
Considering the arguments presented in Sections 4, 5, 6 and 7, the Proposed Wharf Facilities sound
feasible with respect to Navigational, Operational, Hydrodynamic and Structural issues involved
and it is anticipated that the request of GIIC/SULB will be considered favorably by related
authorities.
*****
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UNITED STEEL COMPANY (SULB) INTEGRATED STEEL COMPLEX
APPENDIX-A
CALCULATIONS FOR MAXIMUM YEARLY SHIP TRAFFIC
MATERIAL FLOW1
The calculations for Maximum Ship Traffic are based on the attached Material Flow Chart.
SHIP CHARACTERISTICS2
Ship Characteristics to be considered have been tabulated below.

DWT (tons)
Draft (m)
LOA (m)
Breadth/Beam (m)
Displacement (tons)

General
Cargo
10,563
7.90
122.07
19.00
-

Bulk Carrier
25,322
10.24
160.00
25.20
-

Geared
Handymax
48,377
11.695
187.30
32.20
56,178

Geared
Supramax
50,238
11.925
189.90
32.26
58,136

BASIC ASSUMPTION: THE UNIT-SHIP
It is obvious that the minimum ship capacity will give the maximum number of ships per year.
Therefore, the calculations have been based on the minimum ship capacity. In this respect, the ship
capacity has been taken as 10,000 Deadweight Tons (DWT). This we will name as the Unit-Ship.
SHIP LOADING3
Heavy and Light Sections and Billets: 600,000 + 600,000 + 500,000 = 1,700,000 tons/year
HBI: 250,000 tons/year
SHIP UNLOADING4
Scrap: 138,000 tons/year, say 140,000 tons/year
Coils: 100,000 tons/year

1

Please see Chart-1, Envisaged Yearly Material Flow
Information received from the Shipping Section of GIIC.
3
Ditto Footnote 1
4
Ditto Footnote 1
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NUMBER OF SHIPS PER YEAR
Loading Heavy Sections: 600,000/10,000 = 60 ships/year
Loading Light Sections: 600,000/10,000 = 60 ships/year
Loading Billets: 500,000/10,000 = 50 ships/ year
Loading HBI: 250,000/10,000 = 25 ships/year
Unloading Coils: 100,000/10,000 = 10 ships/year
Unloading Scrap: 140,000/10,000 = 14 ships/year
Yearly Ship Traffic for Heavy Sections, Light Sections, Billets, Coils and Scrap is:
60+60+50+10+14 = 194 ships/year
Yearly Ship Traffic for HBI is: 25 ships/year

TOTAL YEARLY SHIP TRAFFIC = 219 ships/year
CONCLUSION
In view of the above, the maximum number of ships that must be controlled by the Control Tower
in Hidd Port is 219 per year.

*****
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UNITED STEEL COMPANY (SULB) INTEGRATED STEEL COMPLEX
APPENDIX-B
CALCULATIONS FOR OCCUPATION OF WHARF AND REQUIRED NUMBER OF
CRANES FOR VERIFICATION OF YEARLY OPERATIONAL TIME
MATERIAL FLOW1
The calculations are based on the attached Material Flow Chart.
SHIP CHARACTERISTICS2
Ship Characteristics to be considered have been tabulated below:

DWT (tons)
Draft (m)
LOA (m)
Breadth/Beam (m)
Displacement (tons)

General
Cargo
10,563
7.90
122.07
19.00
-

Bulk Carrier
25,322
10.24
160.00
25.20
-

Geared
Handymax
48,377
11.695
187.30
32.20
56,178

Geared
Supramax
50,238
11.925
189.90
32.26
58,136

BASIC ASSUMPTIONS3
1. As mentioned in Appendix-A, Calculations for Maximum Yearly Ship Traffic, the capacity of the
Ship is taken as 10,000 DWT, the Unit-Ship.
2. Load lifted by one Crane is 20 tons per Cycle
3. One Cycle is 10 minutes
4. Therefore the hourly capacity of one Crane is: 20 x 6 = 120 tons
5. That is to say, the hourly capacity of loading Heavy Sections, Light Sections, Billets and
unloading Coils and Scrap is 120 tons.
6. Ship-loader Capacity for HBI is taken as 1,500 tons per hour.
7. Design Yearly Operational Time is 330 days.
1

Please see Chart-1, Envisaged Yearly Material Flow
Information Received from the Shipping Section of GIIC
3
In case of changes in the figures, the calculations can be converted easily to accommodate these changes.
B-1
2

Appendix-B

OCCUPATION OF WHARF AND VERIFICATION OF YEARLY OPERATIONAL TIME
The time required for loading/unloading a ship including the berthing and un-berthing constitutes
the “Occupation of Wharf by a Ship”.
The Yearly Occupation of Wharf is the total time required for loading and unloading ships to
maintain the Envisaged Yearly Material Flow.
The above is named here as the Yearly Operational Time (YOT).
Time Required for Loading and Unloading of a Unit-Ship
Heavy and Light Sections, Billets, Scrap and Coils using a single Crane:
10,000 tons/120 tons/hr4= 83.3 hours
(For all practical purposes and considering berthing and un-berthing, this is considered as 4 days.)
HBI: 10,000 tons/1,500tons/hr5 = 6.7 hours
(For all practical purposes and considering berthing and un-berthing this is considered as 1 day.)
Occupation of Wharf and Calculation of Required Number of Cranes for Verification of YOT
The Yearly Ship Traffic for Heavy Sections, Light Sections, Coils and Scrap is 194 ships6 and by
using a single Crane, one Unit-Ship occupies the Wharf for 4 days, whereas the Yearly Ship Traffic
for HBI is 25 ships7 and one Unit-Ship occupies the Wharf for 1 day. Therefore, the Total Yearly
Occupation of Wharf by a Unit-Ship and using a single would theoretically be:
(194 ships x 4 days/ship) + (25 ships x 1 day/ship) = 801 days > 330 days.
In one year there are 330 operational days and therefore, we have to increase the number of Cranes.
Two Cranes will reduce the Occupation of Wharf of a Unit-Ship to 2 days8, whereas the Occupation
of Wharf for HBI remains the same:
[(194 ships x 4 days/ship)/2] + (25 ships x 1 day/ship) = 413 days > 330 days
Two Cranes will not do the work.

4

Please see Page 1, Basic Assumptions
Ditto Footnote 4
6
Please see Page 2 of Appendix-A, Calculations for Maximum Yearly Ship Traffic.
7
Ditto Footnote 6
8
Alternatively, 2 Cranes loading/unloading 2 Unit-Ships give the same result.
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Trying for 3 Cranes:
[(194 ships x 4 days/ship)/3] + (25 ships x 1 day/ship) = 284 days < 330 days
Three Cranes will do the work.
Buffer Capacity in Yearly Operational Time by Using 3 Cranes
The Buffer Capacity in terms of time and as compared with the Design Yearly Operational Time
may be estimated as 100 x (1 - 284/330) = 14 %.
The Buffer Capacity on the other hand compared against calendar days gives a figure of 100 x (1 –
284/365) = 22 %.
Selected Crane Capacity
As shown hereinbefore, the required number of Cranes is 3. And these Cares will have a capacity
of lifting a 40 tons load each, i.e. double the capacity used in the calculations.

*****
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UNITED STEEL COMPANY (SULB) INTEGRATED STEEL COMPLEX
APPENDIX-C
WHARF SIZE AND BERTHING CONFIGURATIONS OF SHIPS

LENGTH, DRAFT AND WIDTH OF WHARF
The length and the draft of the wharf will be naturally decided considering the Characteristics of the
Ships to berth. The width however will depend on other criteria discussed herein-below.
SHIP CHARACTERISTICS1
Ship Characteristics to be considered have been tabulated below:

DWT (tons)
Draft (m)
LOA (m)
Breadth/Beam (m)
Displacement (tons)

General
Cargo
10,563
7.90
122.07
19.00
-

Bulk Carrier
25,322
10.24
160.00
25.20
-

Geared
Handymax
48,377
11.695
187.30
32.20
56,178

Geared
Supramax
50,238
11.925
189.90
32.26
58,136

CLASSIFICATION OF SHIPS
In this Appendix ships are classified as follows.
(1) LARGE = ~ 50,000 DWT
(2) MEDIUM = ~ 25,000 DWT
(3) SMALL = ~ 10,000 DWT (the Unit-Ship)
LENGTH OF WHARF (QUAY WALL) AND BERTHING CONFIGURATIONS
As it can be seen in Attachment-1 of the Feasibility Report for Plot Allocation, the length of the
Wharf has been selected to be 400 m. In view of the dimensions of the area of the SULB Project,
this can be considered to be as the maximum available length and it can accommodate the following
berthing configurations, which serve the intended purpose:
(a)
(b)
(c)
(d)
1

3 SMALL Ships (Unit-Ships), or,
2 LARGE Ships
1 LARGE and 1 MEDIUM Ship
2 MEDIUM Ships

Information received from the Shipping Section of GIIC
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DRAFT
The selected Draft is 12 m, which can accommodate all ships up to 50,000 DWT.
WIDTH
The Width has been selected to be approximately 95 m. This width is favored for the following
reasons:
(a) As it can be seen in Attachment-1, it is flush with the existing dolphins and captains/pilots
prefer this arrangement due to navigational purposes.
(b) It provides the maximum available space for storage and operation.
(c) Due to the bathymetric structure of the sea-bed, if in the future it is decided to increase the
draft to 13-14 m, this can be done with comparatively minimum effort.2

*****

2

Please see attached Bathymetric Survey. At the completion of construction Seabed Sounding (Bathymetric Survey)
will be carried out by using “Multibeam Technique”.
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UNITED STEEL COMPANY (SULB) INTEGRATED STEEL COMPLEX
APPENDIX-D
ABSTRACT SUMMARY

The ABSTRACT SUMMARY of the Wharf Facilities is given as follows:
Design Vessels
The design vessels used to determine the Wharf Facilities structure and ‘furniture’ specification are
as follows:

Vessel type
Loa (m)
Beam (m)
Maximum Draft (m)
Maximum
Displacement (t)
DWT (T)

Maximum
Design Vessel

Medium
Design Vessel

Minimum
Design Vessel

190
32.50
12.00
58,000

160
25.50
10.00
31,000

122
19.00
8.00
15,000

50,000

25,000

10,000

Navigational
•
•
•

•

The maximum number of ships per year (with capacity of 10,000 DWT) to berth on the
Wharf Facilities is 219.
Naturally, as the capacity of the ships increases, the yearly number of ships to berth on the
Wharf Facilities will be reduced.
The berthing and maneuvering will be made with the aid of tugs and the minimum 400 m
wide Sea Route of Access (without considering the neighboring “access strips’) is adequate
for the safe maneuvering of ships.
The ship traffic will have no interference to the navigational operations of ASRY.

Operational
•
•
•
•
•

Design Length: 400 m, Design Draft: 12 m, Design Width: 95 m
Total Ship Unloading per year: 240,000 tons
Total Ship Loading per year: 1,950,000 tons
Required number of cranes is 3 with lifting capacity of 40 tons each.
The selected 400 m design length of the Wharf Facilities and the design draft can
accommodate all berthing configurations for the purpose intended.
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Hydrodynamic
•

•
•

Based on a Hydraulic Study carried out at the beginning of 2005, we may conclude that as
regards the effects with respect to changes in currents, the Wharf Facilities may be
considered more favorable than the proposed jetty mentioned in that study.
Nevertheless, the actual changes in currents (strength and directions) will be studied at the
completion of construction.
Hydraulic related forces (hydrostatic, wave, vessel, impact, uplift) will be determined via a
study, the contract award of which is underway.

Structural
•
•
•
•

Structural system will be decided during Design and Build tender Evaluation after
assessment of the options to be submitted by the Bidders.
Hydraulic related forces will be determined as mentioned above.
Wheel Load of cranes will be determine via a Logistics Study, the contract award of which
is underway.
The characteristics of soil will be determined via Soil Investigation, which is underway.

*****
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