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1 Executive Summary

1.1 Introduction

Madaden (the Saudi Arabian Mining Company

operate an Integrated Aluminum Project (hereafter referred to as the Aluminum
Project). The Aluminum Project will be comprised of an aluminum smelter, alumina
refinery, aluninum rolling mill, port facilities, rail unloading facilities and red mud
residue disposal areas. These facilities will implement -stiatiee-art technology to
minimize environmental impacts.

Woods Hole Group Middle East was mandated to complete a sugptary
Environmental Impact Assessment (EIA) Report to update an EIA report completed
in 2005. This EIA has been prepared to identify and assess the potential
environmental impacts associated with the construction and operation phases of the
project. Mitgation and management measures are then provided to address all
potential impacts. This EIA report has been prepared to comply with the requirements
set forth in the Presidency of Meteorology and Environment (PME) General
Environmental Regulations and Rsileor Implementation and/or Royal Commission

for Jubail and Yanbu.

The proposed Aluminum Project is located within a new industrial area on the Ras az
Zawr Peninsula at the northeast coast of Saudi Arabia, approximately 400 km
northeast of Riyadh, arB0 km northwest of the industrial city of Jubaltigure 1).

The site coordinates for the center of the proposed facility are 27.5146°N, 49.1774°E
in latitudelongitude (WGS84) and 3,044,753iIN819,980 E in UTM Zone R

Sex =nx v =m0 aes ] srmso ==z i

agens S S N V™ WO
e A-::x:v::::—:: povege I RAS AZ ZAWR NOUSTRIAL COMPLEX
Figure 1 Ras Az Zawr Location.
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The scope of thiSupplementar{lA is to:

91 Describe, evaluate and present existing baseline data on land and within the
coastal zondéound withinthe location of the Ras az Zawr Aluminum Prgject

1 Identify the potential impacts of the construction and operagiimsesf the
Aluminum Projectupon the existing environment at the proposed Industrial
Facility site;

1 Provide a framework for assessing the potential impacts of the Aluminum
Project in viev of the environmental regulatory framework and guidelines
adopted bysaudi Arabian, World Bank and other relevant authorities;

1 Propose effective mitigation measures for implementation during construction
and operationof the Aluminum plantto avoid, redae or compensate for
potentialprojectrelatedimpacts.

1 Develop anEnvironmental Management and Monitoring Pl&MMP) to
recommend measures to prever mitigatepotentialnegative impacts

1

The original EIA for the Aluminum Project and Az Zarabia minisfjle was
conducted and submitted to the PME in 2005; following submittal, PME accepted the
EIA report. However, some major changes to the Aluminum project scope were
made. Theserpject scope modifications include:

1 Transfer of the powerhouse facility frothe Project scope to that of another
entity;

Inclusion of the aluminum rolling mill into the Project scppe

Inclusion of an oil fired boiler house in the refinery sgope

Modification of the cooling water system for the refineapd

Transfer of the portaiility from the Project scope to another entity though
infrastructure associated withe Project raw material and product handling
remainwithin the Project

= =4 =4 -9

These modifications have lead to significant decrease of emissions to the environment
and in tun to significant reductions in the originally anticipated negative
environmental impacts.

This Supplementar§lA is being carried out in order to address compliance with the
following requirements:

1 Relevant Kingdom of Saudi Arabia (KSA) regulations @istin Section 2 of
this EIA);

Principles of Islamic Stewardship of the natural environment;

World Bank Environmental Sourcebook (Technical Paper 139; 1991); and
Equator Principleswww.equatofprinciples.com)

= =4 -8 9

This SupplementarfIA is a comprehensive document, which provides for:

1 Interested bodies or persons, a basis for understanding the proposal,
alternatives, preferred solutions, existing environment, potential impacts and
measures taken to mitigate symtentialimpacts;

1 Approval agencies, a framework for assessing the impacts of the proposal in
view of legislation and policy provisions;

Woods Hole Group Middle East -11- Supplementary EIA Report
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1 The proponent, a definitive list of performance standards and mitigation
measures to reduce the risk of adverse itgpac

The Saudi Arabian Government, a mechanism to facilitate approvals; and
Funding agenci es, a demonstration of
international Best Practice requirements.

E =

1.2 Background

1.2.1 Project History

The Az Zabirah bauxite deposit was discovemredecember 1979 by a Riofinex
geological field party during exploration of the Aruma Formation as part of the
ACover RocksO progr am.

From 1987 until 1993, the Bureau de Recherches Géologiques et Miniéres (BRGM),

I n conjunction wit hrate SGenedli of Mimeelb Reaodrses Di r e c |
(DGMR), undertook a préasibility study covering only the Central and South

zones, including the diing of 430 core holes (totag 11,225 meters) on regular 500

m x 500 m grid. Based on the results of this and theique drilling by Riofinex, a

new evaluation of the deposit was made.

Il n December 2001, t he Saudi Arabian Minin
Hatch Kaiser Engineers (HATCH) to undertake technical and preliminary economic
evaluation for the Az Zabirah Baite and Kaolin Project.

This study found that bauxiteining alone would not be viablend recommended
downstream refining and smelting within KSA to add value to the raw product.

The study concluded that KSA should build a refinery with capacity notHassl.4

million tons (Mt) of alumina per year and that the KSA should smelt as much of this
as possible to produce aluminum. The study estimated that 620,000 tons aluminum
per year would require 3.5 Mt of bauxite to be mined on an annual basis.

The Projet is currently targeting initial production of alumina by mid 2012 and
aluminum by early 2012 using imported alumina. The mining operations will start as
soon as the railway has been constructed.

Previous studies from HATCH, Bechtel, Worely Parsons an® Gtimed the basis
of the review for this ElAeport

1.2.2 Project proponents;
The main project proponents for the propo:
Alcoa.

Mab6aden was formed by Royal Decree in 199
development in the Kgdom. The company has a prime objective of becoming a

profitable and diversified international mining company, while being a leader in

protecting human resources, health, safety and the environment. While currently
partiallyowned by thegovernment oKSA, it intends to be fully privatied by 2020.

Alcoa is the world's leading producer and manager of primary aluminum, fabricated
aluminum and alumina facilities, and is active in all major aspects of the industry.

Mab6aden and Al coa haswmject.oi ned to i mpl ement
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1.2.3 Schedule

The proposed project schedule is included below
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The following table Table 1) summarizes the major components of the above
schedule:

Table 1 Major components of theoverall project schedule

Project Integration end 20094 mid 2013
Third party interface mid-2010A end 2013
Smelter mid-2008A end 2013
Rolling mill end 20094 end 2014
Mine & Refinery end 20094 end 2014

The lifetime of the Az Zbirahmine is antigpated to be 50 years.

1.3 Description of the Proposed Project

An Industrial Facility (termed Minerals Resources Industrial City) is being developed
on the Ras az Zawr Peninsula to support the subsequent development of a range of
minerals processing industsign Saudi Arabia. Various infrastructures are to be
constructed as part of this industrial city complex, including a new port, service
corridors and rail and road services. The Aluminum Project is the second tenant of
this new industrial zone, followindi¢ phosphate facility that is almost complete.

The Aluminium Refinery will be located within the Ras Zawr Industrial Facility
andwill operate continuously with a designoductioncapacity of 1.8 Mtpa smelter
grade alumina, though expected processptz at i 0 n iesult & m@easedna y
production to 2.4 Mtpa. It is proposed to prockasxite,delivered by rail from the

Ma 6 a Az&abirah,ming using the Bayer process.

The aluminum smelter will be located adjacent to the refinery. It will caapmwo
potlines employing prHbake anode, higamperage, technology (termed AR37

The rolling mil!l wi || be |l ocated adjacent
commence at approximately 200 KMT with a projected expansion to 540 kMT. The

facility will include a scrap recycling facility, one hot roughing reversing rolling mill,

one 4 stand finishing hot rolling mill and one 4 stand cold mill.

This EIA reportfocuses onthefi b accaes e 0 out put figures for t
The project baseaseestimdes a 1.8 Mtpa design capacity refinery supplying a

smelter with two370 ktpa potlines (total capacity 738 ktpa). The rolling mill total

capacity will be 200kMT of aluminum Flat Rolled Products (FRP).

The Aluminum Project will require approximately 3,000l ftime workers for the
facility.

As stated, the refinery will utilez the well established Bayer process. This process
purifies the hydrated alumina minerals and converts monohydrate to a trihydrated
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form (essentially all gibbsite)hich is therburnt (calcined)to remove the chemically
bound moisture and produce smelter grade alumirggAl

A high digestion temperaturetisenrequired to dissolve all of the alumina hydrate in
the bauxite. The high level of reactive silica in this bausetguiresthe removal of
silica prior to entering theligesters, wher@ precipitates out as scale on the heat
transfer surfacesThe high reactive siliceesults in a high fixed caustic loss from the
refinery. This alumina will then be transferred to the smelter @l to produce
aluminum metal (Al).

The projectos i nt endedlart ataraundaB380 kMTo withel capaci
projected expansion to 540 kMT, and ultimately to approximately 700 KMT. At this

rate, allocated primary aluminum from the smelter 8,880 tpy, with the balance of

metal sourced from scrap recycling and new alloy metals. It is recognized the future

plant capacity could be increased to around 700,000 tpy by adding more casting and

cold rolling modules, at which time the hot reversingl muld be the limiting unit

operation.

1.4 Description of Existing Environment of Ras az Zawr

The Rasaz Zawr site is within the eastern region of Saudi Arabia bordering the
Arabian Gulf, and located on a coastal plain which rises gradually inland towards the
Summan plateau. This area lies within the arid subtropical desert belt. Precipitation
occurs almost exclusively in winter and is highly variable in both volume and spatial
occurrenceAnalysis of 30 years of daily rainfall records from Jubail indicated th
there is greater than 95% probability that daily rainfall will not exceed 20 mm.

The geologyof the eastern part of Saudi Arabia consists of a thick sedimentary
sequenceverlyingthe Precambrian crustal plate. The landscape of the study area and
surraunding region is characterized by low reli@tratigraphy at the Industrial
Facility site consists of 4 to 6m of calcareous pogrigded sand with silt overlying
about 10m of poorly graded sand with silt. This layer in turn lies on silty sand to a
depthof 21 m. The siltysand layer is underlain by sandstone and poorly graded sand.

Theeastern province of Saudi Arabia wascerctovered witlvegetation dense enough

to stabilize sand dunes and hence, prevent sand movement. During the last few
decadesthis has changed as industrialization and urbanizatias leadto marked
increases in the recreational use of the surrounding deserts (Barth, 2001a). The major
cause of vegetation destruction has been grazing, which is now able to occur in
previously inaccessib areas due to the use of water trucks by Bedouin. As a result,
sand movemenferosion and accretiomow occurs throughout the whole eastern
province (Barth, 2001a). Grazing pressure on the area has been recognized as
unsustainable, and has caused sicauiit changes to both vegetation structure and the
nature of the landscape.

Rasaz Zawr peninsula lies adjacent to the marine boundaries of the Jubail Marine
Wildlife Sanctuary (JMWS), which covers an area of more than 2,000 &nal
includes the two stlaw bays of Dawhat ad Dafi and Dawhat al Musallamiya, the
stretch of coastline between Abu Ali and RersZawr and the five coral islands of
Harqus, Karan, Kurain, Jana and Juraid (Jones et al., 1296})! Reference source

not found. shows the location of the JMWS along the Arabian coastline. There is no
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permanent or serpermanent surface water within the RaZawr area other than in
the tidal aregsshallow salinggroundwater isometimegxposedn sabkahalareas.

T | |
\\ 49°20' 49°30" 49°40°
y\'\/Q i) Zj&uu-bm

Muysallamiya Island

Ras al-Abkhara

ﬁ]lnm Island

Dawhat al- Muullznma

\ Hazm Abu K};amf

sand sheet — highway A_ dolphin sites

lj sabkha
g s pipeline mangroves
l: salt marsh

paved road }f special bird sites

urbanised area

. weather station vegetation stand
land fill

> \\\ ’ll i, . - N . -
"’““"E: WX coral reef - Jubail Marine Wildlife Sanctuary

dl”'l('.\ ,”;( % csmrpmcm

Figure2 The Ras az Zawr Industrial facility lies adjacent to the marine boundaries of the Jubail Marine
Wildlife Sanctuary (JMWS}Jones, et al. 1993)

1.4.1 SocialCultural

The Aluminum Project will be located inside tp&anned industrial city at Ras az
Zawr, which is owned by the Government. There are no private land owners inside
the surveyed area so forceful land acquisition and involuntary resettlevillemot
occuras a consequence of the propostal 6 a mragent.
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There are no Bedouin families wusing the |
present, but if encampments are present in the vicinity of the project area they might

be required to move from a buffer zone that will be created around the facility to

protect people livestock from exposure to fluorides.

At Ras az Zawr there are no permanent settlements, villages or townships. The only
major activities at present are those associated with the development of the Industrial
Facility, SWCC and the Manifa oifld development program. As such, influx of
labor and migrant work force and its impact on communities is not a concern at Ras
az Zawr.

At present there are no basic community facilioegpublic servicessuch as health

care, water supply, sewerage, stea management, power supply at Ras az Zawr.
Community services and infrastructure at Jubail is likely to be impacted by the
development of the Aluminum Project (and other development projects of the
Industrial Facility) as essential facilities such as dwog (includes water, power,
waste management and sewerage), health care, recreational facilities and others would
be wutilized. As in the case of the Mabade
their families are expected to be based in Jubail at Ehsuch a time when
accommodation facilities are available at Ras az Zawr. Additionally, the existing
facilities may be burdened further as the Jubail Industrial City itself is undergoing
significant expansions (i.e. Jubail 2 program and expansionsiatisgetrochemical
facilities).

According to IFC Performance Standard No 7, indigenous communities are distinct
social groups who are particularly vulnerable if their lands and resources are
transformed, encroached upon by outsiders or significanthadedr Ras Az Zawr is

a rural and relatively uninhabited area except for the presence of two Bedouin
families and some shepherds with grazing herds (GHD, 2008). There are no tribal
communities or settlements within the surveyed area. As such no negatists eff
Indigenous People and Communities are expected from the proposed project.

The IFC Performance Standard No 8 identifies cultural heritage sites as either
tangible (e.g. sites of archaeological, historical, or cultural value) or intangible (e.g.
sites of cultural knowledge, innovations, practices embodying traditional lifestyles).
No archaeological or cultural heritage sites exist in the project area and as such
impact on archaeological or cultural heritage is not a concern from the project (ECB,
2006).

As the area lacks basic community facilities such as health care services, water supply
and sewerage networks and educational facilities, impact on community facilities is
not a concern for the project. The proposed project, however, is likely &1 thao
economy in the region through sabntracts, material supply and servicas.such,

the IFC Performance Standards Land Acquisition and Resettlement (No 5),
Indigenous People (No 7) and Cultural Heritage (No 8) will not be applicable to this
project.The performance standard on Community, Health, Safety and Security (No 4)
will also not be currently applicable as the area lacks essential community facilities.
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During operations th&luminum Project will significantly contribute to the economy
throughemployment opportunities, exports and procurement. As a result of extensive
development in the Kingdom, and particularly in the eastern prowficKSA,
communities (Saudi nationals and expatriates) in the regibbe positivelyaffected

by potentially higher incomes (mainly for government and select private sector
employees), access to additional community facilities and opportunities Oétc.
course, there is also the risk ofcreased cost of livingstandards for increased
services.

1.4.2 Marine environment

The impact of the Aluminum production facility to the marine environment is
considerednegligible since there will be no marine discharges from the facility. All
wastewater will be treated and utilized for irrigation and/or dust suppression purposes.

The al uminum facilityo6s mmmaleéffeccsgnéhe marimeons wi |
environment.

The project impact to the marine water is minimal and negligible, as the facility will
share the cooling water system of the Mada

1.4.3 Topography

The earthworks for the Aluminum Project site will result in modifications to the soll
environment in localized areas within the project site and the adjacent proposed
Industrial Facility site.

However, given the minimal biodiversity, low popudats of flora and fauna and
limited potential land uses, impacts on a local and regional scale are considered to be
minimal.

1.4.4 Groundwater
Constructionimpacts to groundwater are likely temain low provided sound work
practices and environmental standaads adopted.

Similar to potential construction impacts, operational impacts to groundwater are
likely to remain low provided sound work practices and environmental standards are
adopted.

1.45 Terrestrial surface water

Production gstems will be designed so thaater will be reused within the facility
following any applicable treatment processes that may be required.

Effluent guidelines are not applicable to the Aluminum Project because wastewater
will be reused rather than discharged into waterways.

1.5 Potential Environmental Impacts and mitigations
The potential impacts of the proposed Aluminum plant are summarized in the following table:
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Impact

Risk Level before Implementing
Mitigation Measures

Consequenc

Likelihood

Risk Level

Mitigation Measure/Strategy

Residual
Risk Level
with
Mitigati on
Measures

Modification to
local topograph
bathymetry,
geology and soi

Minor

IAlmost
Certain

High

= =4

Limit extent of disturbang
particularly to foredunes.
Implement a CEMP
Implementation  of
management plan.

Implementation of chemig
spillage control plan.

draina

Low

Modification to
local
groundwater
hydrology and
groundwater
quality

Moderate

Possible

High

= =4

Implement CEMP
Implementation of
management plan,
Ensure road and serv
crossings of coastal Skitg
have adequate capacity
culverts and drainage.
Implementation of chemig
management plan and spill:
control plan, ensurindunding
of all fuels and BAT fq
disposal pond design.
Insure bundingof all fuel ang
chemical storage, wash do
refueling areas and other ar
of potential contamination.
Proper design of the resid
disposal ponds/ areas to ay
leaking of leachate in
groundwater should include
leak detection and intercept
system to monitor potent
seepage through the liner.

draina

Low

Modification to
local terrestrial
hydrology and
water quality

Minor

IAlmost
Certain

High

Implementation of draina
management plan, Ensure r
and service crossings of coal
Sabkha have adequate capg
for culverts and drainage.
Implementation of lkemica
management plan and spillz
control plan.

Limit extent of disturbance.

Moderate|

Accretion

emissions

Decreased air [Major
guality due plan|(inside the

site
boundary

IAlmost
Certain

Extreme

= =4

Best Practice emissions crie
Manage grazing downwind
facility to counter potenti

impacts from deposition

Low
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Impact

Risk Level before Implementing
Mitigation Measures

Consequenc

Likelihood

Risk Level

Mitigation Measure/Strategy

Residual
Risk Level
with
Mitigati on
Measures

Minor
(regionally
localy)

pollutants on vegetation.
Monitoring of SOx, NOx, PMo,
HF, VOCs, and greenhot
gases mainly; CO,, CH,, ang
N.O.
Establishing
program.

carbon  offq

Increased
ambient noise
level

Insignificant

Likely

Moderate

Use natural landscape as n{-ow

barriers.

Proper maintenance g
operation of the pla
equipmentand vehicles

Loss of
\vegetation, faun
and habitat
(terrestrial and
marine)

Moderate

IAlmost
Certain

Extreme

Proper design  of
according to BAT

Limit  disturbance
facility area

Limit disturbance to foreshg
areas during construction ang
desigring operational features
Fencing the end of t
peninsula to reduce graz
pressureand tolimit air quality
impacts on livestoclpotentially
grazing in the area
Undertake vegetati
monitoring up to 10 km fror
project site.

outsid

plaModerate

Contamination
of environment
due to use of
hazardous
materials

Moderate

Likely

Extreme

A spill control and preventon
plan should be included in t
Al umi num Pr o]
Preparedness and Respq
Plan.

A Hazardous Materig
Management Plan should
developed and implemented.
Hazardous materig
managementplan should b
estabkshed based on haz
analysis, mcluding chemicq
spill, and fire prevention.
Engineering contro
(containment, automatic alarr
and shuioff systems) should
implemented in the plan
design

I

ow

Woods Hole Group Middle East
February 15, 2010

-20-

Supplementary EIA Report

Ras Az Zawr Aluminium Project



Impact

Risk Level before Implementing
Mitigation Measures

Consequenc

Likelihood

Risk Level

Mitigation Measure/Strategy

Residual
Risk Level
with
Mitigati on
Measures

Management controls should
implemented (procedur
inspections, communicatio
personnktraining, and drills) t
address residual risks that h
not been  prevented

controlled through engineeri
measures and  emergen(
response plans

disposal

Contamination
of environment
due to waste

Moderate

IAlmost
Certain

Extreme

Implement WastéManagemer
Plant

Hazardous wastes to
collected and disposed edfite
in approved disposdandfill
facility.

Proper design and managen
of waste disposal facilities.
Proper design of the resid
disposal pondsareas:
Installation of liner at the Isa
of the bauxite residue(Req
mud) disposal area.
Installation of a leak detecti
and interception system t
monitor  potential  seepa
through the liner.
Recovery of supernatant ligu
and storm water from within t
bauxite residue storage area.
Spent pt lining (SPL) to bg
temporarily stored in a covery
waterproof building (for th
first five years of smelt
operation) until sufficient SH
is collected to warrant cg
effective treatment.

Low

Depletion of
natural resource

Moderate

IAlmost
Certain

Extreme

Identify  opportunities  fg
reducing, reusing and recycl
materials, where possible.

Low

Infrastructure

Moderate

Likely

High

Consider design opportunit
to reduce impacts
Transmission  Facility (a
traffic, dust, electromagne
fields).

Low
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Risk Level before Implementing Residual

Mitigation Measures Risk Level
Impact Mitigation Measure/Strategy with
Consequenc] Likelihood | Risk Level mgzﬂrzg
Social and Major Likely Low 1 Not app|icab|e1 however’ theLOW

economic (positive) will be relocation ofthe Coas

Guard Facility

If the proposed mitigation measures for construction and/or operational related activities
involving Best Available Techrogy are implemented to minimize potential noise, air and
water quality impactshe abovementioned potential impacts will then be considered
minor to moderate.

1.5.1 Air model
An air quality model was carried out for the Aluminum plant facilities; the USEPA
approved Gaussian dispersion model, AERMOD was used for this exercise.

Emissions to the surrounding air from the project components, specificalliNeQ
CO, VOC, HF, ammonia and particulate matter {(fjMwvas investigated to determine
their potential irmpacts on surrounding air quality and to determine if such air
emissions were compliant with the relevant regulatory agencies.

Two general scenarios were modeled in this study:

1 a "normal operation” emission scenario where the emission controlling
devices e operating under normal conditions and fully active and

1 an " abnormal operation” scenario where all the emission controlling devices
are not operational.

The emissions for normal operations are what typically would occur. Emissions for
abnormal operatins will be the highest emission rates that may occur, however the
abnormal operation scenario would not last than a maximum of 24 hours, because
the plant would then be shut down.

The report addressed the findings from the air quality modeling for ttvese
scenarios: normal operating condition and abnormal operating condition.

Scenario 1(the project operating with control device for emissions):

All predicted values of air pollutants, which are located outside the facility boundary,
will be comparedwith the RC, PME, WB and WHO standards and guidelines.
However, the values located inside the facility boundary will be compared with
OSHA PEL and OSHA STEL and TWA limits. As can be seen in table 6 that the
predicted ambient air values (outside facilitguindary) for all pollutants do not
exceed any of prescribed standards or guidelines and in fact all of them are much
lower than the RC, PME, WHO and WB standards and Guidelines.

All eight air pollutants (S@ NOy, CO, HF, VOC, ammonia, total fluoride aRd;)

show impacts primarily inside the facility borders for long term average (annual) and
within 3-6 km downwind of the sources for shoetm average thour). In fact the
highest thour concentration of P\ HF, VOC are located inside the facility
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boundary but the highest concentration of SO2 are found near the fence of the facility

as shown in figures 7 and 13 (sAenex ). The highest onour concentration

values of S@and NQ are mostly located on the nordlast and souttvest parts of

the fcility due to the predominant wind direction. Théndur SQ predicted values
ranging frfoom 1 0&G&ghgse values are much lower than the RC

ambient air standard for o#eo u r maxi mum conce>nTheati on 0
maximum predicted values of NQver e r angi n g b et whichis 8 and
muchlowe t han t he RC and PME “ambient standard

The maximum daily average of HF ( 2.8ug/m3), located outside the facility boundary,
is slightly lower than Victoria EPA standard (2.9ug/m3). Moreover, the monthly
average (0.84ug/m3) is also not excegdime RC standard of 1ug/m3. The predicted
values are comparable to the values reported by FPWGAQOG (1996) who reported
that the gaseous air concentration of hydrogen fluoride in ambient air ranges from
0.01 to 1.65ug/m3 in both Canada and the US. Furthermonthly average total
fluoride concentration (0.5ug/m3), located outside the facility fence, is much lower
than the corresponding RC ambient standard of 1ug/m3.

The occupational TLV for hydrogen fluoride, which is taken to apply within the
industry pecinct, is 2.6mg/m3, that is an occupational work force can experience 8
hour exposure on a 5 day working week to levels. The zone of none compliance
values does not extend beyond the industry precinct to the proposed workers sites,
and that the zone of pact will only cover areas traversed by people working or
visiting the facility site. The zone of nalompliance does not cover land outside the
aluminium site boundary. All predicted HF values for different averaging periods are
much lower than OSHA PEand OSHA STEL and TWA limits (see table 7 in Air
Modelling report inAnnex |).

The highest predicted 2dour and annual concentration of Sénd PM, during

normal operation were ranging between 22 and 129.9ug/m3 foai®061 and 146

for PMyo (including fluoride particle). These values are much lower than the
corresponding RC and PME ambient standards. On the other hand, the maximum 1
hourand&h our CO concentrations due to Mabaden
the RC and PME ambient standard fo t hi s pol l utant % 40, 000
respectively.

The highest annual predicted concentrations of, 8lOx and PM, are located either
inside the facility boundary or very close to the source and these values are much
lower than the RC and PME stands. The shorterm average (2thour average) of
PM10 usually exceeds the RC ambient standard of 150ug/m3 under certain
circumstances and the hourly measurements ofoRPidve exceeding 1000ug/m3
especially during afternoon hours when there is sandstormexaonple the daily
average baseline of Rylat RC Jubail city is above the 210ug/m3 during many
months (especially summer months) which is much higher than the limit (150ug/m3).
Hence with mean backgrounds of this magnitude, compliance with RC, Europkan an
USA ambient limit cannot be met. The anticipated contributions ofpRMe to
Maaden project emissions are 146ug/3 (located near the source}Houldverage
and 26ug/ m3 for annual val ue. This means t
Red Mud areas contributing about 97% of the RC ambient standard and about 52%
of the annual average.
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The maximum dhour average concentration of VOC (255ug/m3) is located inside the
facility fence. However, the maximum value outside the facility boundary (90.9) is
lower than the corresponding RC standard for NMHC (160ug/m3). The maximum 1
hour predicted concentration of ammonia (35ug/m3) in ambient air is negligible
compared to the RC limit (1800ug/m3). The most sensitive area inside Maaden
project (workers villagevill have minor to negligible impact from Maaden mining
emissions during daily and annual averaging periods.(see figures 7 to 27 in Air model
report,Annex I). Further, all predicted values over the workers complex will be much
lower than the RC/PME dbrent standards for all air pollutants

Scenario2( Mabaden Project operating without <cor

For the second scenario, only Sé&nd PM, were considered for modelling (NOX,
VOC, HF, total fluoride, ammonia and CO were not). Resultsvshe highest 2%1-
hour predicted concentration of $Q607ug/m3) is not exceeding the ambient RC
st andar d ®arfd thg @Hercagetaging periods {&ur and annual average)
were within the RC corresponding ambient standards although the maximbou£4
of SO, ( 108.6) is above the WHO interim targete®el of 20ug/m3 but lower than
interim target 3 WHO guidelines (WHO, 2005).

With regard to PNb, the maximum2h our av er a d) and anhublGiveigeg / m

( 2 6. Jcapdemrationsof PMar e bel ow the RC amBient st
and 5% eegpéctimely. However, the maximum -Bdur average PM10
concentration (146.6ug/m3) are higher than WB standard (125ug/m3).

The highest one hour concentrations of,3¢@re located very close to the facility
fence (on the nortkast and souttvest direction othe facility) and this high values
extend up to approximately 5km downwind direction from the source.

The 24hour aver agdor JOla0Bd 6 £ 4 & for6PMg)/and annual
average conce n’tor30tainodn 2(6°fd2RMgyfempdtnSQ and
PM;io (Error! Reference source not found, 12, 17 and 18; see Air model report in
Annex ) arelocated inside the facility boundary and there is very low impact during
these two averaging periods on the ambient air.

The above findings resulting from the application of the model show that the highest
concentrations are located inside the facilityumgary and the emission from this
project will be negligible during normal operation and minor during abnormal
operation.

Cumul ative impacts due to Mabaden Al uminum

The dominant wind direction in the area placeslébail Citydownwind of the Ras

az Zawr Mabaden -23%uofrthertimenTherefare oaeccould 2xpect
that the emissions from this project would marginally increase the background levels
for the Jubail air quality.

Due to the lack of information about theisting air quality at the Ras az Zawr
peninsula site, the available Jubail City data was used as background to identify the
impact from this project on the environment. The expected predicted concentrations
of NOx, SQ and PM (including particle Fluorideas shown inAnnex | (Error!
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Reference source not found. throughError! Refer ence source not found.due to
operating the Mabaden mine project wild.l b e
(the highest monitored dataJdabial) although as is clear that impact from this project

on Jubail Industrial city is negligible. The predicted concentrations at distance about

50km from this project (as shown krror! Reference source not found6 - Error!

Reference source not foundin Annex ) were added to the background values at

Jubail and consider this as worst case scenario.

The maximum hourly S@mpact from the proposed facility (assuming maximum
concentration at 50km downwind location) om 3 a i | Cityds ambient
during normal operation and 35% during abnormal operation of the projected RC
standard. The maximum Z®bur average of SO2 is less than 5% during normal
operation and 15% during abnormal operation of the RC standardg{86®). It is

worth noting that although the cumulative-Bdur concentration of SO2 is much

lower than the RC/PME ambient standard of 365ug/m3, this value (206ug/m3) is
exceeding the WHO ambient -2dour SO2 standard of 125ug/m3. This exceedance in

WHO is mainly because the baseline ambient level of SO2 is already high which
make the cumulative impact likely to be medium magnitude.

The predicted shotime and longterm average for NOx as well as ammonia due to
this facility emission is less than 1.2% tbe ambient air quality standard at 50km
downwind direction from the source. However, although the contribution of Maaden
to the NOx level is less than 2%, the cumulative impact value (275ug/m3) is
exceeding the WHO-hour NOx ambient standard of 200ug/m3e to the already
high baseline level.

On the other hand, the maximum predicted concentrations of HF and VOC is less than
30% of the RC standards.

These results clearly indicate that the contribution of this industry to ambient air
quality in Jubail Cityis minor and all values are within ambient RC/PME standards.

15.1.1 OdorAssessment

Some air pollutant also carry odor (such as $@d HF) whereas others (such as CO

and NOX) ar e odor |l ess. Potenti al odor I
Aluminium Project hadeen assessed considering only sulfur dioxide;Y%@d HF

emissions from this facility during the two scenarios outlined above. Both SO2 and

HF have sharp, pungent irritating odor. The modeling results, discussed earlier, are
compared with the odor thskold limits published by several international

organization (such as the American Industrial Hygiene Association and Occupational

Safety & Health Administration (OSHA).

Table A shows that by comparing the modeling results fdwolir maximum of S©

and HF with the corresponding odor thresholds limits and occupational exposure
standards, the predicted shtetm concentration of sulfur dioxide and Hydrogen
Fluoride are not exceeding the odor threshold limit during normal operation outside
the facility boundry. Hence, it is clear that both pollutants §{Sé@nd HF)
concentration during normal operations will not affect residential area because all
predicted values outside the facility boundary will be much lower than the
corresponding OTL.
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Table A: Odor threshold limits for SO2 and HF compared with the modeling
results

Pollutant 1-hour Maximum OTL* TLVITWA**
Scenario 1 35% g 7 m
T with 860
control 13,03%5| 521589/
systems. (2ppm)
(0.335ppm)
(SGy)
Scenario 2 110% g 7 m 860
13, 035{ 5215¢&g/
(SC) (2ppm)
(0.335ppm)
L 50.Z29g/m3 (inside facility) 30eg/m3 2500ug/m3
27.7ug/m3 (outside facility) | (0-042ppm)*** (2.5ppm)

* Odor Threshold Limit asgr American Industrial Hygiene Association
** TLV is Threshold Limit Value and TWA is Time Weighted Average
*** Amoore and Hautala, 1983

Based on the above findings, it jamd concl u
phosphate planwill not cause any odoproblemoutside the facility fencdue to SQ

and HF emissiols during normal operation. However, during abnormal operations
(operating without control systegnthis facility may cause odor impacts feery

short period due to S®emissionand also causéliF-related odors during normal

operation inside facility boundary

15.1.2 GHG emissions
There are six greenhouse gases emitted to the atmosphere due to combustion of fossil

fuels. These gases are: CFC, CO W0, G;, Sk. The concentration of these gases
are sually expressed in terms of @€qguivalent (CQEQq). The CQ emission factors
are based on the heat content of the fuel used.

The potenti al sources of GHGs emissions fr
combustion of heavy fuel oil in process heatefhie estimated emissions for
combustions sources are includedTable 2. The GHGs are given in terms of the

absolute emission rages of specific pollutants, as well as their corresp@i@ing

equivalent values.
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Table2 Greenhouse@ s es Emi ssi on at Madaden Al umi nun
GHGs Equivalent CQ
CO, Eq (million
Source CO, (tly) CHa, (tly) N2O (tly) tonfyear)
Refinery and 3,670,922 43 14 3,670,927
Smelter

The total equivalent C@emission is 1,473,049 ton pannum.The Wotd Bank

(2007b) regards GHG emissions of 100,0@hs CQ equivalent per year as
significant and recommends that the emissions should be quantified annually as
aggregated emissions in accordance with internationally recognized methodologies
and reporting procedured\ll reasonable attempts should be made to maximize
energy efficiency and design facilities to minimize energy use. In addition to energy
efficiency and associated emissions reductions, carbon capture and storage should be
considered (World Banik007a,2007b)

Conclusiors from the Air ModellingExercise:

Therefore, based on the above results, we conclude the following:

f Emi ssions from the Mabdbaden Aluminium Pr

normal operation will beninimal and presumed not to cause ampnificantly

contribution to an ambient air quality standard violation in Ras za Zawr or

Jubail Industrial City or any other surrounding areas.

The emission from Maaden for all pollutant during daily and annual averaging

periods will have negligible to mio r i mpact on the worker
inside Maaden industrial projects and moderate impact during short term

average (dhour). However, all predicted values over the workers complex

will be much lower than the RC/PME ambient standards for all air polisit

Results show that t he proposed new Ma
Phosphate plant will be in compliance with the RCER and PME ambient
standards and WHO guidelines during normal operations for SO2, NOX,
ammonia, HF, VOC, CO and PM10.

The present studprovides an evaluation of the potential effects of 7 air

pollutants S@, NO,, CO, HF, VOC, ammonia and RMin two different

scenarios which clearly indicate that all these pollutant are within the RC/PME

ambient standards.

Predictions of downwind conctration of air pollutants emitted from all
sources in Madbaden Aluminium Project a |
potential pollutants of concern will be $OHF and PM10. However, the

highest 1hour predicted S© (319ug/m3), the monthly average of HF

(0.4ug/m4) and daily average of PM10 (146ug/m3) concentrations will be

lower than 43%, 40% and 97% of RCER ambient standard, respectively
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1.6 Environmental Management

An Environmental Management and Monitoring Plan (EMNHPpresented which
outlines mitigation reasures and monitoring plans for all negative environmental
Impacts associated with the Aluminium project. More specifically, the EMBIRIls

the environmental goals of the project, safeguard measures to be implemented, the
timing of the implementation irelation to the progress of the project, responsibilities
for implementation and management and review process. It aims to provide direction
for the control, mitigation, monitoringgndreportingnecessary to prevent potentially
adverse environmental effis, incidents andr emergencies that may occur during
the construction and operationdiases of the projedEssentially, it is ananagement
planto be continually referred fand updatedjuring construction and operation of

the project.The mitigation measureiave been developed with regardto accepted
industy practices and the objectves of Corporae Environmental Policy of

Ma d@len/Alcos and

The overall effectiveness of the mitigation measures is assessed through monitoring
programs implemented dog the construction and operation of tAduminum

Project. The monitoring programs are designed to gaugdltminumPr oj ect 6 s
compliance againsegulatoryenvironmental guidelines.

The EMMP for the construction phase and the operation phase will require reviewing
and updating in line with changes irengineaing desgn if any.

Training is also discussed in the environmental management pldequate
provision should be made for worker trainipgpgrams Environmental training for
the construction andperation of the Aluminum Project should comprise the
following:

1 General instructioiii introduction to the proposed Aluminum Project site and
training forassigned tasks in regard to the KM,

1 Task orientated traininggi ven o&éon t he | eclidcritmahd f ocus
health, safety& environment(HSE) activities (e.g. emergency response, oil
spill contingency, etc.);

1 CompanyHSE trainingi generalHSE courses offered by project proponent;
and

1 External training? additional courseqsuch as first aid agses; hazard
materials handling, ett¢hat will benefit the employeand proponent

Training procedures shall take into account the differing levels of:
1 Risk;
1 Responsibility;
1 Ability; and
1 Education levebf personnel.

1.7 Conclusions and Recommendations

IFC applies the Performance Standards to manage social and environmental risks and
impactsand to enhance development opportunities in its private sector financing in its
member countriegligible for financing. This study adopted the said standards in
managiig the social andeconomic impacts of the projects. There are eight
performance standards specified by IFC, they
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1 Performance Standard 1 Social and Environmental Assessment and
Management

System

Performance StandardLaborand Working Conditions

Perbrmance Standard 3 Pollution Prevention and Abatement

Performance Standard 4 Community Health, Safety and Security

Performance Standard 5 Land Acquisition and Involuntary Resettlement
Performance Standard 6 Biodiversity Conservation and Sustainable Natural
Resource

Management
Performance Standard 7 Indigenous Peoples
Performance Standard 8 Cultural Heritage

= =4 =4 -8 48 9

= =4 =

This study covers pasfmance standards 1, 2, 4, 5 aiddPerformance Standards
Nos. 3 and éad been covered in separate EIA repd?formance Stalard No. 8
is not applicable to this project.

1.7.1 Noise

Sufficient buffer distances to the Transmission Facility will ensure minimal impact to
these staff. The Coast Guard facility within the facility boundary shall be relocated
away from the effects of thegposed Industrial Facility. The accommodation village

is also located outside the area of noise impact. With sensitive receptors excluded
from a noise buffer around the Aluminum Project, impacts from noise are considered
to be low.

1.7.2 Waste impacts
Waste maagement plan should be developed for construction & operations phases.

Impacts of construction waste are expected to be short term. The potential impacts
can be minimized by developing and implementing gr@griate waste management
plan and insuring was disposal is carried out at appropriate municipal
(governmental) approved landfill sites.

During operations, and depending on the source of wastes, waste streams should be
directed to:

Third party recovergpecialist companies

Sale to other smelte(# possible)

Reuse in cement kilns

Sent to municipal (governmental) approved landfill sites
Residue disposal ponds

= =4 -4 -8 -9

1.7.3 Hazardous wastes
It is not anticipated that significant hazardous materials will be used during th
construction phase if prop&OPs impleranted.

If proper handling, storage, usage and treatment procedures are followed, however,
impacts from hazardous materials will be negligible during plant operations. It is
essential that all workforce personnel use proper safety gear when handlingphazard
materials and be trained for such usages.
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1.8 Recommendations
An EMMP has ken recommended fapnstruction and operation phases (seelable
61 andTable 62 respectively)

This EMM P recommends:

1 Mitigation measuresfor patential environmental impacts that may ariseduring
the consuction and operaion phases for the Aluminum Poject. The
mitigation measures hae been developed with regard to accepted industry
pracices and the objectives of Corporae Environmental Policy of
Ma d@len/Alcoa and
1 Environmental monitoring required during the construction and operation
phasesf the poject.
The overall aim of the EMMP is to minimise the shi@nMm and longerm impacts of
the proe¢ on sensitive environment al receivers
particular, this requires procedures to be implemented that:

9 Minimise disturbance to local residents from noise and dust during the
construction works.

9 Preventdamage tocenvironmetal habitats during constructioand operational
works.

9 Prevent all forms of water pollution.

1 Satisfactorilycontrol all waste streams and ensure the safe storage and transport
of wastes.

1 Minimise the potential impactora and faunan the vicinity of he project site
during all phases of the project.

91 Ensure the management of the project is carried out with due regard for
conservation of the natural environment and in accordance with sustainability
principles.

1 Minimise potentiallong term impact# these are identified

For the construction phase of the project, the key components ofMkHPEcan be included
in a construction environmental management plan (CEMP). The CEMP should include
procedures aimed at:

Land management and site clearing

Controlling site ruroff from stockpiles,

Control of effluent dischaes from dewatering operations,

The control of dust emissions

The control of noise disturbances,

Minimizing risks of accidental spillages of fuels, oilstoxic materials
Waste management, recyadi and disposal

E R I E N

The CEMP should also incorporate all the environmental mitigation meadaveloped in
this EIA Report for the construction phase.

The effectiveness of the mitigation measures will be assessed through monitoring
programs to be implementaluring the construction and operation of the Aluminum
Project. The monitoring programs are desi
compliance against relevant environmental guidelines and targets.

Responsibilities
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The responsibilities of the variousrgas during the construction and operational
phases of the project will be as described below.

The principal contractor will be responsible for preparing a detailed CEMP for the
work. This will be submitted to the proponent for review and approval. The
contractoroés CEMP should comply with the st

The proponent will be responsible for managing its activities and that of its appointed
contractors in such a way that pollution is prevented, waste is minimized and the
rights of the envonment are protected.

The proponent will be responsible for appointing an environmental focal point for the
project that will be responsible for liaison with consultants, the RC/PME and updating
the CEMP as required.

The construction contractor will @pare a method statement which incorporates all
the requirements of the CEMP. The contractor should also appoint an individual
responsible for environmental management who will ensure compliance with the
CEMP. This individual should be suitably experiengednvironmental management
and be able to evaluate the effectiveness of environmental management controls.

The proponent or its appointed representative will be responsible for periodic
monitoring and auditing of the contractor to ensure that the enwiatal
management controls built into the CEMP are being effectively applied, and that any
necessary corrective actions are implemented in cases afongpliance in a timely
manner.

The proponent will also be responsible for preparing an operational E=EMkich
specifies all the environmental control requirements for the operational phase of the
project, including performance objectives and targets. The EMMP should be
consistent with the principles of ISO 14001 International Standard for Environmental
Management.

1.8.1 Resource consumption

The | FC6bs Environmental, Health and Safety
Refining has set criteria for resource quantities (ex: quantities of water and electricity

to be used, se€able 56). It is recommended that the project monitor its resource

usage to comply with IFC standards.

1.8.2 Heath, Safety & Environment (HSE) and Emergency Response (ER) Plan

Both an HSE and ER plans should be developed and implemented.
A HSE plan shouldontain the following elements to:

1 Protect workers health.

Reduce effects on the environment.
Protect equipment, machinery and tools.
Liaise with police and fire department

1
1
1
1 Carry out dills to evaluate employee readiness
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An ER planshould also be develogeand implementec&aind comply with latest
criteria by RC/PME as well as OSHA, NESHAP, HAZOP and HAZWOPER
guidelines.The ER paln should contain elements addressing:

=4 =2 =-0_0_9_9_9_40_49_9_2_-2_-12_-2

Potentialtype of emergencies
incident reporting & emergency response system
emergency equipent and machinery
waste spillage and detection system
waste leakage and control

control of accidental releases
emergency procedures

contingency plan

evacuation plan

emergency drills

fire fighting

emergency personnel

post emergency scenario
identificationof causes for failure

Such an ER plawill help:

1 reduce occupational hazards and health risks
1 optimally utilize and protect resources, assets, fuel, material and machinery ,
units and consumablesd
1 minimize operation and running costs and gain fi@nsaving thru proper
management of resources
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2 Intro duction

2.1 Project Background

Al coa and Mabdbaden have commi ssioned Woods
to undertake a supplemental Environmental Impact Assessment (EIA) for the
construction and opetiah of an Integrated Aluminum Project (hereafter referred to as

the Aluminum Project)The site coordinates for the center of the proposed facility are
27.5146°N, 49.1774°E in latitudiengitude (WGS84) and 3,044,753iN819,980 E in

UTM Zone 39.

e =mx

. A B2 02 e \nture Comgies 330 e N TR RAS AZ ZAWR INDUS TRIAL COMPLEX

s er @ eus g tem 390 mapy

Figure 3 Ras az Zawr Location

2.2 SawmpeoftheEIA

The scope of this assessment includes fdbas
(the alumina refinery, aluminum smelter, aluminum rolling mill, and associated
infrastructure) at Ras az Zawr

Environmental impact assessment of the port facility and rail corridor for the Ras az
Zawr project, will be undertaken separately.

Fresh water and power will be provided by a separate entity and are therefore not
included in this EIA.

The Aluminum Projet will share the marine cooling water system with the Phosphate
Project currently under construction, the environmental impacts of which are
discussed in th&a'aden Phosphate Project, Supplementary EIA, GHD, March. 2008
The Al umi num P recqolngwaterssyster wilf be neglifiblet h
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A separate EIA has previously been undertaken for the Az Zabirah bauxite mine, and
given that the proposed scope of the mining operation is not changed by the changes
in design of the Ras az Zawr Aluminum Projeittis not considered necessary to
update the original assessment of the mining development.

The scope of this EIA is to:

91 Describe, evaluate and present existing baseline data for the location of the
Ras az Zawr Aluminum Project in order to develop an noped
understanding of the existing physical environment and natural processes on
land and within the coastal zone;

1 Identify and discuss the potential impacts of the construction and operation of
the Aluminum Project on the existing environment at the pesal Industrial
Facility site;

1 Provide a framework for assessing the potential impacts of the Aluminum
Project in view of the environmental regulatory framework and guidelines
from Saudi Arabian, World Bank and other relevant authorities; and

1 Propose effatve mitigation measures for implementation during construction
and operation to avoid, reduce or compensate for the potential impacts.

1 Develop an EMP to recommend potential measures to prevent or mitigate
negative impacts.

2.3 Study Objective

This Environmerdl Impact Assessment was prepared to identify and assess the
environmental and related impacts that could occur during the construction and
operationphases of the project. These include directiadolect impacts, specifically

as they relate to environmigl, social, health and safety and/or economic impacts.

The EIA addresses the establishment and operation of the Aluminum Project.
The EIA has been completed to comply with the following requirements:

1 Relevant Kingdom of Saudi Arabia (KSA) regulationst@d in Section 2 of
this EIA);

1 Principles of Islamic Stewardship of the natural environment;

1 World Bank Environmental Sourcebook (Technical Paper 139; 1991); and

1 Equator Principleswww.equatosprinciples.caon).

This EIA is a stangilone and comprehensive document, which provides for:

91 Interested bodies or persons, a basis for understanding the proposal,
alternatives, preferred solutions, existing environment, potential impacts and
measures taken to mitigagach impacts;

1 Approval agencies, a framework for assessing the impacts of the proposal in
view of legislation and policy provisions;

1 The proponent, a definitive list of performance standards and mitigation

measures to reduce the risk of adverse impacts;

The Saudi Arabian Government, a mechanism to facilitate approvals; and

Funding agenci es, a demonstration

international BesPractice requirements.

= =4
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2.4 Project Proponents
The main project proponents for the proposed AluminumePecof ar eAlddka 6 ad e n

241 Madaden

Madaden was formed by Royal Decree in 199
development in the KingdonmThe company has a prime objective of becoming a

profitable and diversified international mining company, while being delean

protecting human resources, health, safety and the environiémle currently

wholly owned by the KSA, it intends to be fully privatised by 20Z8is would

involve selling off part of the company to Saudi Arabian investors.

Il nitiallyraMaedadder Madd Ad O6Dahab wunder gr «
mid-1988 producing gold, silver, copper and zinc. Prior to this, Sukhaybarat began

open put production of gold and copper in
Hajar mine in July 2001 producirgpld and silver. The Bulghah open pit mine began

their production of gold, silver and copper in October 2002.

During 2003, Madaden had four producti ve
approximately 260,000 ounces per year.

An aggressive exploratiorrggram has continued in the Arabian Shield searching for
new base and precious metal depositsis exploration work has yielded a solid
successatthed Duwayhi project (Mabaden, 2004).

One of Madadenbs princiopal ai nsandiersablede o pr om
the mining industry to become a major source of revenue generation for the KSA
during the coming decade. I n this respec

diversifying the industry base of the KSA into roih activities, such as mineral
extraction and processing. This Aluminum Project is a major component of the
diversification process.

2.4.2 Alcoa
Alcoa is the world's leading producer and manager of primary aluminum, fabricated
aluminum and alumina facilities, and is active in all major aspedtgedhdustry.

Alcoa serves the aerospace, automotive, packaging, building and construction,
commercial transportation and industrial markets, bringing design, engineering,
production and other capabilities of Alcoa's businesses to customers.

In addition b aluminum products and components includingitdied products, hard
alloy extrusions, and forgings, Alcoa also markets Alcoa® wheels, fastening systems,
precision and investment castings, and building systems.

The Company has 63,000 employees in 3dntges and has been named one of the
top most sustainable corporations in the world at the World Economic Forum in
Davos, Switzerland, and has been a member of the Dow Jones sustainability Index for
7 consecutive years.

2.5 Schedule
The proposed project sathde is included below.
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