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Preface

On contract from Qatar Aluminium Ltd NIVA har produced a revised
environmental impact assessment of the effluent to the sea from flue gas
seawater scrubbing at the Qatalum plant in Mesaieed, Qatar. Contact
person for Qatalum/Hydro has been Chief Engineer Leif Ongstad. At
NIVA Senior Researcher Evegniy Yakushev has been responsible for
conducting laboratory experiments on neutralization and dilution of
model effluents which were part of the contract, and has contributed to
the final report with focus on pH and alkalinity issues. Senior Researcher
Morten Schaanning has contributed to the evaluation of chemical aspects
of the assessment and Researcher Seven Brooks to the toxicological
aspects. Senior Researcher Torgeir Bakke has been project leader and
responsible for producing the final report.

Oslo, 20.09.2010

Torgeir Bakke
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Summary

Background

Qatalum, as ajoint venture company between Qatar Petroleum (QP) and Hydro Aluminium (Hydro),
is completing the construction of an aluminium smelter in Mesaieed, Qatar. The plant has fume
treatment plants with dry scrubber unitsto remove fluorides and dust, and seawater wet scrubbers to
remove SO,. The acidic effluent from the wet scrubbers is mixed with cooling seawater and the
combined effluent is then aerated and discharged to the sea through an open channel together with
cooling water from Qatar Stedl.

In 2008 The Norwegian Institute for Water research, NIVA, performed an EIA of the potential impact
of the effluent on the receiving marine environment. The Qatari Ministry of Environment (MoE) has
requested Qatalum to verify some of the assumptions and cal culations that this concept is based upon.
The present document is arevised and extended version of thisEIA.

L ocal ecological conditions

Thelocal coastlineis strongly modified by the industrial development. The water depthis< 25 m. The
bottom along the berths has been dredged to 10-15 m depth for navigation. The seabed consists largely
of fine sand and silt and very little clay. The mean spring tidal rangeis 1,5 m. Current velocity isin the
range 0.03 - 0.61 m/s directed predominantly along shore between 100° and 300°. The seawater
temperature outside the industrial site varies with season in the range 20-22 °C during January-
February, and highest 35-37 °C during July - September. The water column in late summer is dightly
stratified with higher temperature towards the surface. Salinity is generally in the range 40-50 PSU.
Level of suspended solids is mostly below10 mg/l. Levels of DO arein general in therange 5 -7 mg/l
(86 — 121 % saturation) and bottom water saturation is never below 90 %. No indication of oxygen
depletion has been reported. The typical seawater pH isin the range 8,0 — 8,3.

Overall zooplankton diversity is high and with predominance of copepods and larvae of benthic fauna.
The benthic communities within the Arabian Gulf are low in biodiversity and abundance. In the
dredged navigational channel the visible floraand faunais very sparse, being considerably richer and
with more undisturbed seagrass communities in the shallow area northeast of the channel. The marine
biotope of particular concern in the area are the seagrass beds. These are most dense at the 2-6 m depth
range.

Pollution status

Levels of heavy metalsin the seawater seem well within the standards given by the Qatar MoE and
correspond to the background range for Norwegian coastal waters. No traces of arsenic, nickel,
vanadium, selenium, mercury or tin have been detected. Earlier studies have detected levels of PCB
which suggest some risk of bioaccumulation. The waters are clearly oil contaminated probably from
many sources. Free residual chlorine has been detected in seawater samples possibly from discharges
of cooling water. Bottom sediments show dlight elevation of certain heavy metals, whereas ail
hydrocarbons appear to be at background for marine sediments. Radioactivity levels have not
exceeded background levels.

EIA Principle

A typica PEC/PNEC approach was adopted. This compares Predicted Environmental Concentrations
(PEC) of each discharge component with a Potential No Effects Concentration (PNEC) of the same
component to determine the spatial extent of an environmental impact zone in the recipient. Aslong as
the ratio PEC/PNEC<1, thereis no risk of environmental effects. The main factors of environmental
concern related to effluents from wet scrubbing are pH, alkalinity, DO, and sulphite. Additional
factors of concern due to the cooling water use are elevated temperature, FRC and anti-scaling agents.




NIV A 5982-2010

MOoE also required that sodium (Na" from NaOH neutralization), sulphate (SO,*) and sulphide (S%)
were assessed.

Operational cases covered

Therevised EIA covers 3 operational cases:

e Case1l: Normal operation with NaOH neutralization, with (A) and without (B) mixing with Qatar
Steel cooling water in the aeration channel.

e Case2: AsCase 1A, but with failure of NaOH neutralization.

e (Case 3: As Case 1A with additional future mixing with QPCC process water in the aeration
channel.

Environmental impact assessment

In Case 1A the pH will be the effluent factor that determines the overall geographical zone of impact
(where PEC/PNEC > 1 for one or more of the factors of concern). In the worst case a 1:1 ambient
dilution is required for pH to reach the PNEC. Thiswill be achieved during primary mixing (where the
effluent discharge velocity still has some influence on dispersion) and hence the maximum duration
where organisms are exposed to a PEC/PNEC dlightly above 1 islessthan 1 minute. Thisistoo short
to cause any significant ecological impact.

In Case 1B the dilution to obtain PEC/PNEC <1 is 2-3 times for both pH, overtemperature and
dissolved oxygen (DO). Asin Case 1A thiswill be achieved during primary mixing. The maximum
duration where organisms are exposed to a PEC/PNEC dightly above 1 isless than 1 minute.
Furthermore, the exposure will be episodic, only lasting for afew days at atime.

In Case 2 the factor determining the impact zone will be COD from oxidation of sulphite. In the worst
case adilution factor of 7 isrequired for a PEC/PNEC<1 (14 if avery conservative EQS of 5 mgDO/I
isused). This situation will only occur if the sulphite oxidation is spontaneous. A more likely situation
isthat the sulphite is gradually oxidised in the recipient. In that case there is no risk of a DO deficit
and PEC/PNEC<1 will be obtained during primary mixing. A 7 times dilution will be achieved within
250 m from the outlet, a zone that is aready strongly influenced by the ship traffic to the Mesaieed
Industrial City. Pelagic organism drifting with the water may be exposed to DO between 0 and 4,5
mg/l for amaximum period of about 15 minutes. Thiswill not cause any significant impact on the
local pelagic ecosystem. Thereislittle risk that sea bottom organisms within the impact zone should
encounter reduced DO since the plume will be dispersed in the upper waters.

In Case 3 adilution factor of maximum 1 is needed to achieve PEC/PNEC<1 for pH and
overtemperature and less than this for all the other factors of concern. Hence the impact zone and
exposure duration will be asin Case 1A.

The potential impact of FRC, scale inhibitor, gypsum, calcite and the ions Na*, SO,%, and S* in the
effluents has also been evaluated. From available information it is concluded that FRC, gypsum, and
calcite will not be present in the effluent in any of cases, and none of the others will determine the
extent of an impact zone for the effluent. It is also expected that alkalinity reduction will not cause any
environmental damage.

Adequacy of the URS survey 2008 as an environmental baseline description

The objective of the URS survey was to describe physical, chemical and biological conditionsin the
local marine environment outside MIC and identify any sensitive receptors. The stations adequately
cover the expected impact zone. An appropriate set of physical and chemical seawater parameters have
been studied, and most of them should be included in a future monitoring program. PCBs, BTEX and
TPH may be omitted since they are not expected to be linked to the Qatalum effluent. Measurement of
COD in high saline water is unreliable due to chloride interference, and should be excluded. The URS
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measurements of pH seem to be out of range found in other local studies, and one must ensure that the
method used in future monitoring is reliable. Since the Qatalum plant isin operation an extension of
the baseline description cannot be obtained. In the monitoring program the near zone conditions must
therefore be assessed against both the baseline data available and conditions at appropriate reference
Sites.

Future environmental monitoring

A future environmental monitoring program is outlined in Appendix D. This should have the

following purposes:

e Describe the natural change over time in environmental and biological parameters of concern.

e |dentify significant deviations from the natural patterns of the various parameters that could be
linked to the Qatalum effluent.

o Verify thereliability of the predictionsin the EIA regarding the severity and spatial extent of any
impact.

e Control whether agradual increase in environmental effects occurs over long time.

Experiments on pH change during neutralization and dilution of a model scrubber
effluent

NIVA and ESC, Qatar, have independently and on basis of the same test protocol performed bench top
experiments to describe the change in pH of amodel scrubber effluent during neutralization with
NaOH with and without air purging, and during subsequent dilution with normal seawater. These
experiments are described in detail in Appendix B and C. Appendix B also contains the test protocol
developed for these experiments.




NIV A 5982-2010

10



NIV A 5982-2010

1. Introduction

Qatalum, as ajoint venture company between Qatar Petroleum (QP) and Hydro Aluminium (Hydro),
is completing the constructing an aluminium smelter in Mesaieed, Qatar. The plant has four fume
treatment plants consisting of dry scrubber units (alumina scrubbing) to remove fluorides and dust,
and seawater wet scrubbers to remove SO,. The concept for the treatment of the acidic effluent from
the wet scrubbersisto mix it with cooling seawater from an adjacent steelworks and other plants
under planning / construction. The combined effluent is then aerated and discharged to the sea through
an open channel, called the MIC channel. The Qatari Ministry of Environment (MoE) has requested
Qatalum to verify some of the assumptions and cal culations that this concept are based upon.

In 2008 The Norwegian Ingtitute for Water Research, NIVA, was awarded a contract from Hydro to
perform an assessment of the potential impact from the seawater scrubber effluent on the receiving
marine environment with and without mixing with other cooling water streams and subsequent
aeration. This environmental impact assessment (EIA) was presented in a Technical Memo to Hydro
dated 12.08.2008. It was limited to an evaluation of the natural dilution of the effluent plume with
ambient seawater necessary to obtain agreed or proposed environmental quality standards for the
discharge components of concern. In 2009 NIV A was contracted by Hydro and Qatar Aluminium Ltd
to produce arevised version of the EIA. The revision should respond to comments given by the MoE
to the previous version. The revision should also include a new assessment of the likely patternsin
pH-change under neutralization/dilution of the scrubber effluent, based on new experimental data on
pH changes patterns during mixing with seawater from sources around the Qatalum plant. These
measurements were performed in January 2010 by Environmental Studies Centre (ESC) at the Qatar
University.

The new contract comprised 5 tasks:

Task 1. Produce a procedural protocol to be used by ESC for experimental determination of changes
in pH during sulphuric acid neutralization of the Qatalum effluent, during aeration, and during natural
dispersion and dilution of the effluent plume in the receiving marine environment.

Task 2. Update the previous NIVA EIA report/memo of 12.08.2008, on basis of new information and
requirements given by the Qatar Ministry of Environment (MoE).

Task 3. Propose an effluent and environmental baseline and monitoring program to verify the impact
predictions given in the EIA.

Task 4. Validate sub-reports from adjoined studies produced by other consultants and experts, and
produce an overall summary report of all the studies performed by NIVA and other consultants.

Task 5. Perform analysis of sulphite and sulphide content in the outlet water from a scrubber of the
Qatalum type in operation in Norway.

The present report covers Tasks 1 - 4.

11
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2. Seawater scrubber effluent treatment

This chapter outlines the technical features of the effluent treatment system downstream of the SO,
scrubbers at the Qatalum potlines, and the underlying chemical processes. A more extended
description isgiven in Appendix A.

2.1 Treatment processes

2.1.1 Treatment options.

Different options for effluents treatment have been considered all with the aim of providing
neutralisation of pH (>6), removing COD in the form of bisulphite (HSO3") and ensure a minimum
oxygen level (DO>2 mg/l):

e Base case: Mixing the effluent with cooling water from other local sources with subsequent
aeration in the existing MI1C Northern Outfall Channel.

e Alternative 1: Build a new channel upstream the MI1C channel, for blending with other sources and
aeration, possibly also neutralization with NaOH or lime to meet the required pH before entry to
the MIC channel.

o Alternative 2: Redesign of the bottom pits of the scrubbersin order to allow in situ neutralization
and aeration in these pits.

Alternative 1 has been chosen since it will be arobust solution to meet the discharge requirements
before entry to the MIC channel. It will aso allow expansion to include future effluents from QPCC,
M-Power and later expansions of Qatalum. Use of cooling water from others would reduce costs of
chemical neutralization. This recommendation was submitted to MoE and later accepted.

2.1.2 Absor ption of SO, in seawater

The seawater scrubbing processis based on the natural alkalinity of seawater where seawater is used
to bind the acidic species of flue gases, particularly sulphur dioxide (SO,). The dissolved sulphur
dioxide converts to hydrogen sulphite ions, hydrogen sulphate ions and finally sulphate ions which are
anatural element in seawater.

In the process the SO, of the flue gasis transferred from the gaseous phase into the dissolved phase
which will be transformed into hydrogen sulphite HSO;' :

SO; — SOz «y
SOz(aq) +H,0O — HSO; + H* (2)

The hydrogen ions that are produced by this reaction will be neutralized to some extent by reaction
with seawater bicarbonate:

HCO;s + H* — COyy +H:0 ©)

The flue gas also contains appr. 0.8 - 1% CO,. Thiswill also be absorbed in the scrubber, but only to a
little extent since the water will be nearly saturated with CO, due to reaction (3).

The DO in the scrubber water will oxidize the bisulphite to sulphate:

HSOg_ + % Oz — 8(34“ + H+ (4)

13
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The overall equilibrium of these reactions gives apH in therange of 5 - 5.5 at the scrubber outlet.
Since the oxygen content is only sufficient to oxidize 15 — 20% of the bisulphite, the remaining will
constitute a chemical oxygen demand (COD) of around 25 mg/I.

2.1.3 Neutralization and oxidation

In order to eliminate the COD (complete reaction (4)), and ensure a DO > 2 mg/l, more oxygen hasto
be added to the effluent by purging with air. Also neutralization has to take place before the aeration,
since low pH will slow down reaction (4) and cause stripping of SO, to the atmosphere and since
reaction (4) releases more hydrogen ions, thus lowering the pH further. Neutralization should ensure
pH > 6 to the end of the aeration process.

One option isto use additional seawater for neutralization, taking advance of the natural seawater
buffering capacity according to reaction (3). At design SO, load equal amounts of seawater and
scrubber effluent are required. If sufficient supply of seawater is not available, sodium hydroxide
NaOH isthe preferred neutralization agent. The following reactions then take place:

Na" +OH +H" — Na" +H,0 (5)
Na" + OH" + COyup — Na* + HCO; (6)

The use of the cheaper lime has been considered, but not chosen due to the risk of gypsum
precipitation:

Ca™ + S0, + 2H,0 — CaS0, 2H,0 7

Also NaOH issimpler to handle, since it comesin liquid form, and is readily available from a near-by
producer.

The quantity of seawater or NaOH required for neutralization depends on the actual level of sulphurin
the anodes, which again mainly depends on the sulphur content of the coke. The plant is designed to
manage up to 4%S in the coke, since such levels are expected in the future. However, the initial
operation will be based on around 2.5% S in the coke.

The acid — base reactions above are instantaneous, and completion of the reactions is then only
depending on physical mixing. The reaction between bisulphite and oxygen is not instantaneous. The
rate of reaction depends on pH and temperature. The process of dissolving oxygen by air injection also
takes some time, mainly depending on the bubble size.

Figure 1 shows the expected amount of NaOH required depending on the SO, load according to
Lentjes calculations (NIVA's and ESC's experiments indicate alower NaOH demand, see Chapter 7).
In this case QPCC would discharge approximately the same amount of water as Qatalum.

14
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Figure 1. Expected consumption of NaOH depending on SO, load according to AEE Lentjes.

2.1.4 Aeration efficiency

AEE Lentjes has designed an aeration system with groups of aerators located along the length of the
aeration channel to ensure saturation within each section of the channel. Downstream of each aeration
section oxygen will be consumed by the bisulphite and then replenished in the next section of aerators.
At the end of the channel all bisulphite has been oxidized to sulphate and the DO will be close to
saturation. Figure 2 shows the simulated profiles of bisulphite and DO concentrations along the length
of the channel. The simulations were done at 23°C, which is the lowest expected temperature. At
higher temperature, the oxidation will be faster.

In the event that used cooling water is available from others (e.g. QPCC) for neutralization, the total
flow will increase. Thiswill give lower initial bisul phite concentration, but shorter residencetimein
the aeration channel. Simulations of this case (Figure 3) show that the bisulphite will be completely
oxidized well before the end of the channel, and the water will be >90% saturated with DO.

When Qatalum phase 2 isimplemented, the residence time is further reduced, and more bisulphite
needs to be oxidized. At this stage, more aeration nozzles will have to be installed. Simulations have
been performed to verify that the discharge limit for DO will be met in this case too.

15
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2.2 Technical description of the treatment facilities

Design drawings of the treatment facilities are shown in Appendix A. Drawing 1 gives an overall
process flow diagram and Drawing 2 a situation map. A simplified flow diagram of the processis
shown in Figure 4.

Mass balance, seawater system.

Power plant
condensers

ey
Chilorine,
Anti-scale 88000 88000 1576
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A 4

Figure 4. Schematic view of the Qatalum seawater system. All flow rates indicated are in Nm*hour.

2.2.1 Scrubber effluent drainage pipes

Scrubber effluents from the four fume treatment plants (FTPs) are collected in two large parallel
drainage pipes, which are routed parallel to the potlines towards the southern border of the plant.
Before crossing the fence near the roundabout, NaOH isinjected into each of the pipes. The pipes
continues underground about 300 meters before they enter the aeration channel (see overall
arrangement drawing QA-S1-SNL-M56-00200 in Appendix A)

2.2.2 Sodium hydroxide storage

Sodium hydroxide is stored in three 80 m® storage tanks close to the southern fence line, and close to
the NaOH injection point (Appendix A, Drawing 6). All three tanks are connected to a common
header which enables a communication of the tank levels. To keep viscosity of 50% NaOH

17
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sufficiently high the whole system isinsulated, tank equipped with a heating coil, and the piping is
heat traced to keep the temperature above 29°C. The vent of each storage tank is equipped with a dust
filter and a CO,-filter to prevent the formation of carbonate. The system is designed to receive NaOH
in concentrations 32% - 50%. According to the safety requirements all equipment islocated in a
concrete basin, with aminimum capacity of 1.25 times the volume of all three tanks (3 x 1.25 x 80
m3), with a drainage system and a sump pit with no connection to the outside. The capacity of the
storage tanks corresponds to 5.5 days consumption using 50% NaOH at design SO, load. NaOH will
be supplied by truck from the QVC chlorine-alkali plant in MIC.

2.2.3 Sodium hydroxide injection

Concentrated NaOH solution cannot be dosed directly into the effluent since clogging occurs and
intensive mixing would be necessary to raise the seawater pH. Therefore the concentrated solution is
diluted with fresh seawater in a static mixer to below 0.1 mol/l (4 g/l) prior to injection into the
Qatalum Outfall seawater effluent pipes, upstream of a distribution chamber (Appendix A, Drawing
1). The pH-value of the effluent is monitored at the end of the aeration channel and adjusted by data
feedback to the NaOH flow control valve.

2.2.4 Distribution, collection and inlet chambers

The Qatalum seawater outfall effluent is transported via underground piping to a distribution chamber
where the flow is distributed into four pipes for even distribution across the width of the aeration
channel (Appendix A, Drawing 2). In the following collection chamber, additional seawater effluents
from the M-Power Plant and the Petrochemical complex (QPCC) may be added and evenly mixed
with the Qatalum seawater effluent flow to the inlet chamber. In the inlet chamber the flow is divided
in two equivaent flows for the two halves of the aeration channel, which are separated by a division
wall. For maintenance reasons, each half of the channel can be closed by using manual stop logs.

2.2.5 Aeration channd

The aeration channel is arectangular concrete structure which is 20m wide, 280m long and 3.0 m
deep, and divided longitudinally with a concrete wall (Appendix A, Drawing 3). A specia pipe system
distributes the oxidation air, in accordance to the reaction retention time, in the oxidation zone of the
aeration channel. Distribution pipes are arranged horizontally and equipped with plate diffusers
arranged in groups aong the length of the channel, with the highest density of diffusers near the inlet.
The air headers are prepared for attachment of more diffusers when needed for an expansion of
Qatalum.

Air isprovided by an air blower station with 3 blowers located inside the Qatalum fence, near the
NaOH storage tanks (Appendix A, Drawings 4 and 5) . The station has acoustic protection to maintain
the noise level below 75 dBA at the fence line. Ambient air isfiltered by aninlet air filter system and
each blower is equipped with its own filter system. The air from theinlet air filter system is partly
used for feeding the air distribution system with compressed air and partly used for the cooling of the
equipment within the acoustic hood. The capacity alows operation of 2 blowers with one stand-by.
The compressor building allows installation of 2 more blowers for later expansion of Qatalum. The
operation of the blowersis controlled by the measurement of DO at the end of the channel, so that
sufficient air is supplied, without excess use of energy. The air is transported in alarge underground
pipe to the upper end of the aeration channel. Here the air stream is split in two air headers, each
supplying one side of the aeration channel diffusers.

2.2.6 Process control and monitoring

The pH and DO of the treated seawater are measured at the end of the aeration channel. Samples are
collected from each aeration channel and mixed together prior to analysis. Measured DO regulates the
volume flow of air to the diffusers and the amount of NaOH dosed is adjusted according the pH

18
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measurements. Temperature is also measured and recorded, and the sampling system allows taking
samples for other types of analysis.

2.2.7 Dischar ge channd

Downstream of the aeration channel the two streams are combined and flow over aweir into a
trapezoidal channel built in rip-rap with the same design as the existing MIC channel. The rip-rap part
of the channel is approximately 240 m long. At the intersection to the MIC channel, the Qatalum
channel iswidened in an angle to avoid backwater flow towards the Qatar Steel outfall.

2.3 Key design parameters

Design specifications for the scrubber effluent treatment system are given in Table 1.

Table 1. Key design parameters for the scrubber effluent treatment system.

Parameter Value Comments

Qatalum phase 1 design flow rate 18,000 m*/h Normal flow 16,000 m*/h

Aeration channel design capacity 77,000 m*h Allowance for 36,000 m*h from
Qatalum and 41,000 m*h from others.

Design SO, load, phase 1 2000 kg/h Designed with a margin above design
load on scrubbers: 1932 kg/h

Average akalinity 2.4 meg/l

Temperature range 23-43°C

Average sdlinity 4.7 %

Normal flow of NaOH (32%) 3.0m’h At design SO, load

Fresh seawater to static mixer 380 m’/h

Normal air flow 18,300 Nm‘/h

Number of aerator plates 1,280 32 clusters with 40 platesin each
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3. Characterization of the marine environment

In the following a short description of the receiving marine environment is given. Most of the
information is extracted from an environmental impact assessment made by Atkins (2006) for the
Qatalum project compiling all relevant earlier information and from a marine environmental baseline
study performed by URS Qatar LCC (URS) in July 2008 which has been made availableto NIVA.
The latter survey covered physical, chemical and biological characterization of the waters and
sedimentsin the vicinity of the MIC channel. The report from this study also compares to some extent
the results with previous surveys.

3.1 Coastal and seabed char acteristics

The coastline is strongly modified by the industrial development. At the northern border the industrial
development has created a shallow lagoon to the NW. Along the industrial area the natural intertidal
biotopes have been replaced by artificially reinforced beaches, seawall constructions, berths and
causeways. The waters are shallow with a depth seldom exceeding 25 m. The bottom along the berths
has been dredged to 10-15 m depth for navigation.

The seabed outside the industrial area consists largely of fine sand and silt and with very little clay
(URS 2008). In reasonably undisturbed areas the sand content is around 70 %. The finest sediment
(20 % sand and also some clay) isfound in the dredged areas. To the north and east a thin veneer of
sand and shell fragments lies on top of limestone bedrock. The coastline seem stable and shows no
signs of erosion or littoral drift.

URS (2008) found that the total content of organic matter (TOC) in the sediments varied between 5
and 18 % which is on the high side compared to coastal sandy sedimentsin general. On the other side
Atkins (2006) recorded TOC levels generally < 1 %, which ismoretypical for sandy sediments. The
discrepancy may be due to differences in analytical procedures.

3.2 Currentswaves and tide

The URS survey included continuous logging of tide and current measurement from 13/07/2008 to
11/08/2008. During this period the spring tidal range was around 2.58 m and the neap tidal range
around 0.49 m. In general it has been reported that mean spring tidal range is 1,5 m (Atkins 2006).
These data show that the coastline faces a moderately large tidal fluctuation.

Wave height seldom exceeds 1 m. Seasonal wind may generate wave heights of around 1.5 m, but
only for 5-10 % of the time.

The URS current measurements in 2008 were done by use of an Aanderaa ADCP moored in a position
about 500 m east of the Qatar Steel Berth. The water depth at the site was 8 m. Both surface (-1 m),
mid depth (- 4 m), and bottom (- 7 m) current velocity werein the range 0.03 - 0.61 m/s. At surface
and mid depth the current direction fluctuated predominantly between 100° and 300° probably
influenced by prevailing wind direction (W to E), whereas the bottom current had a dlightly different
direction predominant 10° and 260°, apparently more influenced by the coast. Atkins (2006) reported
similar current velocities generally in the range 0,05 — 0,25 m/s.
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3.3 Hydrographical conditions

During the URS survey in July the natural water temperature outside the industrial site varied in the
range 32 — 34 °C. There was an increase in temperature towards the surface, a stratification which is
typical during late summer. In general for the Qatar region the lowest temperature around 20-22 °C is
experienced during January-February, and highest 35-37 °C during July-September (Figure 5).

Salinity is generally in the range 40-50 PSU in Qatar waters. During the URS campaign salinity
ranged from 41,5 to 47,4 PSU. Slightly elevated salinity near the surface at severa stationsis
explained by high evaporation in combination with the thermal stratification. These levels are
relatively normal for the time of the year in which they were recorded.

In the URS survey the level of suspended solids (TSS) ranged from 2 to 15 mg/l, mostly <10 mg/I.

Thisistypical for many coastal water bodies, although TSS may vary considerably dueto e.g.
phytoplankton blooms, resuspension of sediments and runoff from land.

Fligure 5.3 - Soawvmtor Tomporaiure (OAFCO data)
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Figure 5. Annual seawater temperature fluctuation near the Qatalum site (from Atkins 2006).

Levelsof DO intheloca surface waters are in general in the range 5 — 7 mg/l (86 — 121 % saturation).
Apart from one site inside the MIC channel with DO of 4,5 —5 mg/l and afew recordings deeper than
10 m of DO around 5 mg/l, all URS survey measurements were in the range 5,5 - 6,5 mg/l. The DO
had a maximum at around 2-3 m depth with supersaturation in the range 112-122 %. Deeper than that
DO declined gradually, but even close to the bottom the saturation was never below 90 %, which
shows good water exchange in the area presumably due to the shallow water depth. No indication of
oxygen depletion has been reported.

Chemical oxygen demand (COD) was generally around 100 mg/l in al water bodies during the URS
survey even at the reference station. Corresponding COD measurements made by MIC in 2007 gave
an average of only 36 (+32 SD) mg/l in 50 water samples from the same region. This discrepancy is
probably due to the difficulty of measuring COD reliably in highly saline water due to chloride
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interference. Disregarding this, any local COD is apparently not having an influence on the DO levels,
hence the material representing the potential COD is not easily degraded.

The pH levelsin the water sampled by URS in July 2008 ranged from 7,0 to 8,0 which islow
compared to the natural range 7,5 — 8,5 in fully saline seawater. It is also below the range measured in
two previous surveysin the Mesaieed area being 8,19 — 8,41 and 7,88 — 8,85. URS explains the
difference to be due to seasonal variability. However, monthly readings at 3 stations outside MIC in
2006 and 2007 showed low variability: from 8,0 to 8,3 (MIC Environmental Report). Also the local
seawater samples used by ESC in the neutralization and dilution experiments presented in Annex C
had a pH range of 8,24 —8,31. Since there are various ways of scaling pH (e.g. NSB, NIST or Total)
and the URS report does not specify how this was done, we have concluded that the typical local
seawater pH isin therange 7,9 —8,3.

Atkins (2006) reported local levels of total suspended solids (TSS) in the range 1 —8 mg/l. Slightly
higher range 2 — 16 mg/l was recorded by URS un July 2008. The waters are considered
uncontaminated with inorganic nutrients (i.e. no eutrophication).

3.4 Biological characteristics

The biological communities within the Arabian Gulf waters are typically low in biodiversity and
abundance mainly due to the harsh conditions of temperature and salinity. In particular the
temperature fluctuation is an important stress factor. The local marine communities are not deviating
from this picture. In the dredged navigational channel outside the berthsthe visible floraand faunais
very sparse, being considerably richer and with more undisturbed seagrass communities in the shallow
area east of the channel.

Fish nurseries, turtles and marine mammals have not been observed in the area, and the occurrence of
fish (mainly gobies) is sparse.

3.4.1 Pelagic ecology

Two parameters indicating the status of the local pelagic communities were included in the URS
study: chlorophyll a (Chl a) as a measure of phytoplankton biomass, and zooplankton densities and
diversity.

There was atendency of increasing levels of Chl a with water depth. Since light is probably no
limiting factor with depth in these shallow waters thisis presumably regulated by higher levels of
inorganic nutrients near the bottom and possibly UV-light inhibition of phytoplankton growth near the
surface. Chl a showed no systematic change with distance from land. In general there seemsto be no
clear seasonal trends in Chl a yet recorded for the Arabian Gulf or Qatari waters.

The crustacean group Copepoda including juvenile copepodites dominated the zooplankton at all
stations (35-65%). The most common species were Paracalanus parvus and Acartia cf pacifica.
Predominance of copepodsistypical for most zooplankton communities. Gastropod larvae were also
frequent in the samples showing a strong influence of larvae of benthic fauna (possibly from the
seagrass beds) at thistime of the year. Overall zooplankton diversity was high at all stations and the
community structure very uniform. The overall range in abundance (8,533 — 38,525 individuals per
haul) compares well with other studiesin the Gulf using similar net size.

We have found no other description of the pelagic communitiesin the area or information on fish
stocks. To our knowledge no commercial fisheries of any importance are performed in the area.

23



NIV A 5982-2010

3.4.2 Benthic ecology

Atkins (2006) describes the benthic ecology at 23 sites in the lagoon and shallow subtidal bottoms to
the NE of the industrial site on basis of SCUBA diver surveys, and also reports on earlier similar
studies. The local marine benthic habitat types may be classified into 4 groups, all typical of the
southern Arabic Gulf region.
¢ Fine open sand with arange of typical infauna (polychaetes, molluscs, crustaceans,
pennantul aceans).
e Coarse sand and shell/rock fragments with sparsely scattered epifauna (sponges, ahermatypical
corals, molluscs and ophiuroids).
e Mixed epibenthic community on bedrock, dominated by molluscs, gorgonians, and various types
of coral species, reflecting the occasional periods of reasonably high current velocity.
e  Seagrass beds with up to 100 % cover by 3 different Halophila species.

The species richness of macrofauna ranged from 1 to 19 species per station across the 23 Atkins
stations, the poorest sites being in the lagoon area. The URS study, analysing sediment macrofauna (>
0,5 mm) at 9 stations sampled in triplicate by either bottom grab or scooped up from within aframe by
divers, gave a similar macrofauna richness: 1-22 species per station. Number of species and
biodiversity (Shannon-Wiener index) in the URS study was considered high compared to an earlier
corresponding survey at Abu Harmour, but seem not to deviate from the typical range for near shore
sedimentsin this region. Apart from the poor lagoon there was no clear local spatial patternin
diversity or in overall similarity of fauna structure among the stations, other than the northern stations
being dlightly poorer than the southern. Thisis explained by differencesin sediment characteristics.

Sediment species composition showed atypical pattern with dominance of polychaete worms followed
by crustaceans, molluscs (gastropods and bivalves), and sipunculid worms. The seagrass beds were
dominated by epifauna such as gastropods, ascidians (sea squirts) and sponges.

3.5 Ecological elements of concern

The marine biotopes of particular concern in the area are the seagrass beds. These are most dense at
the 2-6 m depth range, with lower depth distribution limited by the seasonal turbidity. Atkins recorded
the densest seagrass beds to the north of the industrial site outside the lagoon. These beds support high
productivity and species diversity. According to Hydro there are no seagrass beds closer to the MIC
channel outlet point than about 500 m due to earlier bottom sediment dredging to obtain a harbour
depth of about 10 m. Also Atkins (2006) states that there are no known significant or sensitive habitats
within 500 m of the channel discharge point. However, both Atkins and URS recorded sea grass
occurrence in or closeto the dredged area, but only scattered sea grass plants. We have received no
other registration of important, environmentally sensitive, or protected areas in the vicinity of the
industrial site.

3.6 Pollution status

Atkins (2006) presents data on total hydrocarbons, heavy metals and PCB in the local sediments. The
URS study from July 2008 covers analysis of selected heavy metals and organic contaminants in water
and sediments across the dredged area outside the industrial berths. These are the only sets of data
being available to us. They are briefly outlined below.
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3.6.1 Sea water

Heavy metals

A range of metals have been analysed from the water samples by URS. Levels of chromium,
cadmium, copper, lead, zink, iron, manganese, and cobalt, could be quantified, and were all well
within the standards given by the Qatar MoE. They also correspond to the background range for
Norwegian coastal waters. No traces of arsenic, nickel, vanadium, selenium, mercury or tin were
detected.

BTEX (Benzene, Toluene, Ethylbenzene, and Xylene) and PAH ¢ (polyaromatic hydrocarbons)
The levels of al these aromatic hydrocarbon compounds were below a satisfactory analytical limit of
detection (LoD = 0,01 pg/l) in al samples and hence considered to be of no environmental concern.

PCBs

Atkins (2006) refersto an earlier study detecting 1,7 and 2,5 pg/l of PCB (as Arochlor 1254) in the
surface waters, suggesting some risk to higher marine life through bioaccumul ation. We have no other
data that substantiate this.

Qil and grease

The levels of oil and grease were in the range 2 — 34 mg/l, the lowest value seen at the reference
station. Several samples exceeded the water quality guideline of 10 mg/l given by the MoE. Atkins
(2006) on the other hand reported TPH (total petroleum hydrocarbons) levels from 0,07 to 0,66 mg/I
(average 0,2 mg/l). In comparison with background levelsin the Gulf of 0,0004 — 0,006 mg/I they
characterised the waters as clearly oil contaminated probably from many sources. Since the
gravimetric method used by URS (SM 5520B) is not sufficiently sensitive to measure hydrocarbons
reliably in recipient seawater, we would put most emphasis on the Atkins data.

Freeresidual chlorine (FRC)

Chlorine may enter the recipient with cooling water discharges since chlorine is used as anti-fouling
agent in most seawater cooling water systems. FRC does not occur naturally in seawater, but in the
URS survey levels from 0 to 0,25 mg/l (average 0,07 mg/l) were found, which is somewhat surprising.
There was no apparent spatial pattern that could link the ambient FRC levels directly to the existing
cooling water outlet from the MIC channel (both the reference site and the site closest to the outlet had
no chlorine), but this may be due to the highly dynamic current pattern in the area. Available
information does not suggest any other local source for FRC.

3.6.2 Surface sediments

Heavy metals

Atkins (2006) refers to other studies showing occasional slight elevation in sediment levels of iron,
lead, mercury, nickel, cobalt, cadmium, and zink, but not chromium or copper. The same range of
metals was analysed by URS. Apart from zink and vanadium the levels were equal to or lower than
recorded in previous studies. The metal levels showed no spatial pattern.

Total petroleum hydrocarbons (TPH)

Levelsof TPH are given as pg/kg in the URS report, which is probably a misprint for mg/kg
considering the likely LoD for the method used (GC/FID). Still the levels encountered seemed to be
within the typical background range for marine sediments (<10 mg/kg) and with no clear spatial
pattern except that the lowest level was found at the reference site. Earlier studies referred to by Atkins
(2006) showed some sporadically high levels of TPH (140 mg/kg), but generally much lower (<5
mg/kg), and concluded that the distribution of TPH was very patchy.

PAH and PCB (polychlorinated biphenyls)
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None of the sediment samples analysed by URS had levels of PAH or PCB above the reported LoD
(0,01 pg/kg). Thisistoo low for harbour sedimentsto be reaistic and also far below what is normally
encountered in offshore sandy sediments (around 40 pg/kg). One explanation may be that the notation
should read mg/kg here as well.

Radio isotopes

Samples from 4 stations were screened for apha, beta, and gamma radiation without finding levels
exceeding background levels with the exception of U238 exceeding areferred standard dightly. This
was thought to be due to proximity to the Gabbro berth since the gabbro mineral is known to be
enriched in several radioactive elements including U238.
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4. Environmental impact evaluation principle

The principle adopted for the impact assessment is atypical PEC/PNEC approach. This compares
Predicted Environmental Concentrations (PEC) of each discharge component with a Potential No
Effects Concentration (PNEC) of the same component to determine the spatial extent of an
environmental impact zone in the recipient. An impact zone is defined as the area or water volume
where PEC exceeds PNEC, resulting in aratio PEC/PNEC > 1 (Figure 6). Under such condition there
will be arisk of environmental effects from that component. The overall impact zone will correspond
to the maximum impact zone of individual components. The size of the impact zone will have to be
evaluated against either agreed acceptance criteria or presence of particularly valuable ecological units
(e.g. protected biotopes or species) to assess if the impact of the discharge is acceptable or not to the
authorities/public.

Thereis aways an uncertainty linked to the establishment of PEC and PNEC values for agiven
situation. The PEC is dependent on the reliability of the ambient dispersion and dilution modelling of
the discharge plume. The PNEC is aglobal entity for each component derived from toxicity data and
with safety application factors to account for lack of such data. Thisimpliesthat the PNEC is stricter
for compounds for which there are little toxicity data. Where thereisarangein likely values for these
entities, we have taken a conservative approach by choosing PEC values on the high side and PNEC
values on the strict side. Thisisto ensure that we do not conclude wrongly that the PEC/PNEC ratio is
below 1, and hence underestimate the extent of an impact zone.

A PEC/PNEC approach isonly possible for compounds where it is safe to apply a PNEC which is
above the ambient level of that compound. If not a PEC/PNEC<1 will never be reached. However, itis
reasonable to assume that the local organismsin question are able to tolerate some fluctuation in the
ambient levels, especially in shallow water where the organisms must be adapted to varying
environmental conditionsin general.
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Figure 6. Schematic “bird's eye” view of the ambient dispersion/dilution and PEC/PNEC pattern of an
effluent plume. The limit of the impact zone isindicated by the green outline.
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5. Environmental quality standards

5.1 Derivation of environmental quality standards (EQS) values

We have defined PNEC values necessary for a PEC/PNEC impact assessment (cf Chapter 4) as
equivalent with environmental quality standards (EQS). The EQS of a compound is the concentration
below which thereis no risk of environmental effects from chronic exposure, hence this equals the
PNEC. We have generated EQS values for the effluent parameters on basis of several sources (in order
of priority):

o Specific EQS values requested from the MoE for the present assessment
Ratified or proposed national EQS values for Qatar
Internationally agreed EQS values
Other national EQS values
EQS values devel oped for the present purpose on basis of scientific literature.

It is emphasised that the EQS values used in this assessment are either representative for tropical
waters in general or universally valid. There is no empirical basis that enables EQS values to be
generated specifically for the local marine recipient outside Qatalum. The proposed EQS values are,
however, conservative in order to safeguard the marine environment in general from chronic exposure.
They should therefore also safeguard the marine life outside Qatalum even at the most sensitive season
of the year as required by the MoE. Chronic exposureis relevant for the typical operational Case 1A.
The other cases are expected to last for shorter periods, and hence EQS values for acute exposure
would be more appropriate (normally based on 48 to 96 hour exposure tests). Acute EQS values
should in principle be higher than for chronic exposure since organisms are expected to tolerate higher
exposure for shorter periods of time, but have only in rare cases been developed. We have therefore
taken the conservative approach of using chronic EQS valuesin all cases.

5.2 EQSfor factorsof environmental concern

Based on the reactions described in Chapter 2 the main factors of environmental concern directly
influenced by the change in water quality from wet scrubbing are pH, alkalinity, DO, and residual
sulphide expressed as COD. Additional factors of concern due to the cooling water use are
temperature, FRC as antifouling agent, and scale inhibitor. The requirements given by the Qatari MoE
for the Qatalum environmental studies state that also sodium (Na" from NaOH neutralization),
sulphate (SO4*) and sulphide (S%) are to be assessed. In this chapter the EQS or PNEC values used in
the environmental assessment are derived.

5.2.1 Temperature

Discharge of cooling water with elevated temperature may cause stress to the organismsin the
recipient. For tropical regions the danger of exceeding the upper tolerance limits is most relevant since
many organisms already live close to thislimit. There are no agreed international EQS for
overtemperature, but certain countries have set national standards. The strictest standard has been set
by the US EPA for marine tropical regions of +1°C above ambient, and the European Community for
designated fishing grounds at +1,5°C above ambient. In Venezuela an Effluent Quality Decree states
an EQS of +3°C for Venezuelan waters. Also the Qatar regulations set an EQS for overtemperature in
cooling water at +3 °C. This standard is also recommended by the World Bank. An EQS of +3°C
above ambient is therefore used as the target PNEC in the present assessment.

Figure 7 gives the necessary dilution of an effluent with ambient water to obtain an overtemperature
less than an EQS ranging from 0,5°C to 3°C, and for a temperature increase (AT) in the effluent
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varying from 2 to 10 °C. Thisisthe relevant AT rangein the present situation (maximum 8,2 °C, cf
Table 4 - Table 6). The figure shows e.g. that even with a AT ashigh a 10 °C in the effluent only 3
times ambient dilution is required to comply with aPNEC of +3 °C.

Temperature dilution requirements
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Figure 7. Dilution factors required to meet various EQS values for overtemperature (from 0,5to 3 °C)
asfunction of AT in effluent.

5.2.2 pH

Current research indicates that impact of seawater acidification on marine organisms will largely be
negative, and the impacts may differ from one life stage to another. There may be interactions between
CO, hypersaturation, temperature, and other stressors which are not fully understood. Reduction in pH
(ocean acidification) is forecasted to reduce calcification ratesin corals as well as economically
important shellfish species such as oysters, scallops, mussels, clams, sea urchins, crabs, and lobsters,
but to what degree this may be caused by the decreased pH alone or is a direct effect of increasein
dissolved CO, causing pH reduction, is not clear, nor is how this may affect marine biodiversity in
general (Widdicombe and Spicer 2008). Apart from gastropods and bivalves none of ‘calcifying' types
of organisms are important in the ecosystem outside MIC.

Table 2 shows some national EQS values for pH. The Qatari seawater quality standard isin line with
these, defining alower EQS value of 6,5. US EPA's current recommended criterion for marine pH
states: pH range of 6.5 to 8.5 for marine aguatic life (but not varying more than 0.2 units outside of the
normally occurring range). Review of literature on pH tolerance indicates that there is little evidence
of harm to marine organisms from a decrease of 0,51 pH units from ambient (Knutzen 1981). It is

al so suggested that marine organisms are more sensitive to arise in pH than a decrease (Wolff et al
1988). The majority of the effects observed in laboratory studies have occurred at pH levels beyond
the USEPA allowed variability of 0.2 units, only one study describing effects at pH changes of less
than 0.2 units (sublethal effect on squid metabolism). Considering aso the fact that natural pH in
marine waters may fluctuate considerably over time at one site (cf Figure 8) in spite of the buffering
capacity of seawater it is reasonable that the impact analysis applies the Qatar EQS of 6,5. We have
however also included an assessment of the impact zone necessary to comply to the EPA conservative
criterion which will givean EQSof 7,9-0,2=7,7.
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Table 2. Examples of national environmental quality standards (EQS) for pH in marine waters (From
Wolfe et a 1988).

Source EQS value
USEPA 6,5-851)
Australia 6,5-8,5
China 75-83
Japan 7,8-8,3
Qatar 6,5-8,3
UK Water Research Centre, protection of shellfish 70-85
UK Water Research Centre, protection of fish 6,0—-8,5

1) but not more than 0,2 units outside normally occurring range.
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Figure 8. Daily cycle of seawater pH at Tattosh Island (48.32°N, 124.74°W) arising from primary
production at various months of the year (indicated by color). From Wootton et a. (2008).
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5.2.3 Dissolved oxygen (DO)

Oxygen is necessary for all plant and animals. Tolerance to reduced DO varies greatly in different
parts of the marine environment. Organisms which normally live in oxygenated water, e.g. close to the
surface, and with high activity such asfish, are most vulnerable. Sediment living organisms may
tolerate very low levelsfor long periods of time. In general oxygen levels above 4,8 mg/l are
considered safe to marine life in temperate regions, and below 2,7 mg/l to be critical (Bakke et a
2002). Bull et al. (1982) consider organisms in tropical watersto be stressed at DO <4 mg/l. The
Qatar seawater quality standard for DO isaso 4 mg/l. The typical shallow water rangein DO locally
is5,5—6,5 mg/l (Chapter 3.3). On basis of the above we consider an EQS of 4,5 mgDO/I to be
sufficiently conservative in the present assessment. However, in compliance to a request from MoE an
EQS of 5 mg/l has also been included in the assessment. This may however be too conservative being
within the normal ambient range outside Qatalum (cf Chapter 3.3).

5.2.4 Sulphite as chemical oxygen demand (COD)

The potential impact of sulphite from the seawater scrubbing at Qatalum is not due to sulphite toxicity
but to the effect that oxidation to sulphate may have on the DO level. Chemical oxygen demand
(COD) expresses the amount of oxygen required to oxidize all compounds in the seawater that can be
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chemically oxidised by reaction with the DO. It shows the potential for oxidation, not what is really
oxidised. As shown in Chapter 3.3 an ambient COD of 100 mgDO/I has been found outside Qatalum.
Many countries have discharge limits for COD mostly in the range 100 — 150 mgDO/I, (Bakke et al
2002). The Qatar regulations, Annex 4,1 states alimit of 100 mg/I for discharges into water bodies.
We have not for any country found any established EQS values. Thisis reasonable since COD in itself
is not an environmental factor of concern, only how the oxidation of the COD may influence the DO.
The assessment eval uates to what extent the COD due to the sulphite may prevent that the EQS for
DO isachieved and in compliance with requirement from the MoE we have applied a zero EQS for
this.

5.2.5 Freeresidual chlorine (FRC)

To prevent biofouling in cooling water systems the inlet seawater is normally injected with
hypochlorite produced by electro-chlorination, so also at the Qatalum plant. A total chlorine analyzer
makes sure the total residual chlorine is kept between 0.1 — 0.5 mg/l in the seawater distribution
network. Additional chlorineis added to the power plant cooling seawater (max 0.15— 0.3 mg/l) as
the water hereisre-circulated in the cooling towers.

Frequently there will be an excess of chlorine relative to what is needed in the antifouling process and
the effluent may therefore contain FRC. As mentioned earlier Qatari regulations include discharge
standards for FRC in cooling water (0,05 mgCl./I), but no EQS. We have not found any national EQS
value for FRC in other countries. We have therefore defined an EQS value on basis of
ecotoxicological literature. Appendix-table A shows some of the representative data from marine
species used as basis. The most sensitive organisms appear to be phytoplankton and fish which have
NOEC" around 0,01 — 0,02 mgCl,/I. For benthic organisms there is little information on NOECs, but
the available literature gives L Cs, values from 0,1 mgCl,/I and upwards. For tropical biofouling
mussels sublethal effects may take place at levels below 0,25 mgCl,/l (Rajagopal et a. 2003).

In risk assessment guidelines established by the European Union (EU 2003) an application factor of 10
should be used on the chronic NOEC from the literature, which would give en EQS of 0,001 mgCl/I.
However, the half life of FRC in water, especially in tropical waters, is relatively short, ranging from
less than an hour to afew days (CEPA 1988), hence chronic effects on fish and phytoplankton moving
with the waters are unlikely. Also benthic organisms, which are those that will have to endure FRC
exposure for longer periods of time, are apparently somewhat more tolerant than phytoplankton and
fish. We therefore consider it safe to use 0,01 mgCl./l asthe EQS for the present assessment. With an
average ambient FRC level of 0,07 mgCl,/I, the target PNEC will be 0,08 mgCl.,/I (Table 8).

5.2.6 Scaleinhibitor

Thereisarisk that gypsum (CaS0O4) and calcite (CaCO3) may precipitate to form scale in the system
upstream of the scrubber units, in particular in the power plant cooling towers (NALCO in Hydro
2010), but mass balance cal culations conclude that thereis little risk of this happening in or
downstream of the scrubber. The risk of upstream scale formation calls for anti scaling treatment to be
implemented. The recommended meansis to use Depositrol BL5301, supplied by GE Water &
Process Technologies, which is an aqueous acidic solution of phosphonates and polymer. The product
is not classified as dangerous to the environment (GE Infrastructure 2008). The active agents are two
phosphonic acids (CAS no 2809-21-4 and 13598-36-2) which are also used in arange of household
cleaning products. Biodegradation tests of phosphonates have shown the compounds to be moderately
degradable, but stimulated by sunlight (HERA 2004). HERA (2004) summarises the available chronic
toxicity testsinto typical PNEC values ranging from 0,1 to 2,3 mg/l (average 1 mg/l) for the various
compounds.

! No Observed Effects Concentration: the highest concentration showing no short or long term effects in relevant
ecotoxicological studies.
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5.2.7 Other components
Sodiumions

The neutralization with NaOH will contribute with sodium (Nat) ions to the recipient. Evaporation in
the cooling tower and scrubber will also increase the concentration of Nat+ somewhat. Hence the
effluent will be dightly enriched in Na+ when discharged. Na+ is one of the mgjor elements of
seawater. No universal EQS values can be defined for Na+, since the tolerance is dependent on the
salinity range that varies from afew PSU in brackish water to more than 40 PSU in tropical waters.
Temporal salinity variation is a stronger environmental stressor than salinity level itself. Lowest
tolerance to variation is found where the natural salinity variation islow.

Sulphateions

As shown in chapter 2.1.2 the scrubber process produces sulphate (SO,?) ions that follow the effluent.
Sulphate is also a natural element in seawater, and contributes to 7.7 % of the total seawater salinity.
Hence the concentration varies proportionally with the salinity. There are no toxicological data that

can be used to establish an EQS for SO,

Sulphideions

The scrubber process may theoretically generate sulphide ions (S¥) in absence of oxygen. Sulphide as
H,S occurs naturally in the marine ecosystem, but is extremely toxic to all aguatic organisms except
for certain strains of bacteria. However, sulphide will only be present in seawater where there is no
DO and hence no organisms apart for anaerobic microbes, and derivation of an EQS isthusirrelevant

Alkalinity

There are no data on toxicity of alkalinity itself in seawater and an EQS cannot be established.

5.3 EQSvalues applied

Table 3 summarizes the EQS values used in the present assessment

Table 3. EQS values used in the impact assessment.

Parameter: EQS=PNEC
Overtemperature +3°C

pH 6,5 (7,7)

DO 4,5 (5,0) mg/l
Sulphite expressed as COD 0,0 mg/l
Residual chlorine (FRC) 0,08 mg/l

Scale inhibitor Depositrol BL5301 0,1-23mg/l Y

D Depending on phosphonate composition
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6. Operational cases

Therevised EIA covers 3 operational cases for the scrubber effluent treatment described in the Sow:

Case 1: Normal operation with NaOH neutralization giving an effluent with pH=6, DO*=2 mg/I,
and COD=0 mg/I at the outlet from the aeration basin.

Thisisthe base case where the scrubber effluent is neutralized with NaOH prior to aeration. At the
end of the aeration channel the effluent has pH = 6, DO = 2 mg/l, and COD = 0 mg/I. It is then mixed
with cooling water effluents from Qatar Steel in the MIC channel before discharge to the sea. Further
dilution will take place in the sea. Thisisidentified as Case 1A.

The evaluation also covers a Case 1B which is an exceptional situation where the NaOH neutralized
Qatalum effluent is aerated and discharged through the MI1C channel to the sea alone. The situation
may arise if the Qatar Steel effluent is not available in the channel for some reason (e.g. maintenance
shut-down). According to information from Qatar Steel a planned shut-down occurs for 1 day every
year. In addition unplanned shut-downs may occur. It is anticipated that these events will last for short
periods only. The physical and chemical characteristics of the effluent entering the sea from Case 1A
and 1B are givenin Table 4.

Table 4. Physical and chemical characteristics of the effluent to the seain Subcase 1A (combined
Qatalum and Qatar Steel effluents entering the sea) and Subcase 1B (Qatalum effluent entering the sea
aone), and EQS values applied. n.a.: not applicable.

Parameter: Level in Level in Level in EQS=PNEC
Qatalum Qatar Steel combined applied
effluent (Case | effluent effluent (Case
1B) 1A)

Flow rate 16380 m%h | 44000 m*h | 60380 m¥h n.a

Temperature (min — max) 27-43°C 26-42°C 26-42°C n.a.

%g;??g%“re relaiveto | 59 _goocyy | 56°C 49-63°C +3°C

Salinity 47 PSU 47 PSU 47 PSU n.a

pH 6,0 8,2 72-807) 6,5 (7,7)

Alkalinity 0,0 meg/l 2) 2,4 meq/l 1,8 meg/!l n.a

Dissolved oxygen (DO) 4,0 mg/l 3) 5,0 mg/| 4,7 mg/l 4,5 (5,0) mg/l

Sulphite expressed as COD 0,0 mg/l 0,0 mg/l 0,0 mg/l 0,0 mg/l

\I/\lvg :lﬁgﬁtiﬁgroduced from 182 mg/l 0 mg/l 49 mg/l n.a

Total sulphate in effluent 4) 4216 mg/| 3550 mg/l 5) 3731 mg/| n.a

Residua chlorine (FRC) 0,0mgCly/I 6) | <0,1mgCly/l | <0,07 mgCl,/| 0,08 mg/l

1) From Qatalum EIA, Table 6.5

2) All dkalinity is consumed in the scrubber

3) According to CtO conditions

4) When natural sulphate from intake seawater isincluded

5) Assuming no evaporation in Qatar Steel condensers

6)According to Hydro (2010).

7) Based on the experimental results for pH change during dilution with seawater of a simulated scrubber
effluent having pH=6 after neutralization with seawater and with purging. The value 7,2 is from the NIVA
trials, 8,0 from the ESC trials.

! Dissolved oxygen
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Case 2: AsCase 1A, but with failure of NaOH neutralization giving an effluent with pH-
conditions as described from the ESC experiments, DO= 0 mg/l, and COD= 25,3 mg/I.

In this case the 16,000 m*h Qatalum effluent will go directly to aeration without any treatment with
NaOH. The effluent entering the MIC channel will have apH as described from the ESC experiments
(Appendix C), DO =0 mg/l, and COD = 25,3 mg/I. In the MIC channel it will be mixed with Qatar
Steel cooling water prior to discharge to the sea.

Case 2 isnot strictly covered by the NIVA (Appendix B) or ESC (Appendix C) experiments. The best
simulation of what happensin the MIC channel in Case 2 is a combination of the experiment where
the scrubber effluent of pH=3 was neutralised with seawater without air purging and the experiment
with subsequent dilution of this mixture with additional seawater. The first experiment showed that
185 ml seawater were needed to raise 300 ml of test effluent from pH=3 to pH=6. In proportion to this
the processing of 16 000 m*h of Qatalum effluent demands 9 900 m*h of the Qatar steel water. This
leaves 34 100 m*/h for the subsequent dilution giving in adilution factor of 34100/(16000+9900) =
1,3. According to the ESC results from the second experiment such dilution will raise the pH from 6 to
8,02, which will then be the overall pH at discharge to the sea. From the corresponding NIVA
experiment adilution factor of 1,3 resultsin a somewhat lower end pH of 6,9. Some of thisis
explained by the lower natural pH (7,85) in the dilution seawater used in the NIV A experiments
compared to the ESC experiments (8,23), but even after adjustment for that the NIV A experiment
gave adlower initial increase in pH with dilution than the ESC experiment (Figure 9). The physical
and chemical characteristics of the combined effluent entering the sea are given in Table 5.

Table 5. Physical and chemical characteristics of the effluent to the seain Case 2 (combined Qatalum
and Qatar Steel effluents entering the sea, without NaOH neutralization), and EQS values
applied. n.a.: not applicable.

Parameter: Level in Level in Qatar | Leve in EQS=PNEC
Qatalum Steel effluent combined applied
effluent effluent

Flow rate 16 000 m*h 44 000 m*/h 60 000 m*/h n.a

Temperature (min - 27-43°C 26-42°C 26-42°C na

max)

Overtemperature relative o o o o

to ambieﬁt (AT) 29-82°C1) 56°C 49-6,3°C +3°C

Salinity 47 PSU 47 PSU 47 PSU n.a.

pH 6,0 8,2 6,9 - 8,05) 6,5 (7,7)

Alkalinity 0,0 meg/l 2) 2,4 meg/| 1,8 meg/l n.a

Dissolved oxygen (DO) 4,0 mg/l 3) 5,0 mg/| 4,7 mg/l 4,5 (5,0) mg/l

Sulphite expressed as

COD 25,3 mg/l 0,0 mg/l 6,7 mg/l 0,0 mg/l

E?mwvbgiffggﬁéced 182 mg/l 0 mg/l 49 mg/l n.a

Total sulphate in effluent 4216 mg/| 3550 mg/I 3731 mg/l n.a.

Residua chlorine (FRC) | 0,00 mgCl,/l 4) < 0,1 mgClJ/l <0,07 mgCl/I 0,08 mg/l

1) From Qatalum EIA, Table 6.5

2) All dkalinity is consumed in the scrubber
3) According to CtO conditions.

4) According to Hydro (2010).

5) Based on the experimental results for pH change during dilution with seawater of a simulated scrubber
effluent having pH=6 after neutralization with seawater and with purging. The value 6,9 isfrom the NIVA

trials, 8,0 from the ESC trids.
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Case 3: AsCase 1A with additional mixing with QPCC process water in the aeration channel.

In this case the 16,000 m*h Qatalum effluent will be mixed with 15 000 m*h of process water from
Qatar Petrochemicals Complex (QPCC) in the aeration basin and the combined effluent from the basin
will join the 44,000 m*h Qatar Steel cooling water in the MIC channel prior to discharge to the sea.
The QPCC effluent is expected to be on line 3-4 years after Qatalum. Information on the expected
quality of the QPCC effluent has not been available, but if the source isonly cooling water it is
reasonable to expect the same quality asfor the Qatar Steel cooling water effluent in Case 1 and 2.
This has been used in the present assessment. We have also conservatively assumed that aeration of
the QPCC water will not change the water quality. The physical and chemical characteristics of the
combined effluent entering the sea are givenin Table 6.

Table 6. Physical and chemical characteristics of the effluent to the seain Case 3 (combined Qatalum,
QPCC, and Qatar Stedl effluents entering the sea), and EQS values applied. Characteristics for
the Qatar Steel effluent are shown in Table 4. n.a.: not applicable.

Level in . Level in _
Parameter: Qatalum Iéf?;/fa;? QPCC combined EQ‘IQ‘;;dPN 2
effluent effluent ap
Flow rate 16 380 m*/h 15 000 m*/h 75 380 m*/h n.a
Temperature (min - 27-43°C 26-42°C 26-42°C na
max)
Overtemperature relative o o o o
to ambient (AT) 29-82°C 5,6°C 50-6,2°C +3°C
Salinity 47 PSU 47 PSU 47 PSU n.a
pH 6,0 8,2 7,1-802) 6,5 (7,7)
Alkalinity 0,0 meg/! 2,4 meg/l 1,9 meg/l n.a
Dissolved oxygen (DO) 4,0 mg/l 1) 5,0 mg/l 4,7 mg/l 45 (5,0) mg/l
i‘g%h'te expressed as 0,0 mg/! 0,0 mg/! 0,0 Mg/ 0,0 mg/!
Net sulphate produced
from wet scrubbing 182 mg/l 0mgl/l 39 my/l n.a
Total sulphate in effluent 4216 mg/| 3550 mg/l 3) 3694 mg/| n.a.
Residual chlorine (FRC) 0,00 mgCl,/| < 0,05 mgCl,/| < 0,07 mgCl,/l 4) 0,08 mgCl.,/I

1) According to CtO conditions
2) Based on the experimental results for pH change during dilution with seawater of a simulated scrubber
effluent having pH=6 after neutralization with seawater and with purging. The value 7,1 is from the NIVA

trials, 8,0 from the ESC trids.

3) Assuming no evaporation in the QPCC condensers.
4) The FRC in the QPCC effluent will rapidly (< 1 min) be consumed in oxidation of excess bisulphitein the
Qatalum effluent when the two effluents are mixes. Thisleaves 31 000 m® with no FRC to be mixed with the
44 000 m3 of Qatar Steel effluent having <0,1 mgCl./I.
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7. Changein pH during neutralization and ambient
dilution

Calculation of pH dilution is not straightforward as it involves a range of complex chemical
interactions co-occurring with the physical mixing with ambient seawater. In the previous version of
the Qatalum scrubber effluent impact assessment the pH dilution was based on two different model
calculations, one by AE&E Lentjes, Germany (Hydro information) made specifically for the Qatalum
effluent and one by NIV A using asimplified model directly based on the thermodynamics of the
carbonate/bi carbonate/ CO, system taking into account aso the buffering properties of natural acids of
boron.

Since there was a considerabl e discrepancy between the results of the two models Hydro decided to
base the prediction of pH changes of the scrubber effluent on empirical data generated through
neutralization and dilution experiments with the appropriate types of water. These experiments, done
initially by NIVA by use of a Norwegian seawater source, and finally by ESC using 5 different
seawater sources outside Qatalum (cf Table 7 and Figure 10) forms the basis for the dilution pattern
used to calculate the necessary ambient dilution factors for pH. The experiments (cf. Appendix B and
C) had a two-step approach. First the pH change was recorded when an artificial seawater effluent
acidified with sulphuric acid to pH=3 was neutralised with NaOH or seawater to pH=6. Thereafter this
water was subjected to stepwise dilution with seawater and the pH change followed until ambient level
was reached. Results from the latter part of the experiment are given in Figure 9.

The two experiments show a discrepancy in pattern with a somewhat slower initial pH increase during
dilutionin the NIVA experiments (Figure 9). The reason for thisis not clear and in the impact
assessment we have applied the most conservative pattern (slowest increase) represented by the blue
lines in the bottom graph in Figure 9.
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Figure 9. Top: changein pH of an experimental effluent with initial pH=6 as function of dilution with
ambient seawater in the NIVA (blue) and ESC (red) experiments. The difference in endpoint pH is due
to different pH in the dilution seawater used by the two consultants. Bottom: same results but
normalized for this difference to facilitate the comparison®.

7.1 Estimated supply of NaOH required for effluent neutralization

The protocol developed by NIV A requires that ESC uses a 0,05N NaOH solution in their
neutralization experiments, which is equivalent to a NaOH concentration of 2 g/l. The amount of this
solution necessary to raise the pH of 300 ml simulated scrubber effluent from 3 to 6 as found by ESC
is shown in Table 7. Scaling these figures to the total Qatalum scrubber effluent flow of 16 000 m¥/h,
shows a demand of pure NaOH at arate of 660-768 kg/h with simultaneous air purging and 757-992
kag/h without purging.

A corresponding estimate based on the design valuesin Figure 4 and Chapter 2.1.3 gives a net
addition of 874 kg/h (380 m¥/h of neutralization liquid containing a net addition of 2,3 kg/m3 of Na+
ions (0,1 mol/l) from the NaOH). The two estimates are in reasonable correspondence.

! The difference between the pH of the test effluent and the seawater used for dilution was set to 100 %. The pH
increase is then scaled within this range.
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Table 7. Amounts (ml) of 0,05N NaOH solution required to raise the pH from 3 to 6 in 300 ml of
simulated scrubber effluents made from various local sources of seawater. The results are taken from
the ESC titration experiments. The sampling points are shown in Figure 10.

Water source for preparing Amount of NaOH solution (ml) used for neutralization
simulated effluent with simultaneous air purging without air purging
Loc 1 (at Berth 8) 6,7 8,1

Loc 2 (at Berth 8) 6,5 8,5

Loc 3 (at Gabbro Berth) 6,2 8,6

Loc 4 (at Gabbro Berth) 6,3 7,1

Loc 5 (in Qatalum SW intake) 7.2 9,3

Figure 10. Sampling points for seawater samples for the ESC experiments (see also Table 7).
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8. Environmental impact assessment

8.1 Ambient effluent dispersion and dilution dynamics

When the effluent from the MI1C channel enters the sea a gradual mixing of the plume with ambient
water will start immediately (Figure 6). In this process the levels of the various compounds and
characteristics gradually approach ambient levels. If the ambient seawater has lower concentrations of
chemicals of concern than the effluent, the overall concentration will gradually be reduced. The
mixing and transport processes are most often described through numeric modelling, but could also be
based on empirical data. In the present assessment we have used previous modelling results from

d’ Appoloniamade available to us to estimate the change in PEC" levels of the various parameters with
distance and time.

Often the velocity of the effluent at discharge will cause near zone turbulence and a phase of rapid
turbulent primary mixing just outside the discharge point. However in less than a minute, normally,
the jet driven movement of the effluent ceases and the plume will move with the ambient currents.
During this secondary phase the plume will be further mixed with ambient seawater and at the same
time transported away from the outlet. At a certain stage the mixing causes the PEC levels of the
parameters of concern to equal the EQS or PNEC (ratio PEC/PNEC = 1), and beyond this point there
is no further risk of environmental effects from that parameter. The geographical position where
PEC/PNEC < 1 for all parameters is defined as the outer boundary of the impact zone. The volume
increase of the effluent-ambient mixed plume necessary to reach the PEC/PNEC=1, is defined as the
mixing or dilution factor for that compound.

For the dispersion modelling d’ Appolonia has used awell tested and appropriate model CORMIX®.
Their conclusion isthat dilution during the primary mixing phase is <11 times for most local current
situations and <3 for stagnant currents. This can be regarded as typical for channel outlets with a
relatively low effluent velocity at discharge: about 0,8 m/sec for the combined Qatalum and Qatar
Steel effluent and 0,2 m/sec for the Qatalum effluent alone. We may therefore expect that the effluent
almost immediately is mixed with at least 3 timesit own volume with ambient seawater. If a
PEC/PNEC<1 is achieved during this phase there is no reason for environmental concern since the
exposure will be for less than 1 minute.

During the secondary mixing a further dilution factor of 5 (overall factor around 15 — 55 times) is
achieved within a distance of 250 — 500 m dependent on current conditions.

The overtemperature reduces water density of the effluent relative to ambient and hence reduces the
vertical mixing of the effluent after discharge. According to the dispersion modelling the effluent will
spread horizontally far more than vertically. With a channel outlet depth of 1,2 m this should result in
a plume most often distributed within the upper 1 m. This strongly reduces any risk of encounter
between the effluent and seagrass communities living mostly below 2 m depth.

In Table 8 we have summarised the effluent characteristics at the outlet to the seafor the different
cases and parameters (from Table 4-Table 6), the characteristics of the ambient seawater (Chapter 3),
the EQS values (Table 3), and the necessary dilution factors to reach PEC/PNEC = 1 for each
parameter.

! Predicted Environmental Concentration
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Table 8. Overview of effluent and ambient characteristics, EQS (=PNEC) values used, and dilution
factors required to obtain PEC/PNEC=1 for the effluent parametersincluded in the

assessment of the selected discharge cases. n.a. denotes * not applicable’.

A
Case 1A Level in effluent Ambient EQS Dilution
(Table 4) levels factor
Flow rate m*/h 60 000 n.a n.a n.a
Temperature (min —max) °C 26-42 20-37 23-40 n.a
Overtemperature relative to 49-6,3 0 3 0,6
ambient (AT) °C
Salinity PSU 47 40-47 n.a
pH 7,2-8,0 8,3 6,5 (7,7) 0(0-1)
Alkalinity meg/l 1,8 241 n.a
Dissolved oxygen (DO) mg/| 4.7 55-6,5 4,5 (5,0) 0(0,2-0,5)
Chemical oxygen demand 0,0 0,02 0,0 0,0
(COD) mgl/l
Total sulphate mg/| 3731 3200-3650 n.a.
Residual chlorine (FRC) <0,07 0,07 0,08 3) 0,0
mgCl,/|
B
Case 1B Levd in effluent Ambient EQS Dilution
(Table 4) levels factor
Flow rate m*/h 16 000 n.a n.a n.a
Temperature (min —max) °C 27-43 20-37 23-40 n.a
Overtemperature relative to 29-8,2 0 3 0-1,7
ambient (AT) °C
Salinity PSU 47 40-47 n.a
pH 6,0 8,3 6,5 (7,7) 0(3)
Alkalinity meg/l 0,0 24 n.a.
Dissolved oxygen (DO) mg/| 4,0 556,5 45 (5,0) 0,3-0,5(1-2.0)
Chemical oxygen demand 0,0 0,0 0,0 0,0
(COD) mgl/l
Total sulphate mg/l 4216 3200-3650 n.a.
Residual chlorine (FRC) 0,00 0,07 0,08 0,0
mgCl./|
Continues.
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C

Case?2 Levd in effluent Ambient EQS Dilution
(Table5) levels factor

Flow rate m*/h 60 000 n.a n.a n.a

Temperature (min —max) °C 26-42 20-37 23-40 n.a

Overtemperature relative to 49-6,3 0 3 06-11

ambient (AT) °C

Salinity PSU 47 40-47 n.a

pH 6,9-8,0 8,3 6,5 (7,7) 0(0-2)

Alkalinity meq/I 1,8 24 n.a

Dissolved oxygen (DO) mg/| 47 5565 4,5 (5,0) 0(0,2-0,5)

Chemical oxygen demand 6,7 0,0 0,0 3-7(5-14) 4

(COD) mg/l

Total sulphate mg/l 3731 3200-3650 n.a.

Residual chlorine (FRC) <0,07 0,07 0,08 0,0

mgCl,/|

D

Case3 Level in effluent Ambient EQS Dilution
(Table 6) levels factor

Flow rate m’/h 75 000 n.a n.a n.a

Temperature (min —max) °C 26—-42 20-37 23-40 n.a.

Overtemperature relative to 50-6,2 0 3 0,7-11

ambient (AT) °C

Salinity PSU 47 40-47 n.a

pH 7,1-8,0 8,3 6,5 (7,7) 0 (0-1)

Alkalinity meqg/| 19 2,4 n.a

Dissolved oxygen (DO) mg/l 4,7 55-6,5 45 (5,0) 0,2-0,5

Chemical oxygen demand 0,0 0,0 0,0 0,0

(COD) mgl/l

Total sulphate mg/l 3694 3200-3650 n.a.

Residual chlorine (FRC) < 0,07 0,07 0,08 0,0

mgCl./|

1) Expected, not measured

2) Omitting the ambient COD representing slowly degradable matter.

3) EQS+ ambient level

4) Cadculated from anet DO deficit of 4,7-6,7 = -2 mg/l. Dilution required to raise DO from -2 mg/l to +5

mg/l.

8.2 Degree of impact from the factor s of concern

8.2.1 Temperature

Dilution factor necessary to comply with the EQS of +3 °C will be 1,7 or less (Table 8) for the
expected effluent AT range. This shows that for al the cases the EQS will be reached during primary
mixing, i.e. at short distance and in less than 1 minute for both scenarios. Thisimplies that the
environmental effect of overtemperature will be insignificant in all the cases.

8.2.2 pH

The dilution requirements to obtain the EQS for pH has been based on the empirical data generated in
the experiments described in Chapter 7 and Appendix B and C.
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Asshown by Table 4 - Table 6 the lowest pH expected in the effluent from any of the cases when
entering the seais 6,0 (Case 1B). All other cases comply with the Qatari EQS before any ambient
dilution has occurred. For Case 1B less than 1.1 dilution with the typical local seawater will comply
with the Qatari EQS. To comply with the EQS of the US EPA 3 times dilution is sufficient in case 1B
and 0 — 2 times dilution in the other cases. Thisimplies that a pH well within the range that gives no
risk to marine life, is achieved during the rapid primary mixing phase for all the casesin the
evaluation, even for Case 2 involving afailure of the NaOH neutralization.

The two experiments show a discrepancy in pattern with a somewhat slower initial pH increase during
dilutionin the NIVA experiments (Figure 9). If the rate found by NIV A isthe case aso for dilution
with the local ambient seawater, a dilution factor of about 5 would be required to obtain pH=7,7 in the
effluent plume from Case 1A and less than thisin all other cases. This dilution will be achieved well
within adistance of 250 dependent on current conditions. In this zone pelagic organisms may be
exposed to pH between 6 and 7,7 for a maximum period of about 15 minutes (based on the average
current velocity). Thisistoo short to elicit any effects of significance. Thereislittle risk that benthic
organisms, e.g. the seagrass beds, should encounter reduced pH since the plume will be dispersed in
the upper waters.

8.2.3 Dissolved oxygen (DO) and sulphite expressed as COD

In Case 1A the DO at the outlet will be 4,7 mg/l, and there will be no COD. A dilution factor of less
than 1 isrequired to obtain the EQS of 5 mgDO/I and even less for an EQS of 4,5 mg/l (Table 8A).
According to the d* Appolonia modelling this will be reached during the primary mixing. Effluent
impact on ambient oxygen conditionsin Case 1A is therefore insignificant, and will cause no
environmental effects.

In Case 1B the DO at the outlet will be 4,0 mg/l and there will be no COD. The necessary dilution will
be less than 1 to reach the EQS of 4,5 mgDO/I and 2 or less for an EQS of 5 mgDO/I. These dilutions
are also obtained during primary mixing.

In Case 2 the DO will be 4,7 mg/l and the COD 6,7 mg/| at the outlet. The DO itself would require a
dilution factor of lessthan 1 to reach the EQS asin Case 1A. However, assuming conservatively that
the sulphite is oxidised immediately, the effluent entering the seawill in the worst case have aDO
deficit of -2 mg/l. A dilution factor of 3-7 isrequired to raise this to the EQS of 4,5 mgDO/| (Table
8C) and 5-14 if the EQSis 5 mgDO/I. The d’ Appolonia model suggests that a 7 dilution in most cases
will be abtained within 250 m from the outlet and 14 times within 500 m. Thisimplies that pelagic
organism encountering the effluent plume during a Case 2 may be exposed to DO levels less than 4,5
mg/l within the 250 m distance and (based on the average current velocities) for a maximum period of
about 15 minutes. Thereislittle risk that benthic organisms, e.g. the seagrass beds, should encounter
reduced DO since the plume will be dispersed in the upper waters, but if it happens no impact is
expected since the duration of a Case 2 will be short.

In Case 3 the DO will be 4,7 mg/l and the COD 0,0 mg/I at the outlet. Thisisthe same asfor Case 1A
and the EQS will be reached during the primary mixing.

In summary the greatest ambient mixing to obtain EQS compliance for DO is 7 times during a Case 2
giving an impact zone with reduced DO out to about 250 m distance and an exposure time of about 15
minutes for pelagic organisms. This situation, reflecting afailure in the NaOH neutralization, must be
expected to last for short periods only. Under normal operation a DO concentration that is not harmful
will be reached within less than a minute and there will be no effects on local organisms. Relative to
an EQS of 5 mgDO/I the impact zone in Case 2 is extended to 500 m.
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8.2.4 Freeresidual chlorine (FRC)

According to Hydro (2010) the probability that the effluent from Qatalum contains FRC is very small.
Thisis due to the reaction of the chlorine with alarge excess of sulphite and especialy bisulphite
produced in the scrubber process:

SO; +HOCI > SO, +ClI"+H"
HSO; + HOCI > SO, "+ Cl + 2H"

These reactions will also speed up the conversion of sulphite and bisul phite to sulphate. In fact
bisulphite is used to dechlorinate treated sewage. These reactions are completed within about one
minute after the effluent leaves the scrubber and hence well within the 18 minutes the effluent takes to
reach the aeration chamber. Hence, if the Qatar Steel and potential QPCC effluents do not contain
FRC the effluent to the seawill have no FRC in any of the treated cases. If the Qatar Steel or QPCC
effluents contain FRC, and provided they comply with the regulative discharge limit of 0,1 and 0,05
mgCl/l for existing and new effluents respectively, the combined effluent to the seawill have a
maximum FRC level of 0,07 mgCl./l in all the cases, and no further dilution is required to comply
with the EQS (Table 8). Hence, thereis little reason to expect any environmental impact from the
FRC.

8.2.5 Salinity

From Chapter 2.1.3 and Figure 4 it can be estimated that the neutralization with NaOH and
evaporation of the seawater in cooling towers and scrubbers give a 12% increase in concentration of
Nat ionsin the water entering the aeration chamber relative to what is in the intake seawater. After
mixing with the Qatar Steel water the effluent to the seawill have a 3% higher concentration of Nat+
ions than the ambient seawater. Nearly al of thisis due to the evaporation. Since local organisms are
adapted to a salinity variation in the range 40 — 47 PSU (18 % change), this addition isinsignificant.

8.2.6 Alkalinity

Reduced seawater alkalinity isnot in itself of environmental concern. It should however be mentioned
that a combined effect of low pH and low alkalinity can significantly increase the dilution of
carbonate, and hence reduce carbonate saturation level. There is agenera concern that this might
reduce the ability of calcification in e.g. marine bivalves, snails and corals. These aspects are presently
subjected to considerabl e research motivated by the general concern for seawater acidification (e.g.
Widdicombe and Spicer 2008).

8.2.7 Sulphate

Thetypical range in natural content of SO, in the ambient seawater is 3200 — 3650 mg/| as function
of salinity fluctuation. Complete absorption and conversion of the SO, in the flue gas to SO,%,
assuming no limitation on oxygen availability for oxidation, will give a net contribution of combustion
derived SO,% of 181 mg/l. In addition evaporation in cooling towers and scrubbers will increase the
concentration of natural SO, in the same way asfor Nat, and contribute to an elevation in S0,%
concentration compared to ambient seawater. As shown in Table 8B the highest overconcentration
relative to the ambient will occur in Case 1B: 4216 mg/l. Since seawater sulphateis of no general
environmenta concern (no EQS established) and the local organisms are adapted to a salinity variation
in the range 40 — 47 PSU (18 % variability in sulphate), and since Case 1B will be of short duration,
this elevation of SO, is not expected to cause any environmental effect.

8.2.8 Sulphide

The electrolysis process may theoretically generate sulphide ions (S%) which then may absorb in the
scrubber water. Thereislittle reason to expect chemical reduction of sulphur compounds from the
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scrubbing to sulphide. Thiswill only occur under anaerobic conditions, which is unlikely in the short
period from the scrubber to the aeration basin. The risk of H,S entering the marine environment with
the effluent is therefore insignificant in al the cases covered, and no sulphide impact is therefore
expected. Since it isdoubtful if H,Sis produced at all during flue gas scrubbing Qatalum has initiated
ameasurement program to provide evidence.

8.2.9 Scaleinhibitor

The recommended injection of scale inhibitor to the cooling towersis 3 — 3,5 mg/l, and the
concentration in the effluent will be close to 1 mg/l provided that no phosphonate is consumed in the
scaleinhibition process. Thisis equivalent to the EQS outlined in Chapter 5.2.6 and hence no dilution
isrequired to eliminate the risk of environmental impact.
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9. Conclusions

In Case 1A (neutralization and aeration of the Qatalum scrubber effluent with subsequent mixing with
the Qatar steel cooling water before discharge) the pH is the effluent quality factor that determines the
overall geographical zone of impact within which the ratio PEC/PNEC > 1 for one or more of the
factors of concern. In the worst case pH requires a5 times ambient dilution to comply with the PNEC
or EQS. If the rate found by NIV A isthe case also for dilution with the local ambient seawater, a
dilution factor of about 5 would be required to obtain pH=7,7 in the effluent plume from Case 1A and
lessthan thisin all other cases. Thisdilution will be achieved well within a distance of 250 dependent
on current conditions. In this zone pelagic organisms may be exposed to pH between 6 and 7,7 for a
maximum period of about 15 minutes, which istoo short to elicit significant effects. Thereislittle risk
that benthic organisms are exposed since the plume will be dispersed in the upper waters.

In Case 1B (Case 1A, but without the Qatar Steel cooling water available) the dilution to obtain
PEC/PNEC <1 is about the same for pH, overtemperature and DO (2-3 times). Thiswill be achieved
during primary mixing. The maximum duration where organisms are exposed to a PEC/PNEC dlightly
above 1l islessthan 1 minute. Furthermore, the exposure will be episodic each time only lasting for a
few days.

In Case 2 (Case 1A without NaOH neutralization) the factor determining the impact zone will be COD
from oxidation of sulphite. In the worst case adilution factor of 7 is required for PEC/PNEC to be less
than 1 (14 if avery conservative EQS of 5 mgDO/I is used). This dilution will be achieved within 250
m from the outlet. It is confined to the zone already strongly influenced by the ship traffic to the
Mesaieed Industria City (Figure 11). Pelagic organism drifting with the water may be exposed to DO
between 0 and 4,5 mg/l for amaximum period of about 15 minutes. Thisis hardly sufficient to damage
individual plankton organisms, and will certainly not cause any significant impact on the local pelagic
ecosystem. Thereislittle risk that sea bottom organisms within the impact zone should encounter
reduced DO since the plume will be dispersed in the upper waters until sufficiently diluted. This
situation will only occur if the sulphite oxidation is spontaneous. A more likely situation is that the
sulphite is gradually oxidised in the recipient. In that case thereis no risk of a DO deficit and
PEC/PNEC<1 will be obtained during primary mixing.

In Case 3 (Case 1A with additional mixing of afuture QPCC cooling water into the overall effluent) a
dilution factor of maximum 1 is needed to achieve PEC/PNEC<L1 for pH and overtemperature and less
than this for al the other factors of concern. Necessary dilution will be achieved during primary
mixing, and the impact zone and exposure duration will be asin Case 1B.

The impact of elevated level of theions Na’, S0,%, and §%, FRC, scale inhibitor, gypsum, and calcite
in the effluents has also been evaluated. There is reason to believe that FRC, gypsum, and calcite will
not be present in the effluent in any of cases, and none of the others will determine the extent of an
impact zone for the effluent. It is also expected that alkalinity reduction will not cause any
environmental damage, although there is a general concern that chronically reduced alkalinity and
lowered pH may act together to hamper development of cal careous structures in shellfish and corals.
However such organisms have not been recorded and are probably not present within the impact zone.

In conclusion the maximum extent of potential environmental effects from any of the discharge cases
evaluated will be awater body limited to 250 m from the channel outlet and to the upper 1 m of the
water column. According to available environmental information there are no significant or sensitive
habitats within this zone. Seagrass beds, which are regarded as the most valuable of the local marine
ecosystems, are only found beyond 500 m distance due to earlier dredging of the harbour seafloor to
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10 m depth (Figure 11). The typical depth range of the seagrass bedsisfrom 2to 6 m, which asois
below the impact zone.
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Figure 11. Satellite view of the MIC channel marine recipient. The yellow line shows the border of the
potential impact area within a 250 m perimeter from the Qatalum effluent outlet (Image source:
Google Earth).
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Appendix A. Technical drawing of the scrubber
effluent treatment system
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Appendix B. The NIVA neutralization/dilution
experiments

Background

During September 2009 NIV A performed a series of neutralization and dilution experimentsto
determine the pattern of pH change under various treatments of a simulated seawater scrubber
effluent. The experiments aimed to simulate various treatment options of the Qatalum scrubber
effluent, and covered combinations of neutralization with NaOH, dilution with seawater, and purging
with air. On basis of the experiments a detailed protocol for such experiments was developed and
submitted to Hydro to be used by Qatari laboratories on local seawater samples.

Technical description

The pilot experiments have been performed in the NIV A laboratories in Oslo. The volume scale of the
experiments has been adjusted to compromi se between volumes required to give representative results
according to the objective and practical considerations for desk top laboratory tests. The tests consist
of a series of neutralization and dilution experiments with seawater samples conditioned by use of
sulphuric acid to simulate an effluent from the planned Qatalum flue gas scrubber.

Test 1. Neutralization with NaOH
The SoW given for this test was:

Determine the amount of NaOH required to neutralize to pH = 6. Measureinitial pH in local seawater
at e.g. 20 degrees C. Add 185 mg H2304 to 1 litre of seawater; measure resulting pH at e.g. 20
degrees C. Purge with air to seeif stripping of CO2 influences the pH. Titrate with NaOH to
determine required amount to reach pH = 6. Take sufficient pH readings to get a good curve.

The experimental studies were organized according to the Protocol given in Appendix 1. The seawater
and the solutions where conditioned to a temperature of 20°C.

A 2 litre glass beaker fitted with a magnetic stirrer was used for the preparation of an initial solution
(Sol-0) simulating the scrubber effluent. A volume of 0.1 ml of concentrated H,SO, (with the density
1.84 kg/l) was added to 1 litre of seawater (SW) obtained from 60 m depth at the NIVA Marine
Research Facility Solbergstrand (with initial pH=7.86). The resulting pH for temperature 20°C was
3.06 (3.03, 3.06 in aparallel experiment). Here and below the pH is given in NBS units. The pH of
this solution was stable for several days.

Further experiments were done with 300 ml samples of the Sol-0.

The results of titration with 0.05N NaOH without purging and with purging are shown in Figure 1.
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Figure 1. Ratio between the NaOH (0.05N) and initial solution Sol-0 (1.85 mg H2SO4 in 11 of the
SW) necessary to reach pH=6. Titration applied for 300 ml of Sol-0 with and without purging.

Under moderate mixing with a magnetic stirrer (300 rpm) and without purging the volumetric ratio
between NaOH (0.05N) and Sol-0 should be 0.025-0.029 to reach pH=6.0. In case of purging this pH
value isreached at ratio 0.023-0.024.

Test 2. Neutralization with seawater
The SoW given for this test was:

Determine the amount of seawater required to neutralize to pH = 6: Initial steps as above, then titrate
with seawater to determine required amount to reach pH = 6. Take sufficient pH readingsto get a
good curve

Under moderate mixing with amagnetic stirrer (300 rpm to avoid formation of bubbles) and without
purging the volumetric ratio between SW and Sol-0is 1.13-1.17 when pH=6.0 is reached (Figure 2).
In case of purging this pH value is reached at ratio 0.55-0.59.
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Figure 2. Ratio between the seawater (SW) and initial solution Sol-0 (1.85 mg H2SO4 in 11 of the
SW) necessary to reach pH=6. Titration applied for 300 ml of Sol-0 with purging and without.

The pH of this neutralized mixture solution with pH=6 was unstable. It increased from 6.03 t0 6.19 in
3 hours and to more than 7.00 after 1 week. It isthus necessary to make studies directly after this
solution is prepared.

The experiments above demonstrate that at pH from 4 to 5 the pH starts to increase faster with further
addition of NaOH/seawater. This behaviour can be explained by the thermodynamics of the carbonate
system.

Test 3. Further dilution with seaweater after pH hasreached 6
The SoW given for this test was:

Establish further pH — dilution relationship: Dilute the neutralized mixture (pH = 6) with more
seawater to deter mine the relationship between dilution factor and pH in the range between pH 6 and
8. Suggested dilution factorsto be measured: 1:1, 1:2, 1:3, 1:5, 1.7, 1:10, 1:20, 1:50 og 1:100. The
above to be done with all parallel samples and at two temperatures.

The starting point of thistest was the test solution So-0 after neutralization to pH 6 (Sol-1). The results
of dilution experiment with 3 replicate samples are given in Figure 3 and Table 1. All the required
dilution ratios between the SW and Sol-1 given in the SOW were included.

57



NIV A 5982-2010

Table 1. Change of pH as afunction of dilution factor between the SW and Sol-1

Factor Sample 1 Sample 1 Sample 1
100% of Sol-1 6,02 6,03 6,11
100% of SW 7,84 7,85 7,86
1 6,69 6,88 6,76
2 6,96 7,06 7,08
3 7,19 7,33 7,27
5 7,43 7,48 7,50
7 7,56 7,59 7,60
10 7,65 7,68 7,69
20 7,76 7,76 7,77
50 7,83 7,83 7,84
100 7,85 7,84 7,85

+ 4+ Sample1
A—A—A Sample 2

Sample 3

6.4
| | | | |

0 20 40 60 80 100
Dilution factor (SW / Sol-2)

Figure 3. Change of pH as afunction of dilution factor between the SW and Sol-1 (neutralized mixture
with pH =6).

The low natural pH of the seawater used (7.86) does not allow us to study the whole span of values of
pH from 6to 8. A repetition of the test with the local Qatar seawater may therefore produce another
curve shape, provided the natural pH of that water is higher. However, there is no reason to expect that
the variability among replicate runs will be different from that shown in Error! Reference sour ce not
found..
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Procedural protocol for testson changesin pH of simulated Qatalum
FGSWOD scrubber effluents during neutralization with NaOH and/or

ambient seawater

On basis of the very good correspondence between replicate runs in the above tests, they have been
considered to be an adequate basis on which to build atest protocol for the Qatar experiments. The
experimental protocol isgiven here.

Equipment

pH-meter with a combined pH electrode (with resolution 0.01 and accuracy not less than +/-0.02.
Example: ATI Orion PerpHecT Meter Model 330)

Magnetic stirrer with immersable magnet

Eppendorf Multipette Xstream manual dispenser (Figure 4) with syringes for 50 ml (2 units), 5 ml (3
units)

Calibrated pipette for 0.100 ml with tips.

Thermostat (e.g. RTE-100)

Air pump (ordinary aguarium air pump and tubing for it will do)
Tubing for air pump and the purging device

T-branch for tubing.

Glassware

2000 ml glass beakers

1000 ml glass beakers

50 ml glass beakers (2 units)

1000 ml volumetric cylinder

500 ml volumetric cylinder

1000 ml glass flask for seawater (SW) (2 units)

100 ml volumetric flask

50 ml Erlenmeyer flasks or a50-100 ml beaker (2 units)
Washer for Distilled Water (DW)

Figure 4. Eppendorf Multipette
Xstream manual dispenser with a
50 ml syringe

Reagents

Standard buffer solutions for pH meter calibration (e.g. NBS/IUPAC/NIST 4, 7, 10)
Concentrated sulphuric acid H,SO,

5N NaOH (Merck) solution

Distilled Water (DW)
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Figure 5. Thermostat, magnetic stirrer, pH meter, and air pump.

Experimental set up

The pH €electrode is mounted on alaboratory stand to allow measurement of pH directly in the test
beakers supplied with magnetic stirrer (Figure 5).

The calibration of the pH meters with the standard buffer solution should be
made at least once a day according to the instruction for the pH meter.

To make experiments on the influence of purging with air the simplest solution
isto construct an “O”-ring bubbler from a silicone hose (inner diameter about
3 mm) with holes attached to an aguarium air pump (Figure 6). The perforated
ring can be immersed in the test beaker without disturbing the magnetic stirrer
(Figure 8 and 9).

Figure 6. “O"-ring bubbler for air purging unit made from a silicone hose with
holes (see aso Figure 9)

Preparation of test sample Sol-0

Sampling and temperature adjustment of stock seawater or effluent sample.
A stock sample (minimum 10 litre volume) of the appropriate seawater to be tested should be done
manually by use of clean bottles, preferably glass. These stock sample(s) should be stored refrigerated
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and in darkness until use. Prior to the test 1000 ml bottles of stock should be adjusted to the required
temperaturein e.g. athermostat.

Measurements of the stock sample prior to preparation of Sol-0.
Measure the pH of the stock sample to the nearest 0,01 level and take at least one 50 ml subsample for
measurement of alkalinity.

Preparation of solution Sol-0.

Use a 2000 ml glass beaker supplied with a bottom magnetic stirrer. Add 1000 ml of temperature
adjusted stock to the beaker with a 1000 ml volumetric cylinder. Switch on the stirrer and add 0.100
ml of concentrated H,SO, carefully to the stock (use a calibrated pipette). Measure the pH. Theoretical
concentration of H* ionsin this sample should be about 2 x 10° mol/I, and pH about 3 or somewnhat
higher depending on the seawater pH and alkalinity. This solution (Sol-0) is stable for several days.

Replication
To obtain an estimate of experimental variability each of the experiments described below should be

repeated at least 3 times. With good laboratory practice the within experiment variability is extremely
low (examplein Figure 7).

7 e |\ — — — 7 T — — = ™ - - — - = - - — — = = - — — — |
| | | | | | |
- | | <>\ | | |
[ [ [ [ [
6 |+ = == = — — = /9 + === - - - = A;\:L:A:AF/\PA* =l
| | | S |
- | | | |
a2 | | | | |
Z5 —b — — — — — — — — — — - | — — — DB — — — — — b — — — — — l— — — — — - |
z | | | | |
oy | | | |
‘ ‘ ‘ +++ pHs,0=3.06, pHg,=7.86, 300 ml of Sol-0, Purging
4 — ‘L ***** : | &6 PHoy,=3.06, pH,=7.86, 300 ml of Sol-0, Purging
‘ ‘ ‘ A-AA pHg,,=3.06, pHg,=7.86, 300 ml of Sol-0
| | PHsy0=3.06, pHg,=7.86, 300 ml of Sol-0
3 e | _ _ _ _ I _ C D — I
\ \ \ \ ‘ \ ‘ \ ‘ |
0 0.2 0.4 0.6 0.8 1 1.2

Ratio SW / Sol-0

Figure 7. Example of replicate variability obtained during the NIV A pilot experiment.

Deter mination of the amount of NaOH required to neutralize Sol-0 to pH = 6 with and without
purging with air.

Dilute 1 ml of NaOH (5N) with 100 ml DW in avolumetric flask to obtain a0.05N solution for
titration.

NaOH titration without air purging
1. Measure pH of Sol-0 and take out subsample for analysis of alkalinity. Place a 1000 ml glass
beaker on the magnetic stirrer. Add 300 ml of Sol-0 to the beaker by use of a 500 ml
volumetric cylinder. Insert the pH probe directly into the Sol-0 solution. Switch on the stirrer
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and adjust to about 300 rpm. This prevents formation of bubbles which should be avoided.
(Figure 8).

2. Withdraw 5 ml of the 0.05N NaOH solution into an Eppendorf Multipette dispenser with
syringe for 5ml (or an equivalent high precision syringe) and titrate with 0.5 ml increments
till pH=5.5. After each addition wait until the pH reading is stabilized before pH is recorded.
After reaching pH=5.5 adjust the dispenser increment to 0.1 ml and continue to titrate until
pH=6.0. Record the pH after each increment. About 6-10 ml of 0.05N NaOH is needed for the
whole experiment, hence it may be necessary to refill the syringe during the titration. Take a
sample for alkalinity at the end of the titration.

Figure 8. 1000 ml beaker on the magnetic stirrer with pH probe and 300 ml of Sol-0 ready for non
purged titration. Right: showing addition of NaOH.

NaOH titration with air purging
3. Establish the experimental set up as for the titration without purging. Insert the aeration
system into thel000 ml glass beaker with the perforated ring close to the bottom (Figure 9).
Make sure that the ring does not disturb the stirrer. Switch on the stirrer and the air pump. Use
the same stirrer rate (300 rpm). The solution shall be continuously purged during the
experiment.

4. Withdraw 5 ml of the 0.05N NaOH solution into an Eppendorf M ultipette dispenser with
syringe for 5 ml (or an equivalent high precision syringe) and titrate with 0.5 ml increments
till pH=5.5, then change increment to 0.1 ml and continue to titrate till pH=6.0. Record the pH
when stable after each increment. Take afinal sample for analysis of alkalinity.
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Figure 9. A 1000 ml beaker with magnetic stirrer, air purging running, pH probe and 300 ml of Sol-0
ready for titration with purging.

Determination of the amount of seawater required to neutralize the Sol-0 to pH = 6 with and
without purging with air.

Thistest aims at determining the development in pH of the Sol-0 during neutralization with ambient
seawater or other sources of water when NaOH neutralization is not applied.

Measure the pH of the seawater (called dilution water) used for the neutralization prior to the test.

Seawater titration without air purging
5. Repeat Step 1. above.

6. Withdraw 50 ml of the dilution water into an Eppendorf Multipette dispenser with syringe for
50 ml (or an equivalent high precision pipette) and titrate with 10 ml increment till pH=5.5.
After each addition wait until the pH reading is stabilized before pH is recorded. After
reaching pH=>5. 9 adjust the dispenser increment to 5 ml and continue to titrate until pH=6.0.
Record the pH after each increment. Take a sample for alkalinity at the end of the titration.

Seawater titration with air purging
7. Repeat Step 3 above.

8. Repeat Step 6 above.

Determination of pH changein the Sol-0 neutralized to pH 6 (Sol-1) during subsequent dilution
with seawater

The aim of the test isto obtain data for the relationship between the change in pH and the dilution ratio
during natural dilution of an effluent having pH=6 with ambient seawater. The procedure below will
be the same for all end point solutions from the previous experiments ( NaOH or seawater, with and
without purging).

Sample a sufficient volume of ambient seawater (ca 1000 ml) in a glass bottle and store refrigerated
and in darkness until use. Condition the seawater to the test temperature prior to the experiment.
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Prepare min 500 ml of Sol-0 and neutralize to pH=6 according to either step 1 and 2 (NaOH, no
purging), 3 and 4 (NaOH with purging), 4 and 6 (seawater, no purging) or 7 and 8 (seawater and
purging) above. This solution, called Sol-1, should be used within 2 hours of preparation.

Place a50 ml Erlenmeyer flask or a50-100 ml beaker equipped with a magnetic stirrer at the stirrer
table. Add exactly 30 ml of Sol-1 to the flask by use of the Eppendorf Xstream dispenser with a 50 ml
syringe. Switch on the stirrer and adjust speed so that bubble formation is avoided (300 turns/minute).
Insert the pH electrode into the Sol-1 and record the pH when stable.

Repeat the procedure with 30 ml of the ambient seawater alone.

Subsequently repeat the procedure with mixtures of Sol-1 and seawater according to the Table 2
below. Use a separate 50 ml syringe for Sol-1 and for seawater.

Table2. Volumes of Sol-1 and ambient seawater for the pH - dilution relationship establishment.

Mixing factor Sol-1 (pH=6), ml SW, ml
- 30 -
- - 30
1 15 15
2 10 20
3 10 30
5 5 25
7 5 35
10 2,5 25
20 2 40
50 1 50
100 0,5 50
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Appendix C. The ESC neutralization/dilution
experiments

Background

On contract from Qatalum the Environmental Studies centre (ESC), at Qatar University, Doha has
performed a series of neutralization and dilution experiments by use of the NIV A protocol presented
in Appendix A to this report. The experiments utilized seawater samples from 5 different locationsin
the Qatalum seawater intake channel and outside the industrial site (Figure 1). These samples were
used both for preparing the simulated acidic scrubber effluent for testing and in the dilution
experiments with seawater. The following is an outline of the experiments prepared by NIV A on basis
of e-mail correspondence between Qatalum and ESC and on the test results submitted to NIV A in the
form of in EXCEL worksheets.

\

uifall channek:

Clatalum seawater intake

WOIE A 1y - W,
For esaci oo o

T L
ol Q=00 =R T

ayi
ian,/ Carides
o000 )

Figure 1. Sampling points for seawater samples for the ESC experiments. Location 5 iswithin the
Qatalum seawater intake.

Technical performance

The seawater samples were taken by Qatalum. One sample was taken from each site and brought
immediately to the ESC laboratory. The sample used from site 4 (the MIC channel bridge) was taken
at the surface, the others at 2 m depth. Details of the sampling and sample characterization is given in
Table 1. The experiments were done according to the NIVA protocol.
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Table 1. Sampling locations and sample description for the seawater samples used in the ESC
experiments.

Readings performed at ESC as per submitted

Ambient Readings done by Qatalum Personnel using Hach pH Meter ; i
samples using YSI Environmental pH Meter.

Location Sampling Time Parameters
Location Name Coordinates Type Type Temp. (°C)* pH
No. Start End pH Temp. (°C)

X 24° 57" 36.0"N Surface 8,26 26,71 19,5 8,19

1 Location 1 10:00 10:24 2-m Depth
51°35'47.1"E 2-m Depth 8,31 2338 34,6 8,03
) 24°57' 37.6"N Surface 8,25 27,4 19,8 8,17

2 Location 2 10:34 10:40 2-m Depth
51°35' 51.2"E 2-m Depth 8,28 23,6 34,6 8,00
. 24° 57" 40.5"N Surface 8,26 25,6 19,5 8,15

3 Location 3 10:43 10:50 2-m Depth
51°35'53.2"E 2-m Depth 8,28 24,2 34,8 8,03
. Surface 8,24 29,8 19,4 8,19

4 MIC Channel (bridge) 12,24 Surface

2-m Depth 34,7 8,04
Qatalum Seawater 24°57 30.6"'N Surface 83 248 19,8 8,16

5 11:10 11:30 2-m Depth
Intake 51°35'134"E 2-m Depth 8,29 23,4 34,5 8,01
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Main results
The main results are only presented as graphs.

A

Neutralization of Acidified Seawater (Loc. 1) using NaOH

—— Using NaOH
W/O Purging

—m— Using NaOH W/
Purging
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2 T T T T T 1

0,000 0,005 0,010 0,015 0,020 0,025 0,030
Ratio of Titrant / Sol-O1

Neutralization of Acidified Seawater (Loc. 1) using Sea Water

7,0 o
B,5 ==
6,0
55
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Ratio of Titrant / Sol-O1

—e— Using SW W/O
Purging

—a&— Using SW W/
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pH

Figure 2. Seawater from Location 1 acidified to pH=3 (Sol-01) and neutralized with NaOH (A) and
seawater (B) to pH=6 with and without simultaneous air purging.
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A
Neutralization of Acidified Sea Water (Loc. 2) using NaOH
—e— Using NaOH
W/ Purging
—=— Using NaOH
W/ Purging
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0,0000 0,0050 0,0100 0,0150 0,0200 0,0250 0,0300
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Figure 3. Seawater from Location 2 acidified to pH=3 (Sol-02) and neutralized with NaOH (A) and

seawater (B) to pH=6 with and without simultaneous air purging.
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A
Neutralization of Acidified Sea Water (Loc. 3) using NaOH
—— Using NaOH
W/ Purging
—=— Using NaOH
W/ Purging
2 T T T T T T 1
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Ratio Titrant / Sol-O3
B

Neutralization of Acidified SeaWater (Loc. 3) Using Seawater
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Purging

—&— Using SW W/
Purging

0,0000 0,1000 0,2000 0,3000 0,4000 0,5000 0,6000 0,7000 0,8000
Ratio Titrant / Sol-O3

Figure 4. Seawater from Location 3 acidified to pH=3 (Sol-03) and neutralized with NaOH (A) and
seawater (B) to pH=6 with and without simultaneous air purging.
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Neutralization of Acidified Sea Water (Loc. 4) using NaOH

6,5

pH

—e— Using NaOH
4+ W/ Purging

3.5 1 —=— Using NaOH
3 p—r - W/ Purging

7 ——————————————M-

2 T T T T 1
0,0000 0,0050 0,0100 0,0150 0,0200 0,0250

Ratio Titrant / Sol-O4

Neutralization of Acidified SeaWater (Loc. 4) Using Seawater

—e— Using SW W/O
Purging

—a— Using SW W/
Purging

0,000 0,100 0,200 0,300 0,400 0,500 0,600 0,700 0,800
Ratio Titrant / Sol-O4

Figure 5. Seawater from Location 4 acidified to pH=3 (Sol-04) and neutralized with NaOH (A) and
seawater (B) to pH=6 with and without simultaneous air purging.
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Neutralization of Acidified Sea Water (Loc. 5) using NaOH
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Figure 6. Seawater from Location 5 acidified to pH=3 (Sol-05) and neutralized with NaOH (A) and
seawater (B) to pH=6 with and without simultaneous air purging.
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A
Change of pH as a function of dilution factor between SW and Sol-1
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Figure 7. Change in pH of an artificially made and neutralized (to pH=6) scrubber effluent during
continued dilution with seawater. The starting test solution in A isthe end solution shown in Figure
1A with air purging. The starting solution in B is the end solution shown in Figure 1B with air
purging. Each dilution experiment was done in triplicate. These results are al'so shown in Table 2.
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Table 2. Dilution factors and resulting pH change in the ESC experiments simulating the ambient
dilution of an effluent with pH=6 after neutralization. The results are also shown in Figure 7.

Volumes of Sol-1(NaOH) and ambient SeaWater for pH - dilution relationship establishment
Location 3 : Acidified seawater neutralized with NaoH (Sol-1) with purging with air.

Dilution Factor *Sol-1 (pH = 6.22), mL SW, mL pH, Triall pH, Trial2 pH, Trial3
0 30 6,22 6,22 6,22
0 30 8,23 8,23 8,23
1 15 15 8,04 8,05 8,04
2 10 20 8,09 8,08 8,09
3 10 30 8,12 8,10 8,12
5 5 25 8,12 8,11 8,12
7 5 35 8,16 8,14 8,15
10 2,5 25 8,16 8,16 8,16
20 2 40 8,19 8,20 8,19
50 1 50 8,21 8,21 8,20

100 0,5 50 8,21 8,21 8,20

Volumes of Sol-la(Sea Water) and ambient SeaWater for pH - dilution relationship establishment
Location 2 : Acidified seawater neutralized with Sea Water (Sol-1a) with purging with air.

Dilution Factor *Sol-1a (pH = 6.38), mL SW, mL pH, Triall pH, Trial2 pH, Trial3
0 30 6,38 6,38 6,38
0 30 8,22 8,22 8,22
1 15 15 7,90 7,91 7,90
2 10 20 8,01 8,02 8,02
3 10 30 8,03 8,03 8,04
5 5 25 8,06 8,06 8,05
7 5 35 8,07 8,07 8,08
10 25 25 8,09 8,08 8,08
20 2 40 8,11 8,12 8,11
50 1 50 8,12 8,12 8,12

100 0,5 50 8,13 8,12 8,13
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Appendix D. Effluent and environmental
monitoring

1. Introduction

As part of the contract for the environmental impact assessment for the Qatalum seawater scrubber
effluent, NIVA has been requested to assess the adequacy of the Qatar Steel baseline study performed
by URS Qatar LLC as areference for future environmental monitoring in connection to the Qatalum
effluent to the sea, and if needed propose supplementary baseline studies. NIVA was also asked to
develop the outline of a program for follow up environmental monitoring to be implemented at the
Qatalum site. These issues are treated in the present Appendix.

2. The URS Baseline Survey (2008)

2.1. Scope and parameters

The objective of this survey has been to determine the baseline physical, chemical and biological
properties of the local marine environment outside the Mesaieed Industrial City (MIC) and identify
any sensitive receptors in the vicinity of the MIC channel outlet. Various laboratories have been
involved in the analysis and the environmental parameters covered are listed in the table below (from
the URS report).

The physical and chemical seawater parameters covered (see table below) are appropriate and form a
good baseline. In addition to those listed in the table below, the survey also covered one month
continuous logging of tide and currents. Based on general experience the results for some of the
parameters are considered to be less reliable than others, e.g. COD which is difficult to measurein
seawater, and possibly levels of PAH. Analysis of PAH in seawater at background level requires
extraction of fairly large water samples, e.g. 5 litres, and although 51 Niskin samplers were applied it is
not clear if the total volume was used for the PAH analysis.

In addition to the parameters included we recommend that supplementary measurement of ambient
alkalinity in water samplesis performed since reduced alkalinity isatypical near zone feature of
scrubber effluents. One should aso clarify the discrepancy between the URS results showing lower
ambient pH than other local studies.

The URS sediment survey covers both parameters that should be included in afuture monitoring
program and parameters that may be omitted since they are not expected to be linked to the Qatalum
effluent. Hence, PCBs, BTEX and TPH may be omitted. We expect that analysis pf sediment PAH
will be sufficient for tracing any hydrocarbon input of concern from the Qatalum effluent.

The biological survey covered zooplankton, benthic epifauna and flora (from SCUBA video
recordings) and sediment infauna. In addition the analysis of chlorophyll a gives an estimate of the
biomass of active phytoplankton in the water column. We consider these surveys to be adequate for
the baseline purpose. The zooplankton data may be considered to be semi quantitative provided the
water volume passing through the plankton net is estimated. The epifauna/flora data must be
considered to be qualitative, whereas the infauna data are quantitative since taken from a fixed size
area. Quantitative registration facilitates comparison of biological features over spaceand time. In a
follow up monitoring program one should consider applying quantitative registration of epifauna/flora
by use of afixed areaframe approach done by SCUBA divers.
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Table 1-1: Survey Sampling Regime and Analysis Conducted for Sediment and
Seawater Samples for each Survey Station

Seawater Quality and
Physical Chemistry

Sediment Quality

Underwater Observations

Field (in -situ)
Measurements

+« Water depth
« pH

«  Salinity

+« Conductivity
+« Temperature

s Dissolved Oxygen
(DO)
« % Oxygen Saturation

+« Total Dissolved Solids
(TDS)

GL

+ Benzene Toluens
Ethylbenzene (BTEX)

s Polycyclic Aromatic
Hydrocarbons (PAH)

+« Metals (Al, S, Ba, Cd,
Co, Cr, Cu, Fe, Hag,
Mn, Ni, Pb, Sn, Se,
As W, and Zn)

GL

+ Elements & Metals (Al
3, Ba, Cd, Co, Cr, Cu,
Fe, Hg, Mn, Ni, Pk, Sn,
Se, As, V, and Zn) ;

+ Total Petraleum
Hydrocarbon (TPH);

« BTEX,

» Polychlorinated
Biphenyls (PCBs),
including Aroclor 1018,
1221, 1232, 1242,
1248, 1254, and 1260;
and

« PaH
ESC

+ Particle Size Analysis
(PSA)

o Total Organic Matter
(TOM)

+ Carbonate Content

Videography of seabed

+ Characterization of

Seafloor

» Epibenthic biota

(descriptions)

Seawater Quality and
Physical Chemistry

Sediment Quality

Underwater Observations

ESC
« Total Suspended
Solids (TSS)
e Qil & Grease

« Biological Oxygen
Demand After & Days
(BODS)

¢+ Chemical Oxygen
Demand (COD}

+ Chlorophyll a
Zooplankton — URS

o |dentification to lowest
possible taxonomic
level

+ Calculation of
biomass

SGS

+ Radioactivity
Benthic Infauna — URS

+ Extraction and
ldentification to lowest
taxanomic level
possible

Statistical analysis on
biodiversity, species richness
and evenness
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2.2. Sample stations

The URS survey covered 11 stations at increasing distance south and east of the MIC channel
including one reference station to the north-east (Figure 1). One station isin the MIC channel and 3
stations cover the very near zone just outside this. Stations 6 — 9 cover the conditions in the shipping
channel, whereas station 10 describes the conditions at the eastern border of this channel. The stations
appear adequate to describe the basic conditions within the expected impact zone from the Qatalum
effluent (cf Figure 11 in the main report). Ideally the geographical coverage should be widened
somewhat towards the north, but there is no reason to expect that the baseline conditions there deviate
systematically from that which has been described at stations 6 to 10.

The point samples of water were taken at 3 different depths (surface, mid water, and bottom), except
for the shallowest stations close to the MIC channel. Together with the continuous vertical profiles
generated for the typical hydrographical and hydrochemical parameters the results ought to give an
adequate picture of the water column conditions.

Figure 1. Map of URS baseline survey sampling stations (from URS 2008).

2.3 Timing

Three sampling campaigns were completed by URS, all in July 2008 and at different times of the day.
The vertical profiles have only been logged once. Currents and tide were logged for a period of 1
month. This does not alow any seasonal trends to be described. Other studies described in Atkins
(2006) provide information on the seasonal variability in e.g. currents and hydrography (cf Figure5in
main report Chapter 3.3). Together these studies provide a picture of the local baseline seasonal
dynamics sufficient for later monitoring. Furthermore, since Qatalum isin operation it will not be
possible to generate more baseline information on local hydrographical and hydrochemical conditions
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in the potential impact zone. In the monitoring program the near zone conditions must therefore be
assessed against both the baseline data available and conditions at appropriate reference sites.

2.4 Procedures of analysis

Apparently thein situ logging has been performed with state-of-the-art methods and equipment. The
analytical laboratories have mostly applied recommended US EPA procedures which should be well
tested and reliable. Analysis of oil and grease has apparently been done by gravimetry. This may be
appropriate to log levelsinindustrial effluents, but not sensitive enough to show levels of oil
hydrocarbons in the seawater of the recipient. The latter demands either analysis based on UV
fluorescence or even better by GC/FID.

The analysis of sediment fauna also seems to be state-of-the-art including the use of the statistical
package PRIMER for data analysis. Speciesidentification from video recordings is always uncertain
and relies entirely on the taxonomic competence of the investigators. During later monitoring of
epibenthic organisms one should use fixed area frames and a combination of in-situ identification and
sampling of selected individuals for species verification in the laboratory.

3. Proposal for afuture effluent and environmental monitoring program

3.1. Purpose

The environmental monitoring program will have the following purpose:
1. Identify any environmental impact from the overall effluent to the sea when the Qatalum
installation has reached regular operation.
2. Control that the effluent complies with relevant discharge limits.
3. Control that compliance with the EQS values for parameters of concern is obtained within the
geographical impact zone predicted in the present EIA.

The results should also be used to establish if there is a systematic relationship between pH and
akalinity and how this might vary with distance from the MIC outlet. If such arelationshipis
established, the pH logging during the long term program may be used as a proxy for alkalinity.

3.2. Program outline

The Qatar MOE requests that a survey to achieve purpose 1 is performed during a maximum 3 months
period when Qatalum is fully operational. Purpose 2 and 3 shall be covered by alonger term control
programme.

3.2.1. The 3 months survey

Any effects of the discharges are expected to be subtle and should be assessed on basis of deviations
from the baseline conditions described primarily in the URS 2008 survey. The study elements
included in the 3 months survey should therefore as much as possible follow the design of the
corresponding elementsin the URS survey.

Timing

The time it takes before any environmental impacts are manifested and likely to be detected varies.
Impact on the water column physical and chemical propertiesisimmediate, whereas impact on local
benthic organisms may occur gradually. In particular one must expect that any ecosystem effects only
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appear after along exposure time. It is therefore important that a sufficient period of normal operation
precedes the survey. We envisage that one should alow at least one year of normal operation before
the survey is made.

Since the most important comparison will be with the baseline survey performed by URS in 2008 the
survey should be performed in the same season, i.e. during July or as close to that as possible. Number
of measurement campaigns for each parameter is given in Table 1.

Survey elements

The recommended survey elements are given in Table 1. Sampling methods, sample treatment and
analytical procedures should be the same as in the URS survey. Vertical profiles should be logged by
use of electrodes |lowered from the surface to the bottom. Samples for percent fine sediment (<63 pum)
and TOC may either be taken as subsamples from the infauna grab samples or as separate core
samples.

Sampling design

The sampling/measurement stations should be placed according to Figure 1. Six of the URS stations
areincluded in this design. The video transect for seagrass and epifauna should run from station 8 to
station 10 asin the URS survey.

Follow up surveys
If the above survey detects any environmental impact of concern, it is recommended that afollow up
programme s tailored to the following purpose.

o Verify whether the impact found is real or not

e Monitor changesin the impact pattern (increase or recovery) over time.

Table 1. Proposed sampling design for the 3 months survey.

Target Study element Stations Depth Frequency (day no)
Water column Temperature All Vertical profile 1, 30, 60
Salinity All As above 1, 30, 60
Dissolved oxygen All As above 1, 30, 60
pH All As above 1, 30, 60
Alkalinity All Surf, mid, bottom 1, 30, 60
FRC 4,6,9, 13, R As above 1, 30,60
Tot susp. Solids All As above 1, 30, 60
Chlorophyll a 6, 8, 13, 14 As above 1, 30, 60
Bottom sediments | % <63 mm grain 8,9 10,11 Sediment 0-5 cm once
TOC 8,9, 10,11 As above once
Benthic organisms | Sediment infauna 8,910,111 Grab depth once
Seagrass Video transect | Seabed surface 1,60
Epifauna Video transect As above 1, 60
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Figure 1. Suggested station positions for the 3 months survey. The URS stations included are shown in
yellow with original station id-number, including the reference station (R). New stations are numbered
from |l and upward to avoid confusion with the other URS stations. Isolines describe the 250 m and
500 m distance from the discharge point.

3.2.2. Long term control program
This program should fulfil 2 purposes:

e Contral that the levels of the elements of concern do not exceed the estimated levels at the
discharge point to the sea as given in Table 8A of the main report for regular operational
conditions. The same purpose isvalid if a Case 1B or Case 2 occurs. As reference against
which to assess these results, corresponding measurements should be made simultaneously in
the Qatalum seawater intake.

e Control that the levels of the elements of concern do not exceed the proposed EQS values
givenin e.g. Table 8, outside an expected impact zone within 250 m distance from the
discharge point.

Details of this control programme are given in Table 2. Logging of temperature, salinity, dissolved
oxygen and pH should be made by electrodes. In the seawater intake and MIC channel outlet the
logging should be made for a period of 10 minutes at one position.

Alkalinity, FRC and sulphide cannot be measured in situ, but requires laboratory analyses on water
samples. This enhances the complexity of the field programme. We recommend that sulphide and FRC
isincluded only if these elements are present in significant concentrations in the effluent (i.e. above
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0,1 and 0,05 mg/l respectively) at discharge to the sea. Alkalinity should also beincluded only if a
relationship between pH and alkalinity cannot be established in the 3 months survey.

The proposed programme should be executed for one calendar year (i.e. 4 campaigns). After that one
should evaluate if there is a need for continued monitoring.

Table 2. Proposed design for the long term control program

Target Study Stations Depth Frequency
element

Effluent from | Temperature | Seawater intake and Mid channel Asrequired by MoE

MIC MIC channel outlet
Salinity As above As above As above
Dissolved Asabove Asabove As above
oxygen
pH As above As above As above
Alkalinity 1) As above As above As above
Sulphide 2) As above As above As above
FRC 2) As above As above As above

Recipient Temperature | 4,6,8, 11,12, 13in Vertical profile Every 3 months

impact zone Figure 1
Salinity As above As above As above
Dissolved Asabove Asabove As above
oxygen
pH As above As above As above
Alkalinity 1) As above Surf, mid, bottom As above
FRC 2) As above As above As above
Sulphide 2) As above As above As above

1) May be excluded if a systematic relationship between pH and alkalinity is established in the 3
months program.

2) Should be excluded if sulphide < 0,1 mg/l and FRC < 0,05 mg/l in the effluent at discharge.

81




NIVA: Norway’s leading centre of competence in aquatic environments

NIVA provides government, business and the public with a basis for
preferred water management through its contracted research, reports
and development work. A characteristic of NIVA is its broad scope of
professional disciplines and extensive contact network in Norway and
abroad. Our solid professionalism, interdisciplinary working methods
and holistic approach are key elements that make us an excellent
advisor for government and society.

NIVA-

Norwegian Institute for Water Research

Gaustadalléen 21 ¢ NO-0349 Oslo, Norway
Telephone: +47 22 18 51 00 » Fax: 22 18 52 00
www.niva.no e postfdniva.no





