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Impacts on Fish

Sound is perceived by fish through the ears and the lateral line (the acoustico-lateralis
system) which is sensitive to vibration. In addition, some species of teleost or bony fish
have a gas filled sack called a swimbladder that can also be used for sound detection.
The swimbladder is sensitive to the pressure component of a sound wave, which it
resonates as a signal that stimulates the ears (Hawkins, 1983). Some groups of fish,
e.g. flatfish and elasmobranchs or cartilaginous fish such as sharks and rays, do not
posses a swimbladder and so have a reduced hearing ability. Those species that are
particularly sensitive to noise include the clupeids and gadoids (herring and cod
families).

Fish are generally sensitive to noises within the frequency range of less than 1 Herts to
3,000 Herts, however, it has been reported that they will respond consistently to very
low, or very high frequency noises (Knudsen et al. 1992, 1994). Sounds in the range of
50 to 2,000 Herts, such as the peak sound levels produced by many anthropogenic
activities, only produce short-term startle response at the outset of sound production
with subsequent habituation to noise (Knudsen et al. 1992, 1994; Westerberg, 1999).

Given the magnitude of sounds expected to be produced by the proposed Solan
development activities there are not expected to be any physical impacts on fish (Figure
4.5).

Figure 4.5. Sound Pressure Level Thresholds for the Onset of Fish Injuries
(after Turnpenny & Nedwell, 1994)
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Noise generated by drilling operations, the installation of the storage tank, and from
vessel thrusters are likely to initially produce a startle response as the noise
commences. These activities, however, are continuous, producing a constant noise
level and frequency for the duration of the activity. There is evidence that fish will
soon habituate to this type of sound and return to normal behaviour (Westerberg,
1999). There is a range of evidence to support this from underwater video inspections
of North Sea drilling and production platform jackets. These show a wide range of fish
species, especially gadoids such as cod and saithe (Pollachius virens) swimming calmly
in the immediate vicinity of the installations.

In conclusion, impacts of noise on fish in the vicinity of drilling and installation
activities are therefore considered to be negligible.
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Impact on Marine Mammals

The proposed pile driving and drilling activities undertaken as part of the Solan
development program has the potential to cause significant levels of underwater noise.
Recent amendments to the Habitats Regulations (HR) 1994 and the Offshore Marine
Regulations (OMR) 2007 make it an offence to cause either deliberate disturbance or
injury to marine EPS (under regulation 39(1) (b) of both the HR and the OMR) in such a
way as to be likely to significantly affect:

. the ability of any significant group of animals of that species to survive, breed,
or rear or nurture their young; or

) the local distribution or abundance of that species.

Consequently, the JNCC released a guidance document entitled The Protection of
Marine European Protected Species from Injury and Disturbance (JNCC, 2009) to enable
operators to conform to the requirements of the HR and OMR regulations. The JNCC
guidance defines precautionary noise exposure thresholds for injury and behavioural
responses based on the work by Southall et al. (2007).

The noise exposure thresholds proposed by Southall et al. (2007) are segregated
according to the functional hearing capabilities of different marine mammal groups, and
the different categories and metrics of typical anthropogenic sounds in the ocean.

Based on current knowledge of functional hearing in marine mammals, Southall et al.
(2007) defined five distinct, functional hearing categories which are:

1 low-frequency cetaceans (i.e., mysticetes)

2. mid-frequency cetaceans (i.e., most odontocetes)

3 high-frequency cetaceans (i.e., porpoises, river dolphins, pygmy sperm whale,
and Cephalorhynchus),

4, pinnipeds in water, and

5. pinnipeds in air.

The genera in each group, and the estimated lower and upper frequency hearing
“limits,” are shown in Table 4.4.
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Table 4.4. Functional Marine Mammal Hearing Groups (Southall et al., 2007)

Functional Estimated Genera represented Frequency-
hearing auditory . . weighting
group bandwidth (Number species/ subspecies) network
Low-frequency | 7 Hz to 22 kHz Balaena, Caperea, Eschrichtius, Megaptera, M
cetaceans Balaenoptera
(Lf: low-
(13 species/subspecies) frequency
cetaceans)
Mid-frequency 150 Hz to 160 Steno, Sousa, Sotalia, Tursiops, Stenella, Delphinus, M
cetaceans kHz Lagenodelphis, Lagenorhynchus, Lissodelphis,
Grampus, Peponocephala, Feresa, Pseudorca, Orcinus, (mf: mid-
Globicephala, Orcaella, Physeter, Delphinapterus, frequency
Monodon, Ziphius, Berardius, Tasmacetus, cetaceans)
Hyperoodon, Mesoplodon
(57 species/subspecies)
High- 200 Hz to 180 Phocoena, Neophocaena, Phocoenoides, Platanista, Mis
frequency kHz Inia, Kogie, Lipotes, Pontoporia, Cephalorhynchus )
cetaceans . . (hf: high-
(20 species/subspecies) frequency
cetaceans)
Pinnipeds in 75 Hz to 75 kHz Arctocephalus, Callorhinus, Zalophus, Eumetopias, Mpw
water Neophoca, Phocarctos, Otaria, Erignathus, Phoca,
Pusa, Halichoerus, Histriophoca, Pagophilus, (pw: pinnipeds
Cystophora, Monachus, Mirounga, Leptonychotes, in water)
Ommatophoca, Lobodon, Hydrurga, Odobenus
(41 species/subspecies)
Pinnipeds in 75 Hz to 30 kHz Same species as pinnipeds in water N\pa
air
(41 species/subspecies) (pa: pinnipeds
in air)

Table 4.5 categorises the cetaceans identified in Section 3 which could potentially be
present within the greater development area into the functional hearing groups
proposed by Southall et al. (2007).

Table 4.5. Functional Marine Mammal Hearing Groups (Southall et al., 2007)

Functional Hearing Group

Cetacean Species

Low frequency cetaceans

Minke Whale (Balaenoptera acutorostrata)

Mid frequency cetaceans

White-Beaked Dolphin (Lagenorhynchus albirostris), White-sided Dolphin
(Lagenorhynchus acutus), Long-Finned Pilot Whale (Globicephala melas),

Risso's dolphin (Grampus griseus).

High frequency cetaceans

Harbor Porpoise (Phocoena phocoena)

In terms of the different categories and metrics of anthropogenic sounds in the ocean,
Southall et al. (2007) identified three types of sound, single pulse, multiple pulse and
non pulse. Table 4.6 describes the acoustic characteristics of each of these sound types
and also indicates the types of activities that may generate each of these sounds. From
Table 4.6 it is likely that the drilling and piling activities that will be conducted as part
of the proposed development operations will be classified as non pulse and single pulse
noise respectively.
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Table 4.6. Sound types, acoustic characteristics and examples of anthropogenic sound
sources (Southall et al., 2007)

Sound Type Acoustic characteristics | Examples
(at source)
Single pulse Single acoustic event; > 3- Single explosion; sonic boom; single airgun,

dB difference between
received level using
impulse vs equivalent

continuous time constant

watergun, pile strike, or sparker pulse; single
ping of certain sonars, depth sounders, and
pingers

Multiple pulses

Multiple discrete acoustic
events within 24 h; > 3-dB
difference between
received level using
impulse vs equivalent
continuous time constant

Serial explosions; sequential airgun, watergun,
pile strikes, or sparker pulses; certain active
sonar (IMAPS); some depth sounder signals

Non-pulses Single or multiple discrete Vessel/aircraft passes; drilling; many
acoustic events within 24 construction or other industrial operations;
h; < 3-dB difference certain sonar systems (LFA, tactical mid-
between received level frequency); acoustic harassment/deterrent
using impulse vs equivalent | devices; acoustic tomography sources (ATOC);
continuous time constant some depth sounder signals
Injury Thresholds

Southall et al. (2007) define the minimum exposure criterion for injury as the level at
which a single exposure is estimated to cause onset of permanent hearing loss (PTS). It
is anticipated that sound generated from the drilling activities would be single and non
pulse sound and would be approximately 150 dB at source. Therefore, for the low, mid
and high frequency cetacean types detailed in Table 4.5, is not anticipated that the 230
dB re: 1pPa (peak) (Flat) sound pressure level injury threshold criteria for non pulse
sound will be exceeded for low, mid and high frequency cetaceans as per Table 4.7.

It is anticipated that sound generated from the piling activities would be single and non
pulse sound and would be approximately 140dB at source. Therefore, for the
low/mid/high frequency cetacean types detailed in Table 4.5, is not anticipated that
the 140 dB re: 1yPa (peak) (Flat) 230 dB sound pressure level injury threshold criteria
for single pulse sound will be exceeded for low, mid and high frequency as per Table
4.7.
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Table 4.7. Injury Criteria for Cetaceans and Pinnipeds (Southall et al., 2007)

Marine Mammal

Sound type

Group

Single pulses

Multiple pulses

Non pulses

Low-frequency ceta

ceans

Sound pressure level

230 dB re: 1 pyPa
(peak) (flat)

230 dB re: 1 pyPa
(peak) (flat)

230 dB re: 1 pyPa
(peak) (flat)

Sound exposure level

198 dB re: 1
pPa2-s (MLf)

198 dB re: 1 pPa2-s
(MLf)

215 dB re: 1 pyPa2-s
(MLf)

Mid-frequency cetaceans

Sound pressure level

230 dB re: 1 pyPa
(peak) (flat)

230 dB re: 1 pyPa
(peak) (flat)

230 dB re: 1 pyPa
(peak) (flat)

Sound exposure level

198 dB re: 1 pPa2-s
(Mmf)

198 dB re: 1 pPa2-s
(Mmf)

215 dB re: 1 pyPa2-s
(Mmf)

High-frequency cetaceans

Sound pressure level

230 dB re: 1 pyPa
(peak) (flat)

230 dB re: 1 pPa
(peak) (flat)

230 dB re: 1 pyPa
(peak) (flat)

Sound exposure level

198 dB re: 1 pPa2-s
(Mhf)

198 dB re: 1 pPa2-s
(Mhf)

215 dB re: 1 pyPa2-s
(Mhf)

Note: All criteria in the “Sound pressure level” lines are based on the peak pressure known or assumed to elicit
TTS-onset, plus 6 dB. Criteria in the “Sound exposure level” lines are based on the SEL eliciting TTS-onset plus (1)
15 dB for any type of marine mammal exposed to single or multiple pulses.

Behavioural Response Thresholds

Behavioral reactions to acoustic exposure are generally more variable, context-
dependent, and less predictable than the effects of noise exposure on hearing or
physiology. This is because behavioral responses to anthropogenic sound are dependent
upon operational and environmental variables, and on the physiological, sensory, and
psychological characteristics of exposed animals. It is important to note that the
animal variables may differ (greatly in some cases) among individuals, of a species and
even within individuals depending on various factors (e.g., sex, age, previous history of
exposure, season, and animal activity). However, within certain similar conditions,
there appears to be some relationship between the exposure Received Level (RL) and
the magnitude of behavioral response. Southall et al. (2007) graded the severity of
context-specific behavioral responses to noise exposure, as follows (as detailed in
Appendix D):

. Relatively minor and/or brief, score 0-3;
. A higher potential to affect feeding, reproduction, or survival, score 4-6; and
. Considered likely to affect these life functions, score 7-9.

Non-trivial disturbance as in regulation 39(1A)(a) is interpreted by the JNCC as the
sustained or chronic disruption of behavior scoring 5 or more in the Southall et al.
(2007) behavioral response severity scale. Table 4.9 details the sound levels which
induce behavioural reactions in cetaceans that score 5 or more on the Southall et al.
(2007) behavioural response table.

For the drilling activities the sound generated would be considered as non pulse sound
and would be approximately 150 dB at source. Therefore, for the low, mid and high
frequency cetacean types detailed in Table 4.5, it is anticipated that the 80 to 150 dB
re: 1pyPa (peak) (Flat) sound pressure level behavioral response criteria for non pulse
sound will be exceeded as per Table 4.8.

4-15
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For the piling activities the sound generated would be considered single sound and
would be approximately 140 dB at source. Therefore, for the low, mid and high
frequency cetacean types detailed in Table 4.5, is not anticipated that the 224 dB re:
1uPa (peak) (Flat) sound pressure level behavioral response criteria for single pulse
sound will be exceeded as per Table 4.8.

Table 4.8. Behavioural Response Criteria for Cetaceans and Pinnipeds (Southall et al.,
2007)

Marine Sound Type

Mammal Group | | .
Single Pulses Multiple Pulses Non pulses

Low frequency Cetaceans

Sound pressure 224dB re: 1pPa (peak) Response score 5-7 Response score 6-7
level (Flat) 110-180 dB re: 1pPa 90-150 dB re: 1pPa
Sound exposure 183dB re: 1pPa2-s (MIf) n/a n/a

level (Flat)

Mid frequency Cetaceans

Sound pressure 224dB re: 1pPa (peak) Response score 6 Response score 5-8
level (Flat) 120-180 dB re: 1pPa 90-200 dB re: 1pPa
Sound exposure 183dB re: 1pPa2-s (Mmf) n/a n/a

level (Flat)

High frequency Cetaceans

Sound pressure 224dB re: 1pPa (peak) Response score 6 Response score 6
level (Flat) 80-170 dB re: 1pPa 80-170 dB re: 1pPa
Sound exposure 183dB re: 1pPa2-s (Mhf) n/a n/a

level

Sound Propagation

As sound spreads underwater, it decreases in strength with distance from source, this
sound transmission loss is the sum of spreading loss and attenuation loss. Attenuation
losses are the physical processes in the oceans that distort the mathematical spreading
laws. Factors include sound absorption or scattering by organisms in the water column,
reflection or scattering at the seabed and sea surface, and the effects of temperature,
pressure, stratification and salinity. Actual sound transmission therefore has
considerable temporal and spatial variability that is difficult to quantify.

Of note is that marine mammals are typically more tolerant of fixed location noise
sources than moving sources and reactions to semi-submersible noise has been observed
to be less severe than reactions to motor boats with outboards (LGL, 2000). Dolphins
and toothed whales show considerable tolerance of drill rigs and support vessels
(Richardson et al, 1995). Baleen whales have been reported within visual distance of
drill ships off West Greenland (LGL, 2000) and bowhead whales have been observed to
avoid an area with radius 10 kilometres around a drill-ship, corresponding to received
sound levels of 115 dB re 1 Pa (Richardson et al, 1995). Sound levels produced from a
semi-submersible are approximately 150 dB re 1 oPa, this will be attenuated to 80 dB re
1 Pa within 5 km (assuming spherical spreading - see Figure 4.5) limiting behavioral
reactions to a very small area.

Underwater sound generated from the drilling activity may exceed the behavioural
response noise threshold at source as expected noise levels will be 150 dB and the
behavioural response noise threshold is 80 to 150 dB. However, it is not expected that
the behavioural response threshold will be exceeded at a distance greater than 5
kilometres from the proposed drilling activities. This is based on the sound propagation
modelling work produced by Richardson et al (1995) to plot the sound attenuation from a
semi-submersible drilling rig, assuming a sound level of approximately 150 dB re 1 oPa is
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produced. Figure 4.6 shows that this will be attenuated to 134 dB re 1 oPa within 10
metres (assuming spherical spreading) with background noise levels likely to be reached
within a kilometre of the source. Therefore at a distance of 10 metres from the
proposed operations, an offence is not expected to occur under regulation 39(1) (b) of
either the HR or the OMR regulations.

Figure 4.6. Propagation of Sound in Water (from Richardson et al, 1995)
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In general, small cetaceans have poor hearing at low frequencies. The hearing range of
the harbour porpoise ranges from 1 kilohertz (1,000Herts) to 150 kilohertz with best
sensitivity between 8 Kkilohertz to 40 kilohertz (Richardson et al., 1995). The
distribution of cetaceans appears to be unaltered by the presence of a facility, with
sightings rates reported to be similar with or without the presence of a subsea
structure, although it has been suggested that cetaceans will react within five
kilometres of a noise source (Richardson et al., 1995). Studies have indicated that even
when the noise generated by a drill rig is well above the ambient (background) level,
baleen whales exhibit no measurable change in behaviour and it is only at a distance of
tens of metres from the rig that sound levels are likely to be high enough to initiate
avoidance action (Richardson et al, 1995). In addition anecdotal evidence indicates
that cetaceans are not disturbed by the noise generated by large vessels.

Cetaceans are in general believed to be fairly tolerant to noise disturbance and are
unlikely to be affected by the magnitude and frequency of noise produced during
planned offshore operations (Richardson et al., 1995). The distribution of cetaceans
appears to be unaltered by the presence of a facility, with sightings rates reported to
be similar with or without the presence of a rig, although it has been suggested that
cetaceans will react within five kilometres of a noise source (Richardson et al., 1995).

A recent study by Todd et al (2009) recorded the harbour porpoise activity around
offshore gas installation in the North Sea and concluded that harbour porpoises actually
frequented the 500 metres safety zone surrounding offshore installations, possibly to
feed, with surprising regularity, particularly at night. It is possible, therefore, that
offshore installations may be important foraging areas for harbour porpoises.

Planned Mitigation Measures

Chrysaor will ensure that the JNCC’s protocol for minimising the risk of disturbance and
injury to marine mammals from piling noise is adhered to (JNCC, 2009). As such, two
dedicated trained and qualified marine mammal observers (MMO) will be onboard the

4-17
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installation vessel, assisted by passive acoustic monitoring (PAM). This will help to
ensure that any marine mammals are at a ‘safe’ distance of at least 500 metres from
the vessel before the pile driving commences.

Piling will not commence during periods of darkness or poor visibility (such as fog), or
during periods when the sea state is not conducive to visual mitigation (above Sea State
4), as there is a greater risk of failing to detect the presence of marine mammals.

The mitigation zone (at least 500 metres from the vessel) will be monitored visually by
MMOs and/or acoustically using PAM for at least 30 minutes prior to the commencement
of piling. Piling should not commence if marine mammals are detected within the
mitigation zone or until 20 minutes after the last visual or acoustic detection.

A ‘soft start’ approach will be adopted to begin the piling operations, whereby piling is
initiated with lower energy blows and built up gradually over a period of time. The
soft-start duration shall be for a period of not less than 20 minutes. If a marine
mammal enters the mitigation zone during the soft-start then, whenever possible, the
piling operation will cease, or at the least, the power will not be further increased until
the marine mammal exists the mitigation zone, and there is no further detection for 20
minutes.

If there is a pause in the piling operations for a period of greater than 10 minutes, then
the pre-piling search and soft-start procedure will be repeated before piling
recommences.

Residual impacts on marine mammals from noise and vibration will be temporary in
nature and are anticipated to be minor.

4.7  Atmospheric Emissions

Drilling and Installation Activities

Atmospheric emissions resulting from power generation during the drilling of the Solan
wells and the installation storage tank, tower and topsides) will occur from a
combination of the following:

. Semi-submersible drilling rig;

o Platform;

. Supply barge;

. Tug/support/supply vessels;

. Helicopter visits to the drilling rig and platform.

The composition of the emissions is equivalent to those of any other vessel and will
include emissions of CO,, NOx, sulphur dioxide (SO,) and unburned hydrocarbons.

For drilling and installation activities the total fuel use has been estimated to be 7,050
tonnes of diesel or equivalent. The estimated emissions resulting from this fuel use are
shown in Table 4.10.

These types of emissions are anticipated to disperse rapidly under most conditions to
levels approaching background within a few tens of metres of their source. Although all
such emissions will contribute in a small way to the overall pool of greenhouse and
acidic gases in the atmosphere, local environmental and transboundary effects will be
negligible.
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Table 4.10. Predicted Total Atmospheric Emissions from Power Generation during
Drilling and Installation of Topsides, tank and tower (tonnes)

Drillin Topsides, tank
Emission Gas 0 ns and tower TOTAL
perations .
Installation

Total fuel used (tonnes) 5,250 3,000 8,250
Carbon dioxide 16,800 9,600 26,400
Carbon monoxide 82.42 47.1 129.52
Oxides of nitrogen 311.85 178.2 490.05
Nitrous oxide 1.16 0.66 1.82
Sulphur dioxide 21.0 12.0 33
Methane 0.95 0.54 1.49
Volatile Organic Chemicals 10.5 6.0 16.5

Note 1: Emission factors used from UKOOA ‘02 based on methodology proposed by OGP (former E&P Forum, 1994)

Note 2: Drilling Operations include all 5 wells for a combined duration of 350 days assuming 15 tonnes fuel used per
day.

A simple dispersion model (Appendix F) has been used to predict the concentration of
some of the key gases in the air at various distances from the Solan location during the

drilling (Table 4.11) and installation (Table 4.12). For the drilling phase a combined
fuel consumption rate of 15 tonnes per day for the rig and standby vessel is assumed.

These calculations show that atmospheric emissions disperse rapidly and are orders of
magnitude below health or environmental guidelines (Appendix E) within a short
distance of the facility.

Drilling and installation activities will be controlled through careful planning to
minimise the travel times of vessels, the number of vessels required and the amount of
time spent.

Table 4.11. Predicted Combustion Gases Contributions to Atmospheric Concentrations
Downwind during Drilling

Solan Development Environmental Statement
-

Pollutant Concentration (mg/m?)

0.5km 1km 2km 3 km 4km 5 km 10 km 20km 30km 50km
Co2 0.75 2.33 1.65 1.10 0.77 0.56 0.22 0.07 0.04 0.02
co 0.004 0.011 0.008 0.005 0.004 0.003 0.001 0.000 0.000 0.000
NOx 0.0139 0.0432 0.0306 0.0205 0.0143 0.0104 0.0040 0.0014 0.0008 0.0004
S02 0.0009 0.0029 0.0021 0.0014 0.0010 0.0007 0.0003 0.00009 0.00005 0.00003
CH4 0.00004 | 0.00013 | 0.00009 | 0.00006 | 0.00004 | 0.00003 | 0.00001 | 0.000004 0.000002 0.000001
vocC 0.0005 0.001 0.001 0.001 0.0005 0.0004 0.0001 0.00005 0.00003 0.00001

All values based on Oil and Gas UK emission factors for diesel fuelled turbine combustion
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Table 4.12. Predicted Combustion Gases Contributions to Atmospheric

Concentrations Downwind during installation

Pollutant Concentration (mg/m°®)
0.5km 1km 2km 3 km 4km 5 km 10 km 20km 30km 50km
CO2 13.46 41.92 29.69 19.85 13.85 10.10 3.88 1.31 0.77 0.43
co 0.066 0.206 0.146 0.097 0.068 0.050 0.019 0.006 0.004 0.002
NOx 0.2499 | 0.7781 0.5511 0.3684 | 0.2570 | 0.1875 0.0720 0.0244 0.0143 0.0080
S02 0.0168 0.0524 0.0371 0.0248 0.0173 0.0126 0.0048 0.00164 0.00097 0.00054
CH4 0.00076 | 0.00236 0.00167 | 0.00112 | 0.00078 | 0.00057 | 0.00022 0.000074 0.000043 0.000024
vocC 0.0084 0.026 0.019 0.012 0.0087 0.0063 0.0024 0.00082 0.00048 0.00027
All values based on Oil and Gas UK emission factors for diesel fuelled turbine combustion
Production Operations
Offshore atmospheric emissions associated with the steady state operation from power
generation and initial gas flaring during production of the Solan development has been
calculated. Total fuel use for steady state production has been calculated at 39 tonnes
per day. Estimated annual emissions are shown in Table 4.13 and the predicted
concentration of some of the key gases in the air at various distances from the Solan
location during the production are shown in Table 4.14. As with those generated during
installation operations, these emissions will disperse rapidly and therefore no mitigation
is proposed.
Table 4.13. Annual Predicted Total Atmospheric Emissions from Power Generation
during Production Operations (tonnes).
Emission Gas Power Gen Annual Production Operations
Total fuel used (tonnes) 14,186
Carbon dioxide 45 395.2
Carbon monoxide 22272
Oxides of nitrogen 842.65
Nitrous oxide 312
Sulphur dioxide 56.74
Methane 255
Volatile Organic Chemicals 28.0
Table 4.14. Predicted Combustion Gases Contributions to Atmospheric
Concentrations Downwind during production operations
Pollutant Concentration (mg/m?)
0.5km 1km 2km 3 km 4km 5 km 10 km 20km 30km 50km
COo2
1.95 6.06 4.29 2.87 2.00 1.46 0.56 0.19 0.11 0.06
Co
0.010 0.030 0.021 0.014 0.010 0.007 0.003 0.001 0.001 0.000
NOx
0.0361 0.1124 | 0.0796 | 0.0532 | 0.0371 | 0.0271 | 0.0104 | 0.0035 0.0021 0.0011
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Pollutant Concentration (mg/m°)
0.5km 1km 2km 3 km 4km 5 km 10 km 20km 30km 50km
S02
0.0024 0.0076 0.0054 .0036 0.0025 0.0018 0.0007 0.00024 0.00014 0.00008
CH4
0.00011 0.00034 | 0.00024 [ 0.00016 | 0.00011 | 0.00008 | 0.00003 | 0.000011 0.000006 0.000003
voC
0.0012 0.004 0.003 0.002 0.0012 0.0009 0.0004 0.00012 0.00007 0.00004
All values based on Oil and Gas UK emission factors for production operations and, where appropriate, diesel fuelled turbine
combustion

VOC Emissions

Export quality crude oil will be exported from the Solan storage tank to shuttle tankers
for onward transportation to UK ports and will therefore result in additional VOC
emissions being emitted to the atmosphere.

Crude oil loading losses have been identified as the primary source of evaporative
emissions of VOCs from marine vessel operations. Loading losses occur as a
consequence of organic vapours in “empty” cargo tanks being displaced to atmosphere
by liquid being loaded into the tanks. The vapours released will be a composite of:

. vapours formed in the empty tank by evaporation of residual product from the
previous load,

. vapours generated in the tank as the new product is being loaded.

The quantity of evaporative losses from loading operations is therefore a function of the
following parameters:

) Physical and chemical characteristics of the cargo,
. Method of unloading the cargo,
. Method of loading the cargo.

VOCs can be broken down into VOC Volatile Organic Compound which includes methane
and NMVOC: Non methane Volatile Organic Compound. The most common VOC is
methane (CH,4) but this is not usually included in the sum of all the VOC's but is rather
included as a greenhouse gas.

Emission factors for methane and NMVOCs for tanker loading have been taken from the
Oil and Gas UK (formerly UKOOA) Guidelines on Atmospheric Emissions Inventory (2002)
(Table 4.15).

Table 4.15. Emission Factors for Crude Oil Loading Operations

(Tonnes Emission/Tonne Crude)

Emission Gas Emission Factor!"
CHy4 0.000017
NMVOC 0.001

Note: Composition of emission gas is assumed to be 1.7% CH4 and 98.3% NMVOC.

Using the information in Table 4.10 and the expected total production of crude oil (see
Section 2.8.1) the emissions due to crude oil loading have been calculated for the Solan
Field (Table 4.16).

Table 4.16. Predicted Atmospheric Emissions from Crude Oil Loading

Year Methane (tonnes) NMVOCs (tonnes)
1 13.56 797.47
2 23.95 1408.86
3 9.27 545.45
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Year Methane (tonnes) NMVOCs (tonnes)
4 22.59 1329.12
5 14.46 850.64
6 11.30 664.56
7 8.13 478.48
8 6.33 372.15
9 5.42 318.99
10 4.52 265.82

The SCREEN3 model (Appendix G) has been used to estimate concentration dispersion
downwind of shuttle tanker loading operations. Inputs to the model were based upon
the assumptions listed in Table 4.12.

The results from the SCREEN3 model show a maximum sea surface concentration of
6.553E%ug/m?® at 450 metres from the source, which rapidly drops off to 1.38E% pg/m?
at 4000 metres from the vessel (Figure 4.6). These results represent the worst case of a
full transfer of crude cargo from the storage tanker to a shuttle tanker (Table 4.17 and
Figure 4.7). The model assumes that atmospheric stability class F (stable) would
produce the worst results, however, this stability is unlikely to occur at sea as the
strong thermal effects would cause largely unstable conditions and therefore rapid
dispersion and probable lower concentrations than those predicted even under worst
case loading conditions.

Table 4.17. Assumptions used for modelling VOC emissions from tanker loading

4-22

Maximum transfer oil by volume

~50,000 m® (worst case total inventory)

Maximum transfer oil by weight

42,000 tonnes

Transfer rate

2083 m3/hr

Total transfer time

24 hours

UKOOA emission factor

0.001 tonnes NMVOCs per tonne crude*

27° API Qil density

0.89 tonnes/m?

Total NMVOCs emitted per loading | 42 tonnes*
Emission rate 1.87 kg/s
Assumed VOC density (ave. 1,270 g/m?

molecular weight 30)

Assumed release diameter

0.7m (release area = 0.385m?)

Exit velocity 5.7m/s
Height of release above sea 20 metres
Ambient temperature 15°C
Averaging time 1 hour

*This factor is likely to be a conservative estimate given the NMVOC components in the Solan crude
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Figure 4.7. Downwind concentrations at sea level of VOCs emitted during loading
operations (from SCREEN3 output)
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In summary, although expected emissions will affect air quality in the immediate
vicinity of the field, rapid natural dispersion and the procedural and design controls in
place will minimise any impact.

It is noted, however, that the environmental impact of VOCs emitted offshore is
primarily a concern due to their long range impact. They consist of greenhouse gases
and they also play a role in the photochemical formation of ozone at low levels in the
atmosphere in the presence of nitrogen oxides and sunlight. To fully assess the long
range environmental impact of any VOC emissions from the Solan field, these emissions
should be seen in the context of overall VOC emissions.

The latest data available for offshore UKCS VOC emissions is from 1999 (UKOOA, 2002).
In 1999 offshore production emissions were 73,378 tonnes. Within this context, VOC
emissions from Solan (Year 2 production) would represent approximately 1.9 percent of
the total.

4.8 Marine Discharges

Sources of marine discharges are summarised in Table 4.18.
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Table 4.18. Marine Discharges for the Solan Development

Drilling Production
Water Based Mud Produced Water

Cement Drainage Water

Drainage Water Sewage
Sewage Production Chemicals
Well Clean-up and Completion
Chemicals
Brine

These discharges are discussed in the following sections.

Water Based Drilling Mud (WBM)

WBM will be discharged as mud on cuttings and fine solids and, upon the completion of
drilling the top two sections of the wells; the spent WBM will be discharged at the
seabed. The drilling mud composition is essentially a brine solution, with naturally
occurring barite and bentonite clay. Small amounts of chemicals are added to this to
maintain the properties of the mud and to prevent damage to the well bore and the
reservoir.

The main components of WBM will comprise natural products (for example, brine,
bentonite and barite), which are biologically inert (see Appendix B). The muds typically
have a very low toxicity, with an LCsy of more than 50,000 parts per million (Jones et
al., 1986; Leuterman et al., 1989). In fact, the WBM comprises approximately 90
percent water and the vast majority of WBM discharged for the well (approximately 97
percent) are classified under Annex 6 of the OSPAR convention (OSPAR, 1999) as
substances, which are considered to Pose Little Or No Risk to the environment (PLONOR
chemicals) (refer to Tables 2.4 in Section 2.4.4).

Of the limited quantity of chemicals not classified as PLONOR and anticipated to be
discharged along with the WBM, all are categorised as Category E or Gold (the lowest
environmental risk category) under the Harmonised Offshore Chemical Notification
Scheme (see Appendix B for a description of the Offshore Chemical Notification Scheme,
CHARM and Hazard Quotients).

A full Chemical Hazard Assessment and Risk Management (CHARM) analysis assessment
of the proposed drilling chemicals as required under the Offshore Chemicals Regulations
2002 will be undertaken as part of a PON15b submission prior to drilling the Solan wells.
During this process any chemicals found to have SUB warnings or an RQ value of greater
than one will be substituted, where practical.

Studies of the discharge of WBM into the water column in areas where currents are
weak have found dilutions of 500 to 1,000 times within one to three metres of discharge
(Ray and Meek, 1980). Dilution will therefore be rapid and this, together with the low
toxicity, indicates that any impacts within the water column will be undetectable
shortly after discharge. Discharge of the WBM will not contribute to any impacts on the
local seabed communities through toxicity, bioaccumulation, low biodegradability or
other aspects such as the endocrine disruption.

In some cases drilling muds may be associated with elevated levels of heavy metals.
However, a wide range of studies have shown that these are not bio-available and do
not therefore result in any direct affects on marine fauna and flora (Neff et al, 1989).

Low Toxicity Oil Based Mud (LTOBM)

Any oil-based mud and OBM generated cuttings will be recovered, separated and
contained for re-use or onshore disposal in an appropriate facility. No LTOBM will be
discharged at sea.
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Cement Chemicals & Completion Fluids

During drilling of the well, surface returns of cement and associated chemicals and
some completion chemicals present in the fluid flowed back during well clean-up will be
lost to the seabed in the immediate vicinity of the well. Approximately 80 metric
tonnes of cement will be discharged from the wells and approximately 920.7 tonnes of
completion fluids. The cement comprises approximately 70 percent PLONOR chemicals
and completion chemicals comprise approximately 30 percent.

A full Chemical Hazard Assessment and Risk Management (CHARM) analysis of the
proposed drilling chemicals as required under the Offshore Chemicals Regulations 2002
will be undertaken as appropriate as part of a PON15b submission prior to drilling any
Solan well. Chemicals identified to be high risk will be substituted for more
environmentally benign alternatives where practicable. Any impacts will be very close
to the well in the same area affected by cuttings deposition (refer to Section 4.5).

Drainage Water and Sewage

Water generated from rig washdown may contain trace amounts of mud, lubricants and
residual chemicals resulting from small leaks or spills and rainfall from open deck areas.
The volume of these discharges depends on the frequency of washdown and amount of
rainfall. Liquid storage areas and areas that might be contaminated with oil are
segregated from other deck areas to ensure that any contaminated drainage water can
be treated prior to discharge and accidental spills contained. Drainage water from
these areas and ‘machinery spaces’ is collected, treated to remove hydrocarbons (less
than 15 parts per million hydrocarbons in water) as required under the MARPOL
Convention and the cleaned water then discharged to sea. Black (sewage) and grey
water is also collected, treated to meet the requirements of the MARPOL Convention
and discharged to sea.

These are all relatively low volume discharges containing small residual quantities of
contaminants. Chrysaor will ensure that the rig is equipped with suitable containment,
treatment and monitoring systems as part of the contract specification. Chrysaor will
also ensure good housekeeping standards are maintained to minimise the amount of
hydrocarbons and other contaminants entering the drainage systems.

Well Bore Clean up

It is estimated that a maximum of 190 cubic metres (200 metric tonnes) of visibly oil-
free wastewater (flowed back completion fluid) will be generated during each
production well bore clean-up flow. Three production wells therefore equates to a
total of 600 metric tonnes. The maximum hydrocarbon chemical content of this
discharge will be 30 mg/l, which equates to a total of 18 kilogrammes of hydrocarbon
discharged. The discharged wastewater generated during clean-up will quickly disperse
in the offshore waters and the minor oil content broken down through biodegradation
processes (Refer back to section 2).

Produced Water

Produced water will be cleaned-up and re-injected under normal operating conditions,
therefore there will be zero water discharge. There is high pump availability with 3
pumps available to each pump fifty percent of the injected water. For periods where
the pumps are not working the produced water may be discharged in accordance with
the OPPC regulations.

Production Chemicals

The production chemicals (demulsifier, asphaltene inhibitor, scale inhibitor, biocide,
hypochlorite and methanol) will either end up in the produced oil and exported to
refinery or in the produced water and reinjected to the reservoir. There will be no
overboard discharge of chemicals or ballast water (from the storage tank) or produced
water during normal operations.

4-25















Solan Development Environmental Statement Rev: 06
-

Table 4.20. Sources of Oil Spills and Control Measures Planned

Potential Source of Spill | Risk and Control Measures Taken

Low Toxicity Oil Based Bunkering of LTOBM will be undertaken during daylight and in good weather

Mud conditions. Non-return valves will be installed on transfer hoses, and
operations will be supervised at all times from both the supply boat and drill
rig.

The utilized rig has measures in place to limit residual spill risk.

Special containers will be used to store and ship the LTOBM and associated
cuttings to shore for treatment and appropriate disposal

Fuel or other utility No transfer of lubricants and other utility fluids.
fluids

(e.g. diesel, lubricants) Where practical before drilling the wells the rig will be fully bunkered before

moving onto location to try and minimise the requirement for re-fuelling on
site.

Re-fuelling will only be undertaken during daylight and in good weather
conditions. Non-return valves will be installed on fuel transfer hoses, and
operations will be supervised at all times from both the supply boat and drill

rig.
Loss of Rig (ship Standby vessel will monitor exclusion zone.
collision) Notification of planned drilling programme with all relevant maritime and
fishing authorities.
Ship collision risk assessment has been undertaken (refer to Section 3.8.2).
Loss of well control Precautions to prevent loss of well control include shallow gas survey,

appropriate well design and engineering, well monitoring programme, blow-
out preventor, well control training and emergency drills.

Accidental diesel or LTOBM spills during bunkering are identified as a moderate risk but
the expected volumes of hydrocarbon released would be generally small (0.6 tonnes)
(HSE, 1995). Such a volume would disperse rapidly and will not impact along the coast.
A number of measures will be taken to manage fuel and LTOBM transfer operations to
reduce the risk of spills to a minimum. Non-return valves will be installed on transfer
hoses, and operations will be supervised at all times from both the supply boat and
drilling rig. The controls are formalised in a documented procedure agreed by Chrysaor
and the drilling contractor.

For oil spill planning purposes, modelling (using the BMT OSIS version 3.1.1 spill model)
was undertaken for the Solan production wells to estimate the time for complete
dispersal of a worst case diesel spill of 1,920 tonnes (this represents a worst case
scenario for the development wells as the fuel inventory for a typical semi-submersible
rig (in this example the Byford Dolphin) is approximately 1,920 tonnes) and also a 2,000
tonne (15,000 barrels, with a density of 0.84 te/m?) spill of 27 degrees API crude, under
extreme conditions with a constant 30 knot onshore wind. It is recognised that the
likelihood of a constant 30 knot onshore wind occurring in this area of the Northern
North Sea is low; therefore stochastic modelling (using typical meteorological and
oceanographic conditions during the proposed drilling period) of a blow-out event was
also undertaken to give some indication of the area of sea surface that would be
affected by oil. The characteristics of Arabian Heavy crude (27.7 degrees APIl) were
used in the model runs, to approximate the behaviour of oil expected from the
reservoir.

Diesel evaporates quickly upon release due to its high levels of light ends and low
concentration of asphaltene, thereby reducing its persistence. The modelling results
indicate that an instantaneous release of 1,920 tonnes of diesel with a 30 knot onshore
wind from the Solan location will disperse within 9 hours, without reaching the nearest
Scottish coastline (Figure 4.11).

The 27degrees API oil is ‘medium crude’, which is expected to disperse and weather
relatively quickly, but is likely to persist on the sea surface for a period following a
spill. The modelling results show that a worst case 27 degrees API crude spill of 2,000
tonnes, released instantaneously using an onshore wind, will beach on the Scottish
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coastline after 48 hours. Oil at sea is expected to become insignificant after 140 hours
(Figure 4.12). The same trajectory model was also run, using an offshore wind towards
the UK/Faroe Islands trans-boundary line. The results from this showed that the spill
beached on the coastline of the Faroe Islands after 122 hours resulting in a final oil (and
oily sand). Qil at sea became insignificant after 140 hours (Figure 4.13).

Stochastic modelling using the predicted maximum open hole flow rate of 2,000 tonnes
released over 24 hours shows that the effect of the predominant wind and currents in
this region is to move the oil away towards the Orkney Islands, with a relatively high
probability (42 percent) of the spill beaching (Figure 4.14).

Figure 4.11. Modelled Spill Trajectory - 1,920 Tonnes Instantaneous Diesel Spill at the
Solan Well Location with 30 Knot Onshore Wind
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Figure 4.12. Modelled Spill Trajectory - 2,000 Tonnes 27°API Crude Spill, Released
over Instantaneously at the Solan Well Location with 30 Knot Onshore Wind
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Figure 4.13. Modelled Spill Trajectory - 2,000 Tonnes 27°API Crude Spill, Released
over Instantaneously at the Solan Well Location with 30 Knot Offshore Wind
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Figure 4.14. Stochastic Model Run to Determine the Probability of Oiling of Sea
Surface - Uncontrolled Flow of 2,000 Tonnes per day for 24 hours of 27 °API crude
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In summary, where a co-coordinated spill response is not initiated, potential
environmental impacts resulting from total loss of the rig inventory will be moderate to
high, particularly for seabirds in the immediate vicinity of the release and coastal
protected areas as prevailing winds are orientated towards the Orkney Islands. There
may also be an effect on shipping in the area in the event of a large spill. Statistically,
the probability of a well blow out occurring in the North Sea is extremely low. However,
Chrysaor will undertake well operations in accordance with standard industry practice
and where possible industry best practice which will include the provision of blow out
preventers designed to reduce the possibility of a blow out occurring in the event that
well kick occurs. Furthermore, should a loss of rig inventory occur, Chrysaor would
immediately initiate its Qil Spill Contingency Plan and emergency response procedures
to minimise any potential effects on environmental resources.

The effects of potential spills of WBM, cement and associated chemical have been
considered during project planning. Every effort will be made to prevent accidental
spills of these chemicals during storage, transport and transfer and by ensuring that the
crews of the supply vessels and drilling rig are adequately trained and supervised. In
the event that a spill did occur, the consequences to the environment are considered to
be negligible because of the low toxicity of the chemicals involved. No attempt would
be made to contain or recover spilled WBM or associated chemicals from the sea as the
overall the toxicity of the chosen chemicals is low.

An Oil Pollution Emergency Plan (OPEP) will be in place prior to any drilling operations
taking place to provide guidance on actions to be taken in the event of a release or
spill. These measures will reduce the risk of a spill or release and provide control
measures in the unlikely event of a spill occurring.

Production and Maintenance

During production operations and oil export, the key factors for reducing the risk and
scale of spill events are routine equipment maintenance, effective containment and
drainage systems on-board the ATT and offloading vessels and effective control
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measures to minimise spillages to sea from the offloading system. The risks of a
chemical or oil spill during the production are therefore minimised through procedural
and design controls.

Both a minor and major spill have been examined. A minor 10 tonne crude oil spill has
been modelled, using OSIS 4 at the Solan development location. Under worst case
conditions with an onshore 30 knot wind, it is expected the spill would beach on the UK
coastline after 48 hours with a final emulsified beached oil volume of 19 tonnes (Figure
4.15).

Figure 4.15 Modelled spill trajectory - 10 tonne operational spill of 27°API crude
oil at the proposed Solan Development drilling location with a 30 knot onshore
wind
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To simulate a major oil spill, a 40,065 tonne crude oil spill (representing the entire
storage capacity of the subsea tank) has been modelled, using OSIS 3.1.1, at the
development location. Under worst case conditions of a constant onshore 30 knot wind,
the simulation suggests that a 40,065 tonne crude spill released instantaneously could
potentially beach on the north-western coast of the Orkney Islands, Scotland after 48
hours. The simulation suggests that a final beaching volume of 113,274 tonnes of
emulsified oil could potentially be generated (Figure 4.16). Oil at sea is expected to
become insignificant after 58 hours.

A 40,065 tonne crude oil spill simulation was conducted under a constant 30 knot
offshore wind. The results suggest that the spill will cross the UK/Faroe Islands trans-
boundary line after approximately 16 hours. The resultant spill plume could potentially
pass the Faroe lIslands after 111 hours and potentially beach at this time. The
simulation suggests that the spill could also beach on the southern coast of Greenland
after 329 hours, with a final emulsified beached oil volume of 12652.4 tonnes. It is
expected that oil at sea will become insignificant after 355 hours (Figure 4.17).

It should be noted that these scenarios assume that no oil spill response is undertaken
and that a constant 30 knot wind carries the crude directly towards the coastline or
transboundary line. In reality, there will be immediate attempts on site to contain,
disperse or recover any hydrocarbon spill, if this is considered the appropriate response.
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Also the likelihood of a constant 30 knot wind occurring over these periods of time in
this region of the North Sea is low.

Stochastic modelling performed for a 40,065 tonne crude oil spill released over a 48
hour period under using prevailing weather conditions indicates that the overall
probability of oil beaching is 48 percent (combined percentage of oil beaching under all
possible spill scenarios with typical meteorological conditions) (Figure 4.18).

Figure 4.16. Modelled spill trajectory -Spill of 40,064.81 tonnes of 27°API crude oil
at the proposed Development location with a 30 knot onshore wind
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Figure 4.17. Modelled spill trajectory -Spill of 40,065 tonnes of 27°API crude oil at
the proposed Development location with a 30 knot offshore wind
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Figure 4.18. Stochastic model run of spill of 40,065 tonnes of 27°API crude oil over
48 hours run for 600 hours at the proposed Development location
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In conclusion, the main sources of potential spills during production and maintenance
operations, with the measures being taken by Chrysaor to minimise or eliminate the
risks are summarised in Table 4.21.

Table 4.21. Sources of Oil Spills and Control Measures Planned - Production and

Maintenance

Potential Spill Source

Prevention and Mitigation Measures Taken

Subsea Infrastructure

The subsea infrastructure will be designed to minimise the risk of accidental
leaks due to failure or accidental damage during the testing, commissioning
and production operations from the Solan Field. To this end the following
mitigation measures will be taken;

e The oil production wellheads will be protected by the safety exclusion zone.

e The riser will be pressure tested with water to above the planned operating
pressure, as part of the commissioning process.

e The risers are contained within the central column at the splash zone
thereby minimising risk of damage from workboat impact.

e The wells and flowlines are equipped with pressure monitoring devices and
shut down valves allowing them to be isolated in the event that a leak is
detected.

e The process piping will be stainless steel.

Loss of well control
during production

Production isolation valves on subsea xmas tree.

All safety-critical subsea valves ROV or diver operable.

Oil, diesel and
chemical spills during
bunkering / refuelling

Personnel competency.

High level alarms on tanks.

Bunding to contain spills.

Spills on topsides directed to open drains tank.

On-board absorbent materials available on all vessels

Discharge of off-spec
produced water

Routine re-injection of produced water. If re-injection is unavailable and
produced water quality exceeds OSPAR limits, production will shut down.

Routine monitoring of oil in water levels.
Redundancy in injection equipment.

Routine equipment maintenance programme.

Subsea storage tank
leaks

The tank has been designed beyond the life of the field and to high technical
specifications to minimise and eliminate as far as possible, the risk of
structural defects or corrosion.

Designed for dropped object protection.
Fail close valves on oil jumper hose.

Submarine sonar locator beacons will be installed onto the storage tank as
requested by MOD.

Platform Chemical
Tank leaks

A clear record of the chemicals store will be maintained at all times and
compliance with OCNS reporting requirements.

Tanks provided with appropriate bunding.

Material directed to the hazardous drains system, where oil will be removed
by the centrifuge or oil skimming apparatus.

Absorbents provided for spill management of diesel lube oil and stored
chemicals. All such spills directed to hazardous open drains system with trip
and alarm systems in place. Training given is spill clean up techniques.

Procedure to minimise and prevent spills from draining and filling of heating
and cooling systems

Vessel tank leaks

Auditing of supply vessels.
Auditing of shuttle tanker contractors and of competency of shuttle tanker
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Potential Spill Source | Prevention and Mitigation Measures Taken
crew as well as shuttle tanker itself including mechanical and DP systems.

On-board oil spill contingency equipment.

Oil spill during tanker Auditing of shuttle tanker contractors and of competency of shuttle tanker
loading crew as well as shuttle tanker mechanical and DP systems.

Integrated dry break valve in export line allowing emergency disconnection.
On-board oil spill contingency equipment.
Rate of filling optimised to avoid over pressurisation.

Procedures in place for connection and disconnection, offloading procedure
and pressure control

Oil spill as a result of | The tankers will be within the safety exclusion zone except during the trips to
vessel collision port.

Radar on shuttle tanker.
Twenty-four hour navigational watch to reduce risk of collision.

Quick disconnect of the flowline and ability of the tanker to move away
quickly on thrusters.

4.10 Decommissioning

The strategy for decommissioning will be to remove the platform and subsea
infrastructure from the marine environment and seabed in accordance with UK
legislation. Separate plans will be developed for decommissioning, including an
assessment of the environmental impacts.

Physical removal of facilities will disturb the seabed sediments and associated fauna in
the immediate vicinity of the structures, although relatively rapid recovery of these
communities would be expected. In order to minimise this impact the Solan subsea
infrastructure is therefore designed to be removable.

The wells will be plugged and abandoned in line with UK legislation. Current legislation
requires that the conductors will be cut below the seabed level and all seabed
obstructions will be removed.

There is expected to be no evidence of cuttings piles or anchor mounds at the location
of the Solan wells at the time of decommissioning; however this will be confirmed
during a post-decommissioning survey

4.11 Transboundary Impacts

The issues with the potential for transboundary effects, in the context of this
development, are atmospheric emissions and accidental events leading to an oil spill.
The closest international boundary, between the U.K. and Faroe Islands, lies 59
kilometres to the North West from the proposed Solan development. Atmospheric
emissions are undetectable against background levels at 20 kilometres and there will be
no transboundary impacts from these emissions.

In the unlikely event of a spill during drilling of any of the wells, there is the potential
for transboundary impacts from an oil spill (refer to Section 4.9.5). Chrysaor will
produce Oil Pollution Emergency Plans which will fully consider the interfaces between
the UK and Faroe Islands resources and discuss response strategy, resources and any
potential impacts in detail.

4.12 Cumulative Impacts

Potential cumulative impacts of the Solan development are summarised in Table 4.22.
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Table 4.22. Potential Cumulative Impacts from the Solan development

Hazard Potential Cumulative Impact / Mitigation Measures

Physical Presence No licensed dredging areas or offshore wind farm developments are located in
the general development well area. In terms of disturbance to shipping, it is
anticipated that vessels traffic routes in close proximity to the development site
will have to alter their course to avoid the exclusion zone set up around the
Solan. However, this is not considered to be a significant effect due to the
moderately low volume of traffic in this area.

Chrysaor Ltd own the existing 8 wells in the Block 205/26a. These include
205/26a- 1, 205/26a- 2 Exploration oil well which was plugged and abandoned
08/09/1982; 205/26a- 3 exploration oil well which was plugged and abandoned
13/12/2001; 205/26a- 4 Appraisal oil well which was plugged and abandoned
13/12/2001; 205/26a- 5 appraisal oil well which was plugged and abandoned
27/07/1992 and 205/26a-6 was a dry hole (UKDEAL, 2009) the 205/26a-7
appraisal well which was suspended in August 2008 and lastly the 205/26a-8
appraisal well which was suspended in August 2009.

Chrysaor recognise that there will be some cumulative impact from previous
wells that have been drilled in the block. The 205/26a-4, 205/26a-5 and 205/26a-
3 wells lie 1473 meters south, 1888 meters east and 2565 meters south south
west of the proposed location respectively however, the site survey found no
contacts indicating the presence of wellheads at any of these well locations (3,4
or 5).

Seabed Disturbance Recovery from the disturbance of the drilling rig will commence upon cessation
of these activities in the Solan Field. In addition, as the seabed sediment and
ecosystem are identified as being typical of the wider area west of the Shetlands,
the population available for recolonisation is large and the fauna should recover
rapidly.

The WBM cuttings pile around the drilling rig will have smothering impacts in the
immediate vicinity but toxic effects are anticipated to be minimal and therefore
recovery will commence rapidly upon completion of drilling. The cumulative
environmental impacts in the immediate vicinity of the well are therefore limited
and relatively short-term. Cuttings piles are expected to disperse rapidly as has
been observed in practice.

The subsea storage tank is predicted to cover an area of approximately 2,025
square metres for the duration of the field (estimated to be up to 20 years) and
will result in the loss of this area for the life of the field. The tank will be
refloated and reused or recycled. The physical nature of the sediments in this
area, i.e. gravelly shelly sand, is similar to large areas of the West of Shetland
Continental Shelf. Any loss of seabed from the presence of the tank is therefore
considered to be negligible.

On cessation of production, the subsea manifold and associated facilities will be
removed. The wells will be plugged and abandoned in line with current UK
legislation. The conductors will be cut below the seabed level and all surface
obstructions will be removed. These operations will result in disturbance to the
seabed in the immediate vicinity of the wells; however it is not expected that
abandonment of these facilities will result in significant toxic releases, although
impact assessment will be carried out in line with regulatory requirement at the
time. It is not considered that this disturbance will result in significant
cumulative impact.

Noise and Vibration The noise and vibration from the Solan Field development well operations will be
incremental to both noise and vibration from other vessels and oil and gas
operations in the vicinity and also on natural background noise.

During drilling and installation there will be the following marine activity: Rig,
standby vessel, supply vessel, 6 shipping routes passing within 10 nautical miles
of Solan Field, anchor handlers at the beginning and end of drilling operations,
tugs to move the facilities onto location.

Outside the immediate vicinity of the activities it is not anticipated that there
will be any impact from cumulative effects. Cumulative effects within the
immediate vicinity of the operations will generally be limited to the period of
drilling, installation and decommissioning operations and are anticipated to have
negligible impact.

Aqueous Discharges Of the total project chemicals discharged to the marine environment the
majority are classified under Annex 6 of the OSPAR convention (OSPAR, 2002) as
substances which are considered to pose little or no risk to the environment
(PLONOR).
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There will be no routine marine discharges offshore during production operations.
Hazard quotients from the majority of chemicals which are discharged during
drilling and commissioning indicate negligible hazards to the water column or
sediments. The cumulative effects of these discharges in the immediate vicinity
of the drilling rig and in the wider area of a mature oil and condensate
development region are therefore anticipated to be negligible.

Atmospheric Emissions | Atmospheric emissions will be produced during drilling operations and as a result
of installation, production, decommissioning and support vessels used during the
various phases of field development.

The majority of produced gas from the Solan development will be used as fuel for
power generation on board the platform. Any excess will be flared. The maximum
rate is expected to be approximately 2 MMscfd.

There will be emissions due to power generation, flaring and VOC emissions over
the life of the field. However, modelling suggests that all pollutant
concentrations are orders of magnitude below guideline air quality limits within a
short distance of the activity.

Loss of Containment There will only be a cumulative impact from accidental emissions if an incident
occurs. Although there is a slight increase in the risk of an incident occurring as
a result of drilling activities, the preventative and mitigation measures employed
during the project will ensure that the incremental risk is insignificant and no
cumulative impacts are therefore anticipated. The facility has been designed
from conception to have a lower environmental risk than a FPSO.

In summary, environmental impacts offshore will be largely confined to short term
disruption from drilling, installation and decommissioning activities and from one off
discharges of drill cuttings and well completion.
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Conclusions

Chrysaor plan to develop the Solan Field in Block 205/26a to the West of Shetland
Continental Shelf with a maximum of three sub-sea horizontal production wells
incorporating dual ESPs and two horizontal water injection well(s) to provide pressure
support. The first producer well will be a re-entry and sidetrack of the previously
drilled 205/26a-8/8z/8y appraisal well whereas the first injection well will be a re-entry
of the previously drilled 205/26a-7/7z appraisal well. The Solan wells will be drilled
from a semi-submersible drilling rig. Drilling operations are planned to commence in May
2010. The Field will also be revisited in 2011 and onwards for further development
drilling. A maximum of five wells are planned for development drilling with a maximum
total on-site time estimated at 350 days.

The wells will be tied back to a platform comprising a steel articulated tower and a
subsea storage tank, with a 300,000 barrel storage capacity. The deck will be
approximately 750 tonnes and will be not normally manned. The tank will be piled to
resist lateral loading. At the end of Field life the Solan tank and tower will be removed
and recycled or possibly reused. The wells will be abandoned in line with the current
legislation at the time of decommissioning.

In summary, although there will be some environmental impact during each phase of the
project life cycle, adverse long term environmental impacts from the development
operations will be negligible. In addition, incremental cumulative impacts of the
development will be minimal.

The environmental assessment carried out on the Solan development indicated that the
key hazards, resulting environmental effects and measures proposed by Chrysaor to

mitigate those effects are as follows:

ROUTINE HAZARDS

Hazard & Effect(s)

Effects and Mitigation

Residual Impact

Physical Presence

Disruption to other
sea users

A 500 meter exclusion zone will be set up around the platform
and will contain all subsea infrastructure.

A safety stand-by vessel will be on stand-by for the duration of
the drilling programme and production operations when the
installation is manned and will enforce the 500 metre safety
exclusion zone.

During production any interference with fishing will be limited to
restrictions around the platform 500 metre exclusion zone and
the immediate area of any tied-back trees.

Prior to operations commencing, the appropriate notifications
will be made & maritime notices posted.

All vessel activities will be in accordance with national &
international regulations. Appropriate navigation aids will be
used to ensure other users of the sea are made aware of the
presence of vessels.

Negligible. The work
within the exclusion zone
is expected to have only a
limited effect on other
third parties. Given the
sea room, water depth and
the position of existing
shipping routes relative to
existing platforms in the
area there will be minimal
impact to the navigation
of vessels in this area from
the Solan development.

Seabed Disturbance

Main source caused
by the subsea
storage tank,
deposition of

cuttings.

The principal dimensions of the base of the tank are 45 meters
by 45 meters by 25 metres, giving a total area of seabed
covered to be approximately 2,025 square metres. The long
term presence of the storage tank will result in the temporary
loss of this area during the lifetime of the Solan development.

It is estimated that drilling the Solan wells will generate a
maximum total of 4825 tonnes of cuttings, of which 1134
tonnes will be discharged directly at the seabed and the
remaining cuttings will be shipped to shore. The main effect
generally associated with drilling operations is smothering of
organisms living on the seabed from the accumulation of
drilling cuttings. Effects on benthic organisms are expected
to be limited to a relatively small area around the drilling rig
and to last for only a short time period. The observation from
both the 205/26-7 and 205/26-8 well sites was that that the
cuttings piles associated with these wells were already

Negligible. Benthic
communities found in the
area of the proposed
development are typical of
those found over wide
areas of the. West of
Shetland Continental
Shelf. Previous studies
have shown that biological
communities will recover
rapidly following
smothering from drill
cuttings however there
maybe some semi-
permanent loss of up to 20
years in the area of the
subsea storage tank base.
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ROUTINE HAZARDS

Hazard & Effect(s)

Effects and Mitigation

Residual Impact

dispersed by the cessation of drilling activities.

Noise & Vibration

Noise is thought to
have the potential
to disturb or confuse

There will be a low number of additional vessel movements
during drilling and production activities. Chrysaor will ensure
that the vessels associated with the proposed development
avoid using undue speed, cavitation of vessel propellers will
be minimised and that vessels will not unnecessarily approach

Studies indicate effects
are likely to be negligible.
Development is outside
EPS population areas,
however individuals will

cetaceans
any marine mammals. All other operations will follow best be disrupted. Activity is
practice for soft start and other noise impact mitigation not considered to cause
measures. deliberate disturbance as
The storage tank will be installed into the seabed using 16 defined in the Offshore
piles, each ca. 1.5 metres in diameter. The piles will be Marine Regulations,
driven in to the seabed with underwater pile driving hammer. | @mended 2007.

Atmospheric Additional power generation emissions during drilling and Minor. There will be no
Emissions production activities will be minimised by advanced planning local effect although

Emissions from
vessels required for
drilling, flaring and

production
operations.

to ensure efficient operations; well maintained and operated
equipment and generators and regular monitoring of fuel
consumption.

Chrysaor will ensure that contract specification and control
processes require all equipment and generators to be well
maintained and operated.

emissions from gas
combustion will contribute
towards global greenhouse
gas emissions. There will
be some flaring activity in
the initial stages of the
production operations.

Marine Discharges

Will include
discharge of WBM &
cuttings, drainage
water, sewage, well
completion fluids,
associated oil &
chemicals & brine.

Planned use of brine and water based mud (WBM) for the top-
hole well sections with selection of most environmentally
benign mud & cement chemicals. The majority of the WBM is
considered to pose little or no risk to the environment
(PLONOR). Installation of cuttings / mud cleaning equipment
will ensure optimal cuttings cleaning & a continuous mud mass
balance will be maintained throughout the drilling
programme.

Lower hole sections will be drilled with OBM and will be used
in a zero discharge Total Containment system.

Chrysaor will ensure good housekeeping standards are
maintained on the drill rig to control the amount of
hydrocarbons & other contaminants entering the drainage
system & that appropriate sewage treatment systems are on
all vessels.

All drilling chemicals will be assessed using the CHARM
methodology where appropriate, in accordance with the
Offshore Chemicals Regulations 2002. Any ‘SUB’ warning
chemicals will be substituted where practicable.

There will be no overboard discharge of production chemicals
or ballast water (from the storage tank) or produced water
during normal operations. Any overboard discharge will be
treated to maximum 30 ppm dispersed oil in water.

Negligible to minor. Due
to the very low toxicity of
the majority of the
discharges & the
anticipated dilution &
dispersion, all impacts are
predicted to be short-term
and localised. Studies
indicate recovery of
benthos following cuttings
deposition will occur
within months. A survey
of the wellhead area post
2009 drilling suggested
that the cuttings pile
dispersed within weeks.

Solid Wastes

Wastes will be scrap
metal, waste oil &
surplus chemicals.

Chrysaor will ensure as part of the contractor selection
process that the selected rig and vessels have a system of
waste management in place. The Articulated Tank and Tower
will be unmanned therefore the waste generated will be
minimal. As far as reasonably practicable, materials such as
scrap metal, waste oil & surplus chemicals will be sent for re-
cycle or re-use. Other waste will be sent to waste
disposal/treatment facilities, depending on its precise nature.

Negligible. Wastes will be
treated where
appropriate.

NON-ROUTINE HAZARDS

Potential Spill
Source

Prevention & Mitigation Measures Taken

Diesel, fuel and bulk
fluid bunkering

Transfer hoses and associated equipment will be inspected to ensure their integrity. Bulk
fuel transfer hoses will have non-return valves, refuelling hoses to have dead man closures
and floatation collars to be used on all hoses. Bunding will be provided around each of the
loading stations and around the main fuel oil and tank vents on the main deck. Transfer

hoses inspected prior to use and replaced at regular intervals.

Offshore fuel and bulk transfer to the drilling rig and platform will be supervised at all
times, measured at both ends of the transfer and communication links will be tested. All
transfers to and from the rig / vessel plus all internal transfers will be controlled by written
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NON-ROUTINE HAZARDS

Potential Spill
Source

Prevention & Mitigation Measures Taken

work instructions. Fuel transfer will be restricted to conditions of visibility that allow
effective monitoring of the loading operation and suitable weather conditions (which will be
defined with contractor prior to operations commencing).

Leaks of drilling

Bunding to contain spills, spills directed to hazardous drains or slop tanks and contained,

mud (rig) on-board absorbent materials available on all vessels.
Overside leaks will be dealt with following the required notifications (Pon1 etc) and
legislation including Tier 1,2,3 responses as required and described in the OPEP.
Oil, diesel & Rig procedure- Bunding to contain spills, spills on rig directed to hazardous drains or slop

aviation fuel and
chemical spills
during bunkering /
refuelling

tanks, on-board absorbent materials available on all vessels.

Platform procedure - The drain tank is pumped to the oil production system and the organic
portion is later exported with oil. The aqueous part is re-injected.

Overside leaks will be dealt with following relevant legislation and notification (Pon1)
systems including Tier 1,2,3 responses as required from OPEP.

Oil spill during on-
board tank filling

Rig: Spills directed to the hazardous drains system, where oil will be removed by the
centrifuge or oil skimming apparatus or diverted to the slop/bilge tanks.

Platform procedure - The drains tank is pumped to the oil production system and the
organic portion is later exported with oil. The aqueous part is re-injected.

Oil spill during oil
bunkering from
subsea oil storage
tank to tanker

Tanker loading procedures: Integrated dry break valve in export line allowing emergency
disconnection; Rate of filling optimised to avoid over pressurisation and procedures in place
for connection and disconnection.

Transfer will be shut-down immediately.

Onboard leaks will be directed to the drains tank and from their back into the oil production
system.

Overside leaks will be dealt with following relevant legislation and notification (Pon1)
systems including Tier 1,2,3 responses as necessary and described in the OPEP.

Rig storage tank
leaks

A clear record of the chemicals store will be maintained at all times and compliance with
OCNS regulatory requirements. Tanks provided with appropriate bunding. Material directed
to the hazardous drains system, where oil will be removed by the centrifuge or oil skimming
apparatus.

Absorbents provided for spill management of diesel lube oil and stored chemicals. All such
spills directed to hazardous open drains system with trip and alarm systems in place.
Training given in deck spill clean up techniques.

Special training will be given to personnel with the responsibility for the operation of
valves, particularly dump valves, to make them aware of the importance to the environment
of preventing accidental oil spills in general and in the correct identification and utilisation
of valves prior to their use.

Hazardous drains system will not be able to remove chemicals prior to discharge so
chemicals will be directed to slop/bilge tanks and taken to shore for treatment. Procedure
to minimise and prevent spills from draining and filling of heating and cooling systems.

Subsea oil storage
tank leaks

The tank has a 20 year design life to include removal with high technical specifications to
minimise and eliminate as far as possible, the risk of structural defects or corrosion.

In the case of a leak, production will be stopped. Pressure in the tank will be reduced by
pumping water out of the tanks. Leaks and necessary repairs will be identified and
undertaken by divers.

Any oil spill will be reported via Pon1 and dealt with as required by legislation including an
oil spill response (Tier 1,2,3) as required and described in the OPEP.

It is worth noting that from initial concept selection, a subsea tank significantly lowered the
collision risk to the hydrocarbon inventory compared to an FPSO solution.

MOD will be consulted to determine whether fitting subsea sonar beacons can reduce the
very low probability of a submarine collision with the tank. A submarine sonar locator
beacon will be installed onto the subsea facilities if requested by MOD.
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6.1  Summary of Commitments

The commitments below are summarised from the findings of this Environmental
Statement and are specific to the Solan development. They do not represent all of the
actions to be taken to protect the environment during drilling and production
operations. Chrysaor will follow best industry practice during development operations
in addition to the specific conditions identified.

Commitment

1. Good rig housekeeping standards will be maintained in order to control the amount of
hydrocarbons and other contaminants entering the drainage system on board the drilling rig.

2. The drilling rig and associated vessels will have effective waste management systems in place.
The Articulated Tank and Tower will be unmanned therefore the waste generated will be minimal.
As far as reasonably practicable, materials such as scrap metal, waste oil & surplus chemicals will
be sent for re-cycle or re-use.

3. Where necessary, training will be given to personnel with the responsibility for the operation of
valves, particularly dump valves, to make them aware of the importance to the environment of
preventing accidental oil spills in general and in the correct identification and utilisation of valves
prior to their use.

4. Vessels associated with operations at Solan development will avoid using undue speed and
minimise propeller cavitation. Vessels will also be instructed to avoid marine mammals.

5 A Marine Mammal observer will be on duty during piling operations. A ‘soft start’ approach will be
in place during piling operations.

6. Additional power generation emissions during drilling and production activities will be minimised
by advanced planning to ensure efficient operations; well maintained and operated equipment and
generators and regular monitoring of fuel consumption

7. Chrysaor will ensure that contract specification and control processes require all equipment and
generators to be well maintained and operated.

8. There will be no overboard discharge of production chemicals or ballast water (from the storage
tank) or produced water during normal operations.

9. Bulk fuel transfer hoses will have non-return valves, refuelling hoses to have dead man closures
and floatation collars to be used on all hoses. Bunding will be provided around each of the loading
stations and around the main fuel oil and tank vents on the main deck. Transfer hoses inspected
prior to use and replaced at regular intervals.

10. Offshore fuel and bulk transfer to the drilling rig and platform will be supervised at all times,
measured at both ends of the transfer and communication links will be tested. Fuel transfer will
be restricted to conditions of visibility that allow effective monitoring of the loading operation
and suitable weather conditions (which will be defined with contractor prior to operations
commencing).

11. In the case of an oil storage tank leak production will be stopped. Pressure in the tank will be
reduced by offloading the oil. Necessary repairs will be identified and undertaken by divers.

12. A submarine sonar locator beacon will be installed onto the subsea facilities if requested by the
MOD.
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Appendix A: Statutory Framework

Discovery and development of offshore oil and gas reserves follows a distinct "life
cycle” which is common to all areas of operation (Figure A.1).

Figure A.1. Oil and Gas Industry Lifecycle
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There are a number of hazards and environmental impacts arising from each of the
stages of the life-cycle. These potential impacts of offshore oil and gas operations are
regulated through a number of methods, aimed at both the overall management of
environmental issues and the specific regulation of emissions and discharges to the
environment. The principal, relevant legislation is illustrated in Figure A.2.




Rev: 06 Solan Development Environmental Statement
. ______________________________________________________________________________|

Figure A.2. Offshore Legislation for Oil and Gas Activities
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Specific regulation of emissions and discharges to the environment are currently
regulated through various statutory and voluntary emission limits and protocols. Key
regulations for emissions and discharges include:

A.1  Environmental Impact Assessment

Management of the overall environmental issues are achieved externally both by the
implementation of the Offshore Petroleum and Pipelines (Assessment of Environmental
Effects) Regulations 1999 (as amended) and by specific conditions set during the award
of exploration and production licences.

The Offshore Petroleum Production and Pipelines (Assessment of Environmental Effects)
Regulations 1999 (as amended) require the submission of an Environmental Statement
which must contain a description of the development, the data necessary to identify
and assess the main environmental effects from the development and a description of
the likely significant impacts. This Environmental Statement has been prepared to
ensure compliance with the requirements of this legislation and to meet Serica’s
Health, Safety, Environmental and Quality (HSEQ) Management System (MS).

A.2 Atmospheric Emissions

Emissions to atmosphere from offshore oil and gas development operations can include
flaring associated with well clean up, testing, or production operations. Other sources
include exhaust gasses from primary power generation, venting and potential release of
ozone depleting chemicals. Flaring consents are required under the Petroleum Act
1998 for all flaring greater than 96 hours or 2000 tonnes of oil, with venting controlled
under consents issued under the Energy Act 1976 and the Gas Act 1986. All consents
may include requirements ranging from limits on duration (e.g. well testing), volume
restrictions and reporting requirements.

A-2
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European Community (EC) Directive 96/61/EC on Integrated Pollution Prevention and
Control ("the IPPC Directive”) is implemented in England and Wales under the Pollution
Prevention and Control (England and Wales) Regulations 2000, SI 2000/1973 ("the PPC
Regulations”). These were made under the Pollution Prevention and Control Act 1999.
The UK has now implemented IPPC for offshore combustion installations on oil and gas
producing platforms in the UK sector of the North Sea. The regulations require that
Best Available Techniques (BAT) are applied to combustion plant to prevent emissions
and waste production and where that is not practicable, reduce them to acceptable
levels by balancing the costs to the operator against the benefits to the environment.

A.3 Solid Waste

Overboard disposal of garbage into the sea is prohibited (except ground food wastes)
under Merchant Shipping (Prevention of Pollution by Garbage) Regulations 1998. All
wastes must be transferred to shore for disposal, with all handling and disposal in
accordance with relevant onshore waste management legislation including The
Environmental Protection Act 1990 and Special Waste Regulations 1996.

A.4 Marine Discharges

Emissions to the sea from offshore oil and gas development operations can include
spent water based drilling mud and cuttings, produced water and associated production
chemicals, drainage run off as well as accidental discharges of hydrocarbons or
chemicals.

Until recently the control of offshore chemical discharges was controlled under the
Harmonised Offshore Chemical Notification Scheme (HOCNS). Within the U.K., the
HOCNS has been succeeded by The Offshore Chemicals Regulations 2002, which
introduce a new approach to the consideration of chemicals use and their discharge. As
well as the comprehensive testing of chemicals, which was part of the HOCNS scheme,
the regulations require pre-screening, ranking and risk assessment of chemicals and the
substitution of certain chemicals by less hazardous alternatives.

OSPAR Decision 2000/3 prevents the discharge to sea of oil based and synthetic based
drilling fluid contaminated drill cuttings (both OBM and SBM cuttings) unless the level
of fluid on the cuttings is less than 1% by weight.

The Prevention of Pollution Act 1971 requires consent for the discharge of produced
water. The current legal standard for associated oil discharge is for each installation
not to exceed average monthly dispersed oil content of 40mg/l (40ppm) although the
UKOOA current voluntary standard is for a 30ppm limit on a company annual average
basis.

Other discharges including drainage (Merchant Shipping (Prevention of Pollution)
Regulations, 1996) and sewage (Food and Environment Protection Act 1985, and
Deposition in the Sea Exemption Order 1985) are also regulated under UK law.

A.5 Accidental Spills

An approved oil spill contingency plan must be in place (Oil Pollution Preparedness and
Response Convention Regulations 1998) and all spills must be reported via Petroleum
Operations Notice 1 (PONT1).

Any accidental release of chemical to sea (i.e. any chemical discharge to sea not
authorised by chemical permit) is prohibited under the Offshore Chemical Regulations
2002.

A.6 Data Reporting - Environmental Emissions Monitoring System (EEMS)

Initially, the EEMS was designed to permit the analysis of environmental data held by
BERR, providing the offshore industry with an independent source of totalled
environmental data on which to base its discussions with government or within the

________________________________________________________________________________________________________|
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industry itself. Continued collaboration between 0Qil and Gas UK Ltd (formerly UKOOA)
and DECC (formerly BERR) resulted in an agreement that the EEMS system act as the
primary data storage, manipulation and reporting resource for both the UK government
and the offshore industry. This took effect from 1 January 1997.

The main objective of the system is to provide access to qualitative and quantitative
data relating to all discharges to the environment from offshore installations. It is
intended to use the system to track adherence to chemicals permits issued under the
Offshore Chemicals Regulations 2002.

The system allows for the entry, update and interrogation of environmental information
relating to the following areas:

1. Production Operations:

o Produced Water - monthly reports to be submitted for oil and condensate
installations and annual reports to be submitted for gas and gas/condensate
installations.

. Production/Well Service/Utilities chemicals used and discharged - quarterly
reports to be submitted.

2. Drilling Operations:

. Oil/Base Fluid on cuttings - one report for each well to be submitted.
. Drilling/Workover/Cementing chemicals used and discharged.

3. Pipeline Chemicals

. Chemicals Used and Discharged - quarterly reports to be submitted. Note: This
refers to pipeline hydrotest and commissioning chemicals only. Routine
chemical additions to pipeline systems are to be included within
Production/Well Service/Utilities.

4. Oil Spills:

. Oil spills to be advised to the statutory authorities, eg: BERR, HMCG, using the
PON-1 oil spill form. BERR will pass on details of all oil spills to the EEMS Co-
ordinator for inclusion in the database.

5. Waste Reporting:

. Waste arising from offshore operations - one report annually for each
Installation or drilling rig operated.

6. Atmospheric Emissions:

Atmospheric emission data is collated annually for production operations and at
well completion for drilling operations.

Serica shall ensure that all necessary permits and consents are obtained for the
Columbus development. Internally, regulatory compliance is assured through the Serica
Health, Safety, Environmental and Quality (HSEQ) Management System (MS) (refer to
Section 5.0).
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Appendix B: Drilling Operations - Supporting Information

B.1  The Drilling Rig

The exploitation of hydrocarbons requires the construction of a conduit between the
surface and the reservoir. This is achieved by the drilling process. Offshore wells are
typically drilled by mobile drilling units of which there are three broad designs
currently in use: drill ship, semi-submersible and jack up.

The Solan development will be drilled using a semi-submersible drilling rig.

'Semi-submersibles’ have sufficient buoyancy to cause the rig structure to float, but are
of a weight sufficient to keep the structure upright. Semi-submersible rigs make stable
platforms for seeking and drilling for offshore oil and gas in areas of deeper water and
can be moved from place to place with assistance from anchor handling vessels.

Semi-submersible rigs are ballasted up or down by altering the amount of flooding in
the buoyancy tanks. They are generally anchored off by cable anchors during drilling
operations, though they can also be kept in place by their own azipod propellers with
dynamic positioning.

Typical operating depths for semi-submersibles are from 300 up to 35,000 feet (90 to
more than 10,600 metres).

B.2  Prior to Drilling

Site Survey

It is standard practice prior to drilling a well for the operator of the well to commission
a survey of the seabed typically covering an area around the intended drilling location.

The surveys aimed to provide information on:

. Bathymetry (water depths);

. Any obstructions that may be present on the seabed;

. Presence of potential Annex | habitats (e.g. Submarine structures made by
leaking gas);

. Information on the subsurface geological structure to help design and plan for
the anchoring of the rig;

. The nature of shallow sediments to aid in anchoring;

. The potential for shallow gas deposits at the rig sites, which can be hazardous
to drilling.

Results of these surveys have been included in this report.

B.3 Drilling Techniques

A conventional rotary drilling system via top drive will be used to drill the well. This
comprises a gantry like structure (the derrick) mounted on the drill floor. A hoisting
drum or draw works is also mounted on the drill floor at the base of the derrick. A
drilling line (made up of wire rope) passes from the draw works to the top of the
derrick through a system of pulleys known as the ‘crown block’, and is finally attached
via another series of pulleys (the travelling block) to the hook. The system operates
like a crane and can be raised and lowered within the derrick.

Suspended from the hook is a top drive on to which the drill string is attached. The
drill string is made up of uniform lengths of hollow steel pipe, screwed together. When
the drilling starts, a rotary drilling bit is attached to the lower end of the drill pipe and

________________________________________________________________________________________________________|
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lowered by the draw works through a rotary table mounted on the drill floor. The top
drive provides the rotary motion for the drill bit.

Figure B.1. Rotary Drilling Technique
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B.4 Well Construction

Wells are drilled in sections, with the diameter of each section decreasing with
increasing depth. During the drilling of the upper well sections the drill string (also
called drill pipe) and drill bit are typically left open to the seawater. However, before
drilling lower sections of the well a hollow tube known as a “marine riser” is run
between the rig and the seabed with the drill string passing down the centre of the
riser. Once a marine riser has been run therefore, the drilling mud can be returned to
the rig in the space (or annulus) between the drill string and the riser casing / open
hole. The lengths and diameters of each section of the well are determined prior to
drilling and are dependent on the geological conditions through which the well is to be
drilled. Once each section of the well is completed, the drill string is lifted and
protective steel pipe or casing lowered into the well and cemented into place. The
cement requires several additives to ensure that the casing is safely adhered to the
well bore. The casing helps to maintain the stability of the hole and also helps reduce
mud losses from the well bore into surrounding rock formations.

B.5 Drilling Muds

During the drilling operations, a fluid known as drilling mud is pumped through the drill
string down to the drilling bit.

Drilling mud is essential to the operation. It performs the following functions:

. The hydrostatic pressure
generated by the mud’s weight
controls the downhole pressure
and prevents formation fluids
from entering the “well bore”;

Mudhose

Top Drive
. It removes the rock cuttings
from the bottom of the hole
and carries them to the surface
and when circulation s Drill
interrupted it suspends the Pipe
drill cuttings in the hole;

Mud Tanks
(Suction Tanks)

. It lubricates and cools the drill NP
bit and string;

. It deposits an impermeable charge to Surface

cake on the wall of the “well

. . Sand Trap
bore” effectively sealing and

=
——
Qo

stabilising the formations being Discharge Pipe
drilled.
| Riser
Figure B.2. Schematic Showing i ..
Typical Mud Recycling System L Annulus B %° ume

The mud is recycled and maintained in
good condition throughout the operation. The mud and suspended cuttings are
processed on the platform through screens called “shale shakers” to maximise recovery
of the mud. A variety of chemicals may be added to the mud to serve the following
functions:

. Fluid loss control. The layer of mud (wall cake) on the wall of the “well bore”
retards the passage of liquid into the surrounding rock formation. In water
based muds (see over), bentonite is the principal material for fluid loss control
although additional additives such as starch and cellulose, all naturally
occurring substances, are also used.
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. Lost circulation. When drilling through some formations mud can be lost
through fissures in the surrounding rock reducing the volume of mud returning
to the rig to be cleaned and reused. Naturally occurring fibrous, filamentous,
granular or flake materials are used to stop lost circulation when the drill bit
enters a porous or fractured formation. Typical materials include ground nut
shells and mica.

. Lubricity. Normally drilling mud alone is sufficient to adequately lubricate and
cool the bit. However, under extreme loading, other lubricants are added to
prevent the drill string from becoming stuck.

. pH control. Caustic and lime are used to control the alkalinity of the mud to a
pH of 9 to 10. This ensures the optimum performance of the polymers in the
mud and controls bacterial activity.

. Pressure control. Barite (barium sulphate) is generally used as a weighting
agent to control downhole pressure.

Two major types of mud are now typically used in offshore drilling:

. Water based mud (WBM) - water forms the continuous phase of the mud (up to
90% by volume);

. Low Toxicity Qil based mud (LTOBM) - base oils refined from crude oil form the
continuous phase of the mud.

B.6 Well Control and Blow Out Prevention

In addition to careful monitoring and
control of the fluid system and installation
Q of casing in each section of the well, a
blow-out preventer stack (or BOP)

4.14m| 6.39m consisting of a series of individual
preventers will be installed on the

wellhead at surface after the surface
%25”‘ casing has been installed.
The function of the BOP is to prevent

uncontrolled flow from the well by
64m positively closing in the well-bore, if flow

5K annular from the well-bore is detected. The BOP
is made up of a series of hydraulically
operated rams and can be operated in an

emergency from the drill rig.

.
-
dsem

The well is not anticipated to encounter
any zones of abnormal pressure and the

Rams 10K BOP will be rated for pressures well in
Iiiem I excess of those expected to be
I I I. encountered in the well.

During drilling operations small amounts
of BOP fluid are typically discharged every
two weeks, during testing of the BOP.

5" FIXED
41/2" X 7"
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E 'N-2 Connector Figure B.3. 13 5/8 inch Blow Out Preventer
Stack
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B.7 Offshore Chemical Notification Scheme (OCNS)

The Offshore Chemical Notification Scheme (OCNS) requires that all chemicals used in
offshore exploration and production be tested using standard test protocols. Chemicals
are then classified based on their biological properties (e.g. toxicity and
biodegradability). The OCNS scheme was adopted in the UK in 1979 and formed the
basis of the Oslo and Paris Commissions (OSPARCOM) Harmonised Offshore Chemical
Notification Format (HOCNF) which was established under cover of the Paris
Commission Decision 96/3. The objectives of the OCNS and HOCNF are to regulate and
manage chemical use by the oil and gas industry and, subsequently, prevent
unacceptable damage to the marine environment as a consequence of operational or
accidental discharge of chemicals.

The scheme was originally voluntary in the UK and all chemicals were given an OCNS
Category ranging from 0 to 4. The system was later altered to harmonise the system
with those operated by other countries bordering the North Sea. The Harmonised
Offshore Chemical Notification Scheme (HOCNS) classifies all chemicals into five
groups, A to E with Category A chemicals being the most toxic and least biodegradable
and Category E chemicals considered to be the least harmful to the offshore
environment.

In addition to being placed into one of the five HOCNS categories, substances known or
expected to cause tainting of fish tissue or substances known or expected to cause
endocrine disruption, if lost or discharged, will be identified with a special taint or
endocrine disrupter (ED) warning.

Chemicals are categorised on the basis of a series of laboratory tests with particular
reference to their ecotoxicological effect, the biodegradability of the chemical and the
potential for bioaccumulation in marine species. The ecotoxicological data used to
classify the toxicity of chemicals are the results of laboratory tests on aquatic indicator
organisms. Acute toxicity is assessed and expressed as either:

e An LCs, - the concentration of the test substance in sea water that kills 50 percent
of the test batch;

e An ECsp - the concentration with a specified sub-lethal effect on 50 percent of the
test batch.

The HOCNS grouping for a chemical is determined by comparing the results of toxicity
tests for that chemical with the toxicity data given in Table B.1.

Table B.1. HOCNS Grouping Toxicity values (ppm) (Source: CEFAS, 2007)
HOCNS Grouping A B C D E

Results for aquatic toxicity data (ppm) <1 >1-10 >10-100 >100-1,000 >1,000

Results for sediment toxicity data (ppm) <10 >10-100 >100-1,000 | >1,000-10,000 >10,000

Aquatic toxicity - refers to the Skeletonema costatum ECsq, Acartia tonsa LCsy, and Scophthalmus maximus
(juvenile turbot) LCs test

Sediment toxicity - refers to the Corophium volutator LCs test.

The categorisation also takes into account the chemicals potential to bio-accumulate
and biodegrade and other aspects such as potential endocrine disruption. The
bioaccumulation potential and biodegradation rate relates to the fate of a chemical
within the marine environment. Bioaccumulation potential describes the net result of
uptake, distribution, biodegradation and elimination of a substance within an organism
subsequent to exposure but within the environment. The partition coefficient between
octanol and water (expressed as Log P,,,) is used as an indication of the potential for a
substance to be bioaccumulated, a high value indicates a tendency to accumulate in
lipophilic (“oil liking”) phases such as the fatty tissues of organisms, suspended
particles or sediments. However, because of biodegradation and elimination processes
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a high Log P,,, does not necessarily imply bioaccumulation will occur. The classification
outlined in Table B.2 is generally used to describe bioaccumulation potential.

Table B.2. Classification of Bioaccumulation Potential

Bioaccumulation Potential Log Pow
Low <2
Medium 2-4
High >4

Biodegradation of a substance refers to primary breakdown of the substance by living
organisms, normally bacteria. A substance is considered readily biodegradable if 60
percent or more is broken down in 28 days during a biodegradation tests. Values below
this are considered not to be readily biodegradable.

B.8 Harmonised Mandatory Control Scheme (HMCS)

The OSPAR Decision introducing a Harmonised Mandatory Control Scheme (HMCS) for
the use and discharge of chemicals offshore came into force through the Offshore
Chemicals Regulations 2002. The regulatory regime requires operators to obtain a
permit to use and discharge chemicals in the course of oil and gas exploration and
production operations.

The OSPAR Decision and its supporting Recommendations entered into force on 16
January 2001. The Decision requires offshore chemicals to be ranked according to their
calculated Hazard Quotients relating to each chemical discharge under standardised
platform conditions (HQ - ratio of Predicted Environmental Concentration (PEC) to
Predicted No Effect Concentration (PNEC). It also obliges authorities to use the CHARM
"hazard assessment” module as the primary tool for ranking. In the UK this is carried out
by a multidisciplinary team at the CEFAS Laboratory. From this information, operators
assess and select their chemical need, calculating PEC/PNECs for actual conditions of
use (utilising the CHARM module as appropriate) and bearing in mind the objective of
the HMCS to identify substances of concern for substitution and ranking of others to
support moves towards the use of less harmful substances. Inorganic chemicals and
organic chemicals with functions for which the CHARM model has no algorithms will
continue to be ranked using the existing OCNS hazard groups defined above.

A series of ranked lists are maintained on the CEFAS web site which use a banding
system to rank organic chemicals of similar function according to PEC: PNEC “Hazard
Quotients” calculated using the CHARM model. The band definitions are given in Table

B.3.
Table B.3. Classification of Bioaccumulation Potential
HQ Banding HQ Value

Gold 0>x<1
Silver 1=<x<30
White 30=<x<100
Blue 100=<x<300
Orange 300=<x<1000
Purple 1000=<x

The minimum data set of actual values and the parameters used by CEFAS to calculate
them are disclosed to chemical suppliers on “templates”. The suppliers then pass these
on to operators to enable the calculation of site-specific risk assessments (RQs) for any
chemicals they may want to use. Some chemicals are generated/used in-situ on
offshore installations, e.g. Sodium Hypochlorite, and don't fall under the remit of any
one supplier.
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The properties of substances on the OSPAR List of Substances/Preparations Used and
Discharged Offshore, Which Pose Little Or No Risk to the Marine Environment (PLONOR)
are sufficiently well known that the UK Regulatory Authorities do not require them to
be tested. This list is reviewed annually and the notification requirements for these
chemicals are given in the PLONOR document.
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Appendix C: Cuttings Modelling

Modelling of cuttings deposition on the seabed was done using a simple analytical
model based on the Stokes Law equations for particle settling velocity. The model
calculates the sinking rates of each of the particle size classes provided as input and
calculates a location of seabed deposition based on hourly current speed and direction
over a complete tidal cycle. The model assumptions are:

. Particles are spherical;

. There is no initial velocity on discharge;

. Currents speed and direction is continuous for one hour and then changes
instantaneously;

. There is no re-suspension of cuttings after initial deposition.

The model does not provide accurate seabed contours because contouring of the results
of particle tracking models results in a significant over estimation of the amount of
cuttings discharge. The model only provides an indication of the extent of the area of
deposition.

Input parameters for the model are provided below.

Table C.1. Discharge of Drill Cuttings for the Solan appraisal well

Parameter Input data
Weight of cuttings (direct to seabed) 378 tonnes
Particle size distribution (size classes in mm) 0.01, 0.1, 1, 5
Water depth 135 metres
Discharge depth (m below surface) 10 metres
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Appendix D: Behavioural Response Severity Scale (Southall et
al., 2007)

Response score Corresponding behaviors Corresponding behaviors

(Free-ranging subjects). (Laboratory subjects):

- No observable response
0 -No observable response

- Brief orientation response (investigation/visual
1 orientation) - No observable response

- Moderate or multiple orientation .

2 behaviors- No observable negative response; may approach

. . . s sounds as a novel object
- Brief or minor cessation/modification of )

vocal behavior
- - Brief or minor change in respiration
rates-

Prolonged orientation behavior

3 - Individual alert behavior

- Minor changes in locomotion speed, direction,
and/or dive profile but no avoidance of sound source
- Moderate change in respiration rate

- Minor cessation or modification of vocal behavior
(duration < duration of source operation), including
the Lombard Effect

- Minor changes in response to trained behaviors
(e.g., delay in stationing, extended inter-trial
intervals)

- Moderate changes in locomotion speed, direction,

4 and/or dive profile but no avoidance of sound source | - Moderate changes in response to trained
- Brief, minor shift in group distribution behaylors (e..g.,. reluctance to return to station,
- Moderate cessation or modification of vocal long inter-trial intervals)
behavior (duration of source operation)
- Extensive or prolonged changes in locomotion - Severe and sustained changes in trained

5 speed, direction, and/or dive profile but no behaviors (e.g., breaking away from station
avoidance of sound source during experimental sessions)

-Moderate shift in group distribution

-Change in inter-animal distance and/or group size
(aggregation or separation)

- Prolonged cessation or modification of vocal
behavior (duration > duration of source operation)

- Minor or moderate individual and/or group

6 avoidance of sound source

- Brief or minor separation of females and dependent
offspring

- Aggressive behavior related to noise exposure
(e.g., tail/flipper slapping, fluke display, jaw
clapping/gnashing teeth, abrupt directed movement,
bubble clouds)

- Extended cessation or modification of vocal
behavior

- Visible startle response

- Brief cessation of reproductive behavior

- Refusal to initiate trained tasks

- Extensive or prolonged aggressive behavior

7 - Moderate separation of females and dependent
offspring

- Clear anti-predator response

- Severe and/or sustained avoidance of sound source
- Moderate cessation of reproductive behavior

-Avoidance of experimental situation or retreat
to refuge area (duration of experiment)

-Threatening or attacking the sound source

-Obvious aversion and/or progressive sensitization - Avoidance of or sensitization to experimental
8 -Prolonged or significant separation of females and
dependent offspring with disruption of acoustic
reunion mechanisms

-Long-term avoidance of area (> source operation)
-Prolonged cessation of reproductive behavior

situation or retreat to refuge area (> duration of
experiment)

- Outright panic, flight, stampede, attack of
9 conspecifics, or stranding events
- Avoidance behavior related to predator detection

- Total avoidance of sound exposure area and
refusal to perform trained behaviors for greater
than a day

10rdinal scores of behavioral response severity are not necessarily equivalent for free-ranging vs laboratory conditions.
2Any single response results in the corresponding score (i.e., all group members and behavioral responses need not be
observed). If multiple responses are observed, the one with the highest score is used for analysis.
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Appendix E: Air Quality Data

Data on air quality offshore is limited. Emissions of carbon dioxide (CO,), oxides of
nitrogen (NOx), and oxides of sulphur (SOx) will result from power generation from the
rig, from vessels required for both drilling and installation of the development facilities
and from possible well testing.

Air quality guidelines values have been set under UK legislation (Table E.1). The World
Health Organisation (WHO) first published Air Quality Guidelines for Europe in 1987,
which were subsequently updated in 1996 (Table E.2). It was the aim of the Guidelines
to provide a basis for protecting public health from adverse effects of environmental
pollutants and eliminating or reducing to a minimum exposure to those pollutants that
are known or likely to be hazardous to human health or wellbeing.

Although health effects were the major consideration in establishing the Guidelines,
ecologically based Guidelines for preventing adverse effects on terrestrial vegetation
were also considered, and guideline values for vegetation protection for nitrogen and
sulphur oxides and ozone have been established.

Table E.1. UK Legislative Air Quality Limit Values

Pollutant (averaging Guideline
period in brackets)
UK SI 2001/2315 | PE NAQS PE
SO; (10 minute) - - - '
SO; (15 minute) 266 g/m3 35 per year 100 ppb 35 per year
SO; (1 hour) 350 pg/m3 24 per year 132 ppb 24 per year
SO; (24 Hours) 125 pg/m3 3 per year 47 ppb 3 per year
SO, (calendar year) - - - -
SO, (annual + winter)* 20 pg/m3 § none 8 ppb § none
NOx (1 hour) 200 pg/m3t 18 per year 105 ppbt 18 per year
NOx (8 hour) - - - -
NOx (calendar year) 40 pg/m3t none 21 ppbt none
NOx (calendar year)* 30 yg/m3 § none 16 ppb § none
CO (15 minutes) - - - -
CO (30 minute) - - - -
CO (1 hour) - .
CO (8 hour) - - 10 ppm none
H,S (24 hours) - - - -

* indicates value for protection of vegetation T value is for NO; or NO, equivalent

F depends on vegetation type § not regulatory, but part of the Local Air Quality Management
targets

Key: PE = Permitted Exceedences, NAQS = National Air Quality Standards, og/m® = microgram (1 x 10°®) per cubic
metre, ppm = parts per million (by volume), ppb = parts per billion (by volume)
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Table E.2. WHO Air Quality Guidelines for Europe

A-18

Gas Guideline Value Averaging Time
Carbon Monoxide 100 mg/m3 15 min
60 mg/m3 30 min
30 mg/m3 1 hour
10 mg/m3 8 hour
Ozone 120 pg/m3 8 hour
Nitrogen Dioxide 200 pg/m3 1 hour
40 pg/m3 annual
Sulphur Dioxide 500 pg/m3 10 min
125 pg/m3 24 hour
50 pg/m3 annual
VOCS
Benzene 6 x 10-6 (ug/m3)-1 UR / lifetime
1,3 butadiene no guideline
dichloromethane 3 mg/m3 24 hour
formaldehyde 0.1 mg/m3 30 min
PAH (BaP) 8.7 x 10-5 (ng/m3)-1 UR / lifetime
styrene 0.26 mg/m3 1 week
tetrachloroethylene 0.25 mg/m3 annual
toluene 0.26 mg/m3 1 week
trichloroethylene 4.3 x 10-7 (ug/m3)-1 UR / lifetime
Ecotoxic Effects
SO2 critical level 10 - 30 yg/m3 a annual
NOx critical level 30 yg/m3 annual
Ozone critical level 0.2 - 10 ppm.h a 5 days - 6 months

The European Commission (EC) has also set values for nitrogen dioxide and sulphur
dioxide (Table E.3) both with regard to protecting human health (EC limit value) and
contributing to protection of the environment (EC guide value).

In addition, the Meteorological Office quotes background sulphur dioxide
concentrations for onshore rural locations to be three parts per billion (eight
micrograms per cubic metre (ug/m?). Odour thresholds for sulphur dioxide are of the
order of 5-30 milligram per cubic metre (mg/m?) (Croner’s, 1996).

Table E.3. Air Quality Limit and Guideline Values for NO, and SO, (ppb)

Gas Source / Organisation Annual 24 Hr 1 Hr 98th
Average Average Average Percentile
NO, EC Directive Limit Value - - - 105
EC Directive Guide Value - - - 71
SO, EC Directive Limit Value 30-45' 94-132"
EC Directive Guide Value 15-23

Note 1: Values change depending on associated smoke concentrations.
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Appendix F: Atmospheric Dispersion Modelling

The simple model used is spreadsheet based and derived from “Davis, M.L. and D.A.
Cornwell. (1991). Introduction to Environmental Engineering. McGraw-Hill
International. Page 459”.

The model is an analytical model based on the Gaussian diffusion equation. The
Gaussian element refers to the observation that the concentration of a gas released

from a point follows an approximate normal distribution perpendicular to the centre
line of the plume.

Yo

The concentration along the centre line is inversely proportionate to the distance from
the source, although very close to the source the concentration is decreased due to
plume rise. Thus, a skewed concentration curve is characteristic of this sort of model.
The governing equation is:

2 2
X(x,y¥,0,H) = Q exp Uy exp —E(EJ
7S,S,U 2(s, 2(s,

where X(x,y,0,H) = downwind concentration at ground level, g/m?

Q = emission rate of pollution, g/s

sy,S; = plume standard deviations, m

u = wind speed, m/s

The basic Gaussian diffusion equation has the following assumptions:

e Atmospheric stability, that is the amount of mechanical mixing in the air, is
uniform throughout the layer into which the gas stream is discharged (normally the
boundary layer);

e Turbulent diffusion is random and therefore the dilution of the contaminated gas
stream in both the vertical and horizontal direction can be described by the
Gaussian or normal equation;

e The gas stream is released into the atmosphere at a distance above ground level
that is equal to the stack height plus the plume rise (caused by convection if the
released gas is hotter than the ambient temperature);
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e The degree of dilution is inversely proportional to the wind speed (although wind
speed data is not actually used within this model);

e Pollutant material that reaches the ground is totally reflected back into the
atmosphere.

The calculation of H is obtained from adding AH and h via Holland’s formula:

AH = Vs 1.5+[2.68x10-2(P)(TST;TaJdJ

u

s
where v, = stack velocity, m/s

d = stack diameter, m

P = Pressure, kPa

T, = stack temperature, K

T, = air temperature, K

Specific assumptions for the modelling of the atmospheric emissions produced from
power generation and testing of the Columbus development are:

Physical Parameters
e Height of discharge (h) 50 metres above LAT (taken to represent ground level).
e Flare diameter (d) of 0.762 metres.
e Temperature of (T;) 200 degrees Celsius, 473 K.
Atmospheric Conditions
e Wind speed (u) of 10 metres per second.
e Temperature (T,) 15 degrees Celsius, 288 K.
e Pressure (P) 101.32 kPA (thousand Pascals).
e Overcast conditions (neutral stability).
Discharge Characteristics
Power Generation for Drilling:
e Maximum burn rate of 22 tonnes per day of diesel.
e Molecular weight of gas of 22.
e Emission factors from UKOOA, 1999.
Power generation for pipeline and subsea installation:
e Maximum burn rate of 192 tonnes per day of diesel.
e Molecular weight of gas of 22.
e Emission factors from UKOOA, 1999.
Flaring during Well Clean-up
e Maximum flare rate of 1000 tonnes per day of gas, flared over a period of 48 hours.
e Molecular weight of gas of 18.

e Emission factors from UKOOA, 1999.
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Appendix G: Screen3 Atmospheric Model - Technical
Description

The following is extracted from Section 3 of the Screen3 User Guide (c) USEPA, 1995

Most of the techniques used in the SCREEN model are based on assumptions and
methods common to other EPA dispersion models. For the sake of brevity, lengthy
technical descriptions that are available elsewhere are not duplicated here. This
discussion will concentrate on how those methods are incorporated into SCREEN and on
describing those techniques that are unique to SCREEN.

Basic Concepts of Dispersion Modelling

SCREEN uses a Gaussian plume model that incorporates source-related factors and
meteorological factors to estimate pollutant concentration from continuous sources. It
is assumed that the pollutant does not undergo any chemical reactions, and that no
other removal processes, such as wet or dry deposition, act on the plume during its
transport from the source. The Gaussian model equations and the interactions of the
source-related and meteorological factors are described in Volume Il of the ISC User's
Guide (EPA, 1995b), and in the Workbook of Atmospheric Dispersion Estimates (Turner,
1970).

The basic equation for determining ground-level concentrations under the plume
centerline is:

X =0Q/i2mioo,) {exp(-%({z-h)/o)?]

+ exp[-¥{(2, +h,) /o) 2]

¥p[-%{{z -h -2Nz } /o) 2]

4
i

H=1

Foexpl-%{{z +h,-2Hz,)/0,) 2]

+ exp[-¥{(z-h +2Nz )} /0,} ?]

+ exp[-¥({(z +h +2Nz.} /o1 2] ] }

where:

X = concentration (g/m’ )

Q = emission rate (g/s)

o= 3.141593

o,0= stack height wind speed (m/s)
o, = lateral dispersion parameter (m)
o, = vertical dispersion parameter (m)
Z, = receptor height above ground (m)
h. = plume centerline height (m)

z; = mixing height (m)

k = summation limit for multiple reflections of plume off of the ground and elevated
inversion, usually < 4

Note that for stable conditions and/or mixing heights greater than or equal to 10,000
metres, unlimited mixing is assumed and the summation term is assumed to be zero.

_________________________________________________________________________________________________________|
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Equation 1 is used to model the plume impacts from point sources, flare releases, and
volume releases in SCREEN. The SCREEN volume source option uses a virtual point
source approach, as described in Volume Il (Section 1.2.2) of the ISC Model User's
Guide (EPA, 1995b). The user inputs the initial lateral and vertical dimensions of the
volume source, as described in Section 2.7 above. The SCREEN model uses a numerical
integration algorithm for modeling impacts from area sources, as described in Volume
Il (Section 1.2.3) of the ISC model user's guide (EPA, 1995b). The area source is
assumed to be a rectangular shape, and the model can be used to estimate
concentrations within the area.

Worst Case Meteorological Conditions

SCREEN examines a range of stability classes and wind speeds to identify the "worst
case” meteorological conditions, i.e., the combination of wind speed and stability that
results in the maximum ground level concentrations. The wind speed and stability class
combinations used by SCREEN are given in Table 2. The 10-meter wind speeds given in
Table 2 are adjusted to stack height by SCREEN using the wind profile power law
exponents given in Table 3-1 of the screening procedures document. For release
heights of less than 10 meters, the wind speeds listed in Table 2 are used without
adjustment. For distances greater than 50 km (available with the discrete distance
option), SCREEN sets 2 m/s as the lower limit for the 10-meter wind speed to avoid
unrealistic transport times. Table 2 includes some cases that may not be considered
standard stability class/wind speed combinations, namely E with winds less than 2
m/s, and F with winds greater than 3 m/s. The combinations of E and winds of 1 -1.5
m/s are often excluded because the algorithm developed by

Turner (1964) to determine stability class from routine National Weather Service
(NWS) observations excludes cases of E stability for wind speeds less than 4 knots (2
m/s). These combinations are included in SCREEN because they are valid combinations
that could appear in a data set using on-site meteorological data with another
stability class method. A wind speed of 6 knots (the highest speed for F stability in
Turner's scheme) measured at a typical NWS anemometer height of 20 feet (6.1
meters) corresponds to a 10 meter wind speed of 4 m/s under F stability. Therefore
the combination of F and 4 m/s has been included.

Table G.1. Wind Speed and Stability Class Combinations Used by the SCREEN Model

Stability Class 10-m Wind Speed (m/s)
1 1.5 2 25 3 3.5 4 45 5 8 10 15 20
A o ox x % w
B x x x w % % % %
c % x w x % A x % % %
D 0w % w % & x % % % % %
E Fox x wx %« % %
F x % x % w

The user has three choices of meteorological data to examine. The first choice, which
should be used in most applications, is to use "Full Meteorology” which examines all six
stability classes (five for urban sources) and their associated wind speeds. Using full
meteorology with the automated distance array (described in Section 2), SCREEN prints
out the maximum concentration for each distance, and the overall maximum and
associated distance. The overall maximum concentration from SCREEN represents the
controlling 1-hour value corresponding to the result from Procedures (a) - (c) in Step 4
of Section 4.2.

Full meteorology is used instead of the A, C, and E or F subset used by the hand
calculations because SCREEN provides maximum concentrations as a function of
distance, and stability classes A, C and E or F may not be controlling for all distances.
The use of A, C, and E or F may also not give the maximum concentration when

________________________________________________________________________________________________________|
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building downwash is considered. The second choice is to input a single stability class
(1=A,2=8B, ..., 6=F). SCREEN will examine a range of wind speeds for that stability
class only. Using this option the user is able to determine the maximum concentrations
associated with each of the individual procedures, (a) - (c), in Step 4 of Section 4.2.
The third choice is to specify a single stability class and wind speed. The last two
choices were originally put into SCREEN to facilitate testing only, but they may be
useful if particular meteorological conditions are of concern. However, they are not
recommended for routine uses of SCREEN.

The mixing height used in SCREEN for neutral and unstable conditions (classes A-D) is
based on an estimate of the mechanically driven mixing height. The mechanical mixing
height, z,, (m), is calculated (Randerson, 1984) as

Zn=0.3u*f (2)

where:

u* = friction velocity (m/s)

f = Coriolis parameter (9.374 x 10° s at 40° latitude)

Using a log-linear profile of the wind speed, and assuming a surface roughness length
of about 0.3m, u* is estimated from the 10-meter wind speed, u;, , as

u*=0.1uq (3)
Substituting for u* in Equation 2 we have
Zyn = 320 Ui . (4)

The mechanical mixing height is taken to be the minimum daytime mixing height. To
be conservative for limited mixing calculations, if the value of z, from Equation 3 is
less than the plume height, h., then the mixing height used in calculating the
concentration is set equal to h, + 1. For stable conditions, the mixing height is set
equal to 10,000m to represent unlimited mixing.

Plume Rise for Point Sources

The use of the methods of Briggs to estimate plume rise are discussed in detail in
Section 1.1.4 of Volume Il of the ISC user's guide (EPA, 1995b). These methods are also
incorporated in the SCREEN model. Stack tip downwash is estimated following Briggs
(1973, p.4).47 for all sources except those employing the Schulman-Scire downwash
algorithm. Buoyancy flux for non-flare point sources is calculated from

Fy= gvsdsz(Ts -Tq )/(4Ts )7 (5)

which is described in Section 4 of the screening procedures document and is equivalent
to Briggs' (1975, p. 63) Equation 12. Buoyancy flux for flare releases is estimated from

Fo=1.66x10°xH, (6)

where H is the total heat release rate of the flare (cal/s). This formula was derived
from Equation 4.20 of Briggs (1969), assuming T, = 293K, p = 1205 g/m, ¢, = 0.24
cal/gK, and that the sensible heat release rate, Q4 = (0.45) H. The sensible heat rate is
based on the assumption that 55 percent of the total heat released is lost due to
radiation (Leahey and Davies, 1984). The buoyancy flux for flares is calculated in
SCREEN by assuming effective stack parameters of vs = 20 m/s, T; = 1,273K, and solving
for an effective stack diameter, d; = 9.88 x 10 *(Qy )*>.

The momentum flux, which is used in estimating plume rise for building downwash
effects, is calculated from,

Frn = vs 2dsz-ra /(4Ts): (7)

The ISC user's guide (EPA, 1995b) describes the equations used to estimate buoyant
plume rise and momentum plume rise for both unstable/neutral and stable conditions.
Also described are transitional plume rise and how to estimate the distance to final
rise.

________________________________________________________________________________________________________|
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Final plume rise is used in SCREEN for all cases with the exception of the complex
terrain screening procedure and for building downwash effects. The buoyant line
source plume rise formulas that are used for the Schulman-Scire downwash scheme are
described in Section 1.1.4.11 of Volume Il of the ISC user's guide (EPA, 1995b). These
formulas apply to sources where hs < H, + 0.5L,. For sources subject to downwash but
not meeting this criterion, the downwash algorithms of Huber and Snyder (EPA, 1995b)
are used, which employ the Briggs plume rise formulas referenced above.

Dispersion Parameters

The formulas used for calculating vertical o, and lateral o, dispersion parameters for
rural and urban sites are described in Section 1.1.5 of Volume Il of the ISC user's guide
(EPA, 1995b).

Buoyancy Induced Dispersion

Throughout the SCREEN model, with the exception of the Schulman-Scire downwash
algorithm, the dispersion parameters, o, and o,, are adjusted to account for the
effects of buoyancy induced dispersion as follows:

Oye = (0,2 + ( Ah/3.5)2)%?
Oze = (Gzz + (Ah/35)2)05) (8)

where Ah is the distance-dependent plume rise. (Note that for inversion break-up and
shoreline fumigation, distances are always beyond the distance to final rise, and
therefore Ah = final plume rise).

AVERAGING PERIOD CONCENTRATION ESTIMATES

The purpose of this section is to provide some simplified techniques for converting
concentrations calculated by the models to different averaging times. Methods
presented are applicable to ground-level and elevated emissions of passive gases and
particulate matter.

Instantaneous Estimates

For computing ground level concentrations from an instantaneous surface release for a
given stability class and sampling time, the average concentration over sampling time
T can be expressed as some fraction of the peak concentration.

X X xF

where:

is the 3  average concentration for a given sampling time T,

T is the sampling time, i.e. 5 min., 1 hour etc.,(expressed in
seconds)

Xp is the instantaneous peak concentration.

F is the correction factor for sampling time, which always has a value less than or

equal to one.

The correction factor F can be computed using the procedure given by Petersen, 1982
for the averaging times not provided in SCREEN. The concentration at a given receptor
location ranges from zero to a peak value as the puff moves towards the receptor. The
peak instantaneous concentration is always assumed to occur at time t when the
center of the puff is at the receptor location. If the growth of the puff is small as the
puff passes over the receptor, then the peak average concentration for sampling time
T at a particular location occurs during the time periodt - t /2 to t +t /2.

Continuous Estimates

To obtain the estimate of the maximum concentration for a longer averaging time,
multiply the 1-hour maximum concentration by the given factor:

Averaging Time Multiplying Factor

_________________________________________________________________________________________________________|
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3 hours 0.9 (£0.1)
8 hours 0.7 (x0.2)
24 hours 0.4 (x0.2)
Annual 0.08 (£0.02)

The numbers in parentheses are recommended limits to which one may diverge form
the multiplying factors representing the general case. For example, if aerodynamic
downwash or terrain is a problem at the facility, or if the release height is very low, it
may be appropriate to increase the factors up to the limits specified in parentheses.
Conversely, if the stack is relatively tall and there are no terrain or downwash
problems, it may be appropriate to decrease the factors. For averaging times in
between the values listed above, use the multiplying factor for the shorter averaging
time.

For example, if a 4-hour average concentration is needed, use the multiplying factor
for the 3-hour averaging time (0.9). To obtain the estimated maximum concentration
for a shorter averaging times between 30 and 60 minutes, use the 1-hour maximum
concentration. For averaging times less than 30 minutes use the following equation:

Ce¢= Cy.nr (60min/t)%?

where: t < 30 minutes
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