DNV-GL

SEAFAN 7018/5-1

Environmental risk from
drilling disposals at 7018/5-1

EQUINOR ENERGY AS

Report No.: 2020-0272, Rev. 00
Document No.: 711169
Date: 2020-03-16




Project name:

Report title:
7018/5-1

Customer:

SeaFAN 7018/5-1
Environmental risk from drilling disposals at

EQUINOR ENERGY AS, Forusbeen 50, 4035,

Stavanger, Norway

Customer contact:

Linda-Mari Aasbg

Date of issue: 2020-03-16

Project No.: 10188694

Organisation unit: Environmental Monitoring
Report No.: 2020-0272, Rev. 00

Document No.: 711169

Applicable contract(s) governing the provision of this Report:

Objective:
SeaFAN at 7018/5-1

Prepared by:

Digitally signed by Ulfsnes,

Ulfsnes, Amund amund

Date: 2020.03.16 14:32:03 +01'00'

Verified by: Dicital b
igitally signe:

Mﬁskeland, Mgskelgnd?Thom);s

Thomas Date: 2020.03.16

14:42:25 +01'00'
Thomas Mgskeland

DNV GL AS Region Norway
5373,Region Norway

P.O. Box 300,,

Tel: +47 67 57 99 00
CNORDNV11

Approved by:

Digitally signed by Jensen, Tor

Jensen, Tor vaewnos1ss04s

+01'00"

Amund Ulfsnes
Principal Consultant

Senior Principal Consultant

Tor Jensen
Vice President - Head of Section

Copyright © DNV GL 2020. All rights reserved. Unless otherwise agreed in writing: (i) This publication or parts thereof may not be
copied, reproduced or transmitted in any form, or by any means, whether digitally or otherwise; (ii) The content of this publication
shall be kept confidential by the customer; (iii) No third party may rely on its contents; and (iv) DNV GL undertakes no duty of care
toward any third party. Reference to part of this publication which may lead to misinterpretation is prohibited. DNV GL and the Horizon

Graphic are trademarks of DNV GL AS.
DNV GL Distribution:

OPEN. Unrestricted distribution, internal and external.

Keywords:

0 INTERNAL use only. Internal DNV GL document.
[0 CONFIDENTIAL. Distribution within DNV GL according to

applicable contract.*

[0 SECRET. Authorized access only.

*Specify distribution:

00 2019-03-16 First issue

DNV GL - Report No. 2020-0272, Rev. 00 - www.dnvgl.com

Modelling, DREAM, corals, risk

Page i



Table of contents

2.1
2.2

3.1
3.2

7.1
7.2

INTRODUGCTTION 11t uttttt it tte ettt ettt e et e e e e et e s et et e e e et e e s e e e et e e e e et e e n e e e e e e e e e e e e e eenes 1
DISCHARGE MODELLING ..iitiiittti ittt et et aae e a e s st e et e et e s et s se e s a e e e e aae e st e aaneaaneeraneans 1
Discharge characteristic and methodology 1

Discharge Modelling Results

RISK ASSESSMENT ..uiititititititttetatsere e e s e et s teasas s e e e e s e e e s e e s e e s e s e e e e naraanananenenenenennrnes 5
Methodology 5
Risk Assessment Results 7
(00 ] @] B Y 1@ 11 PPN 11
R o 2] A [ P 12
APPENDIX A — DISCHARGE PLAN L.t utititiiiitistrt et s e s tasesss e e e s e s e ranasaeae s s s e e e nrnrnnnananss 1
Y o N 5 15 G = T 2
Hit probabilities September-November 2
Hit probabilities December-February 5

DNV GL - Report No. 2020-0272, Rev. 00 - www.dnvgl.com Page ii



1 INTRODUCTION

DNV GL has on behalf of Equinor Energy AS performed discharge modelling and following environmental
risk assessment for the planned drilling campaign at 7018/5-1. Cold-water coral reefs are identified >400
m east and west of the PWL (Equinor 2018, ST18906-RE-01). This report presents a risk assessment based
on the accumulated sediment deposition and suspended solids from the discharge at nearest coral
structures from the discharge modelling.

2 DISCHARGE MODELLING

2.1 Discharge characteristic and methodology

The project used the model DREAM MEMW 11.0, and DNV GL's internal SeaFAN tool for statistical analysis
and presentation of modelling results. A total of 24 parallel simulations using different high-resolution hind
cast modelled current data (NORKYST800 - met.no) were applied in the modelling to create variance in
the output results. The results from the simulations has been compiled statistically in discharge footprint
map for sea floor deposition expressed as mm thickness, and exposure time above thresholds for water
column concentrations. Modelling was carried out for two periods of 3 months, September - November and
December - February respectively, using hind cast current data from 2017-2018 (met.no). Measured high
resolution bathymetry was used in the model simulations. Discharge specific, and area/model specific
elements used in the modelling is presented in Table 2-1. Drilling discharges (barite, bentonite, cement
and cuttings) are modelled from the proposed well location (Lat: 70.658049, Long: 18.424069 WGS84)
with discharge on the sea floor. Planned discharge durations and amounts is shown in Figure 2-1(see
Appendix a for details). Results are presented as total amount of particles.

Component © Barite ®# Bentonite eCement e cuttings

2 17 172"

Tonns

35
30
25
20
15 e Circulation
o — G
5 97/8"
e
0 1 < 5

2 3
Days

Figure 2-1 Planned/modelled discharge durations and amounts of barite, bentonite, cement
and cuttings

DNV GL - Report No. 2020-0272, Rev. 00 - www.dnvgl.com Page 1



Table 2-1 Area and model specific elements.

Element Item Specification
Site specific Current Norkyst800 (Hourly, 800*800m) (met.no)
Bathymetry High resolution measured data
PSU 35 no halocline
Temp 8 °C no thermocline
Model specific Number of particles 2500
Output interval 30 min
Time step 10s
Concentration z cell 10m (250-450m)
Model grid 25*%25m cells, 2*2km
Output files NETCDF4 (water column conc and sediment thickness)

2.2 Discharge Modelling Results

Drilling discharge footprint maps has been generated based on the modelling results and presented as
sedimentation in mm for the intervals 1-3mm, 3-10mm and >10mm for the periods September-November
and December-February (Figure 2-2 and Figure 2-3). The footprint maps are compiled from the hit
probability maps for thickness intervals, where 90% of the modelling results are within the respective
interval. The hit probability maps are presented in Appendix B.

For both modelling periods, the results are in line with our experience from dispersion studies of drilling
discharges. There are minor differences between the two periods, with particle transport tending towards
east. However, there are apparently more variance in the September-November results, creating a slightly
larger footprint than the December-February period. The difference seen between the two periods are due
to differences in the current regime at site.
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Drilling Discharge Footprint Analysis
10 Percentile Simulation Chart
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—Map legend ——— r Statistical post processing

Model: DREAM (Plume 3D, ParTrack)
No. of simulations: 24
Variable: Ocean currents

@ Release position

Discharge deposition

Bl -:omm Duration: 7 days
Dates: 01.09 - 27.11
Bl 3-10mm Years: 2017-2018
[ ] 1-3mm Interpolation: Natural Neighbor

Figure 2-2: Drilling discharge footprint map at 7018/5-1 in the period September-November
2017-2018, overlaid with Sotbakken marine protected area (green transparent area) and
nearby coral areas (solid green area).
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Drilling Discharge Footprint Analysis
10 Percentile Simulation Chart
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Model: DREAM (Plume 3D, ParTrack)
No. of simulations: 24
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Figure 2-3 Drilling discharge footprint map at 7018/5-1 in the period December-February
2017-2019, overlaid with Sotbakken marine protected area (green transparent area) and
nearby coral areas (solid green area).
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3 RISK ASSESSMENT

3.1 Methodology

Deriving threshold values of deposition of discharges

The risk assessment methodology and derived thresholds for effects from sediment deposition on corals
applied is described in the “Handbook. species and habitats of environmental concern. Mapping, Risk
Assessment, Mitigation and Monitoring. - In relation to Oil and Gas activities (NOROG, 2019). The applied
threshold values for consequences are presented in Table 3-1 (same intervals as in the footprint maps).

Table 3-1 Threshold values for consequences for deposition of discharges (NOROG, 2019)

Deposition Degree of Consequences
thickness impact
0.1-1 mm Negligible No detectable influence

Minor smothering

Good ability to shed sediments, but might start to aggregate
Moderate smothering

3-10 mm Significant Reduced ability to shed sediments. Some polyp mortality or
sponge necrosis can occur.

Considerable smothering

>10 mm Considerable Potential suffocation. Polyp mortality or sponge necrosis
excpected. Potential for depletion of energy reserves.

1-3 mm Low

Deriving threshold values of suspended solids

Thresholds for short term exposure of suspended solids of barite, bentonite and drill cuttings on
Desmophyllum pertusum are under development. Several research projects have been performed in the
period 2012 to 2019 under the Research Council of Norway’s PROOFNY program in addition to Equinor
initiated projects. The objective was to close the knowledge gap related to physical impact of suspended
drilling discharges on cold-water coral (CWC), represented by the deep-water coral species D. pertusum.

New insight is gained into key physiological and health effect parameters (e.g. growth, mucus production,
respiration, polyp activity/mortality and coensarc damage) as well as responses to natural variations in
e.g. food availability on the coral species D. pertusum. This knowledge is important to understand how
corals cope with natural seasonal variations in the ocean and further assess possible influence of our
activities in relation to their tolerance to these natural variations. Physiological responses at varying food
amounts and effects of particulate drilling discharges on adult corals, were obtained through laboratory
experiments at NORCE conducted in the period 2012 to 2014. In these studies, impact of suspended drill
cuttings (DC) on adult Desmophyllum with both short-term (2.5 weeks) continuous exposure and
intermittent long-term discontinuous exposure (12 weeks) were measured after 4- and 16-weeks recovery
in particle free seawater, respectively. Main findings from these experiments support earlier studies
showing that adult L. pertusum is quite robust towards suspended DCs, indicating a DCs particle
concentration of 10 mg/L as a threshold for long-term continuous exposure (physiological and
behavioral responses). The knowledge gained from these projects was published in a peer-review scientific
journal (Baussant et al., 2018).

Most studies published have explored impacts of drilling discharges on adult D. pertusum with continuous
and long-term exposure to suspended particles from drilling. Knowledge on short-term impact of exposure
to more realistic conditions e.g. shorter duration and pulse exposure, both on early life stage of larvae and
adults was scarce. Therefore, to mimic more realistic field condition, additional short-term pulse exposure
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experiments have been performed to generate reliable effect data for establishing effect thresholds for use
in impact and environmental risk assessments of drilling discharge scenarios related to e.g. exploration
drilling.

A project collaboration (Coral-IDRET) was initiated in 2017 with NORCE and Ecotone performing effect
studies designed for realistic exposure conditions on adults D. pertusum. Effects on survival and sub-lethal
responses (growth, respiration rate, mucus production, polyp activity and damage on surface tissue) of
exposure to realistic conditions of the particulate weight materials barite and bentonite, and DCs in
suspension were performed. Corals were exposed repeatedly (pulses — 4 h on-off) over 5 days in the range
(nominal concentration) 10 to 100 mg/L (actual ~ 4 to ~ 50 mg/L) and mortality and physiological
endpoints were measured after 2 to 6 weeks recovery. In laboratory experiments performed under realistic
conditions, the lowest effect concentration measured was around 20 mg/L (representative for DC, barite
and bentonite). Respiration and growth rates were not significantly different in any of the treatments
tested compared to control. Polyp mortality was observed at the two highest exposure concentrations
(about 20 and 50 mg/L) for DC, barite and bentonite. Damage on coenosarc was observed on a few
individuals but not extensively exposed to barite and bentonite. In conclusion, D. pertusum corals are
resilient to a relatively high load of particles in suspension (~20 mg/L) exposed to a more realistic field
condition. At higher load, the condition of some corals alters, and polyp mortality increases.

Based on this the no effect derived threshold for suspended solids used in this assessment are:

e Conservative: 10 mg/L over a period of 5 days
e Realistic: 20 mg/L over a period of 5 days
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3.2 Risk Assessment Results

Burial and smothering

In the overlap analysis between nearby corals and the sediment footprint maps (>1mm) it is revealed that
the reef building coral; Desmophyllum pertusum located in the vicinity of the planned drilling location at
the exploration well 7018/5-1, will not be negatively influenced by smothering nor burial. The modelling
indicates maximum sediment loads, from any of the simulations, on the nearby corals to be <0.7mm
(Figure 3-1), well below the no effect threshold on corals (Table 3-1) for both periods. The closest coral
area (id23 and 24) are located more than 200m east of the deposition influence area (>1mm) (Figure 3-2,
and Figure 3-3). There are no significant differences between the two periods.

Discharge deposition by Simulation, Coral and Period

1.0 Sapt-Now

1.0 Dec-Feb

Coral

Figure 3-1: High-resolution presentation of the modelling results of maximum sediment
deposition thickness (mm) on the seabed on each of the coral targets for all simulations in the
period Sept-Nov (top) and Dec-Feb (bottom) at 7018/5-1.The whiskers are one standard
deviation, and mean is illustrated as Q.
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Drilling Discharge Footprint Analysis
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Figure 3-2 Cold water corals in the survey area overlaid with the discharge footprint map in the
period Sept-Nov 2017-2018. Corals are in solid green (id numerated), while the Sotbakken
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marine protection area are highlighted with green dots.

Drilling Discharge Footprint Analysis
10 Percentile Simulation Chart
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Figure 3-3 Cold water corals in the survey area overlaid with the discharge footprint for a
discharge in the period Dec-Feb 2017-2019. Corals (id numerated) are in solid green, while
the Sotbakken marine protection area are highlighted with green dots.
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Suspended solids

Suspended solids exposure above thresholds may occur for short periods of time (<30min) throughout the
drilling campaign. The average exposure time of total concentration of particles above the most
conservative threshold (~10 mg/l) on any coral does not exceed 1 hour. This threshold is derived from
experiments based on long-term exposure (up to 12 weeks) to suspended DC.

Similarly, average total particle concentrations exceeding the more realistic threshold of 20 mg/L (for
barite, bentonite and DCs) on corals in the survey area, the modelling showed average exposure time
above this threshold less than 1/2 hour. This threshold was based experiments with pulse exposure over
5 days. Considered the short period of suspended particle exposure of the corals in the survey area (based
on model simulations for the two time periods), no or negligible impacts on corals are expected.

Hours >10mg/l by Simulations, Coral and Period Hours >20mg/l by Simulations, Coral and Period

4.0 Sept-Nov 4.0 Sept-Nov

Hours

Hours >10mg/l by Simulations, Coral and Period Hours >20mg/| by Simulations, Coral and Period

4.0 Dec-Feb 40 Dec-Feb

Hours

Figure 3-4 High-resolution analysis of the modelling results of sum exposure time per
simulation of total concentrations of suspended solids above two thresholds (10 and 20 mg/L)
at each of the coral targets for all timesteps and simulations at 7018/5-1. The whiskers are one
standard deviation, and mean is illustrated as O.
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4 CONCLUSIONS

High resolution modelling of planned discharges to the seabed from exploration drilling at 7018/5-1 has
been performed. The results from discharge of particulate drilling waste (drill cuttings, cement, barite and
bentonite) on depositions on the seabed and suspended solids concentrations in the water column are
overlaid with coral structures in the proximity to planned well location at 7018/5-1, indicating no overlap
exceeding any thresholds for effects from burial.

Suspended solids exposure above thresholds may occur for short periods of time (<30min) throughout the
drilling campaign. The average exposure above the conservative threshold of ~10 mg/l and the more
realistic threshold of 20 mg/L on any coral does not exceed 1 hour (mean <0.5hrs). Considered the short
period of suspended particle exposure of the corals in the survey area (based on model simulations for the
two time periods), no or negligible impacts on corals are expected.

The differences seen in the modelling results on the different corals between seasons (sept-nov and dec-
feb) are minor or neglectable.
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6 APPENDIX A - DISCHARGE PLAN
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7 APPENDIX

7.1 Hit probabilities September-November

Drilling Discharge Footprint Analysis
Hit probability 1-3 mm
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Figure 7-1 Drilling discharge footprint hit probability map (1-3 mm) at 7018/5-1 in the period

September-November 2017-2018, overlaid with Sotbakken marine protected area (green

transparent area) and nearby coral areas (solid green area).

DNV GL - Report No. 2020-0272, Rev. 00 - www.dnvgl.com

Page 2



Drilling Discharge Footprint Analysis
Hit probability 3-10 mm
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Drilling discharge footprint hit probability map (3-10 mm) at 7018/5-1 in the period
September-November 2017-2018, overlaid with Sotbakken marine protected area (green
transparent area) and nearby coral areas (solid green area).
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Drilling Discharge Footprint Analysis
Hit probability > 10 mm
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Drilling discharge footprint hit probability map (>10 mm) at 7018/5-1 in the period
September-November 2017-2018 overlaid with Sotbakken marine protected area (green

transparent area) and nearby coral areas (solid green area).
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7.2 Hit probabilities December-February

Drilling Discharge Footprint Analysis
Hit probability 1-3 mm
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Figure 7-2 Drilling discharge footprint hit probability map (1-3 mm) at 7018/5-1 in the period
December-February 2017-2019, overlaid with Sotbakken marine protected area (green
transparent area) and nearby coral areas (solid green area)
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Drilling Discharge Footprint Analysis
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Figure 7-3: Drilling discharge footprint hit probability map (3-10 mm) at 7018/5-1 in the
period December-February, 2017-2019, overlaid with Sotbakken marine protected area
(green transparent area) and nearby coral areas (solid green area).
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Drilling Discharge Footprint Analysis

Hit probability > 10 mm
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Figure 7-4: Drilling discharge footprint hit probability map (>10 mm) at 7018/5-1 in the

period December-February 2017-2019, overlaid with Sotbakken marine protected area (green
transparent area) and nearby coral areas (solid green area).
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About DNV GL

DNV GL is a global quality assurance and risk management company. Driven by our purpose of
safeguarding life, property and the environment, we enable our customers to advance the safety and
sustainability of their business. We provide classification, technical assurance, software and independent
expert advisory services to the maritime, oil & gas, power and renewables industries. We also provide
certification, supply chain and data management services to customers across a wide range of industries.
Operating in more than 100 countries, our experts are dedicated to helping customers make the world
safer, smarter and greener.
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