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INTRODUCTION

1.1 Background

Response mitigation comparison modelling was completed by Oil Spill Response Ltd. (OSRL)
on behalf of OMV Petrom (OMV) for their Neptun Deep operations, Romania. This
supplements the oil spill modelling completed by OSRL for Neptun Deep, conducted in January
2023 (PRJ02947). From this original modelling, the worst case trajectory was identified for
planning purposes and re-run to show the impact of natural and human intervention
techniques applied.

Marine Gas Qil (MGO) is a lighter hydrocarbon containing a higher proportion of low weight
molecular compounds than many other oils and diesels. The primary environmental impact
will come through acute toxicity rather than physical smothering effects. With this being a
surface release, the diesel will naturally disperse quickly under normal environmental
conditions (95% within 48 hours) through evaporation, migration to the water column,
dilution and biodegradation. Within the water column, the concentration of diesel is likely to
be greatest nearest the surface, and reduce rapidly with depth.

The standard technique to create a worst-case trajectory for planning purposes is to select the
scenario that results in the most diesel ashore under different historic metocean conditions.
In this instance there was no shoreline impact in any of the historic scenarios simulated. Given
the offshore nature of the operation and the chemistry of the hydrocarbon this makes sense
as the spill would disperse rapidly.

As such an alternative, more conservative worst case trajectory was created for the purposes
of planning a response. The scenario selected was the scenario that resulted in the greatest
impact to Bulgarian surface waters assuming no wind/wave impact.

The scenario was run across winter (October — May) and summer (June — September). The
worst case trajectory in winter, occurred with a start date of the 14" January 2016 at 16:00
UTC. The worst case trajectory in summer, occurred with a start date of the
14 September 2018 at 16:00 UTC.

Three scenarios for each season are presented in this report.

e Conservative (No Wind, No Mitigation)
o The Worst-Case planning scenario that assumes only hydrodynamic forcing
on an diesel spill. These are the original diesel spill scenarios presented in
the previous work.

e Expected (Wind + Waves)
o The Worst-Case, no human intervention scenario that demonstrates the
significance of the weather to this particular diesel.

e Mitigated (Wind + Waves + Spill Response)

o The Worst-Case, with human intervention scenario that demonstrates the
contribution of response equipment to this diesel spill. The mechanical
recovery technique applied in this instance is the use of an available speed
sweep system.

Document No: PRJ03483-b R02 Page 5 of 25 Oil Spill Response Ltd.
Date Issued: 28-Mar-24



Oil Spill Modelling Report: Response Mitigation Comparison

Y
oMV = Oil Spill Response

The modelling was carried out using SINTEF’s Qil Spill Contingency and Response (OSCAR)
model. OSCAR is a 3D modelling tool used to predict the movement and fate of diesel on the
sea surface and throughout the water column (see APPENDIX B for further details).
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2 SCENARIO SETUP

2.1 Release Scenario

The original stochastic simulation run for OMV’s Neptun Deep operations had a total of 150
individual trajectories post-processed for the scenario to create the stochastic results. Each
trajectory began on a different start date, so that each diesel spill was simulated using a range
of hydrodynamic conditions. An initial stochastic run is necessary in order to provide us with
a range of outcomes so that we can identify a worst case trajectory to further analyse for
mitigation technique comparison. Table 1 shows the release location and scenario set up for
this modelling project.

Table 1: Summary of release scenario setup

Scenario Reference Scenario 1 (S01)
o Accidental spill from the
Description . .
platform installation vessel
44° 02'51" N
Location
030°35'14"E

Winter: Oct — May
Summer: Jun - Sep

Timeframe

Depth of Release Surface
Release Rate 300 m3/hr
Duration of Release 1 hour
Total Mass Released 264 MT
Stochastic Total Run Duration 14 days
Total Number of Trajectories 150
Trajectory Total Run Duration 14 days

Nearest Shoreline

~117 km, Sfantu Gheorghe, Romania
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2.2 Diesel Characteristics
Matching

Lab tested diesel were selected for this modelling study based on the information provided by
OMV. The properties of the modelled diesel are shown in Table 2.

Table 2: Properties of the modelled oil

Specific . . Pour Wax
Gravity Viscosity Point!* Content AL
1.7-45cSt @
0.876 40°C
Modelled
Diesel 28.4 0.885 12 ¢St@ 13°C -36°C 3.11% 0.02 %
iese

1 Due to the algorithms in the model, Pour Point is of lesser importance when oil matching.
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2.3 Mitigated Response Modelling Setup

Using the stochastic simulation, a worst case trajectory was identified by the specific criteria
of greatest impact to Bulgarian surface waters assuming no wind and wave action. This
trajectory was re-run and analysed for both winter and summer seasons with wind and wave
action and with human intervention techniques. The conservative trajectory; the expected
trajectory and the mitigated trajectory are described in the below tables.

Table 3: Summary of trajectory setup for mechanical recovery

Conservative Scenario Expected Scenario Mitigated Scenario
Scenario Reference (No wind, no (Wind + waves) (Wind + waves + spill
mitigation) response)
The scgnano that As per worst-case As per Worst-Case
results in the most . . . . .
transboundary impact planning scenario but  with wind/wave action
Description . y p with the addition AND the addition of a
assuming historic . I .
. historic wind/wave boom/skimmer
hydrodynamic .
. action. system.
conditions.
Thickest diesel for the
model duration to
Human R(.asponse N/A N/A encourég.e maximum
Tasking efficiency of
mechanical recovery
device deployed.
Recovery System N/A N/A Speed Sweep
Cruise Speed N/A N/A 12 knots
Draught N/A N/A 6.9m
Tank Capacity N/A N/A 2,000 m3
Vi itv Limit of
|sc05|_ty imit o N/A N/A 15,000 cP
Skimmer
Skim rate N/A N/A 30 m®/ hour
Swath width N/A N/A 8.1m
Wave Threshold N/A N/A 55m
Effectiveness N/A N/A 98 %
Time To Mobilise N/A N/A 7 hours
Turnaround Time N/A N/A 16 hours
LR O N/A N/A Midia Port, Romania
Location
Document No: PRJ03483-b R02 Page 9 of 25 Oil Spill Response Ltd.

Date Issued: 28-Mar-24



QOil Spill Modelling Report: Response Mitigation Comparison

omv

“> Oil Spill Response

2.4 Thresholds

Thresholds define the point below which data are no longer informative. For example, when
surface emulsion thickness is less than 0.04 um, the diesel is no longer visible to the naked eye
so may be considered insignificant to a response. The thresholds applied to this study are given

in Table 4.
Table 4: Thresholds used in the modelling

Threshold Value Description

The Bonn Agreement Oil Appearance Code (BAOAC) defines five
Surface 0.04 um oil layer thicknesses based on their optic effects and true colours.
AR 0.04 um is the minimum thickness that can be seen with the

naked eye.
L hreshold for light oiling f he ITOPF

Shoreline 0.1 litres/m? ”owert .rfes old .or ight oi mg r”om the ITOPF document

Recognition of oil on shorelines”.

The thickness key used in the surface emulsion thickness maps throughout this document is
derived from the Bonn Agreement Oil Appearance Code.
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3 RESULTS

3.1 Scenario 1: Summer

Using one worst case trajectory and applying wind and waves; and mitigation response
techniques, we can model and analyse the differences in the outcomes, versus the
conversative impact (with no wind, waves or mitigation).

Figure 2 is the comparison map, displaying the overall impacted area as a result of all three
trajectories in summer.
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3.1.1 Surface Impact Maps
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Figure 2: Overall impacted area, with and without mitigation — Summer
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3.1.2 Mass Balance Graphs — Conservative (No Wind, No Mitigation) — Expected (Wind and Waves) = Mitigated (Wind and Waves and Spill Response)

Conservative Planning Scenario with No wind / No mitigation Expected Scenario with Wind/Wave Action Mitigated Scenario with Wind/Wave Action AND Spill response
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The mass balance output illustrates the substantial impact of applying wind and waves on reducing
diesel at the surface, by day 3 almost all diesel has been driven into the water column. The trajectory

with added spill response mitigation techniques applied further reduces the diesel impact to the
surface by ~ 5 MT.
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Scenario 1: Winter

Using one worst case trajectory and applying wind and waves; and mitigation response
techniques, we can model and analyse the differences in the outcomes, versus the
conversative impact (with no wind, waves or mitigation).

Figure 3 is the comparison map, displaying the overall impacted area as a result of all three

trajectories in winter.
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3.1.3 Surface Impact Maps
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3.1.4 Mass Balance Graph

— Cpnservative (Mo Wind, No Mitigation)

m— Eypected (Wind and Waves) m— Mitigated (Wind and Waves and Spill Response)

Conservative Planning Scenario with No wind / No mitigation Expected Scenario with Wind/Wave Action Mitigated Scenario with Wind/Wave Action AND Spill response

(4]

o

© w0 00 2w
o

S

: . . .
v Euw E Ew
c

o

E 100 100 100
(7]

Q

o) 60 @
(]

L d an

© 5o 50
S

[e]

Q 5w Eaw S
e g g g
>

w 0 =
)

[ » »
Q

[a] " "
S c
2 £
S

v = - - £
Q. o 3 w0 S 3 w0
w 9
— S a0 B 80
T o
—_— )

T © B N B
o 3 . . .
0 0 o 0
T o

S

3 -c 4 w0 m
3%

2 0 1 . .
Q2 5
(]

Document No: PRJ03483-b R02
Date Issued: 28-Mar-24

Page 17 of 25

Oil Spill Response Ltd.




QOil Spill Modelling Report: Response Mitigation Comparison

—2 il B
omMmv ~<= 0il Spill Response

The mass balance output illustrates the substantial impact of applying wind and waves on reducing
diesel at the surface, by day 3 almost all diesel has been driven into the water column. The trajectory
with added spill response mitigation techniques applied further reduces the diesel impact to the
surface by ~ 5 MT.
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4 SUMMARY

One scenario was modelled for OMVs Neptun Deep operations , Romania. This scenario
involves the instantons release of 300 m* of MGO and was modelled for 14 days. The scenario
was run across winter (October to May) and summer (June to September) to create a range
of outcomes. In this report the worst case trajectory was identified by the specific criteria of
greatest impact to Bulgarian surface waters assuming only hydrodynamic forcings. Further
investigation of this specific trajectory was undertaken to determine the potential effect of
applying winds and waves, as well as the mitigating response technique of a speed sweep
system.

4.1 Summer

A summary of the results is presented in the table below:

Table 5: Summary of model results - Summer

Accidental spill from the platform installation vessel

Surface Impact Summer
Scenario Conservative (no winds Expected (winds + Mitigated (wind +
+ no mitigation) waves) waves + spill response)
Maximum mass of 264 MT 261 MT 261 MT
diesel impacting surface Day 1 Day 1 Day 1
Mass of diesel
impacting surface at day 175 MT 0OMT 0MT
14
Miaximum Area 2924 km? 612 km? 536 km?
Impacted
M f diesel
GRSl none none 419 MT
Recovered

When wind data is applied the mass of diesel at the surface in the summer scenario is reduced
to 0 MT by day 14.

When comparing the expected simulation and mitigated simulation, the trajectory with wind,
waves and mitigation reduces the diesel mass at the surface by 4.19 MT.

Both trajectories with wind applied in the summer season (expected and mitigated) show a
smaller slick size above threshold levels than the trajectory with no wind applied
(conservative)
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4.2 Winter

Scenario

Maximum mass of
diesel impacting surface

Mass of diesel

impacting surface at day
14

Maximum Area
Impacted

Mass of diesel
Recovered

Table 6: Summary of model results - Winter

Surface Impact Winter

Accidental spill from the platform installation vessel

Conservative (no winds

Expected (winds +

Mitigated (wind +

+ no mitigation) waves) waves + spill response)
264 MT 262 MT 260 MT
Day 1 Day 1 Day 1
205 MT 0OMT oOMT
1,480 km? 304 km? 280 km?
none none 4,485 MT

When wind data is applied the mass of diesel at the surface in the winter scenario is reduced

to 0 MT by day 14.

When comparing the expected simulation and mitigated simulation, the trajectory with
mitigation reduces the diesel mass at the surface by 4.48 MT.

Both trajectories with wind applied in winter season (expected and mitigated) show a smaller
slick size above threshold levels than the trajectory with no wind applied (conservative)
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APPENDIX A. METOCEAN DATA

Three-dimensional ocean current data is used to determine the movement of diesel both on the sea
surface and through the water column.

Table 7: Current Data — General Description

Dataset Name Black Sea Physics Reanalysis

OSRL Ref. PRJ02947-Curr-01

Start Time May 2015 Spatial Resolution 3 km

End Time May 2020 Temporal Resolution 24 hour

Depth Levels 31 unevenly spaced vertical levels

Two-dimensional wind data is used to enhance the prediction of movement of diesel on the sea
surface, estimate wave height, contribute to evaporation rates and capture mixing in the upper water
column.

Table 8: Wind Data — General Description

Dataset Name CFSR Winds

Saha, S., et al. 2010. NCEP Climate Forecast System Reanalysis (CFSR) Selected Hourly
Time-Series Products, January 1979 to December 2010. Research Data Archive at the
National Center for Atmospheric Research, Computational and Information Systems
Laboratory. https://doi.org/10.5065/D6513W89. Accessed Oct 2019.

Reference

OSRL Ref. PRJ02947wind-01

The CFSR is a third-generation reanalysis product. It is a global, high resolution, coupled
atmosphere-ocean-land surface-sea ice system designed to provide the best estimate of
the state of these coupled domains over this period. The CFSR includes
(1) coupling of atmosphere and ocean during the generation of the 6-hour guess
field.
(2) aninteractive sea-ice model, and

Description

(3) assimilation of satellite radiances.

The CFSR global atmosphere resolution is ~¥38 km with 64 levels although the wind data
we extract is at 1 level, 10 m above sea level.

Start Time May 2015 Spatial Resolution 20 km

End Time May 2020 Temporal Resolution 1 hour

Further "The Climate Data Guide: Climate Forecast System Reanalysis (CFSR)." Retrieved from
Information https://climatedataguide.ucar.edu/climate-data/climate-forecast-system-reanalysis-cfsr
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APPENDIX B. HABITAT GRID
Table 9: Habitat domain details

Domain Extent
Number of Cells Cell Resolution

East to West ‘ North to South East to West North to South

Domain Size

East to West North to South

2 km 2 km

OSCAR requires the user to setup a habitat grid which contains the diesel spill. Habitat grids are the
model domain; if diesel travels outside of this domain, it will be classified as "outside" and not be
included in any further calculation. As such, diesel "outside" the domain will not be included in
shoreline statistics or other analyses. There are a maximum of 1,000 x 1,000 spatial grid cells. So, if
the diesel covers a 1,000 km x 1,000 km area, the smallest spatial resolution (or surface grid cell) is 1
km x 1 km. Habitat grids that cover large areas will typically provide coarser results than habitat grids
that cover smaller areas.
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APPENDIX C. OIL SPILL MODELLING SOFTWARE AND METHODOLOGY

This project was completed using the version of OSCAR contained within the Marine Environmental
Modelling Workbench (MEMW) 14.1.0., a model that has been fully validated and calibrated using
various field observations from a number of experimental oil and diesel spills.

OSCAR predicts the movement of oil or diesel at the water’s surface and throughout the water column.
OSCAR consists of a number of interlocking modules that are activated as required. The following
infographic illustrates the OSCAR modelling process.

OSCAR Inputs, Process and Outputs

A brief explanation of the Qil Spill Contingency And Response (OSCAR) model methodology

o OSRL input scenario data to OSCAR 9 OSCAR analyses oil spill scenario data

Qil properties Oil Weathering

Your oil is matched to a scientifically characterised The Oil Weathering Model calculates the weathering of oil
oil within the OSCAR oil database. Qil properties in the marine environment using the oil characteristics
have the most significant impact on weathering. database.

Metocean data Fates

Wind (2D) and current (3D) data for the entire The Spill Trajectory and Plume Model predicts oil direction
spill area are used to predict oil weathering and fate: on the sea surface, shoreline, seafloor (sediment),
and direction of travel. in the atmosphere or water column, or biodegraded.
Response techniques Response Efficacy

Response techniques can be inputted to assess The Strategic Response Model can be used to study

their efficacy in reducing the amount of oil on the dispersant application, and containment and recovery. This
sea surface and along shorelines. can help with pre-approval of dispersant application.

Trajectory (deterministic) map
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APPENDIX D. GLOSSARY OF TERMS, ACRONYMS AND ABBREVIATIONS

°C

Degrees Celsius
(1.0°C = 33.8° Fahrenheit)

um

Micrometre (1.0 um = 10 m)

API

American Petroleum Institute

API Gravity

API Gravity, like specific gravity, is a ratio between the densities of oil (or diesel) and
water. Unlike specific gravity, API gravity is only used to describe oil (or diesel), which it
characterises as:

e Light-API>31.1
e Medium - APl between 22.3 and 31.1
e Heavy-API<223
e  Extra Heavy - API < 10.0
API Gravity is converted to Specific Gravity using the following formula:
API gravity = (141.5/Specific Gravity) — 131.5

An API of 10 is equivalent to water, so oils with an APl above 10 will float on water while
oils with an API below 10 will sink.

See also: Specific Gravity, API

Asphaltenes

The asphaltenes present the crude oil components that are (1) insoluble in n-heptane at a
dilution ratio of 40 parts alkane to 1 part crude oil and (2) re-dissolves in toluene. The
asphaltenes include the crude oil material highest in molecular weight, polarity and
aromaticity.

Barrels of oil (a unit of volume).
(1.0 bbls =0.15899 m? and 1.0 m® = 6.2898 bbls)

I
bbls The conversion between mass and volume requires knowledge of the oil density.
See also: MT, API Gravity, Specific Gravity
bbls/day Barrels of oil per day (rate).
BONN The BONN Agreement is an international standard and agreement on how to characterise
and respond to pollution. Although aimed at pollution in the North Sea (Europe) many of
Agreement . . . .
the characterisation standards are internationally recognised.
Gas to Oil Ratio - the ratio of volumetric flow of produced gas to the volumetric flow of oil.
Although GOR is a ratio, the volume units must be known since gas and oil volumes are
GOR . . .
measured differently. GOR changes with temperature and pressure so the condition under
which GOR is measured must be known.
ITOPF The International Tanker Owners Pollution Federation Limited
Kilometres (1.0 km = 1,000 m)
km
See also: m
- Metres (1.0 km =1,000 m)
See also: um, km
Metres cubed
m3
See also: m
Marine Environmental Modelling Workbench - the modelling software package developed
by SINTEF. The MEMW consists of three models:
MEMW

e DREAM (Dose, Risk and Effects Assessment Model)
e OSCAR (Oil Spill Contingency and Response Model)
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e ParTrack Model
When combined, these three models quantify the environmental effect of most chemical
pollution activities.
See also: OSCAR, SINTEF
Metric Tonnes - this is a unit of oil mass.
(1.0 MT = 1,000 kg)
The conversion between mass and volume requires knowledge of the oil’s API or Specific
MT Gravity as follows:
Barrels per metric ton = 1/[(141.5/(API + 131.5) x 0.159]
See also: bbls, API Gravity, Specific Gravity
NOAA National Oceanic and Atmospheric Administration —an American scientific agency
focussed on metocean conditions
Oil Spill Contingency And Response
A state of the art 3D oil spill model and simulation tool for predicting the fates and effects
OSCAR of oil released into the marine environment. Developed by SINTEF, it sits within the larger
MEMW application.
See also: SINTEF, MEMW
OSRL Oil Spill Response Limited
Pour Point The pour point of a liquid is the lowest temperature at which it shows flow characteristics.
If ambient temperature is less than the liquid’s pour point it will begin to solidify.
SINTEF SINTEF is an independent research organisation in Norway which develops the OSCAR
model used in this study.
Specific gravity is a ratio of the density of one substance to the density of a reference
Specific substance, usually water. Specific gravity of oil is a ratio of the density of oil to the density
Gravity of water.
See also: APl Gravity, bbls, MT
Stochastic (or probabilistic) results show the probability or likelihood of an event
occurring. They provide statistical data that can be used to assess risk and identify worst-
Stochastic case scenarios. Stochastic results are achieved by combining many different trajectory
simulations.
See also: Trajectory
Trajectory or deterministic results show the impact of a single spill event over time. Can
Trajectory be used to assess different response options such as booms, skimmers and dispersant.
See also: Stochastic
uTC Coordinated Universal Time

Wax Content

Represents the crude oil components that are soluble in higher molecular weight normal
alkanes (n-heptane) but are insoluble in lower molecular weight alkanes (n-pentane).
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