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Summary:

This study was carried out using multibeam echo sounder data collected during Mareano surveys in 2013.
The data from the surveys have been processed and interpreted to identify natural gas seeps, visible as
gas flares, in the water column data. The data is also used for extracting bathymetry and backscatter.

The study area lies on the Bjarmeland platform area in the southern Barents Sea, mainly over the Polarrev
High with a small part lying in the Kong Karl Platform and Bjarmeland Platform. The water depth is shallow
and ranges from 150 to 225 m.

The following results were obtained:

o Processing and interpretation of water column data from 2275 km? area on the Polarrev High and
nearby areas, Barents Sea (FOSAE-2013-D19, D21, D23 and D26) using Fledermaus Midwater
and/or Qimera softwares.

o Flares are categorized according to the standard methods used in Mareano and other projects.

o Details of water column acoustic gas flares found including both certain and uncertain gas flares
indicate a total of 98 flares.

o 38 flares were identified, with a confidence level higher than 50% thus representing 40% of total

flares.
Keywords: Water Column Gas Flare Acoustic
Multibeam Barents Sea Polarrev High

Bjarmeland Platform
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1. INTRODUCTION

Marine methane vents and cold seeps are widespread on continental margins, including the
Barents Sea (Skarke et al., 2014). Active seepage on the continental shelf is commonly
associated with underlying oil and gas reservoirs, trapped gas under gas hydrates, and
dissociation of gas hydrate (Milkov and Sassen, 2003). Detection of gas flares from marine
methane vents and cold seeps can be efficiently detected using multibeam echosounders
(Urban et al., 2017).

This study is carried out using multibeam echo sounder data collected during the Mareano
surveys in 2013. The data from the surveys have been processed and interpreted in order to
identify natural gas seeps, visible as gas flares, in the water column data. The data is also used
for extracting bathymetry and backscatter.

2. STUDY AREA

The study area lies in the Bjarmeland platform area of the southern Barents Sea (Fig. 1). The
study area is mainly located over the Polarrev High with a small part lying in Kong Karl
Platform and Bjarmeland platform (Fig. 1). The water depth is shallow and ranges from 150
to 225m.
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Figure 1. Regional bathymetry map of the Barents Sea showing the major structural
boundaries (grey lines) and the study area (red polygon).



3. METHODS

3.1 Multibeam

Kongsberg EM710 multibeam system onboard ship Karoline was used by Fugro to acquire
data from the study area. An important feature of the EM710 multibeam echosounder system
is that it can record water column data also. The operating frequency used by EM710 (70-100
kHz) is also advantageous for the intermediate water depths, between 200 m and 1000 m,
where other systems usually need a change in frequency. The operating frequency of 70-100
kHz and water depths of ca. 120 m give a Fresnel zone diameter (foot print) of around 4 m
thus mapping 16 m2 by each beam. As a general rule, features smaller than the size of one
fourth the wavelength cannot be resolved (Sheriff, 1980). Hence, features larger than 1 meter
in diameter can be theoretically detected using the system. The water column data recorded by
the system can be used for detection of active gas seeps and also detection of fauna. The
presence of fish schools (air in bladder) can be easily identified and is hence useful to
estimate the energy loss in the water column during detailed backscatter processing. More
diffuse clouds in the water column are assigned to plankton. Indications of mammals are seen
as fairly large, single reflections, often associated with hyperbolic reflections.

3.2 Fledermaus Software

FlederMaus (FM) Midwater package was used to process water column data for detecting and
analysing gas anomalies. The data was loaded in FM Midwater along with navigation (*.all)
and converted to GWC files. During conversion, it was observed that there was fewer *.all
files present. This resulted in no navigation for some lines when converted to *.gwc format
for analysis. The *.all file from the previous line are used to convert these *.wcd files for
possible navigation loading as a test and found that few lines have navigation located in them.
The data was analysed for possible discrepancies, but some lines were converted still without
any navigation, but the relative location is known from the line numbers. All the lines were
hence converted with this method and interpreted. Special care was taken to go through the
noisy lines to avoid any missing flares and overall, it is concluded that only weak flares might
have been missed through this process.

Similar water column anomalies collected in other areas have been ground truthed confirming
the feasibility of this method (Chand et al 2012a, 2012b, 2016). During interpretation, the
following procedure was used:

1. The depth range was adjusted to maximise the vertical display of the line (FMM)

2. The display was adjusted to 1:1 horizontal display (FMM)

3. The colour range was adjusted to the dynamic range of signals in the water column,
optimizing the display of water column features (FMM). Here we used a range
between 0 and 90dB.

4. The data were inspected using the R-stack water column view, and the stacked fan
water column view.

The water column data were evaluated in parallel (along-track) and perpendicular (across-
track) directions to the track lines for identifying anomalies. The coordinates of potential gas



flares were recorded, along with the survey name and line ID. A subjective assessment of the
apparent magnitude has been assigned (table 1). A confidence estimate is provided for codes
2-6. The maximum confidence for visual classification is 90%. A confidence of 100% is
reserved for gas flares where gas bubbles have been observed by video/photo inspection or
measured using gas sniffers, or where authigenic carbonate crusts have been observed. Very
uncertain, but still possible gas flares have been assigned 10% confidence.

Table 1. Codes used for assessment of magnitude, and confidence intervals.

Code Description Confidence %
2 Weak gas flare 10 - 100
3 Medium strong gas flare 10 - 100
4 Strong gas flare 10 - 100
5 Very strong gas flare 10 - 100
6 Giant gas flare 10 - 100

Generally, the recognition of gas flares is based on two criteria — the bubbles have higher
backscatter strength than the ambient noise in the water column data, and the objects with
higher backscatter strength form characteristic patterns in the water column. Under ideal
conditions, gas plumes may be observed as flare-shaped objects which start at the seabed and
become narrower until they disappear at least 50-100 m above the seabed. If currents are
sufficiently strong, the flares will be deflected. The identification of gas flares may be
complicated due to several factors, such as high ambient (periodic or random) noise, fish
schools, high density of plankton, strong and/or irregular currents, and sub-optimal
intersection of the multibeam swath with the gas flare (i.e. covering only part of the flare).
The MBE data can also be used to derive the seafloor reflection (i.e., backscatter) properties
which will indirectly give an indication of sediment type/grain size and/or hardness of the sea
bottom. The FM Geocoder package was used to process the MBE data for backscatter.

4. RESULTS

4.1 Bathymetry

The bathymetry of the study area shows a rugged seafloor eroded during last glaciation
(Fig.2a). Many iceberg plough marks can be clearly seen criss-crossing the seafloor. Some
pockmark-like depressions (Fig. 2b) are observed along the small basins probably indicating
soft sediment deposition in these areas during and after deglaciation.
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Figure 2a. Bathymetry of the study area (black polygon) and surrounding showing the
detailed morphology of the seafloor. The location of Fig. 2b is also shown (red rectangle).
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Figure 2b. Bathymetry from pockmark area showing their sparse distribution even in deep
areas of the study area.

4.2 Backscatter

The backscatter (Fig. 3) from the study area shows low values in depressions related to
possible soft sediment deposition during and after deglaciation. In addition, low backscatter
values are observed outside the depressions along the south-western part of the study area.



36°30'E 37°E 37°30'E 38°E 75°48'N

75048'N 75036'N
36°E
38°E
75936'N 75°24'N
75024'N | - 75°12'N
35°30'E
37°30'E
=
0 5 10
I — 1y,
£ Kaftverket Geovekst, kommuner og OSM - Geodata AS
75°12'N 35°30'E 36°E 36°30'E 37°E

Figure 3. Backscatter of the study area showing the locations of low backscatter concentrated
mainly along depressions. Low backscatter outside depressions are indicated by red circle.
The interpretation of sediment types based on various datasets along with backscatter is given

in Figure 4.



4.3 Sediment Classification

The sediments at the seafloor of the study area has been classified using multibeam
bathymetry and backscatter together with ground truthing samples from gravity/multicore and
video observations. The sediment map shows clay to sands present in the area (Fig. 4).
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Figure 4. Detailed sediment grain size map from Mareano interpretation based on various
datasets covering a part of the study area.

4.4 \Water Column

Several gas flares have been reported earlier from the Sentralbanken area of Barents Sea
(Nixon et al., 2019). The flares are suggested to occur close to seafloor depressions formed
during deglaciation (Nixon et al., 2019). The subsurface of the area indicates eroded old
sedimentary rocks pinching out close to the seafloor. The present study area lies east of the
Sentralbanken and mainly located along the Polarrev High (Figs. 1 & 5). The study area is
covered by four Fugro surveys named as D19, D21, D23 and D26. The data includes EM710
water column measurements and the results are divided based on the survey names. The
combined results from the water column data analysis of all the four survey areas are shown
in Figs. 5 and 6.
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Figure 5a. Locations of flares identified from the study area and their confidence level is

shown on bathymetry map of the study area.
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Figure 5b. Locations of flares identified from the study area and their magnitude is shown on
bathymetry map of the study area.
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Figure 6a. Locations of flares identified from the study area and their confidence level is
shown on backscatter map of the study area.
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Figure 6b. Locations of flares identified from the study area and their magnitudes are shown
on backscatter map of the study area.



44.1 D19

The FOSAE-2013-D19 survey consists of 519 water column (*.wcd) survey lines. The data was loaded in Fledermaus Midwater along with
navigation (*.all) and converted to GWC files. During conversion, it was observed that there was only 466 *.all files present. This resulted in no
navigation for the 53 lines when converted to *.gwc format for analysis. The *.all file from the previous line are used to convert these *.wcd files
for possible navigation loading. But only few lines were found to have navigation located in these lines. There was no flare found in the lines
with missing navigation. 29 flares of varying confidence level were found in the data. The flares found are listed in Table 2. 77 lines were noisy
and would have resulted in some weak flares missing. The flares identified are shown in Figures. 7 — 29.



Table 2. Details of flares identified from Survey Area D109.

Survey
FOSAE-2013-D1S
FOSAE-2013-D19S
FOSAE-2013-D1¢S
FOSAE-2013-D19S
FOSAE-2013-D1¢S
FOSAE-2013-D1S
FOSAE-2013-D1¢S
FOSAE-2013-D1S
FOSAE-2013-D1¢S
FOSAE-2013-D1S
FOSAE-2013-D1¢S
FOSAE-2013-D1S
FOSAE-2013-D1¢S
FOSAE-2013-D1S
FOSAE-2013-D1¢S
FOSAE-2013-D1S
FOSAE-2013-D1¢S
FOSAE-2013-D1S
FOSAE-2013-D1¢S
FOSAE-2013-D19S
FOSAE-2013-D1¢S
FOSAE-2013-D1S
FOSAE-2013-D1¢S
FOSAE-2013-D19S
FOSAE-2013-D1¢S
FOSAE-2013-D1S
FOSAE-2013-D1¢S
FOSAE-2013-D1S
FOSAE-2013-D1¢S

Lineld
6359
6359
6360
6360
6361
6397
6397
6403
6571
6593
6619
6619
6622
6627
6637
6637
6637
6637
6637
6637
6639
6664
6689
6689
6689
6689
6713
6739
6749

Latitude
75.31872900
75.31947200
75.32074100
75.32124100
75.31924200
75.30893700
75.30909
75.30869600
75.26847400
75.25899400
75.24595100
75.24621300
75.24610900
75.24310900
75.23599200
75.23664400
75.23728700
75.23631100
75.23669400
75.23665278
75.23217800
75.24194200
75.23730900
75.23982200
75.23770800
75.23694167
75.21102800
75.19591400
75.18954700

Longitude
36.06598100
36.29384600
36.51023600
36.59346100
36.87843000
36.21727400

36.21410
36.40001100
37.02439400
36.08083700
36.87171300
36.87739700
36.21163800
36.78692500
36.96512300
36.98387100
36.82636500
36.98270000
36.98262778
36.98418611
36.96909600
36.86724700
36.82743500
36.82903100
36.82725278
36.82768330
36.58187100
36.58695800
36.48938800

Depth ' Height
-151.23 55.00
-159.01 40.00
-158.55 35.00
-159.85 35.00
-167.46  100.00
-154.84  100.00
-155.00 100.00
-156.88 50.00
-170.80 50.00
-150.06 90.00
-171.46 75.00
-164.06 60.00
-157.26 50.00
-155.66 35.00
-174.58 70.00
-178.74 90.00
-167.44 50.00
-180.95 70.00
-180.35 70.00
-179.50 70.00
-174.25 65.00
-171.07 80.00
-166.87 65.00
-165.81 65.00
-166.80  140.00
-166.30  150.00
-152.55 60.00
-154.52 80.00
-154.00 80.00

Time
02/25/2014 7:45:36.1
02/25/2014 8:09:15.0
02/25/2014 8:31:39.6
02/25/2014 8:40:22.2
02/25/2014 9:09:45.8
02/27/2014 8:59:28.3
02/27/2014 8:59:13.3
02/27/2014 12:28:00.5
03/18/2014 15:28:34.7

03/19/2014 1:29:13.8
03/19/2014 12:39:49.0
03/19/2014 12:39:04.6
03/19/2014 14:07:07.4
03/19/2014 16:12:19.4
03/19/2014 21:22:43.3
03/19/2014 21:25:02.2
03/19/2014 21:05:22.8
03/19/2014 21:24:53.2
03/19/2014 21:24:53.2
03/19/2014 21:25:04.5
03/19/2014 22:09:40.7

03/20/2014 8:34:15.5
03/20/2014 15:16:47.4
03/20/2014 15:1552.4
03/20/2014 15:16:38.5
03/20/2014 15:16:54.9

03/21/2014 5:30:39.4
03/21/2014 16:40:50.4
03/21/2014 21:27:35.4

Magnitude
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Confidence
50
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80
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70
70
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Figure 7. Gas flare from line 6359 showed on Fan view and stack view. Magnitude 3, Confidence 50%.
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Figure 8. Possible gas flare from line 6359 showed on Fan view and stack view. Magnitude 3, Confidence 30%.
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Figure 9. Possible gas flare from line 6360 showed on Fan view and stack view. Magnitude 3, Confidence 30%.
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Figure 10. Possible gas flare from line 6360 showed on Fan view and stack view. Magnitude 4, Confidence 40%.
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Figure 11. Possible gas flare from line 6361 showed on Fan view and stack view. Magnitude 4, Confidence 40%.
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Figure 12. Gas flare from line 6397 showed on Fan view and stack view. Magnitude 4, Confidence 80%.
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Figure 13. Possible gas flare from line 6403 showed on Fan view and stack view.

Magnitude 4, Confidence 40%.
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Figure 14. Possible gas flare from line 6571 showed on Fan view and stack view. Magnitude 3, Confidence 40%.
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Figure 15. Gas flare from line 6593 s
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howed on Fan view and stack view. Magnitude
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3, Confidence 70%.
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Figure 16. Gas flare from line 6619 showed on Fan view and stack view. Magnitude 3, Confidence 40%.
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Figure 17. Possible gas flare from line 6619 showed on Fan view and stack view. Magnitude 4,
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Confidence 70%.




6613_20140319_093619_Karoline_R1_CH1.gwc -
6614_20140319_100619_Karoline_R1_CH1.gwe
£615_20140319_103619_Karoline_R1_CH1.gwc -
6616_20140319_111008_Karoline_R1_CH1.gwc .
6617_20140219_114008_Karoline_R1_CH1.gwc
6618_20140319_120951_Karoline_R1_CH1.gwc
619_20140319_122837_Karoline_R1_CH1.gwe
6620_20140319_125837_Karaline_R1_CH1.gwc
6621_20140319_132838_Karoline_R1_CH1.gwc
6622_20140319_135838 Karoline_R1_CH1.gwc
6623_20140319_142837_Karoline_R1_CH1.gwe
£624_20140319_143500_Karoline_R1_CH1.gwc
6625_20140319_150500_Karoline_R1_CH1.gwc N
6626_20140319_153500_Karoline_R1_CH1.gwc
6627_20140319_160500_Karaline_R1_CH1.gwc
6628_20140319_163500_Karoline_R1_CH1.gwc
6629_20140319_171041_Karaline_R1_CH1.gwc
6630_20140319_174041_Karoline_R1_CH1.gwc
6631_20140319_181041_Karoline_R1_CH1.gwc
6632_20140319_184041_Karoline_R1_CH1.gwc -

R A I R g
CCC LN N N AL NN NL AN AL AN

ource Files Visual Objects.

14h
lap View ‘ Aux Display | i

Figure 18. Possible gas flare from line 6

5m

622 showed o

-
nkF

10m 15m 20m 25m

Time; ‘03;‘1 9/2014 14:07:07 4

an view and stack view. Magnitude 3, Confidence 40%.




eldlelefeelg e lelg g e i [L gL

6617_20140319_114008_Karaline_R1_CH1,gwe
£613_20140319_120951_Karaline_R1_CH1.gwc
£619_20140319_122837_Karoline_R1_CH1.gwc
6620_20140319_125837_Karoline_R1_CH1,gwe
6621_20140319_132838_Karaline_R1_CH1.gwc
£622_20140319_135838_Karoline_R1_CH1.gwc
6623_20140319_142837_Karoline_R1_CH1.gwc
6624_20140319_143500_Karoline_R1_CH1.gwc
6625_20140319_150500_Karaline_R1_CH1.gwe
£626_20140319_153500_Karoline_R1_CH1.gwc
6627_20140319_160500_Karoline_R1_CH1,gwc
6628_20140319_163500_Karoline_R1_CH1.gwc
£629_20140319_171041_Karaline_R1_CH1.gwc
£630_20140319_174041_Karoline_R1_CH1.gwc
6631_20140319_181047_Karoline_R1_CH1,gwc
6632_20140319_184041_Karaline_R1_CH1.gwe
£633_20140319_191041_Karaline_R1_CH1.gwe
6634_20140319_192700_Karoline_R1_CH1.gwc
6635_20140319_195700_Karaline_R1_CH1,gwe
6636_20140319_202700_Karaline_R1_CH1.gwe

.ource Files

Aap View

Visual Objects

Aux Display |

Figure 19. Possible gas flare from line 6627 showed on Fan view and stack view. Magnitude 4, Confidence 30%.
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Figure 20. Gas flare from line 6637 showed on Fan view and stack view. Magnitude 5, Confidence 90%.
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Figure 21. Gas flare from line 6637 showed on Fan view and stack view. Magnitude 3, Confidence 70%.
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Figure 22. Gas flare from line 6637 showed on Fan view and stack view. Magnitude 5, Confidence 90%.
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Figure 24. Gas flare from line 6664 showed on Fan view and stack view. 1:1 display not possible. Magnitude 4, Confidence 90%.
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Figure 25. Gas flare from line 6689 showed on Fan view and stack view. Magnitude 3, Confidence 80%.
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Figure 26. Gas flare from line 6689 showed on Fan view and stack view. Magnitude 5, Confidence 90%.
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Figure 27. Gas flare from line 6713 showed on Fan view and stack view. Magnitude 3, Confidence 70%.
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Figure 28. Gas flare from line 6739 showed on Fan view and stack view. Magnitude 3, Confidence 70%.
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Figure 29. Gas flare from line 6749 showed on Fan view and stack view. Magnitude 3, Confidence 70%.




442 D21

The FOSAE-2013-D21 survey consists of 500 water column (*.wcd) survey lines. The data was loaded in Fledermaus Midwater along with
navigation (*.all) and converted to GWC files. During conversion, it was observed that there was only 456 *.all files present. This resulted in no
navigation for the 44 lines when converted to *.gwc format for analysis. The *.all file from the previous line are used to convert these *.wcd files
for possible navigation loading. But only few lines were found to have navigation located in these lines. There was no flare found in the lines
with missing navigation. 25 flares were found in the data of varying confidence level. The flares found are listed in Table 3. 36 lines were noisy
and would have resulted in some weak flares missing. The flares identified are shown in Figures 30 — 51.



Table 3. Details of flares identified from Survey Area D21.

Survey
FOSAE-2013-D21
FOSAE-2013-D21
FOSAE-2013-D21
FOSAE-2013-D21
FOSAE-2013-D21
FOSAE-2013-D21
FOSAE-2013-D21
FOSAE-2013-D21
FOSAE-2013-D21
FOSAE-2013-D21
FOSAE-2013-D21
FOSAE-2013-D21
FOSAE-2013-D21
FOSAE-2013-D21
FOSAE-2013-D21
FOSAE-2013-D21
FOSAE-2013-D21
FOSAE-2013-D21
FOSAE-2013-D21
FOSAE-2013-D21
FOSAE-2013-D21
FOSAE-2013-D21
FOSAE-2013-D21
FOSAE-2013-D21
FOSAE-2013-D21

Lineld
5807
5808
5843
5860
5877
5877
5877
5877
5884
5904
5904
6002
6002
6090
6090
6090
6090
6091
6092
6093
6140
6141
6284
6284
6298

Latitude
75.33887500
75.39406400
75.45289000
75.44541300
75.44186200
75.44204000
75.44231000
75.44238400
75.44539700
75.44195100
75.44207500
75.41137200
75.41195600
75.38709900
75.38740300
75.38789000
75.38849900
75.38904500
75.39217000
75.39117200
75.37627000
75.37520700
75.34083700
75.34244300
75.33759200

Longitude

36.40383800
36.40581600
37.12747000
37.23084600
37.31967700
37.31844400
37.35852000
37.35809500
36.60533900
37.31972400
37.31860900
37.13306700
37.14176300
36.87536500
36.86353500
36.72179600
36.65057700
36.61101300
36.41909700
36.20612700
36.91898100
37.01960500
36.41897900
36.41601800
36.50392800

Depth
-162.00
-162.62
-175.65
-162.70
-165.07
-166.48
-165.33
-166.40
-171.14
-164.77
-166.09
-168.77
-168.83
-166.46
-165.14
-163.92
-165.31
-165.67
-161.91
-167.79
-170.55
-170.06
-160.09
-158.48
-162.57

Height
80.00
80.00
75.00
80.00
70.00
90.00
55.00
55.00
30.00
30.00

120.00
100.00
50.00
80.00
80.00
90.00
100.00
80.00
100.00
80.00
110.00
95.00
90.00
120.00
80.00

Time
01/20/2014 17:15:30.706
01/20/2014 17:39:31.605
01/21/2014 19:10:50.586

01/22/2014 6:27:10.128
01/22/2014 14:04:49.201
01/22/2014 14:04:42.844
01/22/2014 14:09:22.560
01/22/2014 14:09:19.381
01/22/2014 18:00:03.594

01/23/2014 3:01:31.320

01/23/2014 3:01:22.101

01/25/2014 5:15:32.456

01/25/2014 5:16:28.694

01/30/2014 9:24:55.989

01/30/2014 9:26:01.584

01/30/2014 9:40:29.589

01/30/2014 9:46:41.626

01/30/2014 9:51:43.600
01/30/2014 10:16:00.867
01/30/2014 11:12:54.384

01/31/2014 9:59:30.1
01/31/2014 10:13:13.7
39:04.5

38:45.8

20:18.1

Magnitude

W WWWWWWWWwWMNDNDNWDNDNDNWWWWWNDNOW

Confidence
60
30
30
50
90
90
90
90
30
60
60
70
40
30
30
30
30
30
30
30
30
30
60
60
70
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Figure 30. Gas flare from line 5807 showed on Fan view and stack view. Magnitude 3, Confidence 60%.
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Figure 31. Possible gas flare from line 5808 showed on Fan view and stack view. Magnitude 2, Confidence 30%.
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Figure 32. Possible gas flare from line 5843 showed on Fan view and stack view. Magnitude 2, Confidence 30%.
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Figure 33. Gas flare from line 5860 showed on Fan view and stack view. Magnitude 3, Confidence 50%.
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Figure 34. Gas flare from line 5877 showed on Fan view and stack view. Magnitude 3, Confidence 90%.
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Figure 35. Gas flare from line 5877 showed on Fan view and stack view. Magnitude 3, Confidence 90%.
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Figure 36. Possible gas flare from line 5884 showed on Fan view and stack view. Magnitude 2, Confidence 30%.
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Figure 37. Gas flare from line 5904 showed on Fan view and stack view. 1:1 display not possible. Magnitude 2, Confidence 60%.
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Figure 38. Gas flare from line 5904 showed on Fan view and stack view. Magnitude 2, Confidence 60%.
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Figure 39. Gas flare from line 6002 showed on Fan view and stack view. Magnitude 3, Confidence 70%.
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Figure 40. Possible gas flare from line 6002 showed on Fan view and stack view. Magnitude 2, Confidence 40%.
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Figure 41. Possible gas flare from line 6090 showed on Fan view and stack view. Magnitude 2, Confidence 30%.
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Figure 42. Possible gas flare from line 6090 showed on Fan view and stack view. Magnitude 2, Confidence 30%.
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Figure 43. Possible gas flare from line 6090 showed on Fan view and stack view. Magnitude 3, Confidence 30%.
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Figure 44. Possible gas flare from line 6091 showed on Fan view and stack view. Magnitude 3, Confidence 30%.
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Figure 45. Possible gas flare from line 6092 showed on Fan view and stack view. Magnitude 3, Confidence 30%.
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Figure 46. Possible gas flare from line 6093 showed on Fan view and stack view. Magnitude 3, Confidence 30%.
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Figure 47. Possible gas flare from line 6140 showed on Fan view and stack view. Magnitude 3, Confidence 30%.
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Figure 48. Possible gas flare from line 6141 showed on Fan view and stack view. Magnitude 3, Confidence 30%.
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Figure 49. Gas flare from line 6284 showed on Fan view and stack view. Magnitude 3, Confidence 60%.
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Figure 50. Gas flare from line 6284 showed on Fan view and stack view. Magnitude 3, Confidence 60%.
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Figure 51. Gas flare from line 6298 showed on Fan view and stack view. Magnitude 3, Confidence 70%.



443 D23

The FOSAE-2013-D23 survey consists of 754 water column (*.wcd) survey lines. The data was loaded in Fledermaus Midwater along with

navigation (*.all) and converted to GWC files. During conversion, it was observed that there was only 706 *.all files present. This resulted in no
navigation for the 48 lines when converted to *.gwc format for analysis. The *.all file from the previous line are used to convert these *.wcd files
for possible navigation loading. But only few lines were found to have navigation located in these lines. There was no flare found in the lines
with missing navigation. 41 flares were found in the data of varying confidence level. The flares found are listed in Table 4. 284 lines were noisy
and would have resulted in some weak flares missing. The flares identified are shown in Figs. 52 — 92.

Table 4. Details of flares identified from Survey Area D23.

Survey
FOSAE-2013-D23
FOSAE-2013-D23
FOSAE-2013-D23
FOSAE-2013-D23
FOSAE-2013-D23
FOSAE-2013-D23
FOSAE-2013-D23
FOSAE-2013-D23
FOSAE-2013-D23
FOSAE-2013-D23
FOSAE-2013-D23
FOSAE-2013-D23

Lineld
1665
1679
1679
1681
1681
1683
3144
3599
3606
3662
3679
3684

Latitude
75.62789400
75.62117800
75.62399500
75.62061300
75.62343300
75.62364900
75.62649300
75.61810700
75.61955300
75.60901700
75.60631200
75.60671700

Longitude
37.71308300
37.43606000
37.42259900
37.23962800
37.20130300
36.98807400
36.93815900
37.62763300
37.23262100
36.95689700
37.06072900
36.31882500

Depth
-190.95
-178.11
-180.99
-176.89
-176.34
-197.56
-188.05
-186.62
-178.40
-201.52
-185.30
-157.51

Height
50.00
50.00
60.00
50.00
50.00
60.00
75.00
45.00
40.00
45.00
60.00
55.00

Time

07/23/2013 20:01:28.7
07/24/2013 2:27:21.9
07/24/2013 2:25:30.9
07/24/2013 3:39:35.0
07/24/2013 3:45:22.5
07/24/2013 4:20:26.8
08/22/2013 17:42:06.7
07:20.5

37:32.2

09/15/2013 5:31:43.3
09/16/2013 2:19:14.5
09/16/2013 5:01:26.2

Magnitude
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40
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FOSAE-2013-D23
FOSAE-2013-D23
FOSAE-2013-D23
FOSAE-2013-D23
FOSAE-2013-D23
FOSAE-2013-D23
FOSAE-2013-D23
FOSAE-2013-D23
FOSAE-2013-D23
FOSAE-2013-D23
FOSAE-2013-D23
FOSAE-2013-D23
FOSAE-2013-D23
FOSAE-2013-D23
FOSAE-2013-D23
FOSAE-2013-D23
FOSAE-2013-D23
FOSAE-2013-D23
FOSAE-2013-D23
FOSAE-2013-D23
FOSAE-2013-D23
FOSAE-2013-D23
FOSAE-2013-D23
FOSAE-2013-D23
FOSAE-2013-D23
FOSAE-2013-D23
FOSAE-2013-D23
FOSAE-2013-D23
FOSAE-2013-D23

3691
3695
3706
3732
3737
3740
3748
3767
3803
3826
3826
3826
3826
3861
3863
3865
3876
3900
3904
3912
3913
3992
4027
4043
4095
4095
4155
4220
4259

75.60071400
75.60470500
75.59067000
75.59704300
75.59774100
75.59815300
75.59480700
75.58813400
75.59100600
75.57217900
75.57246200
75.57308600
75.57348400
75.56760000
75.56382200
75.56217100
75.56082100
75.55661200
75.55292800
75.54933800
75.54860500
75.53155800
75.52170300
75.51991600
75.50654500
75.50675000
75.49709000
75.48431400
75.46745100

37.31527900
36.36720200
37.65196500
36.54998900
36.37563700
36.18053700
37.39820200
36.88681900
36.73469700
37.51076100
37.51395700
37.52131800
37.52553700
36.64154900
37.35832300
37.35307300
37.34085600
37.32716400
36.75266400
37.11934100
37.20606000
36.87243600
36.97690800
36.14925900
36.22829300
36.17980600
36.43704600
36.19642700
37.09405100

-179.27
-160.76
-183.99
-174.03
-159.37
-156.43
-186.10
-193.84

-73.20
-170.95
-172.06
-175.41
-173.42
-189.56
-171.09
-172.46
-169.89
-168.18
-178.42
-176.71
-166.93
-193.96
-183.47
-166.22
-166.47
-164.14
-177.06
-166.23
-169.02

50.00
45.00
40.00
60.00
50.00
40.00
50.00
70.00
70.00
70.00
100.00
100.00
100.00
60.00
45.00
65.00
95.00
60.00
50.00
65.00
80.00
60.00
40.00
50.00
50.00
55.00
65.00
50.00
70.00

09/16/2013 8:34:30.8
09/16/2013 10:20:13.0
09/16/2013 15:01:19
09/17/2013 1:54:56
09/17/2013 3:09:59
09/17/2013 4:23:33
09/17/2013 7:28:19
09/17/2013 16:30:35
09/18/2013 14:15:55
09/18/2013 22:32:17
09/18/2013 22:32:37
09/18/2013 22:33:23
09/18/2013 22:33:49
09/19/2013 14:47:41
09/19/2013 16:33:51
09/19/2013 17:32:17
09/19/2013 22:50:29.7
09/20/2013 9:38:11.7
09/20/2013 11:24:40.2
09/20/2013 15:40:38.3
09/20/2013 16:16:21.8
09/24/2013 14:52:20.7
09/25/2013 5:30:28.6
09/25/2013 13:53:08.6
09/26/2013 13:00:37.8
09/26/2013 13:05:55.2
09/27/2013 14:57:41.0
09/28/2013 20:37:23.3
09/29/2013 14:06:25.0
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Figure 52. Possible gas flare from line 1665 showed on Fan view and stack view. Magnitude 2, Confidence 40%.
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Figure 53. Possible gas flare from line 1679 showed on Fan view and stack view. Magnitude 3, Confidence 30%.
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Figure 54. Possible gas flare from line 1679 showed on Fan view and stack view. Magnitude 3, Confidence 30%.
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Figure 55. Possible gas flare from line 1681 showed on Fan view and stack view. Magnitude 3, Confidence 30%.
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Figure 56. Possible gas flare from line 1681 showed on Fan view and stack view. Magnitude 3, Confidence 30%.
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Figure 57. Possible gas flare from line 1683 showed on Fan view and stack view. Magnitude 3, Confidence 30%.
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Figure. 58. Possible gas flare from line 3144 showed on Fan view and stack view. Magnitude 2, Confidence 30%.
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Figure 59. Possible gas flare from line 3599 showed on Fan view and stack view. Magnitude 2, Confidence 30%.
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Figure 60. Possible gas flare from line 3606 showed on Fan view and stack view. Magnitude 3, Confidence 30%.
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Figure 61. Possible gas flare from line 3662 showed on Fan view and stack view. Magnitude 3, Confidence 30%.
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Figure 62. Possible gas flare from line 3679 showed on Fan view and stack view. Magnitude 3, Confidence 30%.
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Figure 63. Possible gas flare from line 3684 showed on Fan view and stack view. Magnitude 4, Confidence 30%.
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Figure 64. Possible gas flare from line 3691 showed on Fan view and stack view. Magnitude 4, Confidence 30%.




rrTTrTTTTTTTTTTTTTTTY
LN NCNC AL AL SN AL AL AL NLNC ALY

3677_20130816_010411_Karoline_R1_CH1.gwc
3678_20130916_013411_Karoline_R1_CH1.gwc
3679_20130916_020411_Karoline_R1_CH1.gwc
3680_20130916_023411_Karoline_R1_CH1.gwc
3681_20130916_030411_Karoline_R1_CH1.gwc
3682_20130916_034903_Karoline_R1_CH1.gwe
3683_20130916_041903_Karoline_R1_CH1.gwc
3684_20130916_044237 _Karoline_R1_CH1.gwc
3685_20130916_051233_Karoline_R1_CH1.gwc
3686_20130916_054237 _Karoline_R1_CH1.gwc
3687_20130916_061238 Karoline_R1_CH1.gwc
3623_20130916_064238 Karoline_R1_CH1.gwc
3689_20130916_071238_Karoline_R1_CH1.gwc
3690_20130916_073552_Karoline_R1_CH1.gwc
3691_20130916_080901_Karoline_R1_CH1.gwc
3692_20130916_083902_Karoline_R1_CH1.gwe
3693_20130916_090%02_Karoline_R1_CH1.gwc
3694_20130916_093902_Karoline_R1_CH1.gwc
3695_20130916_100902_Karoline_R1_CH1.gwc
3696_20130916_103902_Karoline_R1_CH1.gwc

ouree Files

Visual Objects

lap View ‘ Aux Display |

Figure 65. Possible gas flare from line 3695 showed on Fan view and stack view. Magnitude 4, Confidence 30%.
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Figure 66. Possible gas flare from line 3706 showed on Fan view and stack view. Magnitude 3, Confidence 30%.
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?gure 67. Possible gas flare from line 3732 showed on Fan view and stack view. Magnitude 2, Confidence 30%.
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Figure 68. Possible gas flare from line 3737 showed on Fan view and stack view. Magnitude 3, Confidence 30%.
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Figure 69. Possible gas flare from line 3740 showed on Fan view and stack view. Magnitude 4, Confidence 30%.
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Figure 70. Possible gas flare from line 3748 showed on Fan view and stack view. Magnitude 3, Confidence 30%.




3752_20130917_091902_Karoline_R1_CH1.gwc - . - 1] 'y . : o - ] N L] . . g' i ‘L - i
3753_20130917_094902_Karaline_R1_CH1.gwc . B . . .

3754_20130817_101902_Karoline_R1_CH1.gwc N N )
3755_20130917_104903_Karoline_R1_CH1.gwc
3757_20130917_114907_Karoline_R1_CH1.gwc
3758_20130917_121908 _Karoline_R1_CH1.gwc
3759_20130917_124145_Karaline_R1_CH1.gwc
3760_20130917_124958 _Karoline_R1_CH1.gwc —
3761_20130917_131959_Karoline_R1_CH1.gwc
3762_20130917_134958_Karoline_R1_CH1.gwc
3763_20130917_141958 Karoline_R1_CH1.gwc
3764_20130917_144643_Karoline_R1_CH1.gwc
3765_20130917_151643_Karoline_R1_CH1.gwc
3766_20130917_155042_Karoline_R1_CH1.gwc
3767_20130917_162042_Karoline_R1_CH1.gwc
3768_20130917_163454 Karoline_R1_CH1.gwc
3769_20130917_164044_Karoline_R1_CH1.gwc
3770_20130917_165308_Karoline_R1_CH1.gwc
3771_20130817_170016_Karoline_R1_CH1.gwc
3772_20130917_173015_Karoline_R1_CH1.gwc -

-vv-.vvv-.vvv-.-vv-'
CACACACAC LA CACACAT A ACACACATY

ual Objects

ource Files

22, 24 261 23 30 3 130635, = ® -
SV sun oy | Il m m m m m | | Time: [09/17/2013 1630:35.6 | Rate] *4 15 o | Time

Figure 71. Possible gas flare from line 3767 showed on Fan view and stack view. Magnitude 2, Confidence 30%.



3797_20130918_115833_Karoline_R1_CH1.qwe - - . - -
3798_20130918_122834 Karoline_R1_CH1.qwe
3799_20130918_125748_Karoline_R1_CH1.gwc
3800_20130918_132748_Karoline_R1_CH1.gwc
3807_20130918_135042_Karaline_R1_CH1.gwe
3802_20130918_135602_Karaline_R1_CH1.qwe
3803_20130918_141452_Karoline_R1_CH1.gwc
3804_20130918_142000_Karoline_R1_CH1.gwc
3805_20130918_145000_Karoline_R1_CH1.gwc —
3806_20130918_152000_Karoline_R1_CH1.gwc
3807_20130918_152503 _Karoline_R1_CH1.gwc
3808_20130918_155730_Karoline_R1_CH1.qwe
3809_20130918_162729_Karoline_R1_CH1.gwc
3810_20130918_163048_Karoline_R1_CH1.gwc
3811_20130918_163953_Karoline_R1_CH1.gwc
3812_20130918_170953_Karaline_R1_CH1.qwe
3813_20130918_173953_Karoline_R1_CH1.gwc
3814_20130918_180953_Karoline_R1_CH1.gwc
3815_20130918_181724_Karoline_R1_CH1.gwc
3816_20130918_182339_Karoline_R1_CH1.gwc -

rvvvrvrrrrrrvrEvrveey
A AL AN A AL ACACACAC ALY

:

ource Files | Visual Objects

@ Aux Display \
Figure 72. Possible gas flare from line 3803 showed on Fan view and stack view. Magnitude 3, Confidence 30%.
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?gure 73. Possible gas flare from line 3826 showed on Fan view and stack view. Magnitude 4, Confidence 80%.
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Figure 74. Gas flare from line 3826 showed on Fan view and stack view. Magnitude 3, Confidence 80%.
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Figure 75. Gas flare from line 3826 showed on Fan view and stack view. Magnitude 2, Confidence 70%.
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Figure 76. Gas flare from line 3826 showed on Fan view and stack view. Magnitude 2, Confidence 60%.
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Figure 77. Possible gas flare from line 3861 showed on Fan view and stack view. Magnitude 4, Confidence 30%.
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Figure 78. Possible gas flare from line 3863 showed on Fan view and stack view. Magnitude 2, Confidence 30%.
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?gure 79. Gas flare from line 3865 showed on Fan view and stack view. Magnitude 3, Confidence 60%.
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?gure 80. Gas flare from line 3876 showed on Fan view and stack view. Magnitude 3, Confidence 60%.
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Figure 81. Gas flare from line 3900 showed on Fan view and stack view. Magnitude 2, Confidence 60%.
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Figure 82. Possible gas flare from line 3904 showed on Fan view and stack view. Magnitude 4, Confidence 40%.
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Figure 83. Possible gas flare from line 3912 showed on Fan view and stack view. Magnitude 4, Confidence 40%.
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Figure 84. Possible gas flare from line 3913 showed on Fan view and stack view.
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Figure 85. Possible gas flare from line 3992 showed on Fan view and stack view. Magnitude 3, Confidence 30%.
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Figure 86. Possible gas flare from line 4027 showed on Fan view and stack view. Magnitude 3, Confidence 30%.
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Figure 87. Possible gas flare from line 4043 showed on Fan view and stack view. Magnitude 4, Confidence 30%.
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Figure 88. Possible gas flare from line 4095 showed on Fan view and stack view. Magnitude 4, Confidence 40%.
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Figure 89. Possible gas flare from line 4095 showed on Fan view and stack view.
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Figure 90. Possible gas flare from line 4155 showed on Fan view and stack view. Magnitude 3, Confidence 30%.
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Figure 91. Gas flare from line 4220 showed on Fan view and stack view. Magnitude 3, Confidence 60%.
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Figure 92. Possible gas flare from line 4259 showed on Fan view and stack view. Magnitude 4, Confidence 40%.




4.4.4 D26

The FOSAE-2013-D26 survey consists of 457 water column (.wcd) survey lines. The data was loaded in Fledermaus Midwater along with
navigation (.all) and converted to GWC files. During conversion, it was observed that there was only 402 .all files present thereby missing
navigation for 55 lines. The .all file from the previous file to the .wcd file was loaded as a test and found that some lines have navigation in
located in the .all file with previous line number. All the lines were converted with this method giving 426 gwc files. There were no flares found
in the lines with missing navigation. 3 possible flares were found in the data of varying confidence level. The flares found are listed in Table 5.
All lines had varying levels of noise (generated by other instruments or bad weather). This may have resulted in some flares missing. Special care
was taken to go through these noisy lines to avoid any missing flares. Only weak flares could have been missed through this process. Many of the
lines have irregular objects, with varying acoustic reflectivity (Figs. 93-94). These have been interpreted as indications of biological material,
probably ranging from plankton to fish. Some indications are seen for larger objects which may be mammals. If gas flares are present on these

lines, there is a significant risk that the acoustic signals from the biological material mask the presence of gas flares. Only three possible gas
flares were identified from this survey. These are shown in Figs. 95-97.

Table 5. Details of flares identified from Survey Area D26.

Survey Lineld Latitude Longitude Depth Height Time Magnitude Confidence
FOSAE-2013-D26 1557 75.69685000  37.79819400 -207.00 30.00 18:00:59.6 2 30
FOSAE-2013-D26 1558 75.69493889  37.83758889 -213.00 20.00 18:09:22.1 2 30

FOSAE-2013-D26 1564 75.69773333  37.31928333 -199.00 20.00 20:56:21.4 2 30
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5. SUMMARY

Flares are observed with high confidence in the first three survey areas of the study area. They
are distributed evenly and do not correlate with any features observed on bathymetry or
backscatter data.

Details of water column acoustic gas flares found including both certain and uncertain gas
flares indicate a total of 98 flares.

38 flares were identified, with a confidence level higher than 50% thus representing 40% of
total flares.
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