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“Waves generated by Ivan were the largest ever measured”
Teague, E. et al. (2007)
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Two interagency and RP task-forces have considered
the sheen-source location(s) with field operations

*Sheen Source Location Group (2012-2013)

*Sheen Source Location Working Group (2016-
2017)

The results of these field studies and their
interpretations will be used in this presentation.
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Sediment collection: July 2012 and Feb 2013

COLLECTOR/SEPARATOR

SEDIMENT CORES (SC) collected in July 2012
Each location included ~10 samples
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Surface sheens: July 2012: three transects; Feb 2013:
one transect



S Shen Yk (July 2012) SH2 Sheen Track (July 2012)




Key outcomes from Sheen Source Location Group
(2012-2013)

2012

* Coast Guard Marine Safety Laboratory (MSL), “....differences are very
subtle....NOTE: Comparison of these samples [sheens] suggest the
spilled oil is coming from a non-homogeneous source”.

* When compared to sediments collected near the former well bay, no
matches to 2012 sheens (former well-bay).

2013
* MSL observed heterogeneity again in surface sheens.

* When compared to sediments collected near the jacket (diver cores),
“somewhat similar” or “common source” to 2013 surface sheens.



February Sheen Transect 2013

SHEEN #1 (SH-1, 3, 4)

SHEEN #2 (SH-2)

Prepared by Jason Screws (USCG)



Charge of the SSLWG (2016)

Best captured by paraphrasing the Federal
On-Scene Coordinator Captain Philip
Schifflin (USCQG),

“..I want the x/y/z coordinates on the
ocean floor where the majority of oil is
released, which are causing surface
sheens...”



Research plan

*Collect discrete, recently surfaced residue
samples, time-stamped and geo-referenced.

* Geo-referencing with acoustic and physical
observations, thus enabling integration of the
chemical analyses with physical and visual field
observations.

* Chemically analyze samples at Alpha Analytical
(Mansfield, MA) with four-tier forensic approach.



Available samples

«2012/2013/2017 surface sheens.
«2012/2013 sediment cores.

*Crude oil from local block MC21 as a proxy
for fresh oil (not discussed but no matches
to surface sheens).



Skim the sheen.
Keep the net at
the very surface.
Avoid excessive
drag on the net.
It may rip. The
duration of
sampling should
be predefined or

with input from
others. Be
careful. Use the
telescoping
feature of the
pole.
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Remove pole.
Handle carefully.
Avoid
contaminating

the sample and
potentially
contaminating
future sample.



Summary of Dr. Overton’s Tier 1 (GC-FID) and 2 (GC-
MS EICs) analysis

* Even with compositional similarities, every
sample was distinct, underscoring the fact that
the probable source has a heterogeneous
composition.

* A heterogeneous source is scientifically
reasonable when considering the base of the
jacket was a mix of different oil residues.



Tier 3 Analysis: Biomarkers

* Used a standard set of "diagnostic ratios”.
* Analysis was done CEN/TR 15522-2.

* Due to the complexity of the MC20 wells and
unusual nature of the site, we expanded this
method to include “probable matches”.



We employed heat maps to present quantitative
results to the number of comparisons for Tier 3
biomarkers.
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Tier 3: Match, Probable Match, and No Match.

M [match all 22 ratios match within 14%

probable match at least 18 of the 22 ratios match within 14% and at least 20 of the 22 ratios match within 19%

N |non-match more than 4 ratios differ by more than 14% or more than 2 ratios differ by more than 19%




Roadmap for interpreting heat maps for Tier 3
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Tier 4: Hierarchical Cluster Analysis (HCA) from
biomarker data

e HCA groups samples together based on
the similarity of their overall diagnostic ratio profiles.

e Standard methodology was used where ratios were
normalized to the mean value for each ratio and
scaled to a variance of one.

e A Euclidean distance matrix was created
and the HCA was performed using the complete
linkage method.






Tier 3: Match, Probable Match, and No Match.

M [match all 22 ratios match within 14%

probable match at least 18 of the 22 ratios match within 14% and at least 20 of the 22 ratios match within 19%

N |non-match more than 4 ratios differ by more than 14% or more than 2 ratios differ by more than 19%




2017 sheens vs. 2017 sheens

Biomarker

DDDDDDDDDDDDDDDDDDDDDDSB B DDDDDDDDDDDDEBBDDDDSB

D 8

DDDDDDDDGBDDDDDDDDDDSB

= ()
Q
© = o
S o
9-8010LT]| .
S-80V0LT]| =z
©-8010LT| elz
£-80V0LT]| f=|elz
T-80V0LT]| IR
T-80¥0LT]| |z|lz|z|z|=z
€-LOVOLT| dz|lz|z|z|z|2z
T-LOYOLT| zlz|«|2| 2|2
T-LOYOLT]| IEEEER R
S0-8TEOLT| delzlz|z|a|z|z|z|2
st EEEEEEEEEE
e EEREEEE RS
e EEEEEEEEEEED
aareaed EREEEEEEEEEED
L-TTEOLT] Nalz|zlalalalalz|z|o]o]a]a]z
9-ZZEOLT Helz|lzlz|lz|z|a|a|z|z| 2| 2| a|a|z
S-ZZEOLT] Helzlz|z|z| 2| |||z 2| 2||=| 2] =
Y-ZTEOLT Nz|lefe|z|z| 2|2 |||z 2| 2| 2[2|=]| =
€-TTEOLT] Nz| 2| efez|z| 2| 2|z 2[ 2| || 2] =
T-TTEOLT] lz|lz|z|z|z|z|z| 2| z|z| 2| 2|z| 2| 2| 2| z| 2| =
T-ZZEOLT] N z|z|z|z|z|z|z|z|z|z|z|z| 2| z|z| 2| 2| 2| 2| =
6-TZEOLT] IEEE R EHEEEE R EEEE R R
8-TTEOLT Jz|z|z|z|z|z| || 2| 2| 2| 22| | 2[2| 2|2 | 22|~ | =
L-TZEOLT efelz|lz|ala|a| 22|22 2| 2| || 22| | 2| o || 2
9-TTEOLT IR EEEE R R EEEEH R EE R R
S-TZEOLT Nelalalalzlz|z|a|a|a|a|z|z|z|2|z]|=|2|z|2| | z| 2| 2|2
P-TTEOLT IR EEE R R R EEEH R EE R
€-TZEOLT] NZ2| e Z[Zf ]| z[2|o) ]| Z| 2] | 2| || 2| || 22| || 2| |2
Z-TZEOLT] HE|Z e Z|alalalz|z|a|a]|a|Z| 2| a|z2|a|a|z|ala]|z|2|a|a]|ala]z
v EEEEEEEEEEEEEEEEEEEEEEEEEEEEE
oreacd EEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
8-0ZEO0LT zle|Z| 2| 2| Zlalalalz|z2|a|a|a| 2| 2| a|z|2|2|2| | 2| 2| 2| || a| 2|2
L-0ZEOLT] elzlalalalalalalalalz|z|Z|2|o|z2|afa|z|2|2| 2| |||z 2| | 2| ||z
9-0ZE0LT| zlefzla|a|a|ala|2|alalz|z| 2| Z| | 2| 2| 2| 2| 2| o] |o]a|z|2| 2| o] | 2|2
S-0ZEOLT] elel 2zl 2] )2 2| 2| 2| 2| 2| 2| ||| 2] || 2|2 2| 2| o] | 2| 2| o| o] = | E| 2
Y-0ZEO0LT Jelz|Ef ez ol e|a|a|Z)o)alalz|z| 2| 2| 2| 2|o]o|2|2| 2| 2| o | o] o] 2|2] o] 2] o] |2
€-0ZEOLT] el Ez| e EzZ| 2 | 2| 2 E 2] 2| E| = | 2| 2] | 2| o[ Zf || 2| | 2| ||| 2| 2| 2| || 2| 2
T-0ZEOLT] 2| el 2l alala|z|Z )| 2|3 a2 o] z| 2o ezl z|a ||| z|2z|o]| |||z
T-0ZEO0LT] S| E[e|Z] ||z 2] o) = 2 2] 2| Ef | | 2| 2| | || Z] o | 2| 2| 2| 2| = | | 2| 2| 2| 2| 2| = | 2| 2
0 LTE0LTOZ| AE| 222z oo z| 2 || Z ] oo Ef | 2| 2| 2| 2| 2| | o || 2| 2| 2| Z| | 2| Z| 2| 2| 2| 2| 2| 2=
€0 LTEOLTOZ| dJalelalZ|alalz|lala|z|ala]alalala|a| 2zl 2| 2| 2| | 2| | 2| 2| 2| 2| 2| 2| | 2| 2| 2| = | 2| | | =
T0 LTEOLTOZ| zlele| S| ala|a| 2 z| |z 2|l a|a| 2| z| 2| 2| 2| 2| | 22| 2| 2| 2| 2| 2| o ||| 2| 2| 2| || 2|2
TO LTE0LTOZ| zlalalalala|Zla|z[Z| | z|a|a]a|a|a|a]a|a|z|z|z|z|=|z| | z|z| 2| 2| 2| ||| 2| 2| =| 2| 2| | =
80-9TE0LT0Z] Nzlz|z|z|z|z|z|z|z|z|z| 2| z|z| 2| 2| 2| 2| Z| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| Z| 2| 2| 2| =z| =| 2| 2| =| 2| =z| 2| =| =
L0-9TE0LTOZ] Nzl S| | 2|2 | | E 22| 2| 2| [ 2| 2| 2| Z| 2| 2| 2| 2| 2| 2| 2| = | 2| 2| 2| 2| 2| 2| | = || = | 2| 2| 2| | = | = | =
soareacied EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEED
Soareacied EEEEBEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEECEEEEEEEEE
¥0-9TE0LT0Z] A2l zlelzlelz| 2| 2] oo 2| E|a|aa|z|E|a|a|Za]a|a| S| a|z|2(2|o|2| 2| o | 2| 2| 2| 2| 2|| 2| 2| 2| 2| 2| | | 2.
crareacied EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
20-9TE0LT0Z] ez 2 2|z z| |22 2] oo || o|z|a|a|z|a|a|a|a|a]ala| 2| 2| 2| 2| 2| 2| 2| 2| | 2| 2| 2| 2| 2| | 2| 2| 2| = | 2| 2|~ | =
T0-9TE0LT0Z] el Zlafalz|z|z| o] z|a]a]alalZa|a|z| 2o z| 2| o] | Za] ool ozl 2| 2| 2| | 2| 2| 2| z| 2| 2| 2|=| 2| 2| 2| = | 2| 2| = | 2
S-0TEOLT] Jelel| 2|22 2| 2| 2| 0| 2| | 2| 2| 2| 2o 2] || 2| 2| | 2| E| 2| | 2| [ 2] | 2| 2| | || 2| 2| | 2| 2| 2| 2 || 2| 2| 2| ||| o] 2
Y-0TE0LT 2= 2|22 2] 2l o 2| oo | 2| 22| )| E| || 2| 2| ||| Z| | Ef o] ]| 2| 2| ||| Z| o | o 2]| o) 2| 2| | | 2[ 2] ] | || 2
€-0TEOLT] AEE| a2 2 2| E 2| 2| 2| 0 oo 2| 2| 2| Ef | 2] | o) |2 2| 2| E| 22| 2| E| | | 2| 2| | || Z] || 2| 2| 2|2 || 2| 2| 2| 2| 2| | |2
T-0TEOLT] A2 =25 2| 2] 5 2| = 2| | 2| e[ 2 2| 2] 2| 2| E| 2| | | 2| 2| 2] 2| E| E| 2| E| | = | 2| 2] | 2| 2| E| || 2| 2| 2|2 ||| 2| 2| 2| || 2| 2
T-0TE0LT] eS| 2o Ef | z)z| 2| 2| o] o] o] 2| 2] | 2| 2| | 2| 2| 2| | 22| o | o | o | 2| 2| 2| 2| = | 2| | 2| 2| 2| 2| 2| 2| = | 2| 2| 2| 2| 2| 2| = | 2
60-80€0LT| zlz|z|z|z|z|z|z|z|z| z|z|z| 2| z| 2| z| 2| 2| z| 2| z| 2| 2| z| z| 2| z| 2| z| z| z| z| 2| z| z| z| z| z| z| z| z| z| z| z| z| z| z| z| z| z| z| z| =z| z| =
80-80€0LT| Nzlz|z|z|z|z|z| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| Z| 2| 2| 2| 2| 2| 2| Z| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| Z| 2| =| =| 2| 2| 2| =| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| =
L0-80E0LT| =lz|z|z|z|z|z|z|z|z| 2| 2| 2| z|z| 2| 2| 2| 2| 2| =| 2| z| 2| z| 2| z| =z| 2| 2| 2| =z| =| 2| =| 2| =z| =| 2| =| =z| =z| =| z| z| =z| 2| =z| z| z| =z| =z| =z| =z| =z| z| =z| =.
90-80€0LT| =1zl z|z|z|z| 2| z|z| 2| 2| z| 2| z| 2| 2| 2| 2| z| 2| 2| z| 2| 2| =| 2| =| 2| =| =| 2| =| 2| 2| =| =z| =z| z| =z| =| z| z| =z| =z| z| =z| =z| z| z| =z| z| z| =z| =z| z| =z| z| =| =
S0-80E0LT| sz 2|z 2|z 2| 2| 2| 2| 2| 2| 2| 2| 2| Z| 2| 2| Z| 2| =Z| =Z| =Z| =Z| 2| =Z| =Z| 2| =Z| =Z| 2| 2| 2| =Z| 2| 2| =Z| 2| 2| 2| 2| 2| 2| =Z| 2| 2| 2| 2| 2| 2| =2 | 2| 2| =2 | 2| 2| 2| 2| 2| =
¥0-80€0LT| Jdz1 12 2 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| Z| 2| 2| 2| 2| =Z| =Z| 2| Z| 2| =Z| 2| 2| =Z| =Z| 2| 2| 2| =Z| 2| 2| 2| 2| 2| 2| 2| 2| 2| =Z| 2| 2| 2| 2| 2| 2| =Z| 2| 2| 2| 2| 2| 2| 2| 2| =
€0-80E0LT]| Az 22|22zl 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| =2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| =
Z0-80€E0LT| Az|1z 2|22 2 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| =2
e NECEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
3l 5|53 5] 5l 5| 8l 8] of sl | || 5| 2| 2| 2| 2| 2| 21| 2IIEIR el ol ]| ] | || | ] o s s | ] ] 2 2] 2] el | el | o]
e B R e e R e R e B R e e R EEEEE
LEEEEEE R EEEEEEE R R E R R EE B B B B EE B BB B EEEEE R R B R
e e oo oaemoo0oasecoosanacoooanasooaaaaaoooaasasoaaasanooooanasn00e

03/08/17

03/10/17

03/16/17

03/17/17 |

03/20/17

03/21/17‘
03/22/17
03/28/17

04/07/17

04/08/17

DDDDDDDDODODODODDDDDDDODDDDSBSBDDDDDDDDDDDDEBEBEDDOD DB

D B

DDDDDDODODGBODDDDDDODTIDDDB



170320-1 170320-9

. T
+2 0 -2 -4 -4
=== " i e
March 20, 2017 sheens ) o=
] 170308-05
| 170308-06
Il 170308-07
Il 170308-08
] :;gglg-; 1703102
* 170320-1 was a match - o s
170310-5 1703106
. Il z0170316-01 = I 20170316-01
or partial match for - SEEal -

2017031603
B 20170316-04

B 20170316-04

20170316-05 2017031605
m a n Sa m Ies 2017031607 20170316-07
. | ] Bl 20170317 01 [ | Bl 20170317 01
= 20170317 02 20170317 02
| | Il 2017031703 W 2017031703
20170317 04 20170317 04
170320-1 || 1703201
170320-2 | 170320-2
. 170320-3 1703203
e 170320-9 did not - =
1703205 1703205
m m 170320-6 1703206
| | Il 1703207 ] Il 170320-7
match any other = = o
T 170320-9 1703209
I 1703211 | | Bl 1703211
1703212 I 1703212
sample from 2017 L
. 1703214 =E 1703214
1703215 jiil 1703215
1703216 1703216
170321-7 170321-7
| | I 1703218 | I 1703218
1703219 170321-9
. . - 170322.3 1703223
* Collected within 30 m - =
| B | 1703225 1703225
1703226 1703226
| | 1703227 170322.7
O e a C Ot e r' 170328-01 = [ || 170328-01
| | 17032802 170328-02
= 170328-03 = 170328-03
| | B 170328-04 B 170328-04
separate our =
&) 170407-1 170407-1
170407-2 170407-2
| B Il 1704082 || Il 1704082
o u rs o . Bl 1704083 B 1704083
* ||| B 170408-4
] [ I 1704085 || m
gexg:y_}xgx%zn@mxg;mmmmamx p:ﬂxgx%zmngtmzzmzmm
B Sl bo2a8a3358530053%33588%8°%3 2 o0 and383003338388%8%3
] TZ2ZIIEZZIZ33E 885828288 8 ] TP EZ R 2 8883538 28 38
I XTIz g % T 9 g g ] T T IIXITIITI :g g e ° g g ®



Height

0 2 K 6 8 10

|
i

—

IHCA: 2017 vs 2017 sheens

- - -

T70328-02 ——

hhhhhhh
FFFFFFFF

170328-04 —J

T
5&;%3:225@3@@;: SR

—rrhNee Lok ok ok R SR SR SR SR R R R R R R
-

March8 Some March 16, 17, 20, April 7& 8

21,22 & 28

L )

Most March 10, 16, 17,
20,21, & 22

| )

|

lower meDiaaaCR and etaaCR

|
higher meDiaaaCR and etaaCR



Summary: 2017 sheens were heterogeneous




Il. 2017 sheens versus 2012/2013 sheens



2017 vs 2012/2013 sheens
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2017 vs 2012/2013 sheens

HCA

G-22Z£0.LL
20 LL€0L10Z
6-12€0L1
20-91£02102
G-01£0L1
9-02£0L)
£-22£0L1
9-12£0LL
£-12€0.L1
Z-1220L1
L-22€0L1)
£-80¥0.L1
Z-L0¥0LL
Z-80%0L1
L-20¥0LL
#-80¥0L1
(z10Z AInr) 3-gHS
(€10Z 924) Z-HS
€0-82€0L1
#0-8Z€0L1
20-82E0LL
(£10Z 98d) ¥-HS
(€10Z 984) G-HS
(z1oz AInr) O-gHS
(€102 9o4) €-HS
(€10Z 984) LHS
(z1Loz Ainr) V-eHS
(z1oz AInr) a-gHS
(zroz Air) 8-gHS
6-02£0L1
G0-8ZE0LL
10-8ZE0LL
£€-02€0.L1
Z-02£0.1
£0-91€02102
Z-01£0L)
G-12€0.LL
1-0ZE0LL
S0-91€0.102
#-01£0LL
€-01€0L)
L-12€0LL
L0-9LE0L102
1-0LE0LL
1-0Z£0L1L
#-02£0L1

10 L1€0L10Z
¥-22£0LL
£0-8€022L11
20-8£022211
10-8£022211
90-8£022L11
$0-8£022411
¥0-8£022.11
£0-8€£022£11
(z10Z AInr) D-2ZHS
(z1roz L) v-2HS
(zZ1ozZ AInr) O-LHS
(z1L0Z AInr) W-LHS
(zroz Ainr) 3-2HS
(z1oz Ainr) g-zHS
(zLoz Ainr) 3-1LHS
(zroz Ainr) 8-LHS
(z10zZ AInr) @-2HS
(zroz Ainr) a-LHS
8-12£0LL

£0 L1€0210Z
G-80¥0.1
8-0Z£0L1)
6-02£0.L1
9-22€0L1
¥-12£0L1
1-12£0.L1
#0-91£0.102
20-91£02102
/102
£0-80
Z0-80€0.1
10-80€0LL
90-80£0.1
#0-80€0.1
80-80£0L1
£0-80€0L1
S0-80€0

March 8th, 2017



Summary: No major changes in 2017 vs 2012/2013

sheens



lll. Sediment cores at MC20 (2012/2013)
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Diver cores from 2013
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2012 cores vs 2013 cores
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2012 vs 2013 cores
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Summary: 2012 sediment cores near former well bay

were homogeneous; 2013 sediment cores were
heterogeneous.




V. 2017 Sheens vs. 2012/2013 sediment cores
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2012/2013/2017 sheens vs cores
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Summary: Major source of sheens are sediments near

fallen jacket (diver cores).
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Is it reasonable that a contaminated sediment can
create a sheen? -Yes.

Coal tar sheens are shown forming on the water surface at a former manufactured gas plant site.



Conceptual model for a contaminated site in Maine

Taylor site . 2
also has e e hbES
- Y S is gas 00 B e
swirling 29 P E /;vifthAPL
o o roplet
currents - | =0 I
. (@) ]
around jacket. - — e — s e —§—
2 ORGANIC RICH SEDIMENTSWITH NAPL ———

McLinn and Stolzenberg, Env. Tox. Chem. (2009)
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Highly contaminated sediments are being excavated
Wy,




100% heterogeneous release from remnant
sediments




100% release from a homogeneous well leak




Conclusions

* All four forensic-based Tiers point to 2017 surface sheens to
be heterogeneous.

* Do not support a single source.

* The most compelling scientific conclusion is that the
contaminated sediments near the toppled jacket are
supporting the majority (or all of the surface sheen).

* Consistent with MSL's findings from 2012/2013.

* This conclusion is supported by other geophysical work on
site and studies at other contaminated sites.

* Ocean currents play a critical role in this study.
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July 2012 sediment sampling
-12 locations
-Each location included ~10 samples

Total petroleum hydrocarbons (TPH)
values (uncertainty ~5%)



Sediment samplers used in July 2012

Piston Core Sampler Box Core Sampler
Release
ST <«@— Wire Connecior Ring
(connected 1o triggering device)
Weight Stand
€ Gonnector
«fp———Weight Column
Core
Barrel
«— Spade
Tetrapod &
Gimbals
«§——— Encased Piston
«——Nose Cone
. Collected sediment Collected sediment in the surface layer,
er
:ﬁ:'s;a : down to ~5 meters but may not which in turn allows for a complete
* I .
Corer) recover near surface sediment sediment record when married with the
(also called drop cores) piston core. (Figure from USGS)
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Twelve piston cores (July 2012): processing and analysis

I\

~5
meters

Q- == e e e e e e m - o

TOP

T ——

BOTTOM

Piston core
returned to the deck

R

Split into
0.5 meter intervals

—
—
\
\
\

~—
\

0.0to0.5m

0.5t01.0m

1.0tol.5m

1.5t02.0m

20to2.5m

25t03.0m

3.0to3.5m

3.5t04.0m

40to4.5m

45t05.0m

S50

Each
interval a
discrete
sample
and
analyzed

Total=
114
samples
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Twelve box cores (July 2012): processing and analysis

TOP

BOTTOM

Box core
returned to the deck

Each
box core

produced

box core one

discrete

sample
Processed on deck that was
analyzed.

Total=12 box core
samples
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February 2013 sediment sampling
(diver)

-4 locations
-Each location included ~4 samples



Sediment coring
Locations

(July 2012* <>
and Feb 2013*** ) N

*Sediment was

collected at all 12 O
numbered sites with O 10
both box and piston 8) O4
corers. locations= O O 5 dome C
I O Q6 (four cores

. 2\ hY K
**Djvers collected four N CO'J,ECted by diver)
cores along each side of /,’
the containment fOFIFI“;r ,
system only in February wellbay containment
2013. locations= system
Note: The July 2012
piston cores were led
originally designated as t?pp e
“DC-x" for drop core. jacket
They are now “PC-x" so
that the Feb 2013 diver —_
cores’s can be “DC-x".

50 0 50 100 150 Feet
012 TAYLOR
59 EWERGY COMPANY LLG |

A NRERECE

nvironmental Solutions



{ Diver-core collection-device
Feb 2013




Four diver cores (Feb 2013): processing and analysis

T

~4 feet

<t -=-=-==-

TOP

P

BOTTOM

Diver core
returned to the deck

Oto1ft

1to2ft

2to3ft

3to4ft

Split into
1-ft intervals

1/21/16

Each
interval a
discrete
sample

and
analyzed

Total=
16
samples



Blow-up of cores collected in February 2013 (DC-1 to
4)

Collected by diver. Each core

split into four horizons one-ft thick
DC-4

10.5’
DC-1 ‘ Dome C ‘ DC-3

DC-2
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Figures for total petroleum hydrocarbons (TPHs) from the
piston cores (or drop cores) collected in July 2012

Twelve cores collected to mud depths of ~bm, split at 0.5 m
intervals and analyzed

1/21/16



Depth (m)

TPH (mg Kg )

/\ﬁ% \ 1 I/X>%

v .L'./ I e

m - "
i 4 Are
(¥ Won | a4

w& /f'/ f\l Box Cores (BC)

-— Piston Cores (PC) 1, 7-12
Piston Cores (PC) 2-6




Sediment coring
Locations

(July 2012* <>
and Feb 2013*** ) N

*Sediment was

collected at all 12 O
numbered sites with O 10
both box and piston 8) O4
corers. locations= O O 5 dome C
I O Q6 (four cores

. 2\ hY K
**Djvers collected four N CO'J,ECted by diver)
cores along each side of /,’
the containment fOFIFI“;r ,
system only in February wellbay containment
2013. locations= system
Note: The July 2012
piston cores were led
originally designated as t?pp e
“DC-x" for drop core. jacket
They are now “PC-x" so
that the Feb 2013 diver —_
cores’s can be “DC-x".

50 0 50 100 150 Feet
65° "2 TAYLOR
ENERQY COMPANY LL'EI
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Depth (m)

(9]

PISTON CORES 1, 7-12 (July 2012)

A

&
4
A

DC-1

B DC-7

DC-8
DC-9
DC-10

DC-12

TPH (mg/kg)

1000
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PISTON CORES 2 to 6 (July 2012)

0
on
S
* | B
1 = 2
L,
" »
~— A .'r:
2 X

_ re

£ _» 4u
- — - L |

= praens 1o o b

2 o e

3 & s .
7 .
» ) ,.._’I/ A -~ @ DC-2
E| im0 ® DC-3
| BN o )
4 p— -‘ ‘__'1..

L& . AT T~ ®  DC-4
{ / ¢--DC-5
\ ! ‘/ . |

\5:.; - - A |)( -0

10 100 1000 10000 100000
TPH (mg/kg)
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100% heterogeneous release from remnant
sediments




100% release from a homogeneous well leak

SCHAFACE




5% heterogeneous release from remnant sediments
and 25% release from a homogeneous well leak




50% heterogeneous release from remnant sediments
and 50% release from a homogeneous well leak




25% heterogeneous release from remnant sediments
and 75% release from a homogeneous well leak

SCHAFACE
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Summary of Tiers 3 and 4 FINDINGS

e Results from a Tier 3 (quantitative biomarker) and Tier 4
(cluster analysis) are consistent with Dr. Overton’s findings.

* Surface sheens collected in 2017 are heterogeneous.
* Do not support a single source.

* The most compelling scientific conclusion is that the
contaminated sediments near the toppled jacket are
supporting the majority (or all of the sheen).

* Ocean currents play a critical role in this study.
Consistent with MSL findings from 2012/2013



Blomarker compound Abbreviation Uscertainty

18a.22.29,30-Tnisnorneohopane- TS Ts %
17a(H)-22,29.30.Trisnorhopane-TM Tm %
30.Norhopane NH 3%
18a(H)-30-Norneohopane - C29Ts €29Ts 4%
10.Homohopane-22S HH3IS 2%
30.Homohopane-22R HH3IR 4%
10,31.Bishomohopane-225 HH32S 3%
10,31-Bishomohopane-22R HH3ZR 3%
10,31.Trishomohopane-22S HH33S 5%
10,31. Tnshomohopane-22R HH33R 4%
Tetrakishomobopane- 218 HH34S 4%
13b(H),17a{H)-208.Diacholestane diabaCs 0%
13b(H),17a{H)-20R-Diacholestane diabzCR 5%
14a(H),1 Ta(H)-208-Cholestane/13b(H),1 7a(H)-20S - Ethyldiacholestane

(s12) - 2%
14a(H),17a(H)-20R.Cholestana/1 3b(H),1 7Ta(H)-20R - Ethyldiacholestane

(S17) S17 3%
140.17a-20S-Methylcholestane’ meaal’s %
14a.17a.20R-Mcthylcholestane’ meaaCR %
14a(H),17a(H)-208.Ethylcholestane etaxCS 5%
14a(H),17a(H)-20R-Ethylcholestane cw22CR 4%
14B(H), 1 7TR(H)-20R Cholestane bbCR 2%
14B(H), 1 TR(H)-20S -Cholestane bbCS 3%
145,176 20R-Methylkcholestane mebbCR 3%
140,175-20S-Mcthylcholestane mebd(S 3%

148(H).17TA(H)-20R-Ethylcholestane etbbCR 5%
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SHEEN #1 (SH-1, 3, 4)

SHEEN #2 (SH-2)

Prepared by Jason Screws (USCG)



2017 Sheen Samples

1 ml analyzed 1 ml archived
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