UNI TED STATES DEPARTMENT OF THE | NTERI OR
BUREAU OF SAFETY AND ENVI RONMENTAL ENFORCEMENT
GULF OF MEXI CO REG ON

ACCIDENT INVESTIGATION REPORT

For Public Release

1. OCCURRED [ |STRUCTURAL DAVAGE
DATE: 18-JUL-2021 TIME: 0930 HOURS | |CRANE
_ _ OTHER LI FTI NG
2. OPERATOR: Exxon Mbil Cor poration | DAMAGEDY DI SABLED SAFETY SYS.
REPRESENTATI VE: X|I NCI DENT >$25K #4 nooring line failure
TELEPHONE: | H2S/ 15M N. / 20PPM
CONTRACTOR: |_|REQUI RED MUSTER
REPRESENTATI VE: |_|SHUTDOWN FROM GAS RELEASE
TELEPHONE: || OTHER

3. OPERATOR/ CONTRACTOR REPRESENTATI VE/ SUPERVI SOR 8. OPERATI ON:

ON SI TE AT TI ME OF | NCI DENT:

[X] PRODUCTI ON
4. LEASE:  GL0380 | |DRILLING
AREA: AC LATI TUDE: || WORKOVER
_ L ONG TUDE: | COVPLETI ON
BLOCK: 25 : || HELI COPTER
| MOTOR VESSEL
5. PLATFORM A- Hoover Spar | PI PELI NE SEGVENT NO.
R G NAMVE: | OTHER
6. ACTIVITY: ] EXPLORATI ON( POE)
DEVEL OPMVENT/ PRODUCTI ON 9. CAUSE:
( DOCD/ POD)
7. TYPE: _
| NJURI ES: X] EQUI PMENT FAI LURE
HUVAN ERROR
[] H STORI C | NJURY | EXTERNAL DAVAGE
B OPERATCR CONTRACTOR ™1 SLI P/ TRI P/ FALL
[ ] REQUI RED EVACUATI ON WEATHER RELATED
| LTA (1-3 days) | LEAK
| LTA (>3 days) || UPSET H20 TREATI NG
| RWJT (1-3 days) | OVERBOARD DRI LLI NG FLUI D
RWJT (>3 days) | OTHER
| | FATALI TY
Qther Injury 10. WATER DEPTH; 4825 FT.
11. DI STANCE FROM SHORE: 137 M.
POLLUTI ON
FI RE 12. W ND DI RECTI ON\:
EXPLOSI ON SPEED: M P. H.
LVC 7] HI STORI C BLOAOUT 13. CURRENT DI RECTI ON\:
UNDERGROUND SPEED: M P. H.
SURFACE
I:l DEVERTER 14. SEA STATE: FT.
[ ] SURFACE EQUI PMENT FAI LURE OR PROCEDURES 15. PI CTURES TAKEN:
CoLISION  [JHSTORIC []>$25K  []<=$25k 16. STATEMENT TAKEN:
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17. | NVESTI GATI ON FI NDI NGS: For Public Release

On July 18, 2021, Exxon Mbobil Corporation (ExxonMbil) reported an incident on the

Di ana Hoover Spar (Facility) located at Al am nos Canyon (AC) block 25. The incident

i nvol ved the loss of 1 of the 12 nooring lines due to a mooring line chain |ink
failure. The incident occurred while conducting nornmal production operations. The
estinmated cost of repair is between 10 and 15 nillion US dollars. The United States
Coast Quard (USCG and the Bureau of Safety and Environnental Enforcenent (BSEE) each
performed an i ndependent investigation of the incident.

According to ExxonMobil’'s report, while conducting normal production operations on the
Spar Facility, the Operators heard a loud runble noise and felt the Facility shake
slightly. The Operators surveyed the Facility and di scovered the nunmber four nooring
line parted. On July 27, 2021 a renptely operated vehicle (ROV) surveyed the 11
remai ni ng nooring lines and reported no anonalies identified during the survey.

According to docunentation supplied by ExxonMbil, a Facility Mddel (performed in
2010) contai ned updated informati on on noorings, risers and Metocean Criteria
following Hurricanes Ivan, Katrina, and Rita in the Gulf of Mexico consistent with AP
RP 2MET. The nodel analysis also investigated nmulti-line failure scenarios which

i ncl ude nooring system performance (offsets and tensions) analysis for one and two
lines failed, in various return period storns. Based on the 2010 Facility Mdel, the
Lessee deternmined the Facility was stable with the remaining el even nooring lines and
within safety standards to continue production operations.

ExxonMobi | recovered the broken link fromthe chain on the seafloor and sent the chain
link to Stress Engi neering Services, Inc. (SES) for evaluation. The 160 nm size, R4
materi al grade chain |link had been in service approximtely 20 years prior to failure.
The failed chain link exhibited two fractures: one at a crown and one at the flash
wel d. SES perforned several tests on the chain link, including visual exani nation, wet
fluorescent magnetic particle testing, dinensional nmeasurenents, fractography,

net al | ogr aphy, hardness testing, and other material characterization tests.

SES investigation report found that both the crowm fracture and the weld fracture were
associ ated with hydrogen enbrittlenent. Each fracture had evi dence of surface pitting
at the fracture origin and adjacent intergranular fracture features. Both fractures

al so exhibited brittle final fractures and | ow ductility overall

According to SES investigation report, the Material Characterization Tests found that
the chain link properties did not satisfy ABS requirenent for Grade R4 nooring chain,
nor any ot her grade of nooring chain. Tensile ductility and inpact toughness were both
found to be low The prior austenite grain size was large, particularly around the
flash weld, and the |ink hardness was high, particularly in the crowm. The poor |ink
properties are nost likely the result of inproper heat treatnment during manufacturing,
which resulted in | ow i nherent toughness and increased susceptibility to hydrogen
enbrittlenent.

According to the SES report, based on a review of the fracture origins and deformation
inthe link following fracture, the nost |ikely sequence of events was that the crown
fractured first, which subsequently led to the weld fracture. The |ocation of the
crown fracture origin at the extrados of the crown and the transverse orientation of
fracture propagation indicated that tensile stresses dom nated crack growth. According
to the SES report there was no evidence that stress from out-of-plane bending or
twisting contributed to the fractures. There was al so no evidence of a weld repair
associated with either fracture. Cther than the two fractures, SES test results
detected no additional cracks in the chain Iink

ExxonMbbi | conducted visual inspection and hardness testing on all accessible |inks
fromthe AC25 SPAR deck to the waterline on the remaining 11 top chai ns which
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: . _ _ ... For Public Release
accounted for approximately 20 |inks per line. The resulting test results indicated

zero out of tolerance readings according to ABS Grade 4 requirenents. Hardness testing
is an indicator of the required properties making the chain susceptible to hydrogen
enbrittlenent and brittle fracture. Additionally, chain | ocker #4 entry was perforned,
and hardness testing was conducted on the links adjacent to the failed link (up to 15
links away fromfailure) and each tested |ink exhibited high hardness.

ExxonMbbi | antici pates the replacenent of the mooring line chains to take
approximately six to nine nonths due to the lead tine required to manufacture the
repl acenent chai ns.

USCG is conpleting their independent review of the incident. BSEE O fice of Structural
and Techni cal Support is aware of the incident and the investigation findings.

18. LI ST THE PROBABLE CAUSE(S) OF ACCI DENT:

The nmooring chain link fractures initiated from hydrogen enbrittlenent. The materi al
properties of the Iink were not satisfactory for G ade R4 nooring chain, nor any other
grade of nooring chain recognized by ABS. The hi gh hardness of the Iink nade it
susceptible to hydrogen enbrittlenent and was likely the result of inproper heat

treat nent.

19. LI ST THE CONTRI BUTI NG CAUSE(S) OF ACCI DENT:
None
20. LI ST THE ADDI TI ONAL | NFORMATI ON:

21. PROPERTY DAMAGED: NATURE OF DAMAGE:
Mooring line chain The chai n susceptible to hydrogen
enbrittlenent and brittle fracture.
ESTI MATED AMOUNT ( TOTAL) : $10, 000, 000
22. RECOMVENDATI ONS TO PREVENT RECURRANCE NARRATI VE: None

23. PGSSI BLE OCS VI OLATI ONS RELATED TO ACCI DENT: NO

24, SPECI FY VI OLATI ONS DI RECTLY OR | NDI RECTLY CONTRI BUTI NG NARRATI VE: None

25. DATE OF ONSI TE | NVESTI GATI ON\: 28. ACCI DENT CLASSI FI CATI ON:

29. ACCI DENT | NVESTI GATI ON
PANEL FORMED: NO
OCS REPORT:

26. | NVESTI GATI ON TEAM MEMBERS: Edward Keown /

27. OPERATOR REPORT ON FI LE: 30. DI STRI CT SUPERVI SOR
St ephen Martinez

APPROVED DATE: 03-JAN- 2022
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