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Exeautive Sunmmary

OnJuly 23,203, Wal ter Oil & Gas Corporation (AWal
at the South Timbalier Block 220 (ST 220), using a jack up rig owned by Hercules Offshore, Inc.
(AHelreso) . The drill crew was in the process o
Atripping outo). At approximately 8:40 a.m., a

(commonly referred to as a fAkeéemthralpastowedal at ed t
uncontrollably through the blow out preventer stack (BOP) which was mounted at the surface

beneath the drill floor of the rig. Despite attempts to control the well with the BOP, the natural gas
continued to flow, forcingtherigcreWwo 44 t o evacuate using the ric¢
members suffered minor injuries during the blowout, and all crew members were recovered from

the life boats within minutes of the evacuation by a service vessel that was in the area.

The uncontrolledldw of flammable natural gas from the well continued for over thirteen
hours, before ignitig and burning foanothetwo days The prolonged burning ultimately led to
bending of the steel beams that supported the drill floor and derrick, whecHiingatly over the
well. The derrick and significant portions of the drill floor collapsed into the water, with the
remainder of the Hercules 265 sustaining heat and smoke damage.

By July 25, 2013 the flow of gas had stopped, as a result of the natcuatalation of
sedi ment inside the well, referred to as a #dbr
A relief well was ultimately drilled to relieve pressure and gain control of tBengll.

The Bureau of Safety and Environmental Eofe@e ment ( ABSEEO0O) convened
investigate the incident. The panel was comprised primarily of BSEE investigators and subject
matter experts, with additional support provided by United States Coast Guard personnel.

The Panel found that Walter and Eelles personnel did not calculate the density of the
Zinc Bromide completion fluid used to maintain a pressure balance within the well to account for
the full range of temperatures that could have been encountered within the well. Typically, the
formationthat the well is drilled into exerts pressure on the well. The circulation of the completion
fluid into the well is meant to maintain a pressure balance and control the flow of hydrocarbons
into the well. The Panel concluded that the crew encountergubtatares higher than expected,
which affected the density of the completion fluid. As a result, the completion fluid did not
effectively maintain the pressure balance in the well, which resulted in the flow of hydrocarbons
into the well.

The Panel deterimed thattherig | oor per sonnel failed to rec
its early stages. Crew on the rig floor only became aware that the kick occurred when completion
fluid began to shoot out from the open end of the annulus and drill pipe. Witmthbromide
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fluid raining down on them, the crew began to have difficulty working as the fluid caused a
burning sensation to their eyes and skin. This exposure accounted for the minor injuries reported
by the crew. The Panel concluded that the proeedurplace for responding to a loss of well

control were inadequate because they did not consider the potential caustic effects of the
completion fluid on the crew.

Failure to detect the kick before its effects were seen at the surface also prevecited the
from following their established well control procedure. The force of the fluid moving out of the
well was strong enough to push the drill pipe upward and into the top drive. The crew could not
manipulate the drill pipe, which prevented them frontalisg the drill pipe safety valve and
further limited their options of reestablishing control of the well.

A final attempt to control the well was made when the rams, including the blind shear ram
of the BOP stack were closed. The intention was toheudltill pipe and seal off the well. When
the rams were closed, the flow from the well subsided monetarily, but quickly returned to a
velocity that generated noise great enough to make verbal communication difficult. Having no
other way of controlling thevell, the decision was made to abandon the rig.

The Panel found the actions to close the rams came too late; by the time the attempt to close
was made, the well was already flowing at a pr
of gas up througthe well also carried sand from within the formation. This mixture of gas and
sand travelling at high velocity quickly eroded the surfaces within the BOP, which would have
prevented any chance of maintaining a proper seal. When the BOP stack was rdocowvetieel
rig, The Panel was able to document evidence of this sand cutting on the BOP.

This report further details the findings an
report concludes with recommendations which seek to improve the satdfgtafre drilling
operations. The Panel believes that the adoption of the proposed recommendations will help reduce
the likelihood of the occurrence of another event similar to the blowout that occurred on July 23,
2013 at the A3 well located at ST 220



I ntroduction

Authority

On 23July 2013,well operationswere being condicted on béaf of Walter Oil and GasCorp (Walter or
Operator), the Operator of recad of lease OCS-G 24980(the Lease) in the Outer Cortinental Shdf (OCS)
of the Gulf of Mexico (GOM). The Sauth TimbdierBlock220(ST-220) Well A-3 STNo. 1(theWell)
wasbeing completed using the HerculesOff shore (Hercules) jackup Mohile Off shore Drilling Unit
(MODU) Hercules265 (theRig).

TheRigwaspaositioned overthe ST-2 2 @\0 Hiatform (the Platform) with thedenick cantilevered over
theWsell. The Well hadbeen perforated urderbalanced into the 8,800-foot (ft) sand bytubing-corveyed
guns. It hadthenbeenkilled usng 15.7poundspergallon (ppg) completionfluid, giving an eqivalent
mud weight (EMW) overba ance hydrostatic pressure of aporoximately 360 pounds persquare inch(psi)

attheresrvoir deph.

While tripping out of the hole after perforating, thewell suddenly beganto flow uncortrolled. All control
attempts failed and the Rig wasevacuatedwith no injuries. Sipsequently, thewell blew uncantrolledat
ratesestimatedto beupto 400million cubic feet of natura gasper day(mmcfpd) for threedays before
bridging. Afterflowinguncorirolledfor over 13 hours (hrs), theflow of gasignited. Thefire degroyed
the Platform, the Rigés drilling fl oor, equipmert, and derrick, anddamaged much ofthe MODU. The
sequace of everts (thelnddert) resulted over $10millionin danages(estimated).

Theunaoontrolledflow was primarily natural gaswith atrace of liquidsand aarge amountof formation
sand. Becatse of the low liquid/gasyield of theflow, sufacepdlutionwasobsavedto beminor. After
burningfor 71 hrs, the well naturaly bridged. Suface plugs were set by 10 August2013. Regaining full
control requiredthedrilling of arelief well to deplete thereseavoir. Therelief well wascompletedon
12 November2013 andprodudionto deplete thereservoir wasinitiated thereafter.

Pusuant to Sction 208, Subsection 22 (d), (€), and(f), of the Outer Continental Shdf (OCS) LandsAct,
asamendedn 1978 ,andDepatmentof the Interior Regulations 30 CFR 250, Bureauof Sdety and

Environmental Enforcement(BSEE)is requiredto invedigate andprepare a public report (the Panel
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Repart) of thisaccident. By memorandumdated 25July 2013,the following personnelwere namedto

theinvedigative panel (the Pané):

David Trocquet, Chairmani District Manager, New OrleansDistrict, GOM OCS Region
JackWilliamsi PdroleumEnginee, Office of Safety Managemert, GOM OCS Region
Marty Rinaudai Well OperationsSection Chief, Lafayette District, GOM OCS Region
JamesRichard i Well Operations Accident Investigation Inspector, Field Operations,Houma
District, GOM OCS Region
ChalesArnoldi Speial Invegigator, Invedigations andReview Unit, BSEE
Michad Idzioreki Specal Invedigator, InvegigationsandReview Unit, BSEE
Michad Pittmani ProgramAndyst, Office of Offshore Regulatory Programs
MatthewCaponi United StatesCoast Guard.
--------- Significant Contributors ---------
Steplen Garciai Petroleum Enginee, Office of Safety Management, GOM OCS Region,
contributed significantly to theinvedigation.
JasorMathewsi Chief, Office of Safety Management, GOM OCS Region, cantributed
significartly to thewrite-up ofthe Pand Report.

Background

Thesurfaceand bottomhale location for the Well are within the Lease(OCS-G 24980, which covers
appoximately 5,000aaesandis locaedin ST-220,Gulf of Mexico, offshae Louisiana(for lease
location, sefigure J).

Thehistory of the Leaseand ownership of theWell and Ratformis complex. In 1994, SmadanQil
Corporation (Sanadan)purchagd leaseOCSG 14539which includedall of approximately 5,000aaes
of ST-220asa 100percent working interest (WI) ownerandoperator. In 1997, amadarés WI shae
becane 66.66 mrcentwhenSpinnaker Exploration Company acqured a33.33percentW].

Samadan dilledtwo wells: thediscovery well, A-1, wasdrilledin 1997;andthe A-2 wasdrilled,
plugged and abadoned(P&A &) in 1998. Samadanset the A0 Platform on locationin March, 1998in
appoximately 154ft water degh. The A0 Platform wasdesignedas anunmanned bacedcaissonwith

facilitiessuficientto process50 mmcfpd and asodated liquids (seefigure 2).
4
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Figure 1: Location of Sauth Timbalier Block 220, Leae OCS-G 24980

Samadan-1998
Mantiss 1l with 3 Slots
ST-220 “A” Platform
158' Water Depth;
50 MMSCFD;
8-Week Fabrication Schedule;
Loadout February 1998;

» This structure was purchased by
Offshore Specialty Fabricators, Inc.
roman oil and gas company;

» Modifications were made in OSF'’s
abrication yard in Houma; Louisiana
o fit this location’s water depth;

» OSF also upgraded the production
acilities to 50 MMSCFD;

» Wells A-1and A-2 (?) P&A’'s 2004
after cumulative production of
approximately 14.5 BCF.

» Purchased by Walter O&G 2003

» Well A-3 P&A'd and sidetracked
February 2012. Platform destroyed
during LOC and fire April, 2013.

» 2013 Platform salvaged and
removed.

Figure 2: Sauth Timbalier 220,Platform i A 0
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Production fromthe A-1 well commencedn August, 1998 anccontinuedfor approximately three yeas
processed through the facilities located on the fiA0 Platform. ProductionfromtheA-1 (andleaseOCS-G
14539)ceasedin 2001 dter producing aporoximately 14.5 bllion cubic feetof gas(BCF) and
appoximately 163,00 barrels (bbls) of hydrocarbonoil/condensae. LeaseOCSG 14539was
terminatedin May 2002 and well A-1 wastemporarily plugged and alr@donedby Sanadanin 2002 in
acordancewith terms of thatlease andagreamerts with puchasers of the Platform.

In 2002 the ST-2 2 @A\0 Hiiatform waspurchased from Sanadan byPRS OffshaeL.P. andthenwas
acquredby Walter. In March, 2003the Platform desgnation chargedfrom sufaceleasesquipment
assaiatedwith leaseOCSG 14539to surface Right of Useand Eaement(RUE). It waslater usedto
processWalter Oil & Gasprodtction from South Timbdier Block239,0CS-G 22754.

In 2003, gatnership led by Helis Oil andGas(Helis) purchasedheLease OCSG 24980whichincluded
approximately 5,000 @resencanpasingthe whae of ST-220. Waking Interest(WI) ownership of the
Leasewas Helis 85-percent andHouston Erergy 15-percentandthe terms of the Leaseincludeda 1/6™
royalty interest assignedto thelessor, the Mineral Management Service, predecessorto BSEE.

In 2004 Helis drilledtheoriginal A-3 well and R&.A & it after reaching permitted total depth (TD). In
May 2005,Walter Oil andGastrarsferred the Platform froma RUE datusto astatusof surfacelease
equpmentfor theLease, OCS-G 24980. In 2006, Wéer, operatingfor Helis, etAl., began dillingthe
Well (A-3 ST) fromtheremvered A-3 dot onthePlatform. Drilling of theWell reacted TD in Juy,
2006.TheWEell was completedandplaced onproductionin October, 2006. Walter wasdedgnatedasthe
opeator of thelLease, Ratform, andthe Well.

In Januay, 200, ownership interestin the Lease changed. Helisbecame a 70 pacentW! ownerwhile
Hougon Enegy L.P.Gs WI shae became 5 pacentandRed Willow Offshae, LLC becane a 25 percent
WI owner. Walter continuedto operate the Lease.

In Augud, 2010interest in the North one-hdf (N 42) of the LeaseandWell becane asfollows, effective
backto 200:

Walter Oil & GasCorp. 34.54441
HE&D Offshae, LP 10.000



Howell Group, Ltd. 01.9687¢

Helis Oil & GasContractor LLC 09.0
Houdon Energy, L.P. 02.25
Tana Exploration Contrador LLC 18.75
Red Willow Offshae, LLC 03.75
Water E&P, Inc. 19.7368¢

Theworkinginterestin theN %2 ofthe LeaseandtheWell continuedaslisted above through the drilling
of the Well, accordingto records. Walter Oil andGascortinuedasoperator of the Lease Platform and
Well through all phasesof the Incdert.

TheWedl wasoriginally completedin the 11,50-ft sand in 2006 with apre-packshunttube gravel pack
and green. It wasputon production in October, 2006and poduced trouble free until December, 2012at
ratesbetween 8.0and 10.0mmcfpd. In Decamberthewater production increasedandthe chadke cut out.
At that time, the sefrator accumulated a significant volume of sandindicating the gravel packhadfailed.
Theproduction equipmentwascleared out andthewel was shut-in pendng aworkover.

SEMS Incident Investigation Team (SME Committee) and Report on Root Cause

After the Inddert, the Operator andseveral contractors, individuds, and agendesthathad mtential
personnel, equipmert, or atechrical connection to the Incident agreedto form a fisubject matter expertd
(SME) committee to fully invedigate the Inadent. This committeewas designaed astheii EMS
Inddentinvedigation Tean. @ hisgroupisreferredto in this Report asthe AISME Committeed One
special focusof the SME Committeewasto forersically review the circumstanaes of apparent fail ure of

the blow-out preverter (BOP) to contral the flow of the uncaitrolledwell when activated.

In thefal of 2014,the SME Committeecompletedtheir invegigation and submitted adeailedreview of
chronology of everts and condusions about causal elemerts of the Incddent (SME CommitteeReport).
While theinvedigation wascondictedfor Walter aspart of the requiremerts of Subpat S-Sdety and
Environmental Management Systems (SEMS) of 30 CFR Chagter 11, Sedion 250.1919, theinvedigation
wasindeperentfrominvedigations corducted byWalter personnel.



This SME CommitteeReport cortains a detailedreview of the functionsandoperation oftheeaquipmert,
timeli ne of operations, andrespnghilitiesand actionsof the personnelinvolved. The SME Committee
Repat addressed:

1. Thenature of theinddent,
2. Factors contributingto theinitiation of theinitid downhde loss of control, and

3. Factors contributingto the escdationto asuface lossof well control Incident.

The SME Committee Report statedthat theycorsidered the Operator, contractors, andvendasinvolved
or asscciatedwith the Inddentto befial part of the same drillingand caonpletion team. d@he SME
Committeededlt with the factors and dements of the Incident as asingle intercomeded evert. The SME
Committeewascomprisedof:

Dr. GedfreyR. Egan(Team Leade&): Techical Director, Intertek AIM, Sunnyvée, CA,

Dr. AdamT. (Ted) Bourgoyne, 1. (LeadAuthor): PE., Bourgoyne Engineaing LL C, Baton
Rouge, LA.;

Mr. Darryl Bourgoyne (Lead Invedigator & Secondary Author): Technical Consultant to
Bourgoyne Engineeing LL C, Baton Rouge, LA.;

Dr. GlenStevick (BOP Expert): Princpal, Senior Medharical Engineer, Berkeley
EnginegingandReseach, Berkeley, CA.

TheBSEE Pa#l reviewedthe SME CommitteeReport and cancludedthat the technical information
developedis composed ofcredble anddetailedinformation, especiall y thetimeline of activitiesandthe
techical review of the forendcs of the BOP invedigation. Though the BSEE Rarel has developed
addtional information andformedits own conclusions, the SME CommitteeReport is usedas a primary
referencethroughoutthis BSEE PaneRepat. Where cortradictions or discrepancieswere found
between information dotainedfrominterviews or statemerts andthe electronic data, the SME
Committees eledronic data ardlysis and timelinewere accepted bythe BSEEPanel except where noted.

The SME Committees report ertitledfi RRT 17 ROOT CAUSEINVESTIGATION RESULTS , along

with the apperdices,are includedin the case fil es of the Incidert.



Findings

Objectives and Rig

In December, 2012 whenthe gravel packfailed,there were two zonesof interest in theWell. These had

thefollowingassumed ormeasued pessures andtemperature:;

Sand True Vertical Bottom Hole Max Shut-in
Depth (TVD) Pressure(BHP) EMW Pressire (SITP) Temp,
ft psi ppg psi °F
11,500ft sand 11,100-11,292 et 7,550[9,150*] 13.0[15.9¥ est 6,300 206
8,800ft sand  8,715- 9,205 est6,700 est 14.8 est 5,400 188 **
* [original] **[original] ** *seediscusion p. 56

TheWdl wasoriginaly completedin the 11,50-ft sandin 2006. Whenthecompletionfailed,the
original BHP 0f9,150psi had doppedto gpproximately 7,550 psidespite resevoir characteristicsthat
indicated astrong water drive. Cumulative productionfor the 11,500ft sand when the packfailedwas
appoximately 18.6BCF, 184,000 Ibls concensate. About 3,800 ols of produced water were recorded.

In ealy 2013,the Operator propcsed aprocedure to restore the Well to production by fir st determiningif
acassto the 11500t sandcoud beregainedusingthe A-3 wellbore. If nat, it wasproposd thatthe
Well besidetracked and completedinto the 11,5001t sandif it wasfound to be still potentially
productive. If the 11,500/t sandcould not berestoredto production, Operator plannedto canplete the
Wl into the 8,806ft sand which wasisolated behind unpeforated, cenerted, 7¢ -inch(in), 39 punds
perfoat, P-110 poductionliner.

Theprocedure proposedto utilize the MODU HerculesRig 265 (seefigures3 and4), amat supported
jadk-up dillingrig, to accomplishthework of restoring the Well to production. Theplan @lledfor the
Rigto beemplaced aljacent to the Platform jadked upto the proposedair gap. Oncein place,therig
padkage wasto be skiddedout (cantilevered) over the Platform to accessthe Well. All proposed
proceduresat al stageswere approved bytheregulatory auhority BSEE perdablishedprocedure.



Top of Rotary

113’ RKB
T
~ 3
Hercules Rig 265 67’ Air Gap [| st220
l Platform A

154’ Water Depth

\ A

Figure3: Schematic, Hercules Rig 265 rextto ST-2 2 0 Flafavm
(from SME Commitiee Report)

Figure4: HerculesRig 265 catileveredoverST-22 0 fiPlAtkrm
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Zone for Completion, the 8,800-ft Sand

This de<ription ofthe reservoir is paraphrasedin part fromthe SME CommitteeRepat. Thereservoir
chaaderigtics are thosereported by Operator or quoted in thatreport. A well log sedion of the

perforated portion of the 8,800t sandprovidedin the BSEEApplication for Permit to Modify (APM) is
showvninfigure5. The8,800-ft sand las avery thick aguiferwith asharp gaswater interface at 8,910 ft
measued deth (MD), 8,78-ft TVD, underlying the produdive interval. Thethin gasto-water transition
zoneis indicative of a high permeablity formation, and thethick water legin this sandwould beexpected

to provide significant water-drive pressue sypport.
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Walter reportedto BSEEthat theyedimated the productive portion of the 8,800-ft sandhad aporosity of
31%and awater saturation of 14%. Theaverage paythicknesswas estimated by Walter to be 55 ft and
theareal extent was estimatedto be about 31 acres.

Thereseavoir temperature as referencedin the SME Committee Report was 188degeesFahrenheit (°F)
(seefurther disaussion p.56). Walter estimatedtheinitial pore pressure at the formation to be equivalent
to ahydrostatic gradient of approximately 14.8ppg. A gasspeific gravity of 0.582 wasrepatedby

Cetco Energy Savices dring theinitid well test conducted on the replacenentwell, ST-220, Wél No. 1.
A lahoratory arelysis of spot sanplesof the producedgasand comlensate taken 10 October 2013 at 1,000
psiind cateda gasspecific gravity of 0.5778and acondenste API gravity of 42.71.

Key Personnel and Roles

Personnel Onboard the Rig

On 23July 2013,the Hercules265 MODU hadatotal of 44 personrel onhoard. At the time of the lossof
well cortral, the followingrig personrel were on duty andkey in theidentification of the circumstances
leadingto theIncident, and respnseto it:

To

CompanyMen (3-Walter, PetroleumEngineas contractors)
Offshore Ingall ation Manager (Hercules Offshore)
Tool Pusher(HerculesOff shore)

Rig Mainterance Supervisa (HerculesOff shore)
Driller (HerculesOffshae)
Derrickhand(Hercules Offshore)

Floorhand 1(HerculesOffshore)

Floorhand 2(HerculesOffshore)

Floorhand 3(HerculesOffshore)

Mecharic (HerculesOffshore)

Fluids Engineer (Nationa Oilwell Varco)

Do Do Do o Do Do Do Do Do Do =

Savice Contractor (Superior Energy)
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Theaforemertionedpersannel on board the Rig hadspedfic resporsibilitiesfor monitoringthewell to
detect loss of control everts, anongotherthings. Intheeventof awell cortrol inadent duringatripping
opeétion, Herculeshad aspedfic procedirein place thatwas to befollowed (see figure 20, p. 37).

There were threeCompany Menon baard theRig, two of whomcharged outhitchesearly morning
immedately prior to the Incident. Thesewere contraded enployeesfrom Pdroleum Enginees, Inc. who
represented Walter during opeationson the Well. TheseCompanyMen aternated onduty seving12 hr
shifts,chargingat 0600hrs and1800hrs. The CompanyMan wasnot respaisible for maintaining or
opeaatingtheRig equipment. However, theyworkedwith shae-based egineers and manaement
employed byWalter to carry outtheappoved dilling/completion programacordingto Walterés policies
andBSEE aproved pocedures. Outside of the oversight of all operationson the Well, the Company
Mané main respasibility wasensuring thatal planswere carried outaacording the specifications,time-
lines, g@provedprocedure,and bugjet.

Thesenior Hercules managyementpersonrgl on board the Rig were the Offshorelnstall ation Manager and
Tool Pusher (OIM/Tool Pushe). TheOIM, who wasthe senior Hercules manager on board anddirectly
manayjedthedayshift, while the Tool Pusher managedthe night shift. Eachworked a12 hour shift,
chargingat 0600 hrs and1800 his. The OIM andthe Tool Pusherwere resporsible for all the Rig
functions, equipmert, and crews. Asthesenior Herculesrepresentatives onboard the Rig, they worked
with the CompanyMan to ensure the Operators approvedwell programs were cariedoutin a safe,
efficient andproductive mannea. The OIM/Tool Pusher managed dl Rig relatedissuesand exssuredall
HerculesOff shore Pdiciesand Rocedireswere communicated, understoodandadheaed to by all

personnd on toard theRig.

TheRigés rig-floor operationswere conducted bytwo sepaate shift crews (Rig-floor Crew) of Hercules
employees. The crew on duty wassupervisedby the Driller who reported to the OIM/T ool Pusher. These
crews worked 12hr shifts called fitouro (pronounced fitowerd). Eah tour had aRig-floor Crew
comprisedof aDriller, aDerrickhand,andthree Hoorhands. Shift or tour charge wasat 1200hrs and
2400 hrs.

TheDriller ontour ensuredrig-floor operations were conduded according to the approvedwell program
andin accordancewith Hercules policiesand procedures. The Driller (s) wasthesenor supervisoron

the Rigés rig-floor and wastaskedwith gperating the equipmentin a safe andefficient manne. The
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Driller ontour reportedto the OIM andor Tool Pusher, andwasresporsible for operations of the rig-floor
machney anddrillingequpmert. This postionrequredknowledge of drilling equipmert, the drill
string, mud drculating equipment, andnanyothertedniques andskills of the specializedfunction. In
acordancewith the HerculesWell Control Procedure the Driller was charged with detecting anyfikick,0

andwith respading by adivating certain well control componens and derting the crew.

TheDerrickhandreportedto the Driller andis usualy regardedassecand in command ontherig-floor. He
mannedhe fimonkey board @n thederick duringtripping operations, acted as anfiassistant driller .Héis
alsousudly tagkedwith maintaining the condtion andvolume of drilling fluids, oftenworking with the
Fluids Engineerif oneis availalde. Usualy the Derrickhandis respasible for reporting drilling fluid
volume andcondtion asinstructed. Additionaly, the Derrickhand gerates andmaintains drilli ngfluid
pumpingandmixing systems. In accadarce with theHerculesWell Control Procedue, the Derrickhand
wasresporsible for cheding the accumulator presaure.

TheFloorhand&s jobisto safely and dficiertly operate the equipmentontherig floor which includesthe
tongs, aitomatedroughneck, devators, pulingand sttingtheslipswhile trippingthedrill string. The
Floorhandparticipates in avariety of adivitiessuchasthefollowing: repairing, maintainingandcleanng
rig equpmentandtherig floor; chipping andpanting; mixing of chamicds; andthe greasing, oilingand
washing of equpmentandtodls. The Floorhandperforms theseandother tasks underthedirect
supeavisionof theDriller. In acordancewith the HerculesWell Control Procedure, the Floorhands
checkall valveson the choke manfold andBOP for correct pasition; check for leaks onthe BOP g/stem
and ché&e manfold; andchecktheflowlineandchdke linesfor fl ow.

TheFluidsEngineerwasa cortractedspesialist working for National Oilwell Varco (NOV) who reported
to the CompanyMan butworkedin close coordination with the Driller and OIM. He wasrespansible for
creating the proper mix of mud orcompletion fluid to the specificationsprovidedby the CompanyMan
and ajproved dilling procedure. He wasrespnsible for maintaining the proper weight andcorsistency
of the mud orcompletionfluid. He aso insuredthatpropermaterials were avail ade from his parent
Compary, andthatall componerts of the mud g/stemincluding pits, were in proper working order.
Whenon the rig-fl oor, he consutedandworked dosdy with the Drillerto monitor the mud/completion
fluid condition andthegenea volume and cowlition of the fluid in the various mud @ts, though hewas

not chargedwith direct monitoring of the returnsand fill volume of the pits.
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Onshore Personnel

TheWalter Completions Engineer wasresporsible for developing the planof Well operations andthe
procedure thattookinto ecoountall the variables expectedto beenmuntered. Thegeneal outline of his
plan of operationson the Well wassubmittedandapproved bythe BSEE bédore operations commencae.
He wastasked bythe Operator with providing technical suppart to the Company Man aboad the
Hercules265, sich as assistingin well fluid densty issues.The Completions Engineeralso €rved aghe
onshae fisuperintenderto for completion opeations. In this capecity he had approval authority to

coardinate theWell operations agheywere revisedor condicted.

Qualifications of the Rig-Floor Crew

30 CFR Pat 250 Sibpat O regulations governingwell cortrol andproduction safety training require
opeaatorsto establishand implementtraining programs that train employeesto competertly perform ther
assgnedwell control duties. BSEE cold evaluate operator well cortrol training programs by audting
the operator Sdraining program, condutingwritten and hand-ontesting, witnessngwell control drills,
and ahermethods.

After the Inddert, BSEEreviewed Walterds Sulpart O training plan bywhich they verifiedtheir direct
employeesand catract personrdl were trained. BSEEreviewedthetraining records of all drilling
personnel on toard the Rig who hadwell control respongbilities. The Parel concludedthatWalterés
training programcompliedwith 30CFR Pat 250 Subpart O anddl relevantpersonnelwerein
compliancewith the training documerts atthetime of theincident.

Theregulationsalso requiredthe Operator (Walter) to ensue thatthetool pusher, Operators
representative, or amember of the drilling crew maintains continuaus surveillanceon therig floor from
the beginning of drilling operations until thewell is completed orabandoned unlessthey have seared
thewdl with aBOP, lridge plug, cementplug or a packer. ThePanel concludedthe crew did maintain

cortinuaous surveillance.
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Chronology of Events

Thefollowing chronology reliesin part onthetime line developedby the SME Committee. Many of the
significant momerts, theidertification of thetime of occurence,and same of thedegriptive wording are
takenfromthe SME Committee Report. No comprehensive attempt is madeto fully idertify al the exact
or inferred wording of the SME Committee Report that has been wsedin this Panel Report becauseof
paraphrasing, campression of desaiptions, dhargesin ablreviations,differencesin thewaytimeis
referenced,etc. However, usesof significant portions of the SME CommitteeReport are idertifiedin
guaes. Theexhibitsfromthe SME Committee Report that are reproduced in this PanelRepat to verify

thetiming of certain everts, or for illustrative purposes, are identifiedand credited

Theftimeline @f evertsin this Panel Report containsaddtional referencesto personrel interactions
duringthetime period ofthe Incidentthat are not diredly included in the SME CommitteeReport. These
interactionswere devel oped frominterviews condicted bythe Panel and statemerts by the persomel on
boadtheRig.

The SME Committee Report includedextersive appendices, footnotes, andreferencesto documenttheir
timeline of everts. The BSEE Panehasaaepedthattimeline andby inferencethe documertation,

except where noted.

Activities before Completion Operations on the Well

21 June2013: Hercules Rig 265wasmohili zedandwork proceededas per theappoved program, as
revised20 May 2013. TheWell wascleared outbutthe casingwasfoundto bepatialy cdlapsedin the
areaof amajor gedogic fault approximately 200ft above the 11 500-ft sandperforations.

25 June2013: Procedueto plug backthelower portion oftheWaell, cutawindow andST the Well
through the objective wassubmittedand gproved byBSEE (seefigure6). A windowwascut at 10487
ft MD (10295 TV D) andthe Well wasdrilledthrough the 11,500ft send (formationtop at 11,327t
MD), reading TD at 11,507 ft MD. TheWell waslogged andhe 11,500t sandwasfound to beamost

completely wet exceptfor athin, uneconamicdly viabe paysection atthetop.
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WALTER OIL & GAS CORPORATION

South Timbalier Area Block 220 114" RKB
0CS-G 24980, Wéll No. AO03ST01BP02 154' Water Depth
Proposed Abandonment & Prep to Sidetrack - 21 June 2013 268" Mud Line

J 24" x 34" Pipe Drivento 568'MD/IVD (300' BML)

18-5/8"87.5#J-55 BTC Casing Set at 1525'MD/IVD
Cmtd with 1815 sx (3055 cf) of Premium cmt. TOC:Surface
Hole Size: 22"

Testedto 250psLOT: 12. 3ppg EMW

13-3/8"68# HCL-80 BTC Casing Set at 4600 M014491'TVD
Cmtd with 3010sx (5338 cf) of Class "H" cmt. TOC: Surface
Hole Size: 17-112"

Tested t03200 psLOT: 15.5ppg EMW

116.5ppg water base mud in well

7-5/8" TOL at 7123'MD/7015' TVD

9-5/8"53 5# HCP-110 LTC Casing Set at 8300'MD/ 8193'TVD
Cmtd with 2475 sx (2826 cf) of Premium cmt, TOC: Surface Hole
Size: 12-1/4"

Tested to 7600 psLOT: 17.7 ppg EMW

If able toInject,setcement retainer at . 110SfS' If unable to inject into perforations,set bridge plug at .!10SfS’

Cement sqze below retainer with 92 sx (99 cf)

Test retainer to 3000 psi. 7-5/8""39# P110 STL Liner Set (Stuck) at 10,903'MD/10,690'TVD
wiTOL at 7123'MD/7015' TVD

5-112"TOL at 10627' MD/10429'TVD Cmtd with 900 sx (1260 cf ofcmt

X (IRt Hole Size: 8-112"

Tested Liner Top to 4000 psLOT: 17.6 ppg EMW

Spot100'cmf plug wi11.6sx(12.Scf) on top of B,
If unable to Inject,setbridge plug at.!11100". -
Test BPto 3000 psi.

Partialcasing colapse issues at 111150", wrthin vicinity of major faut
2-7/8" tubing cut at 11155
Quantum Gravel Pack Packer at 11216’

2-3/8"blank pipe cut at 11252'(below safety shear sub)

Perfs11350-11450' 11510-11560"MD/11101-11192",11247-11292' TVD
11500 Sand (gas,frac packed)

2-3/8" Prepack screen with sngle shunttube

QL Sump Packer at 11565
5-1/2"*20# P-110 STL Prodliner Set at11,870'MD/A1,576"TVD
wiTOL at 10,627' MD/10,429'TVD

Cmtd with 415 sx (569 cf) Premium D cmt

Drilled 8-112" Holeto 11870'MD/ 11576'TVD Hole Size: 8-112", Testedlinertop to 4000 psi.

s I

Figure 6: Well proposedA3 plug-backstatusbeforesidetrackdrilling

The Operatorthen submitted a proposalto abandonthe sidetrackand plug back andcompletethe Well as
showninfigures7,8.
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WALTER OIL & GAS CORPORATION
South Timbalier Area Block 220 114' RKB
0OCS-G 24980, Well No. AQ03ST01BP03 154' Water Depth
Proposed Plugback of Open Hole Section Prior to Completion - Rev.1 Revised 18 July 2013 266" Mud Line

] 24" x 3/4" Pipe Driven to 568' MD/TVD (300" BML)

18-5/8" 87.5# J-55 BTC Casing Set at 1526' MD/1508' TVD
Cmid with 1615 sx (3055 cf) of Premium cmt, TOC: Surface
Hole Size; 22"

Tested to 260 psi, LOT: 12.3 ppg EMW

Z [\ 13-3/8" 68# HCL-80 BTC Casing Set at 4600' MD/4486' TVD
Cmtd with 3010 sx {5338 cf) of Class "H" cmt. TOC: Surface
Hcle Size: 17-1/2°

Tested to 3200 psi, LOT: 15.5 ppg EMW

N 7 7-5/8" TOL at 7427' MD/ 7021' TVD

A i N 9-5/8" 53.5# HCP-110 LTC Casing Set at 8300' MD/ 8192' TVD
Cmitd with 2475 sx (26828 ¢f) of Premium emt, TOC: Surface
Hole Size: 12-1/4"

Tested to 7600 psi, LOT: 17.7 ppg EMW

Re-tested to 8800

8600" Sand, top: 8835' MD

Set bridge plug at +9000". Test to 2000 psi.

Spot 400' cement plug at 10200-10600" with
96 cf cement

; 7-5/8" 39# P-110 STL Liner Set at 10,487* MD/10,295' TVD

By pass/window top: 10,487" MD/10,295' TVD & bottom: 10,498' MD/10,306" TVD
wiTOL at 7127' MD/7021' TVD

Cmtd with 500 sx (1260 cf of cmi)

Hole Size: 8-1/2"

Testad Liner Top to 2500 psi, LOT; 17.5 ppg EMW

11,500’ Sand, top 11,327' MD, gas
Actual BHP 7551, 13.0 ppg

Spot 357' cement plug at 111,507+ 11,150" MD w/100 cf of cmt.

-—14-—-—_-—-—_-—-—-—-—'—-—[\‘ :

Dritled 6-1/2" Hele to 11,507" MD/ 11,280' TVD SRR

WALTER 000605

Figure 7: Well A-3 proposedevised pug-backschamatici 18 July 2013 (note: actual bridge plug
and cementing depths varied)

13 Juy 2013: Operator submitted aproposal to complete the Well into the 8,800-ft sand andpproval
wasrecavedfromBSEE on 18uly. The Operatoré APM for the Well includeda schematic of the
propcsed canpletion (seefigure 8).
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WALTER OIL & GASCORPORATION

South Tmboler IVCJ 6!0ek 220 fla' RKu
0OCs.G 24960.WellNo. AO03STO1BPOJ 154'Wit Dt:ptn
Proposed Completion-06 JI/:f 2013 268" MU<I 110

IOt'I$CSSVHItl La7@” 24" A 1.4 Pipt (M>,tnto SiSIIIDn'VO1300'BML,)

11-1'1"1151J-$$BTCEUONOSEC M tS2S"MDITVD
(:mxtw:th 1& 511X (30!".li t0 efPremium ON..TOC:&.rftoe
- .Si((t: 22"I

TSicdlo2 1,1 O:121p £EUVI

2-T/6" 840 13-Cr B5 kel JFE Baar Tubing

1:\1 r 68MCL.SOBTCCulnoSctR46CO'MD . | ATH® t
125 ppy brive pecker fud Omd wti-13010ua!5338el) Of O& »'H" (1111. TQC; SUN'#
Hoisatu: 11-1fr

TeSllediCOI.10T: 15.51)P9 EJII/L

TSR TON AR T2 MOV TO4E TV
- 9.1.18"63.5#HC:P110LTC Cuingk 1ot UW MOt tIt S'T\10
2303 X o sarf ad + 5550 E O'Mdwftl2.f7S@286 el)ol Rermiu M. roc: 1>111'1oe
o H>drt: t2 1f4"
Graval Pack Packer 564 af +8 720 > Te7600p. LOT: 17. 7I'Pil LUW
- 8 hrf . t8UUIIO'MO/#7151587VD
2 313sIN, Sl:clit$ltin poiiflifl) : &®SH0S;md(gos, 1 3r.Jto IV)!OI/H IQ
$<NfiP P dkfaetAt j1190'
i 1:$18" 3,_PAIOSN UNnor S t(Stuck) ' 110,908 NDI'10,650" JAID
2SN _ClINO01\tOI>Of ret.olU!Ct : 354 i O LL.«t7UJ- NM'Ot$' T'10
Cementelltherel11!!'00ii O I OntIWINO OU (1210 clol ow.
260(efis1el | )bEL AJtilit 1M 1 CiERTE: - Ucfo: Se: 612"
i 1t,
i : i 776 ByP41J M1 MIldw cuf..tt OrMEBV tLifT* TVD
CRit i .
Distasitsioi)
. .
BF 61 plugged | I
. H
| I
. H
I I
e &
! i3 ! Cament olug at 11150-11507
ki i)
. »
o
P A R
6P (130 fed G f.12'Hcl$10 11507 WJI' H28Q' Loattisiy

T\10

Figrue8: Proposeccompletionschemat approvedoy BSEEon 12 July 2013 (n"'s: actualb r i plug;A

and csmsntingdepthsvan'sd
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The Operator'procedureto befollowed while completingthe Well is shownin figures9, 10, and 11. Of
note,the procedurespecified perforatingthe well underbadncedandsurgingthe perforationsto cleanthem
up. Thatprocedureis coveredin step6 andit includesrequirementdor consultationin the eventof

unacceptabldluid lossesafter perforating(seefigure 10).

Surface Location:
Bottom-Hole Location
Depth:

RKB:

Water Depth:

Mud Line:

Casing Program:

Proposed Tubing:
Proposed Perforations:

Proposed Packers:

Proposed SCSSV:

Anticipated SITP:
Anticipated BHP:
Anticipated BHT:

WALTER OIL & GAS CORPORATION
OCS-G 24980,WELL NO.A003ST01BP03
SOUTH TIMBALIER BLOCK 220
Proposed Completion Procedure-06 July 2013

6058' FNL & 5701' FEL of South Timbalier 220

4430" FNL & 6231 FEL of South Timbalier 220

11903 MD/10690' TVD

114

154’

268’

24" x 3/4" Drive Pipe Driven to 568' MDITVD

18-5/8" 87.5# J-55 BTC Casing Set at 1525' (TOC at mudline)

13-3/8" 68# HCL-80 BTC Casing Set at 4600' MD/4491' TVD
{TOC at mudline)

9-5/8" 53.5# HCP-110 LTC Casing Set at 8300' MD/ 8193' TVD
{TOC at mudline)

7-5/8" 39# HCP-110 STL Liner set at 10903' MD/10687' TVD,

TOL at 7123' MD/7017' TVD
7-518" BP03 drld, logged and bottom portion of wei/bore plugged

The completion will be maden the 8800' Sand

2-7/8" 6.4# 13-Chrome 85 ksi JFE Bear
8835-8880' MD/ 8715-8758' TVD, 8800' Sand

Gravel Pack packer at.t.8720'
Sump packer at.+.8890'

Schlumberger TRMAXX 10000 psi rated at .+.470'

BBOO'Sand

5400 psi

6700 psi {14.8 ppg EMW)
178°F

Proposed Completion Brine: 15.8 ppg brine

Proposed Packer Fluid:

Wellhead Rating/Test:

12.5 ppg brine

10000 psil 6000 psi

Figure 9: Proposedcompetion procedure approvedby BSEEon 12 July 2013
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2.

OCS-G 24980, Well No. AO03ST01BPO03

South Timbalier Block 220

Proposed Completion Procedure-06 July 2013
Page 2

Summary:
A window was cut at 10487' MD/ 9767' TVD and bypass 3 was drilled. The objective zone was wet, so
bottom of the Bypass 03 was plugged off.

Itis recommended to make a single zone gravel pack completionin the 8800'

Sand. Proposed Procedure:
1.

After plugging off the bottom portion of Bypass 03, POOH.

TIHwith 6-2/2" bit or mill, 7-5/8" 39# brush scraper and 9-5/8" 53.5# brush/scrapers on 3-1/2" DP x 5"
DP work string. C&C as necessary.
Run multiple brush/scrapers with magnets to minimize the short trip in next step.

Displace out 16.6 ppg water base mud with seawater. Observe welL Make short trip o wipe entire
welL RH. Reverse circulate hole clean. Circulate long way.

A Pump flushes/spacers as recommended by brine company.

A Report circulating rates during displacement.

A Preferred minimum anndar velocity 180 fpm.

Displace out seawater with 15.8 ppg filtered brine. POOH.
A Anticipated pore pressure of the 8800° Sand is 6700 psior 14.8 ppg EMW

RU electric line. Make gauge ring/junk basket run in 7-5/8" 39# linerto +_8900'. RIH with sump
packer and set at +_8890'. RD electric line.

PU Schlumberger 4.72" TCP gun assembly 21 SPF HMX Powerflow low debris or equivalent 3412
charges, DST assembly and snap latch on bottom of guns. RIH on 3-1/2" x 5" DP and latch into
sump packer at+_8890'. Snap out of isolation packer, place guns on depth and set DST packer.
Open circulating valve and circulate in adequate fresh water for +_500 psi underbalance with zone.
Close Hydril or pipe rams. Pressure tubing to required firing head activation pressure. Bleed off
pressure and wait for guns to fire. Prefer to have well open through choke when guns fire to
maintain constant underbalance surge after perforating. Perforate 8835-8880' MD, 8800' Sand with
500 psiunderbalanced and flow 10-15 bbls, then shut-in well. Reverse out using cutting box as
necessary to catch any liquid hydrocarbons. Observe well and adjust brine weight as necessary.
Release packer, pull above top perf, wait 1 hour, RIH and snap into sump packer to confirm no filL
POOH w/TCP guns.

Anticipated BHP is 6700 psi (14.8 ppg EMW). Run £2500' fresh water cushion to perforate

approximately 500 psi underbalanced.

If well does notflow, review with office. Be prepared to circulate larger fresh water cushion for

larger underbalance.

If losses occur, discuss with office whether or not to proceed with losses, cut brine weight or

spot a pill.

PU sintered laminate premium screen, gravel pack packer and sand control tools. RIH on 3-1/2" x
5" DP and sting into sump packer at +8890. Set the gravelpack packer at+_8720". Perform gravel
pack as per stimulating company procedure. Reverse out. PU out of packer. Test completion to
1000 psi. POOH with service tools laying down work string.
A 2-7/8" isolation assembly will be included across the screens with a 2.313 PetroQuip sliding
sleeve.

Figure 10: Proposedcompletionprocedure(2) approvedby BSEEon 12 July 2013
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0OCS-G 24980, Well No. AOD3ST01BP03

South Timbalier Block 220

Proposed Completion Procedure — 06 July 2013

Page 3

8. Puil wear bushing.

8.  PU snap latch seal assembly and run on 2-7/8" 6.4# 13-Chrome 85 ksi JFE Bear tubing. RIH to
gravel pack packer.
« Torque turn all connections.
« Run 10,000 psi rated SCSSV at +470’ (+200' BML).
« Install one 2.313 X nipple at two joints above the packer.

10. Sting into packer and test to 1500 psi. PU out of packer. Install space out pups and tubing hanger
for neutral space out.

11. Displace out the 15.8 ppg brine with +12.5 ppg brine treated for packer fluid.
= Use sulfur-free packer fluid additives.

12. Land tubing hanger. Tighten down lock down pins on tubing hanger. Test annulus to 1500 psi for
30 minutes.

13. Bleed off tubing pressure. Close SCSSV. Remove landing joint.

14. SetBPV. ND BOP's. NU 2-9/16" 10M tree. Pull BPV. Set test plug and test tree to 6000 psi.
Remove test plug.

15. RU slick line and well testers. Test lubricator, slick line BOP's and lines to 6000 psi.

16. Open SCSSV.
= Apply minimum 7500 psi on control line to assure at least 1500 psi over the anticipated 5400 psi

SITP. SCSSV company recommends maintaining at least 1500 psi over the maximum tubing
pressure). Control line and hydraulic side of SCSSV are rated to 150% of SCSSV rating.

17.  RIH with shifting tool. Apply 1200 psi on tubing to be slightly overbalanced with zone. Open 2.313
sliding sleeves across the 8800’ Sand. POOH with shifting tool.

18. Flow well for clean-up and flow test the 8800" Sand. S| well.
« Have propane available to preheat the line heater.
« Test well using 1000 psi separator pressure.
« Catch gas, oil and water samples at end of test.
« Be prepared to install down hole choke in the 2.313 X nipple at +8630'.

19. Close SCSSV. Secure well and turn over to Production.

20. Skid rig over to Well #A4 location on the platform.

Figure 11: Propased canpletion procedure (3) approvedby BSEE o2 July 2013
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Activities, Completing Well in 8,800-ft Sand Prior to the Incident

A chronology of Rig opaationsprior to the Incddent isdisaussed in this section. Theseoperationsfollow
themodified plugbackprocedure correspording to thelast BSEEappoved APM of 18 Juy 2013(all
dephs are MD unlessotherwiseindicated).

18-19 July 2013: Cementplugs hadbeenpreviously set (7 July 2013)in the openhade beginning from
11,150ft to 11506 ft and from 10,600ft to 10400ft. On 19July, abridge plugwasset at 9,000 ft and
tested

20 Juy 2013: Mud tanks were cleanedand the 16.3 ppg drilling mud wasdisplacedwith sea water,
circulated until clean. Then, 1,061 bl of 15.7ppgcompletion brine containing caciumchloride, calcium

bromide, andzinc bromidewastaken onboard.

21 Juy 2013: Filtered 157 ppgcompletion brinewas circulatedinto the Well and acorrelation logwas
run 8,30 ft to 8,000ft. A7 -i@ sunp padkerwasset at 8,890 ft basedon the gammaraylog

correlation.

22 Juy 2013: A pre-job sdety medingwasheld bythe crew. A ScHumberger perforatinggun
assenbly wastrippedinto thewell onataperedwork string of 5-in and 3 %in dillpipe. TheBHA
taggedthe sump padkerto corfirm degh cortrol. Thegunswere thenpostionedto perforate from 8,835
ft to 8,80 ft andthe Schlumberger pader wasset (see figure 12 for generalizedscheamnatic).

A sdety medingwashdd and peparations were madeto perforate the 8,800/t sand. The padkerwas
tested,and 47bbls of freshwater (8.3 ppg) wascircuated davn thetubingto underbalancethe
hydrogatic pressire in thework stringin orderto surge the perforations clean. Accarding to statements
fromthe CompletionsEnginee, the gunsoperated wsing a pressure activated, ddlayedfire system. The
annuar pressure washeld a 500 psi, while 3,800 psi wasappliedwithin the drill pipeto start the gun
firingseqience. Drillpipe pressure wasreleased and the chake wasopered. Thewell was monitored
while waiting for the gunsto fire. At thistime the bottom-hole hydrostatic presaure oppaite the
perforation interval wascalculatedto be 13.5ppgEMW. Astheformation presure wasexpectedto
appoximate 14.8ppg EMW, the hydrostatic underbalanceat theformation wasapproximately 1.3 ppg
EMW.
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1519 hrs- Theedlectronic record '
L . By-pass 15.7 ppg
indicatedthat the trip tank data shoved Kill valve completion
that the gunsfired atthis time. : Huitin
annulus
above
. . packer
1531 hrs- Thetrip tank level incressed Packer
by 13.2 bblin 12minutesat arate of =
tubing
aboutl.1 karrels per minute (bpm). conveyed
'5 perforating
B guns
1535 hrs- Thecasing presure was g
L
relessedclosingthevave and at1543
13.5 ppg
hrs 1,340 psi presure wasapgiedto equivalent
the casing annuusto openthereversing -§ comp.le.t'on
o fluidin
valve. g tubing and
o below
packer
1602 hrs- Reversecircuation of 15.7 when
. . perforated
ppgbrinewas begun at approximately SUThE Packer
2 bpmand cominued urtil 1754 hs,

marifold. It wasrepatedthatliquid Figure 12: Illustration, tubing corveyed peforating/surging
returnsstoppedwhile gasthathad keen

surged dter perforating was being circulatedthrough the chdke marifold. In dl, about220 kol of brine
wasreversecirculated. Satements were receivedthatan adiitiona drill pipevolume wasreverse
circuated dter the surge gaswascirculated outof theWell. The SME Committee corcludedthat at this
time , t@ 36bbl of gasremainedtrapped kelow the ScHumbergerpacke r . 0

1806 hrsi Preswsire of 1,350 psiwas appliedto the casingto closethecirculatingvalve andthenat 1811
hrs, about440 @ wasused to open the test valve. No flow was observed at the surface which was
interpretedasindicatingthe 15.7 ppgcompletion fluid in the work stringwas stificient to cantrol the
well.

1816 hrs- Thetrip tank wasfilledwith 22.6 kbl of brineusingtherig pump andat 1823hrsthecasing

annuus pressure wasincreasedo 1340 s to dosethe testvalve.
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1831 hrs- Thebypassn the pader was opened byraisingthetop of thedrill stringabout5 ft. Opening
the bypass allowedthe amulus 15.7 ppgcompletion fluid to flow below the packer, killingthewell by
overbadandngtheformation pressue. Whenthe bypassopenedthe annuluswent on avacuumataloss
rate higher thanthetrip tank circulating pump rate. The pump rate was uppedto 5.2 bpmat 1834hrs and
by 1835 hrsthewell hadfilledand the flow indicator began shavingreturns.

Thebypasswas cycledclosed andopenthreetimesurntil closedat 1836 hrs. Theawverage |ossrate was
cdculatedby this cyclingwhile losing fluid to the formation whenthe Well was open. The SME
CommitteeReport corcludedthatif the volume pumpedwasaddedto thetrip tank lossover thefirstthree
minutes,the completion fluid lossrate wasestimatedto be460bbls per hour (bph).

About1700-1930 hs- A corversaion beweenthe Company Man andthe CompletionsEngineer
disaus=d the high canpletion fluid loss rate. A mutual decision was madeto cut thefluid dersity from
15.7 ppgo 153 ppo.

The Completions Engineer statedthat he did not take bottom hale temperature into effectwhen greeing
to aut thefluid dendty. He statedthat he normally would cansider the effect of temperature at a deeper or
obvioudy hatter formation. Wheninterviewed, heinferredthat the hydrostatic pressue of the15.3 ppg
column waschecked ayainst the formation presaure by stardard methodsusing the standard formula
(hydrogatic pressue = TVD x 0.052 xEMW). The Completions Engineer statedthat he usually
preferredto keepabouta 200 psicompletionfluid hydrogatic overbdancepresaure to hold back
formation presaire (see pp.56-57 for further discussion).

The Completions Engineer alsostated that the estimate of the 8,800-ft sardds pressure wasbased onmud
densty in the hole whenthe Well was originaly drilled. He statedthatwhentheWell wasdrilledin
2006,the 8,800-ft sandwas fitoppe d (mitialy drilledinto) with 15.4 ppgdrillingmud. In the course of
drilling through this thick formation, the badkgroundgasledthe drillingmud dengy to be gradwally
increased util theformation wasfully penetratedwith 15.8 ppadrillingmudin the hole. He statedthe
initial 15.4 ppgdrilling mud dersity wasthe data usedio estimate the 8,800ft sard initial presaure as
being approximately 14.8ppg EMW.

Theuseof afluid losscontrol agentwas asodiscused. Satemerts by the CompletionsEngineer

indicatedthat because of the potertial to creae voidsor fi bt spotsoin thegravel pad, fluid losscortrol
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by usng sdt saturation pills or other lostcirculation materials wasregjededin favor of spottinga 20 kbl
hydroxyl ethyl cellulose(HEC) gel pill. Duringthis conversaion the Completions Engineertold the
CompanyManthatalossrate of 7-10 bphwould be accepgalde whencondLcting further operations. It
wasmutudly agreedto first reducethefluid dendty in theWell from15.6 ppgo 15.3 pm, andthen
circulate the HEC pill into place.

1840 hs- Thedlipswere setand the well wasmonitored onthetrip tankwhil e prepaingto aut thebrine
densty from15.7 ppgo 15.3 ppgand st the 20 bbl HEC fluid losscontrol pill on bdtom.

1955 hs - The 15.3ppgbrinebeganto be circulatedinto thewell. Thetrip tankwasthenfilledwith
20.9 Wl of 15.3 ppgbrine (at 2218hrs). At 2251hrs pumping wasstoppedto checkfor flow. The flow
checkindicatedthat thewell wasnot flowing therefore the SME CommitteeRepat statedthatthe Rig
personnel concludedthat the formation pore pressure gradentwasless thanthe hydrostatic presaure
createdby a 15.3 ppglersity brine. Pumpingwasresumed at2303hrs and cantinued until 2333 hrs.

2333 hsi Circulating 15.3ppgbrinewas completed. A tota of about 1,300 kbl were pumpedwhile
bringing the brine dersity of the completionfluid in the well to 15.3 ppgandcirculating the 20 bbl HEC
pill to the bottom of the dril I pipe work string.

2338 his- Thebypasswas opened.About3.6 thl of 15.3 ppgcompletion fluid waslost through the
bypassinto theformation before the HEC pill reached the perforations. During thistime theloss rate was
edimatedto be 157 bph werthefirstthreeminutes. Whenthe HEC pill reatiedtheformation the loss
rate begandowing. Overthenext tenminutes, it wasredwedto alpout 30 bphasthefluid losscontrol
materia beganto take effect. At 2354 hrsthebypasswasclosedto let the fluid losstreatmentgel.

23 Juy 2013: 0013hrs - Thetrip tankwasfilled with 17.9 kbl andthe bypasswas re-openedst 0017
hrsto check theeffectof the HEC pill onthelossrate (the SME CommitteeRepat natesthat the bypass
wasalways openafterthistime). After 71 minutes,thetrip tankvolume had deceased byl2.4bbl for
an average lossrate of 10.5bph. Thelossrate for the last15 minutesof the periodfell to alout 4.9 bph.
At 0131hrs, thetrip tankwasrefilledto 21.6bbl. After abaut 30 minutes, thetrip tankvolume had

deaeased byonebarrel atan average loss rate of abaut 1.8 bph.
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About0100-0200 hrsT A phoneconversation betweenthe CompanyMan andthe CompletionsEngineer
disaussed the fluid lossrate. The decisionreachedwasthat after thefull eff ects of the HEC pill were
eviden, alossrate of between 210 bph cold be anticipaedandthat |lossrate wasacceptable while
conducting furtheroperations. Trippingto prepare for gravel padking coud thenproceed.

Duringthis conversation (or in theearlier 1700hrs discussion), the CompanyMan groposedcutting the
densty of thecompletion fluid usedto fill thewell to redacethevolume of thework stingasit was
trippedout of the hole, back to 15.1 pg. TheCompletions Engineer reportedly tooktime to reviewthe
propacsal, then caled kack and corurredwith that proposd. From statemerts, no consderation of the

effectof temperature onthedersity of the completion brine wascorsideredatthistime.

By foll owing this procedure, the composte hydrostatic presaure of the completion brine at the formation
would beslowly redwcedasthedrill stringwastripped out and the Well wasperiodicaly filled by
pumping 15.1 ppdorineontop of the 15.3ppgcompletion fluid column. Thisdow redictionin the
composte brinedendty by topfillingwith 151 ppgwasintendedto dow fluid lossego theformation.

02000300 trs- The Fluids Engineerstated hefinished cutting the completion fluid weight in the tarks to
15.1 ppgpertheingrudions fromthe CompanyMan. Thereafter, he periodically chekedthefluid
densty and ondition, kut statedthathewas notroutinely involvedin monitoring thefill volumes.

0208 hs- The dipswere set. Thetrip tankwasthendrainedand wntil 0355hrs whenthe trip tank fill
pump wasturned onafter pulling four stands thefluid level in the well wasallowed to fall (from

volumetric lossesand from seepge into the formation) without monitoring.

0232 Irs - The surface equipmentwasrigged davn, the work string waspulled up90 ft, the packer was
relessed andhe dipsweresd. At 0245hrstherig pump fill edthe well with 153 ppgfluid. Rig sensor
daaindicatedthat about3.4 bblwas pumpedfor that purpose before the flow-out sensr respnded.

0305 hs- The pipewaspicked up andilling of the trip tankwith 15.1ppg brinewasbegun wsingtherig
pump. As previoudy noted, reducingthe density of the completion fluid from 15.3 ppgo 15.1ppgin the
trip tankandthence into the well to replacelosses,would reault a small reduction of the overbalance
hydrogatic presarre of thecompletion fluid column. An excesive overbalancewasapparently assumed

by the Completions Engineer and Compary Man to becatsing the segpage lossesto theformation.
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About1.9bbl of 15.1 ppgbrinewaspumpedto the bell nipple before theflow-out sensr respadedand
thetrip tankbeganfilling (seefigure 13). Thecirculating pump onthetrip tankwasturned off at 0309
hrs, allowingthefluid level in thewell to fal overthenext46 minutesaspipewas pulledfromthewell
and gepage losses occurred.

0317 hs- A stand wasadded andhework stringwasloweredat 0320hrs to the sump pader at 8,890 ft,
stungin andthensnagpedout. It wasnotedin the SME Committee Report that the flow paddie did not
register flow fromthewell asthe newpipewaslowered. Thetop standadded to reachthe sump pader
wasthen broken outandracked at0329 hrs. At 0331 hrs, tripping out of thehde began.
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Figure 13: Summary plot of digital trip recordsfor stands2 thru 18
(from SME Commitiee Report)
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Figure 13 (above) shavs the recorded digital data when pulingthefirst 17 stands. Tripping startedat
0331 hrs. A 0357hrs, after pulling4 gands,the hole wasfilledwith 6.0 bbl of 15.1 ppgcompletion
brine. Thedisplacementof 4 gandsof 5-in drillpipe wascalculated bythe SME Committeeto be2.9 bhl.
Thisindicated 31 bbl of seepaye loss hadocaurred over 46 minutessince the hole waslast filled,
indicating a seepae lossrate of 4 bph. Fromthistime until theanndar BOP was closed at approximately
0841 s, the circulating pump of thetrip tank wasleft on andthe Well was keptfull.
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Figure 14 Summary plots of digital trip recordsfor secondtrip tankfill-up (from SME
Commitee Report)
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Figure 14 (above) shavs a summary of therecordeddigital data betweenthefirg trip tankfill-up andthe
secondrip tankfill-up (stands16 thru 35). Thetrip tank wasre-fil ledfor thefirsttime duringthetrip at
0459 hs after pulling stand 15. Thetankvolume had deceased 19.%0bl fromaninitial reading of 23.2
bbl to 3.7 bbl for 14 stands, which had atotal displacementof 10 thl. The SME Committeecal culated
fromthis data anapparent seepae lossof 9.5bbl overthefirst52 minutes of thetrip, gpproximately a 10
bph ®epaje lossrate. It wasnoted bythe SME Committeeteamthatno svabbingtendencywas obseved
in thetrip tankvolume though same sticking seenedto beassodatedwith gand 18.
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Figure15: Summary plots of digital trip records for third trip tank fill-up
(from SME Commitee Report)

Figure 15 (above) shavs a sunmary of therecordeddigital data betweenthe semnd trip tankfill-up, and
thethird trip tankfill-up (stands36 thru 55).
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0503 hrs- Thetrip tank wasfilledto 21.9bbl and by0634 hrsafter pulling stands 16 thru 350f 5-in

drill pipe,thetrip tankvolume deadeased 18.%bl to 30 bld. Thevolume of piperemovedfromthewell
wasequivalent to 14.3bbl for the 20 standsof 5-in drillpipe. The SME Committee calculated anapparent
average se@age loss of 4.6 bbl duringthis 91.5min periodfor alossrate of 3.0bph.

Pipe pulling speedwasincreasedvhen pilling stand21 atabout0552hrs. Thereafterthe 5-in stands
were pulledat a higherrate thanpreviously. Forinstance,stand23waspulledin 1.8 min for an average
pipevelocity of 50 ft/minute. Afterstand2l,the BHA wasabove thetop of the 7 ¢ -in linerand inside

of the 9e-in casng. Thisprovidedmore clearance aroundthe BHA andrediwcedanyswabling effect.

0600 hsi The OIM/Taoolpushe, andCompanyMan shift-charged. The OIM/Toolpusherandthe
CompanyMen onthe opposite tours briefed eachother ontheprogressand Rig situaion during breakfast.
TheFluids Engineerreportedthat everythinglooked normal. From statemerts, the Fluids Engineerhad
beenperiodicdly chedking volumeswith the Floorhard monitoringthetrip tark. Satements were
recivedthatthe FluidsEngneerwastold thefluid loss wasstatic atabaut 7-8 bph aver displacement

volume.

Accadingto statements madeby the Driller and the Fluids Engineer, the Floorhand monitoring thetrip
tankwaschedingthetanklevel every 5 ssandsandreporting thefill to the Driller. The Driller stated he
had atankgauge measuingtrip tankvolumein bHdsin front of him. He stated hewasserding the Floor-
handto dowble checklosses fromthetrip tankevery five stands. He stated hesawnaothing ananalousin
thefluid levels on his gauge or fromthereports fromthetrip tank Floorhand grior to the beginning of the
Incddert. However, therecordeddigital trip recordsdo not show anypauses in pulling activity every five
stards.

0639 his- Thetrip tank wasre-filledand ontained 21.2 bls of 15.1 ppgbrine.
0725 his- After pulling stand 55 of5-in drill pipe,the trip tankvolume had dereased byl7.7 tbls and
wasreadng 3.5bbls. Thevolume of drill piperemoved fromthewell was @uivaentto 14.3bbl for the

20 dandsof 5-in drillpipe. Fromthisthe SME Committee calculatedan gpaentaverage segage lossof
3.4 bl during this 46.4minutesor 4.4 bph.
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0729 hs- Thetrip tank had beeriilledfor thefourth time andwasreading 21.2bbl. After pulling stand
75 of 5-in drillpipe by 0809hrsthetrip tankvolume had deressed by17.5 thl and wasreadng 3.7 bb.
Thevolume of workstring removedfromthewell was 14.3 bl for 20 standsof 5-in drillpipe. An average
seepge lossof 3.2 bblduring this 39.9 minute or 4.8 bphloss rate wascalculated (seefigure 16, below).
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Figure 16: Summary plots of digital trip records for stands56-75 andfourth trip tank fill-up
(from SME Commitiee Report)

The SME CommitteeReport notedthat at this time thefl ow-outindicator droppedto near zero when
pulling eachstand. They concludedthis indicatedthe circulating pump washaving diff icuity fillingthe
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trip tark, keepngup with theincreasedpulling speedf the pipe. Fromthe SME CommitteeReport,

fi éfor example, Xand 75,which wasthe last stand of5 0 ipepwaspulledin 30 seconddor an average
pulling speed of 180fpm. This wasremoving steelfromthewell at 1.4bpm. If the fluid levelin the work
string could notfall as fastasthe pipewas pulled,thework string temporarily behavedmore like a
closed aend pipein which the volume of steel andfluid being puledfromthewell reachedraluesashigh
as4.4 bpm. Theswingin the fluid levelin thetrip tankfor Sand 75wasabout1.3barrels per stand.
However,therecords clearly showthat the hole was continuowsly filled after each g¢and.o

0810 hs- There wasa pausein tripping opeationsto charge the pipe handling equpmentfromthatused

for 5-in drill pipeto thatnecesary to hande 3 %zin drill pipe. Thedipswere changed butthetop dive
pin cross-over subwasnot chargedfrom5-in to 3 %zin.
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Figure17: Digital plot: firstindicationthat\Well could beflowing (from SVE Commitiee Report)

Figure 17 (above) graphicdly shows thetime period whentripping operations were stoppedto charge the
pipe hardling equipment. About12 minutesel apsedbeween rackingthelast stand of 5-in pipe and
latchingto pul thefirststand of 3 ¥2in pipe. Fromthe SME Committee Report: fiWwhil e the pipe was
stationary, thetrip tankvdume increasedfrom 22.6bbl at 08:13to 23.6bbl at 08:20. Either thiswasnot
naticedor it wasnotthought to be significant, because thetrip tankpump wasneverturned df to check
visually for flow. Had thetrip tank gain beeninvestigated further andacted wpon at thistime, securing
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thewdll (shuttingin) could havelikely been canpletedwhile theflowrate fromthewell was still lowé 0

(emphass addel).

Fromthe SME CommitteeRepat:

fi Tip sheets are comnonly employedto asist in idertifying a diangein fill-up volume trend andhey can
be egecially helpful whenseepage losss are occurring. Fgure [18] was constructed by [the SME
Committee]from available recardsfor illustrative purposesNote thetrendcharnge that occurredat
08:20and dsoat 08:32. Thesetrend clangeswerewarning sgnsof animperding loss of well control
[emphass adde]. Whenthe 7th and 8th stands of 3-1/2 ¢ illdipe were pulledfromthewell at about
08:36, thetrip tankvo ume andflow-out indicator both showdramatic increases. Therapid nature of

these increasesare pressng indications thatthewell is unloading andthat well control could soonbe lost
if thewell is not promptly shut-in. The trip tank begins overflowing while pulling the 8th standof 3-1/2 6 .
Thekickwasnotacted ypon urtil thewell began flowing outof thetop of the drillpipewhile the floor
handswere prepaingto sd the dipsontheninth stand of 3-1/2 orilldip e . 0

Time Numberof [Observed | Observed | Displacment |Volume Lost (Gained) Comments
Stands inthe | Trip Tank [ Hole Fill Volume to (from) the Hole
FingerBoards | Volume | Volume Removed
from the Hole
hh:mm integer bbl bbl/5-stds | bbl/5-stds bbl/5-stds text
03:13 - 232 - - - Finised Filling Trip Tank in preperation to POOH
03:28 - 233 - - - Began trip out of hole to pick-up gravel pack assembly
03:56 5 18.2 5.1 3.1 2.0(LOSS for 5-stds) |Circulating Trip Tank is On; Filling on hole on annulus side
04:28 10 9.8 8.4 3.1 5.3 (LOSS for 5-stds)
04:58 15 3.7 6.1 3.1 3.0(LOSS for 5-stds)
04:59 Began refilling trip-tank (4.1-bbl)
05:03 219 Finished refilling trip tank to 21.9-bbl
05:46 20 16.5 5.4 3.1 2.3(LOSS for 5-stds)
06:07 25 11.5 5.0 3.1 1.9 (LOSS for 5-stds)
06:20 30 6.4 5.1 3.1 2.0(LOSS for 5-stds)
06:34 35 3.1 3.3 3.1 0.2 (LOSS for 5-stds)
06:34 Began refilling trip-tank (3.5-bbl)
06:38 20.9 Finish refilling trip tank to 20.9-bbl
06:51 40 16.5 4.4 3.1 1.3 (LOSS for 5-stds)
07:03 45 12.5 4.0 3.1 0.9 (LOSS for 5-stds)
07:14 50 7.8 4.7 3.1 1.6 (LOSS for 5-stds)
07:24 55 3.5 4.3 3.1 1.2 (LOSS for 5-stds)
07:25 Began refilling trip tank (3.5-bbl)
07:28 21.2 Finished refilling trip tank to 21.2-bbl
07:40 60 15.9 5.3 3.1 2.2 (LOSS for 5-stds)
07:50 65 111 4.8 3.1 1.7 (LOSS for 5-stds)
07:59 70 7.1 4.0 3.1 0.9 (LOSS for 5-stds)
08:.08 75 3.7 3.4 3.1 0.3 (LOSS for 5-stds) |All 75-stds of 5" 19.50- ppf racked in the derrick.
08:10 Began filling trip tank (5.1-bbl)
08:13 22.6 Finished refilling trip tank to 22.6-bbl
08:20 75 23.6 -1.0 1.0 (GAIN in 7-min) [Finished changing to elev & slips for3-1/2" DP.
08:32 80 22.3 13 2.1 0.8 (GAIN for 5-stds) |Pulled first 5 stands of 3-1/2" 13.30-ppf DP
Re-constructed using real time data (HERC 00002987)

Figure 18: Trip Sheet: checkafter changing pipe handling eqiipment (from SME Commitee Report)
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0800 hrs (appraximately) - the Fluids Engineer enteredthe OIMs office to brief him and dscuss the fluids
neededor the gravel pack. The OIM who had cae ontour at0600hrs also wasdisaussing the
upcaming gravel packwith the Schlumberger servicerepresentative. At 0813 hrsthe CompanyMan
talked byphonewith the Completions Engineer andthe progress of the trip andsituaion ontherig
includingfluid losses wasdisaussal. From statemerts, the CompanyMan andCompletionsEngineer
deemedthesituationindicative of normal operationswith no indication of anyanormalities.

At 0838hrs - The completion fluid in the hole hadbeen in place for 9 hrs, sujjectedto the BHT of
188°F. FromtheRig office(s), the Fluids Engineer, OIM, ScHumberger represantative andCompany
Man dosevedthe Well beginningto gect completion fluid andgasfromtheanndusandout of thetop of
thework string.

Data extracted from HERC 00002987 T ¥ 3 9 wogt o
100 12 22 S s VR 0 VR 1 o) o, oy
o = & 2 828 25 2 Preparing to
§ 90 22 2z 22 222 Set Slips on
&, ~ 9 Stand of
= 80 \‘1 3-1/2” DP
p (8:38 AM)
= 70
A2
)
Pulling 5” DP Stopped Tripping Pulling 3-1/2” DP
50 ’
after Pulling all 75-
—_ stds of 5” DP to Re- b
& 80 . .
= Fill, Trip Tank and
_g 60 Change out
540 Elevators & Slips
<)
-9
g 20
15
= 0 e S — — © r\: 0 O o e )
[=4] N~ ~ N % 0 0 «©
220 T T T = T = T
08:00-hrs 08:10-hrs 08:20-hrs 08:30-hrs 08:40-hrs
Time from Electronic Data Logger

Figure19: Hook load and Hock position history just prior to the attempted $t-in (from SME
Commitiee Report)

Based orthe23 July 2013€electronic datalog, the 9th standof 3'2in drill pipewasin postionto st the
dlipsat about0838hrs. Hook load andlock postiondatajust prior to the rig crew taking stepsto cortrol
theWel at thattime is shown in figure 19.
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Time line and Activities after Advent of High Pressure at Surface

Herculeshasaprocedureto be followed in the eventof a"kick," seefiE:Jre 19.

“ 9 GREENWAY fil.J\ZA.
HERCULU eludon T.... 17046
Offshore

() 2

Rouwsad 211001

WELL CONTROLPROCEDURE OURING
TRIPPING OPERATION

1. Dclect Kid<, alertdrilCrew.

2. Position driD pipe where safety valve can be inslated!by ft00tmatl as soon as
possible After valve Is installed, close valve.

3. Installinside BOP valve and open safety valve.

4.  DriDer.Close hydrill, openHCR varve,dose adjustable choke.Reoordtime and
casing pressure.

5. NoMy Company Rej)resentallves OIMtroolpusher.

6. Floorman{Backp Tong): Check aljvalves on choke manifold and BOP syslem lor
correct position.

Hoorman (Lead Tong); Che'k ror leak& on60P 5ystem and choke manfold.
Floorman {Shal<enman): Check flow line and cho'<e exhaust lines for NOW.
Oemckman: Check accumulator pressure.

7. Prepare to extn guish source ofignition.
Mechanic, Electrician or Motorman: Standby SCR Room.
Welder: Secure wdding machine and equipment.

8. Crane Operator. Alert standby boator prepare safety capsule for launching.
Ensure buli< system is charged & ready for use.

9. Crane Operator On Duty: Standby crane for possible personnelevacualion.

10. On-Duty Roustabout Prepare to lowerescape ladders and prepare other
abandonmentdevices for possible use.

11. Prepare lo strip back 10bottom.
12. Alertgalley and;all ott-duty personnelto stand by for orders.13.

Recordtimeitlakes to complete the kil procedure on driller's report.

Figure20: Hen:ulesWell Control Proceduréuring Tripping Operations

36



As degribedin the SME Committee Report, the Hercuesprocedure intendedto edabli sh well control by
firstsedlingthedrill pipewith adrillstring safety valve andinstalling aninside blowout preverter valve.
Thewellbore annulus wasthen spposedo be sededby closngthe anrular blowout preverter and
finally flow wasto be stopped byclosing thechdke with thehigh dosingratio (HCR) valve . topping

flow with the chdke isintendedto minimize anyhydrauic Gvater-hammerdeffecté o

Accadingto the SME Committee,the Herculesshutin procedure falls within the range of normal
drilling practicefor a shut-in without addtiona complications(note: no suppating daa was presatedin
the SME Commitee Report for this statemert). The report stated the Herculesprocedue fié is not
intendedo cower all of the details of eachindividual siequired actions or to cover contingerncy actions

when oneof the steps cannot be completed.o

Of paticular note are the firstfour stepsof the Hercules control procedure: (1) Detectkick; (2) Position
the pipe sothatthe safety valve canbe indadled; (3) Ingall thesdety valve; (4) Closetheannular BOP.

In the dynamic situation tha unfolded during the Incident, naone of thesesteps except 4o were
accaonplishedan d4o0 Wwasinitiated ait of sequence. From statements by the Rig-floor Crew,
circumstaness interfered with, ormadeit almostimpossible for the Rig-floor Crewto accomplishtheir
assgnedtasks (exceptil @) afterthe Inddent wasundeiway. The Herculesprocedure did not specify any
alternative adions to enale controllingakick in caseswhere everts did not allow the accamplishment of
oneof theearly steps.

From statemerts andinterviews, nooneon the rig-floor wasaware that theWell wascomingin prior to
the beginning of the g ection of the completion fluid atthe surface. TheDriller statedhe wasserdinga
Floorhandto checkthe pits every five stands,and hewaswatching his gauge that measuwedthetrip tank
volume. TheFluids Engineer wasnot on therig-floor. The Floorhand chedingthe pits statedthat in his
judgmert, losseshad been congstentperstandthroughoutthetrip. No personson thefloor head any
alarm fromtheflow-outindicator atanypoint duringthe Incdert. Whenaskedif theflow-outaarm was

opeaative and ativated, nopostive answer either way wasgivenduring statemerts or interviews.

23 Juy 2013: 0838hrs - From statemerts by the Rig-floor Crew ontour, theinitia gection of
completion fluid occurredwhenthe 9" standhad keenpulled upoutof thehole. Statements were
recivedthattheinitial gection of completion fluid was very strongout of theendof the work stringand
out of the amulus of theWell. TheZnBr2 completionfluid thenbeganrainingdown uponthe Rig-floor
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Crew andstatements indicatedthat the ZnBrz completion fluid burned exposedskin andblindedthe eyes
of the crewwith aburning senstion. Statemerts ind catedthis madeit difficult to condict control
opeaationsperthe Herculeskick cortrol procedire.

Statemerts fromthe Driller andDerrickhandindicatedthat they first attemptedto direct the Floorhandsto
install the safety valve into thedrill string asperthe Herculesprocedue. Satemerts indicatedthatthe
force of the gecting fluid waspushing the pipe out of the hole andthe weight of the drill pipestring
remainingin the hole wasappaently insufficientto pull the string down to aposition where the valve
coud beinstalled. It wasnatedthat this provedimpossble becausethe @nnection of thedrill stringwas
about8-ft above therig-floor, pushed upinside of thetop dive bdl guide (seefigure 21). Inthat
postion, the Floorhandscould not accessthe box endto postionthe safety valve. .

Top Drive S\"

Recorded
Block
Position
(ft) —]|
Bell Guide ~S 3 |[§~5 Saver Sub

I A 4 N

3.86" C& 31.74' Drillpipe Joint

Tool Joint
Length from Top of /™|
Box Box to Pin Shoulder
7.63
‘ Block Position Reading (-)2.0°

2.0 —|

=l

b

e
=]

<>
=
°

2.0 T
N 167
) LTEE |
300 b} T
)4.0 T 18T A
i i {
5.0 “ {= f A
P 1 ¥ cmm- " \!\Annular (Close)
= ~{ 31.74
= 1 ,
= o T Tool Joint Pin 7.68
ey Pin Shoulder 3.8' above
Top of Rotary W Center of Blind-Shear Rams 1G
Refn:zn:e E‘;uv’x‘:’(inn L—‘ Top Pipe Ram (Close)
(RKB = 07) 35.51 T 5
|:r:l‘ \[ E—
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l E 2.03'
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Blind-Shear Ram

' 3\ Bottom Pipe Ram (Close)

Figure 21: Edimated pasition oftool joint andtop drive bdl guide preventing install ation of safety valve
(from SME Commitiee Report)
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Statemerts during interviews indicatedthat anattempt wasmadeby the Driller to usethetop drive unit to
pushthework string down sothatthe sdety valve coud beingtalled. It provedimpossible to forcethe
drill stringdownward with thetop drive into a position where the sdety valve could beinstalled.
Statements were alsoreceivedthat thetop drive pin connedion had rot beenchangedfrom5-into 3 %2in
whenthe dipsandother pipe hardling
equipmentwere charged-out to hardle the
small er pipe of thetapered string. It was
therefore not possible to connectthe top drive
into thebox end ofthe 3 ¥2in workstring,
seding off the flow through thedrill pipe (see
figure 22).

0841 hs’i Flowing casing pressure suddeny
reached aver 1,200psi. From statemerts by
the Rig-floor Crew, within three minutes of
thestart of theevent at the suface,the Rig-
floor Crew hadto abandontherig-floor
becaiseof increasing gasflow andthe
burning senstion ofthe gecta.

TheDriller reportedthatheshuttheanrular
preverter which seamedto abde the gection
rate fromtheanrulus. However, campletion
fluid, gas, ad formation sand caitinuedto be
gjectedfromthe openendof the drill string,

raining down onto the Rig, and canpletion

Figure 22: Top drive5-in pin albove 3 ¥2in box fluid andgaswasalso blowing out of the pits.

Clogngtheannuar preverter before the safety valve wasstatbedin the top of thework stringisnot in
acordanceto the HerculesWell Control Procedire. Such ation caild cawse the pressure to beincreased
onthework string, forcingit out of the hole. It could alsoincreasetheforce of the g ecta exitingthe end
of the work string making it more difficult to stabthe safety valve. The Driller statedthat hefirst
attemptedto position thework string sothat the safety valve coud bestabbedbutthat the flowing
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pressure of theWedll, operating on theendof the drill pipe andpadker, was areadyforcing the pipe out of

thehole up into thetop drive bel guidemakingit impossbleto position the pipe so that the safety valve

coud bestatbed. Sahethen dosedtheanrular. It remainsunknown if closingtheanrular early

cortributedto theinability to gab the safety valve.

A) ANNULAR

13-5/8” x 5M \

B) TOP PIPE RAM
'13-5/8” x 10M

4) CHOKE LINE
10M HCR Valve
(OPEN)

CLOSE Port =
».—"('
p Z s

- -

C) BLIND / SHEAR RAM
13-5/8” x 10M
Bottom Ram Body
Erosion Feature =

=

D) BOTTOM PIPE RAM

13-5/8” x 10M Spacer Spool

Figure 23: Blowout preventer (from SME Commitee Repart)

TheOIM reachedherig-floorjustas
theDriller andRig-floor Crew
abandoedit afterthe Well had leen
flowingfor aboutthreeminutes. All
thenrantoward the OIM&s office.
The CompanyMan beajanto try to
cdl the onshore Completions
Enginee. No onestatedtheyhead
anyaarm fromthefl ow-out, gas
detectors, or geneal rig abendonship
alarm, though bythistimethenaoise
fromthe out-of-cortrol Well was
substantial making verbal

communication dfficult.

Frominterviews andstatemerts, the
OIM, Driller, CompanyMan, and
others described everts subsequet to
abandoingtherig-floor, everts that
covered pproximately afive minute
period kefore the decisionwasmade

to abardonthe Rig.

0843 hsi Fowing casing pressure continuedto rise reating over 3,300psi (SME CommitteeReport p.
44). The OIM told theDriller getthecookandinstructedthemto wake up dl handsandhave them report

to the abandonrig stations. He thenattemptedto shut theWell in by activating the piperams, though

there wassame cortradictory information that atleast oneof the pipe rams may have beenprevioudy

40



adivatedon the rig-floor before abandomment. Satemerts indicatedthat the g ecta momertarily sulsided
whenthoserams were activated, but quickly strengthened ajain.

0844 hs- Fromstatemerts, appoximately 3 minutesafter therig floor was abandoned ad 6 minutes
aftertheinitial sufaceflow fromthewell was observed, the OIM attemptedto shut-in the Well by
adivating the BOPGs blind shear rams fromthe remote station in his office (seefigure 227 p. 36,and
figure 23). Statemerts from several observersind catedthat again the uncontrolledwell flow
momentarily subsided,though appaently same fluid wasstill being blown outof the pits.

0848 his- At appoximately thistime the OIM ordered theevacudion of the Rig.

Theardlysis of theéelectronic reaord of the incidentby the SME Committeetendedto canfirm the
statemerts of the Rig-floor Crew. Accordingthe SME Committee Report,

fi éthe anrular preverter was closedandthe HCR \alve opened atabaout the same time as the block
postion indicator reachedthe lowest recorded position during the incident. It islikely that the driller
tookthese ationsand motifiedthe Offshore Ingtall ation Manager (OIM) of a well cortrol problemat this
time. Normally thedrillstring sdety valvewould be installed before closng the anndar preventer to
minimizeflow throughthedrill pipe whenattempting to install thedrillstring safety valve andto minimize
thecharceofa ifpelightd citomal

Figure24isfromthe SME CommitteeReport. It depicts hookloadandblock position onan eparded
time s e duringthecritica period when @ntrol of thewild well may still have been pasible. The SME
CommitteeReport states the foll owing:

fié h ak load falls about seventhousand pounds belowthe normal hanging weight of thetraveling block /
top drive andthat the blockpostion gaes dightly below zeroto -2.6ft. According to multiple witness
accowntsthedrillstring safety valve could not be indalled becausethe 3-1/2 drilIpipe hadshfted up
relativeto theelevators and 3-1/2 0 rilldipe box connedion wasupinddethetop drive bell guide.
Appraximately 1,140feet of drill pipeandwasdtill inthe well. Theestimatedtotal weight of the
remaining work stringwasabout19,000poundsin air or 14,600pourds whensubmergedin 15.1ppg

completion fluid é o
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—~ Free Hanging Block Data extracted from HERC 00002987
B Weight while Lowering
2 70 \ (about 63 kibs)
;’ Block Weight Applied to Drillpipe
g Flow observed
= | from drillpipe
-"é 60 just before
(=) setting slips o o ° a
=

50 Attempting to Position Drillpipe 55.6-klbs at 5;:7;:2)5 at

(1 min: 10 sec) 08:39-45 08:40:55
e 80
—
2 60 Draw works is Stationary Draw works is Stationary
-g for 1-min until Data Log Ends B
» 40
&
-)2.6-ft

i 20 ) (-)2.0-ft
©
S 0 SE=E=s=E=S
m

-20

08:39-hrs 08:40-hrs 08:41-hrs

Figure 24: Initial kick responsdo install a drillstring sdety valve (from SME Committee Report)

The SME Committeefurther analyzedthe el ectronic data and ondudedthat:

fi éhereisanindicationinthedatalog[seefigure 24] thatthere was an attempt to reposition the block
endng by 08:40:55. It islikely that this was an attempt to makespece for thedrillstring safety valve. The
driller& accountindicates that the drill pipefoll owed thetop drive up during this attempt and that the

drill pipe box connection remainedinaccessible.

fiOnceit becane imprudentto cantinueeffortsto ingall a drillstring safety valve,the only remaining
barrier to ablowout through theinside of thedrillpipe avalable wasclosing the blind shear rams. The
data logindicatesthat the blind shear rams were notactuatedfor another threeminutes at 08:43.55 [see
figure 25].

fiA witnessacoountinfers that the chokeline HCR \alve andthechdke wereopen. It isalso cansistent
with normal practiceto leavethe choke open,or partially open,during rormal operations when ashut-in

procedure that calls for closing thechdke after opening theHCR valveis planneal. 0
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66

64 Normal Block Hanging Weight
URRJ |y g e g A e
62
60 & Annular Closer Completed from Rig-floor with HCR Valve Open by 08:43:05-hrs Hook Load (klbs)
58 2-min: 1-sec —= /
PR W
3-min 24% Flow Volume in
Trip Tank
W 0% Flow at 08:45:26-hrs (bbl)
25 %
10% Flow at
08:42:55-hrs
0
o OIM Moving to Toolpusher’s b1 iy
o Remote in Quarters & ﬂ 1:min g \ Flow
g Actuating BOP Component(s) 2 29-sec 4184-psi at 08:49:57-hrs out (%)
3193-psi at 08:51:47-hrs
o
o
2 2686-psi at 08:45:56-hrs Casing
2515-psi Pressure
:evs::lzz‘:_:":::::::?::‘ Pressure Communication to Wellbore Annulus Re-established (psi)
(1397-psi at 08:43:05-hrs) {986 pst at08:33:55:hrs)
o

08:40-hrs 08:45-hrs 08:50-hrs  pata extracted from HERC 00002987

Choke Manifold Pressure
Bleeds to 0-psi at 08:43:15-hrs

Figure 25: Data recordedafter kick wasdetected: 0836 hrsto 0855 hrs (from SME Commitiee Report)

Figure 25 shows el ectronic daa presentation creaed by the SME Committee for ther report. It covers
the period fromtheinitial obsevation on the rig fl oor of the lossof control, through the abanxdonment of
theRig. Thisdatawasremrded avera20 minute period beginning just before theindications of

impendnglossof well control becane evident andwere acted yon.

Fromthe SME CommitteeRepat:

fiClosing theannuar blowout preveinter would stop flow through the flowlineasseenin Figure [25] at
08:40. Alsoshonn at 08:40is a sudden risein casing pressire fromzeroto 1238 ps. The HCR vdve
mustbeopenasis calledfor in Sep4 oftheHercules Well Control Procedure during Tripping
Operdionsshownn in figure [25] for the casing pressure sensorto beacive. Thesuddentwo thousad
poundincreasein hookload seerat about08:41 cauld havebeenwhen the driller picked upand hesad
the pipefollowed him upward [pushedout of the hole by the Well & flowing pressure].

i T hueper piperams could havealsobeenclosedimmedately prior to thisactionin an attempt to
prevent upward pipe movemert. It is unlikely thatthe upperpiperams would have stoppedupward pipe
movamentbeauseatool joint was spaced-out above the upper piperams. Theblock position sensor
shoved anly 0.6 ft of movement, (figure[26]), sotheamountthedriller picked upwould haveto beon the
orderof inchesand notfeet. 0
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l€&—— Begin Shut-in Attempts at 8:38:25-hrs Data Record Ends at 09:20:28-hrs —————>]

6 < 42-min: 3-sec >

5

—1 3 " o s| e = wemme & == Normal Block Hanging Weight = /sesem| s Tomm| s | e o] oo o o= 5 s
60 . Hook Load
<€— BSR Closure Completed by 08:45:26-hrs (Interpretation). (kibs)
50 7-min: 1-sec 13-min: 59-sec 21-min: 11-sec
v
50 t First indication of BOP Stack
Leakage at 08:59:17-hrs
=\ Flow Out (%)

25 i

0

Shut-in Attempts . 4401-psi at Volume in
o psia
8 Made casing 09:05:58-hrs Trip Tank
< (bbl)
8 €—— 09:11-hrs
8 Significant Liquid Fraction in the Flowstream Indicated (Slugging) Press Stabilizes (3100-psi)
BOP Stack Sealing. Blow-out through BOP Stack Leaking. Blow-out through Chokeline and BOP
Chokeline Only (Interpretation) Stack (Interpretation)
o
08:40-hrs 08:50-hrs 09:00-hrs 09:10-hrs 09:20-h

Figure 26: Data recorded during andafter attempted shu-in (from SME Commitiee Report)

0900 hrsi From SME CommitteeReport, first indicaion fromtheflow-out sersor of |leakage through the

BOP gackwasreoorded.

Rig Emergency Response and Evacuation

23 Juy 2013: At approximately 0848 hrsthe OIM orderedtheevacudion of theRig. Annourcements
were madethroughoutthe Rig onthe vessel & public address system. Crew members were directedto
report to their primary life-capsile stations. The Rig wasoutfittedwith two life-capsile stations. #1life-
capslle station waslocated on theport side; #2 life-capsilie station waslocaed onthe starboard side (see

figure 27). Thetota personnelcapecity of each life-capsuie was54 persans each.
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Figure 27: Hercules265survival capsule arrangement

37 ofthe44 aew members mugtered and were accountedfor at life-capsiie station#1, which wasthe
RigGs primary lif e-capslie. The senior memberon this capsile was the Rig Maintenarte Suprvisar.
With permissonfromthe OIM, the#1life-capsile wasloweredat approximately 08550900hrs. There

were no unusial occurrencesin lowering or discomecting the capsue at the waterline.

Theremaining seven aew membersincludedsevera keyleades andmanagers on boad the Rig. They
were in the processof manringthe#2 lif e-capsile and waiting for the night CompanyMan. Thenight
CompanyManés arrival was ddayed beausehe wastryingto phonethe Completions Emjineer, whowas
onshae. At approximately 09060905 frs, the night CompanyMan arived, acomplete crew muger was

accountedfor, andthe OIM gave the order to lower the#2 life-capsile.
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Whenthe#2 life-capsle (seelocation, figure 28) reachedthe waterline it briefly became caught on the

starboard escgpe ladder. The motormen usedhe vessel G engineandrudder controls in combination with

theseaswellsto freethelife-capsilie. Once freethelife -capslie moved sdely away.

Figure 28: Hercules265 capsue No. 2location’ after deployment

Both life-capslies were in
communicaionwith eachother
viaportade VHF radios. In
addtion, life-capsule #1 had
areadycontactedthe nearby
off shore supply vessé the
motor vesse(MV) Max
Cheramie, andrequested
assstane. By appoximately
0945 hrs, dl crew members
were recovered andsafely on
boad theMax Cheramie. The
life-capsuies were towedby the
Max Cheramie andlater taken

to arepair facility.

TheMax Cheramie arrivedat Port Fourchon, Lauisiana, atapproximately 1600 his. Thecrew members

were medcally evaluated,teged for evidenceof drugand &cohol use, andparticipatedin follow-on

interviews by BSEE andJSCG persannd.

Loss of Control Events after Crew Evacuation of the Rig

After the Rig wasabandmed, the uncantrolledflow from the Wel continuedto strengthen. The SME
CommitteeReport statedtheir opinion that leakage through dl BOP stack componerts became obvious

by approximately 0900 hsfi ahggh velodty sand bgan erodingtheblind sear ramseds é 0
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Figure 29: Rig and Ratform after abandonment and loss of control

By 0905 hs, pressure atthe suface hadrisento over4,000 @ inthe9 -i@ caingthrough the BOPs.
The pressire expell ed the completion fluid andthenbeganflowing dry natural gasto the atmosphee.
Theflow of thegedaliquid canpletion fluid followed by gasalso ontained cquiousquantities of

entrainedformation sand (seefigure 29).

After flowingfor approximately 13-14 hous, the well ignitedat approximately 2250 hrs 23 July 2013,
and lurnedfor 71 haurs (see figures 30-32). Increasing quartities of sand in the g ecta and the beginning
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of production of someformation watersuddenlycausedtheWell to bridgenatumlly at2145hrs, 26 July
2013. The bridging extinguishedthefire exceptfor anoccasionalsmall residualflame andsome

continuedburning of combustibleson the remainsof thePlatform andRig.

Before Ignition

After ignition: rig floor, derrick
lgnition collapsed, platform destroyed

Figtue30: Rig, Platform,and Well prior to and gfter ignition
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Figure 31: Hercules 265 on fire

Figure 32: Blowoutandfire in progress
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Time-line and Events T Bridging, Kill, and Relief Well Operations

25 Juy 2013: The APD for the relief well wassubmittedto the BSEEHouma District for review. The
Rowan EXL Il rigwasproposedo drill thewell. Therelief well, ST-220 #1,wasdesgnedto peretrate
thereservoir that had flowed uncantrolled upthe A-3 Wdl. It wasplannedfor relief well to thenbe
placed onproduction to drain the resrvoir pressure, thus preverting anyfurther lossof control flow
through the A-3 Wdl.

26 Juy 2013: TheWell bridged over andremainedin that statusfor the duration of the respamse(see
figures 33-36).
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R T

i

Figure 33: MODU andPlatform, after Well bridged
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Figure 35: Viewfrom overhead; rig-floor and Platform after Well bridged.
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Figure 36: Viewof MODU looking forward, after Well bridged.

27 Juy 2013: A sanar scan wassuccesgully performedwhich providedinformation onwhere debris
waslocaed lelow thewater line. The APD for ardief well submitted on25 July 2013wasappoved by
BSEE.

30 Juy 2013: An APM wassuhbmittedto the BSEEHouma District to run acameradown hdeinthe
A-3 Wdl to visualy ingpect casing cordition andlocate the battom (sandbridge or fish).

2 August2013: TheRowan EXL Il wasmoved onlocdion,jadkedupto a65ft air gapand all
preloadingwascompleted. The RowanEXL 111 begandriving pipeto drill the relief well. Operationson
the A-3 Wdl found visual evidencethat the top of the9 e -in casngwasposshbly rolled over, which
would odbstruct running E-linein thewell. Wild Well Control completed cleaingtheaft deck areaof the
Rig. TheBOP waslifted off of thecantilever beamandwaslandedonthe MV Tyrant.
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4 August 2013: TheRowan EXL Il spuddedherelief well andwasdrillingat 690 ft by 0600 hs. A
platform removal apgdication wassuhlmittedto the BSEE gructural group.The Platform hdiport, thetest
seprator, andmiscell aneaus unidertifieditems were removed.

6 August2013: TheRowan EXL Il wasdrillingtherelief well at1,179ft. At 745 ft, 80 wnits gasandat
1,054ft, 119units gaswere circulated ait. The30July 2013APM for operations onthe A-3 Wdl was
revisedandapprovedto run acamerain dry asdeepaspossible prior to fillingthe A-3 Wdl with brine.
Thecamerawasto visudly ingpectdown-hole casing condtions with plansto locate the bottom sand
bridge or fish. Removal of mostof the debris wascompleted. Saone balled up regs of pipingand

bracingaround Wells A-1 andA-2 remainedto beremoved.

8 August 2013: Operations onthe A-3 Wdl ranthe camerawith casing-cdlarlocaor (CCL) inthe Well
atabout0845hrs. Ontherelief well, the RowanEXL 1l ran 20in conduwtor casingand peparedto
cementin place at about 1,565ft MD. Removal of all debris fromaroundthewells wascompleted.

9 August2013: At approximately 1730hrs a bridge plugwasrunandsetin the A-3 Wdl at 1,530ft.

10 August2013: Sixty feet of cementwasdumped ontop of the bridge plug setat 1,530feet. A bridge
plugwasthenplamedto be set at 1,130feet (MD) with an aditional 50 feet of cementontop, followed
by athird bridge plug at 990 (MD) feetwith 100feet of cementontop. An APM wassuhmitted to the
Houma District describing thework remainingto be doneonthe A-3 Wdl.

11 August2013: Thecementtopin the Well wastagged 20ft high atappoximately 1,460ft (MD). The
secondoridge plugwassetat 1,130 ft (MD).

12 August 2013: Thetop of cementwas tagged atl1,045 ft (MD). This cementwasdumped ontop of
thebridge plug setat 1,125ft (MD). Thethird bridge plugwasset at 990ft (MD) and 100ft of cement
wasdump baled ontop of the bridge plug.

13 August2013: On therdief well, theshoetestfor the 20-in condutor casingwascompleted. Drilling
the17¥2in hde section commenced. On the A-3 Wdl, awork stringwasruninto the Well andtagged
thetop of cementat 834 ft (MD). Approval wasgivento cut andremove the casing stubsbelow the

washot.
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21 August 2013: Relief well operations continuedto underreamthe 14 3%in hdeto 22in at 2,200ft,
underreaming at40ft/hr.

26 August2013: Ontherelief well, 16-in casngwasrunandcemerted. Approximately 15 pecentof
delrisfromPlatform wasrecovered. An additional material barge wascontracted to increase efficiency.

30 August2013: Onthe relief well, the 16-in shoewas drilled out and formation integrity test
performed. Arevised APD wassulmitted after discussion betweenBSEE and Walterto charge of
bottom-hde location to ersure therelief well peretrated into the same fault block asthe blowout A-3
Well.

6 Sepember 2013: Debris removal on the sedfl cor was completed. Therelief well wasdrilledto the
casngpointat7,572ft MD.

8 Sepember 2013: Thestructural permit andpipelinepermit were sulmittedto BSEEfor placingthe
relief well on productionto drain the pressure fromthe 8,800t sand.

16 Sepember 2013: Ontherdief well, the shoe testwascompleted onthe 11 %+in casng. Therelief
well was drillingaheacat 8,436t MD, 7,865ft TVD. Targetdepth for thereief well was aspermitted.

23 Sepember 2013: The produwction liner of the relief well wasrun. Logs indicatedthat the zonedrilled
into by therelief well matchedthe zonedrilled bythe A-3 Wdl. Walter submitted a canpletion permit to
BSEEHouma district.

15October 2013: Therdief well completion operationswere finishedasper theappoved APM, andthe
Rowan EXL Il beganto pull legs. Ratform fiBo install ation wasbegun with the jadket statbed overthe
stripped well. Pile-1 and [le-2 were driven.

31 October 2013: The Platform B jadket wasingaled andwork onthe deckproceead with anticipated
completion bythe end of November. Fipelinework wascontracted,though thetie-in coud not be
performed uriil both rigs depatedlocation and weather wasstitable. It wasnoted that first production
wasexpectedto bagin the 1stof Decenber.
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Completion Fluid, Temperature, and Density

Well& Completion Fluid and Bottom-hole Temperature

Whenthewell work wasplannedthe Operator contracted NOV to design, suppy, andmonitor the fluids
to beusedin the completion phae. NOV sulmitted their recommenddionsbased onthe assumed
reservoir characteristics. Thosekeyresrvoir charaderisticsincludedan estimated BHP atthe 8,800t
sandformation of approximately 6,700 psiabout 14.8 ppgEMW fluid density) and aredimated BHT of
178°F .

The Completions Engineer statedthat the estimate of the 8,800ft sand pressure wasbased ormud
densty in the hole whenthe Well was originaly drilled. He statedthatwhentheWell wasdrilledin
2006,the 8,800-ft sandwas fitoppe d (mitialy drilledinto) with 15.4 ppgdrilling mud. In the course of
drilling through this thick formation, the badkgroundgasledthe drillingmud dengy to be gradwaly
increased util theformation wasfully penetratedwith 15.8 ppgdrillingmudin the hole. Theinitial 15.4
ppgdrilling mud densty wasthe key data usedto estimate the 8,800-ft sandinitial pressure asheing 14.8
ppgEMW.

Edgimates of the BHT expectedto be encountered during opeaations ontheWsell variedfromahigh of
206°F to alow of 175°F. Initially, 206°F wasusedby NOV to design thecompletionfluidsfor the
Well assuming a completion in thedeeper 11 500t sand. The estimate of temperature at the 8,800-ft
sandformation used by NOV and reported bythe NOV Fluids Engineer during the completion operation
was178°F. Same of thewell logsindicated atemperature atthe depth of the 8,800-ft sandto be
appoximately 175°F.

The SME Committeeexaminedthe data andcorcludedthe BHT for the 8,800ft Sandwas188 °F (see
page 21). The saurceof this daawasreportedto befromthe Operator. Thecasing wassetmuch deger
thanthe 8,800t sand. It wasspeaulatedthatthe casing coud have al owedsame addtional
thermodynamic transmisgon of highertemperaturesto a shell ow depth. Afterreviewing all the evidence,
thePanelacceied 188 °F asthetemperature to bethemostaccuate estimate of the actual conditions at

the perforations.
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Based orthereseavoir charaderisticsprovided bythe Operator, NOV initially recommenced dear brine
completion fluid composedof a combinaion of CaCl, CaBr, andZnBrz, with adengty of 15.8 pm.
However, fromtherecrdsthe completion fluid actually suppied andusedwas15.7 pp.

As hasbeenprevioudy edablished whenthe Well wasopenedifter perforating, it wentonvacuum
losing fluid to the formation atarate edimatedto beas high as460 bph. The perforations were isdated
andafter the CompanyMan dscussedthe high fluid lossrate with the Completions Ergineer at
appoximately 1700-1930hrs. The Well& completion fluid dersity wasthencutback from15.7to 15.3
ppg. Auid of thisdensity wasfully circulatedinto the Well and a20 bbl HEC pill wasspottedon ottom
by 2340 hs.

The Completions Engineer statedthat he did not take bottom hale temperature into effectwhen @reeing
to aut thefluid densgty from 15.7 ppgo 15.3 pgg. He stated that he normally would consider the effect of
temperature ata degperor obvioudy hatter formation. The hydrostatic presaure of the 15.3ppg column
wasapparently checked ad deemed suficient to overbdanceformation pressure by apdyingthe
standard; hydrostatic pressure = TVD x 0.052 XEMW. The CompletionsEngineer statedthat heuswly
preferredto keepapproximately a 200 s completion fluid hydrodatic overbalance presaure over BHP.

After cuttingthefluid dersity and spttingthe HEC pill, the Well by-passwasopened andifter the HEC
pill reacedthe perforations, thefluid lossto the formation wasfoundto be redwedto 30 bph. Another
two haurs allowing the pill to heal the formation redwedthe | ossrate to the formation to less than 10bph.
Thislossrate was deemed accetable by the CompletionsEngineer and tripping out of thehadeto pick up

the equipmentto gravel padk thewell wasinitiated.

Effect of Temperature Change on Clear Completion Fluid Density

A greatmanytechncal papers have examinedthe propertiesanduseof clear completion brinefluid
(liquid). The literature always referencesa characterigtic that clear brine completion fluid decreasesin
densty with anincrease in temperature. Asanexamnple, onewiddly usedreference bookpulished bythe
Sodety of PetroleumEnginees (SPE)that discussesthe temperature eff ect on dear brines is Completion
and Workover Fluids, SPBEMonographNo. 19, by Kemeth L. Bridges(see pp. 45-47)
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Fromp. 46,i éfailure by an opertor to accaunt accurately for theinfluenceof temperature and
pressure on the density of completion fluids in the well bore could produce cogly, or even dsastrous,
results. Forexample, low estimates of the dersity and conseguently insuficient for mation-pressure
cortrol coud resut in ablowout. 0

The SPE MaographNo. 19 discussesthetheoretical exparsion of clear brines and the cdculations of the

resultingdecrease in density in techmical detail. Themonograph naes. fié therelationshps[in
equaions for calculation oflossof dersity] € lend themsdvesvery well to computer sdutions,and most

completion-fluid service Companeshavesuch canputational programs @p.47).

Same common indugry technica literature andCompanyin-housedocumerts that referencethe effects

of temperature onthedensity of aclear brine completion fluid are ill ustratedin the foll owing exanples:

Example I fromfi P r wesasd Temperature Effects on Brine Completion Fluid Densty, SHE-12489-
MS dy D. C. ThomasandGordonAtkinson, 184;

seehttps.//www.onepero.org/corferencepape/SPE12489MS

fi é0ne of the main objedivesof the programwasto deveop methodsto cal culate the density of
a brinethroughoutawellbo r elgnoranceof the pressure and temperature effedson abrine
could easily cost an operator a well either through low egimates that would provide
insufficient pressure control or throughconservative edimates that would overpressue the
formation. Excessivefluid lossto the formation through ovepressuring can umecessaily
lengthenthe cleanuptime and increasewell costs due to large losses of expersivebrine. . . 0
(Emphass added)

Example 2 from Dowell Engineers Handbodk; TSL-0015Janwary 80, p.11, i E F ETEOF
TEMPERATUREON DENSTIESOF CALCIUM CHLORIDE AND SODIUM CHLORIDE
SOLUTIONS 0o

fi Athetemperature of thesdution increases the volume increaseswith aresultant decreasein
densty. Thechanging density of thesesolutionscan bereadily calculated bythis formula:

Densty changebs/gallon= 0.003(T1-T2)
T1= existingtemperature, degreesF
T2 = desired temperature, degreesF

i Aan example,if the averagewell temperature is 190 degeesF., and anaverage solution
densty of 11 Ibs/gallonis neededwhat sdution density isrequired at60 degrees F?
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fiDensty changeJbs/gallon = 0.003190-60)= 0.4
fi R eigpdisolution at60degressF., 110 +0.4=11.4

Example 3 fromBaroid, seehttp://www.baroididp.com/

fnCaution: Temperature has a significant effect on the weight of a column of brinefluid. Never
calculate therequired densty of brine without considering the effect of temperature. Refer to the
downhde density corr ection cdculationin the chapter titled Tdles,Chartsandcalculations . 0

Example 4 Sample Calculation, Charge in Completion Fluid Dersity with Temperature Using Well
Data.

Thefollowingis an exanple calculation of the effect of the 8,800t sands temperature onthe 15.3 ppg

completion fluid in theWel. This example calculation follows the methodology andformulasfromthe

sitelinked lel ow:

http://gekengineering.com/DownloadsfFree DownloadsBrines fluids and filtration.pdf

Thisingructional planwas providedon-lineby Geage E. King Engineegingfor generd use. Thedlides
of this presentation, two of which are included (figures37, 38, help illugrate principlesandcalculations
used byindustry to predct thedenrsity of acompletionfluid urder adual downhole temperature and

pressure conditions.

As canbe seen, anote onthe seconddide indudedhere (figure 38) reads, i T hredudionin krinedersity
asit comesto equilibriumin thewell may explain why a well cango from a no-flow condtion to flow

within afewhours after being kille d . 0

Thereferencedsite used apulished formula for calculating the decreasein density of aclearbrineas the
temperature israised. That formulawascredited byGeorge E. King Enginegingto acompletionfluid
suppy compary, OSCA. Theformulaisusedin this example cdculationto il lustrate the potential lossof
fluid dendty inthe A-3 Wdl that occurredafter exposure to reservoir temperature for ninehous. (Note:
other academic andindustry studies have formulasthat vary dightly in canplexity. However,the OSCA
formula closaly matchesthe formula and data in the SPE Monagraph 19.)
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Density Change with Temp Change

Dpy = Dg (1 + 0.000252 (Ts - Tpy))
What is downhole density (Dpy) of a 16.4 |b/gal

surface density (Ds) brine (60°F) when downhole
temperature increases to 230°F?

Don = (16.4) (1 + 0.000252 (60-230)

Dpy = 15.7 Ib/gal

Formula from OSCA

There is a slight increase in density with applied pressure, usually about 0.1 ppg.

Figure 37: Completion brine: density changewith temperature change

NaCl Brine Density Variance with
Temperature
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Figure 38: NaCl brine densityvariance with temperature
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Usingthe OSCA formula fromthe King Engineaing presentation, ad the downhole temperatures of the
Well at the 8,800t sandlewel, thefollowing cdculationis madeto seif the reductionin campletion
fluid dendty from15.7 ppgo 15.3ppgcoud have maintain anadeaiate hydrostatic overbalancemargin
to preventthe 8,800-ft sandfromflowing underadual Well conditions.

Ddh = Dg 1-0.00®52(Tch-Ts)]

Ddh =Density down hole, ppg

Ds = Dersity suface, ppg

Tdhor Tr = Temperature down hde, °F

Ts= Temperature surface, °F

BHP =Rp =Bottomhade or Resrvoir pressue, BEMW
BHT = Bottomhadle temperature or resevoir temperature

Usinga 70 °F temperature at surfaceandthe 188 °F assumed atthe 8,800ft sard:

BHP (also Reservoir P or Rp) EMW = 14.8 ppg= 6740psi
BHT = 188 °F

SufaceTs= 70°F

TVD of well, aproximately 8,700ft.

TheWedl wasinitially perforatedwith 15.7 ppgcompletionfluid . é

If 15.7 ppgorine,the completion fluid hydrostatic pressure at reservoir = 157 x 052 x 8,700=
7,102 @i. Overbaanceaganst Rp = 7,103-6,740 = &3 psi(uncorrectedfor temperature)

If 15.3 ppgorine,the completionfluid hydrostatic pressure atreservoir = 157 x 052 x 8,700=
6922 . OverbaanceagainstRp =6,9226,740 = 182si (unoorrectedfor temperature)

The 15.3ppg brinewascirculated around before starting out of hole and wasin placein the Well atabaut
2340 hs. Lossof control occuredabaut 0838hrs, or aboutnine hours afterthe 15.3 ppgfl uid was
circulated into the Well. During thosenine hours, the temperature of thecompletion brinewould have
beendowly elevated byexposue to the down-hale formation temperature asno circulation of fluid in the
well occurred ter 2340 hrs.

Usingthe OSCA formula fromthe King Engineeing presentation, calculate the dendty charge in the
15.3 ppdluid with temperature change, if BHT = 188°F and stface temperature = 70 °F.

Ddh = 153[1-(.000252x18)] (note: 188 F-70°F = 118 °P),
Ddh = 14.84ppg.
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Theeffective dersity of the hydrogatic column of 15.3ppgbrine after downhole heaing by aformation
temperature of 188° F, iscalculatedto beabait 14.84 ppgEMW. Note thattheequivalent 14.8 ppg
brine density of the reservoir pressure (Rp) asassumed bythe Operator is quite closeto this number.
Therefore, thetheoretical densty of the 15.3ppgfluid would bevery closeto under-bdarncingthe

reservoir presaure afterit washeated by down-hole temperatures.

Theliterature,induding the King Engineeing site whosemethoddogy is usedin this example
cdculation, dsodiscussesadight gain in completion fluid dendty that can beexperiencedbeauseof
high batomhadle pressires. This gain will theoretically somewhatcounterbalancetheloss of dersity
cau®d byanincreasein temperature butis uswelly minor. Thisgainisreferenced onthefirstdide(see

figure 37) which rotes the usualeffect of presureisto add &out0.1 ppgEMW densty.

Using the methodol ogy from thereferencedsite, the hydrodatic pressire of the completion fluid column
in the Well, after heding by downhde temperature and swbjectedto BHP, wastheareticdly abaut the
equivalent of 1494 ppy. Thisisthecacuated efective dersity without considering otherfactors. As
previoudy discussed,theasumedreservoir pressure was14.8ppg EMW.

The Completions Engineer statedthat it washis design preferenceto keepabadt 200 psioverbalance
hydrodatic pressarre to contain formation presaire. That200ps overbalance is convertedto EMW by the
followingformula: EMW = [psi/(.052xXTVD-ft)], or EMW = 200/(.052x8,700)] = 0.44 p. Assuminga
formation pressire with EMW of 14.8ppg, acompletion brine density of approximately 14.8 + 0.44=
15.24 ppgvould suficeto meetthe CompletionsEngineads desgn preference. However it shaild be
keptin mind that dersity iswhatwould berecommendedo overbadarnce reservoir pressure after the eff ect

of downhole heating wasconsdered.

Other Influences Possibly Affecting Loss of Hydrostatic Containment

The SME Committeerepat did not discuss or reference the effect of temperature charge onthedengty
of the completionfluid. However, the SME Committee Repat did reviewin detail other possible
influencesthat could have compromisedthe ability of the density of the completion fluid usedin thewell

to over-bdancethe battomhole pressue.

61



Theseincludethefollowing (seep. 51SME Commitee Repat):

A AUnde-egimation of the magritudeof the formation pore-pressure;

=2}

T peserce of 45ft. of open perforationsinto ahigh pemeability dry-gasresrvair;

=2}

S e geposes occurring whil e tripping aut of thewd | after perforating;

A @ab pressuelossdueto rapid upward pipe movementwhil e tripping out of thewell;

> Do Do P
>

fiUpward migration of the small volume of gastrapped bdowthe padcer in the bottom-hole
perforating assembly after thepackerwasreleas e d . 0

The SME committeearalyzedthese factors for possible cantributions to thefailure of hydrostatic
cortainmert. The gimary condusonreaded bythe SME Committeewas thattheresavoir pore

pressure waslikely higherthan asumedin theWell design. TheSME CommitteeRepat calculatedthe

8,800ft sandpresaure could have beenthe equivalent of 15.1ppgratherthat 14.8ppgasperthe

assumption whenthewell wasdesigned andhermitted.

Theother potentia causesthatcould have contributedto areductionin hydrostatic containmentwere also
sautinized bythe SME Committeeandeachof thase contributionswas @l culated usng available
information. The SMECommitteeexaminedthe hydrogatic eff ects of swakbing, gun gastrapped below
the padker, and the eff ect of variations in thedepth of the containmentfluid codumn cawsed bynormal
opeaationsatthesuface. Theycondudedthat each of these eff ects were relatively minor, but
cumulatively could have signifi cantly cortributedto under-bdarncing thereservoir presaure.

Top Filling with 15.1 ppg Completion Fluid

The SME Committeeexaminedthe effect of topfilling the Well with 15.1 ppgcompletion fluid and
cdculatedthat thetotal 15.1 ppgfluid put into thewell wasapproximately 80 thls. Their report states
thefollowing:

i €hetotal volume of 15.1 ppgfluid usedto fill thewell was 79.6bbl by 08:08. Thiswould have
placed theinterface letween the 153 ppg lrineand 15.1 ppgbrine at 1709feet. Thelossin bottom-hole
pressure due to filling with 15.1 ppg fluid instead of 15.3 ppg fluid was abaut 18 psi. If a nomal trip
margin had keen usedr if the permeability ofthe perforated sandhad rot beenso high, thiswould not
havebeen aproblem. Nevertheless, for the unusual combination of circumstancespresert, it
correspordedto a pdertial influx rate increase of 0.8 bpmoverwhat otherwisewould have occuredé o
(seepage 61).
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Addingthisto the previouscdculations(p. 61), theloss of about18 psi hydrostatic canbe calculatedto
bethe equivalent of abaut .04 ppgdfluid dendty at8,700 ft TVD [18 psi/(.052x 8700)]. Therefore,top
fillingwith 15.1 ppgfluid on top of a hydrostatic column of 15.3 ppgwould create a thearetical
hydrogatic presare at theformation calculated asfoll ows:

14.94 ppg .04 ppg= 14.9 ppdEMW completion fluid hydrogatic at formation whenBHT andBHP are
takeninto account.

Compare thisto theoriginal projected reservoir pressure BEMW of 14.8ppg. Of note isthe comparisonof
the BHT/ BHP/topill adjustedEMW of 14.9 ppy, to the Completion Ergineerds preferreddesign EMW
of 15.24ppg.

Seepage Losses

The SME Committeeexaminedreservoir characteristics that may have contributedto thelossof
hydrodatic containmert. The 8,800t sandis ahighly permealle, thick, dry gasresevoir andsuch
reservoirs have the capecity to fadlitate loss of completion fluid (segage) into a Hghly permeable streak
or fithief zo n atthebattom of theformation. In canjundionwith this seepage loss, ahigh pemeablity
reservoir coud simultaneously allow a sequence of influxesof small amountsof gasinto the hydrostatic

fluid column fromthetop of the zone,redwcing the cdumnés densty.

The SME Committeedefine dseefpae @sié the dow lossof wellbore fluid to the pore spacesof the
formation. & he SME Committeearalyzedthiswell-known efect and the extent that fiseepge anay
have cortributed to thereductionin hydrostatic headthatledto theInddent. The SME Committeeused
consderalde ergineering cal culations to demondrate that posshility.

i élt isbelievedthat the presere of seepagewas a significant factor in theinitiation oftheevent. When
seep@e lossare not occuring, thefluid level in thewell is not alwaysmantainedcompletely full andthe
volumetofill thewell canbe checkedewery fewstandsto makesure the volume neededto re-fill the well
is equal to thevalume of steel in the pipewall removed fromthewell. When epage lossesare occurring,
evenat a lowrate, time betweenfills becanes animportant factor aswell asthe number of sandsand

A b eprdtic eisto keepthehadefull all of the time whil e monitoring thefill-upvolume all of thetime. A
small sespagerate over alongtimeinterval betweenfills canremovea significant volume from thewell
that makesroomfor a kick influxvolumeto go urdetede d . 0
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During opeationsonthe Well, seepage losswasclealy occuring andthe SME Committee Report
condudedthat wasa complicating factor thatmadeealy kick detedion more difficult. Thezone
perforatedhad avery high paosity andpermeablity andinitial seepage lossrateswere very high.
The SME Committeereport statedthe following:

fiTheseepaye losswasreduced bythe HEC pill to 1.69bphjust prior to starting out of thewell. Thetrip
speedwvas abaut 10 standsper hour andthevaume of steel being removedfrom the well was0.716
barrels per standor about7.16 bph. Bsedon theseobsewnations,onemight expect thatthetrip tank
volume would deaease by 8.85 barrels after pulling 10 gandsover onehour or 0.89 barels per stand.
However,the HEC seal canbreakdown over time, sovigilance and careful accounting is required astrip
speedandpipedisplacementchan g e s . 0

The SME Committee Report published cal culations showing thatthe actua seepage losssto the
formation were greder thanthe apparent seepage lossand ndedthatin suchcases,thewell may be
starting to flow. Their report statesthat the electronic recadsind cate that the apparent seep@e losswas
chargingwith time prior to theincident. Their report did not disausscompletion fluid exparsion cawsed
by temperature increags, or examine any resultant increasen seguage asthe excessvolume waslost to
theformation. Fromthe SME CommitteeReport:

fi Tikmade it very difficult to idertify influx expansion dueto gasmigration while a amall overbalance
pressure was still presentacrossall of the perforations. Thechanging ssepage ossesevenmade it
difficult to idertify whenthe well began to flow continuougy while theinflux rate was till small.

fiVWell condtionscan beunusudly complexfor a thick high permeability gaszone with ineffedive fluid
losscontrol whenthetrip marginistoo small. Asshowninfigure [39], it ispossiblefor a gassandto be
balancedwith thewellbore pressure at the midpoint of the perforations, dightly overbdanced atthe
battomperforation, anddightly underbalancedat the top perforation. For thewell conditionsin ST 220
A3just prior to the blowout, there wasan 18psi differencein the presare differential betweenthe
hydrestatic presaire in well bore and the formation betweenthe top andmidpoint of the perforated
interval.

i T Holeeline[in figure 39] wasoriginally shifted @out 90 psi to theright for a full column of 15.3 ppg
brine. After opening the bypassaroundthepadker at 00:17 prior to starting out of thewell, it islikely

that notall of the 3.6 Wl of gastrapped below the packer had been swept down into the formation during
theshort periods of a highflowrate. If onebarre of gas remainedand wasreleased whenthe bypasswas
openedit is estimatedthat the upward migrating dispersedgaswould becapable of reducing the bottom-
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hole pressureby about 68 psi. Thiswould have shiftedthe blue curve back to the left sothatthe
overlalance at the midpoint of the perforationswould thenbe 90- 68 =22 psi. 0
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Figure 39: Pressureconditionsfor balanceat perforation midpoint (from SME Commitiee Report)

fi AQ2:08,thetrip tank was drainedand thefluid levd in thewell wasallowedto fall until 02:45 when the
well was refilledwith the rig pump. If theactual loss rate exceeded 2.%bhi/hr suchthat more than 1.8 bbl
waslogt duringthistime interval, the battom-hole pressure would havefall en by more than22 psi and
allowed adlitional gasto trickle into the bottomof thewell until thewell wasfilled backup at 02:45.
After 02:46,thefluid level wasagan dlowedto fall until thewell andtrip tank werefill ed with therig
pump at03:05. Again, thiscoud haveresultedin additional gasbulblesertering the bottom of the well
prior to refilling thewdll.

i AG3:09,thecirculating pump onthe trip tankwasturnedoff allowing the fluid levelin thewel| to fall
overthenext 46 minutes(0.77 hrs)as pipe waspulledfrom thewell and segagelossecaurred. We
knowthat the apparent lossrate was4.0bphat 03:55and 10 bphat 05:00. If the true averageloss rate
hadincreasedto 7 bph,thetotal fluid removedfrom the well duringthe0.77hrs would be2.9 bl of steel
plus5.4 ol of seepagelossor 8.3 thl. An8.3 bl lossin fluid level would havereduced the bottom-hole
pressure by 102pd, which is 12 psi more thanthe available 90 psi trip margin for a brinedengty of 15.3
ppg. Ater thecirculating trip tank wasturnedon andthewell wasfilledat 03:55, a hydiostatic

overkalance wasre-established but the gas bubble migration wasalso urderway.o
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Hercules 265 BOP Failure to Contain the Well

Description and SME Committee Report Notes

A BOP gackisaseriesof ramsand annlars situated at the top of awell that the rig crew canclosein
caseof aloss of control of formation pressure. BOPscome in avariety of configurations, sizes, and
pressure ratings. Sane BOP camponerts are designedto seal an goenwellbore, some are designedto
sealaroundtubular componerts in thewell, sane arefitted with hardened sted shearing surfacesto cut

through drill pipeor casing, and ¢he's are designedto abutthedrill pipe and seal thewellbore.

31.74' Drillpipe Joint

Length from Top of (/™
Box to Pin Shoulder

\I\:\mmlm' (Close)

Tool Joint Pin 7.68

5Tup Pipe Ram (Close)

:

Pin Shoulder 3.8" above
Center of Blind-Shear Rams 105

‘." +-
A ____~

ﬁ

‘ v
I “ | 3\ Bottom Pipe Ram (Close)

Figure 40. Smplifiedschamatic of the BOP gack anddrill pipeconfiguration
(from SME Commitee Report)

Blind-Shear Ram
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Thesurface BOP stackonthe Hercules 265jack-up rig wasa Cameron Type U 13 e -in ratedfor 10,000
psiworking pressire. The anndar preverter hadaworking pressue rating of 5,000 psi. The SME
Committeecorducted extensve forersic amalysis onthe BOP dterthe Inadentand their report is
techically detailed and specific. The Panel regards their report ascurrently definitive in its examinaion
of the operationsand functionsof the Rigs BOP e emerts during the Incident.

Fromthe SME Committeedaa andreview of the pressure recordings andelectronic data, it is apparent
that whentheanrular seal of the BOP wasfirst closedat about 0843hrs, theflowing pressure of thewell
haddreadyreached oer1000 si. Aftertheanrular failedto catain thewell and the ZnBr2 continued

to shaver down ontheRig, the crew abandnedthefl oor.

Clogngtheannuar preverter before the safety valve wasstatbedin the top of thework stringisnot in
acordanceto the HerculesWell Control Procedire. Such ation calld cawse the pressure to beincreased
onthework string, forcingit out of the hole and cauld alsoincreasetheforce of the g eda exitingtheend
of the work string making it more difficult to stabthe safety valve. The Driller statedtheflowing
pressure of theWell was alreadyforcing the pipe out of the hole makingit impossble to positionthe
workstring sothat the safety valve coud be stalbed. So hethenclosedtheannuar preventer.

Approximately 6 minutesafter thewell beganflowing atthe surface the attempt wasmadeto shut the
pipeandblind shrearramsto cortrol thewell. Thiswas donefromtheremote station in the OIMs office.
Noneof theeffortsto sealthewell usingthe BOPs were succesful. FFomtheelectronic dataitis
appaentthattheflowing presare of the wel hadreaded over 3,000PSIwhentheseattemptsto control
thewd |l usingthe BOP rams activated fromthe OIM&s office were attempted.

The SME Committee Report notedthat leakage through dl of the blowout preverter stackcomponeris
wasprobahly startingto accur shortly uponclosing the rams ashigh velocity sand began eodingthe
seds, and presaire below the BOP increased. Ther report stated that by 0900hrs the erosion of al BOP
elements was visudly apparentin theflow fromthe Well andconcludedthat erosion waslikely to have
beenfatal to the ability of the BOP se&lsto contain the pressure.

The SME Committee Report discussedthe posshility thatin addition to erosion, the BOPGs ability to
contain the presaure wuld have beenfurther compromisedafter the accumulator hydrauic control
pressure hadbled off.
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The SME Committee Report madeno references to the patential effectivenessof BOP locks (to had the
ramsin aclose position once activated), if theyhave beeninstalled onthe BOP. TheReport did presenta
detail discussion documerting the probahlity that thelossof hydraulic control fluid hadalsopreverted
theclosing of the choke line high dosingratio (HCR) valve. The openHCR valve wasanother path for
theuncontrolledflow, one thatwould have been waffectedby anyhypathetical BOP locks.

The SME Committeeclosaly reviewedthefacts of thefailure to closethe HCR valve andindicatedthis as
being onecause of theeevation oftheinitia lossof control to thelevel of the Incident. TheSME
Committeenotedin thdr report that theybdievedthatthe high pressure in the well andalossof
hydrauic closing pressure combinedwith the sand erosion, would have allowedthe blind shear rams to

begin to leakcontinuowdy ata high presaure evenif they had sucessfully sedledinitialy.

Fromthe SMECommitteeRepat: i Gsmoving through a snall opering at sanic veocity and carrying
sandis known to cause very high erosion ratesthat can cutthough stedl in a sort period of timeé .
inspection of the blowout preventer stackshovedsevere eroson that cutthroughthe sides of the stack
bodyat the lower rams where the flow fannedout from betweenthe rams on each side of thedrillpipe.
Evertually, much oftheinterior surfacesof the stack were erodedaway andthe drill string was gjected
fromthewdl. o

Erosional Effects of High Pressure Flowing through a Restriction

In produdion ergineering high pressure flow through small orifices,specifically through chdes, taslong
beenknown to lead to patential internal damage induding severe erosion of thechoke if conditionsare
not carefully monitored. Calculationsregardingthe eroson of choke bodesfromtheflow of high

pressure liquidsat the surface are routingly usedto properly design cantrol of a produdngwell.

Thepaenia damage anderosonto production equipmert, trees, flanges,chdkes, ec. from high-rate
flow can beillustrated byreviewingthe principles of prodiction ergineering, esgcially chdke sizingand
theory. Onesuchexample can befound in this 1998 Jouna of PeroleumTechnology (JPT) article

auhoredby Geage King Engineeingthat is availadefor review online as a series of dides.

http://gekengineaing.com/DownloadyFree Downloads'Production Choke Basics.f
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Figures41,42, 43(below) are didestakenfromthe King Engineaing review of choke bascs. The pgper
notedthelarger the difference betweentheinlet andoutlet pressures,the higherthe potertial for damage
to theinternas of thechoke. FromtheKing Engineeringreview, when ddtaPratio, [(Py T P,)/ P4] rises
above 0.6, danage islikely to occur. Thereview notesthat whena chdke provides a pressure drop,
enagy fromthedrop islosthy: increasedvelocity; vapaization of light hydrocarbonsto gas;
vapaization of water; cavitation; andor heat production assciated with liquid friction.

Pressure around the choke

Inlet or well
pressure, P,
_

Pressure drop through the
orifice

Presstire “recovery” , P,

VENA Contracta Phenomenon

P
r Py
e
s Delta P
s
u ] emm—————— ey ——— P,
: Recovery
e
Distance Flow Traveled [

The consequences of the low pressure region in the choke can lead to severe problems with
cavitation and related flashing (vaporization).

Figure4l: Presare drop duringflowthrough achoke
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Problems

* The larger the difference between the inlet
and outlet pressures, the higher the potential
for damage to the internals of the choke.

* When delta P ratio (i.e., (P,-P,)/P;) rises above
0.6, damage is likely. Changes in choke type,
materials of construction, or choke
arrangement may be needed (multiple chokes
in series for high pressure drops?)

Figure42: Problems createdby high differential pressures

The velocity profile and pressure drop across a choke with a large pressure drop — opportunity
for erosion is very high.
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Figure43: Vdocity profileand pesure drop acrossa choke
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TheKing Engineeging review preserted pictures of erodonal damage thatcan acur from micro-finesin
thestreamand dher damagethat canrealt fromahigh ddtaPratio. Thosepicturesincludeeroded
chdke bodesand flanges,and aschematic of the turbulentflow path that helps causesuch erosion.
Figures 44 and 45are examples(not fromthe King Engineeing presertation) of a chdke bodyeroded by
cavitation ard/or finesin the well stream, and adelta P ratio over 0.6.

Figure 44: Choke baly erodedfromhigh ddta P andmicro-fines
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Figure45: Chokebodyerodedfromhigh deta P andmicro-fines (2)
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Thedamage to the chdke body shown in figures44 and 45bears passing simil arity to the damage
obsevedto besustainedby the BOP onthe Well during the Incddent(figures46, 47).

Figure47. BOP erosion(2)
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The problems of controlling high presaire production andthe damage and eosonthat occursin
production systems beas a supeficial simil arity to the erosiond problems encounteredwhen aBOP ram
dowly closes on ahigh pressue flow. The SME Committeenactedthe sand-cut damage to the BOP in

ther Report anddiscusedthe signifi canceof the damage:

fié Further, it is believedthat this high presaure in the well and alossof hydraulic closing pressure
would have all owedthe blind shar ramsto begn to leakcontinuausly at a high pressure if they had
sucessfully sealed. Gasmoving through asmall opening atsoric velocity andcarrying sandis knoan to

causevery high @oson ratesthat can ait thoughsteelin ashort period of timeé .0 (emphass added).

Blowout Preventer diagram showing

different typesof rams. {(a) blind
@ ram (b) pipe ram and (c) shear ram

Schematic view of closing shear blades — | — start; |1 —after 20
seconds; Full closure after 30 seconds.

[MNote: schematic created usingimages from Wikipedia, see- http f/en. wikipedia.org/wiki/Blowout preventer]

Figure 48: Why blind shear ramscreate production choke
conditions
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Thesimilarity of the orificecreated by the lowly closing blind shear ramsto the orifice of achdkeis
illugratedin figure 48. The ddta P of theflow corditionsof the Well whenthe attempt wasmadeto
cortrol it by adivatingthe blind shearrams canbe caculatedasfollows: deltaP = (P1-P2)/P1,or (3,000
ps-14.7p$)/3,000 psi = approximately 1.0which isthe maximum attainable in this calculation. The
cdculateddelta P for the surface flowing condtion of the Well wasmuch hgherthanthe 0.6 that would
theoretically begin to create severe damage if apdiedto production equipmert, regardless of the
addtional erosional effects of sand entrainedwithin the producedfl uid.

Drilling Rig-floor Crew Response

With respect to therig-floor crewd well control respnse the SME CommitteeRepat concluded:

procediresthat occurred[emphass added. Themost significant well cortrol compli cations
identifiedwere:

na. ageefevgl fluidintothe perforatedinterval of the 8800 ft Sand that compli cated the
eally recognition that the well had startedto flow. Thefirstindication ofa kick occurred when
tripping operationswere stoppedfor about sevenminutesto changeout pipe handling equipment
and a 1.(obl gainin triptank volume wasrecorded. Actionswere not takento shut-in the well
until 18minuteslater when thewell beganflowing out of the drillpipe.

fi b . idergaseinflowfromthewell soon after the shu-in procedure wasinitiated.

i clnsufficient length and weight of work string remainingin well to allowthework string to
movedownward freely sothatthedrill string safety valve could be quickly and safely installed at
thetop of the work string. Possble causesof this complication are:

i. Closureof theanndar blowout preventer wasinitiated kefore the attempt wasmadeto
install thedrillstring safety valve andwdlbore pressue bdow theanrular pushed the
drillstring up.

ii. The upward flow of presurizedwell fluid was of sufficient velocity to
geneate enoughupward force ontheworkstringto prevent it from
moving downward freely. 0
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ThePard interviewedthekey personnelon bard theRig induding theentire Rig-floor Crew. An
attempt wasmadeduring the interviews to determinewhy thelossof control of the Well wasnotapparent
to the Rig-floor Crew before the completion fluid began Bowingout. Thequestioningdid not receive
definitive answers fromthe Driller to specific questions abaut inatention, inexperience Jackof training,
or afaulty standard gperating procedire for cheking awell for flow during a period whenlossesdueto
seepge are occurring. No evidencewas presented to the Parel that alarms, suches flow or gas, ortherig

were operative or awdible during the well control evert.

TheDriller andother Rig-floor Crew stated that theyhad notseen alossof cortrol eventsuch asthis
before. All statedthat theyhad keenthrough well control training but that this Incident hadnotexhibited
thewarning signsthat theywere famili ar with. Statements were receivedthat the trip tanklevels were
being checked every 5 gandsto corfirm thereading of thetrip tankvolume gawges being monitored by
theDriller. However, noeledronic dataindicatedanypausen trippingtime every 5 gands.
Furthermore, duringthe 12 minute pawse to change thedrill floor equipmentfrom5-into 3 X¥2-in, atime
whenthere was a pit gain indicatingthe Well wasflowing, noneof the Rig-floor Crew statedthatthe gain

wasobsrved, anl it wasshown that the pumpswere not turned off to check for flow atthattime.

Whenaskedwhattheywould dodifferently after experiercingthis Incident, only the possihility of
circulating bottoms up atthe top of thelinerwere mertioned. However, the SME Committee Report
indicatedthat evidence of thewell flowingwasavail able many minutesbefore the Incdidentbecane

obviousat the surface.

BOP Design, Configuration, and Regulatory Requirements

BOP Stack

Cameron manudaduredthe BOP dackusedduringwell-related activities by the Hercules265in

compliancewith APl spedfications. The supject stack wasdesigned andested in acerdance with API

Spedficaion 16A. BSEEs information manayementsystemconfirmedthe BOP stackfor the Hercues
265 hadan API RP 53Certification on 5April 2013.
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RAMS ON TOP W/STANDARD

4 1/16" MANUAL GATE YALVE 4 1/16" MANUAL GATE VALVE

CAMERON TYPE U 13 5/8" 10000§WwP
?;W%ummm

2 7/8°%5 VB8 GALLONS TO CLOSE (to.&mmum)l

Figure49: Schenatic of Hercues265 BOP dack
At thetime of the blowout, the Hercules265BOP asembly conssted of thefollowing:

A An annliar BOP,which are rubber-metal composte e emerts cgpabie of closing aroundthe
drill pipeto seal theannulus.

A Two variable bore rams (fVBRs0) designedto seal around seeral different sizesof drill pipe

butdo not shex or otherwiseaffect thedrill pipe.

A Blind shexr ram(sametimesreferredto asfiBSR0) consisting of both a cutting andsedling
elementand designedto cut thedrill pipe andsed thewell.

A Choke andkill lines,whichare high-pressue linesthat ledfroman oulet onthe BOP gack
to the chake and kill manifold.
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Completion BOP Regulatory Requirements

BSEEregulations, 30CFR 250 Subprt E, establishcertain requirements relatedto BOP dack
maintenarce, testing, recordkeepng andinspectionsduring compl etion operations.

BSEE condatedaninspection onthe Hercules 2650n 21 June 2013andissuedan incident of
noncanpliance (INC) to Wdlter for not having adequate docunentation of a high pressue testduringa
BOP testthat was corducted on 16June2013. BSEEd soconduwcteda complete drillinginspectionon 19
July 2013.No INCs wereissued.

All recordsreviewedby the Panelindicate that the Hercules 265BOP stack asconfiguredandinstalled

wasin compliance with BSEE regulations andwith the approved permit testing requiremerts at the time
of the Incidert.
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Conclusions

The Incident

On 23July 2013,the Souh Timbdier Block 220 WEII A-3 STNo. 1, lypass No. 3wasbeing completed
usngthejack uprig Hercules265,whichwasin paition overthe ST 220AA0 Platform. TheWell had
beenperforated underbalanced bytubing-corveyed gunswith approximately 15 barrels surgedfromthe
resrvoir after perforating. Completionfluid usedwas 15.7 pous per gallon (ppg) filteredZinc
Bromide (ZnBr2).

Upon opaingtheby-passo kill thewell after perforating, thewell went on vacwm with an atimated
lossrate upto 460 kerrels per hour of completionfluid. A hydroxyl ethyl cellulose(HEC) pill wasspatted
andthe completion fluid dendty wascutto 15.3 ppg. After the HEC pill hedledtheformation, fl uid

losseswere reduced to anestimated 3-9 barels per hour.

Trippingthencommencedo pul the gunsandbattom hole assembly usedfor peforating. During
tripping, seepge lossesof completion fluid continuedto beexperiened. To limit thefluid losses,the
hydrogatic pressire of the completion fluid column wasreduced bytop-il ling the hale with 15.1ppg
ZnBr2 to redacevolumetric pipe disdacenentand lossesto theformation.

After tripping out of the hole for approximately 4.5 haurs, thewell suddenly beganflowing. The presarre
built uprapidly and beause ZnBr2 fluid discherge, positioning of the box endof thework string, and
high flowing pressure, the safety valve coud not besetperHerculesdlossof control procedure. Attempts
to cantrol the Well by activatingthe BOP anmilar fromtherig-floorfailed. Minuteslater, attempts to

adivate the BOP piperams and bind shear rams froma remote station failedto control thewell.

As aresut, thewell floweduncatrolledat rates estimatedto be upto 400million cukic feet of natural
gasperdayfor three days before bridging. Theflow of gasignitedandthefire destroyedthe platform
and poduction eqlipment, and danagedthe MODU. Theunantrolledwell requiredthedrilling of a

degetion-relief well to complete control.
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Tota damage fromthe eventis estimatedto be more than $10million. Reservesof natural gaslost during
theincident are estimated to bebetween500 mmcf and over 1 BCF of natura gas. The Hercues265 was
sucessfully evacuded with noinjuries before the well ignited.

Cause of Initial Loss of Control Downhole

1. Thelossof control downhole wascaused bythe failure to use acompletion fluid densty sufficient to

over bdancetheresevoir pressure after it wassubjected to dowvn-hoe heating.

2. Duringopeations, reduction in campletion fluid density to limit losseswasundertakenwithout anew

fluid dendty cdcuationthat considered the effect of temperature on clear brine dendty

3. Therig-floor personrel fail edto recognize theloss of well cortrol in time to take cortrol actions
whiletheeventwasdtill it its early stages. Thefailure to recaynize the impendnglossof control on
therig-floor wasprobably causedoy combination of pasomel inexperience, inattention, afaulty
opeaationd practice, ar/or afailure of trainingto addressoperationswhile experiendng seepaje
losses.

Cause of Failure to Control the Well

4. Falure of theRig-floor Crew to recognize thelossof well cortrol in atimely manne madeit
impossble to foll ow thewell control procedureswhich cdledfor stalbing the safety valve ontop of
thework string asaninitial step. By thetime thelossof well control was recajnized andcortrol
measuie begun, the force of the g ecting fluid on work string postionedit sothat the sfety valve
coud not be stalbed.

5. Theinitiation of the emergencyprocedire seqienceto adivate BOP elemerts was dd ayed becaiseof
the Rig-floor Crewés fail ure to recaynize thelossof well control in an ealy stage. Activation of the
rams wasddayed unil flowing presaire was sohigh thatcavitation, sand aitting, and danage to
rams, BOP corirol lines,ard hydradic circuits was likely to occur while the rams closed. This

probably would have preventedthe BOPsfrom creding a permanentseal under the circumstances.
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6. TheOperator andRig Contractorés procedure to hardle alossof control eventwas inadequate in that
it did not addressthe capecity of ZnBr2 completion fluid to burn theskin andblind vision. This
createdanenvironmentthat madetherig lossof control procedure difficult to initiate evenif

postioning the pipe andequipmenthadallowedit to be accanplished.

Cause of Fire

7. Thefireocaurredafter thelossof control and the failure of the BOP to shut in the well. The blowout
wascomposedof natural gas flow estimatedto beup to 400 MMCFPD, with large amourts of

formation sand. Uncantrolledflow of large quantities of natural gasinto the atmosphee reallted in a

large explosive mixture of air-methane. The source of theignitionis unknown.

80



Potential Enforcement Actions

Theappropriate BSEEDistrict Office should reviewthe Parel Report in detail. The District shauld
consderthe Operator / Rig Contractor relationships tha existedat thetime of the Inddent and $iould
consllt with BSEEmanajementto determineif theissuanceof an Incddentof Non Complianceto the

Contractor isapplicable.

Duringitsinvedigation, the Parel found evzidencethat Walter, and in some ingancesits contractor,

violatedthe following regulationsin eff ect at thetime of the blowout:

A 30CFR§ 250.D71 Walterfailedto protect health, safety, property, andthe ervironmert.
Walter andHercules did not perform all operationsin asafe andworkmani ke manne.

A 30CFR§ 250.011 WalterandHerculesfailedto take ne@ssary precautionsto keepthe well

undercontrol at al times.

A 30CFR§ 250.451 Walterfailedto design andimplementafluid programto preventtheloss of

well cortral.
A 30CFR§ 250.801 WalterandHerculesdid not complete the well in amannerwhich protected

againstharm or damage to life, property, ndural resaurces,the Nationa security, or the

environmert.
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Recommendations

It isrecanmendedthatBSEE corsider issuing Sdety Alert (s) that containsa description of the incident

including the conseqiencesandthe causes, andd erts operators to the following:

A Opeators shauld be aware that clear completion brineslosecorsiderable dersity when sibjected
to dovn-hde heating.

A Opeators shauld insure their professional and operational personrel review theliterature, and
take the effect of temperature-causedossof completion fluid dersity into condderation when
desgning completions, workovers, orre-completions, or whenalteringthe completion trine

densty during opeations.

A Operators andRig Contractors shoud review thetraining of their drillers andrig-floor crews, and
the standard well monitoring procedueswhen operating with openperforationsand sgnificant

seepge lossesof completion fluid.

A Operators andRig Contractors shoud review their procedueswhen tripping a tapered string to
ensue al crossorers andother equipmentincluding the top drive pins,are changedwhen anew
sized ppeisencowntered.

A Operators andRig Contractors may wantto review their paliciesregardingthe early adivation of
BOPsandthe training of their crews to understandthelimits of aBOP to seal awell after aloss

of control.

A Opeators andRig Contractors shoud review their rig-floor procedures whena caustic
completion brineisin thewell boreto insure the effect of a spray of that completion brinewill
not disruptthe standard well control procedure.

It is alsorecommendedthat managementcorsider reviewing methodsto recover royalty revenuefrom

the Operator et Al. relatedto theloss of resavesduring the Incdert.
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