Baneﬂts of the Cappmg Stack

Assist in Welt Kill & Pcm K1!I Operat)ons _' ;
; Diagnosis of waelf i mtegmy pre kil¥ ‘
- Ability to backpressure wall

; ‘Stabilisation of well pre-aid past cemermng
2 Foss!bﬂw of Shlming In Wl

Fullehutmft:rextendedpemd R

Temporary Shut i capabmw
< Ingreased pressure ldaeueased ﬂow
Ermble Full Collection Opnons

. Multiple vessels, full coliachon wrthout teakage

Abimy touse: sxpmt flow line

; : Possihﬂrtv of Humcanu wsli storage np’aon Bt
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Risks & Concerns for Shutting in

Wall & formation Integrity issues
+ Canwe distinguish between depletion and leakage from the well?

» What is the consequence of leakage, and ultimately broaching to
the seabad

- Ca?! wa adequately monitor to detect significant teakage from the
well.

Operational Issues :

» Gauge accuracy and dependability

+ Communication and dacision making

+ Practicalities of opening well

Expetimental Method

» Can we tell anything from transient behavigur?

« Do we need to bracket flow rates priot to starting the test?

£
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Schedule

« Earliest start of well integrity test is midday Tuesday, but
subject to the aperational complexities of 3 ram stack
instaliation

» Contingency schedule is Saturday marning start

KNOWN ccnmﬂous
3000

.. 6000

a

-

o BOP re s o
4000 |~~~ e momm e mm e SR PSR 415D peia
mwa‘ 50 75

‘ Flow, mbd j .
3
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6000

Fmsure—. psi-

RANGE OF WELL CONDITIONS & &

Base:of BOP pressure for dtfﬁsmnt :
flowrates with ambient pressura al
~top of BOP' A A

c‘mmm 'basc of
"1 chalvisanbeiadeokeln oo bttty ~ A i --’-".al--- OF pressure,,
1 R o i it it S R e ) i i, s e . Seabed PFES.?E“E.
zmn' - -
‘ ‘Flow, mbd
_ Shat-in pressure ' ;
Aastvly : WELL SHUT-IN S
' Base of BOP pressure for different
ahm flowrates with ambient pfessure at

: lnpu{BOF' A A

€000

Pressure, psi

* iiivant bdss ot

4000
BOP pressure
S rakig S b L e e F
2000 - '
4] : 75
Flow, mbd
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Shutin procedure - (L2 P

g

Emerpnse wm already be. dssconnected for 2 ram stack mstalianen, but on T

stand-by with TogHat 7

-3 ram stack will be installed with rams apen and 2x%3" ouﬂets closed

* Helix Produser wﬂl ba shut down isolated, and an standhy ﬁf

comImi ssmned}

- Q4000 will be shut down, isolated, and on st’and by

At this stage all tlow will be out of the te:p of the 3 ram stack to sea v:a
~ openrams 5 _ _

| - Shut-in procedure continued

w

o

» .

3" yent line will be opened
3" choke will be opened fully
Middié rams wi'll'be do's‘ed

Al flaw now out of 3 chake to R
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- Shut-in prd.c__edﬂre continued

» Close 3" c:hokéby specified increments,

« Increments will be planned in advanca but with Qperetfcnal

. response possible - 5
o Momtor base of BQP and & ratn stack,, pressures !hmughom:,‘..

|« Hold temporarily when just abova bubble pmm 10 get 5!“918. i
o | phase fluid in well

» Proceed to closure

" hciuivele dutig e

» Estimates of ﬂawrate will be made as a function of choke
valve posmon Cv, and pressure drop -

'+ Plot of pressure and estimated ﬁowrata will be developed

v Pressure respertse will be evaluated befare next choke
~ increment
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Pressure response

» Saconds - {0 see a response to a valve change at the BOP

» Minutes - to judge the magnitude of the résponse to that
valve change

- = Hours - to get to quasi steady state once the well is shutin %

v Days ~for the reservoir prassure to raqovﬁfaﬁdg'raduéﬂy. S
- increase shut in pressure to final steady state _
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Charactenstlcs of Resewalr Depiatlon [ Buﬂd Up 3

-Kev Pa:ameteis Ci Aqu:fat Qbrmludmg laakage if nny)
'Aasumnum,s‘ i '

. Sensitivitles:  C: 200 psia, +100 psia (6, 18 jisips}
e Aguifer 800 psia, +mﬂpssa [ None, 14x]
Q- -3B0psia 180 rribd]

- -mai MSBE Pressure' : 9 350 rvost sy = “:350 '” 600 psia

L fS l Bottczmhole {and hence tubmg head) pressure will start at 1,600 =

~ 3,000 psia below thzs tbut 0% of thls dsfference will d:sappear in
E hours } -

 cases in sad wers Usad for SITHP eaiculations.

@ ne dfﬂ.i;!" Iaw Cr, h;qﬁ fﬁw 'ﬁ)ﬂ&"

: Characteristics of Hesefvmr Depletion / B:q.ﬂd Up 4

 Base Case, with Bulld-Up Charactrististics with and without leskage

AN R0 - A0d T ee W an ah 40 .cm.J
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Well Integrity During Shut— In
Operations: DOE/DOI Analyses

July 9, 2010

Bk : =

% EUSGS 0 L aiamos () B, B S
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Report Outline

; is‘éués to be Addressed

Background

- Geologic Conditions

Wellbore Flow Condttians

_-Conclusrans and Recommendations '

Issu'é-s- to be Addresrse'd L

‘Are geologlc conditions conducive to an

uncontrolled broach to the sea floor during
shut in, assuming a lack of well integrity?

Can well integrity be assessed by pressure

~ measurements during a shut in?

¥rlimin s
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Background

i e 3 3

Reference Geometry -Below Mudline

Legend for Stratig
Celumn:

foc e

30
% lhm!-

11
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AdVantagesfof_In;stall_ing Well Cap

»  Well cap will alibw full captu're‘_of hydrocarbons’.

* Wellcap has capabihty of shutttng in well at
~ seafloor, .
- Well cap provides back pressure, which is beneficial
to kill and cement operatzon

* Well cap provides new capabilities for quick
disconnect as hurricane approaches.

‘Possible Shut In Durations

+ Shutin test
— Minimum duration
— Necessary to manage risk appraprtately

* Duration of Shut in Decisions
: — Short duration (<1 day)
-+ Shart shut in for operational reasons
- Mid-duration (< 10 days)
© _* Hurricane
= Wel kil mntrollback-pressure enhancement
-~ Long-duration {<100 days) .
* Minimize flow to guif
« Minimize hazards to personnel
-« Focus resources on well kil

weew
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Geologic Conditions

Tt . &

Data Reviewed

The foliowing were examined from the Macondo #1
and other wells in the vicinity, including relief wells:

~ Logging-while-drilling data {primarily gamma ray and
- resistivity), wireline logs, and mud logs.

* Geomechanical models and borehole measurements

pertaining to in-situ pore pressure, overburden
stress {lithostat) and fracturing pressure.

. 3D—zseismic-, high-resolution 2D-seismic, and side-
scan sonar collected pre-drill and post-incident.

e
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Consultation with BP
Detailed in-house discussions between BP and

government scientists and engineers on topics that
included: .

'-thholag:c and structural mterpretatrons

sSeafloor mﬂfphoisgy

*Drilling histary and borehole comptetlon

“*Stress and fluid pressure conditions.

_ -'Geomechamz:a! and fracture propagation modelmg
~ *Reservoir modeling and borehole fluid flow.

~ «Kill and cementing procedures. 7
*Microseismic monitoring and multichannel seismic.

FETNR

| Geblog,ic Conditions

Data mdlcata geoiogxcai formattons consist of fine-
- grained, low-permeability sediments such as shale,

 mudstones and siltstones, and few permeable sands'

at or above the 18 inch casing shoe {(~4000 ft below
seafloor).

: Data mdlcate extensional stress environment, which
Lo conducive to vertical hydraullc fracture grawth

'+ Data mdvcate— extstence of numerous faults that are
potential paths for hydrocarbon flow to sea floor.

Significant oil and gas flowing from main reservoir
13,000 feet beiew seafloor to weli-head.

L mgei

.

CONFIDENTIAL

14
IGS700-000161

TREX 008660.0014



ROCK FA!LUFIE MODES

Hydrofrac

Shear
Failure

~ High Diftsrential -

FRIGTIONAL
SLIP

M'at':'oado Well 1: WHP for Frac at 18” Shoe

0 : . 5000 10000 psi
. ’ Cmaﬂpﬁmwm _lhﬁzalebdRqus

e

= BusstDiskSub !

Mwmwsopﬂr

Ftac Ffmmwa N | o m lass ol ~5250 8 $-530 o)

PorePressureX X Overbovden £

15
CONFIDENTIAL =  1GS700-000162

TREX 008660.0015



-4 3D Semmlc Line 1?.2_8;2 Through
- Well Location MC252#1

W

|- Maieoms rortwed by B acese sres o

5505 feet below sea level: just below seafloar. With depth, this fault

intersects the M110 horizon, and could be a conduit for hydrocarbon flow.
Afso visible are possible degassing or dewatering venits. These arg
patential sites for monitoring,

33
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Imphcatlons of Geologzc Condntlonsw 1 |

* In the event of a casmg leak, geologn:: forrnatzons -

- and in-situ stress field are conducive to hydraulic
fracture propagatmn from the 18” casmg shoe to
i the seaﬁoor _

. Pre—exnstmg fauits t:an also serve as cenducts fm'
~ hydrocarbon flow to seaﬂoor :

. Limited thickness and areal extent of sand layers at
and above the 18" shoe suggest that vertical
fracture growth will not be significantly inhibited -

~and that storage for hydrocarbons fmm a casing i

; }eak wﬂl be hmated

R 3 . NE

s P‘bﬁs;ib!e Adverse Effe-t’:ts of Wéll Shut-l'n"_

in the event of a casmg leak; geoiogm conditions are
conducive to a broach of the seafloor by
hydracarbons dunng shut in, whnch would have

- serious consequences .

e There would be an uncontro!led reiease of
hvdrocarbons into the sea.

- : This could resuit inan inability 1 to control
- wellhead pressure, which could seriously
jeopardlze the bottom- kill and cementmg

; operatlons :

NS : - 5 i S - F

CONFIDENTIAL

A7
IGS700-000164

TREX 008660.0017



Flow in Well Issues

i g Pr:ncma! Questsons to be Addressed

= Ah Can weil integrity be determined during' short-duratinn
shut-in?

- B. Can wﬂi integrity be determmed duﬁng !unger shut-in’

o D' Can the ﬁaw rate thmugh the disks be bmmded?

e . Foﬂewing analysis assumes that al leakage t° the

- formation is through rupture disks. ;

« Other fluid-flow pathways out of well arealso
possible. In fact, one reason for doing the shut<in
test is to determine if there is significant. unknown '
ciamage ta the wellhore ; R

'.—.;znr,!zc,m FR b . g T R ; B o
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Flow in Well Issues
Shut - In Pressure (SIWHP}

* Principal Uncertainties (1 observation dependent on 3
processes)

— Extent of gas volumes after shut-in
- Reservoir depletian
— Leakage and flow pathways
* Government Assessment
~ SIWHP range: 8250~ 8750 psi (No depletmn ~No Ieakage)

-~ Na independent means of verifying reservoir depletion
¥ SP estimates an uncertamw interval of BGB psx

; dep!etiom depends on the ﬁew rate, resewalr propemes. and the'
- of the reservolr volums, ;
— Combined intervals span 1300 psi range

R

Flow in Well Issues
Leakage Through Burst Disks -

* Principal Uncertainties
— Number of disks open
-~ Diagmeter of disk opening
~ Flow rate through disks
* Government Assessment ;
~ B8P asserts that a maximum of 6 disks could have burst

— Government has not independently analyzed accident scenario.
! gar the purpose of our analysis, we assume that & burst disks have
urst. :
~ Flow = 550 bopd/disk inta formation for 1/8" diameter disks
.. = Disk diameter can increase through erosion. Recommend BP
 testing or analysis.

* Limited data from other application suggests 6 hours of mud flow
would resuft in-< 20% increase flow rate

et B

19
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Flow in Well Issues
Measurmg Lea kage at Shut ln

« Principal Uncertainties
~ Sensitivity of shut-in pressure to leakage compared to shut»
in pressure uncertainty
* Government Assessment :
- Sirnpﬁf‘ed to Complex modeis -&ssumptzons in next s«hde,
detm!s in Ap;zendix A and B

will decreasa hy approximately 50 psr Thus, for a 1300 psi
uncertainty interval, this sensitivity corresponds to a flow of
the scale of 25% of the flow from well head {assumes
current leakage is small compared to well-head flow).

~ Flow in Well Issues
Basic Model _i-n_'g Assumptions

« Modeling requires assumptions of the current well candition.

— There s a significant resistance to flow in the well as illustrated by the
4300 psi BOP ure measurement. This can be distributed to a
deep and shallow choke. However, from steady flow obsewatim one

. cannot delermine the distribution of these resistances.

— Al wells bave some resistance to fluid entering (well drawdown and
skin resistance). We cannot measure this, but we can determine this
@53 function of the total flow rate if we assume other blockages
*low ‘choke) are small. The total fiow rate must include the cross-

{we have no way to measure cross-flow).

~ ‘Any resistance assigned to a top choke makes the mode! predictions
of well head prassure less sens:hvetn cross flow.

- Simple scaling analysis shows that our inability in determining: the
current condition results in an Inabtﬁty in predict & shut in pressura
Our major unknowrs are: :

» distributing resistance befween 3 deep and shalow choke
* inability in measuring the current cross flow
» deplationof reservoir
+ elevation head

2Ry 4
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_ Flow in Well issues Fw
Value of Discrete Steps Durmg Shut»ln. i fis

. Prmcmai Uncertainties _
= Flow Measurement during shutdn £
~ Limited number of measurements. ﬁurin'g s‘han >
S Transient conditions. dum'tgshut—m L ; !
iy BP Technical Staff Estimates of Capab;laty :
~ 3 perhaps 4 discrete measwaments i
+ Government Assessment ok 5

= Very difﬁcuittomake quantitafﬂve determmatwn from 3-4 S
measu!‘ements b e

Fl‘ W in Well 1ssues
Flnw Rate Baunds 1

“f + Government Assessment -
-« Therg is no pressure for which it can be conc!usively :
-+ asserted that the well has zero flow out the burst disks.

~ However, flow rate can be bounded {next shde)
* Bourd mfomed bywetl performance
= Theoretical upper bound for giveri flow arga 4
= Leakage flowinto geﬁioglt-,madia must be caﬁsldered
" possable far allscenarios. :

WSty L T R R R B O o

CONFIDENTIAL o . 1GS700-000168

TREX 008660.0021



i -zgcurrﬁntlvahm sand smre pressum' Rt ;urrghz;yat ag;ﬁ@gmﬁkm@w_, oy

CONFIDENTIAL " 1GS700-000169

TREX 008660.0022



Flow Sensitivity To Changes in Smk
Pressure

d Scenarlo

- Assume leakage from weli it oceurs, is limited to the
burst disks (ignores possib]y more extreme damage to the
wellbore} :

~ Model back: pressure amside the burst disks. as:
- * Pore pressure. {canservatively no sktn}
“ Fracture: pressure
* Hydrocarbon column tg seabed
‘ Conse'que'nces For
~ Leakage flow rate
- Kill difficulty

o B{GaCh eappiﬁg :

R : [ ! -

Dec:s:cm Cantexthecommendaﬂons
Response Determmat;on

- Shu’c in pressure can be qsed to discriminate three categories

~— Pressure > 8000 psi

« Well may have integrity but this cannot be assured dueto
" unrertainties, Leak rates from worst case scenarios are bounded.
Broach is possible but there Is a low risk of 1o the well killing and
-cementing operation.

= 8000 psi > Pressure > 6000 psi

* Wetl does not have Integrity, Discharge into formation ls O Worse

than current discharge rate from well head. However, there s a
moderate risk to the well kilfing m’id t:ement opefation

— Pressure < 6000 psi

» Maore'is wrongin the well than just blown burst disks. Drscharge
into formation is greater than current discharge from well head,
.+ and broach to seafloor Is Ukely far.. There is a high risk to the well
_ kiill ng and. cementing operation.

e ' : ; - O
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~ Conclusions and Recommendations

PR s i e e e &

o

* the sea floor and cou

* operations. Therefore: - - LR

- — These operations should only be undertaken after results
of short term shut-in test are analyzed by BP and reviewed

Risk Management Recommendation

A successful well kill and eemaﬁiiﬁgfperaﬁon is the highest
priority and should notbhe putatrisk.
The risk posed ! ’y a short-term shut-in test is acceptabie if the
test is required for operational reasons. However, to avoid

- possible broach to the surface, the shut-in period should not
. exceed 1day. We see little value to-a step-rate test.

Intermediate and .Imetanﬂ;shut;t_n% could lead to a broach to
d jeopardize well kill and cementing

by the government. :

- =~ Long-duration shut in should not be carried out unless Bp

can demanstrate the capability to continuously monitor

: fracture propagation to the sea fioor (e.g., AUVs, seismic).

TR : ; - ! L L
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Risk Management Recommendatuon

Recommended Shut In Protacoi

Poea0pm -

m}m <P dﬁm;;;

P <8000 pe

~ ‘Green: Riskis. }ow
= Yellow: Riskis maderate'ta Mgh
- Red: Risklsunaeceptable

if wei!head pressure« dunng test stabifizes at< 5000 psi then test shauid bse

: immediate&y terminated

Government Rewew Team

Pro]ect POC e
.~ Sheldon Tieszen - BQENmI Labs

+ Flow in Well - * Flowin Geologic Media
~ Curtt Ammerman —DOE Nati, Labs - = ‘Steve Hickman ~ USGS -
~ Ron Dykhuizen— DOE Natl, Labs = Paul Hsleh - USGS -
-~ Mark Havstad ~DOE Natl. tabs = Walter Maoney ~USGS
~ Charfte Morrow ~DOE Natl. Labs ~~ ~ phifl Nelson~ USGS
‘~ Marty Pilch - DOE Natl. Labs e c:amy Enomow usss
LR oA : Ly ‘ : i i
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' ‘-“'35\;_:Commumcatsons AR Ao e

: t,_ W&llSi’\uMﬂ TesiSPA L y g RQVCDm“d

- Stacks (Honzon and Bvﬂam} SPA-
- Seabed SPA g :
Data SPA

Ofru:ral Logger .

[ |

17.

i -Tm Dum!iun ¥

Sucms t‘..‘ase

- Valve rmvemeﬁts and mma! pressura hm}d-up ~612 haurs g

s Pressuremomtormg Lo oo 24&6“75}:“&3
Cmpmmtsad !ntsgﬂty Case il A fot

e Valve mwemsntandmmal préssursbuﬂd up o8 haurs

e Comammem vasseﬁs on s’candbvtornsume nperatsnn i
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'ROV Plan

ROV Airrabioh withinProvedurs 0 T et ‘rimrng

» Bass of BOP Pressure Monitoring: : e Continuous
“» ~3-Ram Stack Pressure Monitoring i Continuous

» Choke Manipulation {cpen) = : : 10 minutes

+ Open chioke isolation vatves : © 10 minutes

w Opend” ventvaves ‘ e 10 minotes

s Close miiddie rams PN T _ 10 minates

» Closa3" ventvalves. ; 10 rminiites. |

= ' Manipulete choks :  Duration of test -

' RQV Placement e 5. :
« ROVI  Valve Manipulation L R i
« ROV2  Baseof BOP pressure . i .;,\_‘

¢ ROV3  3-Ram Stack presstres : _ S
.+ ROVA  "Metal" laak surveilance o
s HOV5  Seabed leak surveillance . - ,

Redundancy provisiin being developed

a7
CONFIDENTIAL ' ' 1GS700-000174

TREX 008660.0027



_ it rrfy

Subsurface: Defining absencs of break out from the wall

" Seismic methods for identification of amvuv, or chmgn, in the subsurfase are:
Mﬂa Seismic
=~ Acguisttion of targeted 2D Semmc Linas over well {Siandard, MRor HR}
~  Proven publishad post-blowout mathodolegy (Norway, Canads snd Vietnam):
« - Dagres ﬁiWanﬂs& mw, mn of mfiama ammmg &hh!gﬂ! ugm 13 mgﬁ,
= Acquisition of a 3D seismic woiumafsi.camd on the wall la_t;aum use!f_..
= Gonnts: highly restricTed atcns for 20 untl Reat tapaits (o suido dets
- mpse repeats of mither, or bath, of theabove toincicate stability and o

Hi Degraw of Ambiguity: low - with upmled volumaes showing lang lerm stakility
~ Passive: Sesfcor Nodes

- [nstall Seabed passive listening srray to-identity subsurface avams and nm point
thern: iy XYZ location
~ Stow data tosn round, model drven processing; howsver onoe instelled provides
oNGRING Mmonitening c:apabﬂny

- Dgapen.of Sbigrdty: Beve bu contdhalng in \.AM'L rHage

Other methods;
o, meur)sm {ROV). Sonar Survéys {AUV) and seabed

Aerial View of part of Source Area

s
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28

IGS700-000175

TREX 008660.0028



M110 Structure: Nominal Preferred Line Location

Safest Offset Line Locations ¥

2
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Detectability . A

. Gmoequhﬁhnﬁ“n»pruluﬂhand ignkupouthutmmthﬂatpntmmthr

o _daeetnhiliwdm?

 If hydrogarborns. are a?reath' capabﬁe of flow into farmatmn. and have. baen ﬂuwmg t0
tormation fora sigﬂlﬁeam period of time: dmtahﬂxw of: chargs is'goad, :

- I FpcdrocarTbans are ﬁm fmned into the farmation as & result of shutin, detes:zabﬂity is
dependant on the veiuma being forced fnto the fu:mahm during shutin. i

. Detactxbdlty la:then dependam on; mickness nf iayer aecapnng charqa and volum offered
; ta the formation aunng that period, : i ;

Seismic Bed Demctahﬁtsty ~9 2’3‘?‘( bﬁd thmkness (assumes AQHZ at M1‘l D)

Detactable: l:harga ’mm 3060 bhls j Babw dstembduty raga:dzass of bed
thickness
; $000 bhls At lirnit of detectability for 10° bed thicknass.

12000 bbls - Modefate to good ooportunity for all cases

CONFIDENTIAL
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BOP Stack Monitoring

BOP flanges and connectors to be monitored
» Horizon BOP to Wellhead Connector

* Horizon LMRP to BOP Connector

¢ Hotizon Choke & Kill Lings on BOP/LMRP

* Flexjoint & Angle

* Flexjoint Riser Extension Flange

= Adaptor Speol Flange

+ 3-Ram connhector to Adaptor Spool

® 3.Ram Choke & Kill Lines

s 3-Ram Top conneéctor opening

By

BOP Stack %
Monitoring
Locations

A
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BOP Stack Monitoring

s Multiple Locations on BOP Stack to bé.monitored

. HO\-{ Resourging
* 1 ROV dadicated to visual inspection
« 1 ROV dedicated to choke operation

* 2 ROVs in immediate darea for pressure manitoring / visual
inspections

CONFIDENTIAL
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Pressure Transducers
Hot Stab Pressure Sensor
« Stellar Technology Incofporated (ST Transducer i
- Madel GT1600
- Sealed and Ratad to 20K psi
=~ Tested to 10K psi

~ Accuracy jper data eheeﬂ quoted at01%
for static conditions. (20 ps

3 Ram Stack Integral Pressure Smnn
(2 Pressures)

« Teledyne Cormon transducers
- Pressure: 4mA > 0 psi; 20mA > 15k psi
- Calibration data suggests
error tend of < 0.2 % (30psi)
Data Transmission;
* . PPT will interface with the
Bcoustic-nebworking system.

Roughly 15 sacands between

consecutive data points:
can be expected. Pressure trénsducers arui panal on 3—

ram eapging stack &

Acoustic Error

» - Sonardyna Compatt 6 units are
fitted with a 16 bit A/D converter :
o Only. 12 bits are used to format the Pressure Range | Ertor
acouslic message — S
«  Actigaty of acoustics is known 1o 2K H 488 pel
Baafamt 15K +1- 386 psi
o 1bit=122mV 5V /4095) ‘

+ Sensitivity {psi / volt! depends on
pressire sensor rangs

e +/-2.44 psi

33
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| Separated Hydrocarbons are Measured by Two Inlet Separators each with:

bp

Enterprise £}

- » One 3" Oilgear fgtron PV (Proportional Velocity) Oil Meter
~'# One 6" Barton Master Orifice Fitting for Gas

- Hydrocarbon Liquids:

‘s Custady transter aceurs during lightering operamns from shrp,pmg
vessel at onshore facility

= Measured in storage tanks strappmgisaundmg miethod

o Separatc:—r oll meters prrmaﬂly used for operational purposes

1C0!lected Hydrocarbon Gas
= Separator volumes determmed txy onﬁcs mater EFM
~# Any unmetered residual flash gas detsrmmed by applying & ﬂash
- factor to the métered wil
+ Total gas volume = measured separator gas + calculated flash gas

| : . 0400.0

ISeﬁarated Hydmcarbnrls are Measured By Irﬂat Saparatur with:
* One 3" Otigear Rotron PV (Proportional Velocity) Oil Mater
» One 2" Oilgear Rotron PV {Propartional Velocity) Oil Meter
» One 6" Barton Master Crifice Fitting for Gas

Hydrocarbon Liquids:
» Metered at the liquid outflow ot the tast separatcr

» Inkine VX multfphase metar used o momtor saparator matar :
performance

Hydrocarbon Gas:
: » Separator volume determined by anf"me meter EFM
» Any unmetered residual flash gas determmed by applying a flash
factor to the mstered oil
= Total gas volume = measured separator gas + calculated flash gas
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Producer 1

: Sepafaiad Hydroearbnns are Measurad By nlet Ssparatorat ? G ‘

R Two Infet Sepammrs
“* Low Pressure Separator
- # Degasser

: Hydrocarbon quuids
- .# Custody transfer oceurs dunng Erghteﬂng operatmns fmm sh:ppmg
vessel at onshom facili ity

“uy Mezered with & 8 NuFIa turbme meter at the outiet of the dw oﬂ
tank when a’fﬂoacftng to storage vessel 2 e

Hydrocarbon Gas SR o
* Separator volumes detemmed bv onhce meter EFM Thi
- * Any unmetered residual flash gas detarmmed by apphnng 8 ﬂash
' factor to the me{ereﬁ ol
. To!azl gas veiume measured se;mramr gas + na}culntacl ﬂash gas

L

Measuremaﬂt Od Chacks

' Entemnse 7

- » Separator ail matef volume is c@mparad to recemng Vasset tank
soundings {currently within +/- 4%)

= Separator oil meter vo!ume is: d:verttad o 100 bbl tank for \toiu me

eompansan e

ER Separator oil metar vqume rs ccmpared to Vx Mulrtphase metar
{currently within £/~ 5%} : ;

-» Separator oil meter volume is dwerfad to 100, bbl tank 1or voluma
comparison i

g ?rgducer ok
o wilt be ava;iahla for uge if 1ﬁd‘lcated

: - Materad oil Valumes will be mmtamd agamst tank gaugmg af
' storage vessal : / :
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- Time synchronization of clocks

+ On board data loggers are time synchronized within thair system but there
is no requirement for synchronization across systems

'+ PT, Q4000 flow, Enterprise flow and Ent_arprisé bpa}diiig prassure data
acquisition systems and video ware not synchronized during the period
&/26~6f30 sl e Gl it

» Time synchronization suirvey parformed on 7/4 showed differances in
clocks based on Coordinated Universal Time (UTC) = 05:00:00 {CDT)

Enterprise T

v
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Pressure & flow recordmg interval and -
reference time

Tcpslde Fae;ﬁm

rsport cﬂl ﬂow& evsry 15 rmnutee

& Time for hoth pressure and How recordings i daturried to the® sh;pvboard

Insight computer time.
Subsea Choke.

« Choke setting change times and sizes will ‘e recorded manually in me
operations raom as the order is gwen/executed

© -+ Time will be datumed to UTC ~5:00:00° X ae
“'Hotizon BGF Stack and 3-Ram Capping Stacl( Preswra Tramdus:urs
- % One ROV can manitor PT_B with & frequency of 1 reading per gauge every 4

‘saconds.

« Another ROV can monitor tha 2 pressurs transducers in-the 3—Rar6 capping,
stack and 1 stabbed pressure transducer wi‘th ] fraquency of 1 readmﬁ per
gauge avery 4 seconds.

located oni one of tha ROV polling vessals.

"+ Pressure sensor readings reference the Bme glock in tha Fugm temmaf server -

&
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Potentral Outcomes and Rasponses

.—$hm n e Interpretatmn | Response
_Prg_ssi.u'e — i 3
L SRS Good!ﬂ%egnwwlow!esbﬂﬂe} |abecdore

i R &PEK ‘ 'Guemmb!mmegnwﬂaakag&ﬂr ta, b, ore
i St | deplation) - _ J e

pex o .Poor.int&gnty. SO

Failod Test

bt ‘
. a e ’Geaa syatem Dpssaling as near currertt condi !;mas gcacncubie; ;
h = Lig capahmw 10 apmc sr-m aktra bactaprgsqum . :
€. Shut vl in for lienites perors ieg Humcanw :
d. - Shutwiel in fof extended pariods,
Top Kill well using 3 Ram stack:

17
.
CONFIDENTIAL — 1GS700-000186

TREX 008660.0039



CONFIDENTIAL 1GS700-000187

TREX 008660.0040



