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« Ajoint industry task force was established to develop an
evaluation tool to demonstrate if a well design and
equipment is adequate for Well Containment.

« The WCST analyzes the well’s mechanical and geologic
integrity to determine which of the 3 following categories
the well falls into:

— Full mechanical and geologic integrity

— Mechanical or geologic integrity not intact, but consequence of
failure is acceptable

— Wellbore integrity does not exist and well cannot be shut-in
without hydrocarbons escaping/broaching to sea
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* Level 1 is designed to expedite approval for wells that

can be fully shut-in without causing underground flow
using very conservative assumptions and simple
calculations

« The WCST analyzes 2 load cases:

— Collapse during uncontrolled flow to seafloor.

— Burst after shut-in with a full hydrocarbon gradient.
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BOEMRE Well Containment Screening Tool Example Well
Wellbore Schematic

1B8-3M" HP housing @& 5187 REB (12" AML) RKE: B1'
38" LP housing @& 5170" RKB (2" AML) Water Depth: 50948°
Mudline @& 5179 RKE (est)
CASING MUD CEMENT
Top [angle] Bottom Burst Collapse PP MW FG
Capping Stack Rating = 15,000 ps
Annular (oelow LMREF) = 10,000 psi
BOP = 10,000 psi
Jetied Seawater-Ge Jet
§170r TND B4TE TVD
5170 MD 547E MD 36" 150" WT X380 552 88+
0 gegraes
26" hole Seawater-Ge
ES mw E.8-13 ppg TOC - Mudline
TOL 16" 7338 MD mudline returns 1007 excess
5187 TND 7880 T™vVD ES Do
5187 MD 7880 MD 22" 125" WT X80 277 2T+#
0 degrees TB50 psi 6470 psi 4.4 4.6 12.5
16.5° x 20" hole Synthetic
116 TOGC - 13417 MD
HID - 13008 TVD
7338 TVD 14400 TVD
7338 MD 14400 MD 112 pe 16" 0715 WT HC M-80 118=
0 degrees 5260 psi 5750 psi 112 11.8 137
14.25% x 17" hole Synthetic
12.7 13-5/8" 0.625" WT Q125 BB 20# TOC - 16872 MD
cross ower at 11500° TWVD HID - 17055 TVD
§170r TND 17438 TVD 13-3/3" 0.514" WT Q125 72 208
5170 MD 17438" MD 124 po 10030 psi 13-5/B" 4800 psi
0 degrees Al 8410 psi 13-3E 2830 psi 12.4 127 1485
12.25" hole Synthetic
Weak Zone {§ 20538 TVDVMD 12.5 nma
\-!. Fesermir 1 - 23246 TVD
17438 TWVD 23780 TVD Pore Pressure = 11.1 ppg
17428 MD 23780 WD 111 po / Flewing = 0.230 psifi
0 degrees Static = 0.3T5 psift 11.1 12.5
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General Well Informatio_n

THIS WORKSHEET IS VALID FOR WELLS WITH SUBSEA BOP STACKS ONLY.

1] General Well Information 2) Offset Well Information

Well Name: Appraisal Well #1 Well Distance/Direction
Lease/Block: Block XXX 1) Exploration Well 1 XXmies SE
Water Depth (f): 6,941 2) Exploration Well 2 Y.Y miles SE

RKB to Mudline Depth (f): 147 3) Exploration Well 3 LZ miles SW
Location (latllong): XXX Lat, YYY Long 4) Exploration Well 4 A A miles NE
Planned TD (ft): 20,500 ft-MDITVD 5) Exploration Well 5 B.B miles NW
Planned Spud Date: MWDDNYYY 6) Exploration Well 6 C.C miles NW
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3) Well Design
Wellhead Description

Capping Stack Description
Casing Plan

Size/Weight/Grade/Connection

GE Vetco DMS-700 Fullbore 2; 15,000 psi
1 x NOV Ram Preventer; 15,000 psi

Top (ft- Bottom (ft-
TVD) TVD)

36", 552#, X56, RL-2HCX
22", 224 3%, X80, RL-45

13-5/8", 88.2#, Q125, Hydril 513
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4) Productive Formation Information
HOLE SECTION: 12-114" SHOE DEPTH{FT-TVD): 12,700

Assumed
fluid ~ Mud Line Shut
Depth (ft-  Reservoir _ Reservoir Pressure  gragientfor in Pressure Shutin ppa @
VD) Fluid ool | s) |calcipsif)  (psi shoe Comments
Reservorr | 16,210 Gas 943 7,849 0.15
Reservorr 2 16,576 Oi 944 8,333 0.3
Reservorr 3 15408 O 1078 1038 0.3
Reservorr 4
Reservorr 5
Reservorr b
Reservoir 7

Level 1 assumptions are as follows:

- Gas fluid gradient = .1 - .15 psi/ft
- Fluid gradient of any mixture of oil, water or gas = .23 psi/ft
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5) Formation Inteqrity Analysis

Frac gradient ~ Max
atdepth  pressure  Is shut-in ppge< FG at depth? Comments

Zone of interest Depth ppol  (ppoe)
Deepest exposed shoe 12,700 1380 1364
(ither (e.q. base of salt or depleted zone) 15,400 1280 120

« This section analyzes the deepest exposed shoe as well
as any other potential loss zones in open hole to

determine if there will be underground flow when the well
IS shut-in
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Level 1 Survival DW Well Loads — Cap and Shut In

B Burst Case: Cap and Long Term Shut-In {Casing Annulus
open to bleed APB to farmation )

Iinternal Pressura
= AL Reservoir Depih = Reservoir Pressura

= A ML = Res Pressure — HCG Gradient

— Extarnal
= From ML to TOC = Mud Weight Casing was sef in

n OH balow top of cament = Pore Pressure

Assumpticons

-

Burst Rating in the Level One Screening is the eWell burst rating
or the manufacturer rating for ather components.

I he pressure calculated atl the despest exposed shoe does Nat
exceed fracture gradient

HE gradent for gas <= 90007, use 0.1 psi/it. 9,000 to 11 ,000°
lingarly Iincrease to 0.15 paift. HC gradient for ol or mixed
ocll/gaswater use .23 p=sifi

External presaure assumes frapped pressure resulting from miwd
calumn Fydrastatic whean the seal was set
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6] MECHANICAL INTEGRITY ANALYSIS
6.1 BURST ANALYSIS

Internal
Depth to Top Setting MW, Exposedto  Shut-in
Burst of Component PPorSW SW?[above Pressure  Extemal  Burstload  Design

Component Rating fpsi) (it} {ppal (psi)  pressure (psi)  {psi) Factor
Capping BOP stack 15,000
LMRP connector 15,000
Drilling BOP stack 15,000
Subsea Wellhead 15,000
13-5/8" Casing Hanger/Seal Assembly 15,000
13-5/8" Casing 10,030
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(€)

Previous
Planned  Spoe  VaxAngle Hydraulic

. Setting  Seffing
Liner la Planned TOC . above  Idie <
sty Do (- Depin - TOC (- Depth (M g yerr "“"‘"“““*"‘“ Trapped Annuls?

; ft-MD
cemented? MD) VD) (f-MD) VD) MD) shoe

13-5/8" Casing asi 12,700 12,700 10,700 10700 9650 11,700 11,T|:|[|
- NA
- NIA
- NIA

« The 3 criteria are used to determine if an annulus
Is trapped

— Distance between TOC and previous shoe is > 500, or
cement column < 50% open hole length in measured
depth

— Hole angle is less than 30 degrees at previous shoe and
above

— Casing has not been idle for more than 1 year

fi.2 TRAPPED ANNULUS SCREENING Is siring or
Enter string
liner lap fully

Casing / Liner Strings type
show all strings exposed to HC flow
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Level 1 Survival Well Loads — WCD Ccollapse Loads

B Collapse Case for WCD o Sea Floor (Casing Annulus open
to bleed APB to formation)

— Intermal Fressure
= Al Mudine = Seawater Hydrostatic Pressure
= At Reservoir Depth = extrapolale to the deepes! shoe using HC
Gradient
External Pressure Profile
= Abhove HID: Fracture pressure st pravious shoe or waak

formation in opean hole abowve HID; project to of her depths using
as mud weight casing was run mn.

= Below HID: Local Pore Pressure
Assumptions

= Hydraulic isolation Depth (HID} = Shoe depth minus 309 of
plannad camant height

Colapse Rating in the Level One Screenmg = the eWell colla pae
rating or the manufacturar rating for otfher componanis

C gradignt for gas <= 90000, use 0.1 psiif, D.0O00° fo 11,000
linearly increase to 015 psift. HC gradient h:-r ol or mixed
oillgasiwater use 023 psiffl

Lnnular Pressure Bulldup limited by Fracture Gradient at the
previous shoe (unssaled casa)

Fracture gradent {(mcloding salt) based on PPFG submitted in AFD
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Level 1 Collapse Analysis

6C) COLLAPSE ANALYSIS Abave Hydr Isolation Depth Un-trapped Annulus Calcs

Hydraulic | Pore | Previous  Fracture
Depthof  Isolation | Pressure | Shoe  Gradient @ Internal |External  Collapse
Collapse interest(ft Depth(ft- | @Depth | Depth(ft-  Previous  Setfing Mud |Pressure |Pressure Load  Design
rating (psi)  TVD) VD) {ppa) VD) Shoe (ppa) (psi) (psi)  Factor
13:5/8" Casing 8370 1474 12404 10,51.00 155 143 35857
14" Casing 11350 1922 13678 123 1081 155 143 12550
14" Casing 11350 1875 13675 10,911 155 143 52| 14568

for other zones of interest - do NOT delete this line
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Level 1 Acceptance Criteria

Screening tool results

5. Shut in Pressure below formation
integrity when well shut-in

6.1 Burst Integrity

6.2 Trapped annuli check

6.3 Collapse Integrity

 If a well does not pass all 4 of the above level 1
criteria than a level 2 is required for that hole interval
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Level 2 WCST:

— Uses field/offset data and more advanced calculations to
mitigate the probability of the failures identified in level 1.

— If the failure cannot be mitigated/eliminated then a consequence
analysis is performed to see if failure is acceptable

Level 2 is based on the Level 1 WCST, with the

following modified/additional calculations:

— Annulus pressure buildup for trapped annuli
— Secondary string collapse and burst verification
— Formation strength verification for failed strings

Bureau ofgcean Ene 9y Management,
Regulation and Enforcement




The Level 2 analysis tool and Summary Table use the terms
“primary string” and “secondary string”. Refer to the illustration
on the right.

FPrimary strings (green) are strings that are exposed to the flow
from the reservoir, assuming no strings have failed.

A secondary string 1s a string that becomes exposed when a

primary string fails. Potential secondary strings are colored
orange on the illustration.

The BOEMREE requires an analysis of secondary strings and of
the formation that becomes exposed to wellbore pressure when
a primary string fails.

In some cases, only a short cemented piece of the previous
string becomes exposed. If the lap into the previous string is
200-ft MD long or less, and there I1s no weak zone within 500-ft
MD above the previous shoe (e.g., TOS, faults, or other weaker
zones), a secondary string verification i1s not required.
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Eevelk2 Breadiiciive Eormations

4) Productive Formation Information
HOLE SECTION: 12 114" SHOE DEPTH(FT-TVD): 17,438

Reservoir Pressure or Aesumed  Mud Line

Bottom hole Flowing fluid Shutin

Depth [ft-  Resarvoir Pressure gradientfor  Pressure  Shut in ppg

™D Fluid calcfpsif)  [ps) @ shoe Comments
1.1 13418 0.375 f,642 1240 Justificaticn for gradient is provided as aftachment.

Reservoir 1 - Shutin condition M.248 Ol
Reservoir 2 - Shufin condirion
Reservoir 3 - Shufin condition
Reservoir 4 - Shufin condition
Reservoir 5 - Shufin condition
Reservoir 6 - Shufin condition
Reservoir 7 - Shufin condition

Lowest UNRESTRICTED FLOWING gradient (any combination of reservoirs) Justifeation for gradient s provided as attachment

 Since the fluid gradients are different for Shut-in and Flowing
conditions, separate gradients are entered, for each.
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L evel 2 BUrst Loads

6) MECHANICAL INTEGRITY ANALYSIS
6.1 BURST MECHANICAL INTEGRITY AT GIVEN DEPTH

Depth to
Topof  Setting MW, Exposedto Internal Shut  External
Burst Rating Component PP or 5W  5W? (above in Pressure  pressure  Burst Load Design
{psil it ippg)  tophanger)  (psi) Ipsi} {psi) Factor  Comment

Capping BOP stack 15,000 5.100 Y 0613
LMRP connector 15,000 5,124 8,622
Drilling BOP stack 15,000 5127 6,623
Subsea Wellhead 15,000 5 187 6,638
13 58" hanger & seal assy 15,000 5170 0,839
13 5/8" Casing 10,030 5,170 8,630
13 58" Casing (at cross owver) 10,020 11,500 9.3 at 13-5/8" x 13-3E" crossoues
13 8" Casing (at cross owver) E410 11,500 9.013 at 13-58" x 13-VB" crossoue
13 8" Casing Shoe 8410 17.433 11.240

£ EEZEZE =< =

* The same table and formulas are used as in the Level 1 WCST.

« The operator may chose to use burst ratings that differ from the
standard burst values in eWell, e.g., ratings based on triaxial
methods.

— A justification must be provided if burst ratings higher than the standard
eWell ratings are used.
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Hydraubc
Depthof foifion  Amulus  SefingMW, Intemal | Exemal

Colpse  imemst(ft Dephff Pressme PP Pressme | Pressre  Colipse  Design

TV0) Buidps) ool sl | () Loadfps)  Fackr
] T4 a0 1w iR 1M
il 170 14 T 4l W 4 Cossover depth bebwesn 13 38" and 13 38" casing
fal  17& 14 TIN5 I X ] 0166 |Cossover depth bebwezn 13 3%"and 13 38" casng
1T T4 T 3| uim a4 (144 {HID at 17085 most ikely depth of collapse

* Level 2 collapse table has a separate column for APB. If
an annulus is trapped then an APB model must be run
and the results entered into APB column. If an annulus
Is untrapped then use the level 2 APB calculator for
untrapped annulus.
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APB Calculator for Untrapped
Annuius

6.3 COLLAPSE ANALYSIS

APB calculator for Untrapped Annulus

OHWeak Seffing MW FGatweak . .. .05

St pt(®TVD) (ppal  ptippa) (psi) | Comments | justification of alternative APB used

13-508" x 13-38" ! 127 137 748 APE limited by sand formation FG @ 167 Shoe
16" 738 116 125 K5t APE limited by sand formation FG @ 227 Shoe
APB = (FG4..-MW) x TVD.,.. x 0.052

* This simple model assumes that APB is limited to the FG
at the previous shoe, at which point any additional APB
generated would just bleed off to the formation.

 APB = (FGshoe — MW) x TVDshoe x 0.052
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Intermal pressure for the secondary string at a depth of interest (TWD0D) is calculated as
follows:

Fi secondary string = FPiwen fiowing — { T D saiure point — TV pepth of Interest) X NIWW annues x 0052

Wihen a string fails and the annulus behind v ——————

the string is exposaed to internal well flowing Collapse failure in 11-7/8 liner
pressure, the hydrostatic pressure of the
annulus mMmud column at the Tailure point
may exceed the internal well flowing Fl seconcany sthing =<] .
pressure. The assumption is that the mud
level in the annmnulus will fall (U-tube effect) Pe secondary string \ N
umntil the hwvdrostatic of the remaining mud T

column equals the intermal well flowing - \.
pressure.

IT the mud lewvel in the annulus drops, the
above equation will give a negative result
abowve the lewvel the fluid colummn will drop
to. When the formula turns negative, thien
FPi Secondary String = O (Zzero) will be used. 13-5/8" Liner ‘

The external pressure is determinaed in a

similar way as Tor the collapse calculations
in the table in Section 6.3, For collapse, 11-7/8" failure & 25,000
Annulus Pressure Buildup needs to be Pi Well flowing
added 1T the Depth of Interest 1s above the
Hydraulic Isolation Depth. 11-7/8~ Liner
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1) SECONDARY STRING VERIFICATION : Lheck dry strings exposed.
Intemal Secondary

) Collapse Primary  Flowing string secondary  Secondary
1.1 COLLAPSE VERIFICATION g Depthof shringfalre Pressureat MWfaled Infemal | Seconday  shing siring

Secondary interest(ft depthft  fallrept ciingwas  pressure | sinng APE setting MW,  Extemal

Sring[psi TVD)  TVD) |psi  setin(ppge)  (psi)  |buikdup(psi) orPP (ppg) pressure (psi)| load [psi)
| N B - R T | 17 - I i v I

LI N | T I R (P il 114 '

 All secondary strings that are exposed to collapse forces
have to be analyzed in this table
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Burst verification for Secondary String without Underground Flow
Flowing condition Shut-in condition
Collapse failure in L1-7/8" liner

Pi secondary string

Pe secondary string

T~

13-5/8" Limer

11-7/8" failure @ 25,000"
FPi wWell flowing FPi wWell Shut-in

11-74/8" Limer
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Hanger Intemal
Primary depth of Flowing
Huid drop string failure faiked MW failed  Preszure at
strimg(ft
Secondary String (o be verified) TVD|
13-508" x 13-38" 7,055 27 5,542
13-508" x 13-38" 7,05 17 5,092

* The fluid drop table is used to calculate the average fluid
density in the secondary annulus so the secondary string
can be analyzed appropriately for burst

i Secondary
7.2 BURST VERIFICATION WITHOUT Primary AVET30E  iemalShot.  STING sacondary
UNDERGROUND FLOW Depthof  string failure fluid density | pressurs st Intemal | Expeosedto string
Burstrating inferest(ft  depth(ft inannulus Primarystnng  pressure | 5W? [above  MW/PP External Burst load Burst
Secondary String [psi) ™) TVD) {pp@el  fallure pt [pel) 1] top hanger) [preg) pressure (psi) [psi) OF

5.167 17,05 11T 11,008 ¥ 85T 2267 1,088
7.338 17,055 11 11088 N 16 4478
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Level 2 Formation Integrity
Analsis

81 LEVEL 2 FORMATION INTEGRITY ANALYSIS Check box if no formation exposed behind failed strings:

Primary Depth of FG at Annulus
=iring Previows  previous Average  nipmal Shat-  Pressure ai
Failure shoe or shoeor  fluid densify i Prossure gt previous
Description of depth where formation checked | depth (ft  weak point  weak point  in annulus  Frimarysting ~ shoe or
TV (& TVD) (=0 ]] \ppge)  failure pipsi) weak pt [psill  Ipsi]  [Comments
17,055 14.400 a7 11.1 11,006 0554 16" shoe survives shut in after 13 38" x 13 58" casing

« This section must be completed if a primary string fails
and there is formation exposed behind the primary
string.
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Broaching Analysis.

* A broaching analysis is performed if an
underground flow occurs as a result of a weak

formation fracturing when a well is shut-in

— All faults are identified in area for potential conduit for
hydrocarbons to broach to sea floor

— Salt canopy will help prevent underground flow from broaching
— All sands mapped in field that could act as a tank
— Known seafloor anomalies are mapped identifying ongoing
venting
* A determination is then made on the probability of
broaching
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Level 2 results

5. Formation strength verification below deepest
shoe

. ificati
6.1 Burst Integrity - Primary strings
L2 FORMATION INTEGRITY AND/OR
6.3 Collapse Integrity - Primary strings SECONDARY STRING VERIFICATION
REQUIRED
7. Secondary string verification

8. Formation strength verification for failed
strings
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Thank you
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