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Well barriers

0%

.. of well integrity is about technical well barriers

Figuratively speaking:
90% Technical, specific — Strong

... this is what will contain pressure and hydrocarbons
10% Organizational, operational, functional —

... yet the «lubricant» that helps the process run smooth
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The two barrier philosophy

A two barrier philosophy
will allow incidents to happen
without escalating into accidents
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WELL BARRIER ILLUSTRATIONS

Document the well barrier definitions

 (learly identifies the barrier elements involved
 Qualification/verification method

* Monitoring method

* |dentify particularities

 Clear graphics will help discussions and see challenges
» Makes all stakeholders see the same picture - literally
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Consistency

Industry examples Examples from state-of-the art software
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When is an illustration true?

Production/injection well
Tubing landed inside liner, zone controlled
Well Operation
Element As built Monitoring
SCSEV Inflow tested to oocbar | Frequent inflow test to
sooc bar
Gashft Valve Pressure tested to o« bar | Inflow tested to o bar
(in accordance with
Getaied program)
Tubing Pressure tested to xo bar | A-annulus monitoring
Production Packer Pressure testad to oo bar | A-annulus manioring
’ Production casing Pressure tested to s bar | B-annulus pressure
menitoring
u Production casing cement | FIT tested to oo bar B - annulus monitoring
I =
[ ] Element As built Monitoring
Surface production tree | Pressure tested bo xo bar | Frequent inflow test to
with PMV ok bar
Wellhead annulus access Pressure tested to oo bar | Pressure anomaly
valve mendtaring
Wellhead Pressure tested to xot bar | Manual external
observation
Intermediate casing Pressure tested to xx bar | C-annulus manioring
hanger
Intermediate casing Pressure tested to o bar | C-annulus pressure
menitoring
Intermediate casing FIT tested to on bar C - annulus monitoring
Top liner xxxx m
)
)

1 MNote:
l——
ﬁ
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Well barriers through the life cycle of the well

Planning Execution Intervention Plug & abandonment

The well barrier definitions follows us and changes as we go from stage to stage during the life of the well

rilling Running completion Production well Running coiled tubing Plug and abandonment
Platform well, driling reservoir section Platform well, screens in lower completion Gaslift, screen liner Gaslift well, screen liner Gaslift, screen liner
Well Activity Well Activity Well handed over to owner Well Activity Well handed over to owner
Element Qualification Monitoring Element Qualification Monitoring Element As built Monitoring Element Qualification Monitoring Element As built Monitoring
& | ‘Cosng carent Formation tes, job e scssv. Inflow tested to 0x bar | Frequent inflow tet to xx Colled tubing srng check | Not appicable Not applcable Cement pg Pressure tested o oo bar | Production compositon
| pededsore pessre._| cona P petomanc o bond o Voo sy
g ASCSSV Inflow tested to xx bar A-annulus pressure Colled tubing string. Not applicable: Not applicable F = ":m =
[ e | SR | T e P fe —g e —
[E—— Quote tstor prognoss | N accesie i o 5 sl - - - armotion (i) e teste or prognoss | o cces
Eloment Qualification Monitoring ) Production casing Pressure testedto o br | B-annuks pressure e Bopekath ek st
it x5 il Rer sl ot appcatie ot appcate
Oring 80P wkidshoor | Pressr test o oxbor | et presre testng
e P e R R s (e [ e
peformane o bond oy
Sufoce mostien | resure teted o b |Pressre anomsy . o
Element Qualification Monitoring Element As built Monitoring
T harger Pressue tete 10 br | anmus presure
o onteg Coment g resaur teste oo bor | Pracdction compostn
an oo bor scssv o st bar | et oo et 00 anamaly
Wethead bor
Element As built Monitoring Intermedite casing Formation test job Cannulus pressure
bar vaive ASCSSV. Inflow tested to xx bar [ A-annulus pressure cement. performance or bond log
A Weness [ P—— i ™ [ P— [PRSRTRFWI [ — T —
o r B amuks o 5 St
oductioncosng cemen. | Fomtion test, oo s e - e e —
e peramance o bond 09 s Pesste stio mocbar | Ak fnin Productin casing resur tested 10 o bor | Bl prssue | redvuelmoormnorise |
Cosg Pressure test toocbor | oo pressre it 53
Fomaton (st Quote st o prognoss | ot o Welhesd resurs tesed oo bor | et cosevtion [
srengh Casing cament Fomaton st ob | Barnis presre Fomation s, job
petormance o bond g poformance o bond oy
o o
Formaton (i) Quotetst o prognoss | o accasitle
Srengh ntermedots casng | Presur tesed 1o bor | Cannis ressre
it w55 okl
=
Intermediate casing Formation test job Cannulus pressure. Element Qualification Monitoring
B Ik cament petomance o bond g I
B - N Formation (in-situ) Quote tested or prognosis | Not accessible Colled tbing safety head | Not applcatie ot applicable:
Syengen
[ et mermeris =
o voves
Wetnead ressre tesed 1o or | el osenvation
2 horger
[ o
Inemedote cosng | Formtion et b | Camukspresre
coment paformance o bond g
Fomaton (i) Quot et o rogros |l acessble
et
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The value of well barrier schematics

The primary barrier failed with no secondary barrier in place

| =

TS

|

The shoe track is clearly the primary barri

is this verified and monitored?

Lildle

7

Well handed owner
Element As bl Monitoring
Cement plug/shoe track Inflow tested to xxx bar Mot accessible
[ BT A e B |GG e |
Production casing cement | Volume verification Mot accessible
Element As built Monitoring

Susp
Ready

Abipll Aol r
er, how
(u)

Intermediate casing

Pressure tested to xxx bar

Visual ocbservation

hanger
pl— I ——
Intermediate casing Pressure tested to xxx bar | Not accessible
Intermediate casing Formation test, job Not accessible
cement performance or bond log
Note:

™

[ The shoe track was never tested and the secondary barrier was disabled

I
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Underground blow-out

-

enters this annulus?

indicating communication?

down?

Will the casing withstand the pressure in the A-annulus if pressure

Yearly surveys from 1989 shows identical tubing and casing pressure,

pressure, the formation strength at 11 %" shoe is likely to break

~

ryon 25
d-a.prev.l
If the casing installed in 1953 does not withstand a leaking tubing 2015

Well design pressure xoc bar

Reservoir pressure sox bar

Verified By

Prepared By : Tore Fidgesund (u)

J

Leaking well

Gas storage well

Pore pressure Exp
Fraclure pressure Exy

Well handed over to owner

Element

As built

Meonitoring

Surface x-mes tree
Tubing hanger
2 78" Tubing

Pressure tested to xxx bar
Pressure tested to xoc bar

Pressire tested to oo bar
with x.oc sg fluid

Periodic pressure testing
External observation?

A-annulus pressure

Nota, fhis is nat the actual
pressure plot. This is anly
used tp dlustrate how the:
lsoding at the 11 34" choe
can b derived

ToC B628M

Production packer

7" Cagng cement

Element

Pressire tested to oo bar
with x.sex sg fluid

Thearetical length xxxm
MDD

As built

A-annulus pressure

B-anmulus pressure

Monitoring

Surface x-mas tree

Spool wellhead A with
access valve

7" Casing hanger

Pressure tested to o bar

Pressure tested to xcoc bar

Pressure tested to xcoc bar

Periodic pressure testing

External observation

External observation

7" Casing

Pressire tested to seoc bar

7" Casng cement

MNote:

Formation test, job
performance or bond log

B-annulus pressure

B-annulus pressure

Important to qualify tubing, casing and act on annuli annomalies

—
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Wells with common or only one barrier

Make sure that the one barrier is clearly understood

W/ WELLBARRIER

Field : SPE
Well + Tllustrations

Schematic : WE 4.3.d-a re

Date 1 05.Mar.2014

vl

Well design pressure o« bar

Reservoir pressure o bar

Verified By :

Prepared By : Tore Fidgesund (u)

Oil producer
Onshore gaslift

Well handed over to owner

Element

As built

Monitoring

Surface production tree
with PMV

Wellhead annulus access
valve

Wellhead
Production casing hanger
Production casing

Production casing cament

Pressure tested to oo bar

Pressure tested to s bar

Pressure tested to oo bar
Pressure tested to xoo bar
Prassure tested to oo bar
FIT tested to oo bar

Volume verification

Periodic pressure testing

Penodic pressure testing

External observation
B-annulus pressure
B-annulus pressure
B-annulus pressure

Not accessible

Element As built Monitoring
Secondary barrier not Not applicable Use of contingency
present procedure
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Know and describe your leak sources

Know your potential leak paths

Ensure all elements can withstand exposed loads
Ensure you have adequate design margin

Ensure all elements are adequately qualified

Is appropriate monitoring in place?

Apply mitigating actions or contingencies

Know your barrier envelope!
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Wellbarrier lllustration Tool

A proprietary editor will ensure consistency regardless of who prepare the work

Well configuration

v Casing and diflling

~ Completion

WELL BARRIERS (13)

+

WELD L5-a rew. 1 - Deifing & 3/8" hole sectian

i

ik

Production well - Drilling 8 3/8" hale section

piry Tud densay
ecnErel a por TR, flaw arvedts Trip
tank leve! when trigping

Element | Monitoring

Oriling 307

= | Producton casing

Prassune 1est 00 9000 kPy

Pressure 1852 10 £3500 kPy

Pressure test to 43500 kPx.

Fressune test 10 53000 KPR

band |

Fenodic tesing, Annusar 24500 kPa
(70% of WP}, Ramms 63000 ke |CITHP +
10%)

Exernal chisrvation

5478 x 15 3/8" annulus pressure

§5/87 x 13 3/8" annulus pressure

S5 £ 13 H/B" annulus pressure

o8

Need help?
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Wellbarrier lllustration Tool

A screen friendly illustration will show the current status when you open a well file.

Alpha P Wh 4.2p.arev. 5 - Production well, Production mode Toore Fagesumd ju) Pending verification 17 Jul- 2016 As busllt - Corremt & @ -

s (10) IO T

Current well barrier schematic

Hement Ouadification Monitoring

I LR 03 g Bar Periodic inflow tesing
¢ Fressure test to Ko bar Beannubs pressee

Productien packer Fresnes 1est to e bae Beannubs presssre

Liner bop packes Bressurs test bo ok bae f-annuhis pressore

Froducian casng Presmuve 15t 1o Ko bar Moot accessible

Caving trme Formation beat, job pesfaemance or bond log ceisble

P -
1

Eloment aualification Monitoring

36" 200 /380m METVD P —— Pricssure Tt bo o bis Extwrew ciservation |.

hex Fressure test to o bee Periodic prese tesing O

Wisthas Bressn 1est 1 dax D el sorvavan |.
aTisang W RO MOV Fressure test to oo bar B-annuia pressure »

Tec 1m30m Fressure Test o oo bar B-annuus pressure:
Formdtion test. job pedformance or bond log | B-annua pressure . thin Wl
o :m»‘?; “_’_'_ ‘L HanE s e Formancn fin-sit) OTE TS OF rOgRons SrEngTh Mon accessble I.
vt arler degraded

Wil ae

i more
e 7 100 3000m MBTVG

Deptn sefaruece i AKE Pissicem &
Dupth corrsiason Hane
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Well 23 - Loris il & Gas / Barrier Diagrams

E Save ‘:; Share ‘/ Rename

ACTIVITIES & DIAGRAM

@ View History

Prepare to mobilize rig
Mobilize rig /I

Running shearable drillstring

Prepare to skid rig

Skid in rig
R Running Non-shearable drillstring TN
Rig acceptance : 1 ‘]1
./
No Diagram selected

Rig up pipe and BHA handling Select a diagram on your left.

Pick up BHA Running shearable drillstring
Drill to depth (1005-1655)
Circulate to condition hole
Diagram name
Trip out drill pipe to depth
Lay dewn BHA

New Activity F

Well barriers in DrillPlan Qe & 4

® Hendrick Salvatore



We offer help with your wells
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The two barrier principle gives you a back-up

Barrier envelopes and elements are clearly defined

Clear to understand graphics

One page description of verification and monitoring
Available for all steps of the well activity plan

Alogical part of the Well program and Drillers Procedures

I
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Thank You

Questions?

I



o0e / x\-

«-> 0 |www_slb_com

w

G Save 0 Share

ACTIVITIES & DIAGRAM
Current Activities Add
Move rig
Mabilize rig
Prepare to mobilize rig
Mobilize rig /I
Skid rig
Prepare to skid rig
Skid in rig
Rig up
Rig acceptance
Construct section (17.5in)
Drilling run
Rig up pipe and BHA handling
Pick up BHA
Drill to depth (1005-1655)
Circulate to condition hole
Trip out drill pipe to depth
Lay down BHA

New Activity F

Well 23 - Loris 0il & Gas / Barrier Diagrams

/ Rename
»

Well

@ View History

Well Barrier

Running shearable drillstring
Running Non-shearable drillstring
w

Running shearable drillstring

Diagram name

!

barriers in DrillPlan

Q @ &1‘ _4, @ Hendrick Salvatore w

Element

Primary barrier elements

Qualification

Monitoring

777

I

1]

1l

Drilling BOP

Spool wellhead A with
access valve

Casing hanger
Production casing

Production casing
cement

Pressure test to xox Bar

Pressure fest 10 o Bar

Pressure test to oo Bar

Pressure test to xxx Bar

=

Fi ion test, job per or
bond log

Frequent pressure lesting to xox
Bar

External observation

A-annulus pressure

B-annulus pressure

B-annulus pressure




