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Premier Oil’s well integrity journey

Leveraging software to manage well integrity

@ PremierOil



Agenda

Why is well integrity important?

Managing well integrity, what is SafeWells?

Premier Oil's Journey...

...plus information about SafeWells, how the system works
Where are we today?

What next?

Discussion
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Aligning with standards

o

“The management of well integrity is a
combination of technical, operational and
organizational processes to ensure a well's
integrity during the operating life cycle...”

 Well operating limits
 Well component performance standards —
 Well barriers

 Well monitoring and surveillance
* Annular pressure management

* Well maintenance

 Well integrity failure management
* RIisk assessment process

« Management of change

 Well handover

 Well records and well integrity reporting

e Performance monitoring of WIMS system /
Compliance —

TECHNICAL ISO/TS
SPECIFICATION 16530-2
Well integrity —

Part 2:

Well integrity for the operational phase
PROOF/EPREUVE

Samee |sansaf£;§§;n‘1‘ i'?EE?




SafeWells™ - Expro’s well integrity data management software
Realising ISO/TS 16530-2 (Part 2: Well integrity for the operational phase) compliance

¢ Well barriers

* Well integrity reporting
* Compliance audit

¢ Well maintenance

* Risk management

* Failure management

* Management of change
* Well handover

Wl |rbegrity Perfarmancs
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e Well component
performance standards

e Operating limits

e Annular pressure 1
management

* Monitoring and surveillance




Premier Oil - UKBU Wells

[ Premier interests
® Producing fields

e 83 wells
e Oil and Gas
e SNS, CNS, WoS

e Subsea to FPSO, Subsea platform
tieback, dry tree platform

 Multiple Duty Holders

e 1970s to 2017

o« 27 wells added in 2016 with E.ON
acquisition

e Catcher Field development
ongoing — 22 wells



The start of Premier Oil’s well integrity journey @

Challenges

Prior to implementation of the SafeWells system, well integrity data was stored
In various spreadsheets. This posed various challenges:

« Difficult to analyse data
« Varied approach across multiple assets
* Version control

« Consistency, errors in formulas f
 Difficult to see a well overview ‘
* Increasingly stringent regulatory environment f'

e Limited personnel involved

)

 How to you ensure compliance with a new standard?

p
oS
s 7



Premier Oil’s Objectives

Within the first year, the goal was to:

* Create a baseline of well integrity statuses
« Establish workflows to manage the well integrity issues more effectively
 Adopt a proactive approach to well integrity for growing well stock

Additionally, there were qualitative objectives:

* Increased visibility of well integrity management within and outside the
company

« Ease of accessing all of the well integrity information and analysing that
data to find and fix problems

* |Improvement to data accuracy and availability to increase productivity by
having up-to-date knowledge of well integrity issues

* Quicker and more informed decision making process



Implementing the SafeWells system

Well integrity management in Premier Qll

‘ DMS Standards I

Produced and owned by Group

Function, linked to Group HSES
r Standards 1

Key documents:

« Well Integrity Management Scheme (WIMS)
 Well Examination Scheme

e Premier Oil's Well Failure Model

wWIMS >



Implementing the SafeWells system

Premier Oil Well Failure Model
« Consistent response to failures
* Rule-driven system — can be applied in SafeWells

& PremierOil

WELL FAILURE MODE MODEL Rev.1

Well Type

Manned Installation

N : |zi

Failure Mode EE £ ::EE g EE%

No. Failure to Complete Integrity Test/ Inspections as per Schedule == EE |o g 5 =5z
FIT1 Failure to complete Well Integrity test (WIT) or Annulus Integrity test (AIT) within the allocated time frame - See Notes 'H’ 3 3 z
FIT2 Failure to complete Wellhead / Xmas Tree general visual inspection (GVI) within the allocated time frame. 1 1 1 1 1
MFTT 1 Failure to complete both WIT / AIT & Wellhead / Xmas Tree GV within the allocated time frame - See Note 'H’

Failuse Hode single Surface Failure - (Above Wellhead) N w 6L ss NuI
SSF1 Single manual annulus valve failure. 2 2 3 2
SSF 2 Wellhead VR plug or Annulus check valve failure. See Note 'D"

SSF 3 Swab, KWV failure (Gas or Qil side) - See Note 'B". 2 2 2 1 2
SSF 4 Loss of Annulus or Tubing Head Pressure monitoring capability. 3 3 3 3 3
SSF5 LMV failure - See Note "B". 2 2 2 1 2
3SF6  |umMvIPWVY ANV failure (Gas or Oil side) - See Notes 'A’ and 'B'. 3 3 3 2 2
SSF7 AXOV 1 X0V 1

SSF 8 External leak from tree / wellhead. - See Note 'K'.

Failute Mode Multiple Surface Failures - (Above Wellhead) N w 6L ss NuI
MSF 1 LMV & (SWAB or KWV failure) - See Note 'B". 7 2 2 1 2

MSF 2

Multiple manual Annulus valve / VR plug / Annulus check valve failure on @ ‘A" Annulus or lift Annulus - See Note 'D".




Implementing the SafeWells system

Premier Oil Well Failure Model

Consistent response to failures
Rule-driven system — can be applied in SafeWells
Mitigating Action matrix - To be used as a guide in the Risk Assessment process
well Action
s Code RECOMMENDED ACTION
tatus
AC#
0 Normal well operating status. No faults Found, well tested within operating parameters.
Low 1 Risk Assess issue(s) within 7 days, dispensation required for well to be Flowed/Injected with issue, repair at the earliest opportunity (preferably
Concem within 12 Months grace period)
Med 2 Risk Assess issue(s) within 7 days, dispensation required for well to be Flowed/njected with issue and repair at the earliest opportunity
Concemn (preferably within 6 Months grace period)
Significant 5 Risk Assess issue(s) within 7 days, dispensation required for well to be Flowed / Injected with issue and repair at the earliest opportunity
Concermn (preferably within 3 Months grace period)
4 Risk Assess issue(s) within 5 days to determine actions if to either continue operating the well, if safe to do so or to make the Well safe and
make action plan within 7 days
5 Shut in well immediately, if safe to do so. Risk Assess to determine mitigating actions to either repair / test/ suspend or abandon
Note The action code # can changed after a formal risk assessment has been conducted and new coding agreed.




Implementing the SafeWells system

Applicability of Well Integrity Management Scheme

WIMS /
Construction Abandonment
l LN

Workover / Ll

Intervention

Operational
Phase

—/




SafeWells - Overview

22/14b-H1 Integrity Issues

i @ : Create Nev [ show Closed Actions
' Activity Summary | Activity History

R
i I |
=]

B cv Show Al (visible) Activities. .. v
. 03-Nov-16 Subsea Well Integrity Test 2
AAV choke Legacy WIT
GV wes)
17-Oct-16 Dispensation (Expires: 17-Oct-17)

Huntington H1, HE - DHSV testing not possible
I é %

31-Dec-14 GVI Report

Legacy GV1

10-Jul-14 Subsea Well Integrity Test
Legacy WIT

14-Feb-12 Intervention

CT Intervention for Thermal Frac.

11-Jul-15 Subsea Well Integrity Test
Legacy WIT

AWV

(wes)

IMv

|

Wv

© ©00OC 0 ®O0
. O . R TR
E

(=]

FTT1 | Tubing Tubing 1
FT112 Pmssure Pressure Temp

FTT1 ) '

SSF1 xl :“:.‘zlcl:md I:I

S3F2 : e

SSF3 Tusin 30 o Injection

SEFa Hanggr | D | casing L | L

e ‘ H H )

- wolg | 18] g Traffic light' component status

* ) c Casing . - . -

indicators Activity
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S+SFB g
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— ‘Pseudo components’ indicate
non-physical failure codes,

e.g. failure to test



SafeWells - Communicating Risk

RAPTOR

OIL

ble Locations | All Wells v | Go

System Admi

Home Screen
‘Well Search

Overview | Area Summary |[ Area Integrity Issues |

‘Well Test Frequency
Bulk Activity Management

No Concern (4.0%)

©

Low Concem (4.0%)

Medium Concern (0.0%)

High Concern (0.0%)

Q
©)
@ Significant Concern (0.0%)
Q
o

Critical (82.0%)

Continue production while adhering to WIMS operating guidelines for maintenance and testing
Continue to check, test and maintain. Repair within two years. Well can be operated during this period.

. No Concemn Normal operating status.
. Low Concern Risk is acceptable.
Medium Concern  Risk is accepiable if ALARP.
. Significant Concern Perform a formal and documented risk assessment Risk
. High Concern Perform a formal and documented risk assessment Perform a fol
ritical Risk is unacceptable. Shut In Well. Carry

ent to be carried out within 1 month
ind documented risk assessment within 2 weeks

m a formal and documented risk assessment within 1 month to ensure it is safe o continue operating. Test and maintain as'

ormal Technical Review within 7 days to determine mitigating actions. Exec to be advised of well status.

Raptor Oil
Well Operating Status

Producer

o

@ Shut-In
@ Injector
@ Suspended
0 Abandoned
@ Gas Injector
&

Awaiting Completion

licy dictates. Repair within 6 months.

Well Operating Status
[ ] Undefined

. Producer

. Observer

Well Integrity Status
No Concern
Low Concern
Medium Concemn
Significant Concern

High Concern

Critical

0e0e000e

Expired

Well types

Integrity statuses

Slot view




SafeWells - Communicating Risk

=
Raptor” >~
Raptor Qil ) All Permissible Locations | Al Wells v | Go

: s | Toncem Levals I Well Groups I Ciperating Siahis I Wil template |
Home Screen Well Register Flna concem M Producer Bl undefined M spoal Tree
Well Search M Low Concem %} Injector M Producer M Subses Horizontal Tres
Vel Test Fraquency Show All Flmedium Concern B sbandoned 1325 Starage
Show Filtered | B Significant Concam Gas Storage B =hut-In
_ Text search B4l High Concem b zoLoEn

Fa—— o
| RAT Dap Suspended
SafeWells Admin Oriick Ascescad Bl Abandoned

] zas Injecta
DDi5pa153‘bad riEesr
E‘Aﬂaitimg Completion

Location Well Well Group “',’szi'f:“ Risk Level Integrity Status Well Template

Eagle ABM  Abandoned Producer Mo Concem Mone Surface Well spudded 16th  Spool Tree F
May 2012 at TD of
2282mMDBRT . Itis a3 gas
producsr without AL

Kestrel Brital  Producer Producsr Mo Concem Spool Tree - B2

Caondor co Injector GOLDEM High Concemn  After several years of leaking at  Last well drilled on the Condor Spool Tree ]
sbove the scceptable rate, in Figld. Conwentional design
June 2011 the 555V finally with 4-1/2" carben steel
failed and could not be opened.  completion producing from
It is suspected that the actuation Upper, Mid & Lower D sand.
cylinder failed and the contrel  Highest rate well in the field
lines is suspected to be in direct and most crestally located in
communication with the tubing  the field.
production stream.

Caondor coz Injector Producer Mo Concem Since this well does not contain  C02 was the Field discovery  Spool Tree R
3 555V it will ahways have st well and is 3 cemented '
least a failure score of 2 which  monobore construction with
is Low Risk. Any other problems no 555V incorporated =
will probably result in 3 higher  Well definition changed on
score and a medivm or high risk 200082012 16:05:34*
rating.

Candior C3 Abandoned Producer Mo Concem The carbon steel completion is  Conventional completion with | Spool Tree ]
experiencing comosion due to 4-1427 carbon steel. Initailly
C02. The corrosion level was  produced from E sand until



SafeWells — Data Entry

Subzaa Flow Check Test
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Form Designer

Ry’

Measured?

YES

Convert produced gas/liquid Determine volume of liquid Compute initial volume of Number of moles in test
ratio to conditions seen at trapped in test cavity: gas in test cavity: cavity at start of test:
tree:
-] Vi = ] AN
Re'=Rupe 2 | Vemgm || W=VeVe || mTzam
; = ; - J
gt AT R &y +1) «RTy
i |
i
Maximum volume allowed Maximum number of Total number of moles in Calculate maximum
to leak into test cavity additional meles entering test cavity: pressure allowed in test
(based on allowable leak the test cavity (based on cavity:
rate): || allowable leak rate): = .
2=Q-t [ ne = nytng o Fimin
where n, = o—m——— [ v
t = 5 minutes ZyRTya =
Determine critical pressure Determine critical pressure Determine allowable test
ratio: of test eavity: cavity pressure (at actusl
. ) YES conditions: _
2 Nk - . Z:n.RT
c—(_ ) ‘l):_R.‘,'J'~"c }.}=;
\k + 1 1A
NO ‘
! g
In accordance with A.5 Step 11b., either: RUN TEST Calculate Leakage Rate:
- Decrease the test time, #, meeting the criteria: AND COMPARE RESULTS TO
o £ = 5 minutes ACCEPTANCE CRITERIA: _Twdh G B
v Q‘“-Fd_l _T —E
- Increase test cavity volume B — o 'z 1
' " P. <P,

or
-Decrease Q.

Where, t is the actual test
time.

Figure A.1—Calculation Flow Diagram

Prod Temp F
WaterTemp at Depth F
Water Pressure At Depth
Shut in Pressure

Gas Liquid Ratio

21

2

40

259200

2177

1283

0.5474

0.3474

Production Temperature |564
R
Standard Temperature le

GLR scfeuft

Rgl
Vig
w1
nl
V2
n2
nt
Pa
Xc
Pc

Valve bore size
Gas Properties (k)

P1

Volume

Inifial Pressure
Allowable Leak Rate
Final Pressure

Final Temperature
Test Duration

Vol2

nrev2

nrevi
Pa2canremove

Annulus Master

|21$11B.8W
|2125|}

2200
204
15

9.638
394287 501
311199.940

i2145.41‘!




Generic Reports

Required Testing Schedule - 30 day lookahead

Contact : lan Fraser

Condor c1A

C1A : Required Activities

Test Type Frequency Last Scheduled I
(months) Tested

c1a12 Annulus Top Up 12 no data now 22012015 I
c1a12 Condor DHSV Operations Report 8 no data now 23012015 I
c1a12 Condor Wellnead Service Report 12 no data now 17-Apr2015 I
c1a12 Condor XMAS Tree Service Report 12 no data now 230012015 I
C1a11 Annulus Top Up 12 07-Apr2013 | 07-Apr2014 I
c1as2 Annulus Top Up 3 180uk2014 | 18-Oct-2014 I
C1A35 Condor XMAS Tree Service Report 8 10-un-2014 | 10-Dec2014  04-Jun-2015
c1a52 Annulus Top Up 12 13Feb-2014 | 13-Feb-2015 I
C1A56 Annulus Top Up 12 14Feb-2014 | 14Feb-2015 | 14-Feb-2015 I
C1A13 Annulus Top Up 12 15-Feb-2014 | 15-Feb-2015 I
C1A44 Annulus Top Up 12 16-Feb-2014 | 16-Feb-2015 I
c1a21 Annulus Top Up 3 28-Nov-2014 | 28-Feb-2015 I
C1A54 Condor DHSV Operations Report 6 15-8ep-2014 | 15-Mar2015 | 15-Mar-2015 I
C1A54 Condor XMAS Tree Service Report 6 15-8ep-2014 | 15-Mar2015 | 15-Mar-2015 I
C1A11 Condor DHSV Operations Report 6 11-0ct2014 | 11-Apr2015 I
C1A45 Condor Wellnead Service Report 12 14-Nov-2014 | 18-Apr2015 I
C1A33 Condor Wellnead Service Report 6 19-0ct2014 | 19-Apr2015 I
C1A46 Condor Wellnead Service Report 6 23-0ct2014 | 23-Apr201s I
C1A44 Condor DHSV Operations Report 6 03-Mar2015 | 30-Apr2015
C1A56 Condor XMAS Tree Service Report 6 31-0ct2014  30-Apr2015 | 30-Apr2015
C1A44 Condor XMAS Tree Service Report 8 01-Nov-2014 | 01-May-2015
C1A62 Condor DHSV Operations Report 8 02-Nov-2014 | 02-May-2015
C1A63 Condor XMAS Tree Service Report 8 02-Nov-2014 | 02-May-2015 = 02-May-2015
C1A61 Annulus Top Up 12 03-May-2014 | 03-May-2015
C1A62 Condor XMAS Tree Service Report 8 03-Nov-2014 | 03May-2015 = 03-May-2015
[STSE] Condor XMAS Tree Service Report 8 04-Nov-2014 | 04-May-2015
c1az4 Annulus Top Up 12 05-May-2014 | 05-May-2015
C1A2:6 Annulus Top Up 12 22-Nov-2014 | 05-May-2015
c1a21 Condor DHSV Operations Report 8 06-Nov-2014 | 06-May-2015 I
c1a21 Condor XMAS Tree Service Report 8 06-Nov-2014 | 06-May-2015 I
c1a45 Condor XMAS Tree Service Report 8 06-Nov-2014 | 06-May-2015
C1A53 Annulus Top Up 12 07-May-2014 | O7-May-2015
c1az4 Condor DHSV Operations Report 8 08-Nov-2014 | 03-May-2015 I
C1A2:6 Condor DHSV Operations Report 8 09-Nov-2014 | 09-May-2015
c1az4 Condor XMAS Tree Service Report 8 09-Nov-2014 | 09-May-2015
C1A46 Condor DHSV Operations Report 8 09-Nov-2014 | 09-May-2015 I
C1A46 Condor XMAS Tree Service Report 8 09-Nov-2014 | 09-May-2015

C1A 41 Condor Wellhead Service Report 12 10-May-2014 10-May-2015 I

Overdue
Days

RAPTOR

OIL

160
140

120

Well Count

Jun-2014
Jul-2014
Aug-2014

Dec-2014
n-2015

May-2015
Jun-2015

W Critical

¢

@@

Well Integrity Performance

Well Integrity Performance

High Concern Medium Concern Low Concern MM No Concern

]
Low Concern Medium High Concern
Concern
39

a__“aMMMMMMNII

cEXF‘Hﬂ

©®2015 Expro Group

SafeWells Page 1of1
Printed: 12-Jun-15

Well Integrity Performance SR082




Bespoke Reports

Well CTF1
Well Summary Sheet

@ PremierOil

Valus

© 56" 45" 15 0207 Mowth

0" 46" 238218 Easl

Horizontal

454656 TN N

Q46485 E

(8,500 it MO BAT, 4 5558 TVD 55)

@ PremierOil

well

WIST
Premier Qil

Well Integrity Test
Spud =
Dale ate

a

Chim Matural Flow Producer 0 Year
Cs-18 Natural Flow Producer 2 Year 2010772015 1 Year 2000772018
€817 Gas Lift Producer 2 Year 20/07/2015 1 Year 2000772018
Dua 5XRE Water Injector  Abandoned 2 Year 1Year
Gajah Baru Gas Lift Abandoned 2 Year 2000772015 1 Year 2000772018
Genm Bal Natural Flow Froducer 2¥ear 2200772015 O Year 2200772015
Glam Gas Gas Lift Froducer 2 Year 2210772015 O Year 2200772015
GlamPro  Subses Producer 2¥ear 22072015 1 Year 22072018
E Glamis Inj Water Injector  Injector 2 Year 2210772015 0 Year 2200772015
g h Subsea Producer 2 Year 1 Year
% HZ Subsea Froducer 2 Year 1 Year
HE Subsea Producer 2 Year 1Year
Hunter Subsea Froducer 2 Year 1 Year
321 Subsea Producer 2 Year 1Year
42 Subsea Froducer 2 Year 1 Year
My Well Matural Flow Abandoned 2 Year 0 Year
Rita Subsea Froducer 2 Year 02/12/2016 1 Year 0201272017
Solan Matural Flow  Froducer 2¥ear 22072015 0 Year 22072013
Solan inj Water Injector  Injector 2¥ear 2200772015 O Year 2200772015
| Training WWater Injector  Injector 2 Year 0 Year
Vietnam Natural Flow Froducer 2 Year 2000772015 1 Year 2000772018
SWRR  Suspended Well Risk Review. WFM - - Medium Concern  Significant Concern
Action Code AC #2 AC#3
[ Indicates the DHSV being locked open. (Sleeved). Well Count 141 15 0 4
Red Text  Highlights a non-compliance with WIMS criteria. o 801 85 0 23

Sale'Wells Page 1of 1



Back to the journey...

Where are we now?

» Create a baseline of well integrity statuses
« Establish workflows to manage the well integrity issues more effectively
 Adopt a proactive approach to well integrity for growing well stock

o All 82 wells on the system

« All wells have a risk score, well histories and key data uploaded

» Integrity tests can be entered direct by CROs

« Automatic notifications and reports generated by the system ‘

* Interventions carried out on 6 wells so far in 2017 to improve f'
integrity status i

* Rolling-out to legacy E.ON assets in Q2

« Immediate benefit is awareness of historic well stock j



Back to the journey...

Where next?

* API 6AV2 — full integration of leak rate formulas

« All assets self-entering test data, ensuring a smooth workflow
* One click sign-on, build well integrity awareness
 Dashboard style output?

e Various other features available...! f

)
Vit
2/



Next Steps: Barrier Schematics, MAASP

S5 Tuben sbov e S5

Tubing [_TUE)

APT Burst [pail 13540

BPI Colapse {paik 5170
Sest Degth (TVD) {m 2294
Set Depth (0] (m): 3294
Set Dapth (TVD) (- 3204
Siring (00) i 5.5
String ID (in: 8382
String Wt (st 17
Strieg Yield (i) 140000
ssncmionn | [ T o 0

M Pmaase = PecTec '[Dr'.mn (VP 4~ VPug, 186 )]
& 5 Twhing (below 555

I THE SR
2] ' Facker o 10255
SSS5V AAnnulus S wibing briwpade [
&7 Yubing foalow 355
Packe B Annulus




Conclusions

Multiple benefits observed:

* Improved well integrity awareness allowing
proactive issue management

Alerts and notifications aid communication
and swift issue resolution

* More informed, consistent decision making

 Immediate test results, reduced administration and potential reduction in
production downtime

* Well integrity culture growing within the organisation

Some more work still to do!



Questions?
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