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Inspection Results

Below Grade Piping
ALASKA

Doubled Program Work S cope 2 0 0 1

Inspected 228 previously un-inspected locations with PTI/TWI

- represents roughly 40% of the population to be inspected

- approx. half of these locations are regulated “oil” piping

9 cased pipes were excavated (vs. base plan of 4)

- 2 had moderate external damage, one was sleeved, one is out-of-service

7 were inspected, with no significant corrosion, ana refurbished

10 Refurbishments, 3 Saves, 1 Leak
Completed Annual visual inspection
Completed field test of new technology - GUL (Wavemaker)

- Evaluation complete, technology not to be adopted



Inspection Results

Below Grade Pip: ig

Complete initial inspection of all significant lines -150 lines
Inspect using PTI and/or TWI technologies
Prioritize and excavate lines as appropriate - 5-9 lines

Work with equipment vendors, Phillips R&D, and BP to improve
technology, and explore new technologies

Test Southwest Research Magneto Strictive System

ALASKA



ALASKA

Subsidence Mitigation at the Drill Sites

Existing Well Upgrade Program:

16 floors with riser piping supports were installed in well houses at Drill Site 2M.

S
Well house floors are supported by the well conductor and provide table riser piping

supports.

S More than thirty heat tubes were installed at 1A, 1C, 2A, 2K, 2N, 3G.
Heat tubes are used to keep the ground frozen or to re-freeze the ground where it has

been thawed.

New Wells & Producer to Water Injection Well Conversions:

S New wells had heat tubes, and floors with permanent pipe supports

S Producers converted to water injection wells, and EOR conversions were also upgraded

with heat tubes and floors with permanent pipe support

W ind Induced Vibration

Identified 4 line segments within design envelope needing dampers - design/procurement

v
in progress

A Engineering is re-evaluating design envelope to ensure validity

n An annual PM is conducted by Engineering and Operations to review all existing PVD

installations, and to repair/replace any deficient devices



. S pills/Incidents
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2001

External Corrosion
* IHB’VI Water Injection Line L5ak, 4/15/01 (Below Grade); previously reported
Internal Corrosion
* No Leaks in 2001
Other Structural
« DS 2X Miscible Injectant Line Incident, 12/31/01
-Through-wall crack, No spill
-Original weld defect (LF), coupled with WIV was cause

-Oriented 1 degree outside of PVD Design Envelope



S pills/Incidents

6” 2A-18 PO Well Line Le?k 4/7/02 AAKA

Scenario: Location of leak

»

Drill Site Operator discovered oil leaking from the
flowline of Well 2A-18, which was immediately shut
in

The spill occurred sometime between 0430 and
1030 hrs (last walkdown of area done by night
operator @ 0430 hrs)

Due to the size of the hole, the pressure drop in the

line was not enough to alarm or shut in the well

Leak area was a pinhole located just above the weld, where a thread-o-let used for
Cosasco fitting access was located ina 90° elbow

The spill was estimated to be 1200 gallons of product (8% oil and 92% produced water)
and covered approximately 1700 ft2 of the pad

The spill was contained on the pad

With the C-sands perforations in 1999 the fluid rate in the well increased to 7000 bpd
and continue to average 4000 to 6000 bpd.

Cause appears to be flow-assisted corrosion in flow disturbance area



S pills/Incidents

6 "2A-18 PO Well Line Lef.k 4/7/02 ALASKA

Background/Inspection History

e Erosion prone areas of this flowline (‘S’riser and areas downstream of the choke)
have been inspected seven times since 9/20/00. These inspections showed
minor damage, but well within acceptable limits

e The last inspection downstream of the choke was done on 3/16/02 and showed
minor damage, but was within acceptable limits

e This section of the flow line was thicker walled, 0.863", larger diameter and not
where we have historically found erosion/corrosion concerns

Post-Spill Inspections

23% wall loss by UT in the wellhead riser,

e 30% wall loss by RT due to erosion in the 4"x 6" reducer,

e Scattered corrosion pitting in the range of 8% to 15% wall loss throughout the majority
of the 6" section of the flowline.

* The manifold piping exhibited erosion to the impingement areas in the range of 4% to
34% wall loss by RT & UT

« A total of 6 Hlocations were inspected by (RT) Radiography and 11 locations by (UT)
Ultrao”.iics.

e No locations on the well line needed to be repaired, other than leak area



B . S pills/Incidents

6" 2A-18 PO Well Line Leak 4/7/02 ALASKA

Incident Investigation Action ltem s

Inspect the rest of the 2A-18 flow line prior to putting it back into service
- Complete

Determine where other similar locations exist at Kuparuk on drill sites
i.e. thread-o-lets with Cosasco fittings on well lines on the outside
radius of 90° elbows - Complete (Approx. 220 locations)

Inspect all the locations identified above using radiography to
determine ifthere is a pattern of corrosion inthese locations.

Based on the inspection results, develop and implement a long-term
inspection and repair plan for the identified problem areas.

All Items to be completed by YE 2002
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BP and State of Alaska Charter Agreement
Corrosion - 2002 Meet and Confer IV

November 4th 2002

Outline

» Corrosion Monitoring
3 Phase production
. Inhibition
h Produced water injection system
h Seawater injection system
» Inspection Program
Internal
»> External
» Cased Piping Inspection
» GPB Structural Survey
» Incident Summaries
» Technology

»Summary

1) BIAICN ad Grfe V
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3 Phase Corrosion Monitoring

3 Phase Production WLC Corrosion R ats

« « m a X a vtdijoj

Nov 02 BP/ADEC Med and Canter (V 3

bp

PW System Corrosion Monitoring (o)

PW System WLC Corwtofl Rita

m jgw

Nov 02 BP/ADEC Mart and Confer IV



Corrosion Inhibition (0]
» GPU Chemical Changes

m January 2001
Multiple chemistry across slope . F].

m May 2001 o
+ Implementation Summer/Winter.cross GPB

h October 2001
+ Implemented blending from concentrate ,, >

» November 2001 ' e, . . n £
+ Single chemistry - winter version . d t*—t'*rl"
» January 2002 Yo WK -7
Moved to new chemistry - Par itioning characteristics
- t \Y and rtexi jv-~flr~-. *rtokj. | .
mprove proternor r system rtexi jv-"flr ( j » /SO /-VT,
> May 2002 ma.%— > . *
Summer version, QIVDI2Q-"j - . . L t .
Poie point (Pf m JA

November 2002

< Winter version, QXVC121
- Pour point -WF

NovO? BP/ADfC Meet and Conlw IV

Corrosion Inhibition Trends
Gooe™m Inhibitor [lug« and Concentration

— W8 m upd  aSefqum  Gssitargm

P Marq X+l Spd MG fog M) NG

BP/AOCC M«*t and Confer |V



2002 Flow Line Action Log | o)

» ER Probe Corrective Actions

jUiffilll: - G-

A 74 CafcUaoon adjustment’ igpd
AT4 Increased Corrosnnty Increase Cl by 5%
A 74 Test wt™ under injection Increase a dr 5%
04B Increased GomrsMty Increase CJby 5%
GHX 1 Increased Conowvttvy See Inspection Log
AT4 Increased CorrosMtv lroew a by 5%
If Y
> Coupon Corrective Actions U*.*,_e §]
equipment ID k*
140 Increased Comwvtty Increase atrr Ao
050 Inconsrstent Batcb Treatment Re*Jwdc*ed Batcli Program
140 Increased CorrosMty Increase a trr 10%
Increased Corros/wty Increase O by 10%
050 Increased CorrosMty Increase Q by 20%
t*7* o; BP/ADK Meet and Conte IV

SW System Corrosion Monitoring
SNSpUB WLCCr'fWton [Utn

Qutsrer Mir bpr—

Hr @ BIANCME ad Grfer v
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SW System Detailed Analysis

» Corrosion Mechanisms a . *J|**

h Oxygen cwnsion ! AX
Microbiological y 1999
» Oxygen /s 2000
» Drives corrosion in upstream 2001

» Microbiological A

»* Drives corrosion In downstream.
» Oxygen Control Actions
Set Oj control < 20 ppb
Mechanical fixes to tower

Oj scavenger
+ Continuous, addition
» Next Steps

Microbiological control

Nov 02 BP/ACEC Meet and Gonf>-r IV

FL
9.5
7.8
18
0.7

bp

O
WL* All
14 23
26 3.0
19 19
33 2.6

yFijooo 1 Ot ¢

bp

SW System - Microbiological Corrective Action

» Upstream
h Improved Corrosion Control
» Improvemen; dissolved oxygen control
» Downstream
h Inaeasing Corrosion
» Attributed to microbiological activity
» Microbiological - Corrective Action
» Doubled bioode frequency at mid-year
*« SOC ppm once per week

h Supplements' biocide treatments
. SIP to DS04
- slug with 500 ppm txaoe
+ Entire SW System
- a day soak with 500 ppm Mocide

Pigging increased
-» . Entire system pigged 3Q 02 - U Vrva-~
» Contributing Factors
» SW system shut downs for STP upgrade for PSI

« System upgrade for increased seawater rates

Nov 02 BP/ACEC Meet and Confer IV
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Corrosion Monitoring Summary

1999 2000

OlL FL Ave CR, mpy 0.3 0.4
% < 2 mpy 99% 97%

OIL WL  Ave CR mpy 0.5 0.7
% < 2 mpy 96% 92%

PW =8 Ave CR, mpy 0.5 0.4
% <2 mpy 93% 94%

PW WL  Ave CR, mpy 0.6 0.5
% < 2mpy 95% 97%

SwW L Ave CR, mpy 9.4 7.8
% < 2 mpy 0% 0%

SW WL  Ave CR mpy 14 2.6
% < 2mpy 88% 64%

» 2001 to 2002 Summary
*¢ 3 Phase (OWG) - Largely unchanged
Produced water - Performance improved
» SW Systems - Needs improvement

Mov 02 BP/ADEC Meet and Confer IV

Inspection Program - Well Lines

GPB Well Pad/Drill Site Pipelines
Impede" Heawre * Imemjl Corrosion

19% b 197 B Ve
02 BP/ADEC Meet arxl Ca.fer IV

.3

4£ tl

2001 2002
oJ 0.4
98% 99%
0.6 0.7
93% 91%
(05 0.2
93% 100%
21 0.3
86% 97%
18 0.7
100% 100%
19 ' 33
67% 33%

P-jlxt’j
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Inspection Program - Flow Lines

GPB Qross Country Pipelines
Inspection Meesure « Intemal

o ININLET

\wr W 19 Xno _m qq

'\m BP/A06C Meet and Co v 13

2002 Flow Line Action Log Il

» Inspection

Iguipmont ID Cause Act>on
096 Increased Corrosnnt> Increase Cl tv 10*>
M-36 Increased Corrowrty Increase Cl try 10%
GHX-E Increased Qxrowitv increase Cl try 10%
PW System Changed Upstearn Cl Changed Upstream Q 1Q02
SW System Biocde rate k>v Increased Bioode

BIATCM ad Qi vV n
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Smart Pigging Program

» GPB Scope 2002

»* 16* Produced Water Supply
¢+ Flow Station 2 to Drill Site 3

‘mj >*- - Untfh - 2.9 ttes (15.521 It)

+ Flow Station 2 to Drill Site ¢
- length - 1.3 miles (7,077 »)

+ Flow Station 2 to Drill Site 9
Length - 3.2 miles (16,882 It)

h Report Status

+ Minimal internal corrosion/moderate external corrosion
+ Proofing/validation of anomalies scheduled In 2002-03

» ACT Scope 2002
s 14" Three Phase Production' ft

K Pad toCFP
Lengft - 4.8 nuies (25,175 ft)

» Report Status

+ Minimal external corrosion/Extensive internal corrosion
+ Proofing/validation of anomalies in progress

» FFS - Anomalies added to NDE program
m BP/AD6C Meet and Confer IV
Av r) Cl-- g 11
Vf V.
rExternaI Inspection Activity
GPB Pipeline TRT Inspection Summary
1 < ‘aUCL 1 i
v f N
IVc_ W o CUx-4y— 11VA-

hp

Inert* PW * Mypcarg

T>*rt*l Future MJIWI

hp

t (,***_
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U**lll
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viva I vy vinam A
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Leo- CC"-V.
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GPB C?sed Piping

» Inventory

»¢ Completed field -wide review
h Established casing Index/register

» Location Identification

»» Crossing identified on aerial

» Applicable Technologies

** Guided wave

Switched to magnetostrictive
Established permanent monitonng

- Atdetected momalies oencfuocarnu)

» Electromagnetic wave

hp

Ongoing test/evaluabon program c
» Status |
*
» 90+% complete with 1 year remaining on 5 year program - cll ( ( Cl- <
Nov 02 BP/ADIC Meet and Confer IV ]7
c < Ic A VvV e “T C
v A
c M £1 L. AI( 47 < iM
-T— 0 -~
hp

Cased Piping - Long Range Inspection

» Guided Wave Technology

h Two concepts for excitation and reception of guided waves
Ongins differ but concepts are applicable for long range inspecbon
- Electromagnetic coupling (e.g. magnetostrictive, EMAT)
- P eto-electric coupling (e.g. strain gauge, comb)
» Comparison of Techniques
« No significant difference observed between the 2 concepts with respect
to false calls and probability of detection
- GPB Trial November 19. S
- RTD for PRCI/AGA August 1999

»» Strategy Shift
+« Permanent/fixed monitonng of magenetostnctive sensors
- Increase confidence in repeatability tests, reduce false positiv e
- Monitor change/growth -vs- Isolated evaluation
- Cost control; single installation, unnecessary excavation

@ BP/ADEC Meet and G&F# IV
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GPB St jctural Survey

» Field Observation
m Recurring program
» Opportunity program
» Recurring - Walking Speed Survey
Five year recurring program
2002 « GPB East Cross Country Pipelines
*« 2003 - GPB West Cross Country Pipelines
2004 - GPB East Well Pads
2005 - GPB West Well Pads
*« 2006 - Lisburne Cross Country Pipelines/Drill Sites
*« Repeat Cycle
> Opportunity Program
h Secunty
Operators
» FFS f w c

ia Anomalies added to ongoing FFS program

tiovoz BP/ADEC Meet and @Nla IV

Kuparuk Flooding

Food water behind East channel bridge
of Spine Road
» Historically not flooded to the same extent
Water levels high enough to submerge flow
lines between M-pad and GC-2
» Two 3-bundle lines were the only
equipment with observed damage
»* Flooding caused the bundles to shift

>

M

Misc. msulabon damage/wetbng
w One anchor locabon where each of the bundle
lines failed to re-seat properly

» Actions
»» Engineer review
» Insulabon & Anchor repair
GJl inspection scheduled 2003

Novol BP/ADEC M«« and Confer IV

A 5cc

Complete

19

bp



4

2002 Leak/Spill Summary

» Leak/Spill Location Summary

Affected Surface

Internal External
Well Une 2 1
Flow Une - 1

» Leak/Spill Mechanism Summary

Mechanism
co02 Erosion CuUl

Well Une 1 1 1
Flow Line - - 1
> Leak/Spill Fluid Summery
Service
Prod SW PW
Well Line 2
Flow Line

BP/ADCC Meet ana Confer IV

Nov 02
H-21 S-Riser
Inspection
> Prior inspections
m Okxaboro by RadograpfTy
+ No damage <yta\cF ttvsn 20%
Well Head Corrosion Inhibition
* normal location *95% WOA
Bleed ring
Companion flange
>¢ 32 exceptions < 5%
Continuous a on Sriser
System Breakdown
w Upper elbow risk not recognized -
m Inspection/(rttigation program
Not syncfxonired
w Inhibitor Injection Point not moveO
Corrective Action
>¢ Short term + complete
[ ] ﬂspected. PB s-rts"s '/ *'*
[ ] Iqﬂ
IS i t
Long term -ongoing
Move corrosion Inhibitor injection fcotioos
Nv@ BIATCME ad Gria W

bp

Cu!

21

KgaMl.ImJ.Bfa.

« Bieednng

« Coinp. Flange
95% en WOA

Actual Inj. Loc
« Batch In), loc.

L TNl

y RT Bottom Elbow

e <20% damage
« No change since

2



bp
13-12 Well Line o)

Incident Summary
May 31st small leak detected
h Une shut-in and Insulation removed
Inspection
» Failure caused by external corrosion
* Weld pack in saddle
+ 7:00 to 10:00 dock position
+ 8'x 10" network with pinhole leak

Corrective Action Plan
Complete line review performed
All insulation joints
» Sleeve repair leak location
+ No addition-- Jeeves required

lev

m BP/ADEC Mrn and Confer IV



Z Pad Large Diameter Flowline

Incident Summary
October 4th a small leak detected
»» Line shut-in and tnsulaDon removed
Inspection
A breach found In insulation at low
point drain
Failure caused by external corrosion
Corrosion network present 360°
* Leak at 12:00 o'clock position
Corrective Action Plan
» Inspect adjacent pip.ng
» Sleeve repair leak locabon

BP/ADEC Meet .v«d Cnnfft IV

Technologies for Corrosion and Integrity Management

A P A lex CW o *
» PDT/MIMIR
m & . Paperless environment R
. Improved access to data
LK - j - Electronic Versus paper copy
Kfcuv*-  * B » Remote Access Technology (RAT)
Altemabve to access via scaffolding ‘ v>

Use of ropes to access equipment and piping [
» Remote Operated Vehlde (ROV)

Inspectton of firewater and raw/potable water tanks

Used for sediment removal

Capable of performing visual and UT inspections
» Digital Radiography (ORT)

100% use of technology by OC across BPX assets

* Reduced HSE nsks
- chemicals, radiation exposure

Multi-location access to images

Nov 0J Uf/ADEC Meet and Confer IV

Rufxurt area

bp

e
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Summary

» Internal Corrosion
»» 3 Phase production - largely unchanged
»» Produced water - improving
Seawater

Oxygen control « dramatically improved
Microbiological control - biocide dos-'ge increased
» External Corrosion Tiev'
h YTD approximately 3 times historical average
» Incident Summary
» YTD 50% internal/50% external 1A
» Cased Piping
h In year 4 90+% complete of 5 year program

» Technology - Wvj/MD " Vu- Yo f

(2 BP/A06C Htti and Conte V

/- c» t

ktvrj
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ConocoPhillips

Greater Kuparuk Area

Commitm ent To Corrosion M onitoring

O verview

presented to the
Alaska Department of Environmental Conservation
4 hMeet & Confer

November 4, 2002



Inspection Results
Internal Corrosion CO”OCOPhl”lpS

Cross Country Lines

Corrosion Is Under Control

s Exceeded RTR goal of matching 2001 footage 2
Over 30,000 ft of over 233 lines inspected (RTR and RT) through 9/30

S

s Integrated Turbulent Area Inspection Program

s 0 Leaks, 0Saves through 9/30
Smart pig of water lines >10” appears feasible - evaluation ongoing

Internal Corrosion Spills
- Cross Country Lines

1994 Spill 24" 1Y/R Crude CC Line

RT Footage



Inspection R esults

Internal Corrosion ConocoPhillips

Well Lines

Internal Inspection Focus Area

On schedule with 2002 goal to complete all .312” lines.

Over 12,000 ft of over 448 lines inspected (RTR and RT) through 9/30
s 12 lines required repair through 9/30 (4 injectors, 8 producers)

s 2 Leaks, 10 Saves through 9/30

s Pursuing expanded inspection scope @ DS 2T

Internal Corrosion Spills

- Well Lines
98 Spills  1L-1 6”WI
1L-3 6" WI
1A-9 6" WI
2000 Spill 1G-8 6" PC

2002 Spills 2A-18 6" PC
2T-13 6” PC



Inspection R esults

Internal Corrosion ConocoPhillips

s Continue to Focus on and Inspect Well Lines
- Inspect next 100 highest priority well lines.

Priority based on wall thickness, age of line, and time since previous inspection

s Maintain Inspection of Cross Country Lines t w

J,
Inspect roughly 15,000 feet by RTR

Complete backlog of “Turbulent Area Program” inspections (formerly called “Elbow
Inspection Program?™)



M onitoring /M itig a tio n
ConocoPhillips

ResultS ¢ aAccom plishments

Monitoring:

s In the 3-phase production system, coupon general and pitting rate averages
remain under threshold limits and are trending down

s Over 90% of 3-Phase Production CC lines with ER probe rates < 2 mpy
s Corrosion rates on the water injection well line coupons have decreased

s Corrosion rates on the wet oil cross country line coupons have decreased
markedly

Mitigation:
~ Inspection data shows corrosion is under control in the cross country lines
s All inhibited 3-Phase Production CC lines with probe, coupon, or inspection

rates above thresholds had corrective action taken (inhibitor rates were

increased during 1st half 2002 opt cycle) * excluding test DSIR, which was pulled after opt
cycle and was ‘A’ grade (tn N c-j"-6*

N Continuous wellhead injection system installed and operating at DS1G

Additional Drill Sites installations funded: construction to start this winter



M onitoring /M itigation
Three-Phase Cross Country Lines

Three-phase Production Cross Country Line Coupons

30

a Overall_MPY m Pitting_MPY

25

sur*irTiary

YTD2002

Pull Year

s Coupon average corrosion rates in the 3-phase production lines have improved
due to optimization cycles and perhaps change to RU276 - IV

Coupon corrosion rates are a conservative measure, and are an advance indicator
Inspection data shows corrosion is under control in the 3-phase CC lines

- Less than 5% of repeat inspection locations showed increases

A NuT



M onitoring /M itigation

Wet Oil Cross Country Line Coupons

Pull Year

Water Injection Well Lines: =>=>

Coupon corrosion rates have decreased
slightly YTD

Past upward trend is currently reversing

ConocoPhillips

<=<= Wet o0il CC Lines:

Wet oil lines coupon corrosion
rates have decreased markedly

24” wet oil line removed from
service in 2001

16” and 12” wet oil lines coupon
corrosion rates are lower - more
effective inhibition

Pull Year



M onitoring /M itigation

WI Cross Country Lines ConocoPhiIIips
Water Injection Cross Country Line Coupons
O Overal_MPY m Pitting_MPY
S U m
YTD 2002 )
i, £
° (7>
T A (WP
Area of Concern ot ustl

s Coupon average corrosion rate* In the water Injection cc lines have increased \r
[

s Average affected mainly by a 3 lines at CPF2. Field average pitting rate excluding"
“pbad actors” falls below threshold.

s Recent inspection data from the 3 CPF2 lines shows only minor damage (worst
case B grade)

tx-

s Nevertheless, work is underway to find the cause
-Itfxt' A~ PA | AUy u*/
8 Aa'l *s Ic3 L

>5<



Monitoring/ M itigation
ConocoPhillips

s Find more effective corrosion inhibitors

- Implemented RU-276 field-wide in first quarter of 2002

Previous upward trend in coupon rates appears to have turned

Field test completed at DS1R yielded good quality data

- New lab screening process implemented with good results
s Implement wellhead continuous injection
- New system is pumping corrosion inhibitor at DS1G well head
locations.
- Technology evaluation in progress (automated system)
- Starting construction this winter at additional drill sites.
s Schmoo B Gone Test Update

- Capital project funded and in design stage. | (V U



Number o Leaks & Saves

10

In spection

External Corrosion

Historical GKA External Leaks and Saves

t 40008
35000
+ 30000
* 25000
+ 20000
+ 15000
10000
5000

-0
1997 1998 1999 2000 2001

Year

Novd\‘%’,ehSH c

R esults

ConocoPhillips

NENS C .OAN-

External Corrosion Line

1995

1997

1999

2000

Failure History

2C-04 Well Line

2 ea. 24" Crude CC Lines
(Weld Pack @ Saddle)

1A-15 Well Line
(Weld Pack @Saddle)

2X-16 Well Line



Inspecticfl

CC Lines External

Historical R iults -Weldpacks Over Tundra

40000 Z)
IWP* TRFd M W P 'l Conoded \ Corrodort I)
35000
16
®
14
25000 ]2i
PA11) atu

15000 )

5000

1995 1996 1997 1996 1999 2000 2001 2002

Lot 77 Wil i m
#

CC Lines On Pad:

TRT’d 2542 on-pad cross country weld packs
YTD, exceeding 2002 FY goal of 1780

91%0 of on pad cross-country line weld packs
have been TRT’d to-date

The %corroded weld packs found has
dropped slightly, -1.8%

11

Results

Corrosion ConocoPhillips

CC Lines Over Tundra:

Initial TRT inspection of over-tundra CC

weld packs and refurbishment of heavy wet
and corroded weld packs was completed

by YE 2001. Final walk down verifications

are underway. ijiUu Iﬁ (11 uL

Began initial recur effort in 2002, targeted
medium-wet weld packs in saddles from

initial survey N

_ v & > e R
Increase in %-Corroded was expected due
to target population A

Historical Results -Weldpacks CC On-Rad



Inspection R esults

Well Lines External Corrosion ConocoPhillips

Historical Results - Weldpacks Well Lines

6000 T

IWP's TRTO iWP's Corroded % Corroded

5000
4000

g 3000 3

2

2000 :
100

1995 1996 1997 1996 1999 2000 A01 .00
Veil Lines :
TRT’d 3007 well line weld packs YTD T

On-track to reach 2002 goal of 4000 weld pjcks TRT’d
55%06 of the well line weld packs have been TRT'd YTD 2002

Goal is to complete well line weld pack TRT baseline inspections by YE 2005

Continue to monitor %-corroded and respond to trends

12
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Inspecrc>n R esults

Below Grade Piping Conoadphillips
: 2 YID
et G oal of I nspecting All Priority 1 P ipes
-t h
Inspected all 130 previously un-inspected priority 1 locations with PTI/TWI
t™ a,.
A
8 cased pipes were excavated (goal was 5to 9) ( NN

- 2 had severe to moderate damage (1 internal, 1 external).
The external damage was sleeved, the internal damage was replaced/upgraded

- 6 had minor or no significant corrosion
8 Refurbishments, 2 Saves, No Leaks
Completed Annual Visual Casing Inspection; cleared all obstructions

Will share BP’s evaluation of Magneto Strictive technology from B&E
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Inspection R esults

Below Grade Piping ConocoPhillips

Re-inspect roughly 60 priority 1 pipes
- Inspect using PTI and/or TWI technologies

Complete initial inspection of all priority 2 lines ~ 115 lines
Mostly atmospheric/low pressure flare/gas lines - Inspect by visual

inspection and “sniff’for gas

- Selectively use PTI and/or TWI technologies where warranted

Prioritize and excavate lines as appropriate ~ 5-9 lines

Work with equipment vendors, Phillips R&D, and BP to improve
technology, and explore new technologies
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Inspection Results

Below Grade Piping

Note: The only uninspected priority 1 lines are those that are newer than 10 years old
Previously

All Lines in GKAZAOA Inspected _ Uun- Unln_spected
Thru inspected Total Lines
Inventory . .
10/31/02 Lines Inspected in
2002
Priority 1 Oil 331 44 375 38
Priority 1 Non-Oil 226 17 243 92
Priority 2 Oil 1 18 19 0
Priority 2 Non-Oil 0 o8 98 0
Priority 3 Qil 1 21 22 0
Priority 3 lines Non-Qil 2 13 15 0
2002 Total Inventory 561 211 772 130

ConocoPhillips



N

ConocoPhillips

S tructural C oncerns

Subsidence Mitigation at the Drill Sites
Existing Well Upgrade Program - 2002:

* Installed approximately 53 floors with pipe supports > "t
- Drill Sites 1A, 1D,2T,3F, 30, and 3Q © -emf " Al

~  Installation of approximately 23 heat tubes in progress at Drill Sites 1D & 1R
Heat tubes are used to keep the ground frozen or to re-freeze the ground where it has

been thawed

7~ Installation of permanent fixed pipe supports in progress at Drill Sites 2K & 2M

New Wells & Producer to Water Injection Well Conversions:

s New wells had heat tubes, and floors with permanent pipe supports

7~ Producers converted to water injection wells, and EOR conversions were also upgraded
with heat tubes and floors with permanent pipe support (approximately 15 heat tubes)

Effectiveness/Monitoring

s Periodic subsurface thermistor monitoring indicates the heat tubes are achieving the
desired results, showing the expected thaw bulb contraction

16



™ S tructural C oncerns ConooJdh

Subsidence Mitigation at Drill Site 2M

Kuparuk Orillsite 2M, Thaw Subsidence Project

Measured Soil Temperatures Between lleutpipe Casings
Measured Soil Temperature

20F 25F 0F BF 40F 45F 50F 5 F



S tructural C oncerns N

ConocoPhillips

Wind Induced Vibration

S

18

Progressive improvement since program inception -1991
> PVD elastomer improvements (Gem ation I, II, Il & IV elastomers) - er*1 " U
FVA development

o Ab'v* le'*¥ 1nr t
< Eliminates elastomer problems N N

Decreases maintenance
e Decreases device failure frequency
e Increases system performance

Annual PM conducted by Engineering & Operations to review all existing PVD/TVA
installations and to repair/replace any deficient devices

WIV study on 12” and 14” Alpine Pipelines (November 2000 - November 2001)
>  Existing WIV Mitigation Program performs as designed
> Design wind fan criteria valid (N45°W-N30°E) ( p!&

NO failures attributed to pipelines employing PVD/TVA devices since program inception
> 2X failure in January, 2002 (small LOF il? V\I/eld root) Y1y A

= 1° outside wind fan design criteria

 No PVD/TVA devices installed prior to failure



S tructural C oncerns

ConocoPhillips

Wind Induced Vibration

s Identified 6 cross-country pipeline routes within design envelope requiring PVD/TVA

devices
> Design/installation in progress
A "\
> DS3N to be monitored - falls directly on N45°W periphery of design envelope

~  PVD/TVA installation effectively remediates initiation and/or propagation of any indications
or defects

> Vibration P-P amplitude limited
> Stress range limited
S Quantitative & Qualitative Assessment
> TRT, VT - (435 weld pack locations - 70 locations wi C-rank & D-rank damage)
> UT - (22 locations -1 locations wi C-rank damage)
> RTR - (Aggregate total of 10,892 ft - 11%0 worst-case wall loss) A
> Exhaustive NDE techniques during construction
> Tough, ductile materials (Specifications, g/)N, CTOD}fhardness, etc.) '

> Continuous improvement of PVD/TVA system performance

> Regardless of pipe wall damage mechanism, no failures have occurred since
program inception validating the remediation effectiveness of PVD/TVA installations
19



S pills/Incidents

External Corrosion

* No incidents to report

Internal Corrosion

e« 2A-18 Well Line Leak at Cosasco Fitting/Elbow (4/7/02);

e 2T-13 Well Line Leak (7/25/02)

Other Structural

*No incidents to report

20

ConocoPhillips

previously reported



S pills/Incidents

6” 2A-18PO Well Line Leak 4/7/02 ConocoPhillips

thym<rui»< he fmfry w mlj-mMmur MU r«w <*e ~>Uitvrttw »««Mm Wrtlfcp
Scenario:
Leak area was a pinhole located just above the
weld, where a thread-o-let used for Cosasco fitting
access was located ina 90° elbow
1200 gallons of product (8% oil and 92% produced
water) on-pad
«> Cause appeared to be flow-assisted corrosion in
flow disturbance area
All Action Items Complete:
S Inspected remainder of 2A-18 well line prior to returning to service
e Post-spill inspection of well line showed no areas required repair, other than leak locat' |
Completed survey for similar locations at all Drill Sites (283 locations) Cti "t
V. tiw. viTlv

Completed RT inspections on all 283 similar locations on 6/22/02 '‘HV
e No repairs required due to this corrosion mechanism o ¢~
reoiv el dae

e Two repairs due to other causes (questionable original weld, deteriorated threads)

N Inspections confirm theory of isolated mechanism
Added these locations to recurring interval survey for each well line

21



S pills/Incidents

6” 2T-13 PO Well Line Leak 7/25/02 ConocoPhillips

Scenario:
Leak occurred shortly after shutting-in well at manifold building

Leak was isolated within 5 minutes by closing wing valve at wellhead
10 gallons of product (41% oil and 59% produced water) spilled, contained on-pad
Leak occurred in 0.375" wall thickness section of line at a weld pack

Completion of investigation delayed due to lack of access

Background/Inspection History:

Pre-spill inspections on this line consisted of:
- wela-packs
- branch connections (part of 2A-18 follow-up inspections)
. Piping was originally installed at DS 3.7, then reclaimed for use at 2T-13 in 1996
- Pipe was new when installed and abandoned at DS 3. cW L AT |
- Condition of pipe when installed at 2T-13 in 1996 is unknown . rro- A

Based on age (6 years) and wall thickness of 0.375”, this section was not scheduled for initial
internal inspection until 2004.

22



S pills/Incidents

6” 2T-13 PO Well Line Leak 7/25/02 ConocoPhillips

Post-Spill Inspections:

Post-spill inspections initially limited to accessible areas:
-Showed substantial, but non-derating damage on 0.312” wt section
-Showed only minor (<20%) damage in accessible 0.375” wt section
Access finally allows completion of inspections (October 2002):

-Showed cause to be severe internal under-deposit corrosion, evident throughout
the 0.375” wt section

-Low fluid velocity is causal factor (??7?)

Action Plan:

Evaluate replacement line size for well 2T-13 to minimize under deposit corrosion when w*.
is placed back into service - Complete (4" piping will be used) N

Inspect all well lines at DS 2T for internal corrosion, to determine ifsimilar conditions exist
Based on inspection results, determine ifinspection criteria across field should be modified

Target completion March 2003



C U I-B uffer S pike Test .
ConocoPhillips

CUI Buffer Spikes installed at 76 test locations in fall 2002
Initial pH readings found at 6 to 7 pH

Follow-up pH testing and evaluation scheduled for summer 2003

J-01i I



Background: Buffer Spikes
ConocoPhillips

Buffer spike:

stick of sodium phosphate (a
buffer salt)

Dissolve into weld pack
moisture

Create an environment with a
stable pH of about 10 (basic):

25
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Backgiound: Corrosion Rate conocophillips

Steel corrosion rates decrease as pH increases

(Alkaline solutions slow corrosion)
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CORRECTION

THE FOLLOWING DOCUMENT(S)
HAVE BEEN REFILMED TO

ASSURE LEGIBILITY OR PAGINATION

Grird MadilmSavias

Dcpartement of Education & Early Development
State of Alaska
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BP and State of Alaska Charter Agreement

Corrosion Monitoring Review 2002
Meet and Confer V

April 28th, 2003

Outline

» Corrosion Management Program/Objectives
» GPB

» 3 Phase Production
Weight loss coupons
ER probe
Corrective actions

» Water Injection Systems
Weight loss coupons
Corrective actions

» External Corrosion
Inspection
Cased Piping Segments

» ACT

» GPB and ACT Comparison
Size and cor, oslvtty

» ACT Highlights

m Selected corrosion management examples

» Summary

Al 208 ERACEC Mgt and Gorfer V 2



Corrosion Management Program

Objectives

k Strategic Objectives
and Targets

» Minimize HSE Imparts
Corrosion loss of containment

U
O s o implemen
i WE= .

h Rt-for ser_w_ce I_nfra_structure Con**, Mitigaten station

Remaining field life

With gas sales 50+ years

Evaluation

h Infrastructure Integnty

Satellite fields Step Program Elements

Use of existing Infrastructure Plan Objective

Program objective and purpose

» Future Major Gas Development F-!-e?frogremtance meutc

Utilize existing facilities Do Implementation

Plan to achieve objective
Check Evaluation
Method to evaluate performance

Act Corrective Action
Correct deviation from target

Gas sales demands longevity

Apnl 2003 BP/ADEC Meet and Confer V

bl.I

System-by-System Review

» Elements of Long Term Fitness For Service
h Corrosion monitoring
h Inspection
Condition
Increases
kk Mitigation/corrosion control
» Weight Loss Coupons
>¢ Flow Line
kk Well Line
» Inspection Increases
k» Correlation between inspection increases and WLC
k Equipment Condition
kk Increases and condition correlation
k M itigation
kk Correlation between corrosion rate and Cl concentration

Auil 203 BRACECMeet and Qonfer V



bp

mtfti

3 Phase Production 0

» Weight Loss Coupons
h Flow lines
Well lines
» ER Probe Example
» Corrosion Inhibitor Injection
h Concentration
h Water rates
» Monitoring Corrective Actions
ER probes and coupons
i Inspection
h How and well line summaries
> Inspection Corrective Actions

i 3 Phase Inhibition Summary

April 2003 BP/ADEC Meet and Confer V S

np

3 Phase - Flow Line Coupons

im M) [«M Im im \m [t i*n «oc net aoj

Apil 008 ERACEC Mgt and Gorfer VV



3 Phase - Well Line Coupons

m 2

April 2003

ivn

iw» iw? tm w ~ 2001

BP/ADEC Meet and Confer V

ER Probe Example |

Ail 208

Anpi om-*

Q. —Fi

H~tcamr

K
I>XG

BYADEC Mt and Gonfer V

2002

bp

bp



ER Probe Example 11

Ky 1* U tug tap

April 2003 BP/ADEC Meet and Confer V
bp
Monitoring Corrective Actions 1

CNN Adin
AP tocraated Comnty  Icmtod Giby4*
APad  tficmtad oAy  memtad A byiX
memitd Goramty — incraatad A by 6
QHXE  incmitad Grwwy S TeblaH4
APad  mrraatad Gavrtway  encroetad A by 3%
aDM  tnoragted Comonfy — encmitad bon J to4 god

» ER Probe Corrective Actions

Eotrtprvert ID e Adion
(614 frormeiedCrTat™)  Howdn) Uby 10%
» Coupon Corrective Actions auo batVedComeaMy  *atattdC! by 10*
Q0 InetdadQomaiAly  toasmed A by CTA
fPRd tocmtadCannvly SaTabstVi

Satwitv - QHodoctoQeal - Mpla

April 2003 BP/ADEC Meet and Confer V 10



Inspection Program

Inspection Corrective Actions

Equipment ID

Ds09

MPad

F Pad

GHX-E

Nsystem

SW system

Caine

Increased Corrwvty

Increased Corrosivty

Increased Com»iv«y

Increased Gomwvrty

InaeaswJ Conosrvrfy

O/HKTOtWIONCJI

Action

InrreecJed Q dy 10%

IncreasedQ dy 10%

Increased Q dy 10%

Increased Q 25%

Mofcpie

Multjpie

Al 208 BRACEC Mbet and Gorfer V



Corrosion Inhibition Summary |

maUttr (fan tur<)

i«n in

April 2003 BP/ADEC Meet and Confer V

Corrosion Inhibition Summary Il

Al 2003 BACEC Mest and Corfer V

bp

«
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Water Injection Systems

» Flow Line Water Injection
m Mixed service
» Reporting Format
h Single service
h Service plurality
» Weight Loss Coupons
H Produced Water system
h Seawater system
¥ sw Mitigation
» Oxygen oontrol
h Biocide and corrosion rate
¥ Inspection
h Flow and well line

April 2003 BP/ADEC Meet »nd Confer V

Water Injection Flow Line

. ... . ... m m
Ma im v im im W

oah

AO AV LK A
) m m
w ™ XD Ml

April 2003 BP/ADEC Meet ind Confer V

br



Well Line Reporting Format Change

» Follow-up to 4Q 2002 Meetand Confer Session

» Subsequent BP Activities to Address ADEC Concerns
m Investment In IT technology

» Dynamic link production database with corrosion and inspection database

h Positive -
Can now reportfetailed service changes J
Improved data qualify and tracking

> Negative
. Change In reported results format

» Proposed Change to Reporting Format
»* By Report Date Mid point of the exposure period
Date In + (Date Out - Date In)/2

» By Service Type (a) Ave corrosion rate with 100% exposure to service

(b) Ave corrosion rate with simple service plurality

April 2003 BP/ADEC Megt and Confer V

PW System - Well Line

— kg CEPnt
<6 I
inn im i im Im W 1m im @ m
April 2003 BP/ADEC Megt and Confer V
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SW System - Well Line - Corrosion Rate

sy C* ( w9

in iti iw im im nr % im m m
April 2003 BP/ADEC Meet and Confer V



2002 Oxygen Control

April 2003 BP/ADEC Meet and Confer V

Biocide and Corrosion Rate

April 2003 BP/ADEC Meet and Confer V

bp

tip



Flow and Well Line Inspection
o

Wy n
April 2003 BP/ADEC Meet and Confer V

External Corrosion Inspection

Apil 2003 BRACEC Meet ad Gorfer V

24
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Cased Piping Inspection |

9 rwMM)Tcort
)
£vo H
i
April 2003 BP/ADEC Meet »nd Confer V

Cased Piping Inspection 11

91

Anil 2008 ERACECMeet *rd Gorfer V
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2002 Program Performance |

> 4 Corrosion Related Leaks in 2002

Service Location Type Date
F-48 S-riser  14-Jan-02
H-21  Seriser  18-Apr-02

AN

3 phase production WL 14-Jun-02
ZLDF R 4-Oct-02

Surface Service
Int Ext OIL SW/PW
WL 2 1 3
FL 1 1
» Repairs
78 repairs

. 57-external corrosion
. 20 - intemal/erosion
1- mechanical damage

April 2003 BP/ADEC Meet and Confer V

.*002 Overview

» Maintained Three-Phase System
» No impact as a result of chemical change

» SW/PW Program Improvement
* Seawater

Mechanism Volume
Erosion UsS gal
Int 84 gal
Ext Igt
Ext 4 gal
Mechanism
CO2 Erosion CuUl
1 1 1
1

. Performance improvement from implemented corrective actions

. Additional actions as required in 2003

* Produced water
. Supplemental corrosion inhibitor

Improved compatibility of upstream inhibldon

» Inspection Program

h Implementation of expanded External Corrosion Program

. ~43,J00 items versus historical ~ 13,000

h Baseline i 'spection of oased piping segments

. ~269 segments to be Inspected in 2002
. On target to complete baseline in 2003

Aril 2003 BRADEC Mt ad Gorfer V

bP
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2002 Corrosion Rate Status Against History

m m axat

*1 SNAWCA */ #1!
JAW Awat

R WM ancr 1
ROMawat

< 4 « 0 « . u
Gttmim IUI* mpf
April 7003 BP/ADCC Meet and Confer V 2

bp
GPB 2003 Goals and Objectives

» Corrosion Monitoring
» Coupon - no significant changes
» ER probes - no significant changes
» Inspection Program
» No significant changes planned for 2003
» External Corrosion Inspection
» Weld pack inspections ~35,000
» Cased Piping Inspection
h Complete baseline assessments
» Chemical Mitigation
h Large scale changes - none planed
» Tesbng/field trials - significant activity planned
» Technology
h High speed/sensitivity ER probes
» Remote tank strap reading — C | f/0vc

April208 1 1 “o/ADEC Megt and Confer V K1)



