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Commitment to Corrosion Monitoring

e External rorroslon
° Significant exposure to leaks end reputation
Both ot GPB's corrosion related plpellno leaks In 3000

° Highly localized damage, random process
« Leads to localized repairs, no'  >ellne replacement
Managing 1/3 million weld packs, not 2,400 pieces of equipment

Cased rced crossings difficult to Inspect S repair

April 30th 2001 BP ADEC Meet and Confer Session 1
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Commitment to Corrosion  mitoring Q p

« External corrosion control
n Removal or repair of Ins'ilatlon Control -4
° Localized coating +
¢ Cathodlc protection Incased crossing I’ Monitor
® ‘Inhibitor spikes' being developod
+
Inspect ~ -------

e Typical target values
Remove or repair Insulation before pipeline
requires amechanical repair

External corrosion control Is currently reactive
Aim to movo to proactive control with inhibitor
spikes

o

Table it: Mechanical Repairs Installed

oorvice

Cross counlry 1 1
Production wofl hoc 6

un Gas 0 J
PWI 0 6

Al xh 2001 BP ADEC Mt and Gonler Session 1 B



Commitment to Corrosion Monitoring

« Ex! mal monitoring & Inspection
Tpngential radiographic testing - TRT
D At. mated TRT
n C-aim
Eddy current
° Smart pig
° Electromagnetic wave
° Guided wave

o

e Typical target values

° Control Tsble I: Recurring Fiequsoey of CUI Inspection Surveys
« irregular surface contour«T ” i ld_mi Bdvm
« 'Significant' or ‘eevaro’ anomalies T%é&r M%\(Y«’T’J

° Mechanical Integrity %i%f': f&
+ Modified B31.G e A

, ° 0J&3" minimum wall o -VO
+ 105% MAOP
Apnl 30th 2001 BP ADEC Meel and Confer Session 1

Commitment to Corrosion Monitoring O bP

GPB external corrosion control
° Driven by Inspection program

“ Detection & repair rates falling C .
Indicates program Is successful atreducing risk | Monitor

Control

Inspect -------

m 7000

w7 tfttt

Al 0th 2000 BP ADEC Mt and Gonfer Session 1 B



Commitment to Corrosion Monitoring

e Summary

° Internal corrosion —
+  Control method is understood and manageable
+ Current rates of corrosion are the Iowest(‘10I' 12 years
+ Remaining pipeline life Is being managed vta reduction In corrosion rates
+ Strategies for field life and corrosion management are in alignment
o External corrosion
+ Limited optiona for control and monitoring
+ Current program Is reducing risk by eliminating corroded areas
+New control and Inspection te-' ology will play key role In the future
* Overall
« Corrosion rates are lower than for many years
+ Risk of loss of containment la lower than for many years

Apnl 30th 2001 BP ADEC Meet and Confer Session t

Commitment to Corrosion Monitoring

Summary ofrecentleak & save data

n Flow Line Saves n Well Line Saves
20 m Flow Line Leaks m Well Line Leaks
1996 1997 1998 1999 2000

Al 0h20L BP ACEC Mt and Conler Session 1



Commitment to Corrosion Monitoring 1
Avreas of Focus for 2001

° Program Integration
« Significant progran mndit In 2000
« Substantial work remains to be dono
*» Control
« Maintain or Improve corrosion control of cross country pipelines
« Rationalize number ot corrosion Inhibitors
« Automated chemical tracking system
improve cherrical wellhead distribution
° Monitor
« Development of enhanced erosion monitoring program
« Unification of weight loss coupon program
° Inspect
« Common databsso
« Digital radiography
* Smart pig 3 pipelines
« 200 cased pipe segments using electromagnetic & guided wave

April 30th 2001 BP ADEC Meet and Confer Session 1
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Greater Prudhoe Bay Figure 1
Summary o' Corrosion Coupon data 1995 - 2000
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Greater Prudhoe Bay Figure 2
Chemical optimization in response to corrosion probe data

MsUI Lott Inhibitor Conconfralon
71
is
3w 4/1/00 vaAxs woo 7r+00
Apil 30h200L BP ADEC Mt and Gonler Session 1
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Greater Prudhoe Bay Figure 3
External Inspection using tangential radiographic testing

Aonl 30lh 2001 BP ADEC Meel and Conler Session 1

Greater Prudhoe Bay Figure 4
Detection of internal corrosion of well lines by Inspection

A Dh20 BP ACEC Ml and Corler Session 1
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Greater Prudhoe Bay Figure 5
Detection of Internal corrosion of cross wintry pipelines

Apnl 30th 2001 DP ADEC Meel and Confer Session 1 97
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Greater Prudhoe Bay Figure 6
Leans and saves of well lines and cross country lines

| Flow Lins Saves n Well Line Saves
120 I Flow Line Leaks m Well Line Leaks
100
19% 197 19%8 199 2000
Al h 2000 BP ADEC Mgt and Conler Session 1 B
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Aidska Consolidated Team Figure Al
Corrosion coupon data from Endicott 1995-2000

19%5 199C 1997 1998 1999 2000

April 30.., 2001 BP ADEC Meet and Conler Session 1
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Alaska Consolidated Team Figure A2
Corrosion coupon data from Milne Point 1995-2000

Water Infection Source Water Production Well Pad Production
Fiowmines
Anil th 2001 BP ACEC M and Gonler Session 1
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Alaska Consolidated Team Figure A3
Endlcott IIWL quarterly UT readings

irm Nunbor ot Inspections
I 3 Number ol Increases
— % Increase ot total inspections

g8 B

Q
o

8

N
o

mHOOOD_l—\ o Q:EA NO®
D
o

o
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Alaska Consolidated Team Figure A4
Endicott Velocity Monitoring

45

40 I Number ol Wells
& * 'ercentage ot Wells

35
= 30
e
I=
| S
I .

5
«
LIR<1 1<LR<2 2<LRc3 LR>3 Total
L/R Ratio (Actual MixtureVeloclty /Erosional Velocity)
Al 30h 2001 BP ACEC Mt and Gonler Session 1
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0 bP

Alaska Consolidated Team Figure A5
Detection of internal corrosion of well lines at Endicott

1995 19% 1997 1998 1999 2000

Apnl 30th 2001 BP ADEC Meet and Conler Session 1 B

Alaska Consolidated Team Figure A6 O bP

Detection of Internal corrosion of cross country pipelines at Endicott

25% o )
NB: Three Phase Mnn Production Line is Duple* Stainless
Steel Witfi No Corrosion Noted
IPWITSWI
1995 19% 1997 1998 1999 2000
Al 0th 200 BP ADEC M and Gonler Session 1
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Greater Prudhoe Bay Tables 1to 2

Tsbls 1 iummry ol W«ll I’ed / trlb» 5*ts Pipelines
No Ot Milas o» No. of Internet No. Ot External
brvtca e A N h N

Unas Piping inspection* inspections
C>*s tifechon v, 0 72
Mrsotte Injection 107 % 12 369
3 PNes# Producttor 1061 266 6956 3192
Gm un _ _ 675 P 15 2537
PW/SW/WAG 110 T a2 20ne 1442

Table 7 Summary of CroM Country Pipelines
" No. ol M.las of N<* of Internal No. ol External
Service L : N

Unas Piping Inspections Inspections
foot G»* 7 22 0 0
Gas Transport 12 36 3 0
Gas inaction 7 10 [¢] *
PMUHSupf*, 40 121 7 101
pREEES 27 61 23 iir.
NGL 4 11 0
Nitrogen Storage 1 12 0 8
0 Pnese Production 153 333 9.361 3.75#
Esport OS 2 13 239 17
PW7SW 33 103 816 __ 553

BP AOEC Meet end Confer Session t

Apnl 30th 2001

Greater Prudhoe Bay Tables 3 to 4

1995 14* ir.ar.24* 14 1 A 74, 0-36. E-36. F-74, H 36 J-74, K
! 74.M 69. M 74. N-74, S-68. U-364, X
! 74 .XF-21
tt 9 24* 1 GIT-24
aTVvTX 24* 6 036. S 36. W-74. X-74. *-36774. Z-74
arm ir.34* 3 OT, U-88. Y-69
1999 w . § A-74, E 36, F-74. J 74. M-74. N-74
2000 ir. 24~ 1 5 1 0 36. N-74. K-74. U 384. XF-21

Tebie 3 Smart pig inspection*

Tool diameters)

No.

ol Unas

Unas Inspected

Tabla 4: Numbtr of Corrosion Monitoring Coupon*

Cross oL 4

Ysar country Weil Unea PW sw In|
1995 1324 6J95 1.125 750 4
1996 1,489 7.676 1,140 744 10
1997 1,467 7,784 1,207 968 10
1we 1.490 7582 3338 732 10
1999 1.425 6.875 rToio 782 10
2000 1,371 5,855 816 782 10

Al th 2001

BP ADEC Mt and Conler Session t

Total
9,536
11.193
11,574
11.094
107238
8,970

1

Obp
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18



Greater Prudhoe Bay Tables 5to 6

Table 1 corrotion Monrtonng Probes

Location -+ H
w«atna 8
Cron Courtryj)*** ** *a4

Table 6: Corroaion IntttMtO'ft used across Greater Prudhoe Day

97VQ129

Wwu210
RU2SI

RU2S6

Apnl 30th 2001 BP ADEC Meet and Confer Session i

Greater Prudhoe Bay Tables 7 to 8

Table 7: Water production, corrosion Inhibitor usaga and concentration

Year Water production Inhibitor Usage Conotntratton
(million barrels) (million gallons) (ppm)

1996 205 106

1997 456 3 221 115

1996 «?e0 253 141

1999 415 7 228 130

2000 4363 273 149

Table a Recurring Frequency of CUI Inspection Surveys

Equipment Interval Between
Temperature Examinations (Years)
*80»F 10
>00 120*F 8
>120- 150*f 6
>150* F 4

Apil th 2001 BP ACEC Miet and Gonfer Session 1



G-eater Prudhot Bay Tables 9to 10

Ithb * t El*ctfO<it*«nMc In*p*c]ont

No. ot Ceeed Fool*g NoEU EM SlgnElf’\lllcanl
Pipe Segments Tested Anomalies Anomalies .
Anomalies
Gas/Gas un 88 7.249 75 13 0
31 A 24196 26 3 0
pGl 2 255 1 1 0
O Phase
production 62 6.6S5 67 13 2
PiEIPOTI e 75 0 0
PW/SWWAG 32 2.771 - 0
Tr»bt« 10: Oul<M4 W»v» IntpKtkXM
No. ot No
Cased Foote?# Significant Minor Moderats ~ Sever®
PU>» Tested A Anomalies Anomalies Anom sites
Indications
Segments
Sai'Gai LFi 26 2.643 24 2 0 0
0
*>L 5 778 4 1 0 0
3 Phase
Production 16 1.342 13 3 0 0
PW/SW 27 2.604 22 3 2 0
April 30Ih 2001 BP ADEC Meet and Confer Session |
Greater Prudhoe Bay Table 11 to 12
Table 11: Mechanical Repairs installed
Service Internal  Esternal
Cn»a otxmiry t 1
P'oducbon wee ana 6 18
lift Gas 0 3
[INVI 3} 6
Table 12: Leaks due to corrosion
Service location Data iniernal/Ertarnai Volume ~
3 priase production S~pad 6'Ift'00 Edemal 50gals 1
Gas *1 0Ss 09 9/2/00 Edema! o 1

Aqil 0oth 2001 BP ADEC M ard Gonler Session 1



Greater Prudhoe Bay Tables 13 to 14

MM 13, Liikt IAD s «m

Cross Cross
Country Wall Lin* Country Wall Line

Saves Saves Leaks Laska
199i 14 57 4 6
>99) 33 73 2 1
iwc $1 34 3 4
iw?d 22 25 0 3
vood 9 54 3 1

Table 14: Planned Coupon

34fVtCe

3 mat* tn-oOjaion
Produced water
Sw <

NGL

SatolCM

Cross

[}

ountry

leak save

78%
94%
94%
100%
90%

Well Une Overall
leek save leak ssvs

90% 88%
99% 97%
89% 92%
89% 94%
98% 97%

| Schedule for Great*/ Prudhoe Bay

Cross Country

(months)

3

W wwo

Wall linea

(months)

4
e
4

UfA

N/A

BP ADEC Meet and Conler Session |

Alaska Consolidated Team Tables Al

Table Al: Endlcort Summary of Line* and NOT Inspection*

No. Intemai
Inspections

1112
104
101

4 (in vault)

21

No. External
Inspections

0
4 (n vaull)
2 (m vauti)
4 (in vault)
2 (m vault)

Table A2: Milne Point Unit Summary of Unea and NOT Inspections

Apnl 30th 2001
Service Miles ol
Piping
Oil Wed Pads 2.5
Water «country fcnes 35
Water sW ei Pads 17
Gas x country (GIT/MI) 7
Gas *Wei Pads 12
Eef—\.}iee Miles of Piping
Oi x-country hnes 24
Oi- Wei Pads Nota
Water » country 15
waior - Wall Pads Nolo
'»SS x-country 14
Gas-Wen Pads NOIO

Note Dal* no* trvrwdetely avaAah'e

Al 0th 2001

No Intemai

15
497
95
812
0
0

No. External
Inspections
41
13*

51
150
0
9]

BP ADEC Mt and Gooler Session 1
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Alaska Consolidated Team Tables A3 to A4

Table A): Bade*l Summery of Lines and NOT Inspections

Service Feet of Piping No. Intemai No External
Inspection*

Os -Wad Pad MOW , 320- MO« 21 wwi Mna. 4 Header 0

Gas 740VIL. WHO P 6 wed m e . 4 header 0

OifOOM1Wei r.wwaioa 0

Nie Bigrrtctfsm*mﬁmai’rwmmmw

Tabia AA: Endicott Corrosion Coupon Monitoring 2000

System Number of Locations % Coupons « 2MPV
with Access Fitting* Corrosion Rate
Water injection ¢ Pads 15 100%
Water inject*on - x-counfy 1 100%
04 Production - Pads 81 G4%
Apnl 30Ih 2001 BP ADEC Meet and Conler Session 1

Alaska Consolidated Team Tables A5 to A8

Tabia A5: MPU Corrosion Coupon Monitoring 2000

System Number of Locations with % Coupon* < 2MPY
Access Fittings Corrosion Rate
Production Syslem Pads n 91%
Water injection System 6 33%
Source Water Coupons 3 100%
Table AM: MPU Inspection Summary- External
Inspection Total Inspections - Total Repeat Total
Year External Inspections Increases Increase
1997 26 0 0 rva
1998 441 10 0 00
1999 101 65 0 00
2000 205 104 28 269

Axl oh 2000 BP ADEC Mt and Confer Session 1



Alaska Consolidated Team Tables A9 to AtO P

T#Me A* MPU Inspection Summary- Electromagnetic Enema! Inspection*

Tabia A10: MPU Inspection Summary = Internal

Inepecdon Total Inspections -

Yaar
1994
1996
1996
1997
1996
1990

April 30th 2001

Intemai
332
6

Total Repeal Total
Inspection* Incrae*** Increase |
o (o} rva
o rva
(o} rva
72 2u 276
276 33 120
72 S 69

BP ADEC Meet and Confer Session 1

Alaska Consolidated Team Tables A1l to A12

Table Alt;

Service

Od mecountry ftne*
Od We* Pad*

Water >country
kna*

Water w m Pads
Gas i country
GLT/MI

Gas wad Pads

Endicott Leak / Sava and Mechanical Repair Data

- of
teak*
o
1

o

o
o

o

o
o

o

- of

Sleeve*

o
o

o

o
o

o

Comment*

1-45 S-naer Sare. 1-63 S apoof Save
2-04 S spool teak

MPi PW Header Blind flange and
valve raptaced

Net# Leak/ Sava and mechanical rape* data a tor yaer 2000 only

rabla A12:

Sarvica

O« i-country

Od WeO Pads
Water *-country
Wale' Wo* Pads
Gas x-country
Gas Wed Pads

Milne Point Leak / Sava A Mechanical Repair data

- of
Save*

- of

Sleeve*

o

Oo0oooo

Comment*

Inpi*ni ORT p**ng orVy

Hole laak / Sava and mechanical rapav data a lor yaa/ 2000 only

Al Th 200

BP ADEC Meal and Confer Session 1 %
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Alaska Consolidated Team Table A13

Table All: Badami Leak | Sava and Mechanical Repair Dau

Sorvic* tor » of - of Commenti
Laokj Save#

Ol - Wo« Pad o o o

Gas - We* Pad o (o} (o}

Otsposai Won o (o] o

Nrta Leak/ Sava and machancal rapaa data k lor year 2000 orty

April 30lh 2001 BP ADEC Meet and Conler Session 1

North Slope Map

d 1, \< *NL

= N « N

W
v.-sii [eJ*r

! LI* i
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u - r ol
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Apil 0h 2001 BP ADEC Ml and Conler Session 1
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Qreater KupankArea

Corrosion Program s
Overview
presented to the

Alaska Department of Environmental Conservation

April 30, 2001



GKBU overview

ALASKA

Effective corrosion m anagem ent is critical e
= Safety & Environmental exposure

~ Asset preservation ($)

~ Minimize downtime/lost production

C orrosion Factors
= Aging of field infrastructure

~ Corrosivity of produced fluids increasing
- water production

- HS

> O ver $4 B illion in assets

530 miles of insulated pipelines

l

- 60 miles well lines (900+ wells)

l

237 cross country lines
~ 750 road crossings

~ 100,000+ weld-packs



overview

ALASKA

Injector  Producer

“Well Lines” “Cross Country Lines"



I PHILLIPS 1

ALASKA

CPF-1

Start up

Tim ing

Historical Overview

1981

1982-1985
1986-1990
1991-1995



ITFIl Mechanisms & Methods

KVNMKQHRTIST

> Internal Corrosion

Erosion Corrosion
Under Deposit Corrosion

Microbially Induced Corrosion

(M1C)

> External Corrosion

Corrosion Under Insulation (CUI)

ALASKA

M ethods

AMonitoring
-Coupons
-Probes

> Mitigation
-Chemical Inhibition

-Mechanical Pigging

Nnspection

ANRadiography
-Ultrasonics

-Corrosion Rate Monitoring

(CRM)



I Strateglies

ALASKA

® Use chemical inhibitors as primary means of control

® Monitor corrosivity of system to provide feedback and
allow effective resource management

(3) Implement risk-based inspection to provide feedback and
prevent leaks

® Increase understanding of Corrosion Mechanisms through
data analysis

© Pursue technology improvements in chemicals and
Inspection to increase efficiencies



Strategies

ALASKA

E valuate R is k

M onitor and D evelop

Inspect M itigation P lan

I m plem ent

M itigation



H w Monittoring

ALASKA

y ldentifies changes/trends in corrosivity of system

Optimization tool for chemical inhibition and inspection
programs

> Electrical-Resistance Probes
=r> Short-term Feedback; can identify transient corrosion events

=0 May not accurately reflect general pipewall corrosion rates

> Coupons >1100 locations

Longer-Term Feedback; average corrosivity over time period

Better correlation with general pipewall corrosion rates

> Inspection D ata
<* |dentify and track actual corrosion damage

M easures actual pipewall corrosion rates, but after damage

is done



tSUU

Monitoring

Kuparuk Inhibitor Feedback System

2Wook Probe Under
Theshold?

Manitoring
Coupons
A
Inspection ( CRM )____9_,__|_y’(KnowQGCDuarmage ... Quarterly ismage Increase?
Inhibition

QpMmur Inhibitor
Qauaa

ALASKA



| Rtting, mpy

I Gen. mpy

1985

M onitoring -Crude Common Lines

Field-Wide Produced Crude Common Lines Coupons

Average Corrosion Rate

1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

> Probes, Year 2000: Average Rate <I mpy

2>Inspection data indicates corrosion is under control

ALASKA



Monitoring - wet Oil Lines

1 Pitting MPY Wet Oil Lines Coupons
0 General MPY Averarge Corrosion Rates

60

Increased Inhibitor
by 20 GPD

30

20

1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Years

2>Y ear 2000 average pitting rate of 36 mpy including 24" line
> Year 2000 average pitting rate of 11 mpy for 16” line & 12”7 line

2>24” WO Line scheduled for decommissioning in June 2001



Monittoring - Injection Common Lines

ALASKA

v rating. mpy Field-Wide W ater Injection Common Lines Coupons
C Gen. rrpy Average Corrosion Rate

1985 1986 1987 1988 1989 1990 1991 1997 1993 1994 1995 1996 1997 1998 1999 7000

Date

Inspection data indicates that corrosion activity localized in

stagnant, un-piggable sections of line

> Corrosion rate increasing as injection source water is mixed



M onitoring -Production Well Flow Lines

ALASKA

Production Well Flowlines Coupons

0 General MPY 1 Pitting MPY Average Corrosion Rates

> Inspection data suggests that actual pipewall corrosion

rates are higher



Ti11HJ Monitoring - Injection Well Flow Lines

Injection Well Flowlines Coupons
Average Corrosion Rates

0O General MPY = Pitting MPY

Date

> Inspection data suggests that actual pipewall corrosion

rates are higher



ByBU Mitigation

ALASKA

> Qver $8MM/year spent on corrosion chemicals

>mContinuously search for better chemistry

= Vendor Proposals
= Laboratory Testing
= Field Testing

< Full-field Implementation

WNew Inhibitor, Cortron 2000-25, scheduled for full-field
Implementation in 1st half 2001

J First stage (3-5 Drill Sites) of wellheac chemical inhibition
facilities scheduled for start-up in 2001

[ 24" wet 0il Line decommissioning in 2001



1My Inspection

ALASKA

> |nternal Corrosion Surveillance
~ Real-Time Radiography (RTR)
~ Manual Radiography (RT)

~ Ultrasonics (UT)
~ CoiTosion Rate Monitoring (CRM) - Uses UT at discrete locations

to provide feedback for Inhibitor Optimization System

External Corrosion Surveillance

~ Tangential Radiography (TRT)

~ Automated Tangential Radiography (ATRT)

'> Bclow-Gratle Piping Program
PTI - Electromagnetic wave pulse system

TWI1 - Guided ultrasonic wave system



fiIKBU Inspection -Internal Corrosion

>

ALASKA

> W e || L ines

y Approximately 1000 well lines at Kuparuk

inspected 21,000 feet on 70 well lines using RTR
/ 2,650 RT inspections on 297 well lines; 20 increases
/[ 4,137 UT inspections on 277 well lines; 95 increases

/ 358 baseline UT inspections on 156 well lines, done in
conjunction with External (CUI) program

/ 18 well lines required repair (8 injectors, 10 producers)



Ti1&BU Inspection - Intermal Corrosion

ALASKA

W ell L in e s

Kuparuk Well Line Interna; Corrosion Summary

50
45
40
35
30
25
20
15

10

1994 1995 1996 1997 1998 1999 2000



iITIKBU Inspection -Intaral Corrosion | |

ALASKA

2> C ross C ountry L ines

/ 237 cross-country lines at Kuparuk

fnspected 21,200 feet on 16 CC lines using RTR
1,530 RT inspections on 101 CC lines; 1 increase
497 UT inspections on 43 CC lines; 12 increases

366 baseline UT inspeciions on 88 CC lines, done in
conjunction with External (CUI) program

O CC lines required repair



fiBBU Inspection -Internal Corrosion

ALASKA

C ross C ountry L ines

Kuparuk Cross Country Line Internal Corrosion Summary



JG&IU Inspection - Intemal Corrosion

Increase RTR on well lines, decrease RTR on Cross Country lines

Prioritization of RTR has been adjusted to focus more on thin-
walled, older lines, with less emphasis on service

Decrease “screening” RTR footage from 30% of total length to
20-25%; will increase number of lines inspected

Initiate “wandering can” inspection to confirm prioritization and
look for anomalies

Implement d risk-ranked Elbow Program to increase effectiveness
of Cross Country line inspections



MU Inspection -External Corrosion |BS]|

ALASKA

X'M"T six:

> Cross Country Lines, O ff-Pad
Off-pad weld pack inspection 99.9% complete (50 left out of
-67,000 total)
/ 5 repair locations in 2000
Complete inspection of off-pad weld packs by end of 2001

> Cross Country Lines, On-Pad
On-pad weld pack inspection 30% complete (out of -10,500 total)
/ Complete inspection of on-pad weld packs by end of 2004

> W ell L ines
/ Weld pack inspection -25% complete (out of -24,000 total)

/ 3 repair locations in 2000
/ Complete inspection of well line weld packs by end of 2005



Count

PHILLIPS,

Inspection -External Corrosion (G a

ALASKA

Historical GKA External TRT Results

WPs TRTd EZ3WPs Corr-*-% WPs Corr

35987
20%

15%

10%

K¥o1wg O ~o*

5%

0%

Year



Count

Inspection -BExtermal Corrosion

External Inspections - Last 15 Months (On Pad Piping)

iWP's TRTd WP's Corr WPs Corroded

1546 15%

Month

ALASKA



Ti1BJBU Inspection -Extermal Corrosion

ALASKA

Historical GKA External Leaks and Saves

0 Leaks m Saves

30 28
25

20

15

Number

10

1995 1996 1997 1998 1999 2000
Year



Inspection -External Corrosion

ALASKA

NE xternal (W el!d-Pack) Program

NeComplete inspection of remaining CC Off-Pad weld packs

=>|nspect 20% of CC On-Pad and well line weld packs.

>Inhibitor Spikes For W eld Packs Pilot Program

=>Test Inhibitor Spikes on 25 - 50 weld pack locations



Inspection -Below-Graoc

Electromagnetic Inspection (PTI)

Service

Gas (lift, Injection,Fuel)
Miscible Injection (MI)

Nat Gas Liquids (NGL)
Oil Sales (0S)

No. of Cased Pipe

3 Phase Production (PC, PO)
2 Phase OQil & Water (WO)
Water Injection (PW, SW, Mixed)

Totals

Guided Wave Inspections (TWI)

Service

Gas (lift, Injection, fuel)
Miscible Injection (MI)

Nat Gas Liquids (NGL)

Oil Sales (0S)

3 Phase Production (PC, PO)
2 Phase Qil & Water (WO)

Water Injection (PW, SW, Mixed)
Totals

No. of Cased Pipe
Segments

R R O N

26
10
10
55

Segments

g o w o

31
57

Inconclusive
Anomalies (1)

5 O b NMNO O O

VE A

No EM (N)

A O W o

26
48

No Significant
Indication (N)

m O O O

©

40

EM (E)

© 00 O N O O O p

Minor (Low)
Anomalies (L)

~N b O NMNO R O R

Significant EM
©)

P O O O b O O O

Moderate
Anomolies
(M)

0]

) W O OO O

e PIping

ALASKA

Severe
Anomalies (S)

O O O 0o o o o



; g«y Inspection -Below-Grade Piping

ALASKA

s>739 B GUP Locations in Field
/ 210 locations inspected using PTI/TWI
/ 7 locations excavated - ‘98, ‘99,01
=>] location required repair
=0 All locations refurbished
/ Based on TRT inspections at casing ends...'98, ‘99, ‘00

=3 locations replaced without excavation

=] location refurbished

> 388 significant locations remain for inspection
-—54 lines - plastic, new, replace

-—87 lines - flare pit gas & drain lines < 2” diameter



PHILLIPS

tH £8y Inspection -Below-Grade Piping

ALASKA

> B elow G rade Piping Program

=> Inspect 100 road crossings using PTI/TWI (base plan)
=> Pursue significant acceleration of PTI/TWI inspection program

=> Excavate 4 road crossings (base plan)
- Refine PTI/TWI data reduction and interpretation

using visual inspections
=> Planning additional excavations to improve alignment of PTI/TWI

results and with other risk factors

=> Reprioritization of BGPP based on data from expanded work
scope described above.



Structural Concerns

ALASKA

Real issue issinking supports combined with snowloading.

(Lines will bend until support is met. )
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pmy Structural Concerns

>

Subsidence Mitigation at the Drill Sites
Heat tubes being installed behind well houses
Freeze back & pipe support
Floors/Riser piping supports off of conductors
All new wells and conversions to water injection
Existing wells prioritize based on history
$1 MM + spent on summer gravel work in 2000
—-i $4MM total spent on mitigation 2000 - 2001

Well Line Piping - Sagging Pipe

=> Preliminary studies suggest no immediate loss of strength

=> Ductility/strain hardening over time is primary concern
(i.e. cracking)

=> Deformed lines are evaluated and corrective action applied
on a case-by-case basis

ALASKA



Decision and execute enhancements to the Kuparuk

Corrosion D atabase.

Continue to evaluate, prioritize, and implement

subsidence mitigation efforts at the drill sites.
Evaluate suitability of snow fences to minimize snow
accumulation on well lines.

Continue with heightened level of snowload monitoring

and snow removal.



: Spills/Incidents

» ALASKA

> 2M-01 Well Line Riser Leak 5/6/00 200 gallons
=> Fatigue-type failure @ wellhead riser
=> caused by slugging, coupled with pipe support subsidence
and snow loading
2> 2 X -16 Well Line Leak 7/3/00 10 gallons

=> External corrosion damage was identified prior to leak - well
was shut-in and displaced with diesel

=> Began leaking after it was shut-in; leak found while
additional inspection was being done

=>Thermal expansion of the trapped diesel was the cause

> 1G-08 Well Line Leak 12/27/00 70 gallons
=> Caused by internal corrosion
=>Thin-walled (0.280") piping, producing well

=>Was lower-tier priority on our inspection list



Spills/Incidents

ALASKA

»

> 1B Injection Line R upture 4/15/01 92M gallons

=>Line ruptured, and low pressure alarm was received

=>L.eak detected and isolated within 12 minutes

=> Rupture located in road crossing behind CPF1

=> External corrosion @ weld pack in road crossing was cause
=>Spill area on tundra, just less than 1 acre

=>All accessible weld packs inspected

=>2nd 1B-WI culvert location being excavated & inspected



Spills/Incidents

> 1B Injection Line R upture 4/15/01 s2M gallons

W eld location
Rupture is 24"x 5"

External Corrosion



Spills/Incidents

ALASKA

> 1B Injection Line R upture 4/15/01 92M gallons

=>Reviewed Monitoring & Inspection History ...

TRT'd in 1998 & 2000, 149 weld packs out of 157 total
- All over-tundra and on-pad @ Drillsite weld packs TRT'd
- No derating corrosion found

~~

/ Coupon data since 1982 indicated low internal corrosion risk

Maintenance Pigging schedule on-target
/ RTR'd in 1993 & 1997, 3000’ total - no internal corrosion noted
/ RTR ‘d additional 243’ on 4/23/01 - no internal corrosion noted

/ Road crossing was scheduled for inspection late 2001



Closing

ALASKA
Topics for discussion
* Data reporting - What is meaningful to ADEC? What is not?
* BGP -Incoporate annual reporting into this NS Charter Agreement

Report?

* BGP - Include all BGP inspection data, notjust “oil” lines?
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Greater KupankArea

Corrosion Programs

Overview

presented to tiie
Alaska Department of Environmental Conservation
2nd Meet & Confer

November 5, 2001



Strategic Shifts

Internal Corrosion
Well Line Inspections

1G-08 Production Well Line
Spill

24”Wet Oil Line Coupons

Corrosion Inhibitor Testing

External Corrosion

* 10” 1HBWI W ater Injection

Common Line Spill

ALASKA

M fesM n s

Inspection

5 Doubled Well Line Internal Inspection

RTR Program Funding

Revised Internal Inspection Prioritization

Scheme

Increased Well Line Inspection Efficiency

Tripled Below Grade Piping Program
Funding

Monitoring/Mitigation

*

Decommissioned 24” Wet Oil Line

Fieldwide Deployment of New Corrosion

Inhibitor (2000-25)"

Implementing Wellhead Inhibition



M onitoring

Internal Corrosion Monitoring Methods

Electrical Resistance Probes

- target values < 1 mpy (mills per year)

Coupons

Two types of evaluation used for coupons:

overall weight loss * indication of fluid corrosivity
- target values < 3 mpy based on weight loss analysis
4 uU.
pitting depth a indication of pitting corrosion, primary corrosion
mechanism at Kuparuk
- target values < 10 mpy based on pit depth analysis

Weight Loss Analysis:

Initial Weight - Final Weight
MPY =
Coupon Density X Surface Area X time exposed

Pit Depth Analysis:
Pit Depth
MPY =
time exposed

Photos copyright of Phillips Alaska, Inc. For Agency use only, not for publication without the explicit written permission oi Phillips.

ALASKA

Cutaway of ER Probe

Cutaway of coupon in line

coupons
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Monitoring Results

Crude Cross Country Lines

Corrosion in Crude CC Lines is under control
Average coupon and probe corrosion rates remain well under triggers
Inspection data confirms corrosion is in check
Probes - 95% of Line probes had corrosion rate <1.0 mpy
Coupons - 6 Lines had corrosion rates exceeding trigger level
| Inspected 4 of 6, three had at least 1 confirming increase location
I Increased Corrosion Inhibitor rates on all 6 lines
/' Remaining 2 lines scheduled for inspection in 2002

IOverall MPY 3 PittingM P Y

25

20

Overall Loss Trigger Point Q
15
C

2
é Pitting Loss Trigger Point
O 10

1995 1996 1997 1998 1999 2000 2001

ALASKA



Monitoring Results .

\

n*
W ater Injection Cross Country Lines
ALASKA
> Corrosion is undei control in Water Injection CC Lines o
v
> Average coupon data has remained below triggers since 1998 1r)\1 , <r
y

V>

Inspection data confirms that corrosion is in check

Coupons - 8 Lines had corrosion rates exceeding trigger level

/
/
/

Inspected 6 of 8; 5 were baseline and 1 recur with no increase
4 of inspected lines showed less than 5% wall loss - &
2 of inspected lines showed "30% wall loss (worst case) -
5 of 8 lines had subsequent coupons below trigger level
Overall MPY —+¢+— Pitting MPY
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Monitoring Results

Wet Oil Cross Country Lines

> Corrosivity in wet oil lines a result of high water cut
in June 2001

> 24” Wet Oil Line was decommissioned
> Coupons -2 Lines had corrosion rates exceeding trigger level (includes abandoned 24") 1 f
/ Inspection on 12 *“ Line indicated no damage ’

| Corrosion Inhibitor rates were increased and remain at high levels

/| Pigging frequency increased from 3 months to 2 months

1995
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Overall Loss Trigger Fbint
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Pitting Loss Trigger Fbint
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Pitting_ MPY
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2000

2001
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Monitoring Results

Production Well Lines
ALASKA

> Coupon Trends indicate corrosivity not increasing, but don’t indicate full story
> |Inspection data on older/thinner lines indicates significant corrosion damage
> Doubled inspection effort on well lines in 2001
> Coupons -2% or 13 Lines had corrosion rates above trigger level :13 ,
> All lines inspected in 2001
/[ Maximum wall loss 25% for 1 line 0
/8 Lines showed less than 20% wall loss
\'/ 4 Lines showed no damage
o'N iV B |Overall MPY PittingMPY
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Monitoring Results

W ater Injection Well Lines
ALASKA

> Trends indicate corrosivity on the rise

> Inspection data on older/thinner lines indicates significant corrosion damage
> Coupons - 20% or 72 Lines had corrosion rates above trigger level
[ Coupon results factored into well line inspection prioritization

/| Doubled inspection effort on well lines in 2001
IOverall MPY Pitting_MPY
1 ou
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