
3  
3

S  C O  

u  W  
3  O

a o
£ CO
3  W

4  I 
o  w  
-1 E—'
3  <  
■3 2 :  
3  W

C O

33
^  i n  
o  L O
=C a >
_ J  r —H 
^  1— 1

jll



• External rorroslon

°  S i g n i f i c a n t  e x p o s u r e  t o  l e a k s  e n d  r e p u t a t i o n
Both ot GPB's corrosion related plpellno leaks In 3000

°  H i g h l y  l o c a l i z e d  d a m a g e ,  r a n d o m  p r o c e s s
• Leads to localized repairs, no' >ellne replacement

• Managing 1/3 million weld packs, not 2,400 pieces of equipment

• Cased rc ed crossings difficult to Inspect S repair

Commitment to Corrosion Monitoring

April 30th 2001 BP ADEC Meet and Confer Session 1

Commitment to Corrosion

• External corrosion control 

n  R e m o v a l  o r  r e p a i r  o f  I n s ' i l a t l o n  

°  L o c a l i z e d  c o a t i n g

°  C a t h o d l c  p r o t e c t i o n  I n  c a s e d  c r o s s i n g  

°  ' I n h i b i t o r  s p i k e s '  b e i n g  d e v e l o p o d

e Typical target values

°  R e m o v e  o r  r e p a i r  I n s u l a t i o n  b e f o r e  p i p e l i n e  
r e q u i r e s  a  m e c h a n i c a l  r e p a i r

• External corrosion control Is currently reactive

• Aim to movo to proactive control with inhibitor 
spikes

Table i t :  Mechanical Repairs Installed

m ito r in q o ° p

r
Control -4—

+
Monitor

+
Inspect -------

oorvice
Cross counlry 1 1
Production wofl hoc 6
un Gas 0 J
PWI 0 6

Apnl 30th 2001 BP ADEC Meet and Conler Session 1 16



Commitment to Corrosion Monitoring
•  Ex! mal monitoring & Inspection

o  T p n q e n t i a l  r a d i o g r a p h i c  t e s t i n g  -  T R T  

D A t .  m a t e d  T R T  

n  C - a i m  

°  E d d y  c u r r e n t  

°  S m a r t  p i g

°  E l e c t r o m a g n e t i c  w a v e  

°  G u i d e d  w a v e

• Typical target values
°  C o n t r o l  Tsb le I :  Recurring F iequsoey  of CUI Inspect ion  Surveys

« irregular surface contour • T ”

• 'Significant' or 'eevaro' anomalies 

°  M e c h a n i c a l  I n t e g r i t y
• Modified B31.G 

„  ° 0J&3" minimum wall o  -VO

• 105% MAOP

Equiptmtl
Trwiprralu/r

laUrrml Bdvm 
F xamloafioê (Y«*r,J

OO* F 10
>eo-i?o* f 1
>120 150* F A

>WF A

Apnl 30th 2001 BP ADEC Meel and Confer Session 1

Commitment to Corrosion Monitoring 0 bP
GPB external corrosion control 

°  D r i v e n  b y  I n s p e c t i o n  p r o g r a m  

“  D e t e c t i o n  &  r e p a i r  r a t e s  f a l l i n g  

°  I n d i c a t e s  p r o g r a m  I s  s u c c e s s f u l  a t  r e d u c i n g  r i s k c
Control

♦

| Monitor

Inspect -------

Apnl 30th 2001
1W7 tfttt i m  7000

BP ADEC Meet and Confer Session 1 18



Commitment to Corrosion Monitoring
• Summary

° Internal corrosion —
•  Control method is understood and manageable
•  Current rates of corrosion are the lowest lor 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

S u m m a r y  o f  r e c e n t  l e a k  &  s a v e  d a t a

■  Flow Line Saves

■  Flow Line Leaks

■  Well Line Saves

■  Well Line Leakst20

1996 1997 1998 1999 2000

Apnl 30lh 2001 BP ADEC Meet and Conler Session 1 20



Areas of Focus for 2001 
°  P r o g r a m  I n t e g r a t i o n

• Significant progran mndit In 2000

• Substantial work remains to be dono 

*» C o n t r o l
• Maintain or Improve corrosion control of cross country pipelines

• Rationalize number ot corrosion Inhibitors

• Automated chemical tracking system

Commitment to Corrosion Monitoring 1

°  M o n i t o r
• Development of enhanced erosion monitoring program

• Unification of weight loss coupon program 

°  I n s p e c t
• 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

improve chemical wellhead distribution

21

B a c k  U p  S l i d e s

22



Greater Prudhoe Bay Figure 1 
Summary o' Corrosion Coupon data 1995 - 2000

0 b p

■ >995 ■ 1996 e 1997 *1990 ■ 1999 mXOO
1IX>%

£
E  80% 
04
V

«  60%

Q. 90%

D
£ 20%

0%

Apnl 30th rOOl

Wel l Lino F lo w  Line S W

BP AOEC Meet and Confer Session 1

P W

#
0 b p

Greater Prudhoe Bay Figure 2 
Chemical optimization in response to corrosion probe data

7r*oo

 MsUI L o tt   Inhibitor Conconfralon

7 1

is
lOCVOO 3/IW 4/1/00 V2AXJ W O O

April 30lh 2001 BP ADEC Meet and Conler Session 1 J4

12



Greater Prudhoe Bay Figure 3 
External Inspection using tangential radiographic testing

0 b p

Aonl 30lh 2001 BP ADEC Meel and Conler Session 1

0 b p
Greater Prudhoe Bay Figure 4 

Detection of internal corrosion of well lines by Inspection

Apnl 30th 2001 BP ADEC Meel and Conler Session 1
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Greater Prudhoe Bay Figure 5 
Detection of Internal corrosion of cross w in t r y  pipelines

0 bP

1995 1997 2000

Apnl 30th 2001 DP ADEC Meel and Confer Session 1 27

Greater Prudhoe Bay Figure 6 
Leans and saves of well lines and cross country lines

O bp

120

100

I Flow Lins Saves 

I Flow Line Leaks

■  Well Line Saves 

m Well Line Leaks

1996 1997 1998 1999 2000

Apnl 30th 2001 BP ADEC Meet and Conler Session 1 28
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Aidska Consolidated Team Figure A1 
Corrosion coupon data from Endicott 1995-2000

O bP

1995 199C 1997 1998 1999 2000

April 30.., 2001 BP ADEC Meet and Conler Session 1

Alaska Consolidated Team Figure A2 
Corrosion coupon data from Milne Point 1995-2000

0 bP

Water Infection Source Water Production Well Pad Production
Fiowlines

April 30th 2001 BP ADEC Meel and Conler Session 1
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Alaska Consolidated Team Figure A3 
Endlcott IIWL quarterly UT readings

0 b P

•
c 120
2

1 100
Cl
•1c 00
o

1 60
In
C 40
o
c 20
1
£ 0

i r m Nunbor ot Inspections 
■a Number ol Increases 
— % Increase ot total inspections

Apnl 30th 2001 BP ADEC Meel and Conler Session 1

Alaska Consolidated Team Figure A4 
Endicott Velocity Monitoring

0 b p

45

40 I Number ol Wells

& * .'ercentage ot Wells
35 

=  30

3 -
e 20
i
i ,s 
I .

5 I I «
LIR<1 1<LR<2 2<LRc3 LR>3 Total

L/R Ratio (Actual MlxtureVeloclty /Erosional Velocity)

April 30th 2001 BP ADEC Meet and Conler Session 1
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A l a s k a  C o n s o l i d a t e d  T e a m  F i g u r e  A 5  
D e t e c t i o n  o f  i n t e r n a l  c o r r o s i o n  o f  w e l l  l i n e s  a t  E n d i c o t t

0 bP

1995 19% 1997 1998 1999 2000

Apnl 30th 2001 BP ADEC Meet and Conler Session 1 33

A l a s k a  C o n s o l i d a t e d  T e a m  F i g u r e  A 6  
D e t e c t i o n  o f  I n t e r n a l  c o r r o s i o n  o f  c r o s s  c o u n t r y  p i p e l i n e s  a t  E n d i c o t t

0 bP

25%
N B :  T h r e e  P h a s e  M n n  Product io n  L i n e  is D u p le *  S t a i n l e s s  
S t e e l  Witfi  N o  C o r r o s io n  N o te d

IPWITSWI

1995 19% 1997 1998 1999 2000

Apnl 30th 2001 BP ADEC Meel and Conler Session 1
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Greater Prudhoe Bay Tables 1 to 2 0 b p
Tsbls 1 iu m m r y  ol W«1I I’ed / t>rU» 5*ts Pipelines

b rv tc a
No Ot 
Unas

Milas o» 
Piping

No. o f Internet 
inspection*

No. Ot External | 
inspections

C>*s tifecbon -V, 3 0 72
Mrsotte Injection 107 16 12 369
3 PNes# Product tor 1061 . 266 6956 3192
Gm  un  _ _ _ 675 _ '« P . 15 2537
PW/SW/WAG 110 4? ?one 1442

Table 7 Summary of C roM  Country Pipelines

Service
No. ol 
Unas

M .las of
Piping

N<* of Internal 
Inspections

No. o l External 
Inspections

f o o t  G»* 7 22 0 0
Gas Transport 12 36 3 0
Gas inaction 7 10 0 *
P M U H S u p f* , 40 121 7 101
► * * * * > 27 61 23 i . i r .
NGL 4 11 0

0
Nitrogen Storage 1 12 0 0
0 Pnese Production 153 333 9.361 3.75# 1
Esport OS 2 13 239 17

PW7SW 33 103 816 ___553 _______ |

Apnl 30th 2001 BP AOEC Meet end Confer Session t

G r e a t e r  P r u d h o e  B a y  T a b l e s  3  t o  4

Tebie 3 Smart pig inspection*

O b p

f Tool diam eters) No. ol Unas Unas Inspected
1995 14* i r . a r . 2 4 * 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  1 
! 74.XF-21

t t  9 24* 1 G IT -24

■ T v T X 24* 6 0 3 6 . S 36. W-74. X-74. *-36774. Z-74

a r m ir . 3 4 * 3 OT, U-88. Y-69
1999 w . . .  § A-74, E 36, F-74. J 74. M-74. N-74

?000 i r .  24* 1 5 1 0  36. N-74. K-74. U 384. XF-21

Tabla 4: Numbtr of Corrosion M o n it o r in g  Coupon*

Ysar
Cross

country Weil Unea PW s w
OL 4 

ln| Total
1995 1̂ 324 6J95 1.125 750 4 9,536
1996 1,489 7.676 1,140 744 10 11.193
1997 1,467 7,784 1,207 968 10 11,574

1W6 1.490 7^582 J J 3 8 732 10 11.094
1999 1.425 6.875 r T o io 782 10 10^238

?000 1,371 5,855 816 782 10 8,970

April 30th 2001 BP ADEC Meet and Conler Session t
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Apnl 30th 2001

Greater Prudhoe Bay Tables 5 to 6

Table 1 C o r r o t i o n  Monrtonng Probes

Location

1*i

w « a t n a 78

C ron C o u rtrv j)*** '** * 4

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

97VQ129

WU210
RU2SI

RU2S6

BP ADEC Meet and Confer Session i

G r e a t e r  P r u d h o e  B a y  T a b l e s  7  t o  8

Table 7: Water production, corrosion Inhibitor usaga and concentration

Year Water production 
(million barrels)

Inhibitor Usage 
(million gallons)

Conotntr at ton 
(ppm)

1996 205 106
1997 456 3 2 21 115
1996 «?eo 25 3 141
1999 415 7 2 28 130
2000 4363 2 73 149

Table a Recurring Frequency of CUI Inspection Surveys

Equipment
Temperature

Interval Between 
Examinations (Years)

*80»F 10

>00 120* F 8

>120- 150* f 6

>150* F 4

April 30th 2001 BP ADEC Meet and Confer Session 1



G-eater Prudhot Bay Tables 9 to 10

I t b *  t  EI*ctfO<it*«nMc ln*p*c1lo n t

No. ot Ceeed 
Pipe Segments

Foot *9* 
Tested

N o E U
Anomalies

EM
Anomalies

Significant
EM

Anomalies
Gas/Gas un 88 7 .2 4 9 75 13 0

31  ̂ -2 a196 2 6 3 0
p G l 2 255 1 1 0
□  Phase
production 62 6.6S5 - 6 7

13 2

P iE iP O fl .
PW /SW W AG

________ 1________

32
75  

2 .7 7 1
- k -

0 0
0

T»bt« 10: Oul<M4 W»v» In tp K tk X M

No. ot 
Cased

P U »
Segments

Foote?#
Tested

No
Significant
Indications

Minor
Anomalies

Moderats
Anomalies

Sever®
Anom sites

S a i'G a i LFi 26 2.643 24 2 0 0
0
0*> L 5 77B 4 1 0

3 Phase
Production 16 1.342 13 3 0 0
PW/SW 27 2.604 22 3 2 0

April 30lh 2001 BP ADEC Meet and Confer Session l

G r e a t e r  P r u d h o e  B a y  T a b l e  1 1  t o  1 2 0 bP
Table 11: Mechanical Repairs installed

Service Internal E sternal
C n»a otxmiry t 1
P'oducbon wee ana 6 18
lift Gas 0 3

[JNVI 0 6

Table 12: Leaks due to corrosion

Service lo cation Data iniernal/Ertarnai Volume ^
3 priase production . S^pad 6'lft'OO Edemal 50 gals 1

Gas *1 OS 09 9/2/00 Edema! ____ o____ 1

April 30th 2001 BP ADEC Meel and Conler Session 1 40



Greater Prudhoe Bay Tables 13 to 14 O b P
r*W« 13. L i i k t  lAd S « m

Cross
Country

Saves
Wall Lin* 

Saves

Cross
Country

Leaks
Wall Line 

Laska

Cross 
Country 

leak save
Well Une 
leek save

Overall 
leak ssvs

199i 14 57 4 6 78% 90% 88%
> 9 9 ) 33 73 2 1 94% 99% 97%
iWC $1 34 3 4 94% 89% 92%
iw?d ? 2 25 0 3 100% 89% 94%

vood 9 54 _ J _____ 1 90% 98% 97%

Table 14: Planned Coupon I Schedule for Great*/ Prudhoe Bay

34fVtCe Cross Country 
(months)

Wall llnea 
(months)

3 m a t *  tn -o O ja io n 3 4
Produced water 0 e
S w  ■*»'<* 3 4
NGL 3 U fA

SatolCM 3 N /A

A p n l  30th 2001 BP ADEC Meet and Conler Session I

A l a s k a  C o n s o l i d a t e d  T e a m  T a b l e s  A 1 0 b P
Table A1: Endlcort Summary of Line* and NOT Inspection*

Service Miles ol 
Piping ^

No. Intemai 
Inspections

No. External 
Inspections

Oil Wed Pads 2.5 1112 0
Water « country fcnes 3 5 104 4 (n  vaull)

Water ■ W e i Pads 1 7 101 2 (m vauti)
Gas x country (G IT/M I) 7 4 (in vault) 4 (in vault)

Gas • W e i Pads 1 2 21 2 (m vault)

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

p__i __service Miles of Piping No Intemai No. External 
Inspections

O i x-country hnes 24 15 41
O i -  W e i Pads Nota 497 13*
Water ■ country 15 95 51
waior -  Wall Pads Nolo 812 150
'»SS x-country 14 0 0

G a s -W e n  Pads NOI0 0 0
Note Dal* no* trvrwdetely avaAah'e

April 30th 2001 BP ADEC Meet and Cooler Session 1 ^
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Alaska Consolidated Team Tables A3 to A4

Table A ): B a d e *I Summery of Lines and NOT Inspections

Service Feet of Piping No. Intemai No External 
Inspection*

Os -Wad Pad M O W  , 320- MO« 21 wwi Mna. 4 Header 0
Gas 740V/L. W H O P 6 wed m e . 4 header 0
OifOOM1 W ei w r.wwaioa 0Note Badarrrt does no* have an act*m water eycUon system

Tabia A A : Endicott Corrosion Coupon Monitoring 2000

System Number of Locations 
with Access Fitting*

%  Coupons « 2MPV 
Corrosion Rate

Water injection • Pads 15 100%
Water inject*on -  x-counfy 1 100%
04 Production -  Pads 81 G4%

Apnl 30lh 2001 BP ADEC Meet and Conler Session 1

A l a s k a  C o n s o l i d a t e d  T e a m  T a b l e s  A 5  t o  A 8

Tabia A5: MPU Corrosion Coupon Monitoring 2000

S yste m Number of Locations with % Coupon* < 2MPY
Access Fittings Corrosion Rate

Production Syslem Pads 11 91%

Water injection System 6 33%
Source Water Coupons 3 100%

Table AM: MPU Inspection Summary- External

Inspection
Year

Total Inspections -  
External

Total Repeat 
Inspections

Total
Increases Increase

1997 26 0 0 rva
1998 441 10 0 0 0
1999 101 65 0 0 0
2000 205 104 28 26 9

Apnl 30th 2001 BP ADEC Meet and Confer Session 1



A lask a  C o n so lid a te d  T eam  T ab les  A9 to  AtO Q b P
T#Me A *  MPU Inspection S um m ary- E lectrom agnetic E n e m a! In spection *

Tabia A 10: MPU Inspection Sum m ary • Internal

In epecdon
Yaar

Total In spection s -  
Intemai

Total R epeal 
Inspection*

Total
Incrae*** Increase I

rVa1994 332 0 0
1996 6 0 rVa

1996 13 ............... 0 rVa
1997 632 72 2u 2 76
1996 994 276 33 120
1990____ 931 I 72 S 6 9

April 30th 2001 BP ADEC Meet and Confer Session 1

Alaska Consolidated Team Tables A11 to A12

Table A l t ;  Endicott Leak / S ava  and M echanical Repair Data

Service • of 
te a k *

• of 
S a ve *

• of 
S lee ve*

C o m m ent*

Od ■•country ftne* 0 0 0
Od W e* Pad* 1 2 0 1-45 S-naer S are. 1-63 S  apoof S ave.

2-04 S spool teak
Water > country 
kna*

0 1 0 MPi PW Header Blind flange and 
valve raptaced

Water w m  Pads 0 0 0
Gas i  country 
GLT/MI

0 0 0

Gas w ad  Pads 0 0 0
Net# Leak / Sava and mechanical rape* data a  tor yaer 2000 only

rabla A 12: Milne Point Leak / S ava A M echanical Repair data

Sarvica • of 
La aka

• of 
S a ve*

• of 
S le eve *

C o m m ent*

0 « i-country 1 3 0 In pi*ni ORT p**ng orVy
Od WeO Pads 0 0 0
Water * -country 0 0 0
W ale' W o* Pads 0 0 0
Gas x-country 0 0 0
G as Wed Pads 0 0 0

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

Apnl 30lh 2001 BP ADEC Meal and Confer Session 1 46
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A laska C o n so lid a ted  T eam  T ab le  A13

Table A l l :  Bad ami Leak I  S ava  and M echanical Repair DaU

Sorvic* t o r
Lao k j

» of
Save#

• o f C o m m enti

O l -  Wo« Pad 0 0 0

G as -  We* Pad 0 0 0

Otsposai Won 0 0 0

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

April 30lh 2001 BP ADEC Meet and Conler Session 1
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G K B U Overview
ALASKA

E f f e c t i v e  c o r r o s i o n  m a n a g e m e n t  i s  c r i t i c a l

=  S a f e t y  &  E n v i r o n m e n t a l  e x p o s u r e  

~  A s s e t  p r e s e r v a t i o n  ( $ )

~  M i n i m i z e  d o w n t i m e / l o s t  p r o d u c t i o n

>  C o r r o s i o n  F a c t o r s

=  A g i n g  o f  f i e l d  i n f r a s t r u c t u r e

~  C o r r o s i v i t y  o f  p r o d u c e d  f l u i d s  i n c r e a s i n g  ^

-  w a t e r  p r o d u c t i o n

-  H , S£

>  O v e r  $ 4  B i l l i o n  i n  a s s e t s

~  5 3 0  m i l e s  o f  i n s u l a t e d  p i p e l i n e s

-  6 0  m i l e s  w e l l  l i n e s  ( 9 0 0 +  w e l l s )

~  2 3 7  c r o s s  c o u n t r y  l i n e s  

~  7 5 0  r o a d  c r o s s i n g s  

~  1 0 0 , 0 0 0 +  w e l d - p a c k s

• •



Overview
A LA S K A

Injector Producer

“Well L ines” “Cross Country  Lines"



S t a r t  u p  

T i m i n g

1981
1982-1985
1986-1990
1991-1995

I  PHILLIPS 1

A LA S K A

C P F - 1

Historical Overview



Iffll Mechanisms &  Methods
ALASKA

k V n M K Q H R r S r

> Inte rna l C o r r o s i o n

E r o s i o n  C o r r o s i o n

U n d e r  D e p o s i t  C o r r o s i o n

M i c r o b i a l l y  I n d u c e d  C o r r o s i o n  

( M I C )

> E x te rn a l C o r r o s i o n

C o r r o s i o n  U n d e r  I n s u l a t i o n  ( C U I )

M e t h o d s

^ M o n i t o r i n g
- C o u p o n s

- P r o b e s
-

> M it ig a t io n
- C h e m i c a l  I n h i b i t i o n  

- M e c h a n i c a l  P i g g i n g

^ In s p e c t io n
^ R a d i o g r a p h y

- U l t r a s o n i c s

- C o r r o s i o n  R a t e  M o n i t o r i n g  

( C R M )



•  •  •

i M l  Strategies
______________________________________________________________________________________________________________________ A LA S K A

® U s e  c h e m i c a l  i n h i b i t o r s  as p r im a ry  m ea n s  o f  c o n t r o l

® M o n i t o r  c o r r o s iv i t y  o f  sy s tem  to p r o v id e  fe e d b a c k  and 
a l low  e f fe c t iv e  re s o u rc e  m a n a g em e n t

(3) Im p le m e n t  r i s k - b a s e d  in s p e c t i o n  to p ro v id e  fe e d b a c k  and  
p rev en t leak s

® Inc rea se u n d e rs ta n d in g  o f  C o r r o s i o n  M e c h a n ism s  th r o u g h
data analysis

© Pu rsu e  t e c h n o l o g y  im p r o v e m e n t s  in c h em ic a ls  and 
in sp e c t io n  to in c rease e f f ic ie n c ie s



Strategies
ALASK A

E v a l u a t e  R i s k

M o n i t o r  a n d  D e v e l o p

I n s p e c t  M i t i g a t i o n  P l a n

I m p l e m e n t

M i t i g a t i o n



H w  Monitoring
ALASKA

y  Id en t if ie s changes/ trends in c o r ro s iv ity  o f  sy s tem

O p t im iz a t i o n  to o l f o r  c h em ic a l in h ib i t io n  and in sp e c t io n  
p r o g ram s

>  E l e c t r i c a l - R e s i s t a n c e  P r o b e s

=r> S h o r t - t e r m  F e e d b a c k ;  c a n  i d e n t i f y  t r a n s i e n t  c o r r o s i o n  e v e n t s  

= o  M a y  n o t  a c c u r a t e l y  r e f l e c t  g e n e r a l  p i p e w a l l  c o r r o s i o n  r a t e s

>  Coupons >1100 locations
L o n g e r - T e r m  F e e d b a c k ;  a v e r a g e  c o r r o s i v i t y  o v e r  t i m e  p e r i o d  

B e t t e r  c o r r e l a t i o n  w i t h  g e n e r a l  p i p e w a l l  c o r r o s i o n  r a t e s

>  I n s p e c t i o n  D a t a

•=<* I d e n t i f y  a n d  t r a c k  a c t u a l  c o r r o s i o n  d a m a g e

M e a s u r e s  a c t u a l  p i p e w a l l  c o r r o s i o n  r a t e s ,  b u t  a f t e r  d a m a g e  

i s  d o n e



2 W o o k P r o b e  U n d e r  
T h e s h o l d ?

C o u p o n s

i sm ag e  I n c r e a s e ?

tSUU Monitoring

M on i t o r i n g

Q , | y ^ / K n o w n  D a m a g e  \  Q u a r t e r l y  I n s p e c t i o n  (  C R M  )---------- ►( R e c u r  •-----------------------

In h ib i t io n

K u p a r u k  I n h i b i t o r  F e e d b a c k  S y s t e m

QpMmur Inhibitor
Q a u a a

ALASKA



l i i B y  M o n i t o r i n g  - C r u d e  C o m m o n  L i n e s  i
A LASK A

I Rtting, mpy 

I Gen. mpy

F i e l d - W i d e  P r o d u c e d  C r u d e  C o m m o n  L i n e s  C o u p o n s

A v e r a g e  C o r ro s io n  R a te

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

>  P r o b e s ,  Y e a r  2 0 0 0 :  A v e r a g e  R a t e  < l  m p y  

2> I n s p e c t i o n  d a t a  i n d i c a t e s  c o r r o s i o n  i s  u n d e r  c o n t r o l



■  Pitting MPY 

□  General MPY 
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Monitoring - Wet Oil Lines

W e t  O i l  L i n e s  C o u p o n s
Averarge Corrosion Rates

Increased Inhibitor 
by 20 GPD

1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Y e a r s

2> Y e a r  2 0 0 0  a v e r a g e  p i t t i n g  r a t e  o f  3 6  m p y  i n c l u d i n g  2 4 ”  l i n e  

>  Y e a r  2 0 0 0  a v e r a g e  p i t t i n g  r a t e  o f  11 m p y  f o r  1 6 ”  l i n e  &  I 2 ” l i n e  

2 > 2 4 ”  W O  L i n e  s c h e d u l e d  f o r  d e c o m m i s s i o n i n g  i n  J u n e  2 0 0 1



Monitoring - In je c t io n  C o m m o n  L in e s
A LA S K A

■  ra t in g . m p y 

□  G e n . r r p y

F i e l d - W i d e  W a t e r  I n j e c t i o n  C o m m o n  L i n e s  C o u p o n s
Average Corrosion Rate

1985 1986 1987 1988 1989 1990 1991 199? 1993 1994 1995 1996 1997 1998 1999 ?000

D a te

I n s p e c t i o n  d a t a  i n d i c a t e s  t h a t  c o r r o s i o n  a c t i v i t y  l o c a l i z e d  i n  

s t a g n a n t ,  u n - p i g g a b l e  s e c t i o n s  o f  l i n e  

> C o r r o s i o n  r a t e  i n c r e a s i n g  a s  i n j e c t i o n  s o u r c e  w a t e r  i s  m i x e d



M o n i t o r i n g  - P r o d u c t io n  W e l l  F lo w  L in e s
ALASKA

□  General MPY ■  Pitting MPY

P r o d u c t i o n  W e l l  F l o w l i n e s  C o u p o n s

Average Corrosion R a te s

> I n s p e c t i o n  d a t a  s u g g e s t s  t h a t  a c t u a l  p i p e w a l l  c o r r o s i o n

r a t e s  a r e  h i g h e r



•  •

fiiHJ Monitoring - In je c t io n  W e l l  F lo w  L in e s

□  G e n e ra l M P Y  ■  P it t in g  M P Y
In jection Well F low lines Coupons

Average Corrosion Rates

i__
D a t e

> I n s p e c t i o n  d a t a  s u g g e s t s  t h a t  a c t u a l  p i p e w a l l  c o r r o s i o n

r a t e s  a r e  h i g h e r



•  •  •

BjBU Mitigation
_________________________________________________________________________  A LA S K A

> O v e r  $ 8MM/yea r sp en t o n  c o r r o s io n  c h em ic a ls  

>■ C o n t i n u o u s ly  sea rch fo r  bette r c h em is try
=  V e n d o r  P r o p o s a l s  

=  L a b o r a t o r y  T e s t i n g  

== F i e l d  T e s t i n g  

«  F u l l - f i e l d  I m p l e m e n t a t i o n

■/ N e w  in h ib ito r , C o r t r o n  2 0 0 0 - 2 5 , s c h e d u le d  f o r  fu l l - f ie ld  
im p lem e n ta t io n  in 1st h a l f  2 001

J  F ir s t s tage (3 -5  D r i l l S i te s ) o f  w e l lh e a c  c h em ic a l in h ib it io n  
fa c i l i t ie s s c h e d u le d  f o r  sta rt-up in 2001

/  2 4 ” W e t  O i l  L in e  d e c o m m is s i o n in g  in 2001



li M y  Inspection
ALASKA

>  Internal Corrosion Surveillance
~  R e a l - T i m e  R a d i o g r a p h y  ( R T R )

~  M a n u a l  R a d i o g r a p h y  ( R T )

~  U l t r a s o n i c s  ( U T )

~  C o i T o s i o n  R a t e  M o n i t o r i n g  ( C R M )  -  U s e s  U T  a t  d i s c r e t e  l o c a t i o n s  

t o  p r o v i d e  f e e d b a c k  f o r  I n h i b i t o r  O p t i m i z a t i o n  S y s t e m

E x te rn a l C o r r o s i o n  S u rv e i l la n c e
~  T a n g e n t i a l  R a d i o g r a p h y  ( T R T )

~  A u t o m a t e d  T a n g e n t i a l  R a d i o g r a p h y  ( A T R T )

’>  B clow -G ratle  Piping Program
P T I  - E l e c t r o m a g n e t i c  w a v e  p u l s e  s y s t e m  

T W I  -  G u i d e d  u l t r a s o n i c  w a v e  s y s t e m



( t o

> W e I I  L i n e s

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)

f i K B U  I n s p e c t i o n  - I n t e r n a l  C o r r o s i o n
> _____________   ALASKA



•  •  •

fi&BU Inspection - Internal Corrosion
X __________________________________________________________________________________________________________ A LA S K A

W e l l  L i n e s

Kuparuk Well Line Interna; Corrosion Summary
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•  •  •

ifiKBU Inspection - Internal Corrosion ^||
A LA S K A

2 > C r o s s  C o u n t r y  L i n e s

/  237 cross-country lines at Kuparuk 

•/ Inspected 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

✓  0 CC lines required repair



A LASK A

f i B B U  I n s p e c t i o n  - I n t e r n a l  C o r r o s i o n

C r o s s  C o u n t r y  L i n e s

Kuparuk C ross Country Line Internal Corrosion Summary



jG&IU Inspection - Internal Corrosion j

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



M U  I n s p e c t i o n  - E x t e r n a l  C o r r o s i o n  j B S j
ALASKA

X 'M "T  S I X '

>  C r o s s  C o u n t r y  L i n e s ,  O f f - P a d

✓  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

>  C r o s s  C o u n t r y  L i n e s ,  O n - P a d

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

>  W e l l  L i n e s

/  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
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I n s p e c t i o n  - E x t e r n a l  C o r r o s i o n  ( G a
A LA S K A

H i s t o r i c a l  G K A  E x t e r n a l  T R T  R e s u l t s

W P ’s TRTd E Z 3 W P ’s Corr - * - %  W Ps Corr
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Inspection - External Corrosion
ALASKA

E x t e r n a l  I n s p e c t i o n s  -  L a s t  1 5  M o n t h s  ( O n  P a d  P i p i n g )

i WP 's TRTd W P 's Corr W Ps Corroded

1546 15%

Month
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fiBJBU Inspection - External Corrosion
A LA S K A

H i s t o r i c a l  G K A  E x t e r n a l  L e a k s  a n d  S a v e s
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2 0  

15 

1 0  
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0

□  L e a k s  ■  S a v e s

28
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I n s p e c t i o n  - E x t e r n a l  C o r r o s i o n
ALASKA

^ E x t e r n a l  ( W e ! d - P a c k )  P r o g r a m

^•Complete inspection of remaining CC Off-Pad weld packs 

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

> l n h i b i t o r  S p i k e s  F o r  W e l d  P a c k s  P i l o t  P r o g r a m

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



Inspection - Below-Grade Piping
\  A LA S K A

WE. T-ooO
Electromagnetic Inspection (PTI)

Service
No. of Cased Pipe 

Segments
No EM (N) EM (E)

Significant EM
(S)

G as  (lift, Injection,Fuel) 6 5 1 0

Miscible Injection (Ml) 3 3 0 0

Nat G as  Liquids (NGL) 0 0 0 0

Oil Sales (OS) 5 4 0 1

3 Phase Production (PC, PO) 12 10 2 0

2 Phase Oil & Water (WO) 0 0 0 0

W ater Injection (PW, S W ,  Mixed) 31 26 5 0

Tota ls 57 48 8 1

G u i d e d  W a v e  I n s p e c t i o n s  ( T W I )
I

S e r v ic e
N o. o f C a s e d  P ip e  

S e g m e n ts
In c o n c lu s iv e  
A n o m a lie s  (1)

No S ig n if ic a n t  
I n d ic a tio n  (N)

M in o r (L ow ) 
A n o m a l ie s  (L)

M o d e ra te
A n o m o lie s

(M )

S e v e r e  
A n o m a lie s  (S )

G as  (lift, Injection, fuel) 7 1 5 1 0 0

Miscible Injection (Ml) 0 0 0 0 0 0

Nat G as  Liquids (NGL) 1 0 0 1 0 0

Oil Sales (OS) 1 0 1 0 0 0

3 Phase Production (PC, PO) 26 2 19 4 1 0

2 Phase Oil & W ater (W O) 10 1 9 0 0 0

Water Injection (PW , S W ,  Mixed) 10 0 6 1 3 0

Tota ls 5 5 4 40 7 4 0



; g « y  Inspection - Below-Grade Piping
ALASK A

s > 7 3 9  B G P  L o c a t i o n s  i n  F i e l d

/  210 locations inspected using PTI/TWI 
/  7 locations excavated - ‘98, ‘99,’01 

=s>1 location required repair 
=o All locations refurbished 

/  Based on TRT inspections at casing ends...‘98, ‘99, ‘00 
=<>3 locations replaced without excavation 
=*>1 location refurbished

>  388 significant locations remain for inspection
- — 5 4  l i n e s  -  p l a s t i c ,  n e w ,  r e p l a c e

- — 8 7  l i n e s  - f l a r e  p i t  g a s  &  d r a i n  l i n e s  <  2 ”  d i a m e t e r



t H £ § y  I n s p e c t i o n  - B e l o w - G r a d e  P i p i n g
PHILLIPS

A L A S K A

> B e l o w  G r a d e  P i p i n g  P r o g r a m

=> 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.



R e a l  i s s u e  is  s i n k i n g  s u p p o r t s  c o m b i n e d  w i t h  s n o w l o a d i n g .  

(Lines will bend until support is met. )

Structural Concerns
ALASKA
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p m y  Structural Concerns
' ___________  A LASK A

>  S u b s i d e n c e  M i t i g a t i o n  a t  t h e  D r i l l  S i t e s

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

W e l l  L i n e  P i p i n g  -  S a g g i n g  P i p e

=> 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



•  •  •

D e c i s i o n  a n d  e x e c u t e  e n h a n c e m e n t s  t o  t h e  K u p a r u k  

C o r r o s i o n  D a t a b a s e .

C o n t i n u e  t o  e v a l u a t e ,  p r i o r i t i z e ,  a n d  i m p l e m e n t  

s u b s i d e n c e  m i t i g a t i o n  e f f o r t s  a t  t h e  d r i l l  s i t e s .

E v a l u a t e  s u i t a b i l i t y  o f  s n o w  f e n c e s  t o  m i n i m i z e  s n o w  

a c c u m u l a t i o n  o n  w e l l  l i n e s .

C o n t i n u e  w i t h  h e i g h t e n e d  l e v e l  o f  s n o w l o a d  m o n i t o r i n g  

a n d  s n o w  r e m o v a l .



m m Spills/Incidents
»  A LA S K A

>  2 M - 0 1  W e l l  L i n e  R i s e r  L e a k  5 / 6 / 0 0  2 0 0  g a l l o n s

=> Fatigue-type failure @ wellhead riser
=> caused by slugging, coupled with pipe support subsidence 

and snow loading

2 >  2 X - 1 6  W e l l  L i n e  L e a k  7 / 3 / 0 0  1 0  g a l l o n s

=> 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

>  1 G - 0 8  W e l l  L i n e  L e a k  1 2 / 2 7 / 0 0  7 0  g a l l o n s

=> Caused by internal corrosion 
=> Thin-walled (0.280”) piping, producing well 
=> Was lower-tier priority on our inspection list



Spills/Incidents
»   A LASK A

>  1 B  I n j e c t i o n  L i n e  R u p t u r e  4 / 1 5 / 0 1  9 2 M  g a l l o n s

=> Line ruptured, and low pressure alarm was received

=>Leak detected and isolated w ithin 12 minutes

=> Rupture located in road crossing behind CPF1

=> External corrosion @ weld pack in road crossing was cause

=>Spill area on tundra, ju s t less than 1 acre

=> A ll accessible weld packs inspected

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



Spills/Incidents

>  1 B  I n j e c t i o n  L i n e  R u p t u r e  4 / 1 5 / 0 1  s 2 M  g a l l o n s

W e l d  l o c a t i o n  

R u p t u r e  i s  2 4 " x  5 "  

E x t e r n a l  C o r r o s i o n



•  •  •

~ ^ __________________________________________________________________________________________________________ ALA S K A

>  1 B  I n j e c t i o n  L i n e  R u p t u r e  4 / 1 5 / 0 1  9 2 M  g a l l o n s

= > R e v i e w e d  M o n i t o r i n g  &  I n s p e c t i o n  H i s t o r y ...........

/  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 fo r  inspection late 2001

Spills/Incidents



Closing
A LA S K A

T o p ic s  f o r  d is c u s s io n

*  D a t a  r e p o r t i n g  - W h a t  i s  m e a n i n g f u l  t o  A D E C ?  W h a t  i s  n o t ?

* B G P  -  I n c o p o r a t e  a n n u a l  r e p o r t i n g  i n t o  t h i s  N S  C h a r t e r  A g r e e m e n t  

R e p o r t ?

*  B G P  -  I n c l u d e  a l l  B G P  i n s p e c t i o n  d a t a ,  n o t  j u s t  “ o i l ”  l i n e s ?
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S t r a t e g i c  S h i f t s
ALASKA

Internal Corrosion

W e l l  L i n e  I n s p e c t i o n s

1 G - 0 8  P r o d u c t i o n  W e l l  L i n e  

S p i l l

2 4 ” W e t  O i l  L i n e  C o u p o n s

C o r r o s i o n  I n h i b i t o r  T e s t i n g

External Corrosion

* 1 0 ” 1 H B W I  W a t e r  I n j e c t i o n  

C o m m o n  L i n e  S p i l l

M f e s M n s

Inspection
5 D o u b l e d  W e l l  L i n e  I n t e r n a l  I n s p e c t i o n  

R T R  P r o g r a m  F u n d i n g

*  R e v i s e d  I n t e r n a l  I n s p e c t i o n  P r i o r i t i z a t i o n  

S c h e m e

* I n c r e a s e d  W e l l  L i n e  I n s p e c t i o n  E f f i c i e n c y

* T r i p l e d  B e l o w  G r a d e  P i p i n g  P r o g r a m  

F u n d i n g

Monitoring/Mitigation
*  D e c o m m i s s i o n e d  2 4 ” W e t  O i l  L i n e

= F i e l d w i d e  D e p l o y m e n t  o f  N e w  C o r r o s i o n  

I n h i b i t o r  ( 2 0 0 0 - 2 5 ) '

* I m p l e m e n t i n g  W e l l h e a d  I n h i b i t i o n



M o n i t o r i n g

MPY =
Initia l W e igh t -  F ina l W e igh t

C oupon Dens ity X Surface A rea X tim e exposed

Pit Depth Ana lys is : 

MPY =
Pit Depth

tim e exposed

ALASKA

Cutaway of E R  Probe

Internal C orrosion M onitoring Methods

E l e c t r i c a l  R e s i s t a n c e  P r o b e s

- target values < 1 mpy (mills per year)

C o u p o n s

T w o  t y p e s  o f  e v a lu a t io n  u s e d  for c o u p o n s :

overa l l  w e ig h t  lo s s  *  ind ica t ion  of  fluid co r ros iv i ty
- target values < 3 mpy based  on weight loss analysis

4 u .
pitting d e p t h  a  ind ica t ion  of  pitting c o r ro s io n ,  p r im a ry  c o r r o s io n  

m e c h a n i s m  a t  K u p a ru k
- target values < 10 mpy based  on pit depth analysis

Weight Loss Analysis: Cutaway of coupon in line

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



Monitoring Results
C r u d e  C r o s s  C o u n t r y  L i n e s

A LA S K A

>  C o r r o s i o n  in C r u d e  C C  L i n e s  is  u n d e r  c o n t r o l
>  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 
/  Increased Corrosion Inhibitor rates on all 6 lines 
/  Remaining 2 lines scheduled for inspection in 2002
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Monitoring Results
W a t e r  I n j e c t i o n  C r o s s  C o u n t r y  L i n e s

\
if  n*

A LA S K A

>  C o r r o s i o n  is  u n d e i  c o n t r o l  in W a t e r  I n j e c t i o n  C C  L i n e s
>  Average coupon data  has  remained below triggers since 1998 

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

1.)
t9 'tv  
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y r  . r

, y  

/  iX
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/  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 subsequen t  coupons below trigger level
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Monitoring Results
W e t  O i l  C r o s s  C o u n t r y  L i n e s

\  PHILLIPS /

i ®
ALASKA

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

>  2 4 ” W e t  Oil L in e  w a s  d e c o m m i s s i o n e d  in J u n e  2001
>  Coupons - 2 Lines had corrosion rates exceeding trigger level (includes abandoned  24")

/  Inspection on 12 “ Line indicated no dam age  
/  Corrosion Inhibitor rates were increased and remain at high levels 
/  P igging f requency  in c re a se d  from 3 m o n th s  to 2 m o n th s

[Overall MPY Pitting_MPY

Overall Loss Trigger Fbint

Pitting Loss Trigger Fbint
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Monitoring Results
P r o d u c t i o n  W e l l  L i n e s

A LA S K A

>  C o u p o n  T r e n d s  i n d i c a t e  c o r r o s i v i t y  n o t  i n c r e a s i n g ,  b u t  d o n ’t i n d i c a t e  full  s t o r y

>  I n s p e c t i o n  d a t a  o n  o l d e r / t h i n n e r  l i n e s  i n d i c a t e s  s i g n i f i c a n t  c o r r o s i o n  d a m a g e

>  D o u b l e d  i n s p e c t i o n  e f f o r t  o n  w e l l  l i n e s  in 2001
>  Coupons - 2% or 13 Lines had corrosion rates above trigger level
>  All lines inspected in 2001

,1 ' 
' J '

/  Maximum wall loss 25% for 1 line 
/  8 Lines showed less than 20% wall loss 

\ /  4 Lines showed no dam age
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Monitoring Results
W a t e r  I n j e c t i o n  W e l l  L i n e s

A LA S K A

>  T r e n d s  i n d i c a t e  c o r r o s i v i t y  o n  t h e  r i s e

>  I n s p e c t i o n  d a t a  o n  o l d e r / t h i n n e r  l i n e s  i n d i c a t e s  s i g n i f i c a n t  c o r r o s i o n  d a m a g e
>  Coupons - 20% or 72 Lines had corrosion rates above trigger level

/  Coupon results factored into well line inspection prioritization 

/  D o u b l e d  i n s p e c t i o n  e f f o r t  o n  w e l l  l i n e s  in 2001

I Overall M P Y P i t t in g _ M P Y
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