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ADEC C orrosion C h a rte r 

M e e t & C o n fe r - Field V is it  2 0 0 5  
Septem ber 27 -  29, 2004

Overall Meeting Objectives

•  Present an overview of the corrosion program to enhance understanding on the part of ADEC/Coffman regard-ng 
strategy, guidelines, risk-based approach

• Understand the rationale behind coupon location selection & monitoring cf accelerated corrosion rate coupons
• Visit selected 2004/2005 leak sites and locations where CPA is likely experiencing greater than average corrosion 

rates to understand location-specific parameters and prevention/mitigation measures
• Review of below grade inspection program and how the long-rangr nspection technologies correlate with excavations 

or direct assessment results.
• Discuss the maintenance pigging program status

ADEC & Coffman Team Members
Dianne Munson 
Sam Saengsudham 
Gary Evans 
Wade Gilpin 
Kirsten Ballard 
Laurie Silken 
Dan Stears 
Rodney Evans 
Oliver Moohissi

North Slope Charter Agreement Manager. ADEC
Section Manager Pipeline and Tank Integrity, ADEC
EPR C-plan Reviewer ADEC
EPR C-plan Reviewer, ADEC
Environmental Special-st ADEC
Environmental Specials', ADEC
Manager Coffman Engineering
Corrosion Engr. Coffman Engineer ng
Consultant. CC Technologies
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BP / CPAI - ADEC Meeting 

Location: CPAI Conference Room ANO-259 
Date: 3 May 2C06 

Time: 8:30 am - 4:45 pm

8:30 - 8:45am

8:45- 10:15 am 
10:15 -10:45 am 
10:45 am - 12:15 
12:15- 115pm

Session I -  2005 Report Meet & Confer 
Opening remarks
* ADEC
* BP
* ConocoPhillips
BP Annual Report presentation 
Break

pm ConocoPhillips Annual Report presentation 
Lunch

Session II -  Extraordinary Events Discussion 
1:15-1:30 pm Opening Remarks
1:30-2:45 pm BP Incidents
2:45 - 4:00 pm ConocoPhillips Incidents
4:00 - 4:45 pm Q&A, Comments, Adjournment



M e e t i n g  A t t e n d e e s

Name Affliliation Job Title Phone email
Larry Dietrick ADEC Director Spill response 465-5255 Larrv dietnckfu'dec. state.ak. us
Bill Hutmacher ADEC Program Manager 269-3054 bill hulmaeher(«dee.state.ak.us
Leslie Pearson ADEC Program Manager
Lydia Miner ADEC Expl.Prod. Sect. Manager 269-7680 Lvdia miner(rt/dee..state.ak.us
Dianne Munson ADEC Charter Agmt. Manager 269-3080 1 )ianne munsontudcc.state.ak.us
Sam Saengsudham ADEC Engineer, P/L Tank Integrity 269-3078 Sam saengsudham(2tdec.state.ak..us
Laurie Silfven ADEC Expl Prod. Sect. Support 269-7540 1 auric silfven'a dec.state.ak..us
Bob Tisserand ADEC Expl. Prod. C-Plans 269-3060 Robert tisserandta dec.state.ak.us
Gary Evans ADEC Expl. Prod. C-Plans 269-7536 Gary evansfaidcc.state.ak.us
Craig Wilson ADEC Industry Preparedness 465-5204 Wilson wi lson(«idcc. state .ak us
Tom DeRuytcr ADEC Prevention Emer. Response 451-2145 Tom DeRuvtertodec.statc.ak.us

Dan Stears Coffman Engineers Principal 276-6664 stearsfieucoffman.eon]
Oliver M ghissi Coffman Engineers Sr. VP. CC Technology 614-761-1214 omoghi /^eo ffnian.com
Rodney Evans Coffman Engineers Corrosion Engineer 276-6664 Evan stoco ft i na n. eo ni

Carl Lautenberger EPA On-scenc Coordinator. Reg 10 257-1342 1 autenberuer.carl'.rt epa.gov
Mike Jones EPA Ecology & Environment 257 5000

Cathv l oerster AOGCC Commissioner 793-1221 ( athv focrstertaadnun.state.ak.uov
Tom Maunder AOGCC Sr. Petroleum Engineer 793-1250 1 om maundertoadniin.state.ak.uo\

Bruce Novmska ADNR JPO. Specialist 257-1309 bno\ insktoj jpo.doi.gov
Lo s Ko/.isek \DNR JPt Representative 257-1357 lko/isek(«>jpo.doi.j»ov

Robert Guisinger US DOT. OPS Engineer, Inspector 271-6520 Robert.gulsinge,\a dot.gov
Bruce Hansen US DOT. OPS Sr. Engineer 405 954-1 138 L.uee.hanscn<a dot.gov
Steve Gout US DOT, OPS



M e e t i n g  A t t e n d e e s  ( e n n t d . )

Name Affliliation | Job Title Phone email
Brett Leach BP Integrity & Assurance Mgr. 564-4437 1 brctt.leachja bp com
Bill Hedges BP CIC Anch. Team Lead 564-4466 B111 hedgcsja bp.com
Tim Bieri BP CIC Corrosion Engineer 564-4425 rtmothv.bienfalbgxonj
Kip Sprague BP CIC Integrity Analyst 564-4462 spnmukpftKbp.com
Terry Costlow BP Mgr. NAG Integrity Mgmt. 281 366-5903 c ostUxabp.com
John Kuzma BP CIC Corrosion Engineer 564-4439 ku/.maihfabp.cofl}

Paul Dubuisson ConocoPhillips NSOD Field Mgr. 263-4822 Paul.dubuissonftKConocoPhi llins.com
Bob Bray ConocoPhillips NSOD Ops Support Mgr. 659-7289 Rohcrt.d.bravftTConocoPhi llins.com
Ken Donajkowski ConocoPhillips V.P.. HSE 263-4682
Jay Murali ConocoPhillips Engineering & Corrosion Supv 659-7384 JavJ.MuralKftConocoPhillios.com
Mark Jerling ConocoPhillips Engineering & Corrosion Supv 659-7384 M  085ft/ ConocoPhillips.com
Scott Fahmey ConocoPhillips Engineering & Corrosion Supv 265-6041 Scott.FahmevftKConocoPhillios com
Chris Dash ConocoPhillips Corrosion Engineer 263-4828 Chris.dashfalConocoPhillips.eom
Al Dahlquist ConocoPhillips Corrosion Engineer 659-7773 N 1195(« 'ConocoPhillips. com
Randy Barnes ConocoPhillips Corrosion Engineer 659-7869 N1297ftrConocoPhillips.com
Dave Newman ConocoPhillips Corrosion Engineer 659-7869 N1297«j ( onocoPhillips.com
Brad Fratcs ConocoPhillips Corrosion Engineer 659-7149 NI462(a( onocoPhillips.com
Tom Austin ConocoPhillips Corrosion Engineer 659-7149 N1462«r(‘onocoPhilliPs.eom
fid Goldmann ConocoPhillips Corrosion Engineer 670-4444 Alp 1349f« ConocoPhillips.com
Toby Brickson ConocoPhillips Engineer (DOT-IMP) 263-4729 robv.h.cricksonfirftConocoPhillins.eom
Ryan Stramp ConocoPhillips Engineer (GPB) 265-6806 R van.stramnwiConocoPhil lins.com
Dan Kruse ConocoPhillips GPA Mgr. 265-1315 Dan.n.kruscfftX onocoPhillips.com

"





Commitment to Corrosion Monitoring 
Year 2005
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Outline 0
i C o rro s io n  M a n a g e m e n t  P ro g ram  O ve rv iew

* GPB » ACT

» Overall Activity w ACT Descnptoi
»  Corrosion Monitoring » ACT Overall Activity
•• Internal Inspection » Endicott
» External Corrosron >• Milne Point
« Cased Piping Inspection n Nprtnstar
» .it ltne Inspector, * "adami

» Corrective Actions »  2005 leaks A Repairs
>* 2005 Leaks & R®{Mitv >♦ Summary and look
» Summary ft took Forward

Forward

BPXA Operated Facilities and Equipment O
» F a c i lit ie s

u ) I
•• ' vV#lc* yj tji •Irt 
m 2.000 pro&jclnn »>>«■•*•' **■*

• Pipeline Network
•« J W> mAm -4 *<«•.

• vessels
m \ 595 cepiAfttas

• T an k s
m *V0 'iOflQORAh
•• rtVi 10f»>i<J*K

• P ro d u c t io n
m >»HY» Oft*• i k*jtr
•• **> itn/tgr M i l t  a«4

GPB/ACT Comparisons

Maine ACT GPB • . A( ■
pT JdiKt* " Tr*«n A
itud |nj«r rtta* Hb 1 6V6
hrg iUtor »*->* IIP in ;*•
**on
»>n»R i* • ♦v
Ai’Tiw v»n%ir̂ p ; ; 9A> u
i)C? 1)1** \ U -STMD • i
Net equuiiM r i . 100 mi*M i YXn**m a-
Mf PL- 1 IT MtJ n
f t rti IPO 106 1/6 M
' Ha A. •%<* Jt'I.Ott'r if’

Corrosion Management Program O
» S tr a te g ic  O b je c t iv e s

I M*rwrTveMS( Impact*
.  Ffcffwrte (orrgMin i*c 

efwer tauif*.

} M  for s e rv e r  
lf>frartructu«e
. R*m*i*ung r«**J Wr

3 Future Major Gas 
Development
• utarv etoirfig fariw.—.
.  Cam o»-n Oenunds 

rmgc*4y (SO* vrani

<>«»*• !<.« 
•Ml l*t*l*

Arpg»*m fitment»
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GPB Corrosion Mitigation Activity o
root 2002 200) 2004 2005

In t e rn a l In s p e c t io n s
Well lines 10. tl I l l  1/6 l i  J l l 12 <■»* 9  4 V
Flow lines it M« 1 V  14 14 |)| M./R4 |4f*/

E x te rn a l In s p e c t io n s
Well line* 1 tun 2 i *«•* 106/1 14/11 21,544
Flow lines 19V i» /// /4 2V» 21 IS ) llbSO

Total »9M 69.066 AO 461 62.61? 49,04)

C oupon  A ct iv ity , p u lls t MM. f V#f /. Nl2 r IBS / 411

ER P robe A c tiv ity , s ites 1 1 i f P i f R?
3-Phase C hem ic a l

Volume, gai / *v )« r> / 410 W ! 1/0  000 2.4 ?0 »Xi ; *60 00)
Concentration, ppm i f  i I4 \ 14) 111 |4 ?
Water Cut. % 21 // 14 ft



3-Phase M on ito ring and M itigation o
•  W e ig h t  Loss C oupons

h Well lines
» flow Imes

•  C o rro s ion  In h ib it o r  In je c t io n

» Concentration
« Unplanned Events

3 Phase -  W e ll Line Coupons

* I - 1I

3 Phase -  Flow Line Coupons o
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Oil -  Flow Line Coupons«  *••»# K kl 'ft • »•• • ftmm *• afrw m k> • 
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C orrosion  In h ib ito r  C o n c en tra tio n 2 U n p lan n ed  C hem ical E vents

♦ I C M fM c il instability «t w<M»*
» xa*

» 2 Trial d i rm m i  m ate ria l incompatibility

W a te r In je c tio n  S y s te m s o
• A g g re g a te  f lo w  lin e s

h weight loss Coupons

* P roduced  W a te r  w e ll  lin e s

» Wright loss Crupons

» Strategy Update

> S e aw a te r  w e ll  l in e s

» Weight loss Coupons

» Strategy Update

A gg re g a te  W a te r  In je c t io n  - F low  L ine C oupons

i , i |  :■
Illll 1 1111 li it

PW S y stem  -  W ell Line C ou p o n s R eality  is n o t  s o  g o o d . . . . o
I f l j t 'C l i o i i  S t s l t r n  I n l i ^ n l x  4 1 / 0 4

• C o u p o n s  g w  la ls e  se n se  
of secu rity

h  Compare ImpettiCK i wta
» Bu lk  F lu id  h a s  low

c o rro s iv ity
» P ip e  w a ll m e ch an ism  is 

d i ffe re n t  1
m under depc 
•• Bacteria (M IC '

_ z £ |
wr.... i

» H istonca ttv  M anaged  t>v 
d e -  R a tin g :

' | l* F T T .

•  Design 3 ,6 0 0  psig
•  Typical now 2 ,5 0 0  pvg



4Q 2 0 0 4  W ater In fr a s tru c tu r e  S tu d /
* IQ  2 0 0 S  Multi D isc ip lin a ry  T eam  fo rm e d

w I nqtnuimg Ro*n« OC. Pmj*CH W10 f*
• IQ 2 0 0 5  S t r a t e g y  D eve lo p ed

•• IrV v lrt io r i )  ptv tw  i*» ry o a  d *w ! 
h T itan  Pi pH  •nr'.

• fhomra'
•

» 2Q 2 0 0 5  P ar tn e r  E nd o rsem en t
\) * MM m 200S

» 3Q 2 0 0 5  Im p lem en ta tio n

Recent History Inhibition Increase Work completed

A ll s ites  n o w  c o nve rte d  to  EC1081A  (p ro v e n )

m EC904IA (incumbent) nas been depleted 

M ost s ites  n o w  At ta rge t 6 0 p p m

» Down hom initial BOppm 

» FS? Target JQ 06 (large water froduce> i

S ig n if ic a n t  L o g is t ic  W o rk  C om p le te d

» 90 day supply o* EC1081A cm land 
» 15 new ' s h j. •,

Produced W ater Summary o
2 0 0 5 .........
» S t r a te g y  D eve lo p ed
» P ar tn e r  a p p ro v a l
• Im p lem en ta tio n

•• f( 108 J* wkfrawwl to B(' t/if-pi"
, -luvwtg

h Improvrrt ptĝ rng pprfrvmarv •
2 0 0 6
> G ap s id en tified :

*• Montfonr/g
h J ft»4%r cany ever
•• sydem upQiadr'

prrfcynMntr
»• Slfatn^y itwtt<Hicv

SW System -  W e ll Line Coupons

r r i l + . . r r l 4 .  •

y f U U S K e v i e w
8 Opportunities: Reverse "Creeping
Changes" •»! •
1. In v e s t ig a te  d if fe re n t  w a te r  in ta k e  (c le a n e r )

2 . R e- instate  f ilte rs

3 . R esum e  b io c id in g  o f STP

a  Plan! modification options already scoped

4 . Better DO c on tro l ( e sp e c ia l ly  sum m er)
5 . O rb is p h e re  -  r e s to r e  co n f id en c e  in d a ta
6 . P ig g in g  (w e e k ly , 6  w e e k s , q u a r te r ly ? )

7 .S u p p le m e n ta l b io c id e  at IM F 2

a Trial lor low-velocity, special problem . irruil
8 .  P W /S W  sw aps  -  lin e  c le a n in g

a  "scbmoo be gone. * hoi diesel, etc

» Im p le m e n t  2 006

Inspection Program 0
> In t e rn a l In s p e c t io n

>• 3 phase How and wen line
» Water in|ection Hov* and well line

• E x te rn a l In s p e c t io n

•  Cased P ip in g  In s p e c t io n

i In - lin e  In s p e c t io n



Cased Pipe M anagement Program 0
•  Use g u id e d - w a v e / IL I/ v is u a l in spec t io n

>• Baseline inspections completed in 2003

» GUT resource brought in house

n Used to identity and pnontue e«ca,ations

• 7 9 /100  se gm en ts  w e re  re- inspected

» 5 with II I

» 74 with GUT peimanently installed
• CoOalt pioOe shortage

* 6  segm en ts  w e re  e xcava ted

» 4 no corrosion damage

»• 1 - edema! corrosion

w 1 mechanical repair

2005 External Corrosion Pyram id

3 5 ,3 6 7  D e te c t io n  e f f o r t  -  12% 6 o f  p o p o ta t .o n , ~ 8  y e a r  c y c le  t im e  

3 0 0 ,0 0 0 4  W e ld  p a c k  (W P )  p o p u la t io n  p lu s  in s u la t io n  d am ag e



* 3 p ip e l in e s  in sp e c te d  w it h  I  LI 

> Fc l lo w -u p  w o rk  s t il l in  p ro g re ss

» '<o rppaiis identified to date

In - lin e Inspection

tqylpmtnt V*ntv« Oamat** frtvlex III T* langth
I M • hwv i*n 1 hut 6Cl #1
W N 1 nM>. >4 i rtf .vr*,' tWt Vrlr 0#
t *4 /• IM wrn

2005 Leaks and Repairs O
► C o rrective  A ctio n s

» 2005 Leak D eta ils

» 2005 R ep a irs

1

Flow Line Corrective Actions W
• ER P ro b e > W e ig h t l o s s  C o u p o n s

•* 241 -2'npr w | ? f l  -/mpt
•• 1 Ch»r*urai ln<r«a%4- m fcC hemcai lr\

» In s p e c t io n  P ro g ra m
»  1 C*U5**c.» «h‘ rr«ur ft

change

— ■ -

2005 Leaks

» L eak  Sum m ary
»• rotai oI f> It .ikt

W t » »  U r n  r Mmtitmi*

N  fat O il tw  *W U»* «t« IM ( Ul Mull

2005 Leak/Spill Detail

D S l l  0 8  8 " S W  In je c to r
h  Leak detected Feb 
m SW Injector 
m In terna l uxtovrw t 
h  7 7 0  ga llon sob  
*• V e t  ton replacement 

•  40 ft n r *  p o t

DS06 3 / 4 "  n ipp le  GLT
*♦ Leak detected March 
*• Mechanical Heavy 

equipment me d en ta l 
m low  pom l dram 
** 4 0 0 .0 0 0  vet o f  g a \ 
m Shut tn and  replace

2005 Leak/Spill Detail

* M-74 24" LOF
h  le a k  detected April 
** 3 phave pm diatior.
»♦ M ec ltan ra l 
m 4 gallon spit 
m Sector* replacement 

• 50 n

* DS14 - 6" Warm-up gas
»♦ le a k  detected April 
*• W arm  up gav line to  IDF 
»  Low cycle fatigue o wekl

• I ' fv t>  (u H a t io r  
*♦ • 1 .2 60  gallon spilt
►» Segment isolated

* Cut out ano bftrxfed



• D S l l ‘ 0 2
h i Nk deferred rxtobe*
h Internal co«io«Kxi 
•• -1 0  gallon \pr*

i If1'* r-. *** .- i

2005 Repairs

» R ep a ir Sum m ary

W**h» Ijym Internal |«ia*n*i HMhamrji foul
"w »  n | /I i ,•»

) I
0

10 FI

GPB Summary / N
o> In t e rn a l C o rro s ion

»» 3 Phase Systems
. 1 <rwH showing Mist<f*n«d pe'fOWUnor

• tM M it rvmr%
Proactive 0*<*e*» '* ' «'"*>«■ afl*»

h Water Injection System s
. Produced water Strategy Implementation
. Sea Water Plan Developer!

» Exte rna l C orro s ion

m > 15,000 locations a s  planned
•  Cased P ipe

m F .e iu ting long term management strategy
> 6 le a k s

GPB 2006 Goals and Objectives 0
• Review All S t ra te g ie s
• C o r ro s io n  M on ti r in g 2PQ 5 AttUU» 2 0 0 0  F U lu

m t oup* no uq/iA. .<'• So rfung*
h  fR  protws nc fhar«)r-t *it tV tg c

• In t e r n a l In s p e c t io n  P ro g ra m No 'ttang#
• E x te rn a l In s p e c t io n  P r o g ram

»» .Veld pace itivprclon* K  OOP «o ocr.
• C a se d  P ip in g  In s p e c t io n

h lung Irm t nUrv»gcmr«< *  IOC lib
• C h em ica l M itig a t io n

*♦ Rap*? 5**rer ceutrx) hoCrungv
h .a«gr w a *  (k *U> r.i* Nr- CN»nge
m c>w j* f a r . ' *
h SW lmf*k-rr«Tit Arl«yv PUr.

♦ T e c h n o lo g y
•• IR prot» reer̂ .. (a » (vonttno*
•« Kr*n.*» ta-ii vt*at 'd td in f dtr»rv fon tr tw
h  • r»»«u rnwi^oung fty > PO 'n r i.'untKMj*
f» ►l-ri.Xl «y r | fkA., M#r.
*. 1 »*ur MMr »r*i t*»*' i •#•«* • Plan

Outline o
.  ACT

» ACT Oescnplion

» ACT Overall Activity

» Endnott

** Milne Point

h Northstar

m Badami

>• 2005 leaks & Repairs

» Summary and Look
Forward

Alaska Consolidated Team (ACT) 0
► P ro d u c in g  F ie lds

w Fndicott

m Milrx* Point

m Badami Mm act t •
h Nodhstar

► R e la t iv e  C om pa r is on

m ACT smaller than GPB

h Differences in age • -»» 'Vl 74RD
m Non common carrier PL

• Norte at Nodhslai
•  None at Badam.

»* Materials of construction



ACT Corrosion M itigation Activity 0
2001 2002 2001 2004 20m

In t e rn a l In s p e c t io n s
Endicott 1 Me IM* WtJ 7./II 1 l\7
Milne ftimi 4/9 1 Abl « uu l .*49 1 Ml
Northsiar to i¥i 204 127 m
Badami s AH A 40

E x te rn a l In s p e c t io n s
Endicott l« »V» 'It 104
Milne Pomt 1 MO n» 1 M»» 1 'M 117

Total S. Fit j.isi t ,ll! 1044 MM
C oupon  A ctiv ity 10 Ml kl Ml
C hem ic a l V o lum e

Produced Water, gal HA '«* tut Its l*M| 1 1/ 744
Three Phase, gal HA HA i/w 11.7 *4 I» *00

TotO 120.4)0 11*. 190 170.S44

Endicott Overview O
• P rodu ctio n  S y s tem

Primarily l»up*f» Stainless :>lwl
»♦ 1 iccptwn a re  Iht* carbon sleH C spool*

• vrtrx 4* mon4c»tng
» l'np«1wn p*njf#n
i W4M2E to -«vs)W <epUC»*

» PW /SW  In je c tio n  S y s tem
*# Inter Island Watrt line HIWi main concern

. C«noo< t»
Ha-aarv*. r «4V*XO*»S
ktO  •o4»i,e,

* E x te rn a l C orrosion
►* ICH Inspect rx>*

. 1 '.treve »«•{■* (ll*Vi,
• i »efiOf*<M?«» •• Mu* iv.*4i»< # ijew  -

Endicott Corrosion M onitoring

l
1

i 1 
I

o

1 .  i  a  .
1 1 I  1 1 1 1 u - 1- a

Endicott IIW L  Quarterly UT Inspections M ilne Point Unit Overview o
* P roduc tion  System

*♦ P ro g re ss in g  m hto ition  p ro g ram
• K -Pad How h r*  »n«»ated in 2001
.  S Pad inhibited m powei Hu»d in 2002
.  F L C production how l»ne mh*bil»on initiated in 2003
• B pad how hnc inhibition reconwnmded ( startt-d 2Q06
• Tract H  inhibition recommended

• W a te r  In je c t io n  system  im p ro ve m e n ts

>• Inh ib ition  in it ia le d  & in c re a s ed  m a in te n a n c e  pegging
p ro g ram  in 2 0 0 0

•» S ign ific an t d e c re a s e  in c o r ro s io n  ac tiv ity



MPU - Inspection Summary

> External Corrosion Flow lina Internal» 1 7 ; inspections
• 131 at above g»aJr

locations -i 1• 46 m 9 bctow yradr 1 iexcavations

» Internal Corrosion t r J .
»• 3,487 inspections

. ■ 100 m 9 below grade
dcavaQons Well line m ietnal

» No repairs identified

1 I 1t
J

I . L ,

MPU Corrosion M onitoring O

144* \

Badam i and Northstar Overview 0
> B a d a m i

*# Began production in 1 <WM• t*»oduttcn beta* rupoctatv• »»!?*« njetfor tfMrviAa‘.. S> *«l miMN «o/
»» W arm  shut in in Aug JOOt

deemed bAw*»* »nd fo'ovt u; -ncwdc** <V
Nc i v  >/

«  Restart m O rt TOOS
► N o r t h s t a r

m Began production in laic 20U I
m Conbnuous inhibition into wHI production lines. m •• i»»irg f  i ajacbon turtha* u d d n a v  * : » •
m fto  water in jection system
m Corrowun monitoring progrant WLC and ER probe
w Inspection txiselme and hidonr <ii record establishment ongoing

ACT -  Leaks and Repairs O

i 10 - Repairs/replacement activity
h 8 Save'.
»♦ 2 Corrosion related iea*s

. J erosion on S tpoof at Endtott riunng well POP
Mvwtw im V we* r««.^

. 1 rj>iOMOn on C vpuoi at Cndcotl (HA/
VnaP gas -rieusc ry kou*d

1 i.’iuft T r  f*,»t
lqi4ir><l 1 ii*  lu  1*1 Irif !•: Ini l*r Nortb»*A' 

M U>
WH.a*. 1 6Gas i
'l»l* P*r«kA«1 tVAIv"

ACT 2006 Goals and Objectives

• Nrvirw All• ACT Inltgiil) T—<r<
• IndKOtt 01 Act 0«

mmwn
- h ••-'>-> r --.- Oj

Milne Po«n| Unit 
-..
•  I Vrtti- I'np**
-  t*yr> .• t I d k lrq  am* ».

Overall Summary o
» D e liv e ry  o f O b je c t iv e s

h long term fitness for Service
» C orrosion  M an ag em en t S y s tem

•• Integration of key elenenls
• RcTTMtning WA* Inspect •C” prCg'A" Tpxt.^-• Ratr Corroson rrwnA'i'mg '‘ -r*1
i MAgAlurt C onounn •nMvlnv' 4

* 2 0 0 6 TXT
m Review Au strategies
m Increase Staff
»• Dedicated ACT Team
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BP Leaks 2006

ADEC Meet & Confer XI 
3"* May 2006

2006 Leak/Spill Detail 

• 11-10
m  leak .vttn l January 
#• Seawater 
*• Internal corrosion 

m  No Volume Estimate

• Vtyl *1 Ho rep** IK *Ulf

2006 Leak/Spill Detail O

* 04*13
h  | ra k  detected April 
m Produced wale* Imm 
m Jnder Investigation

. R -P ad  -  3" R*19 GLT
m te a k  detected Apm 
»♦ Gas lit!
r* External cc  niMon 
h Snw li 9as re lease

.  Vmt «n No tc J*u

GC21 -  Oil Transit Line Leak



GPB Oil Transit Lines

> L a rge  d ia m e te r  tra n sm iss io n  lines
m A pipelines 
h  27 m iles to ta l length 
k  D iameters

.  I 16 1 ) 0  ) 14
» T ra n sp o rt p ro c e s s e d  c ru d e  oil

»♦ From sejwrabon facility to Pump Station I 

»  0 T54*  BS&W 
» O p e ra tin g  p re s s u re  is < 2 0 %  SMYS

l-Mpen* t *«3*M
<-*• >«>l> »»1 M»or *«« »•»

UCh • SJK106 
rSi •

« is rst
.»• At*

r. u«
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w
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no* on tn |f 14 l» Ml
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Oil T ra n s it L ine s -  C o rro s io n  M a n a g em e n t V . 

> In te rna l
m M itigation

• C l in jected at Wellhead, carryover into Bow R 0 !

.  Final stage separation lSpsig 'removes CO 0 )$** BSAw 
h Corrosion Monitoring

. Weight la,s coupons and t R probes 

. Spot UT/PT and III

» External
h Mitigation

. Replace pipe insulation at corrected locations 
h Corrosion Monitoring

• I I I  tangential RT GUT 'ca sed  pipe)

WOA Oil Transit Line 
Design &  Operations Data O
» Four segments

w GC2 toGCl OT21 
m GC 1 to GO 0TI3 
». GC) to SitfSO o n i  
nSkidSOloPSl OT5Q1
Outside D«emetcr JOO - inches) J4-
Nomtn/il Wall rhtcSncM ("MlW) 0 US' • J J4. To4cr*-<e
Hairnet SpecTr. ebon API SI MM (standard materiel)
f)<i-yn Code ASM! t i l  *
Veer ot CommHnon
Design Pressure 110 psrg
Current MOP SOO f>s*g (de rated in im i
Typical Operating Pressure 70 lOOps.g
Normal Operating Pressure *» SMYS m s
Outds Sales Specineatron Crude 0*1 

••SAW 0 l i t .

WOA Oil Transit Line -  Schematic O

  SKII • ••

“srrr
M M

r ~

* ,U i j  
“ \

WOA OTL, 5 Year Inspection History O
» Ja n u a ry , 2 0 0 1  to  D e c em b e r, 2 0 0 5
• OTL w a s  m o n ito re d  a n n u a l ly  a n d  a p p e a re d  t o  b e  m a n a g e a b le
* B y p a s s  w a s  r e m o v e d  w h en  m o n ito r in g  d a t a  sh ow e d  e n d  o f  l i f e ’

n The w nr prplxr nOuU appr, i in, utn*r (.(W y
Of I I Of IS Of II 01 II »IHM 01 Ml

'iW U  r# 1 «.»■ rm11 lit *4 IM 1M S»
V. . ;■

* «e
1*

sr.

r . n r * . M ^ .
• • m <1(4 iM i<»
* 4 »  !■» f .

'WwlMtWeM

V«f| nt »' 4,|ter> mt /rj.i



» P ipe line  ac tiv e ly  in s p e c te d  th ro u g h o u t s e rv ic e  life
** 1988 identified 1st internal corrosion 

1990 In - lin e  Inspection
• tO  SO' internal corruKion

*» 1991 1998 continued annual monitoring 

*♦ 1998 2 n d  In-Une Inspection
• Corruuon noderatf Cl program m pt*rr |9VS 
■ fjterrwii(CUI)nw»eof a concern tnan

»  1999 20(M continued annual monitoring
• Mo ugn4cant ncreM n

•• 20Ch detected tncieosed QOmMXtft activity m GCi PO Plant Piping 
m 2 00 5  added scope ft frequency to  Inspection

• 37 to tOA mpccnons
• Included t* annual inspector nrnHorinq
. PUnnwri m kn* o\pe« 1©n for lOOt- r*»u<3 on 700*> ut • i

>» 2 006  Picvane le a k ed

WOA OTL In te rn a l In sp e c tio n  H istory OT-21, 1998 IL I & Verification 
► Corrosion degradation afte r ~21 years

» Moderate internal and entemal corrosion damage. Pipe FFS

1.01 a UHraaanrc end na«J.our*p/vr Inspections 
Mttth J-* to April f  /OOa

OT-21, 1998 IL I & Post Leak Data

► Significant interna l corrosion increases
m Largely associated with elevalion changes and low points

o

■

j

4 f\
i '■

• : • •i
U :

I- ! I!! !• . J ;  0, *.

OT-13, 1998 ILI & Verification

* Corrosion degradation a fte r ~21 years
h Moderate internal and external, slightly better than ? i v*gnu«nt

27) Ultrasonic and R«d*og'*r*v< Inspections 
March 4th to March J Jrd 2004

OT-13, 1998 IL I & Post Leak Dat

• No appreciable increases to existing damage
» No notable concision growth, Fit tor continued operation

I:
j a

-i i>

OT-31, 1998 IL I & Verification 
» Corrosion degradation afte r ~21 years

» Moderate corrosion, progressively less than upstream

> > ’. !*l*. »!vi A ‘ yy 1 ; r' i >i-‘• ' I  1 ‘  S . . . * ,  > : *  I



4 2 1 UUraaonK <
March 4th to March 2J»T 2004

0T-31, 1998 IL I 8. Post Leak Data

* No appreciable increases to existing damage
>♦ No notaWe corrosion growth. Fit (or continued operation
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Rapid increaee in Corrosion Rate tn WOA 0T21 Section after 30 20
no? se en  m otner W OA OT H u r o n  or pipelines

OW  hto*tto« Oiu we k 'm m i m WO*.

o

Investigation

Prelim inary Findings



In c re a s e d  p re se n ce o f H2S , J u ly  2 0 0 5

GC
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P oss ib le F a c to rs O

> Low Velocity
* BS&W Excursions
• Reduced Corrosion In h ib ito r
* Reduced Water Toxicity
* Increased Viscous Oil (~15°/o) at GC2

•• Fine Send

* Increased H2S in GC2 Vessels



S um m a ry -  O il T ra n s it L ines

» C orrosion  in sp ec tio n  p ro g ra m s  a rc  in p la ce
** Atx>ve ground pipelines
w Inspection incorporates frequent Spot U l/H f R B I)»• Complimented with n I 

» 0T21 Failure
*♦ Rapid mechanism

• CoMtVOn p*r»jr* •. ik-tMtvO and ’AponOnJ to tt a'-l* «
OT71 * tM >

• Pipewv fcvtirtf before the sqnficance of the conovc r ^rlrvev *m * 
fuWe unacnlorxl

, Mn hjmsm %ti« unOt* *nvestigat<.r.
i t *  S*r\J -r- Sr<*r «rw, '

* R em a in d e r of Oil T ra n sit p ip e lin e s  a re  F it-fo r-se rv ice
m Demonstrated by RBI pre/post teak inspections

• Going fo rw ard
m Implement H iin ten a rxc /c  leaning prggmq 
*♦ Regularly scheduled In  line inspection S yt M a i : 
m Review A l l  strategies





ConocoPhillips
C o m m i t m e n t  T o  C o r r o s i o n  M o n i t o r i n g

O v e r v i e w

. p r e s e n t e d  t o  t h e  \  . •

■ l

V  • ■ 9 th M e e t  &  C o n f e r  

M a y  3 .  2 0 0 6



\

Cono^Ph i l l ip s

P r o g r a m  E n h a n c e m e n t s

L i n e a r  a r r a y  v e r y  v a l u a b l e  f o r  e v a l u a t i o n  o f  1 2 - 1 6 ”  

d i a m e t e r  w a t e r - p a c k e d  C r o s s  C o u n t r y  ( C C )  l i n e s .

P i g g i n g  p r o g r a m  f o r  C C  W l  l i n e s  s t a n d a r d i z e d  

w i t h  d i s k / b r u s h / d i s k  p i g s  &  m o n i t o r i n g  o f  p i g g i n g  

r e t u r n s .  .

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

m e a s u r e m e n t s  i n i t i a t e d .

T h e  n u m b e r  o f  b e l o w - g r a d e  p i p i n g  c i r c u i t s

e x c a v a t e d  t r i p l e d  f r o m  2 0 0 4  t o  2 0 0 5 .
•  . •

R o p e  A c c e s s  T e c h n o l o g y  ( R A T )  a d d e d  t o  

i n s p e c t i o n  c a p a b i l i t i e s .  -

T h e  e x t e n t  o f  t a n g e n t i a l  r a d i o g r a p h i c  ( T R T )  

i n s p e c t i o n  e x p a n d e d  t o  i n c l u d e  1 2  O ’c l o c k  

p o s i t i o n ;  a  3 6 0 - d e g r e e  i n s p e c t i o n  i s  p e r f o r n f e d  

w h e r e  p o s s i b l e .



S p i l l s / I n c i d e n t ?
C o n o ^ P h i l l i p s

O n  3 / 2 6 / 0 5  A t  - 1 0 : 4 5  A M .  a  l e a k  f r o m  a  ' i n c h  X  1 « h o l e  w a s  d i s c o v e r e d  o n  t h e  

b e l o w - g r a d e  s e c / t i o n  o f  a  6 "  C C  W l  l i n e  a t  D S 2 H  p a g J .

T h e  l e a k  w a s  d i s c o v e r e d  d u r i n g  a  r o u t i n e  c o r r o s i o n  s u r v e y .

O r i g i n a l  e s t i m a t e  o f  1 1 3 , 0 0 0  g a l l o n s ,  e v e n t u a l l y  r e v i s e d  t o  5 1 , 1 9 8  g a l l o n s .  T h e  

a p p r o x .  2 - a c r e  s p i l l  w a s  a  m i x t u r e  o f  P W  a n d  S W .

'.’MM
rvnu.tf\U m-*n



C o n o W ^ h i l l i p s S p i l l s / I n c i d e n t ^

L i n e  p u t  i n  W l  s e r v i c e  i n  . 1 9 8 9

I n i t i a l  i n s p e c t i o n  i n  2 0 0 1  w /  5 %  R T R  ( 4 6 3  ) s h o w e d  9  o f  1 2  s e g m e n t s  h a d  

n o  d a m a g e .  S c a t t e r e d  i n t e r n a l  p i t t i n g  i n  3  s e g m e n t s  -  1 7 %  w a l l  l o s s  m a x .
m

B e l o w  g r a d e  l o n g  r a n g e  i n s p e c t i o n  f o r  e x t e r n a l  c o m p s i o n  o n  t h i s  l i n e  b y  

P r o f i l e  T e c h n o l o g y  I n c .  ( P T I )  i n  J u l y  o f  2 0 0 1 ;  n o  i n d i c a t i o n s .

B e t w e e n  2 0 0 1  a n d  t h e  t i m e  o f  t h e  l e a k ,  7  r e c u r s  b y  m a n u a l  i n s p e c t i o n s  a t  

3  l o c a t i o n s  s h o w e d  m i n o r  i n c r e a s e s  a n d  3 5 %  m a x .  w a l l  l o s s  b y  R T .

I n . 2 0 0 5 ,  a n o t h e r  5 %  R T R  i n s p e c t i o n  ( 6 1 4 ' )  s h o w e d  w i d e l y  s c a t t e r e d  

i n t e r n a l  p i t t i n g  i n  a l l  1 6  s e g m e n t s  i n s p e c t e d  w i t h  2 9 %  m a x .  w a l l  l o s s .



Cono^Ph i l l ip s Spills/Incident^

C o m n t i n ^ l i n g  o f  P W ’&  S W  c a u s e d  a d d i t i o n a l  s o l i d s  d e p o s i t i o n  a n d  

r e n d b r e d  c o r r o s i o n  i n h i b i t i o n  l e s s  e f f e c t i v e
n ♦

C o u p o n  m p y  r a t e s  i n c r e a s e d  p o s t  2 0 0 0  d u e  t o  t h e  a b o v e

ft
. * - ^ <

' • I  ̂ 4

U n d e r - d e p o s i t / M I C  c o r r o s i o n  a c c e l e r a t e d  d u e  t o  n u t r i e n t s  f r o m  S W / P W
• « • • • •

o •
' I , . M O

M a i n t e n a n c e  p i g g i n g  i n e f f e c t i v e  i n  r e m o v i n g  s o l i d s

•> * . * . * *  ’  * •
• %

T h e  l i n e  w a s  s u b j e c t  t o  l o w  f l o w  v e l o c i t i e s  .

-



C o n o ^ P h i l l i p s

i
F o u r t e e n  N e a r . 1 M e d i u m  a n d  L o n g - t e r m  r e c o m m e n d a t i o n s  f r o m  P h y s i c a l  C a u s e  

A n a l y s i s  u n d e r  v a r i o u s  s t a g e s  o f  i m p l e m e n t a t i o n

C o m m i n g l i n g  o f  P W  &  S W  a t  C P F 2  i s  s u s p e n d e d ;  p l a n s  t o  c o m m i n g l e  a t  C P F 3  i s  

n o w  o n  F I O L D  •
,  *

M o r e  a g g r e s s i v e  m a i n t e n a n c e  p i g g i n g  w i t h  d i s k - b r u s h - d i s k  c o f n b o  i n  o p e r a t i o n ;

p i g g i n g  r e t u r n s  ( T S S )  m o n i t o r e d
« .

R i s k - b a s e d  i n s p e c t i o n  p r o t o c o l s  f u r t h e r  s t r e n g t h e n e d  w i t h  m o r e  f r e q u e n t  i n t e r v a l  

i n s p e c t i o n s  - ■ " »

a * . *• •
-  . * A.

T W I  t e c h n i q u e  f o r  i n t e r n a l  &  e x t e r n a l  l o n g  r a n g e  i n s p e c t i o n  p r i o r i t i z e d  f i e l d - w i d e

R e c e n t  d a t a  i n d i c a t e  l i n e s  a r e  ‘c l e a n i n g  u p ’ a n d  c o r r o s i o n  r a t e s  h a v e  r e c e d e d  .



• # 3 J P 0  1 2 ” C C  l i n e  l e a k e d  o n  1 0 / 2 6 / 2 0 0 5  a t  s a d d l e  w e l d - p a c k  - e x t e r n a l  
c o r r o s i o n

• L e a k s  a t  1 0  O ’c l o c k  p o s i t i o n  o n  l i n e  -  c o r r o s i o n  w a s  3 6 0  d e g r e e s  a b o u n d

• W e l d - p a c k  p r e v i o u s l y  i n s p e c t e d  1 2 / 2 0 0 1  - n o  c o r r o s i o n  o r  w a t e r ^ l e t e c t e d

• T h i s  w e l d - p a c k  w a s  n o t  s c h e d u l e d  f o r  r e - i n s p e c t i o n  u n d e r  t h e  e x i s t i n g  C C  
l i n e  i n t e r v a l  i n s p e c t i o n  p r o g r a m .  • v

• T R T  P r o g r a m  G u i d e l i n e s  c h a n g e d  -  R e q u i r e  T o p  a n d  B o t t o m  i n s p e c t i o n  o v e r  
e n t i r e  C U I  l e n g t h  w h e n  m e d i u m  w e t  o r  d a m a g e d  i n s u l a t i o n  -  A n  i n c r e a s e d  
C U I  i n s p e c t i o n  f r e q u e n c y  h a s  b e e n  p r o p o s e d



ConoC^h il l ips ^

I n t e r n a l  I n s p e c t i o n

/  C o m p l e t e d  a l l  2 0 0 5  g o a l s  e x c e p t  f o r  3 0 "  S W I  L i n e  S m a r t  P i g .  

^  O v e r  4 3 . 0 0 0  ft o v e r  1 6 0  l i n e s  i n s p e c t e d  ( R T R  a n d  R T )

^  C o m p l e t e d  b a s e l i n e  s u r v e y  o f  o n - p a j d  d e a d l e g s .
s

^  3  L e a k s  ( 1  w a t e r  i n j e c t i o n ,  2  p r o d u c t i o n ) ,  9  S a v e s  ( 5  W l ,  4  
P O ) .  W l  l e a k  c a u s e d  b y  M I C .

2005

I n t e r n a l  C o r r o s i o n  S p i l l s  

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

0  04 S:>iil ? ‘l ’ IV  f< C :*de Oil
2003 Spill O ' 3 P S<-ic) VVfiler
? 00'i Leak 6 ' 3K L. , VVa 1 er
2 0%  S \ M  6 '  2 i\ M ixoci W a l'
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Conok^Rhillips

Internal Inspection :

' S  C o m p l e t e d  a l l  2 0 0 5  g o a l s .  .
I , • « *■ 1 * . •

' S  R o u g h l y  1 6 . 0 0 0  f t  o f  o v e r  3 0 0  l i n e s  i n s p e c t e d  ( R T R  a n d  R T ) .  .■ a  a  a  ■

1 8  l i n e s  r e q u i r e d  r e p a i r  ( 1 1  i n j e c t i o n .  7  p r o d u c t i o n ) .  . , - • • •  ^  J _ \ H #  y

^  2  L e a k ,  1 6  S a v e s .  L e a k s  d u e  t o  u n d e r - d e p o s i t  c o r r o s i o n  a n d  .

: e r o s i o n .  . • • . .

Kupa ru k W all L ine In te rna l C o rro s ion Summ ary

I n t e r n a l  C o r r o s i o n  S p i l l s

- W e l l  L i n e s
* • -<

I ■1 >■ j . i .. -4. 6  V ■'

■ ‘ 1 1 4 6. W l .
• U  * i A 9g6' W !
Spill '• \ G t B p  ■fPC 

Spills . , 2/V;r b F:'C \ 
/  • ; ^1.3.6; PC •

/!)]••: Tp.-iii , i v -d)2 y  v v i '

20 05 Spill /  4G -09 6 W ! ■
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ConoW^hillips

*

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

G o a l

C o n t i n u e .  R e c u r r i n g  I n t e r v a l  I n s p e c t i o n  

P r o g r a m .  K D R -  P r o g r a m  a n d  T F S  P r o g r a m

S m a r t  p i g  3 0 "  S W I  l i n e  in ' 0 6 .

W e l l  L i n e s

. H - - •1

1 Internal Inspection

S t a t u s

O n  S c h e d u l e  .

D e f e r r e d  f r o m  2 0 0 5 .  E v a l u a t i n g  

f e a s i b i l i t y  o f  s m a r t  p i g g i n g  1 2 - i n c h  

W l  l i n e s .
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GonoC^hil l ips
H um **1 M o n i t o r i n g / M i t i g a t i o n

2005

m m m m
I C Z i m t Z a E Z a i 3 ^ t ^ £ £ l < ^ E ^  I

■ u - • ' \  . • • ’
/  C oupons chafigCd alter C IM 'I split the SW  & PW . were pulled 3 montta later with pitting rates 

dropping (Jn Oil header coupon locations from a high o f 185 nipy to a high o f 18 n t^ .
4 • . • * -

• dr +• ‘ *”< . 1 - % .«•
/  Inspection continues to corroborate monitoring data

J  Continuing to adjust and analyze mitigation program with adjustiApts to pigging at all facilities 

and additional adjustment to S T f  hiocide treatment.
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M o n i t o r i n g  &  M i t i g a t i o n

M o n i t o r i n g  &  M i t i g a t i o n

G o a l S t a t u s

Con tinue testing tor m ore e ffec tive -co rros ion 
inh ib ito rs •

° *
%

F----------------------------------------------------------------------------------------------------
• F ie ld tes t o f Bake r RE5273 sta rted moved 
from DS1R to next phase la rge sca le testing 
at CPF2 D n lls ite s 2U. V and W

• Next tes t at' DS1R shou ld beg in m id sum m e r
• «

9

Con tinue im p rovem en ts to all th ree CPF 
W a te r in jec tion S ys tem  trea tm en t p rog ram s

‘ ; /

•B io c id e in jec tion res idua ls a long w ith Tota l 
S u s p e n d e d  S o lf l f t fin d seria l d ilu tion are be ing 
m on ito red to ve rify m itiga tion -sys tem  
pe rfo rm ance

" u
•N ew  pig sam p ling pos ition c rea ted _______________________ _________:—«-------------------- -----------------

Im p rove Fie ld w ide M a in tenance P igg ing 
P rog ram  ,

- 7 _
•N*ew fie ld w ide m a in te nan ce p igg ing r  
re com m enda tio n issued and cu rre n tly be ing 

. • im p lem en ted

•Install add itiona l m on ito ring loca tions in w a te r 
in jec tion system . • • •= • *'

•i •

•B o th add itio na l coupon lo ca tio n s and 
inspec tion co rro s ion rg'te m on ito rin g (CRM ) 
lo ca tio n s are be ing es tab lished and insta lled .
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E x t e r n a l  I n s p e c t i o

3 2 0 5  W e l d  p a c k s  T R T  i n s p e c t e d .

1 0 2  ( - 3 . 2 % )  h a d  c o r r o s i o n .  O n e  l o c a t i o n  

r e q u i r e d  a  t e m p o r a r y  s l e e v e  ( D S 3 K ^ P O ) .

9 4  w e l d  p a c k s  T R T  i n s p e c t e d .  *

O n l y  o n e  l o c a t i o n  w a s  f o i / h d  t o  h a v e  

c o r r o s i o n  ( - 1 . % ) .  N o  r e p a i r s  r e q u i r e d

Historical Rasults - Waldpackt Over . jndra
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E x t e r n a l  I n s p e c t i o n

1 3 4 7  w e l d  p a c k s  T . R T ' d .  B a s e l i n e  i n s p e c t i o n s  w e r e  

c o m p l e t e d  i n  2 0 0 4 .  2 0 0 5  w a s  t h e  f i r s t  y e a r  o f  o u r  r e c u r  

i n s p e c t i o n  p r o g r a m .

4 6  ( - 3 . 4 % )  w e r e  c o r r o d e d ,  N o  r e p a i r s  w e r e  r e q u i r e d .  T h e  

c o r r o d e d  w e l d  p a c k s  w e r e  r e f u r b i s h e d .

Historical Results • Weldpacks Well L in e s

W P's Corroded % Corroded
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. t s J External Inspection

C r o s s - C o u n t r y  L i n e  C o r r o s i o n  U n d e r  I n s u l a t i o n  I n s p e c t i o n s

G o a l

C r o s s - C o u n t r y  O n / O f f  -  P a d

TRT 100 W eld Packs to Eva lua te the Tam WP

I RT 100 W e ld Packs* re fu rb ished w ith Denso 
Tape to m on ito r pe rfo rm ance

TRT app ro x im a te ly 3950 W eld Packs (based on 
seven lines ) . . .

W e l l  L i n e  W e l d  P a c k s

TRT app ro x im a te ly 1500 W e ld Packs (based on 
130 lines) - . ‘

M i s c .  » . .

C om p le te B u ffe r S p ike Repo rt and Issue 
R ecom m enda tio n s . .

S t a t u s

On Schedu le

On Schedu le

On S chedu le

On Schedu le

On Schedu le
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I n s p e c t i o n  R e s u l t s

C o m p l e t e d  a l l  2 0 0 5  g o a l s .  • •  '

v  I n s p e c t e d  1 2 7  p r i o r i t y  1 l o c a t i o n s  w i t h  T W I  ( d o u b l e  t h a t  o f  2 0 0 4 ) .  

v  I n s p e c t e d  a l l  p r i o r i t y  2  l o c a t i o n s .

^  2 4  c a s e d  p i p e s  e x c a v a t e d  ( g o a l  w a s  5  t o  9 )
. , f  ,

-  F o u r  r e p a i r s ,  2  r e p l a c e m e n t s  (1  C U I ,  1 i n t ) ,  2  s l e e v e s  ( 1  C U I ,  1 c o m b o ) .

-  T w e n t y  h a d  o n l y  m i n o r  o r  n o  c o r r o s i o n .

-  F i n a l  T a l l y :  2 4  R e f u r b i s h m e n t s ,  3  S a v e s ,  1 L e a k

s  C d m p l e t J ^ A n n u a l  V i s u a l  C a s i n g  I n s p e c t i o n  -  c l e a r e d  a l l  o b s t r u c t i o n s .
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Inspection Results

fc, ; g

N o te :  T h e  o n l y  u n i n s p e c t e d  p r io r i ty  1 l i n e s  a r e  t h o s e  t h a t  a r e  n e w e r t h a n  1 0  y e a r s  o ld

A l l  . • ■ p i / A  I n s p e c t e d  U n -  
A l l  L i n e s  i n  G K A  , i —

T h r o u g h  i n s p e c t e d  T o t a l  
I n v e n t o r y  ;

2 0 0 5  L i n e s

P r i o r i t y  1 5 2 9  5 8  5 8 7  

P r i o r i t y  2  1 1 8  0  1 1 8  

P r i o r i t y  3  6 7  0  6 7

P r e v i o u s l y  

U n i n s p e c t e d  

L i n e s  

I n s p e c t e d  i n  

2 0 0 5  

2

0  1 
0  1

2 0 0 5  T o t a l  I n v e n t o r y  7 1 4  5 8  7 7 2 0  1



I n s p e c t  -  1 3 0  p r i o r i t y  1 p i p e s  u s i n g  T W .I.

I n s p e c t  a l l  p r i o r i t y  2  c i r c u i t s  ( v i s u a l  & g a s  

s n i f f )

P r i o r i t i z e  a n d  e x c a v a t e  - 2 4  c i r c u i t s O n  S c h e d u l e

C o n t i n u e  c o o p e r a t i v e  e f f o r t  w i t h  e q u i p m e n t  

v e n d o r s .  .C O P  R & D  a n d  B P  t o  i m p r o v e  

c u r r e n t  t e c h n o l o g y  

t e c h n o l o g i e s .

^ / i d  e x p l o r e  n e w

I n s p e c t i o n  R e s u l t s

S t a t u s

O n  S c h e d u l e

C o n o k ^ h i l l i p s

G o a l

O n  S c h e d u l e

O n  S c h e d u l e  *
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E x t e r n a l  C o r r o s i o n

• ✓ 3 J P 0  .

\ /  ' . '  w '

I n t e r n a l  C o r r o s i o n

• # ✓ 2 K W I  C C  l i n e  s p i l l

s  1 G - 0 9  W l  w e l l  l i n e  s p i l l  d u e  t o  u n d e r - d e p o s i t  c o r r o s i o n

D t h e r  S t r u c t u r a l  C o n c e r n s

^  31 G L  W i n d  I n d u c e d  V i b r a t i o n
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A l p i n e  Q v e r v i e W

v • « \  /  K  '
v .. • ‘

A l p i n e :  1 s t  p r o d u c t i o n  i n  N o v e m b e r  o f  2 0 0 0  . "
• -  •  1

r w o  D r i l l  s i t e s  o n  p r o d u c t i o n
* -l • ' 0

I n t e r n a l  C o r r o s i o n « * .
• «

. ^  P r o d u c t i o n  l i n e s :  C o u p o n  r a t e s  a l l  l e s s  t h a n  2  m p y  

. s  2 6 0 0  f t  o f  a  X - C  p r o d u c t i o n  l i n e ,  i n s p e c t e d  -  n o  d a m a g e .

^  W a t e r  I n j e c t i o n  l i n e s :  1 8  r h p y  p i t t i n g  o n  a  s i n g l e  c o u p o n ,  r e m a i n d e r :  <  1 0 m p y  

t h r e s h o l d .  A l l  g e n e r a l  c o r r o s i o n  r a t e s  b e l o w 1 - n ^ a y *

^  3 2  W e l l  l i n e s  i n s p e c t e d :  n o  d a m a g e  . • , ‘ .

^  3 3 0  f t  o f  t h e  C D 2  W l  l i n e  i n s p e c t e d ,  b u t  r e s o l u t i o n  w a s  p o o r
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C o n o i ^ P h i l l i p s
*  A l p i n e  O v e r v i e W

E x t e r n a l  C o r r o s i o n
*.. '  * . • * o

^  . I m p r o v e d  d e s i g n  s t a n d a r d s  i n c o r p o r a t e d  i n t o  ‘n e w  c o n s t r u c t i o n ' .

^  T w o  d i r e c t  b u r i e d  l i n e s  i d e n t i f i e d ;  n o  C P  o r  e x t e r n a l  c o a t i n g .  E x c a v a t i o n s  a n d  

i n s p e c t i o n s  w e r e  p e r f o r m e d  t o  a s s e s s  t h e  i n t e g r i t y  o f  t h e  l i n e s  a n d  p l a c e d  o n  a  

v e r y  c o n s e r v a t i v e  i n s p e c t i o n  s c h e d u l e .

^  S p o t  T R T  o n  1 0  w e l N i n e s .  N o  d a m a g e .  ,

• . ' ■ ■ • :  . ’ • ■ • - /  
l o  c o r r o s i o n  r e l a t e d  l e a k s  s i n c e  s t a r t - u p .  ‘ ‘ «
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I n s p e c t  20 .  l i n e s  f o r  C U I

P e r f o r m  i n t e r v a l  i n s p e c t i o n  o n  2 0  w e l l  l i n e s

L a y o u t  a n d  A P I - 5 7 0  v i s u a ^ f o r  l i n e s  5  y r s  o l d





C o n o ^ P h i l l i p s
G l o s s a r y  o f  T e r r r l ^

Equipment C lassifica tion:
Well Linp Pipe from tne wellhead lu tity Di II Site mumfbld- ’For production wells «t well line handle^ the flow Irom a single

well p n o r to  comm ing ling with fluids from other wells and transpo ita tion to the Central Processing Facility For
water inject on wells a well hue handles the water flow going from a common manifo ld to a single wellhead

Cross-Country Line Pipe1 from the Drill.S ite manifo ld to. the Central Processing Facility (CPF i
Below-Gradc Location Th.it po ition .o f a single p ip eM e . w inch crosses underneath a road or other earthen feature at a 

Stogie lo< atmn The liriea r'ex te iit of the location *consists o f'the length of pipeline between casing ends

Service Defin itions: <«/r, >•' .
Three-phase Production Basic reset vfliF jlu ids (oil water, and gas) produced-from clown nole through to the CPF Typically 

sees changes in temperature Mid pressure only from reservoir changfes and are essentia lly un-sepdrated 
Seawater (SW) Wate r from the Beaufort Sea that tias been treated at the Seawater Treatment Plant (STP). Note that

seawater treatment at the Kuparuk STP consists of filtration: oxygen stripping u sm rf^ o d u ce d gas. and biocidmg. 
Produced Water (PW) t The water separated at- the CPF from three-phase production 
Mixed Water (MW) Produced water and seawater that have been comm ingled
Gas Generic term for the different gas systems that transport dry (no liquids) gas. between, facilities. Includes fuel gas.

artific ia l lift gas. and m iscib le Injectant . - .
Produced Oil The liquid hydrocarbon separated at the CPF from three-phase production.

Inspection Term inology:
CRM -  Corrosion rate monitoring.
UT- Ultrasonic testing • *  *
RT Radiographic testing
RTR Real time radiographic testing
TRT Tangential radiographic testing .
PTI Profile Technologies.Inc. (Electro magnetic inspection) 
TWI The Welding Institute,(Long,range UT)\ . ’ •'
KDR - Known damage recur inspection 
TFS .Turbulent Flow Survey 
WOL • Weld-O-Let
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Executive Summ ary
The attached report meets the commitment made by BP Amoco to the State of Alaska, 
to provide the Alaska Department of Environmental Conservation with an annual report 
on its corrosion monitoring programs. The contents of this report reflect the Work Plan 
agreed jointly between 8PX(A), Phillips and ADEC. As such, it summarizes the year 
2000 corrosion management programs for cross country, non-common carrier pipelines 
operated by BPX(A), Background information is provided for previous years to enable 
the 2000 results to be viewed in context.

The report provides data and discussion rotating to the corrosion control, monitoring and 
inspection programs that together form the core of the integrity management system 
Our corporate goals are no accidents, no harm to people and no damage to the 
environment. We believe that the programs reflect the core values of BP: innovative, 
performance driven, environmental leadership and progressive.

Innovation is evident in several areas, from the development of more effective corrosion 
inhibitors to new inspection techniques for buried pipelines. These innovations are only 
made possible by working closely with our partners, major suppliers, competitors and 
regulators.

Performance management and the drive for improved performance are key to all 
aspects of the corrosion management programs. The report demonstrates a trend of 
continual improvement In integrity management over the past six years. It is out intent to 
report openly, good or bad and the report also highlights areas for improvement, along 
with our plans to address these areas.

Corrosion management ano environmental protection are closely related and the 
progress made in corrosion management has resulted in lower corrosion rates and 
consequently lower risks associated with loss of containment of pipelines. A new 
inspection technique, digital radiography, has also been implemented, resulting in a 
reduction in the volumes of hazardous waste generated while improving productivity

The corrosion management programs are also progressive, constantly evolving both to 
changing field conditions and in pursuit of continuous improvement. The programs are 
the result of many years of development and are seen as "Best Available Technology" 
within BP. BPX(A) is committed to continuing this improvement. To this end, the level of 
company staff in the Corrosion, Inspection and Chemical department has recently 
increased and is now greater than the combined totals of the relevant BPX(A) and 
ARCO teams prior to single operatorship of Prudhoe Bay.

In summary, we believe that the corrosion management programs are set to deliver long 
term integrity of the existing infrastructure on the North Slope, enabling BPX(A) to 
achieve its goals of expanding satellite production and the bridge to gas sales. We look 
forward to a healthy relationship with our stakeholders by consultation, open reporting 
and striving to raise the standards of our industry.
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F O R E W O R D

This report is divided into 2 main parts.

Part 1 contains information with regard to the BP fields within the Greater 
Prudhoe Bay Business Unit.

Part 2 contains information with regard to the BP fields within the Alaska 
Consolidated Team Business Unit.

Both parts follow a similar format but the sections relating to Greater Prudhoe 
Bay have more in the way of discussion. This discussior s also generally 
applicable to the Alaska Consolidated Team section but is nc iepeated.

There are also 4 appendices that apply to both parts of the main report.
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Section A: C ha rte r Ag reem en t C o rro s ion Related C omm itm en ts

The BP contact for all corrosion matters relating to the Charter Agreement is 
Richard Woollam, Manager CIC Department

M ile s tones /T im ing

10/25/00- BP and PAI to meet with ADEC to review and comment on this 
Work Plan

Item  C om ple te .

11/1/00 - Draft of Work Plan due to ADEC/BP/PAI Managers 

Item  C o m p le te .

11/15/00 - Final endorsement of Work Plan 

I tem  C om ple te .

3/31/01 - 1sl Annual report due 

I tem  C om ple te .

4/30/01 - 1st Meet and Confer

10/31/01- 2nd Meet and Confer

Annua l T im e tab le

March 31s1 Annual Report

April 30'*' 1H Semi-Annual Review (Meet and Confer)

October 31st 2H Semi-Annual Review (Meet and Confer)
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P A R T  1

G r e a t e r  P r u d h o e  B a y

B u s i n e s s  U n i t
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Section B - GPB
C o rro s io n M on ito r in g A c tiv it ie s

This Section summarizes the corrosion monitoring activities at Greater Prudhoe 
Bay. It incorporates Prudhoe Bay, Pt McIntyre, Lisburne & Niakuk. ‘Corrosion 
Monitoring' is taken to mean any activities that monitor corrosion and therefore 
inspection data are also included. The corrosion monitoring data are used by the 
CIC department to manage the corrosion control programs.

Each type of data has its benefits and limitations and the data from corrosion 
probes, coupons and inspection are therefore complimentary and cannot be 
viewed in isolation. For example, corrosion probe data is the most sensitive to 
changes in the corrosivity of fluids but the corrosion rates measured correlate 
poorly to actual pipewall corrosion rates. Corrosion probes are also prone to 
generating false data if the probe element is damaged.

Corrosion coupons provide more reliable data that correlates better with pipewall 
corrosion rates but the relatively long exposure periods (typically 3 to 4 months) 
mean that the coupons provide limited benefit in determining short term effects, 
such as flow regime changes on corrosion rates Inspection data is the most 
accurate in that it is a direct measure of pipewall corrosion but. like coupon data 
it is only generated every few months.

Inspection techniques (primarily UT & RT) are relatively insensitive and pipewall 
thickness changes of less than 10 m ilj are hard to detect reliably

The corrosion monitoring program therefore generates data from corrosion 
probes, coupons and inspection and the relative strengths and weaknesses of 
these monitoring techniques together with process data allow a clear picture to 
be formed of corrosion activity in the equipme *

The data summarized in this Report is generated throughout the year and new 
data is reviewed weekly. Each type of data has a corresponding target limit, 
typically 2 mpy for corrosion coupons, zero detectable corrosion via inspection 
and between 0.5 and 10 mpy for corrosion probes. The latter is based on 
historical norms for each location and the wide range of target vaL ss reflects the 
poor correlation of corrosion probes to pipewall corrosion rates. If one or more of 
these target values is exceeded, the cause is investigated and, if appropriate, 
mitigating action is taken. In addition to the weekly reviews of current data, more 
in depth reviews are made at the end of each calendar quarter, looking for 
broader changes or trends.

Tables 1 and 2 summarize the inspection program for well lines and cross 
country pipelines in 2000. The data relating to miles of piping are approximate, 
based on typical lengths and are provided as background information. The terms 
‘internal’ and 'external' inspections are used to describe the purpose of the
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inspection, I.e. looking for internal or external corosion, not the inspection 
method. With the exception of smart pigging, all of these inspections were 
performed external to the pipelines. These definitions are consistent throughout 
this Report.

Table 1: Summary of Well Pad I Drill Site Pipelines

Service No. o f Miles of No. o f Internal No. o f External
Lines Piping Inspections Inspections

Gas Injection 35 3 0 72
Miscible Injection 107 1c 12 389
3 Phase Production 1088 266 6956 3192
Gas Lift 675 160 1 5 2537
PW/SW/WAG Inj 180 42 2988 1442

Table 2: Summary of Cross Country Pipelines

Service No. of 
Lines

Miles of 
Piping

No. of Internal 
Inspections

No. of External 
Inspections

Fuel Gas 7 22 0 0
Gas Transport 12 38 3 0
Gu Injection 7 10 0 35
Gas Lift Supply 40 121 7 101
Miscible Injection 27 61 23 1,177
NGL 4 11 0 0
Nitrogen Storage 1 12 0 0
3 Phase Production 153 333 9,361 3,759
Export Oil 2 13 239 17
PW/SW 33 103 816 553

Table 3 summarizes the smart (intelligent) pig inspections performed since 1995. 
The equipment is all heritage BP operated and the reason for this is covered in 
S action E.3.
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Table 3: Smart pig inspections

Tool diameter(s) No. o f Lines Lines Inspected
1995 14". 16", 20". 24" 14 A-74, D-36, E-36, F-74, H-36, J-74, K- 

74, M-69. M-74, N-74, S-69, U-384, X- 
74. XF-21

1996 24" 1 GLT-24
1997 24" 6 B-36, S-36, W-74, X-74, Y-36/74, Z-74
1998 12", 34" 3 OT. U-69, Y-69
1999 24" 6 A-74, E-36, F-74, J-74, M-74, N-74
2000 16", 24" 5 D-36, H-74, K-74, U-384. XF-21

Table 4 contains the numbers of corrosion coupons used, divided by service, 
The 3 phase production system is sub-divided in to cross country pipelines and 
well lines. For the other services, the total includes both cross country and well 
lines. Data for 1995 to 1999 is provided as background information.

Table 4: Number of Corrosion Monitoring Coupons

Year
Cross
country Well Lines PW s w

GL & 
Inj Total

1995 1.324 6,195 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
1998 1,490 7,582 1,138 732 10 11.09*.
1999 1,425 6,875 1,010 782 10 10,238
[2000 1,371 5,855 816 782 10 8,970

The great majority of coupons are installed as pairs, therefore the number of 
pulls (the action of removing coupons from a live system) is approximately half 
the numbers shown in Table 4. Note: some systems, such as cross country PW 
lines, use disc coupons and these are installed singly. Pull frequency is typically 
3 months (cross country production lines) to 4 months (production wellheads).

The reduction in the number of produced water coupons in 2000 is a reflection of 
their relatively low accuracy in that system when installed for short periods. To 
improve the value of coupons in the PW system, their installation period was 
doubled in 2000 to better simulate pipewall conditions e.g. from 3 months to 6 
months for cross country lines. The number of locations where coupons are 
installed in the PW system has not been reduced.

The reduction in the number of coupons in production well lines in 2000 is a 
result of a review of the coupon program The data from these coupons are used

10
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to optimize the chemical program but a number of coupons are installed 
upstream of the chemical injection location and therefore provided no meaningful 
data. These locations have been removed from the coupon pull schedule. 
Likewise, some wells are on long term shut in and these have also been 
removed from the pull schedule

The small number of gas lift and gas injection coupons reflects the non-corrosive 
nature cf the fluids. This is dry gas and it is planned to remove these from this 
coupon program in 2001.

Table 5 summarizes the number of corrosion monitoring probe locations. Unlike 
corrosion coupons which are replaced at a fixed frequency, probes are replaced 
as required to maintain data quality. Although data are not presented for earlier 
years, the number of probe locations has been relatively constant since 1995.

Table 5: Corrosion Monitoring Probes

[Loca tion No. of Probes j
| Well lines 78
[_Cross Country pipelines 84

11
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Section C - GPB
Coupon and Probe Co rro s ion Rates

This Section includes metrics which depict corrosion rates from coupons. As 
mentioned in Section B, corrosion coupons generally provide reliable data that 
correlates well with pipewall corrosion rates. Coupons therefore form a key part 
of the corrosion management programs. For coupon data to be meaningful, the 
local environment around the coupon must approximate that at the pipewall. In 
the production system this is achieved by using 2 strip coupons per location, 
which intrude in to the flow stream at the bottom of the pipeline, to ensure they 
contact the water phase. Analysis of coupon and inspection data over many 
years has shown that such coupons provide a good measure of corrosion activity 
of the pipelines in the production system.

Corrosion coupons are not as a good a measure of pipewall corrosion in the 
produced water system as they are in the production system. This is believed to 
be due to the nature of the corrosion, which in the PW system is related to the 
presence of solids at the pipewall. Coupons that are installed for relatively short 
time periods do not build up the same layer of solids and therefore do not 
experience the same type of corrosion as the nearby pipewall In an effort to 
overcome this, the exposure period of coupons in the PW system was doubled in 
2000 to allow time for the layer of solids to become established, although it is too 
early to tell if this has improved the data quality.

Corrosion coupons have a target rate of 2 mpy and this has been shown to 
correlate to very low pipewall corrosion rates. If a coupon exceeds 2 mpy, the 
possible causes are investigated and, if appropriate, mitigating action is taken 
This may mean a change in production rates or an increase in corrosion inhibitor 
dose rates.

Figure 1 summarizes the corrosion coupon data for the corrosive services, 3 
phase production, seawater and produced water The data are expressed as a 
percentage less than 2 mpy general corrosion rate. Data from 1995-1999 are 
provided as background information, together with 2000. The 3 phase
production system is sub-divided in to well lines and cross country pipelines. The 
dramatic improvement in 1995-7 for the well lines reflects the installation of 
wellhead continuous corrosion inhibitor injection.

For the three data sets relating to produced fluids (well lines, cross country 
pipelines, and produced water) 2000 showed the first reversal in a trend of 
continuous improvement in corrosion control since 1995. This trend of
continuous improvement with a reversal in 2000 is also seen in Figures 4 and 6 
It is believed that there are separate reasons for the reduced corrosion control in
the 3 classes of equipment (well lines, cross country pipelines, and produced
water).

1 2



An ua l Report to ADEC -  2000 Greater Prudhoe Bay

For well lines it is believed that a lessening in the ability to achieve target 
corrosion inhibitor injection rates at the well head is the causa. This is covered in 
more detail in Section E.2 but has resulted in a wide ranging but moderate 
inc ease in corrosion rates of well lines. This is not assumed to be the case for 
th' cross country pipelines as they receive the flow from numerous wells and 
th before variations in chemical allocations to individual wells are smoothed out.
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Figure 1: Summary of corrosion coupon data 1995 to 2000

Unlike well lines, the reduction in corrosion control of cross country pipelines is 
not wide ranging and Figures 5 and 6 demonstrate that overall, the trend of 
continuous improvement in corrosion control was maintained. The reduction in 
corrosion control for this equipment was highly specific, ' particular the corrosion 
rate in N-74 (24" pipeline from N-pad to GC-2) increased markedly during 2000. 
In response, the target concentration of corrosion inhibitor was increased in 
several steps from 100 ppm to 300 ppm. Also, an unsuccessful chemical trial at 
drill site 14 resulted in elevated corrosion rates.

The reasons for the reduction in corrosion of the produced water system are 
somewhat different again. As mentioned earlier, the correlation between data 
from corrosion coupons end pipewall corrosion in the PW system is not as strong 
as it is in the production system. In an attempt to improve this correlation, the 
exposure period of coupons in the PW system was doubled in 2000, to better
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simulate the under-deposit corrosion conditions present on the pipewall. It may 
be that this change has resulted in an overall increase in the corrosion rate 
experienced by the corrosion coupons, although it is too early to state definitively.

There has also been an on-going study to identify a cost effective method of 
corrosion control in the PW system, with a range of chemicals being field tested 
at GC-2 and GC-3 since 1998. One chemical that was tested at GC-2 and GC-3 
in 1999 was successful and it has since remained in use at GC-2. However, a 
subsequent test chemical used at GC-3 since 1Q 2000 appears to be less 
successful and may have contributed to the observed decrease in corrosion 
control, although the trial will not be completed until April 2001.

The seawater system differs from the PW and produced crude systems in the 
sense that no inhibitors are used to control corrosion. The very low C02 and H2S 
levels in seawater together with a neutral pH and low water temperatures enable 
operation without chemical inhibition. Corrosion control in the SW system is 
mainly achieved through dissolved oxygen control, regular biocide treatments 
and maintenance pigging. Coupon corrosion rates have varied somewhat over 
the years due to varying levels of success in biofouling and dissolved oxygen 
control. Biocide treatments have been improved in recent years by moving 
biocide injection further upstream and further by the conversion to a more 
effective biocide product. The cuirent focus is on improving dissolved oxygen 
control with the help of new dissolved oxygen monitoring system, which will be 
installed this spring.

Metrics relating to corrosion probes are hard to define. As corrosion probes are 
interrogated semi-continuously, they may have several different corrosion rates 
in a given day and therefore summarizing the range of corrosion rates over a 
year is meaningless. Instead, an example of how corrosion probe data are used 
is shown in Section D -  Chemical Optimization Activities Generally, corrosion 
probes have target corrosion rates based on historical norms for that location, 
such as 0.5, 2, or 10 mpy. Probes exceeding these limits are triggers for further 
investigation However, relative changes in corrosion rates from probes are 
more important than absolute rates and therefore, probe data are analyzed for 
trends as well as absolute rate.

14
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Section D -  GPB
Chemical Optim ization Activities

Chemical optimization is an on-going task and encompasses a broad range of 
activities, from allocating extra chemical to a particular well for corrosion control, 
to developing new corrosion inhibitors for improved cost performance. The 
following are some examples of how chemical usage is optimized.

The development of new corrosion inhibitors starts in the R&D laboratories of the 
chemical suppliers, with promising products being tested unde*' field conditions 
using dedicated test facilities at GPB Typically one or two new products are 
tested each month on a small scale test, using an individual well line with each 
test lasting 10 days and using approximately 100 gallons of test chemical, If this 
is successful, the product is considered for a large scale test, which involves 
converting between 1 and 3 well pads to the test product for 90 days and using 
20 to 40,000 gallons of test chemical. This enables corrosion probe, coupon, 
and inspection data to be generated to verify the *est product’s effectiveness as a 
corrosion inhibitor, It also enables the effect of the product on the oil separation 
and stabilization process to be tested.

The chemical development work has been highly successful, with ten new 
products being developed for use in the continuous wellhead inhibition program 
since 1996 with significant improvements in cost r">rformance over that time 
frame.

Table 6 summarizes the changes in corrosion inhibitor products since 1996, The 
table does net include test products. It also does not include summer versions, 
which are simply more concentrated versions of the products listed

tb le 6: Corrosion inh ib itors used across Greater Prudhoe Bay

No te : R U 25 6 is used fo r b a tch tre a tm e n t o f p ip e lin e s , w h e re a s the o th e r ch em ic a ls a re used fo r 
c o n tin u o u s a pp lic a t io n .
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Another measure of chemical optimization is the amount of corrosion inhibitor 
used, relative to the volume of water produced from the reservoir. Table 7 
summarizes the annual water production, corrosion inhibitor volumes, and 
concentrations from 1996 to 2000 The inhibitor volumes are expressed as a 
'winter product equivalent’, i.e. the lower volumes of highly concentrated 
chemical used during the summer are not reflected in these data.

The concentration of inhibitor in the water phase therefore provides a relative 
measure of the volume of chemical used to control corrosion. However, such 
data can be misleading as the types of corrosion inhibitors used vary from year to 
year, as shown in Table 6. As more effective chemicals are developed, lower 
volumes and concentrations should be required. There has also been a shift 
from batch treatments to continuous injection of chemical at the well head. The 
latter is more efficient in terms of protection achieved per gallon of chemical and 
therefore lower chemical usage would be expected

These effects are counteracted by the increasing water cuts associated with an 
ageing oil field and increased flow velocities, due to increased gas handling 
capacity. These changes increase the amount of chemical required to control 
corrosion. As Table 7 shows, the water volumes produced and the volume of 
corrosion inhibitors used has varied slightly over the last 5 years. The ultimate 
measure of whether enough corrosion inhibitor is used can only be determined 
by consideration of other factors such as corrosion monitoring data and/or the 
amount of active corrosion detected by the inspection program.

Table 7: Water production, corrosion inh ib itor usage and concentration

Year Water production 
(m illion barrels)

Inhib itor Usage 
(m illion gallons)

Concentration
(ppm)

1996 458.4 2.05 106
1997 456.3 2.21 115
1998 426.0 2.53 141
1999 415.7 2.28 130
2000 436.3 2.73 149

The metrics above deal with chemical usage at the field level but a lot of the 
chemical optimization activity concentrates on getting the correct amount of 
corrosion inhibitor to each piece of equipment. The inhibitor requirement is 
driven by factors such as water cut, water volume, flow regime, and condition of 
the equipment and varies over a wide range, from a few parts per million (ppm) 
to several hundred ppm. By way of example, Figure 2 shows corrosion probe 
data for a cross country pipeline during a chemical test. Soon after the test 
started, the corrosion rate increased and the concentration ot inhibitor was 
increased to reduce the corrosion rate -  see highlighted area. The required
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increase in dose rate made the test chemical uneconomic and therefore the test 
was halted and the incumbent chemical was re-used at the original target dose 
rate. This type of optimization is done in response to probe, coupon, and 
inspection data, while testing new chemicals, as well as during normal operations 
as thn amount of corrosion inhibitor required changes due to production variables 
such as water cut, water volume, or flow rates.

 Metal Loss  Inhibitor Concentra tion

Figure 2: Chemical optimiZc>'!on in response to corrosion probe data
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Section E - GPB
Internal/External Inspections & Corrosion Rate Increases/Rates 

Section E.1 External Inspections

This Section summarizes the inspections performed to detect external corrosion 
and the results of those inspections. External corrosion is primarily associated 
with wet insulation of pipelines, as atmospheric corrosion of uninsulated 
equipment is a slow process in the arctic.

The pipelines are generally uncoated carbon steel and are therefore prone to 
external corrosion if water comes into contact with the outer pipe surface. The 
pipelines are constructed from single or double joints with shop applied 
polyurethane insulation protected with galvanized wrapping. The area around 
the girth welds are insulated with 'weld packs'. The detailed design of weld 
packs varies but they are all prone to water ingress to a greater or lesser extent.

CUI is therefore a significant issue at weld packs but can also arise along the 
pipe joints, away from girth welds. The main challenge in managing CUI is in 
detecting the corrosion. Water ingress in to weld packs is essentially a random 
process and therefore it is difficult to apply rules to target the inspection program 
There are approximately 185,000 weld packs at GPB

Since CUI mitigation is linked to detection, the main focus of the CUI program 
over the years has been on developing better techniques to detect the corrosion.

Section E.1.1 Detection Methods

Methods of CUI detection applicable to above ground pipelines

Tangential Radiography (TRT)
• Non-intrusive spot radiographic technique that images the exterior tangent 

(profile) of the component. Irregular surface contour indicates potential 
corrosion by-product and subsequent wall loss.

Automated Tangential Radiography (ATRT)
• Non-lntrusive automated motorized vehicle able to perform real-time 

radiographic imaging of the exterior tangent (profile) of the component. 
Irregular surface contour indicates potential corrosion by-product and 
subsequent wall loss.

C-arm Fluoroscopic X-ray
• Hand held fluoroscopic imaging system for real-time examination of the 

exterior tangent (profile) of the component. Irregular surface contour 
indicates potential corrosion by-product and subsequent wall loss.

•
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MFL Smart Pig Inspection
• Intrusive, indirect measuring technique that carries high strength magnets 

that apply a strong magnetic field into the pipe wall, As a result, area’s of 
metal loss causes the flux to leak from the pipe wall. On board forward 
magnetic sensors measure the strength of the leakage to determine size 
and depth of metal loss features in the pipe. In addition to the first or 
forward magnetic sensors, a second ring of sensors located at the back is 
used to determine whether the feature is internal or external.

Eddy Current
• Non-intrusive technique that uses an electromagnetic method of pulsed 

eddy current. A transmitter coil is used to establish a magnetic field in the 
pipe wall. The current is switched off and the magnetic field vanishes. As 
a result, eddy currents are induced in the OD pipe wall. These eddy 
currents diffuse into depth and decay with a certain rate. The time of 
arrival at the back wall is sensed with a receiver coil. Where there is metal 
loss the arrival time will be earlier than at places with no wall loss. This 
time of arrival is used to calculate average wall thickness and interpreted 
as volume loss and encompasses both internal and external degradation.

Methods of CUI detection applicable to cased piping

With the exception of smart pigging, none of the inspection methods above are 
applicable to cased piping. Due to the relatively new technologies utilized for 
long range testing of cased pipe segments, the current strategy includes two 
primary non-intrusive methods of examination, Electromagnetic and Guided 
Wave Inspection The use of each technique in unison supports confidence in 
findings and assists the mitigation prioritization

Electromagnetic Inspection
• Non-intrusive technique utilized to screen pipework for possible external 

corrosion. When a broad-band electromagnetic pulse propagates along a 
pipe, there is a complex propagation constant for each frequency 
component of the wave spectrum. These propagation constants are a 
function of the electromagnetic properties of the material through which 
the waves travel. When waves traveling down the steel pipe encounter 
corrosion on the pipe surface, the waves are distorted. This phenomena 
forms the basis of electromagnetic inspection technology. Pipe segments 
are categorized in four rankings of No Electromagnetic Anomalies, 
Electromagnetic Anomalies, Significant Electromagnetic Anomalies, and 
Inconclusive. GPB experience has revealed the technique has a high 
percentage of false positive clai .is (indicating metal loss where none 
exists) but does not appear to generate false negative claims. For this
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reason the technique is applied as a screening tool to identify potential 
external corrosion sites for further investigation.

Guided Wave
• Non-intrusive technique that uses guided ultrasonic waves propagated 

along the pipe from a single point. Stress waves travel along the pipe in 
the form of cylinder Lamb waves. Changes in these waves indicate 
potential changes in pipe thickness. Alternatively, echoes returning to the 
source transducer may also indicate interruptions or pitting in the pipe 
segment. In either case, the presence of possible defects is determined in 
a response signal indicating an impedance change within the pipe. The 
response signal is interpreted as volume loss and encompasses both 
internal and external degradation. Pipe segments are categorized in 
rankings of No Significant Indications, Significant Indications, and 
Inconclusive Test. The Significant Indications are further described as 
Minor Anomalies, Moderate Anomalies, and Severe Anomalies, The 
guided wave is employed to evaluate claims from electromagnetic 
inspection and/or utilized when there is a threat from internal corrosion 
damage.

Section E.1.2 Program Results

Figure 3 shows the number of TRT inspections performed to detect external 
corrosion, 1995 to 2000. It includes all tangential radiographic methods (fRT, 
ATRT, C-arm X-ray). It also shows the number of locations where corrosion is 
detected as a total and as a percentage of the number of inspections. The 
Figure shows that the total number of inspections per year has been fairly 
constant since 1996 but the number of new locations where corrosion is detected 
has been reducing. This reflects the random nature of CUI as once damage is 
located and mitigated, the probability of finding active CUI decreases.
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Figure 3: External inspection using Tangential Radiographic Testing

Table 9 summarizes the EM inspections performed in 2000 and Table 10 
provides similar data for guided wave inspections. As a result of earlier 
inspections, one excavation was completed in 2000, on S-36 production, S-69 
produced water, and S-804 miscible injection cross country pipelines. S-36 and 
S-69 cased pipe segments were replaced and S-804 was locally repaired as a 
result of findings.

Tabie 9: Electromagnetic Inspections

No. o f Cased 
Pipe Segments

Footage
Tested

No EM 
Anomalies

EM
Anomalies

Significant
EM

Anomalies
Gas/Gas Lift 88 7,249 75 13 0
Miscible
Injection 31 2,196 28 3 0
NGL 2 255 1 1 0
3 Phase 
Production 82 6,655 67 13 2
Oil Export 1 75 1 0 0
PW/SW/WAG 32 2,771 25 7 0
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T ab le  10: G u id e d  W av e  In s p e c t io n s

No. of 
Cased 
Pipe 

Segments

Footage
Tested

No
Significant
Indications

Minor
Anomalies

Moderate
Anomalies

Severe
Anomalies

Gas/Gas Lift 26 2,643 24 2 0 0
Miscible Injection 1 42 1 0 0 0
NGL 5 728 4 1 0 0
b Phase 
Production 16 1.342 13 3 0 0
ipw/sw 27 2,604 22 3 2 0

Section E.2 Internal Inspections

This Section summarizes the results of inspections performed to detect internal 
corrosion. The number of inspections performed is detailed in Section B -  
Corrosion Monitoring Activities.

Figure 4 shows the percentage of inspections that detect active corrosion in well 
lines. That is, if the extent of corrosion found by inspection is greater than the 
extent when that location was last inspected, it is classified as an increase in 
damage. The percentage of inspections detecting increased damage is therefore 
a high level measure of the amount of active corrosion in a system

P e rc e n t o f in sp e c tio n in c re a s e s -  N um b e r o f in sp e c tio n s d e te c t in g  a c tiv e co rro s io n
T o ta l n um b e r o f in s p e c t io n s

Figure 4 shows that there has been a year on year reduction in the level of active 
corrosion detected in the 3 phase production system and generally reducing 
levels in the other services, with a slight reversal of this trend in 2000.
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