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ConocoPhillips
3.1 .c Cross-Country Line Inspection

In 2004 we had several significant accomplishments:
• Completed the inspection survey of all over tundra dead-legs and weld-o-lets on cross country

pipelines.
• Met our primary 2004 goal by completing interval surveys on 32 cross country lines.

As indicated in Figure 9, four repair recommendations were initiated on cross-country lines (1 seawater
injection, 3 production) because of internal corrosion damage in 2004. The corrosion mecharism for the 
three production lines was deadleg corrosion. The corrosion mechan l for the seawater injection line leak, 
determined not to be an ADEC-reportable spill, was microbiologically induced corrosion. More information 
on the leak can be found in section 3.1.g.

Kuparuk Cross Country Line internal Corrosion Summary

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

Figure 9. Summary of Cross-Country Line Internal Corrosion Inspections -  RT footage, leaks, and 
saves as a function of time.
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The 2004 results from the RTR surveys, manual RT. and manual UT are summarized In the following three 
tables:

•  RTR of C ross Country (CC) L ines :

ConocoPhillips

Service Feet Inspected Number of Lines Inspected
Three-phase Production 13,020 21
Water Injection 6,099 10
Total 19,119 31

The 2004 RTR CC line data indicated no new damage trends. The number of lines inspected by RTR 
decreased from previous years because we completed our initial baseline inspection in 2003 and started our 
mature recurring program in 2004

•  M anua l RT o f CC L ines :

Service

Number 
of Lines 
Inspecte 

d

Number of 
Radiographs

Number of 
Repeat 

Radiographs

Number of 
Repeat 

Radiographs 
with 

Increases

% of Repeat 
Radiographs 

with 
Increases

Three-phase Production 254 2,410 413 10 2
Water Injection 75 387 11 3 27
Total 329 2,797 424 13 3

The z004 RT CC line data inspection results corroborated the increases seen by monitoring

•  M anua l UT of CC lin e s :

Service

Number 
of Lines 
Inspected

Number of 
UT 

Inspection 
s

Number of 
Repeat UT 
Inspections

Number of 
Repeat U T 
Inspections 

with Increases

% Of Repeat 
UT Inspections 
with Increases

Three phase Production 103 1.050 678 19 3
Water Injection 36 256 39 2 5
Total 139 1,306 717 21 3

The 2004 UT CC line data indicated no new damage trends
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3 .1 .d  Externa l (Weld-Pack) P rogram

In 2004 we Had several significant accomplishments:
• Completed baseline tangential radiography testing (TRT) survey of all well line weld packs due for 

inspection, ahead of our scheduled 2005 planned completion date.
• Completed baseline TRT survey of all cross country line weld packs due for inspec>'on.
• Completed our goal of inspecting at least 100 Tam-style weld packs to ensure this new design is 

working properly.
• Completed our visual inspection and refurbishment of ten 30" sea water pipeline weld packs.

ConocoPhillips

Historical GKA External Leaks and Sav^s
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F igu re  10. Leaks , saves , num be r o f w e ld  packs inspected w ith  TRT, and vo lum es  o f leaks as a 
func tion  o f tim e .

C ross-Country L ines (On-Pad)

A total of 672 locations were inspected using tangential radiography (TRT), significantly exceeding the goal 
of 406 for 2004. Of the 672 locations, none needed repair while 96 locations were refurbished. The baseline 
inspections on all weld packs due for inspection is now considered complete
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Cross-Country Lines Over Tundra (Off-Pad)

The baseline inspection of these weld-packs was believed complete by year-end 2001 However, in 2003 a 
walk-down verification S' ~vey revealed that several weld pack locations had been missed during the Initial 
layout In 2004, 3094 uUI locations were inspected, surpassing our goal of inspecting 3020 locations 
These numbers include inspections of weld packs that had been inspected previously (recurs), as well as 
weld packs where documentation ol a previous inspection could not be verified Two , ping repairs were 
required as a result of this on-going effort and 354 locations were refurbished The baseline inspections on 
all weld packs due for inspection is now considered complete.

Additionally. 111 of the new, Tam-style weld packs were inspected with I RT to see how they are holding up 
All 111 locations had no previous inspection history. A total of six weld packs weie found with light wet 
insulation. The rest were found to be completely dry No corrosion under insulation (CUI) was found in any of 
the areas inspected This is the first year that we have discovered any water in this style of weld pack: the 
insulation does not contact the pipe so even though the insulation is wet, it should not cause GUI

Weil Lines

In 2004. 885 well line weld packs were inspected. With this effort, the baseline inspection and 
doc mentation of all well line weld packs due for inspection was considered complete Our stated goal was 
1700 weld packs; the reason for the overestimate of the number of weld packs is the uncertainty in the total 
count of th well line weld packs before inspections commenced. Corrosion was found at 17 or 1.9%) of the 
885 locations. Also during 2004, 38 well line weld pack locations were refurbished

Table 5: External Weld Pack Inspection Summary for 2004.

Type of Equipment
2004
Goal

Number of 
Locations 
Inspected

Number of 
Corroded 
Locations

Percentage 
ot Locations 
Corroded

Number of 
Locations 
Refurbished

ss-Counlry
Lines
10 °ad^ 406 672 -•T 2.7 96
Cross-Country
Lines
Over Tundra (Off- 
Padj 3020 3094 71 2 3 354

Well Lines 1700 885 17 1.9 38
Total 5126 4651 106 2.3 (avg.) 488

The number of weld packs TRT'd, number of weld packs corroded, and the percentage ot weld packs 
corroded for the cross-country lines over tundra, cross-country lines on-pad, and well lines are given in 
Figures 11. 12. and 13.
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F igure  11. S um m ary  o f W e ld  Packs on Cross-Country L ines over Tundra (off-pad).

Figure 11 illustrate s the most-complete external corrosion inspection program of the three external corrosion 
programs. 2002, 2003, and 2004 values include re-inspections and clean-up of locations missed or not 
properly document* o during the original base line effort

Historical Results • Woldpacks CC On-Pad

F igu re  12. Sum m ary  o f W e ld  Packs on Cross-Country L ines on Pads.
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Figures 12 and 13 depict the results of the major focus of the external weld pack inspection program in 
2004 The cross-country program and the well line weld pack program met milestones in 2004 by 
completing all of the baseline YRT inspections of all weld packs in their respective areas

Historical RosHts • Weldpacks Well Lines

F igure  13. S um m ary  o f W e ld  Packs on  W e ll L ines .

C orros ion  Under In su la t io n  B uffer S p ike  P rogram

In 2002, a test of 'CUI Buffer Spikes' was initiated on 50 over-tundra cross-country weld pack locations 
The program was expanded later in 2002 to include weld packs on drillsite well and facility piping. In 
addition, two electric resistance probes were installed in two heavy water weld packs at DS1E to monitor 
potential corrosion activity. The sodium phosphate salt contained in these spikes dissolves in wet insulation 
and raises the pH to 10. Prior to installation of these spikes, wet insulation measurements fell within a 
consistent 6 to 7 pH range. Corrosion of carbon steel is minimized in alkaline conditions. During 2003, each 
of these locations was monitored U r pH. The 2003 follow-up inspections showed that the pH did rise in the 
wet areas of the weld packs. Three locations were also slnpped and verified with an indicator dye the pH 
probe results.

TRT inspections were proposed for all buffer spike locations in 2004. These follow-up inspections were not 
conducted due to priorities elsewhere in the field to complete the baseline weld pack inspection before 
year-end. The TRT survey has been scheduled for 2005

Monitoring of the ER probes at DS 1E indicated low, but not zero, corrosion rates
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3.1.e Below Grade Piping Program

This section details the Inventory and survey ot below grade locations and the results of Specialty testing 
The plans for future inspections are given in section 3.2 e.

In 2004 we had several significant accomplishments:
• Visually inspected and cleaned all debris from all cased below grade pipe locations
• Completed our specialty inspection (1 W l) scope ot work.
• Excavated, inspected, refurbished and repaired (as required) nine cased below grade pipe

locations.
• Continued to work with TWI by testing a focused ultrasonic inspection method

The Alaska Department of Environmental Conservation (ADEC) regulations under 18 AAC 75.080 applies to 
the Kuparuk oilfield facilities operated by ConocoPhillips Alasxa, Inc. (CPAI). To meet the requirements of 
18 AAC 75.080, CPAI submitted their corrosion control program for below-grade piping in early 1998 The 
program also included a field-wide inventory of all below-grade piping in the Kuparuk field ADEC approved 
the program in written correspondence dated October 26, 1998

3,1.e (1) Inventory and Survey of Below Grade Locations

CPAI has 764 locations (includes priority 1, priority 2, priority 3, and Alpine lines) of below grade piping 
located in the GKA Of these locations, one is contained in an utilidor The remaining locations are 
cased lines, the majority of which are either road, gravel pad or caribou crossings

Utilidor Line
The line in the utilidor (Oily Waste Injection Line. BG ID #286) was taken out of service in 2004 it had 
been on a two year inspection cycle and was last inspected in 2002. Because it has been taken out of 
service the 2004 inspection was deferred.

Cased Lines

Inspection Status.
The annual visual survey ot all the cased lines was conducted in 2004. The purpose of the survey was 
to identify, rectify, and report local conditions (e.g., debris found in casings and culverts, pipe insulation 
in contact with soil) that require remedial action.

Results and Remedial Action.
Of all the below-grade lines, 123 locations were found to have pipe in direct contact with soil and/or 
gravel/soil or debris in the casing. All 123 locations were remediated in 2004

3.1.e (2) Results of Specialty Testing

Inspection Status:
In 2004, we completed TWI inspections on 63 priority one locations. This was the second year of our 
recurring inspection program where each priority one pipe will be Inspected at a maximum ten-year 
interval.

In 2004 only the long-range ultrasonic system technology from The Welding Institute (TWI) was used 
TWI technology is capable of finding evidence of both internal and external corrosion damage
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Results and Remedial Action:

Tables 6 and show the results of the specialty testing performed by TWI.

Table 6. Results from the TWI inspections by service.

Service

Number of 

Ca^ed 
Pipes 

Inspected

Incomplete

or

Inconclusive 
Results (I)

Number 

without any 
Significant 

Indications (N)

Numbor of 
Minor (Low) 

Anomalies 

(L)

Number of 

Minor to 
Moderate 

and 
Moderate 

Anomalies

(M )

Number of 

Moderate to 

Severe and 
Severe 

Anomalies 

(S)

Oil 23 1 16 5 1 0
Other 40 12 11 15 2 0
Total 63 13 27 20 3 0

he 2004 TWI data indicated no new  dam age trends

3.1.e (3) Results of Crossing Digs

Nine cased pipes were excavated in 2004

•  One of the nine pipes had a repair recommendation issued because it was found to be derated 

because of CUI dam age 1 e location was repaired with a pressure containing sleeve

•  Eight of the nine pipes excavated and inspected did not require de-rating, repair, or replacement 

t .  ause only m inor or no corrosion dam age was found

Tor all nine cased pipes that were excavated in 2004, the insulation was refurbished and the pipe 

wrapped with Densyl tape to prevent further corrosion

3.1.f Other Structural Concerns

Subsidence:

Existing W ell Upgrade Program

•  In 2004. 12 floors with riser pip ing supports were installed in well houses at Drill Sites 1L. 2C, 2F, 
2T, 2V, and 2W  W e ll house floors are supported by the well conductor and provide table riser piping 

supports

•  In 2004, 24 heat tubes were p lanned to be Installed at Drill Sites 1C, 1E , 1L, 2L. 2N, 2W , 3A, 3F, 3N. 
and 3R. However, the heat tubes were delayed in manufacturing by the vendor and were installed 
in March 2005. Heat tubes are used to keep the ground frozen or to re-freeze the ground where it 

has been thawed

New W e lls  & Producer to Water Injection Well Conversions

•  In 2004, 16 newly drilled wells at Kuparuk were installed with insulated conductors; of these, 15 had

heat tubes installed and one new well was not hooked up.

•  In 2004, three newly drilled wells had heat tubes and conductor-mounted steel well house floors
installed.

•  In 2004, two existing producers converted to water injection wells were upgraded to include heat

tubes and steel conductor-supported well house floors.
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Wind-Induced Vibration:
As a result ot the 3A-I-M eight-inch gas lift line failure that occurred in Decernbor 2004 (described in 
section 3.1 g). Kuparuk is reviewing oxlsting pipelines to evaluate the need for secondary mode vibration 
dampers. We are also revising the CPAI criteria and specifications to ensure that both primary and 
secondary mode WIV are considered.

3.1.g Corrosion and Structural-Related Spills/Incidents:

• Well 1Y-02 water injection well line leaked in July because of erosion The erosion was caused by 
an obstructed straightening vane which forced produced water to flow around the vane pack rather 
than through it as designed. The subsequent flow impingement on the pipe wall eventually caused 
a pinhole leak. The spiil volume was less than one gallon which was contained by the well house 
floor and, as such, it was determined not to be an ADEC reportable spill. No fluids contacted the 
tundra or the gravel pad. As a result of this leak the vane pack areas on all other high velocity water 
lines in the GKA were inspected. One other damaged location was found and remediated In 
addition, this area will be Inspected on all future well line Interval inspection surveys.

• Drillsite 3R test separator bypass line leaked in October because ol internal deadleg corrosion. The 
spill volume was less than one gallon which was contained on the gravel pad and, as such, it was 
determined not to be an ADEC reportable spill. As a result of this leak all similar deadlegs on all 
other drillsites were inspected. No damage requiring a repan recommendation was found. As a 
result of our 2003 inspection year, deadlegs on cross country lines were made a high inspection 
priority Over-turidra deadlegs were our highest priority due to the environmental risk The 
Inspection of all ovor-tundra deadlegs was completed in 2004 On-pad deadlegs are scheduled for 
inspection in 2005

• Drillsite 3R water injection line leaked in a non-piggable section of the line between the pig receiver 
and the well injection header The leak occurred in January and was caused by microbiologically 
induced corrosion (MIC) The line had seen both produced water injection and sea water injection; 
however it was on sea water injection at the time of the leak. The released volume was estimated to 
be 1,260 gallons, but because the material was sea water released to a sea water environment it 
was not an ADEC reportable spill As a result of this leak the Wl supply line to 3R (piygable), uie 
rest of the non-piggable line and all similar lines at all other drillsites were inspected No repairs ano 
very little damage were found during these inspections

• No leaks were caused by external corrosion in 2004

• The eight-inch diameter gas lift pipeline running between CPF3 and DS3I experienced a failure al a
pipeline girth weld at 'A span location (one-quarter of the distance from one support to another 
support) in December. Aside from insulation and jacketing debris, the area was c,nan with no liquid 
spill to the tundra Subsequent field investigation of this pipeline revealed a second girth weld 
failure. The failure has been attributed to secondary mode wind-induced vibration (WIV).

Of the 163 welds inspected with phased array UT, only one other crack was found - also on the 8 
line at a 'A span location. No internal or external corrosion was found on the lines during these or 
previous inspections. Repairs were completed in late January 2005, ano the lines were returned to 
service on 2/3/05.

The failed pipe section and the other cracked location were sent to the ConocoPhillips Failure 
Analysis Lab in Bartlesville for evaluation. The evaluation determined that the crack was caused by
high-cycle fatigue No signs of brittle fracture, over-pressure, or impact were present. The welds
were of high quality and exhibited excellent toughness.

The tuned vibration absorbers on the DS-3I/3M gas lift line were installed in March, 2005.
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Currently, work is underway to expand the WIV model to better understand when and how 
secondary modes of WIV can occur, and to develop more robust predictive tools so that potential 
recurrence of such a failure can be prevented Once these tools are In place, other pipeline 
segments will bo evaluated for susceptibility to similar WIV fatigue failure and mitigating actions 
taken as appropriate

• No leaks were caused by subsidence in 2004

Figures 8, 9, and 10 show the number of leaks and the volumes of leaks as a function of time Figure 8 
depicts the leaks cause ! by internal corrosion for thu well lines Figure 9 depicts the leaks caused by 
internal corrosion for the cross-country II 'es Figure 10 shows the leaks caused by external corrosion 
for cross-country lines, well lines, and below-grade piping locations

3.2 Year 2005 Forecast

3 2.a Monitoring & Mitigation

• lest four additional inhibitor formulations

• Evaluate ihe biocide program changes to the mixed water systems because ot the monitoring and 
Inspection data trends

• Consider internal corrosion inhibition for the mixed water systems

3.2.b Well Line Inspection

Our recurring inspection program will continue in 2005 No in-service line will go longer than 10 years 
without an inspection

3.2.c Cross-Country Line Inspection

Our recurring inspection program will continue in 2005 No in-service line will go longer than 10 years 
without an inspection

3.2.d External (Weld-Pack) Program

Inspect all 86 buffer spike locations installed in 2002 Inspect for corrosion using TRT at 3. 6, and 9 
o'clock positions Measure the pH in the buffered weld packs arid install ER probes In non-buffered 
weld packs

Cross country lines over tundra:
• Inspect approximately 4200 cross-country line veld packs over tundra as part of our recurring

inspection program.
• Inspect a minimum of 100 larn-style weld packs (insulation not touching the pipe) with TRT to

continue to evaluate the efficacy of the design
• Inspect a minimum of 100 refurbished weld packs to continue to evaluate the performance of the

Donsotape system

Cross-country lines on-pad:
Inspect approximately 50 cross-country line weld packs on-pad as part of our recurring inspection 
program.

Well lines:
Inspect approximately 1500 well line weld packs as part of our recurring inspection program.
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3.2.e Below Grade Piping Program

• Continue our annual visual inspection of all priority one and two cased 'Inos. The appropriate CPAI
field department will be notified of any corrective actions early enough to complete clean out and
re-inspection during the summer

• Continue our recurring TWI inspection program of priority one caseri lines

• Excavate, inspect, refurbish, and repair (as necessary) five-to-mn€ lines in cased crossings.

• Continue to work with TWI and ConocoPhillips R&D to refim inspection data reduction and
Interpretation

3.2.f Other

• Continue enhancements to the Kuparuk Corrosion Database

• Continue to evaluate, and prioritize subsidence mitigation efforts at the existing drill sites
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4 .0 P ro g ra m  S ta tu s  S u m m a ry  - W N S

4.1 Year 2004 Overview

4.1.a WNS Monitoring & Mitigation

Av^iage general and pitting coupon corrosion rate data for Year 2004 are presented in Tables 4 1 and 4.2

Table 4.1. Average general corrosion rates for corrosion coupons by service category.

Asset Group

Number of 
Lines with 
Coupons 
Analyzed

Coupon 
Average 
General 

Corrosion Rate, 
mpy (targel=<3)

Number of Lines 
with Conformant 

General 
Corrosion Rates

Percent of Lines 
with Conformant 

General 
Corrosion Rates

Three-phase Production 
Cross-Country Lines 1 0.5 1 100
Seawater Cross-Country Lines 1 0.4 1 100
Seawater Injection 
Cross-Country Lines 0*
Production Well Flow Lines 31 0.1 31 100
Seawater Injection Well Flow 
Lines 13 0.1 13 100

Table 4.2. Average pitting corrosion ral es for corrosion coupons by service category.

Asset Cutup

Number of 
Lines with 
Coupons 
Analyzed

Coupon 
Average Pitting 
Corrosion Rate, 

mpy 
(terget=<10)

Number of Lines 
with Conformant 
Pitting Corrosion 

Rates

Percent of Lines 
with Conformant 
Pitting Corrosion 

Rates

Three-phase Production 
Cross-Country Lines 1 1 1 100

Seawater Cross-Country Lines 1 1 100
Seawater Injection 
Cross-Country Lines 0*

Production Well Flow Lines 31 0.6 31 100
Seawater Injection Well Flow 
Lines 13 0.6 13 100

* NOTE: This coupon location is currently not accessible because of a new piping obstruction.

4.1.b Well Line Inspection

In 2003, 33 three-phase production lines and 22 water injection lines were inspected; no damage was found. 
In 2004, 18 three-phase production lines were inspected at direction changes; no damage was found
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4.1.b Cross-Country Line Inspection

None performed

4.1.d External (Weld-Pack) Program

None performed

4.1.e Below Grade Piping Program

This section details the inventory and survey of below grade locations and the results of Specialty Testing 
The plans for future inspections are given in section 4 2,e

4.1.e (1) Inventory and Survey Below Grade Locations

CPAI has 15 locations of below grade piping in the WNS. These locations are cased lines at road or 
pad crossings There are an additional 15 crossings, located at CPF2 that are associated with the 
WNS, but included in the GKA section of this report

Cased Lines

Inspection Status:
The annual visual survey of all the cased lines was conducted in 2004 The purpose of the survey was 
to identify rectify, and report local conditions (e g .. debris found in cas.ngs and culverts, pipe insulation 
in contact with soil) that require remedial action

Results and Remedial Action.
Of all the below-grade lines, zero locations were found to have pipe In direct contact with soil and/or 
gravel/soil or debris in the casing

4.1.e (2) Results o f Specialty Testing

No specialty testing was performed In the WNS in 2004.

4.1.e (3) Results o f Crossing Digs 

None occurred.

4.1 f Other Structura l Concerns 

Subsidence:

• No concerns identified
• In 2004. 15 newly drilled wells at Alpine were installed with insulated conductors, of these. 15 had 

heat tubes installed

Wind-Induced Vibration:

No problems identified in 2004
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4.1.g Corrosion and Structural-Related Spills/Incidents:

• No leaks were caused by external corrosion in 2004.

• No leaks were caused by wind-induced vibration in 2004

• No leaks were caused by internal corrosion in 2004

• No structural or subsidence concerns were identified in 2004

4.2 Year 2005 WNS Forecast

4.2.a Monitoring & Mltigr ion

• Pull coupons as scheduled

• Ensure new drill site development provides for adequate monitoring

4.2.b Well Line Inspection

Inspect 15 lines, 15% of existing total for Internal corrosion 

4 2.c Cross-Country Line Inspection

Inspect over 2000 f t r ' three-phase production lines

4.2.d External (Weld-Pack) Program 

Cross-country lines over tundra:
Complete baseline TRT inspections on the remaining 200 possible CUI locations to verify the new weld 
pack design is working as anticipated.

Cross-country lines on pad:
Complete baseline TRT inspections on the remaining 200 possible CUI locations to verify the new weld 
pack design is working as anticipated

Well lines:
TRT most likely locations for CUI on ten lines

4.2.e Below Grade Piping Program

Continue the annual visual inspection of all priority one and two cased lines. The appropriate CPAI field 
department will be notified of any corrective actions early enough to complete clean out and 
re-inspection during the summer

4.2.f Other

Continue Alpine piping layout and piping information database development.
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APPENDIX A 
Glossary

Equipment Classification:
• Well Line - Pipe from the wellhead to the Drill Site manifold For production wells, a well line

handles the flow from a single well prior to commingling wiln fluids from other wells and
transportation to the Central Processing Facility. For water injection wells, a well line handles the 
water flow going from a common manifold to a single wellhead.

• Cross-Country Lino -  Pipe from the Drill Site manifold to the Central Processing Facility (CPF).
• Below-Grade Location -  That portion of a single pipeline, which crosses underneath a road or

other earthen feature at a single I ication The linear extent of the location consists of the length of
pipeline between casing ends.

Service Definitions:
• Three-phase Production -  Basic reservoir fluids (oil, water, and gas) produced from down hole 

through to the CPF Typically sees changes in temperature and pressure only from reservoir 
changes and are essentially un-separated,

• Seawater (SW) -  Water from the Beaufort Sea that has been treated at the Seawater Treatment
Plant (STP). Note that seawater treatment at the Kuparuk STP consists of filtration, oxygen
stripping using produced gas, and biociding

• Produced Water (PW) -  The water separated at the CPF from three-phase production.
• Mixed Water (MW) - Produced water and seawater that have been commingled
• Gas - Generic term for the different gas systems that transport dry (no liquids) gas between 

facilities. Includes fuel gas, artificial lift gas. and miscible Injectant.
• Produced Oil -  The liquid hydrocarbon separated at the CPF from three-phase production

Inspection Terminology:
• 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
• Leak -  Through-wall pipe damage that causes loss of product. Product volume may not be 

sufficient to be classified as a "spiir.
• Save - When the Corrosion Group recommends a repair before a leak occurs.
• Below Grade (priority 1) -  These are pipes with a higher probability and consequence of failure In

general they have larger diameters and higher pressures and would probably cause damage to the 
environment or cause safety concerns if they leaked.

• Below Grade (priority 2) -  These are pipes with a lower probability or consequence of failure In
general, these have smaller diameters and lower pressures and would probably cause little if any, 
environmental damage or safety concern if they leaked. Examples include un-insulated dry gas 
lines and flare lines.

• Below Grade (priority 3) -  These are pipes with a low probability and consequence of failure.
Examples include decommissioned pipes, pipes in fresh or fire water service and pipes constructed
of corrosion resistant materials. In addition, they contain product that would cause little, if any, 
environmental damage or safety concern the pipe leaked
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g. Spills/Incidents

4.2 Year 2006 Forecast
a. Monitoring & Mitigation
b. Well Line Inspection
c. Cross-Country Line Inspection
d. External (Weld-Pack) Program
e. Below Grade Piping Program
f. Other

A p p e n d ix  A  G lo s s a r y  o f T e rm s  u s e d  in  th is  R e p o r t
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1 .0 O V E R V IE W

There are over $4 Billion in capital assets m the Greater Kuparuk Area (GKA). The internal corrosion 
potential in Kuparuk lines continues to rise as water production and H2S levels increase Additionally, an 
external corrosion potential exists where moisture penetrates and is trapped in insulation Effective 
management of corrosion at Kuparuk Is critical to maintain environmental and facility integrity, to reduce field 
operating costs, and to extend the life of the field infrastructure to meet future needs.

Alpine is ConocoPhillips Alaska's newest development and the largest onshore oil field discovered In North 
America in the past decade. Alpine has a nominal processing capacity of 125.000 BOPD. The Alpine 
development produces from a pad area of 97 acres, and has two Drill Sites; two additional satellite drill sites 
are being built. The corrosion management system used at Kuparuk is being applied to the Alpine field

The pu.pose of this 6th Annual Report is to communicate the details of the individual programs that 
implement the ConocoPhillips Alaska Corrosion Strategy In addition to the requirements of the North Slope 
Charter Agreement between ConocoPhillips Alaska. Inc.. BP Exploration (Alaska), and the Alaska 
Department of Environmental Conservation, previous reporting requirements pertaining ?o the Below Grade 
Piping Program will be incorporated into this and future North Slope Charter Corrosion Reports

A glossary of terms used in this report is included as Appendix A

2 .0 S IG N IF IC A N T  E N H A N C E M E N T  TO  C O R R O S IO N  P R O G R AM S

_inear array continues to be a valuable tool for evaluation of corrosion damage in large diameter 
cross-country water injection lines

I he field-wide pigging program was enhanced by standardizing on the use of brush/disk pigs, monitoring of 
total suspe ded solids, and monitoring of biocide application with residual measurements

The number of below-grade piping circuits excavated was roughly tripled from 2004 to 2005 because of a 
revised risk assessment of the below-grade piping circuits

Rope Access Technology (RAT) was added to the Corrosion inspection capabilities o allow the examination 
of difficult-to-reach areas in piping that would otherwise require extensive scaffolding.

The amount of tangential radiographic (TRT) inspection coverage was increased at weld packs where 
"medium" water is found at the 6 o'clock (bottom-oi-pipe) position to include a minimum of an additional 1? 
o'clock inspection; a 360-degree inspection is performed where possible.
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3 .0 P ro g r a m  S ta tu s  S u m m a ry  - K u p a r u k

3.1 Vear 2005 Overview

3.1.a Kuparuk Monitoring & Mitigation

In 2005 we had several significant accomplishments:
• Tested two new corrosion inhibitor formulations and placed one new corrosion Inhibitor in a larger 

scale test.
• Enhanced the maintenance pigging program for the water injection system at CPF-2 using multiple 

pig runs, improved biocide treatments, and total suspended solids monitoring
• Deferred commingling of waters at CPF3 based on lessons learned from the 2K Wl spill
• Moved data sporting for the coupon monitoring system from an MS Access based reporting system 

to an Oracle based reporting and tracking system for ease in future analysis.
• Enhanced the pump performance at selected drill sites to increase consistency of chemical 

Inhibition.

Average general and pitting coupon corrosion rate data for Year 2005 are presented in Tables 1 and 2.

Table 1. Average general corrosion rates for corrosion coupons by service category.

Asset Group

Number of 
Lines with 
Coupons 
Analyzed

Coupon 
Average 
General 

Corrosion Rate, 
mpy (target=<3)

Number of Lines 
with Conformant 

General 
Corrosion Rates

Percent of Lines 
with Conformant 

General 
Corrosion Rates

Three-phase Production 
Cross-Country Lines 55 0.05 55 100
Seawater Cross-Country Lines 2 7.3 1 50
Mixed Water Injection 
Cross-Country Lines 24 0.5 24 100
Production Well Flow Lines 501 02 495 99
Water Injection Well Flow Lines 388 0.8 358 92

Table 2. Average pitting corrosion rates for corrosion coupons by service category^

Asset G>-oup

Number of 
Lines with 
Coupons 
Analyzed

Coupon 
Average Pitting 
Corrosion Rate, 

mpy 
(tarqet=<10)

Number of Lines 
with Conformant 
Pitting Corrosion 

Rates

Percent of Lines 
with Conformant 
Pitting Corrosion 

Rates

Three-phase Production 
Cross-Countrv Lines 55 2.6 52 95

Seawater Cross-Ccur y Lines 2 7.4 2 100
Mixed Water Inject'on 
Cross-Country Lines 24 19.5 15 63

Production Well Flow Lines 501 2.9 478 95
Water Injection Well Flow Lines 388 14.6 243 63

Note: See graph and associated discussion on Figures 1 through 5 of this report. 
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Figure 1. Three-phase Production Cross-Country Line Coupons -  general and pitting corrosion 
rates as a function of time.

Three-phase Production Cross-Country Lines: The monitoring data summarized in Kuparuk Tables 1 and 2 
and presented in Figure 1 suggest that general corrosion is under control. The data presented in Tables 1 
and 2 and in Figure 1 include corrosion coupon data from the wet oil lines starting at CPF3 and going to 
CPF1 and CPF2.

Recurring CRM inspections also support the conclusion that corrosion is under control in the three-phase 
production cross-country lines. In 2005, 419 corrosion-rate monitoring (CRM) inspections were conducted, 
with one minor increase found. Other internal inspection data supporting the CRM data are discussed in 
section 3.1.c, below.

Where corrosion rates exceeded targets, corrosion inhibitor concentrations were increased and/or the 
amount of inspection was increased In 2005, coupon, probe or inspection-based corrosion rates exceeded 
targets or revealed increased damage on eight lines. In 2005, inspection results indicated minor corrosion 
had occurred in four of these eight lines. A complete listing of the lines with coupon/probe corrosion rates 
that exceed id targets and/or where inspection indicated increased damage is given in Table 3.

o.oo 1965 1916 
moon 001 006 
law 031 046
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Cress Country Ssa Wtr Inj Lines

Figure 2. Seawater Cross-Country Line Coupons -  general and pitting corrosion rates 
as a function of time.

Sea Water Cross-Country Lines: The monitoring data summarized in Kuparuk Tables 1 and 2 and
presented in Figure 2 above, show the average corrosion rates for the sea water cross-country line coupons. 
Higher coupon corrosion rates were caused by higher dissolved oxygen concentrations seen during 2005 
break-up and oxygen scavenger was added to decrease the dissolved oxygen concentration; these coupons 
are located near the exit of the sea water treatment plant (STP) and are not believed to be indicative of 
corrosion in the sea water injection system. Increased coupon corrosion rates detected are currently t^der 
review, with biocide concentration and pigging frequency increased in early 2006. Smart pigging of the 30- 
inch sea water line from the STP to the CW Skid is planned for 2006.
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Figure 3. Water Injection Cross-Country Line Coupons - general and pitting corrosion 
rates as a function of time.

Water Injection Cross-Country Lines: The monitoring data summarized in Kuparuk Tables 1 and 2 and 
presented in Figure 3 show that average general corrosion rates are below the threshold, but that pitting 
rates for the fieU are above the threshold. Seawater and produced water commingling was suspended at 
CPF2 in August 2005 and coupons replaced then; coupons were retrieved from CPF2 in late November with 
pitting rates reduced markedly from previous pulls. Coupon results are used to prioritize inspection efforts. 
During 2005 additional equipment was installed and procedures were implemented to provide enhanced 
biocide treatments at CPF2. Cleaning pigs were upgraded to include brushes in addition to the disks and the 
pigging procedures changed to included multiple (three) pig runs per monthly cleaning cycle.
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SPhasa Uninhibited Well Lines

Figure 4. Three-phase Production Well Line Coupons - general and pitting corrosion rates 
as a function of time.

Three-phase Production Well Flow Lines: While the monitoring data summarized in Kuparuk Tables 1 and 2 
and presented in Figu.es 4 and 5 suggest that corrosion rates are below targets, inspection data indicate 
that higher corrosion rates have been experienced historically. The well line inspection data are discussed in 
section 3.1 .b below, and are a good example of why monitoring data alone cannot be relied upon to 
characterize corrosion in a given system. For three-phase production, coupons monitor free flowing fluid 
and have not shown the predominant, under-deposit corrosion mechanism
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0 8  Wtr ln|«c**on Vfell Lines

Figure 5. Water Injection Well Line Coupons - general and pitting corrosion rates as 
a function of time.

Water Injection Well Flow Lines: As discussed in section 3.1 b below, the we,I line inspection data on water 
injectors show that there are a significant number of corrosion related repairs The water feeding this system 
is treated at the facilities with biocide and is discussed under Figure 3 - Water Injection Cross-Country Line 
Coupons. We believe that the increasing trend of coupon corrosion rates in the water injection well lines is 
caused by additional solids accumulating in the well lines because of low flow rates and improved pigging 
upstream of the well lines.
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Mitigation:

Figure 6. Field-wide Corrosion Inhibitor Use.

For the Kuparuk field, Figure 6 shows the actual number of gallons of corrosion inhibitor pumped per day, 
the recommended (target) number of gallons of corrosion inhibitor per day, and the percent difference 
between the two. The average deviation for the year was -1 85%. The large variation seen in the early parts 
of the year are usually caused by the extreme weather Several pump upgrades were accomplished in 2005 
to accommodate increased volumes.

The mitigation program is described in the inhibitor feedback flow chart, Figure 7 below. Reasons for 
changes to target inhibitor concentrations are given in Tabic 3 below.

Table 3 Three-phase Production Cross-Country lines with corrosion rates that exceeded targets and 
the action that was taken.

Common Coupon Inspectio
Line Probes s n Action Taken

1DPO x Increased Target PPM
1EPO x Increased Target PPM
1LPO x Increased Target PPM
2APO x Increased Target PPM
2UPO Reduced for Baker RE-5273 Test
2VPO Reduced for Baker RE-5273 Test
2WPO Reduced for Baker RE-5273 Test
2ZPO x Increased Target PPM
3NPO x Increased Target PPM
30P0 x Increased Target PPM
3QPO x Increased Target PPM
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Kuparuk Inhibitor Feedback System

M o n it o r in g

Q t ly  / K n o w n  D ^ m a g e ^ X  O u a rte r ly  Yos
In s p e c t io n   - ► <  R ecu r )--------------► ^ D a m a g e  In c r e a s e ? ^

No

In h ib it io n

P i i r r n iInhibitor
o< m g*

— • /

Figure 7. Corrosion Inhibitor Feedback System.
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Figure 8. Summary of Well Line Internal Corrosion Inspections -  RT footage, leaks, and saves as a 
function of time.

3.1.b Well Line Inspection

We met our primary 2005 goal by completing interval surveys on 133 well lines

As indicated in Figure 8 below, repair recommendations were initiated on 18 well lines in 2005 because of 
internal corrosion or erosion damage (11 corroded water injection lines, 6 corroded production lines and 1 
oroded production line). Except for the leak that was caused by erosion, the corrosion mechanisms were all 
underdeposit corrosion. More information on the leaks can be found in section 3.1.g.

Saves

Leaks

RT Footage

Line Internal Corrosion Summary

No Sa\es

0 0 0 0
( ----  - — t-------- f

1994 1995 1996 1997 1998 1999

, 70,000 

60,000

The 2005 results from the RTR surveys, manual RT, and manual UT are summarized in the following three 
tables.

• RTR of Well Lines:

Service Feet Inspected Number of Lines Inspected
Three-phase Production 8,980 77
Water Injection 5379 56
Total 14 359 133

The 2005 RTR well line data indicated no new damage trends.
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• Manual RT of Well Lines:

Service

Number of 
Lines 

Inspected
Number of 
Radiographs

Number of 
Repeat 

Radiographs

Number of 
Repeat 

Radiographs 
with 

Increases

% Of 
Repeat 

Radiograph 
s with 

Increases
Three-phase Production 199 942 311 20 6
Water Injection 120 798 180 35 19
Total 319 1,740 491 55 11

The 2005 manual RT well line data indicate a possible increasing damage trend in the water injection well 
lines. The percentage of radiographs showing increased damage increased from 9% to 19% from 2004 to 
2005

• Manual UT of Well Lines:
1---

Service

Number 
of Lines 
Inspected

Number of UT 
Inspections

Number of 
Repeat UT 
Inspections

Number of 
Repeat UT 
Inspections 

with 
Increases

%Of 
Repeat UT 
Inspections 

with 
Increases

Three-phase Production 167 894 769 53 7
Water Injection 65 296 253 31 12
Total 232 1.190 1.022 84 8

The 2005 manual LT well line data indicate a possible increasing damage trend in the water injection well 
lines. The percentage of radiographs showing increased damage increased from 8% to 12% from 2004 to
2005.
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3.1.c Cross-Country Line Inspection

In 2005 we met our primary cross-country line goals by completing:
• Interval surveys on 33 cross country lines and
• An "On-pad Deadleg Inspection Survey" at all drill sites.

As indicated in Figure 9, 12 repair recommendations were initiated on cross-country lines (8 water injection, 
4 production) because of internal corrosion damage in 2005. The corrosion mechanism for all repair 
recommendations was deadleg/underdeposit corrosion. All three leaks were in the water injection system 
More information on the leaks can be found in section 3.1.g.

Figure 9. Summary of Cross-Country Line Internal Corrosion Inspections -  RT footage, leaks, and 
saves as a function of time.

The 2005 results from the RTR surveys, manual RT, and manual UT are summarized in the following three 
tables:
• RTR of Cross Country (CC) Lines:

Service Feet Inspected Number of Lines Inspected
Three-phase Production 6,067 8
Water Injection 28,267 25
Total 34,334 33

The 2005 RTR CC line data show an increase in the footage and number of lines inspected. This is a result 
of the failure analysis of the DS2K water injection line leak in 2005.
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• Manual RT of CC Lines:

Service

Number 
of Lines 
Inspecte 

d

Number of 
Radiographs

Number of 
Repeat 

Radiographs

Number of 
Repeat 

Radiographs 
with 

Increases

% of Repeat 
Radiographs 

with 
Increases

Three-phase Production 115 3.274 533 21 4
Water Injection 52 5,633 70 8 11
Total 167 8,907 603 29 5

The only significant change in these data from 2004 to 2005 was that the 2005 RT CC water injection line 
data inspection results decreased in the percentage of radiographs indicating increased damage from 27% 
in 2004 to 11% in 2005: however, the 2004 RT inspection data had a small sample size and we believe 
that the larger 2005 sample size is more indicative of what is happening in the CC water injection system 
In addition, the number of radiographs on water injection system increased and the number of repeat 
inspections increased due to the DS2K Wl line failure analysis

• Manual UT of CC lines:

Service

Number 
of Lines 
Inspected

Number of 
UT 

Inspection 
s

Number of 
Repeat UT 
Inspections

Number of 
Repeat UT 
Inspections 
with Increases

% Of Repeat 
UT Inspections 
with Increases

Three-phase Production 64 950 378 20 5
Water Injection 39 414 101 21 21
Total 103 1,364 .179 41 9

The only significant change in these data from 2004 to 2005 was that the 2005 UT CC water injection line 
data indicate an increasing damage trend. The percentage of repeat inspections indicating increased 
damage jumped to 21% in 2005 from 5% in 2004. In addit on. the number of inspections on the water 
injection system increased and the number of repeat inspections increased due to the DS2K Wl line failure 
analysis.
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3.1.d External (Weld-Pack) Program

In 2005 we had several significant accomplishments:
• Completed 4,646 TRT surveys of cross country line and well line weld packs due for recur 

inspection.
• Completed our goal of inspecting 100 additional Tarn-style weld packs (-257 to date) to ensure this 

new design is working properly The weld pack design appears to be performing as planned. No 
corrosion has been detected.

• Inspection of 100 refurbished weld packs to verify the soundness of the Denso Tape refurbishments. 
The refurbishment technique appears to be performing as planned

Figure 10. Leaks, saves, number of weld packs inspected with TRT, and volumes of leaks as a 
function of time.

Cross-Country Lines (On-Pad and Off-Pad)

The baseline inspection effort for all cross-country lines was completed in 2004. Starting in 2005, the focus 
changed from making sure that all CUI locations were inspected and included n our inspection program to 
one of recur inspections priority-based on corrosion risk. A goal of 4,250 CUI locations on cross-country 
lines over tundra (off-pad) and on-pud was set A total of 3,<.99 CUI locations were inspected. The goal was 
missed mainly because of lost TRT crew time spent on special projects such as follow-up work related to the 
DS2K Wl and DS3J PO leaks. An estimate of the number of CUI locations was generated at the beginning 
of the year. The actual number of CUI locations turned out to be less than the estimate. Lastly, fewer weld 
Dacks were inspected late in the year after the TRT inspection guideline was modified as a result of the 
enhanced inspections related to the findings from the DS3J PO leak. Tho new guideline involves inspection 
at the pipe 6 o'clock position as before, and has been expanded to ii .* a minimum of an inspection at 12 
o'clock (the top of the pipe) if medium or heavy water is detected at - .-’clock position

A total of 103 locations on the over-tundra lines were found with corrosion. One Incation required installation 
of a temporary sleeve (DS3K PO). A total of 94 cross-country on-pad locations were recur inspected in 
2005 using TRT. Only one location (DS3J PO near leak) was found to have corrosion; it was placed on the 
refurbishment list.
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Included In the 3,299 TRT inspections noted above, 157 of the new Tarn-style weld packs were inspected 
with TRT to gauge how they are holding up in service A total of six weld packs were found with light-wet 
insulation. The rest were found to be completely diy. No corrosion under insulation (CUI) was found in any of 
the areas inspected

External corrosion at on-pad CUI locations was also found while doing other inspection or maintenance 
work. This effort resulted in two sleeve repairs (CPF1 Ml, 2KHWI @ DS2B).

A change in the way external corrosion locations will be reported was started in 2005. In the past, CUI 
locations in support saddles over a VSM were counted as one location This report, and all future reports, 
break each support saddle location into two distinct pieces with the VSM centerline as the dividing point. 
The motivation behind this change was to aid in the layout and recur inspections at these locations. This will 
affect the total reported number of CUI locations by essentially doubling the number of CUI locations 
associated with saddles.

Well Lines

In 2005, 1,347 well line CUI locations were examined. Our stated goal was 1,500 weld packs (based on 
inspection of seven lines); the reason f r the underestimate in the number of weld packs is the uncertainty in 
the total count of the well line CUI locations before inspections commenced. The number of CUI locations is 
estimated based on the iength of a typical section of pipe. Corrosion was found at 46 of the 1,347 locations. 
No piping repairs were required. The corroded weld packs were refurbished.

Table 5: External CUI Inspection Summary for 2005.

l ype of Equipment
2005
Goal

Number of 
Locations 
Inspected

Number of
Corroded
Locations

Percentage 
of Locations 
Corroded

Number of 
Locations 
Refurbished

Cross-Country
Lines
Over Tundra or On- 
Pad 4,250 3,299 103 3.1 953

Well Lines 1,500 1,347 46 3.4 58
Total 5,750 4,646 149 3.2 1,011

The number of CUI locations inspected with TRT, the number of CUI locations found corroded, and the 
percentage of CUI locations corroded for the cross-country lines over tundra, cross-country lines on-pad, 
and well lines are given in Figures 11, 12, and 13 beginning on the next page.
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Figure 11. Summary of Weld Packs on Cross-Country Lines over Tundra (off-pad).
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%  Corroded

Figure 11 illustrates the most-complete external corrosion inspection program of the three external corrosion 
programs. 2002 through 2005 values include re-inspections and clean-up of locations missed or not 
properly documented during the original base line effort.

Figure 12. Summary of Weld Packs on Cross-Country Lines on Pads.
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Figure 13. Summary of Weld Packs on Well Lines.

Corrosion Under Insulation Buffer Spike Program

In 2002, a test of "CUI Buffer Spikes' vas initiated on 50 over-tundra cross-country weld pack locations. 
The concept is that by establishing an aika., e environment within the weld pack the corrosion rate can be 
reduced to an acceptable level at a lower cost than stripping and refurbishing the wet insulation

The program was expanded later in 2002 by an additional 39 locations to include weld packs on dr.il site well 
and facility piping. In addition, two electric resistance probes were installed in two heavy water weld packs 
at DS1T to monitor potential corrosion activity. The sodium phosphate salt contained in these spikes 
dissolves in wet insulation and raises the pH to 10 Prior to installation of these spikes, wet insulation 
measurements fell within a consistent 6 to 7 pH range. During 2003, each of these locations was monitored 
for pH. The 2003 follow-up inspections showed that the pH did rise in the wet areas of the weld packs. 
Three locations were also stripped and tested with an indicator dye to verify the pH probe results.

TRT inspections of the buffer spike locations were performed during 2005 and early in 2006. All locations 
were re-inspected. Seven weld packs indicated an increase in the water content. None of the inspections 
reported any new corrosion. The survey revealed that 19 of the locations had been inadvertently 
refurbished. Visual inspection of the exposed pipe in these locations discovered very slight external 
corrosion (three-to-four percent wall loss) at three of these locations. It is likeiy that this minor corrosion was 
present before the buffer spikes were introduced. Corrosion damage that slight would have been difficult to 
detect using C-Arm (CTRT), especially with water in the insulation.

A pH survey was conducted during the -ummer of 2005 to test approximately 60 locations. Testing indicated 
that the spikes were maintaining an alhdline environment inside of the weld packs. An indicator dye check 
was conducted on two of the weld packs to verify that the pH profile across the insulation thickness was 
showing a high alkaline environment at the pipe wall These tests showed that the buffer spikes were 
maintaining a high pH close to the pipe.

Monitoring of the ER probes at DS 1E indicated low, but not zero, corrosion rates. These probes collect a 
reading every six hours and the data are downloaded every two weeks.
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The buffer spike concept has been tested over a sufficient timeframe to collect meaningful results, A final 
report on the project is forthcoming from our Bartlesville research center Review and discussion of the 

results shall be conducted and a plan determined in 2006.

3.1 .e Below Grade Piping Program

This section details the inventory and survey of below grade piping circuits and the results of Specialty 
Testing. The plans for future inspections are given in section 3 .2 .e .

In 2005 we had several significant accomplishments:

•  V isually inspected and cleaned all debris from all cased below grade pipe circuits.

•  Completed our specialty inspection (TW I) scope of work

•  Excavated, inspected, refurbished and repaired (as required) 24 cased below-grade pipe circuits

The A laska Department of Environmental Conservation (ADEC) regulations under 18 AAC 75 080 applies to 
the Kuparuk oilfield facilities operated by ConocoPhillips A laska, Inc. (CPAI). To meet the requirements ol 

18 AAC 75.080, CPAI submitted their corrosion control program for below-grade pip ing in early 1998 Thr 
program  also included a field-wide inventory r»f all below-grade pip ing in the Kuparuk field. ADEC approved 
the program in written correspondence dated Uctober 26, 1998.

3.1 ,e (1) Inventory and Survey of Below Grade Locations

GKA has 772 circuits (includes priority 1 priority 2 and priority 3 lines) of below grade pip ing Of these 

locations, one is contained in an utilidor. The remain ing circuits are cased lines, the majority of which 

are either road, gravel pad or caribou crossings.

Utilidor Line

The line in the utilidor (Oily Waste Injection Line. BG ID #286) was taken out of service in 2004 II had 
been on a two year inspection cycle and was last inspected in 2002. Because it has been taken out of 

service the 2004 inspection was deferred and no 2005 inspection was done.

Cased Lines

Inspection Status.
The annual visual survey of all the cared lines was conducted in 2005 The purpose of the survey was 
to identify, rectify, and report local conditions (e .g ., debris found in casings and culverts, pipe insulation 

in contact with soil) that require remedial action

Results and Remedia l Action:
Of all GKA below-grade circuits, 107 were found to have pipe in direct contact with gravel/soil or debris 
in the casing. All locations were remediated in 2005

3.1 .e (2) Results of Specialty Testing

Inspection Status:
In 2005, we completed TWI inspections on 127 GKA priority one circuits. This was the third year of our 
recurring inspection program where each priority one circuit will be inspected at a maximum  ten-year 

interval.

In 2005 only the long-range ultrasonic system technology from The W e ld ing Institute (TW I) was used. 
TW I technology is capable of finding evidence of both internal and external corrosion dam age .
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Results ano .emedial Action:

Table 6 shows the results of the specialty testing performed by TWI

Table 6. Results from the TWI inspections by service.

Service

Number of 
Cased 
Circuits 
Inspected

Incomplete
or

Inconclusive 
Results (1)

Number 
without any 
Significant 

Indications (N)

Number of 
Minor (Low) 
Anomalies 

(L)

Number of 
Minor to 
Moderate 
and 

Moderate 
Anomalies 

(Ml

Number of 
Moderate to 
Severe and 
Severe 

Anomalies 
(S)

Oil 13 0 8 3 2 0
Other 114 26 47 34 7 0
Total 127 26 55 37 9 0

The 2005 TWI data Indicated no new damage trends.

3.1.e (3) Results of Crossing Digs

After a revised risk assessment of the below-grade piping circuits that included water accumulation 
points, the number of below-grade piping circuits excavated was increased from eight in 2005 to 24 in
2006.

There were 24 below-grade circuits refurbished in 2005 1 wenty-three circuits were excavated and one 
was replaced without excavation (cut and pulled through casing). Four of these circuits were considered 
repairs

• Two repairs were made because of CUI damage only (West Trunk EOR at CPF1 anc HPO at 
DS 1H pad). The EOR circuit was replaced and the I HPO circuit was repaired with a pressure 
containing sleeve.

• One repair was made because of internal damage only (2KWI at 2H pad) This piping circuit 
was replaced by cutting and pulling the old pipe from the casing and pulling the new pipe into 
the casing

• One repair was made because of a combination of CUI and ini >al corrosion damage (2KHBWI 
at the 2B pad crossing). This circuit was repaired with a pressure containing sleeve.

• Twenty of t .e excavated circuits inspected did not require de-rating, repair, or replacement 
because only minor or no corrosion damage was found

For all twenty-four below grade circuits excavated in 2005, the insulation was refurbished and the pipe 
wrapped with Densyl tape to prevent further corrosion

3.1.f Other Structural Concerns

Subsidence:

Existing Well Upgrade Program

• In 2005, four steel, conductor-mounted floor kits were installed in well houses at Drill Sites 1E, 2A,
and 2Z. Well house floors arc supported by the well conductor and provide table riser piping
supports

• In 2005, 17 heat tubes were installed at Drill Sites 1E, 2A, 2C, 2H and 3N. Heat tubes are used to
keep the ground frozen or to re-freeze the ground where it has been thawed.
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• In 2005, 10 newly drilled wells at Kuparuk were installed with Insulated conductors
• In 2005, ten newly drilled wells had heat tubes installed. Of these 10 newly-drilled wells, two had 

floors with permanent pipe supports.
• In 2005, four existing producers converted to water injection wells or conveited to jet pump lift 

already had insulated conductors and heat tubes and did not require a floor Kit.

Wind-Induced Vibration:

As a result of the 3A-I-M eight-inch gas lift line failure that occurred in December 2004 (described in 
section 3.1.g of the 2004 report), Kuparuk continues to review existing pipelines to evaluate the need for 
secondary mode vibration dampers.

During original development of the North Slope WIV program, secondary mode WIV failures were 
deemed highly unlikely and therefore mitigating measures for such events were not established 
However, based on the unforeseen December 2004 secondaiy mode WIV failure on the DS3I 8" GL line, 
an elfort to determine if secondary mode WIV is expected to be a fatigue threat to all the pipelines within 
the Kuparuk Wind Fan was sanctioned.

Through a comprehensive field-wide inventory of all the pipelines within the current Kuparuk Wind Fan 
and a more-detailed WIV analysis than had been possible previously, a critical Reynolds Number (R„) 
corresponding to the "random shedding' threshold has been established. Vibration modes established 
below this “random shedding" threshold are referred to as “sub-critical" modes and pipelines subject to 
these conditions are most susceptible to both primary and secondary mode WIV responses.

As a result of these analyses, up to 440 pipe spans will receive secondary mode WIV protection In 2006 
More detailed evaluations will be completed once enhancements are completed to the WIV evaluation 
model to take into account broad-banded WIV events more typical of higher wind velocities.

3.1.g Corrosion and Structural-Related Spills/Incidents:

• Well 2A-17 production well line leaked in March 2005 because of erosion in a two inch branch
line off of the main six inch line al the 2nd elbow (lower) from the well head The spill volume
was less than one gallon of produced fluids and was confined to the well-house floor No fluids 
contacted the tundra or the gravel pad As such, it was deteimined to not be an ADEC 
reportable spill. This location is inspected on a regular basis during our well line interval survey 
As a result of this leak all other erosion susceptible areas on this line were inspected and no 
additional erosion was found.

• Well 1G-09 water injection well line leaked in July 2005 because of a combination of internal
under-deposit corrosion and CUI damage at a weld pack located in a saddle The spill volume
was determined to be 13 gallons. The spill was reported to ADEC. As a result of this leak the 
previous internal and external corrosion inspection records were reviewed The review indicated 
that this line and the location of the leak had received regularly scheduled inspections within a 
time frame which should have detected the damage before the leak As a result of this finding 
inspection records for several other lines and locations were reviewed under the inspection 
contractor's QA/QC program. This review resulted in tighter controls regarding RTR inspections 
of lines with high solid build-up and more coverage of CUI areas when found to be “Medium 
Wet."

• Drill site 2K water injection line leaked in March 2005 in the below-grade circuit al DS 2H pad 
because of Internal corrosion damage. The spill volume was determined to be 51.198 gallons. 
The spill was reported to ADEC. As a result of the leak, a formal Failure Analysis that included 
ADEC and BP representatives was completed on this incident. Several enhancements to our 
monitoring, inhibition and inspection programs have been initiated based on this report

New Wells & Producer to Water Injection Well Conversions
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• Drill site 2H warm-up line leaked in April 2005 under the 2H manifold building because of

internal under-deport corrosion In a dead-leg. The spill volume was less than one gallon of 
produced water confined to the pipe surface and the snow on top of the gravel pad. As such, it 
was determined not to be reportable to ADEC. This location was scheduled to be Inspected 
under our “On-pad Deadleg Inspection Survey” In 2005. Unfortu ately the leak occurred before 
our crews inspected it We are confident that the damage wou'd have been detected, and the 
location repaired before the leak, under our current Inspection methods and procedures if the 
location had been scheduled earlier in the year It should be noted that inspection of all piping 
similar to this at all drill sites was completed in 2005

• Drill site 2U warm-up line leaked in December 2005 under the 2U manifold building. The same
comments as noted in 2H (directly above) apply to this leak.

• The DS3J produced oil line leaked in October 2005 because of external corrosion at a weld
pack located partially in ? saddle The spill of 16 gallons ol produced fluids was reported to 
ADEC There were three pe'foratlons in the weld pack area, with the heaviest corrosion located 
near the top of the pipe Corrosion was noted around the entire circumference over two feet of 
the five-foot corrosion network The 6 o'clock position of this particular location had been 
scanned with C-arm TRT (CTRT) in 2001 and determined to have no corrosion CTRT is not 
strong enough to inspect the pipe through the saddle so the location would have been scanned 
right up to the saddle and then picked up again on the other side. The weld pack had been 
labeled as having CTRT inspection only. This failure has led the Corrosion Department to 
re-evaluate several aspects of its external corrosion program Specifically, the layout and 
labi ,ig guidelines nave been reviewed and updated to assure that a CUI location will not be 
missed. Additionally, the weld pack inspection guidelines have been updated to include 
inspection of the upper portion of the pipe when medium or heavy wet insulation is detected at 
the six o’clock position or when a penetration exists in the outer jacket up high on the pipe (e.g., 
a branch connection, tear, etc.).

• No leaks were caused by subsidence in 2005
Figures 8. 9, and 10 show the number of leaks and the volumes of leaks as a function of time. Figure 8 
depicts the leaks caused by internal corrosion for the well lines Figure 9 depicts the leaks caused by 
internal corrosion for the cross-country lines. Figure 10 shows the leaks caused by external corrosion 
for cross-country lines, well lines, and below-grade piping locations

3.2 Year 2006 Forecast

3.2.a Monitoring & Mitiga'ion

• Test additional inhibitor formulations

• Continue to evaluate the biocide program and the maintenance pigging enhancements to the water
Injections systems.

• Increase biocide and maintenance pigging in the seawater system.

• Expand guideline for use of brush / disk combo cleaning pigs to CPF 1 and CPF3.

3.2.b Well Line Inspection

Our recurring inspection program will continue in 2006. No in-service line will go longer than 10 years
without some type of inspection.

Page 23 FINAL March 31, 2006



ConocoPhillips
3.2.c Cross-Country Line Inspection

Our recurring inspection program will continue in 2006 No in-service line will go longer than 5 years withoul
some type of inspection.

Smart pigging is planned for the 30-Inch sea water line from the STP to the CW skid

3.2.d External (Weld-Pack) Program

Cross-country lines over tundra.
• Inspect approximately 3.950 cross-country line weld packs (based on seven lines) as part of our 

recurring inspection program This includes CUI locations over tundra as well as on-pad
• Inspect a minimum of 100 farn-style weld packs (insulation not touching the pipe) with TRT to

continue to evaluate the efficacy of the design
• Inspect a minimum of 100 refurbished weld packs to continue to evaluate the performance of the 

Dense tape system

Well lines:
Inspect approximately 1,500 well line corrosion-under-insulation locations (based on 130 lines) as part of
our recurring inspection program

3.2.e Below Grade Piping Trogram

• Continue our annual visual inspection of all (Priority 1, 2. and 3) cased lines. The appropriate GKA
field department will be notified of any corrective actions early enough to complete clean out and
re-inspection during the summer.

• Continue our recurring TWI inspection program of priority one cased lines.

• Excavate, inspect, refurbish, and repair (as necessary) fifteen to twenty-seven lines in cased 
crossings

• Continue to work with TWI and ConocoPhillips R&D to refine inspection data reduction and 
interpretation.

3.2.f Other

• Continue enhancements to the Kuparuk Coimsion Database

• Continue to evaluate, and prioritize subsidence mitigation efforts at the existing drill sites

Page 24 FINAL March 31. 2006



ConocoPhillips

4 .0 P ro g r a m  S ta tu s  S u m m a r y  - W N S

4.1 Year 2005 Overview

4.1 .a WNS Monitoring & Mitigation

Average general and pitting coupon corrosion rate data for Year 2005 are presented in Tables 7 and 8

Table 7 ^ A ve rag e  g en e ra l  c o r ro s io n  r a t e s  for c o r ro s io n  c o u p o n s  by s e rv ic e  c a t e g o r y

Asset Group

Number of 
Lines with 
Coupons 
Analyzed

Coupon 
Average 
General 

Corrosion Rate, 
mpy (target=<3)

Number of Lines 
with Conformant 

General 
Corrosion Rates

Percent of Lines 
wi*h Conformant 

General 
Corrosion Rates

Three-phase Production 
Cross-Country Lines 1 0.1 1 100
Seawater Cross-Country Lines 1 2.4 1 100
Seawater Injection 
Cross-Country Lines 0
Production Well Flow Lines 29 0.5 28 96*
Seawater Injection Well Flow 
Lines 9 0.1 9 100
* The one line with greater than 3 mpy CR was due to erosion

Table 8. A ve rag e  p it t ing  c o r ro s io n  r a t e s  for c o r ro s io n  c o u p o n s  by s e rv ic e c a te g o ry .

Asset Group

Number of 
Lines with 
Coupons 
Analyzed

Coupon 
Average Pitting 
Corrosion Rate, 

mpy 
(target=<10)

Number of Lines 
with Conformant 
Pitting Corrosion 

Rates

Percent of Lines 
with Conformant 
Pitting Corrosion 

Rates

Three-phase Production 
Cross-Country Lines 1 2 1 100

Seawater Cross-Country Lines 1 1 1 100
Seawater Injection 
Cross-Country Lines O'

Production Well Flow Lines 29 1.8 28 96
Seawater Injection Well Flow 
Lines 9 4.7 9 100
* NOTE: This coupon location is currently not accessible because of a new piping obstruction.

4.1.b Well Line Inspection

In 2003, 33 three-phase production lines and 22 water injection lines were inspected; no damage was found.
In 2004, 18 three-phase production lines were inspected at direction changes, no damage was found.
In 2005, 32 well lines were inspected, no damage found.
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4.1.b Cross-Country (CC) Line Inspection

2,900 ft of the CD2 produced crude CC line was inspected with R , R. No damage was idontifiea.

4.1.d External (Weld-Pack) Program

No inspections for external corrosion were performed.

4.1.e Below Grade Piping Program

This section details the inventory and survey of below grade locations and the results of Specialty Testing 
The plans for future inspections are given in section 4 2 e

4.1.e (1) Inventory and Survey of Below Grade Locations

CPAI has 15 locations of below grade piping in the WNS, and 30 associated with WNS at GKA These 
locations are cased lines at road or pad crossings.

Cased Lin s

Inspection Status:
The annual visual survey of all the cased lines was conducted in 2005 The purpose of the survey was 
to identify, rectify, and report local conditions (e.g., debris found in casings and culverts, pipe insulation 
in contact with soil) that require remedial action.

Results and Remedial Action:
Of all the below-grade lines, two lines were found to have pipe in direct contact with soil and/or 
gravel/soil or debris in the casing. These two lines are considered to be "direct buried" Locations were 
excavated, evaluated and a request for waiver, contingent on a stringent inspection program, has been 
submitted to ADEC. The next inspection of the buried portions will be in 2009

4.1.e (2) Results of Specialty Testing

No specialty testing was performed in the WNS in 2005. Of the 45 WNS below grade circuits, 10 are 
smart pigged with the remainder of the line. The remaining circuits will be inspected with TWI at their 10 
year (max) interval even though they are externally coated

4.1.e(3) Results of Crossing Digs

1 wo 'ines were excavated and are referenced in Results and Remedial Action above

4.1.f Other Structural Concerns 

Subsidence:

• No concerns identified.

Wind-Induced Vibration:

No problems identified in 2005.
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4.1.g Corrosion and Structural-Related Spllls/lncidonts:

• No leaks were caused by external corrosion in 2005.

• No leaks were caused by wind-induced vibration in 2005

• No leaks were caused by internal corrosion in 2005.

• No structural or subsidence concerns were identified in 2005

4.2 Year 2006 WNS Forecast

4.2.a Monitoring & Mitigation

• Pull coupons as schedulod

• Ensure new drill site development provides for adequate monitoring.

4.2.b Well Line Inspection

Inspect 15 lines. 15% of existing total for internal corrosion

4.2.c Cross-Country Line Inspection 

Obtain spot RT of CD1 PC line (on pad).

4.2.d External (Weld-Pack) Program

Cross-country lines over tundra 
No inspections planned.

Cross-country lines on pad 
No inspections planned

Well lines.
TRT most likely locations for CUI on 20 lines

4.2.e Below Grade Piping Program

Continue the annual visual inspection of all priority one and two cased lines. The appropriate CPAI field 
department will be notified of any corrective actions early enough to complete clean out and 
re-inspection during the summer

4.2.f Other
Continue Alpine piping layout and piping information database development
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APPENDIX A 
Glossary

Equipment Classification:
• Well Line - Pipe from the wellhead to the Drill Site manifold. For production wells, a well line

handles the flow from a single well prior to commingling with fluids from other v.ells and
transportation to the Central Processing Facility. For water injection wells, a well line handles the 
water flow going from a common manifold to a single vellhead.

• Cross-Country Line - Pipe from the Drill Site manifold to the Central Processing Facility (CPF).
• Below-Grade Location -  That portion of a single pip eline. which crosses underneath a road or

other earthen feature at a single location The linear extont of the location consists of the length of 
pipeline between casing ends

Service Definitions:
• Three-phase P roduction  -  Basic reservoir fluids (oil, water, and gas) produced from down hole

through to the CPF Typically sees changes in temperature and pressure only from reservoir
changes and are essentially un-separated

• Seawater (SW ) -  Water from the Beaufort Sea that has been treated at the Seawater Treatment
Plant (STP) Note that seawater treatment at the Kuparuk STP consists of filtration, oxygen
stripping using produced gas, and biociding

• P roduced  W ater (PW ) -  The water separated at the CPF from three-phase production
• Mixed Water (MW) -  Produced water and seawater that have been commingled
• Gas Generic term for the different gas systems that transport dry (no liquids) gas between

facilities. Includes fuel gas, artificial lift gas. and miscible Injectanl.
• Produced Oil -  The liquid hydrocarbon separated at the CPF from three-phase production

Inspection Terminology:
• 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)
• TW I -  The Welding Institute (Long range UT)\
• KDR -  Known damage recur inspection
• Leak -  Through-wall pipe damage that causes loss of product. Product volume may not be

sufficient to be classified as a "spiir.
• Save -  When the Corrosion Group recommends a repair before a leak occurs.
• Below Grade (priority 1) -  These are pipes with a higher probability and consequence of failure In

genera! they have larger diameters and nigher pressures and would probably cause damage to the 
environment or cause safety concerns if they leaked.

• Below Grade (priority 2) -  These are pipes with a lower probability or consequence of failure. In
general, these have smaller diameters and lower pressures and would probably cause little, if any, 
environmental damage or safety concern if they leaked. Examples include un-insulated dry gas 
lines and flare lines.

• Below Grade (priority 3) -  These are pipes with a low probability and consequence of failure.
Examples include decommissioned pipes, pipes in fresh or fire water service and pipes constructed 
of corrosion resistant materials. In addition, they contain product that would cause little, if any, 
environmental damage or safety concern the pipe leaked.
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CORROSION MONITORING OF NON-COMMON CARRIER NORTH SLOPE PIPELINES
BPXA - 2000 COMMITMENT TO CORROSION MONITORING

EXECUTIVE SUMMARY
Coffman Engineers, Inc. has been charged with reviewing the 2000 cor.osion program report 
submitted by BP Exploration (Alaska) Inc. (BPXA) to tire Alaska Department of Environmental 
Conservation (ADEC). The report outlines the measures underiuken to mitigate corrosion in 
BPXA’s non-common carrier North Slope pipelines. In addition, Coffman reviewed the 
presentation matcriaL from he April 2001 Meet & Confer session. The goal of this review is to 
examine the corrosion prog» un report, gain a qualitative understanding o f BPXA’s corrosion 
control program and identify recommendations for improvement to the content and extent of 
topics covered.

BPXA has demonstrated a clear commitment to corrosion coi.jol. BPXA has developed a 
comprehensive program of monitoring and inspection. Reported results indicate internal pipeline 
corrosion trends for GPB West have Hen steadily improving since 1993 and are currently at their 
lowest levels in 12 years. BPXA has made a significant commitment to corrosion inhibitor 
testing and development, as well as reducing the number o f products to a more m uiageablc 
selection

BPXA reports coupon corrosion rates as "Annualized Peicentage < 2 mpy.” These coupon 
corrosion rates increased slightly in 2000 for well flow' lines, drill site gathering lines, and 
produced water injection lines; w'hile they decreased slightly in the seawater injection hnes. The 
average magnitude of the coupon corrosion rate change is not presented, however the majority, 
85+%, has rates below the 2mpy threshold. BPXA has analyzed the causes relating to the coupon 
corrosion rate increases and has taken steps ‘o reverse the ‘rends.

Compared to 1999, inspection results for well lines show increases in tire number o f locations 
reporting damage to the pipe wall in all injection (PW/SW/MI) service categories; conversely 
three-phase production well lines are relatively flat and are at their lowest levels in the period 
reported (1995-2U00).

Presently, external corrosion is a significant risk to pipeline integrity for BPXA. External 
corrosion under insulation was reported as the cause for both leaks in 2000 and two additional 
leaks in 2001. The need for additional resources for external corrosion management should be 
re-examined.

The BPXA report and presentation materials were a positive step towards meeting the 
expectations outlined in the Commitment to Corrosion Monitoring plan. BPXA and A DEC have 
committed to better define reporting metrics and definitions for future reports.

The Charter agreement between tire State of Alaska, BPXA and PA1 required the development of 
a "performance management program for the regular review" o f tire corrosion monitoring and 
related practices for the non-common carrier North Slope pipelines. As a result of the subsequent 
meetings, the annual reporting requirements were defined as follows:

COM MU MENT TO CORROSION MONITORING
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A Annual bullet item reporting the progress of the Charter Agreement corrosion related 
commitment.

B. A general overview of the previous year’s monitt -ing program.

C. Metrics which depict coupon and probe corrosion rates.

D. Metrics which characterize chemical optimization activities.

E. Metrics which depict the number and type of internal/external inspection done and, as 
applicable, the corrosioD increases/rates and corresponding inspection intervals.

F. Metrics which characterize the quantity and type r f repairs made in response to the 
internal/external inspections done per the above paragraph.

G. Metrics which depict the numbers and types ot corrosion and structural related spills und 
incidents

11 A forecast of the next year’s monitoring activities in terms of focus areas and inspection 
goals. These forecasts cannot be viewed as binding, as ccrrosion strategies are dynamic 
and priorities will change over the course of the year. However, changes in focus will be 
communicated to ADEC during the semi-annual meeting described above.

ADEC contracted with Coffman Engineers, Inc to provide a technical analysis o f the information 
presented in the annual report and determine if there arc any specific corrosion or pipeline 
structural ijsues which warrant further reviev. ot corrective action. In addition to the annual 
report, Coffman reviewed the presentation materials from the April 2001 Meet and Confer 
Session.

CORROSION MONITORING OF NON COMMON CARRIER NORTH SLOPE PIPELINES i r r i c c M A M
BPXA -  2000 COMMITMENT TO CORROSION MONITORING 1

CORROSION CONTROL STRATEGY
This section outlines the strategy presented in the report and presentation. It is divided into 
internal and external corrosion strategies and describes the monitoring, inspection und mitigation 
components. The current program status is presented in a subsequent section.

Internal Corrosion Strategy
Monitoring & Inspection

BPXA uses probes, coupons and numerous inspection methods to monitor internal corrosion 
throughout the field. It is unclear how the coupons are analyzed end how the data are weighted. 
The target, or action, limit for coupons is 2 mils per year (mpy). The target, or action, limit for 
probes is based on location and is between 0.5 mpy and 10 mils per year.

BPXA employs manual and automated RT and UT inspection techniques. The report discusses 
the limitations of the various inspection methods and BPXA has a clear understanding of their 
strengths and weaknesses. Wall losses less than 10 mils (0.010”) are difficult to detect reliably 
using RT. The target, or action, limit for inspection is “zero detectable corrosion.”
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The data generated from the monitoring and inspection programs are reviewed weekly and in- 
depth reviews are made at the end of each quarter. If target values are exceeded, there is an 
investigation and possible rcpair/replacement/mitigation.

Lastly, BPXA discusses the use of Magnetic Flux Leakage (MFL) pigging technology. MFL 
pigging allows an operator to inspect the entire length o f pipe for both internal and external 
corrosion indications and can be a significant tool for determining the actual fitness for puqiose 
o f a pipeline In future reports, a more in-depth discussion about the MFL pigging strategy 
(location, frequency, results, etc.) would be helpful,

CORROSION MONITORING OF NON-COMMON CARRIER NORTH SLOPE PIPELINES A
BPXA - 2000 COMMITMENT TO CORROSION MONITORING

Mitigation

Internal corrosion at BPXA is controlled primarily by corrosion inhibitor application and 
secondarily by erosional velocity controls and well start-up procedures (slide 6). Other 
enguieering tools, such as design, material ^election, coating selection, etc., are also used by 
BPXA to control corrosion.

Chemical optimization is an on-going task for BPXA. As promising new inhibitors are 
developed they are tested on a small scale initially, followed by a larger scale test, and if 
successful, used within the facilities. Several products have been developed in the past yeats. 
BPXA’s str ategy is to inject inhibitor volumes until coupon corrosion rates of less than 2 mpy arc 
achieved.

External Corrosion Strategy
Fxtcmal corrosion under wet insulation is a concern for all North Slope producers. The vast 
majority o f pipelines is above ground and thermally insulated. Snow and water can be forced 
under the insulation where pipe segments are joined and fit.hi applied insulation was installed. 
These areas are known as wcld-packs. When the line is warm and the water trapped under the 
insulation is above freezing, corrosion cells can form. Corrosion under insulation is likely to 
require an ongoing commitment of resources throughou e life of the field.

Monitoring & Inspection

BPXA is currently managing 1/3 of a million weld-packs (slide 15) between GPB and ACT. 
Presently, there are no monitoring techniques used for this corrosion mechanism. This places 
greater emphasis on the inspection program Inspection methods for corrosion under insulation 
are radiographic and visual. TRT (tangential radiography), C-arm fluoroscopy and MFL smart 
pigging, eddy current, and digital radiography are used in conjunction with visual inspection to 
detect corrosion under insulation. The weld-pack locations are externally identifiable, so the 
precise location of possible corrosion cells is known in advance. This mechanism can be 
expected to be active throughout the rest of the field life. In addition, BPXA is also using two 
new technologies for inspecting the below grade, cased pipeline crossings; electromagnetic and 
guided wave inspection.
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CORROSION MONITORING OF NON-COMMON CARRIER NORTH SLOPE PIPELINES
BPXA - 2000 COMMITMENT TO CORROSION MONITORING

Mitigation

Refurbishment o f the wcld-pack requires the exclusion of oxygen saturated water from contact 
with the external pipe wall. The primary refurbishment method is to drain the wcld-pack, 
refurbish the seals to eliminate water ingress, coat the pipe, and replace the saturated insulation. 
A more in-depth review, of past BPXA measures taken, would be necessary before 
recommendations could be formulated

While not required by the Charter agreement, risk (risk assessment, risk based inspection, etc.) is 
an important tool used in conosion control. It would beneficial if BPXA would further elaborate 
on how' risk is utilized in future reports. For example, how BPXA evaluates the probability of a 
failure due to a specific corrosion mechanism and then howr the consequences of the potential 
failure were evaluated to formulate a mitigation plan. It is clear that a form of risk based resource 
allocation is used by BPXA; the corrosion team has identified and responded to corrosion events 
and developed continuous improvements to its corrosion program when changes were deemed 
necessary (pg 12 and 13).

Internal Corrosion Management
Internal coupon corrosion rates at GPB have increased slightly in every service category except 
seawater in 2000 (Fig 1). It was reported that seven repairs and 63 saves were recorded due to 
internal corrosion in 2000 (Table 11 and 12). Results reported for the year 2000 show increases 
in the number o f locations reporting ongoing pipe wall damage in all o f the injection service 
categories (PW/SW/MI). Conversely, three-phase production w-ell lines are relatively flat for the 
last two years and are at their lowest levels in the reported period (1995-2000).

BPXA reports a loss of corrosion control due to under-trcatment with corrosion inhibitor in 2000 
(pg 23). The loss of control is attributed to damaged corrosion inhibitor chemical (the active 
ingredients precipitated out of solution and plugged the injection tubing) and to manpower 
reductions incurred during the reorganization. These events lead to a period of corrosion 
inhibitor under-treatment and a subsequent increase in conosivity. The problem was identified 
and these issues have been addressed, and they expect to be back on-track in 2001. BPXA 
believes damage due to these corrosion ratr increases were probably limited to on-pad piping 
because off-pad piping is protected by the redundancy inherent in the wellhead corrosion 
inhibitor injection program. It w'ould be beneficial to understand how the coupon and probe rates 
varied during this episode and whether or not inspection results saw correlative increases in pipe 
wall damage to the on-pad piping.

Monitoring & Inspection

BPXA used 8,970 coupons in 2000, down from 11,574 in 1997. The reduction is explained by 
the following:
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• changes in pull frequencies in the produced water system not a reduction in 
locations,

• reduction in the number of coupons in the production well lines, primarily 
upstream of chemical injection, and

• wells that are in long term shut-in.

Hie number of coupon locations per service category (PW/SW/3-phasc, etc.) would be beneficial 
for clarifying performance of the coupon monitoring program. Coupon grading usually contains 
a judgment-based analysis of the coupon surface condition as well as objective pit depth and 
weight loss measurements. A discussion detailing how coupons arc evaluated by BPXA would 
be beneficial, as it is apparent that there are differences in the way various operators perform this 
function.

Table 13 reports "Leaks and Saves’ by year. Saves outnumber leaks by approximately 10:1 with 
overall leak/’save ratios running from a low of 88% to a high of 97% achieved in 2000. The 
change is due to inspection, BPXA found defects before they became leaks. It would be helpful, 
in future reports, to know the cause of die leak (internal vs.* extei nal. isolated pit or network). 
Some discussion o f how the defect was dealt with would also be beneficial; for instance was the 
defect sleeved or was die pipe segment replaced

Mitigation
BPXA runs an extensive and proactive corrosion inhibitor development program, fable 6 shows 
the progression o f corrosion inhibitor products over time. Six inhibitor formulations were used 
across the GPB in 2000. I able 7 shows the produced water volume treated and the inhibitor 
concentration per year. The field-wide average inhibitor concentration required for mitigation 
(coupon corrosion rates < 2mpy) has risen from a low of 106 ppm in 1996 to a high of 149 ppm 
in 2000. BPXA reports that even though water volumes remain relatively flat, watcr-cuts have 
increased along with flow velocities (increased gas handling is cited) requiring an increase in 
inhibitor concentration over time. Continuous trials are run seeking to improve inhibitor 
performance and cost effectiveness.

External Corrosion Management
There are approximately 185,000 weld-packs in the GPB. Slide 4 states the two corrosion related 
pipeline leaks it experienced in 2000 were due to external corrosion under insulation. Inspections 
in the year 2000 identified approximately 500 locations (out o f 13,274 inspected) where damage 
increased due to external corrosion under insulation. Figure 3 shows that for the last tour years 
between 4% and 8% of all the locations inspected with TRT yielded external corrosion damage. 
Table 8 displays the recur frequency for external corrosion under insulation inspections, recur 
inspection frequencies arc assigned by pipeline operating temperature. Pipeline age and wall 
thickness are also factors that may need to be evaluated in this context.

During 2000, BPXA repaired 28 locations due to external corrosion and only 7 locations due to 
internal‘corrosion. External corrosion will require an ongoing commitment of resources by 
BPXA for the life o f the field. The inspection effort appears to be changing the focus from, off- 
pad cross-country lines to the on-pad weld packs. In 2000, BPXA inspected 7,632 on-pad weld- 
packs and 5,642 off-pad weld-paeks for external corrosion However, there were 20,420 l~50%

ADEC CONTRACT -  18-6000-02 PAGE 6



CORROSION MONITORING OF NON-COMMON CARRIER NORTH SLOPE PIPELINES im t C M A W
BPXA - 2000 COMMITMENT TO CORROSION MONITORING i » i f  « i

more) inspe ons for internal corrosion. External corrosion inspection levels do not seem to be 
consistent with the current relative risk of an internal vs. external corrosion event. 1'he need for 
additional resources for external corrosion management should be rc-cxamincd.

While it is difficult to be exact, it appears there have been inspections on ~70,U00 weld-packs, or 
38% of the total (185,000) and -5%  show external pipe wall damage detected Of die 500 
locations found in 2(X)0, there were 28 repairs, or ~5% of dam ped locations. If die same 
percentages are upplicd to the remaining population there arc approximately 5,700 weld-packs 
with potential pipe wall damage and almost 300 potential repairs to be made.

There arc 1,800 below grade, cased piping segments in 350 crossings. Below grade piping is 
affected by both of the internal and external corrosion mechanisms repotted above. Since the 
below grade locations arc cased and buried, excavation of the location or inline inspection (not 
available on every pipeline) are the only certain mcdiods of defect assessment at this time. 
Currently, two techniques (electromagnetic pulse and guided wave) are being investigated that 
allow a degree of defect detection without requiring excavation. During 2000, 200 to 300 bclow- 
grade segments were inspected aDd there were 3 segments cidier replaced or repaired. The 
overall total number of inspected segments to date was not reported. Extrapolating the 2000 
results to the entire population, there maybe several areas that could require repair.

RECOMMENDATIONS:
Recommendations for areas that warrant further review or information that should be included in 
future reports are ai ilows:

1. It w J be beneficial if results reported by BPXA to ADEC were presented in a 
fom. using metrics that arc mutually agreed upon by PA I, BPXA and ADEC.

2. Inspection mid monitoring data quality would benefit from being reported using a 
consistent definition of each service category. For example, when coupon 
monitoring results for produced water injection wells are reported, it would be 
useful to see a summary o f inspection results for the same service category (i.e. 
produced water injection wells). BPXA did report inspection results for well lines 
by seivice category', but it is not always apparent that the service category 
definition used for monitoring results is the same as that used for inspection.

3. If smart pig runs were made on non-common carrier pipelines, inclusion of the 
results would be useful. Table 3 indicates smart pigs were nin on non-common 
carrier pipelines in the GPB but no results were presented.

4. A discussion of details pertaining to how coupons are analyzed and ranked would 
be beneficial.

5. A summary leak/repair history for a five year period would be useful. Include 
service category, internaPcxtcmal corrosion, and physical pipe information 
(diameter, wall thickness, and years in service).

6. In addition to the field-wide average inhibitor concentration discussions, provide 
some case specific examples. For instance, if BPXA has an individual line or
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gathering system that requires significantly more (or less) inhibitor than the field 
wide average, it would beneficial to report these exceptions.

7. If maintenance pigging is a part of the corrosion mitigation effort, then discussing
the pigging interval* and program details for various service categories would be 
uscfiil.

8 BPXA reports no current structural issues or concerns in the 2000 report. Other
operators on the North Sl< pe report subsidence and jacking issues in areas 
affected by pcrmufrost thawing around well bores. BPXA’s experience in this 
regard would be beneficial.

CORROSION MONITORING OF NON-COMMON CARRIER NORTH SLOPE PIPELINES a fi-M reM A W
BPXA - 2000 COMMITMENT TO CORROSION MONITORING i r r V j m i

CONCLUSIONS
The BPXA report and presentation demonstrates a proactive commitment to mitigate corrosion of 
non-common carrier pipelines, and were a positive step towards meeting the expectations 
outlined in the Commitment to Corrosion Monitoring plan. BPXA and ADEC have committed to 
better define reporting metrics and definitions for future reports.

Results show that overall pipeline internal corrosion trends have been steadily improving since 
1993 and are currently reported to be at the lowest levels in 12 years. However, internal 
corrosion rates increased slightly in 2000 in some production gathering systems and produced 
water injection systems. BPXA has taken corrective steps for those systems and hopes to measure 
improvements in the coming year.

External corrosion is a significant risk to BPXA pipeline integrity. Both leaks reported for 2000 
and 2001 were due to external corrosion. Additional resources may be required to achieve the 
same level o f corrosion control as demonstrated for internal corrosion.
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EXECUTIVE SUMMARY
C offm an E ng ineers, Inc. has been charged  w ith rev iew ing  the co rro s io n  program  report subm itted 
by Phillips A laska  Incorpora ted  (PAT) to the A lask a  D epartm en t o f  E nvironm ental C onservation  
(A D E C ). T h e  repo rt o u tlines the m easures undertaken  to m itigate  co rrosion  in P A I’s non­
com m on ca rrie r N o rth  S lope  p ipelines. In ad d ition , C offm an rev iew ed  the p resen tation  m aterials 
from  the A pril 200D M eet &  C onfer session. T he goal o f  th is rev iew  is to  exam ine the corrosion 
program  rep o rt, gain a qualita tive u n derstand ing  o f  P A l’s c o rro s io n  con tro l program , and identify  
initial reco m m en d atio n s fo r im provem ent to  the con ten t and e x ' en t o f  top ics covered.

PA! has d em onstra ted  a c lear com m itm ent to co rrosion  co n tro l, and  has developed  a robust 
m onitoring  an d  inspection  capability . Internal co rrosion  in c ro ss-co u n try  ,;nes indicates a clear 
degree o f  co rro sio n  inh ib ition : no leaks and  on ly  one save in the  last tb r  years w ere reported. 
C hem ical inh ib ition  has reduced  the leak/save frequency , co rro s io n  dam age increases have been 
alm ost e lim in a ted  in the c ross-coun try  gathering  lines through co rro s io n  inh ib ito r injection.

W hile resu lts  arc  cu rren tly  good , PA I w ill have to rem ain v ig ilan t, as coupon  pitting corrosion 
rates in the th ree-phase  cross-coun try  g a thering  lines and  p ro d u ced  w ater injection lines have 
recently  increased  Increased  coupon p itting  ra tes m ay b e  s ig n a lin g  potential risks to the future 
p ipeline integrity .

External co rro sio n  at w eld -packs (above and b e lo w  grade) a lso  p o ses  an integrity  risk. There has 
been an  average  o f  o n e  leak per year over the past four years (1 9 9 7 -2 0 0 0 ) and  at least one leak 
this year d u e  to ex ternal co rrosion  m echanism s T he level o f  risk  req u ires  a consisten t inspection 
effort, and w hile  PA1 has m ain tained  this effo rt, the  effic iency  (n u m b er o f  w eld-packs inspected) 
has dec reased  due to p ip in g  configuration  fo r on -pad  piping. T he level o f  inspection  resources 
for ex ternal co rro sio n  o f  on -pad  p ip ing  shou ld  be re-evaluated  to ensure  it is com m ensurate  w ith 
the co rro sion  risk.

There w as o n e  failure in 20 0 0  a ttribu ted  to  w ell su b sid en ce , w hich  curren tly  is the only other 
structural concern  fo r PA1. A m itigation  p lan  has been  d ev e lo p ed  and is being  im plem ented to 
control fu rth e r  subsidence. T h e  corrosion  g roup  w ill need to co n tin u e  its close coord ination  w ith 
those tasked  w ith m ain ta in in g  p ipeline s tructu ra l integrity  in o rd e r to add ress the confluence o f  
corrosion  and  structu ra l concerns.

T he PA1 repo rt and p resen ta tion  m aterials w ere an  initial step  tow ards m eeting  the expectations 
ou tlined  in the C om m itm ent to C orrosion  M o n ito ring  plan. PA I and  A D E C  have com m itted to 
better d e fin e  rep o rtin g  m etrics and defin itions fo r fu ture reports.

T he C h arte r ag reem en t betw een  the State o f  A laska , BPX A  and  PA I required  the developm ent o f  
a “p erfo rm ance  m anagem en t p rogram  for the regu lar rev iew ” o f  the co rrosion  m onitoring and 
related  p rac tices  fo r the non-com m on ca rrie r N orth  Slope p ipelines. A s a result o f  subsequent 
m eetings, the annual rep o rtin g  requirem ents w ere  defined  as fo llow s:

COMMITMENT TO CORROSION MONITORING
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A . A nn u al b u lle t item  repo rting  the p ro g ress  o f  the C harter A greem ent co rrosion  related 
com m itm ent.

B. A gen era l overv iew  o f  the prev ious year’s m onito ring  program .

C. M etrics w h ich  d ep ic t coupon  and p robe co rro sio n  rates.

D . M etrics w h ich  characterize  chem ical op tim ization  activities.

E. M etrics w h ich  dep ic t the num ber and  type o f  in ternal/ex ternal inspection d o n e  and, as 
ap p licab le , th e  co rrosion  increases/rates and  co rrespond ing  inspection  intervals.

F. M etrics w h ich  ch aracterize  the quantity  and type o f  repairs m ade in response to the 
in tcm al/c.x tcm al inspections done p er the above paragraph

G. M etrics w h ich  depict the num bers and types o f  corrosion  and  structural related spills and

CORROSION MONITORING OF NON-COMMON CARRIER NORTH SLOPE PIPELINES
PHILLIPS ALASKA INC. 2000 COMMITMENT TO CORROSION MONITORING OrFMAN

H. A fo recast o f  the next y ea r’s m onitoring activ ities in term s o f  focus areas and  inspection 
goals. T hese  forecasts can n o t be v iew ed  as  b ind ing , as co rro sio n  strategics arc dynam ic 
and p rio ritie s  will change o v er the course  o f  flic year H ow ever, changes in focus will be 
com m u n ica ted  to A D E C  during  the sem i-annual m eeting described  above.

A D E C  co n trac ted  w ith  C offm an  E ngineers, Inc to p rov ide  a technical analysis o f  the inform ation 
presen ted  in th e  annual report and  determ ine if  there  any specific  co rrosion  or pipeline structural 
issues w arran tin g  fu rther rev iew  o r  corrective action . In addition  to the annual report, CofTman 
rev iew ed the p resen ta tio n  m ateria ls from the A pril 2001 M eet und C o n fer Session

T his section  o u tlin es  the stra tegy  p resen ted  in the report and p resen tation . It is d iv ided  into 
Internal and E x ternal co rrosion  sections. Each section is fu  ther d iv ided into m onitoring , 
inspection  and  m itigation  com ponen ts. T he curren t program  status is presented  in a subsequen t 
section.

Internal Corrosion Strategy
T he P roduced  fluid gathering  lines have been see ing  increased co rro siv ity  over the past several 
years due to in c reas in g  w ater p roduction , reservo ir souring  (H ydrogen Sulfide (H 2S)), and  solids 
deposition  (pgs. 4 ,5). M ost o f  th e  field  p ip ing  fo llow s a trunk-and-lateral design that increases in 
nom inal d iam ete r as it app roaches the p roduction  facility. D rill site  p roduction  jo in s  a trunk  line 
th rough sm alle r d iam eter lateral p ipelines; therefo re  several d rill-sites contribu te  to the corrosion  
env ironm en t in doum strcam  pip ing . C orrosion  inh ib ito r injection is the prim aiy  m itigation 
m ethod  em ployed  in the G K U . M ain tenance p igg ing  for the rem oval o f  solids is not available in 
the m ajo rity  o f  the p roduction  gathering  system . A telescoping  trunk-and-lateral p ip ing  design 
fu rther com plica tes effo rts  to re tro fit p igg ing  equipm ent.

inc iden ts

CORROSION CONTROL STRATEGICS
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Monitoring

C orrosion  C oupons and P robes are the prim ary  m eans o f  m on ito ring  the co rrosiv ity  o f  the 
env ironm en t inside the p ipeline. S lides 8 and  9 repo rts  m ore than 1,100 physical locations are 
m onitored . C oupon  and  p ro b e  data  are used to op tim ize inh ib ition  concen tration  an d  to set 
in spec tion  in tervals

Inspection

R adiograph ic  and u ltrason ic  m eth o d s are the prim ary  N on-D cstructivc  T esting  (N D T ) techn iques 
used  to  locate co rro sio n  dam age and track changes o v er tim e (pg. 14). Sm art p igg ing , o r  inline 
inspection , as a  m eans o f  co rrosion  inspection is not availab le  fo r th ree phase p roduction - 
ga th erin g  lines, and  it is u nclear if  it is availab le fo r the p roduced  w a te r and seaw ater cross­
co u n try  p ipelines.

Mitigation

C hem ical inh ib ition  is P A l's  prim ary m eans o f  co rrosion  m itigation in the p roduction  gathering 
system  (slide 6, pg  16) S ince  corrosion  m itigation through chem ical inh ib ito r in jection  is the 
p rim ary  co rro sio n  m itigation  too l, it is crucial that PA I have the  m ost efficien t chem istry  
availab le . PAI does no t p ro tec t on -pad  well lines w ith  inhibitor. The stated  strategy is to “ ... 
co n d u c t su rvciliance  w ith  app rop ria te  N D T .. ” T h is s tia teg j is chang ing  o r undergo ing  a trial 
varia tion  as p lan s for insta lling  w ellhead inh ib ito r in jection  on th ree  drill-sitcs arc proceed ing  
fo rw ard  at this tim e 1'he p ro jec t plan  calls for installation  o f  w ellhead  inhibition on 3-5  drill- 
sites per year “ ...u n til  the app rop ria te  level o f  drill site  inhibition  has been provided for the drill- 
sitcs.*’ P A I’s inab ility  to p ig  so lids from  the p roduction  gathering  system  p laces a  s trong  reliance 
on  chem ical inh ib ition  and  p roactive  inspection.

External Corrosion Strategy
E xternal co rrosion  u n d er w et insu la tion  is a concern  for all N orth S lope producers. T he vast 
m ajority  o f  p ipelines is above g round  and therm ally  insulated. S n o w  and w ater can penetrate 
un d er the insu la tion  w here  p ipe segm ents are jo in ed  and field applied  insu lation  wa.s installed. 
These areas arc know n as w eld-packs. W hen the line is w arm  and the w a te r trapped u n d er the 
insu lation  is above freezing , oxygen  corrosion  cells can form . C o rro sio n  under insulation  is 
likely  to requ ire  an  ongo ing  com m itm ent th roughout the life o f  the field.

Monitoring

Presently , there a re  no m on ito rin g  techn iques used  fo r  this co rro sio n  m echanism . T h is places 
g rea te r em phasis o n  the inspection  program .

Inspection

Inspection  m ethods fo r co rro sio n  u n d e r insulation  :./e rad iograph ic  and  visual. Tangential 
rad iog raphy  (T R T ), C -arm  flu o ro sco p y  and digital rad iography  a re  used in con junction  w ith 
v isual inspection  to  detec t co rrosion  u n d er insulation . The w eld-pack  locations are  externally  
iden tifiab le , so the p rec ise  location  o f  possib le  co rro sio n  cells is easily  ascertained. B eginning in 
2003 , PAI w ill beg in  a p rog ram  to re-inspect w eld -packs that have no t been prev iously
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re fu rb ished , w hich  is a  s ign ifican t com m itm ent to fu ture inspection  levels, hi addition, weld- 
packs that have been  re fu rb ished  need to be sam pled to v erify  the m ethod is an adequate  long­
term  so lu tion . T h e  w eld-pack  refu rb ishm ent w as not charac terized  as a cu re  fo r corrosion-under- 
insulation, and th is m echan ism  can  be expec ted  to be active th ro u g h o u t the re st o f  the field life.

Mitigation

R efurb ishm ent req u ires  the exclusion  o f  oxygen saturated  w ater from  con tac t w ith the external 
pipe wall. D ra in in g  the w cld-pack , re fu rb ish ing  the seals to  e lim inate  w ater ingress, coating the 
p ipe, and rep lac in g  the sa tu ra ted  insulation is the p rim ary  refu rb ishm en t m ethod. A m ore in- 
depth rev iew  o f  the m easures taken  in the p a s t by  PA I w ou ld  be necessary  before  any so il o f 
recom m endation  co u ld  be  form ulated.

CORROSION MONITORING OF NOM-COMMON CARRIER NORTH SLOPE PIPELINES A kl
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C O RRO SIO N PRO G RAM  STA1LLS

Risk
The K up aru k  C o rro sio n  S trategy  (pg. 5) reports one o f  the specific  p ro g ram  strategies is to 
“D evelop  specific  risk  based  corrosion  m itigation , m onitoring , and inspection  program s based 
upon the co rro sio n  m echanism  fo r a given systenL '“ The report fu rther states ‘T h e  risk 
assessm ent m e thodo logy  used  to develop  the S trategy w as based  upon  a subjective assessm ent o f  
the consequence  o f  a sing le  failure o f  the particu la r type asset,”  and  the last paragraph  on page 5 
states "T he risk assessm en t conducted  d id  not include considera tion  o f  the frequency  o f  die risk 
occurring , h o w ev er the likelihood  o f  a  fa ilu re  w as taken into a c c o u n t.. ."  This calls into question 
the w ay in vhich the  consequences o f  co rrosion  are w eighed. For exam ple, higher than normal 
system  co rrosiv ity  in the in jection well lines p laces m ore than a sing le  flow -line at risk: the 
probable  co n seq u en ce  o f  higher than norm al pitting rates d u o u g h o u t a p roduced  w ater injection 
system  is m ultip le  in jec tio n  flow -line failures. PAI has iden tified  the co rrosion  m echanism  but it 
is not c lear how  the  risk  assessm ent m ethodology  accounts fo r the p robab ility  (o r frequency) o f 
an occurrence . T h e  risk -based  m ethodo logy  outlined w ould  benefit by q u a n t is in g  the frequency 
o f  a po ten tia l co rro sio n  event. U sing the consequence o f  a sing le  flow -line failu re to allocate 
assets in a s itua tion  w here m ultip le  failures are likely, underestim ates die potential consequences 
o f  a given co rro sio n  con tro l strategy.

Internal Corrosion Management
Once a  corrosion  m echan ism  is postu la ted  and identified , die overall co rrosion  pictU iJ can be 
analyzed w ith the goal o f  p red ic ting  w here corrosion m ight occur, i.e. so lids deposits drop to the 
bottom  o f  the p ipe  in slow  m oving liqu id  stream s, crea ting  under-d ep o sit co rrosion  cells that 
im pede or b lock  the  co rro sion  m itigating effects o f  inh ib itor in jection . M itigating  the effect o f  
the iden tified  co rro sio n  m echan ism  becom es m ore d ifficu lt because solids cannot be rem oved 
from  the p ro duction  gathering  lines. O nly  p roduced  w ater injection d istribu tion  lines, sea-w-ater 
injection d istribu tion  lines, and  the w et-oil lines from  CPF-3 to C P F -1 /2  are p iggab le  in die KRU. 
The th ree-phase  p ro duction  gathering  system  is not equipped  w ith  p igg ing  facilities. PAI does 
not d iscuss how  so lid s  deposition  and flow stagnation are dealt w idi in th ree-phase production
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lines. R eference  is m ade to the fact that new  in stalla tions in satellite  fields have p igging 
capab ility  in their th ree-phase production  gath erin g  lines. T h e  trunk-and-la teral p ip ing  design 
w ill a llow  so lid s generated  by pigging o f  new er satellite  p roduction  lines into o ld e r gathering 
system s w hich  a rc  not p iggablc unless appropriate  design  co n tro ls  a re  em ployed

CORROSION MONITORING OT NON-COMMON CARRIER NORTH SLOPE PIPELINES irrxEE IU IAM
PHILLIPS ALASKA INC. 2000 COMMITMENT TO CORROSION MONITORING JK T c ! } i i"S

Monitoring
S lide  13 show s th e  resu lts o f  product!, n w ell flow line m onitoring  using  coupons. T he average 
co rro sio n  rates are  less than one mil p e r year (m py o r  0.001 in /yr) general co rrosion  and less than 
four m p j p itting  corrosion . S lide 13 also show s an action  level at 3 m py general co rrosion  and 10 
m py p itting  and the sta tem ent on the slide cau tions that inspection  show s that actual p ipe  wall 
lo sses are h igher. S lides 17 and 18 d iscuss inspection  resu lts fo r w ell flow lines. Slide 18 
sum m arizes the inspection efforts for all w ell lines for the past seven years but docs not 
d iffe ren tia te  betw een  in jec to r and  p roducer w ells. S lide 17 does state that 8 in jectors and 10 
p ro d u cers  req u ired  repair in 2000. It w ould b e  helpful to be ab le  to link the m onitoring  results 
fo r a pa rticu la r serv ice  category  (i.e. p roduction  w ell flow linds) to the inspection  results fo r that 
p a rticu la r category .

C oupon  p itting  ra tes are h igher, dow n stream  in the gathering  lines, than upstream  in the well 
flow lines. O ne possib le  exp lanation  for this resu lt is the coupon  locations at the w ell head and 
th e  c ro ss-co u n try  lines are no t ex rosed to a sim ilar environm ent. The w ell head  coupons are 
located  genera lly  in sm all diam e er, vertical riser p ipe  w hile the larger diam eter cross-country  
lines have coupon  locations at the six o ’clock position  in horizontal p ipe  runs.

A cou p o n  in a vertical position  on a relatively  sm all diam eter line sees a m uch d ifferen t pipeline 
en v iro n m en t even  though it is exposed  to the sam e flu ids as s  dids have no p lace to accum ulate 
and liqu id /gas velocities can be m uch higher. In horizontal six o ’clock  positions, the coupon 
access  fitting  leng .h  can be ad justed  and w hen it is su ffic ien tly  short the low er end o f  the coupon 
is recessed  into the  access fitting  This type o f  coupon /access fitting  set-up creates a small 
s tagnan t env ironm en t at the base  o f  the coupon w here solids and m icrobes have the opportunity  
to w ork  on the coupon  A ccura te  evaluation o f  coupt n resu lts icq u ires  understanding  the coupon 
location  an d  the internal hydraulic env ironm ent su rround ing  the coupon in question. It is not 
c lear how  PAI values these resu lts  and  w hat steps are necessary  to m itigate the increased coupon 
p itting  rates. .

Inspection

S uccessfu l co rrosion  control fo r the c ross-coun try  in jection  p ipelines is credited  to  m echanical 
p igg ing  effo rts  an d  corrosion  inh ib ito r carry-over in these p ipelines W hile inh ib ito r carryover 
can b e  a benefit, it is hard to quantify . R esidual concen tration  levels are d ifficu lt to m onitor and 
therefo re , no t reported . Inspection  results fo r  th .s service category  canno t be related to the 
m on ito ring  resu lts because slide 12 and slide 20  use d ifferen t serv ice  category  definitions.

S lide  20  (Inspection : in ternal corrosion  in cross-coun try  lines) indicates a c lear degree o f 
c o rro sio n  inhibition: no leaks and only  one save in the last tnrce years reported. C hem ical 
in h ib ition  lias reduced  the leak /save frequency; co rrosion  dam age increases have been alm ost 
e lim inated  in the cross-coun try  gathering  lines th rough corrosion  inh ib itor injection. The concern 
in these  system s is the increase in p itting  corrosion  no ted  by  coupons for the last three years. N o
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exp lanation  o f  the increase in p itting  seen on s lid e  10 is reported . In ad d ition , die cross-country  
in jection  p ip in g  av erag e  coupon  rates have  ex ceed ed  the  10 m py p ittin g  rate action level in 12 o f  
die last 16 years  (slide  12). T he inspection  s tra tegy  has, app ro p ria te ly , d riven  increases in the 
num ber o f  in sp ec tio n s  as the risk  o f  a co rro sio n  ev en t increased . S lide  2 0  clearly  show s the 
inhibition  s tra teg y  can be an  effective co rrosion  m itiga tion  tool. A n average  bulk flu id  inhibitor 
concen tra tion  o f  100 ppm  (pg. 16) is reported .

S lide 18 (In sp ec tio n : in ternal w ell line) sh ow s an increase  in the n u m b er o f  “saves” occurring  in 
w ell line p ip in g  as w ell as a steady  increase  in R T  foo tage in spec ted . E ight in jectors and ten 
p roducers req u ired  repa ir in 2000. T he co rrosion  m echan ism s v a ry  fro m  p ro d u cer to in jector and 
m any o f  the w ell lines see serv ice as p ro d u ce rs  o r in jectors. No chem ical inhibition  occurs at this 
stage in the  g a th erin g  system . A n y  d ec rease  in the leak  frequency  is due  to  inspection efforts 
catch ing  a d e fec t b e fo re  it de-rates the line p ressu re  o r  causes a leak. PA I is m anaging corrosion 
dam age in th is u n trea ted  p ip in g  th rough  inspection . P rev iously , o n ly  m ino r efforts w ere being 
m ade to in h ib it w ell lines, but th is is chang ing ; w ell-head  in jec tio n  is b e in g  evaluated. The 
inspection p ro g ra m  seem s to ha c reacted  to early  input (m o n ito rin g  and inspection data) and 
increased th e  n u m b er o f  m spections on th is  ca tego ry  o f  asset

A n add itional concern  is the d ifficu lty  o f  in sp ec tin g  produced  w a te r injection p ip ing  with 
d iam eters la rg e r th an  ten inches. L arger d iam eter (> 1 0 ”), w ater p ack ed  p ip ing  is radio-opaque 
and m akes it im possib le  to p ick  ou t d efec ts  on the  p ipe  wall. An exp lanation  o f  the ability  to 
detect d efec ts  in la rg e r d iam eter, w ater p acked  p ip e lin es  shou ld  be p iov id cd .

CORROSION MONITORING OF NON-COMMON CARRIER NORTH SLOPE PIPELINES i/ 'vxECMAM
PHILLIPS ALASKA INC. 2000 COMMITMENT TO CORROSION MONITORING J K h : » s

Mitigation

A s stated  earlie r, chcrrucal in h ib ition  is the p rim ary  m eans o f  figh ting  corrosion  in their cross­
coun try  g a th e rin g  lines. H ow ever, there  are o th e r serv ice ca teg o ries  that do not ap p ear to be 
p ro tected  by chem ica l inh ib ition  (i.e. w ell flow  lines). PAI o p era tes  a v igorous program  o f  
inh ib ito r d ev e lo p m en t (slide 15), w hich  has sign ifican t vendor; academ ic, and  corporate  research 
com ponents. A  testing  p ro toco l is em ployed  and the resu lts are sta tistically  validated. A 
co rrosion  in h ib ito r feedback system  is used to de te rm ine  w hen , w h ere , and how  much corrosion 
inh ib ito r is used  (see  slide 9). A n average  bulk fluid inh ib ito r co n cen tra tio n  o f  100 ppm  (pg. 16) 
is reported .

Inhibitor in jec tion  co n cen tra tion  co m pliance  m ay  be  an issue. W hile the target inhibitor 
concen tra tion  ran g es  w ith in  9 0 -1 0 5 %  range o f  th e  recom m ended  co n cen tra tion , the report docs 
not sta te  the d eg ree  o f  co m pliance  ac tua lly  attained . T he p ittin g  rate in slide 10 dep icts an 
increasing  co u p o n  p itting  rate that cou ld  be  signaling  the onset o f  increased  p ipe wall dam age.

R esidual in h ib ito r ca rry -over is c red ited  w'ith som e level o f  m itiga tion  in the PW  injection -ystcm. 
O btain ing  resid u a l in h ib ito r co n cen tra tio n  in the p roduced  w a te r system  is a d ifficu lt task; 
how ever there  m ay  be o th e r m eth o d s availab le  such as a  co rre la tion  betw een upstream  
concen tra tion  and  dow nstream  ci-upon co rrosion  rates. S lide 12 and  14 show  that the PW  
injection d is trib u tio n  system  co upon  co rrosion  rates do no t dem onstra te  the sam e level o f  
co rro sion  con tro l as the th ree-phase  g a th erin g  lines upstream  o f  the C P F  (see slide 10)

W ellhead chem ical inh ib ito r in jection  snou ld  low er the leak/save num bers as is seen in the treated 
c ro ss-coun try  g a th e rin g  line rates on slide  20. G o ing  to w ellhead  injection will increase the
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num ber o f  in jection  locations and allow  for a deg ree  o f  redundancy  tha t PA I docs not curren tly  
benefit from .

Internal co u p o n  pitting corrosior rates in the th ree-phase c ro ss-co u n try  gathering lines and 
p roduced  w a te r  injection lines have increased. Increased coupon  p ittin g  rates m ay be signaling 
an in c reas in g  risk to the future p ipeline integrity; how ever cu rren t inspection  data show s no 
problem s. C oupon  m onitoring  for th ree-phase  com m on lines and  p roduced  w ater injection 
flow lines is show ing  an increasing corrosiv ity  trend  fo r the last three years (slides 10 and  14). 
T he co u p o n  p itting  rales in the in jec tion  flow lines are at their h ighest level fo r the period 
beg inn ing  in 1985.

Slide 12 rep o rts  the m onitoring results fo r the p roduced  v uter c ro ss-coun try  d istribution lines; 
cu rren t co rrosion  levels arc in excess o f  both h isto ric  m im m um s and  overall average. Slide 12 
show.-, p itting  rates varying from  less than 5 m py to approx im ate ly  35 m py in an apparen tly  
random  fash ion . T h e  corrosiv ity  is not un d er the sam e degree o f  con tro l as that seen in lines that 
are d irec tly  treated  w ith corrosion inh ib ito r (slide 10 for exam ple). In add ition , the slide sta 'e s  the 
corrosion  ac tiv ity  is localized in stagnant, un-piggablc section . C oupon  corrosion rates in the 
c ro ss-co u n try  com m on lines have responded  favo rab ly  in the past to changes in corrosion  
inh ib ito r chem istry  and concentration . D irect in jection o f  corrosion  inh ib ito r into the produced  
w ater in jec tion  system  may be necessary  fo gain tire sam e degree  o f  contro l as that seen in the 
c ro ss-co u n try  gathering  system  pipelines.

CORROSION MONITORING OF NON-COMMON CARRIER NORTH SLOPE PIPELINES a  hi
PHILLIPS ALASKA INC. :000 COMMITMENT TO CORROSION MONITORING ' ' '

External Corrosion Management
T here are m ore  thai 01 ,000  w eld-pack locations; -6 7 ,0 0 0  on o ff-pad . cross-country  pipelines 
and -3 4 ,0 0 0  on on-pad pipelines. S ince these p ipelines are noi sm art-p iggab le , all o f  these 
locations m ust be m anually exam ined w ith visual and rad iograph ic  techniques. PAI began the 
exam ination  o f  all off-pad w eld-packs in 1997-98, and reports being “9 9 +  % com plete" (pg. 24). 
To date , 75 %  o f  a ’i the w eld-packs have been inspected  and  3 ,963 ( -6 % )  w eld-packs have 
requ ired  refu rb ishm ent.

D am aged w eld-packs are refurb ished , but the report does not detail h o w  effective the m ethod is 
against the recu rrence  o f  corrosion  u n d e r insulation . B eginning  in 2003, PAI will begin a 
p rog ram  u.) re-inspcct w eld-packs that have not been p rev iously  refu rb ished  (five years after the 
initial in spec tion ). T h is activity  will likely rem ain necessary  th rough the end-of-fie!d life.

D uring  1997-1999 , roughly  70 ,000  w cld-packs w ere T R T ’d, w hile  the p lan  for 2001 called for 
inspection  o f  roughly  6 ,000 w eld-packs, .vhich represen t -2 5 %  o f  the rem aining w cld-packs. 
W hile there appears to be a reduction in th is inspection  p rogram  for 2 0 0 0  and  2001, the level o f  
e ffo rt rem ains fairly  constant. The reduction  in num ber o f  inspected w eld -packs can be attribu ted  
to lo w er effic iencies for on-pad p ip ing  versus o ff-pad  piping. T h is  is due to the relatively 
com plex  p ip irg  configurations 'o r  on -pad  p ip ing  com pared  to the long, straight runs o f  p ip ing  
off-pad . Inspection  o f  the rem aining 34,4C 0 w eld-packs is p roceed ing  on  a risk-ranked basis and 
schedu led  to  be  com pleted by  Y E2005.

U sing the in fo rm ation  provided , 1.9%  (-1 ,2 8 0 )  had corrosion  dam age and 0.06%  (43) w eld- 
packs req u ired  sleeves. A pplying these sam e percentages to the rem ain ing  population  o f  34 ,400  
yields a  possib le  650  additional w eld -packs with dam age and a possib le  2 0  w eld-packs requiring  
sleeves.
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A tim c-re leasc  in h ib ito r spike is a lso  being  tested  bu t there  are no resu lts reported  fo r this 
techn ique yet.

Below Grade Piping

The inspection  o f  be low  grade p ip in g  is affec ted  by  both o f  the in ternal and ex ternal corrosion  
m echan ism s reported  above. S ince the b e lo w  grade  locations are cased and  buried , excavation  o f  
the location  is the o n ly  certa in  m ethod  o t defec t assessm ent a t this time. C u n en tly , tw o 
tech n iq u es (e lec trom agnetic  pu lse  and gu ided  w ave) arc  be ing  investigated  that allow  a  degree o f  
d efec t de tec tion  w ithou t requ iring  excavation . PA I plans to inspect 100 locations u sing  these 
techn iques in 2001 in an e ffo rt to  refine  them . T he rep o rt stated that d ie  resu lts o f  the below - 
g rad e-p ip in g  p rogram  w ere repo rted  in an earlie r com m unication , w hich w as no t evaluated  by 
C offm an. In the fu ture , the resu lts  o f  d ie  B G P P  w ill be com bined  w ith  the annual reports.

Structural Concerns
S u b sid en ce  - S u b sid en ce  is the o n ly  o ther structu ral concern  for PA I, and one failure w as 
repo rted  in  2 0 0 0  (2M -01) due to d iis concern . P ip ing  support subsidence  p laces add itional strain 
on  p ip ing  (w hich  m ay a lready  be w eak en ed  through co rrosion ) A s a w ell is used, hot flu ids and 
g ases  are c ircu la ted  in and  out o f  the  g round , a thaw  b u ’b grow s around  the w ell, the pip ing 
supp o rts  resting  on o r buried  in the so il beg in  to sink  into die w et ground, g iv ing  rise to w hat is 
seen  in slide  30  P ipe in th is cond ition  w ill have h igher stresses than orig inally  p lanned  fo r in the 
design . Incidental loads on the p ip in g  due to snow  cover w ill also increase the stress in these 
areas. P lac ing  them ial s ip h o n s behind  each w ellhead  is an  attem pt to keep the perm afrost intact 
an d  e lim inate  the subsidence  o f  p ipe supports . No results for this subsidence  m itigation strategy 
w ere  reported

RECOMMENDATIONS
R ecom m endations for fu tu re  reports are as follow s.

1 In the fu tu re  it u 'o u ld  be helpful if  results reported  b y  P /  1 to A D E C  w ere 
p resen ted  in a fo rm at u sing  m etrics w hich  are  m utually  agreed upon by  PAI, 
B PX A  and A D E C .

2 Inspection and  m o n ito rin g  da ta  quality  w ould  benefit from  being reported  using  a 
co nsisten t defin ition  o f  each serv ice  category. For exam ple, w hen coupon 
m o n ito ring  resu lts fo r in jec tion  w ells  arc reported  in slide 14 (in jection  well 
co upon  m on ito ring ) it w o u ld  be . e to  see a sum m ary o f  inspection  results for the 
sam e serv ice  category' (i.e. injection w ells). W hile PA I reports  inspection results 
fo r  w ell lines, bo th  in jectors and p ro d u cers  are lum ped together, m aking any 
com parison  o f  m o n ito rin g  to  inspection  results problem atic.

3. P rovide d e ta ils  d esc rib in g  the reso lu tion  o f  inspection  m ethods used to report 
in ternal co rro sio n  in w ater-packed  p ipelines (especially  in diam eters in excess o f  
10").

ACOFFMAN
A t  ii i « r i t \
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4. A sum m ary  o f  actual corrosion  in h ib ito r in jec tion  concen tration  over tim e would 
he he lp fu l. A h ighligh t o f  any  lines w hich  are excep tions w ould  be beneficial (i.e., 
is there  a line w hich  requires s ign ifican tly  m ore o r less inh ib itor than the others, 
and  w hy?).

5 . A sum m ary  quantify ing  the deg ree  o f  inh ib ito r in jection  com pliance over time 
w ould  be useful.

6 . A sum m ary  leak /repair h istory  fo r  a five year period w ould  be useful. Include 
serv ice  category , in ternal/ex ternal co rro sio n , and physica l pipe inform ation 
(d iam eter, wail thickness, and years in service).

7. A d iscu ssio n  o f  details perta in ing  to how  co u p o n s a ie  analyzed  and ranked w ould 
be benefic ia l

8. A d iscussion  o f  the basis for the coupon  action levels (3 m pv w eight loss and 10 
m py p itting ) w ould  be beneficial

9. A sum m ary  in the next report, identify ing any s ign ifican t structural concerns 
im pacting  non-com m on-carricr p ipelines w ould  be beneficial. If a h istorical look 
at leaks/repairs  due to structural reasons wrcre  availab le it w ould  place I’A fs  
c u rren t e ffo rts  into a useful context.

T he PAI repo rt and  p resen ta tion  dem onstrates a clear, p roactive, com m itm ent to m itigate 
co rrosion  in non-com m on carrier p ipelines, and  w ere  an initial step  tow ards m eeting the 
expecta tions ou tlined  in the C om m itm ent to C orrosion  M onito ring  plan  PAI and A D E C  have 
com m itted  to better d e tin e  reporting  m etrics and definitions fo r fu ture reports.

P roduced  flu id  co rro siv ity  is increasing  and  the average co rro sio n  inhibition concentration  is 100 
ppm . C orrosion  in h ib ito r in jection  has been proven  effec tive  $o fai in the three-phase gathering 
system  and may rem ain  effec tive  until w ater-cu t o r p ipeline  hydrau lic  factors change. Solid 
sed im enta tion  and  transpo rt coupled  with m icrobial induced  co rrosion  un d er deposits may 
becom e an issu r in the th ree-phase  gathering system , as this system  is curren tly  un-piggablc 
W hile resu lts are cu rren tly  good, PAI will iiave to rem ain  vigilant, as coupon pitting  corrosion 
rates in the th ree-phase  cross-coun try  gathering  lines and produced  w ater injection lines have 
been o n  the increase. Increased  coupon pitting  rates m ay be signaling  potential risks to the future 
p ipe line  integrity.

T he inh ib ito r p rogram  is m itigating  corrosion  dam age and  w here  dam age is ongoing, inspection is 
used  to  m anage the defec t until it requires repair. PAI m ay be o ver-re lian t on the inspection 
com ponen t o f  its m itiga tion  stra tegy  to prevent leaks. T he inspection  com ponen t has significantly  
increased  the foo tage exam ined  by rad iograph ic  m ethods com pared  prev ious years; tins is a 
sign ifican t com m itm ent in resources. The lack o f  p igg ing  facilities in K R U ’s older, three-phase 
production  system s is a b ig  d riv e r fo r this inan-pow er requirem ent. A line that L p iggable could 
use sm art-p igs to eva lua te  100%  o f  the internal and  ex ternal pipeline. PAI is installing pigging 
facilities in new er sate llite  developm ents.

CONCLUSIONS
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O ne leak d u e  to in ternal corrosion  in a p ro duc ing  w ell line (1G -08) w as reported for 2000. O f  
the approx im ate ly  6 ,8 0 0  RT and U T  in sp ec tio n s fo r internal co rrosion  on w ell lines, 115 
increases and  18 repairs  w ere noted. T h is is s ign ifican tly  m ore than the inspection results for 
cross co un try  p ip ing  w hich had  -2 ,0 0 0  inspections w ith only  13 increases and no repairs. PAI 
has recen tly  u n dertaken  steps to p rov ide  corrosion  inh ib ito r in jection  on selected  w ellhead 
locations.

External co rrosion  u n d er insu lation  w ill rem ain a risk  factor in the fu ture. T he effectiveness o f  
the w eld -pack  re fu rb ishm en t is unknow n and the re-inspection  o f  a  sam ple o f  refu rb ished  weld- 
packs w ill a llow  PA I to adjust its inspection  interval. A s stated in d ie  report, on-pad  pip ing  has 
not rece ived  the sam e atten tion  as o ff-pad  p ip in g  (the  consequence  o f  an off-pad failu re w as 
deem ed g rea te r than an on-pad  failu re) PA I shou ld  consider add itional resources aim ed at 
fin ish ing  the initial inspection  o f  the w eld -packs ahead  o f  the 2005 schedule.

B elow  grade p ip ing  p o ses  a leak risk. N o reliab le  m eans o f  a ssessing  defects in below  grade 
p ipeline  segm ents has been validated  as yet, but effo rts  arc  m oving  forw ard.

PAI repo rted ly  has no  structural issues beyond  w ell p ip ing  support subsidence A m itigation plan 
has been  developed  and  is being im plem ented to contro l fu rther subsidence. Pipeline sagging due 
to support m em ber frost-jack ing , subsidence, and snow  load ing  o f  p ipelines already at risk due to 
p ipe-w all th inn ing  are concerns that w ould  benefit from  d iscussion  in fu ture reports.

CORROSION MONITORING OF NON-COMMON CARRIER NORTH SLOPE PIPELINES i rA T C M A lU
PHILLIPS ALASKA INC. 2000 COMMITMENT TO CORROSION MONITORING J O T i T T i
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E X E C U T I V E  S U M M A R Y

Coffman Engineers, Inc. has been charged with reviewing the 2001 corrosion program report 
submitted by BP Exploration (Alaska) Inc. (BPXA) to the Alaska Department of Environmental 
Conservation (ADEC). The report outlines the measures undertaken to mitigate corrosion in 
BPXA's non-common carrier North Slope pipelines, In addition, Coffman reviewed the 
presentation materials from die October 2001 and April 2002 Meet <& Confer sessions. BPXA 
and ADEC mutually agreed to a performance metric guide prior to drafting the 2001 report. The 
results arc a much improved report that better defines the service categories and basic summary 
statistics.

1 he 2001 report contain more detail and is wider m scope than the 2000 Report and covers 
corrosion management strategy and objectives. BPXA has done a good job in further clarifying 
how it uses raw corrosion data to focus its inspection and inhibition programs. However, m 
some cases, the facility piping population was included with the non-common carrier piping 
population. While the facility piping information is useful, it makes an analysis of the non­
common carrier piping difficult to perform.

Internal corrosion control in oil tlow lines is clearly indicated by coupons and inspections, with 
average corrosion rates approaching the historical minimum Produced water flow lines had a 
slight increase in the corrosion rates compared to 2000. A specific corrosion inhibitor test 
program was implemented for the produced water system and will continue in 2002. There were 
two flow lines inspected using an inline inspection tool There were 11.369 inspections, six 
saves and one leak for flow lines during 2001

Internal corrosion control in oil well lines is clearly indicated by coupons and inspections, with 
average corrosion rates approaching the historic minimum Coupons for produced water well 
lines indicate an increase in corrosion rates, but a corrosion inhibitor program specifically aimed 
at the produced water system is under development. Coupons for the seawater injection well 
hues indicate an increase in corrosion rates, almost doubling since 1999. The cause has been 
identified and remedial actions were taken in 2001. results will be available during 2002. There 
were 9,780 inspections in 2001, substantially more than previous years There were five saves 
and one leak for well lines in 2001.

Presently, external corrosion is a significant risk for pipeline repairs and or leaks "u BPXA. 
External corrosion under insulation was reported as the cause for 28 repairs and two leaks in 
2000 and 17 repairs and two leaks in 2001. The percent corroded remained consistent with the 
past 3-year average (-5%). Overall, the weld-pack inspection program is -40% complete, with 
-120,000 weld-packs remaining. Plans are to more than double the number of weld-pack 
inspections for 2002. Below grade piping baseline program is on schedule for completion in 
2003 with roughly 60% completed through 2001. There were no excavations in 2001

The ACT corrosion programs continue to evolve m 2001. Endicott is unique given the use of 
duplex stainless steels in the production system. The main concern here is the inter-island water 
pipeline (IIWL). Corrosion control for the IJWL uses a combination of maintenance pigging, 
biociding, and inhibition. Inspection of the IIWI. indicates little corrosion activity. Milne Point 
is unique given the amount of buried piping associated with this field. There have been 60 
excavations of buried piping over the past two years with some locations showing corrosion.
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T he w ater in jec tion  system  co u p o n s have  exceeded  the  2 m py  co rrosion  ra te  until 2 0 0 ! . This is 
a  result o f  a sp ec ific  in h ib ition  program  started  in 2000  N o rth sta r and B adanu  are rela.ively  
new  fields and  h av e  lim ited  data , w hich  sh ow s no corrosion .

CORROSION MONITORING OF NON-COMMON CARRIER NORTH SLOPE PIPELINES . r r iC C M A k l
BPXA -  2001 COMMITMENT TO CORROSION MONITORING j ^ U r n V IA N^ N  G I P I I I 1

C O R R O SIO N  PR O G R A M  STATUS -  GREATER PRUDHOE BAY

Internal Corrosion Management

Monitoring & Inspection -  General

C o u p o n  m on ito ring  ac tiv ity  levels have rem ain ed  re la tive ly  flat from  190S to  the p resen t BPXA 
con tin u o u sly  up d a tes  its p rog ram  in an on g o in g  effort to op tim ize  the coupon  p rogram  to deliver 
"m ax im u m  co rrosion  m anagem en t in fo rm a tio n '’. O vera ll, the  coupon  resu lts  for the current 
reporting  period  a re  very  encourag ing . B PX A  sta les that the “T h e  reduction  by a factor o f  10 (o f  
coupon  co rro sio n  rates) o v er the last 10 y ca is  is a d irect resu lt o f  an agg ressiv e  corrosion 
m itiga tion  p ro g ra m .. . '1 C learly  the inh ib ition  p rogram  is m ak ing  ad v an ces in corrosion 
m itigation .

B P X A  p resen ts  the total num ber o f  in spec tions for G PB  as 60 ,000  pci y ea r since 1995. The 
total n u m b er o f  in sp ec tio n s ac tu a lly  increased  in 2001 to 61 ,000 , rev ers in g  a 3-year trend of 
low er inspection  num bers (F ig u re  B.4). T he 2001 total inc ludes -4 0 ,0 0 0  in spec tio n s w hich are 
perfo rm ed  on  the facilities (not non -com m on  ca rrie r p ip ing) and  considered  ou tside  the scope >f 
the C harter. This in fo rm ation  is useful as it lends con tex t to  the inspection  p rogram , but one 
m ust be carefu l w hen  try ing  to ana lyze  the agg rega te  in form ation  It is in teresiing  to no te  the 
shift from  a 50 50 sp lit to  a 66 /33  split be tw een  facilities and field p ip ing  in the past tw o years, 
f in s  change in em p h asis  is due  lo B PX A  asse rtin g  co rrosion  con tro l on field  p ip ing  is 
adequate ly  addressed . L astly , w ith in  the field p ip ing  ca teg o ry  the ratio o f  flow  line (cross­
cou n try ) in spec tions to  w ell-lin e  in spec tions has changed  from  a 7iv 30 to 55 45

Percent inspection  in creases  is a usefu l m etric  for q u an tify ing  . ’’t g ross effort expended , bm it is 
function  o f  the num ber o f  re -in spec ted  locations. A cco rd ing  to T ab le  B .8(c). the target is zero 
increases. It is not c lear it the n u m b er o f  re -m spcc ted  locations is a s ta tis tica l sam ple  o f  know n 
dam aged  locations, a fixed n u m b er o f  locations, o r based  on so m e o th e r criteria .

S everal g raphs w ere  included  to d em o n stra te  the e ffec tiv en ess  over tim e  o f  the inhibition 
program  using  in spec tion  in creases  and p ipe  co n d ition  for th ree  phase oil lines (flow  and w ell). 
The m ajo r effo rt is now  on  fine tun ing  the system  to m ain ta in  o r increase  the curren t level o f  
co rrosion  con tro l for the p ip ing .

Monitoring & Inspection -  Cross Country (Flow! Pipelines

C oupon  m on ito ring  for “o il"  sy stem  in d ica .e s  the av erag e  co rrosion  ra te  in c ross-coun try  
fiow lines is at o r n ea r its h is to rica l m in im um . T he n u m b er o f  co upons at o r  below  the 2 mpv 
threshold  set by BPX  for co n fo rm an ce  is ap p ro ach m g  the  100%  m ark.

C oupon m o n ito ring  in p ro d u ced  w a te r sy stem  show s a sligh t increase in co rrosion  rate as w ell as 
p itting  rate  w hen  co m p ared  to  2000 . h o w ev er b o th  levels are below  th e ir respective  targets.. In
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CORROSION MONITORING OF NON-COMMON CARRIER NORTH SLOPE PIPELINES
3PXA - 2001 COMMITMENT TO CORROSION MONITORING

general, jn  increase in corrosion inh ib ito r in the 3-phase system shows some carryover benefit to 
the produced water system. BPXA has been testing corrosion inh ib ito rs for this system, and two 
successful candidates were identified in 2001 and the program w ill continue in 2002.

Coupo*. monitoring fo r the seawater injection system shows no data for 2001 (Table 5 I and 
5.2). It should be noted there were only two coupons in 2000. so the lack o f data is not a 
sign ificant issue.

There were 11,369 inspections o f flow lines during 2001, >9,000 for o il and >1,400 fo r water. 
The percent inspection increases for re-inspected water and o il flow  lines increased sligh tly from
2000. but compared to the overall average they are lower. There were six saves ( two o il, one 
water, three processed oi l) and one leak in 2001. The three repairs for processed oil occurred are 
associated w ith a dead-leg which is *chcdulcd to be removed in 2002.

Tw o produced water lines (M -69 and S-69) were inspected w ith an in line inspection tool (smari 
pig). With the exception o f stating fo llow -up manual inspections to ‘ ‘p ro o f ’ the tool were 
performed, no results are discussed.

Monitoring i t  Inspection -  Well Lines

Coupons monitoring corrosion in o il production scm cc show a sign ificant redin.tio in corrosion 
rates wi th a step reduction in the average corrosion rale in 1997 (figure C.3) In 2001 93% o f all 
coupons in '.his service category were below the 2 mpy conformance threshold. This is also a 
slight improvement over 2000 results Conformance levels in the 99% range should be possible 
given the corrosion m itiga tion performance in cross-country lines.

Coupon monitoring in produced water system show a 6-year high in corrosion rate as well as an 
increase in pitting rate from 2000. I he previously described inh ib ito r testing program wi l l 
hope fu lly have a beneficial effect fo r this service.

Coupon monitoring in seawater in jection system stands out in thu. report because o f the 
increasing corrosion rate tiend illustrated by Figure C.5. P itting and weight loss rales in this 
service category have almost doubled since 1999 The primary factors responsible for this 
increase are cited as dissolved oxygen levels and m icrobia l corrosion. BPXA is vigorously 
moving ahead w ith a program to reverse this corrosion trend in. Dissolved oxygen targets have 
been set to “ ''2 0 ppb" dissolved oxygen metering is being improved, vacuum tower performance 
is being upgraded through the use o f an anti-foam ing compound, a new oxygen scavenger 
catalyst is being tested and plant repair and maintenance schedules are being evaluated. Coupon 
pu ll frequencies have been shortened in this service category to a llow for more frequent 
monitoring.

There were 9,780 inspections o f w e ll lines during 2001, >8,000 for o il and >1.000 fo r water 
service categories. Th is represents the largest number o f inspections on well lines for the 
reported period G iven the number o f leaks and number o f saves for well lines is greater than 
that o f the flow lines, the balance in emphasis appears to be a positive move. The percent 
inspection increases fo r re-inspected well lines decreased sligh tly , continuing the 4-year 
downward trend. There were five saves (4 o il and 1 water) and three leaks in 2001 attributed to 
internal corrosion.

J C O F F M A N
■im* ' i i i
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Internal Corrosion Mitigation

B PX A  ex p en d s co n siderab le  e ffo rt to deve lop  and  test new  co rrosion  inh ib itors. A rigorous 
testing  p ro ced u re  is ou tlined  in the report show ing , illu stra tin g  how  inh ib ito rs transition  from  the 
labo ra to ry  to  field  testing . F ig u re  D .4 clearly  show s p itting  o n  coupons ex p o sed  to  production  in 
an unsuccessfu l co rro sio n  in h ib ito r trial. E igh teen  new  p ro d u c ts  have  been  deve loped  for use in 
the con tin u o u s w e ll-h ead  in jec tion  program  since l *495 B PX A  is ca re fu lly  w o rk ing  to 
con so lid a te  t i e  n u m b er o f  p ro d u c ts  used field-w ide.

f ’( ) 2 and so  ids d ep osition  (bo th  m echan ism s can p ro d u ce  deep  p itting ) are c ited  as the m ain 
cha llen g es in p ro d u ced  w ater system s w here m ost co upon  p itting  is found. B PX A  is m oving 
fo rw ard  in d ev e lo p in g  a co rro sio n  m itigation  plan specific  to produced  w ater, w ith  corrosion  
inh ib ito rs w ere te s ted  in 1999 an d  2000. T w o successfu l can d id a tes  w ere iden tified  in 2 0 0 1 and 
B PX A  sta tes  that funds w ere  budge ted  in 2002 for inh ib ito r in jection .

O p tim iz in g  the in jected  vo lu m es is critical to the eco n o m ic  app lica tion  o f  in h ib ito r chem istry . 
T ab le  D .6 and D .7 show  how  the av erag e  inh ib ito r co n cen tra tio n  has varied  over tim e. Inh ib itor 
average  co n cen tra tio n  has risen  from  85 ppm  in 1995 to 157  ppm  in 2001 B PX A  is in jecting 
nearly  tw ice  the vo lum e it w as using  on ly  6 years ago. I h is increase is d e liv erin g  m easurab le  
resu lts in the system s in w hich  it is being  in jected ; c ro ss-co u n try  p roduction  p ip ing  is nearing  
100%  corrosion  ra te  co n fo rm an ce. T he ac tual vo lum e o f  chem ical u sage  w a : 2.63 m illion 
gallons, w hich  is 1.6%  over the  target am ount o f  2 59 m illion  g a llons B ased on m onito ring  and 
inspection  data, co rro sio n  in h ib ito r co n cen tra tions wore increased  (1 0 -20%  typ ica l) in 14 
p ipelines.

External Corrosion Management

Above tirade Piping

BPX A  exceeded  the ir sta ted  ex ternal inspection  goals in 2001 I here w ere tw elv e  repairs and 
one leak on off-pad  p ip ing ; liv e  rep a irs  and o n e  leak on o n -pad  p ip ing; and  p resum ab ly  m ore 
than 800 w eld -p ack s re fu rb ish ed  at locations w ere  co rrosion  w as detected . T he p ercen t co rroded  
and percen t repaired  resu lts  in 2001 arc co nsisten t w ith  the 1999-2000 average  percen tages, and 
likely  m eans there are I00~ rep a irs  to be m ade on the rem ain ing  w eld-packs. T here  w ere 17 
repairs  (12 tlow' lines an d  5 w ell lines) and  tw o leaks (1 How line and  I w ell line) in 2001. T able 
I sum m arizes  the overa.* w eld -pack  inspection  program  sta tu s  based  on info rm ation  p resen ted  
for 2001

CORROSION MONITORING OF NON-COMMON CARRIER NORTH SLOPE PIPELINES . r A r t M A M
BPXA - 2001 COMMITMENT TO CORROSION MONITORING ^ .Q f -F lV lA N
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Table 1 -  GPB Above i>rade, non common carrier  pipeline Meld-pack inspection status

CORROSION MONITORING OF NON COMMON CARRIER NORTH SLOPE PIPELINES . rA C C M A M
BPXA 2001 COMMITMENT TO CORROSION MONITORING AL .U rr lV JAN  _____        H % I H C I ■ I

S e n  in-
■ * •*

f i l ia l 
Xu in tie r 
(a p p ro x .1

N um be r 
Inspected 

D u r iim  20111

Number 
Inspected th ru  

\  12001

If/If
Inspected 
th ru  

3 (-12(101

N um be r
R em a in in '!
(a p p ro x .)

2002
fo reeax l

X-Country/Flow  
L ine -  Off-pad

2,675 57,263

W e ll Lines 
On-pad

12,730 22,68fi

T o ta ls 200.000 15,405 79,951 40% 120,049 35.000

T h e 2000  R eport sta tes there are  185.000 w eld -packs w h ile  the 2001 R eport sta tes there  are 
-3 0 0 ,0 0 0  w c ld -p ack s T he increase c a n  be a ttrib u ted  to  co m b in a tio n  o f  w eld -packs on non- 

com m on  carrie r p ip in g  and  facility  p ip ing . T h e  sta tu s o f  p ip in g  asso c ia ted  w ith  fac ilities  is a 
bonus, but beyond the scope o f  ihc C harter. F u rtherm ore , repo rtin g  on ly  the com bined 
p o p u la tio n  m akes an assessm en t o f  non-com m on ca rrie r p ip e lin e  sta tus d ifficu lt.

B PX A  has com m itted  to acce lera tin g  its w eld -pack  inspection  p ro g ram  through the addition  o f  
m ore  reso u rces, m ore  than d o u b lin g  the n um ber o f  w e ld -p ack s (3 5 .0 0 0  versus 13.000 avg .) to be 
n spec tcd  in 201)2 It is un c lea r w hat p e rcen tag e  o f  the in spec tions is p lanned  for non-com m on 

c a r r i e r , .pe lines versus facility  p ip ing.

Below Crude Piping

B PX A  ex ceed ed  the ir s ta led  below  g rade  inspection  goals  in 2001 , inspecting  280  locations 
using  a co m b in a tio n  o f  e lec tro m ag n etic  pu lse  and  gu id ed  w ave techno log ies. B PX A  is 60%  
co m p le te  w ith  the in spec tion  o f  a com bined  total o f  460  cased  c rossings by Y E2001 T hey  arc- 
on track  to com ple te  the rem ain d er by YF.2003, A d d itio n a lly  all cased  cro ssin g s are v isually  
in spected  to ensu re  they a re  c lea r  o f  debris and if  found , they are  c leaned  out

T here  w ere  tw o "m o d era te "  and  zero  "sev e re"  an o m alies  and no ex cav a tio n s perfo rm ed  during 
2001

Structural Concerns
T here  w ere  no  leaks due to struc tu ra l issues in 2001. T he p ro cess  fo r iden tify ing  and repairing  
o th e r struc tu ra l issues w as p resen ted  in the report.

CORROSION PROGRAM STATUS -  ALASKA CONSOLIDATED TEAM

General

T he A C T  co rro sio n  p ro g ram s sta tu s con tin u es to  evo lv e  m 2001 . T h e  level o f  e ffo rt applied  to 
the sa te llite  field  co rro sion  p rogram s varies  b e tw een  them . N ew  p ip in g  and facilities are 
ex p ec ted  not to need as m uch a tten tion  as decades o ld. fu lly  m atu re , fields, co nsequen tly  B PX A  
has no t taken its fu lly  m a tu re  G PB  co rro sio n  p rogram  and d u p lica ted  it in these sm aller fields.
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Mon ito ring and inspection should be conducted in a proactive manner that w ill discover new and 
diffe rent corrosion mechanisms before they become a senous problem,

CORROSION MONITORING OF NON-COMMON CARRIER NORTH SLOPE PIPELINES ./- /-k r rA i i a
BPXA -  2001 COMMITMENT TO CORROSION MONITORING A C O m V lA N_______________________  M l  I

Endicott

Endicott “ is a mature watcrflood fie ld ." and the production flu id is characterized as “ high 
tempeiature and lugh CO ;.”  The production system was constructed mostly o f Duplex Stainless 
Steel (DSS), which is a corrosion resistant alloy that combines good weldab ility , strength, and 
toughness. It is h igh ly resistant to CO ; corrosion. Problems can occur in Duplex installations 
when chlorides are present or when m icrobia l induced corrosion (M IC ) takes hold. Solids 
deposition in stagnant internal areas and contact with stagnating brines can induce isolated 
p itting corrosion in this alloy. The presence o f solids and microbes in the in jection water may 
point to future challenges for the DSS piping

Coupon data indicates the production system corrosion rate remains above the 2 mpy threshold 
however BPXA states this is not a concern for the p ip ing since it is fabricated mostly from DSS 
Since the pip ing is corrosion resistant Endicott could benefit from a corrosion program targeted 
at solids removal and m icrob ia l control. Coupon data also indicates the water system corrosion 
control program is effective.

The primary corrosion concern at Endicott is the mter-island-water-hne (1IWL). It is assumed 
that the 11WL line is carbon steel because BPXA is pigg ing, biocid ing , and inh ib iting the water 
in the IIW L U T Inspection results (fig . D . l )  fo r the IIW I. are good. W hile the number o f 
inspection increases in the IIW I is down overall since 199&; there was a slight increase in 2001 
I he I IWI . line wa: inspected using and in line inspection too l in 1095. there was no discussion ol 
results or if another in line inspection is planned.
Table E .l lists the cased pip ing external inspections performed at Endicott. Some external 
corrosion has been detected. The o il line inspection interval is characterized as “ N 'A Duplex 
Stainless Steel”  Depending on the chloride concentrations in the ground water and ingress 
through wcld-packs. a fu ll baseline inspection should be made and a reasonable re-inspection 
interval set.

DSS is not corrosion proof, just corrosion resistant RPX may need to reassess its surveillance 
philosophy in systems fabricated from DSS. BPX does not mention which DSS alloy is used 
End ico tt’ s construction. BPX provided a table (tab ic B. l . pg 99) which lists line lengths and the 
number o f internal and external inspections. P itting and m icrob ia l corrosion are threats to the 
DSS system, some discussion o f how these mechanisms progress in DSS installations and how 
they are contro lled (p igg ing /b ioc idm g/so lids m itiga tion ) would be useful in the next reporting 
cycle.

Milne fc»nt
M ilne Point flu ids are characterized I  low CO ;, low operating temperature and low velocities. 
Corrosion under insulation and internal under-deposit corrosion mechanisms are mentioned and 
arc consistent w ith the stated operating conditions. There were no leaks or repairs during 2001. 
Coupon data indicate very good m itigation w ith the single exception o f the water injection 
system. Coupon rates in the water in jection system exceeded the 2 mpy threshold until 2001 In
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mtd-2000 corrosion inhibitor injection was begun in the water injection system and the initial 
results appear to be encouraging.
It is stated that Milne Point internal inspection luslorv has been “variable" and that in 1998 a 
policy change was made to rectify this situation stating “a concerted effort was made towards 
obtaining a more consistent inspection survey”. Internal undcr-deposil corrosion was found in 
the K-pad line atid an inhibitor injection was begun. It is too early to determine the inhibitor 
effectiveness at this time F-pad production flow line was inspected using an inline inspection 
tool, with the follow-up to occur in 2002
Table E.2 show's the number of external inspections decreased from a high of 205 in 2000 to 179 
in 2001. The percent inspection increases lor re-inspected locations is 27% avg. for the last two 
years, which is well in excess of the GPB field average. Buried pipe is also an issue in the MPU 
since many of the gathering lines and product distribution lines are buried along the roadway. 
Excavations were made at 30 locations in 2001 looking for external corrosion: nineteen wore 
new locations, eight were recurring inspections with no increases and three locations showed 
“slight increases”. Excavations were also made at 30 locations in 2000 but results were not 
discussed.

CORROSION MONITORING OF NON-COMMON CARRIER NORTH SLOPE PIPELINES
BPXA 2001 COMMITMENT TO CORROSION MONITORING J M M 1 M A N

Northstar
Northstar began production in late 2001 and consequently has very limited data Fluid 
corrosivity is expected to moderate initially but will increase with the injection of Prudhoc Hay 
Gas. I here are corrosion monitoring locations installed and data w ill be reported in the future. 
Presently, well production lines arc treated with low concentrations of continuously injected 
corrosion inhibitor. No Internal and external inspection data were presented, presumably data 
were not collected.

Badami
Badami started in 1998 and fluid corrosivity is considered low due to the small volumes of water 
and low CCT content There is no corrosion inhibition or corrosion monitoring (coupon) 
program in place. Corrosion control is monitored thiough the use of a small inspection program 
While no external weld-packs have been inspected to date, the pipe condition is observed in 
conjunction with internal inspections. Internal inspections have shown no corrosion

RECOMMENDATIONS
Recommendations for areas that warrant further review or information that should be included in 
future reports are as follows:

1 lotal number/population of well lines, cross country lines, weld packs, below
grade pipe segments would be beneficial. In addition, the number of baseline 
inspections and related percentages for the weld-pack and below grade piping 
programs would be beneficial to track overall progress during the multi-year 
effort. These data could be presented as a cumulative graph or in a tabular 
formal.
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