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F a i r b a n k s  D a i l y  N e w s - M i n e r

F e d s  s c o ld  ID* o n  p ip e l in e  m a i n t e n a n c e
By S A M  B I S H O P  N e w s - M i n e r  W a s h i n g t o n  B u r e a u

Friday, April 28. 2006 - WASH1NGTON-A op federal official said Thursday that her agency had received "no 
acceptable answer" from BP Exploration (Alask ' Inc. about why it hadn't regularly cleaned North Slope oil transit lines, 
including one that leaked this winter.

I'he lapse has allowed the lines to accumulate so much sludge that it's delaying more Icak-prevention tests, said Stacey 
Gerard, acting administrator of the Pipeline and I hazardous Materials Safety Administration. She told a House of 
Representatives subcommittee that most companies clean such pipes every' week or two with a "scraper pig."

BP officials, m a statement and a document provided to the News-Miner. disputed that assertion.

BP last cleaned the transit line serving Prudhoc Bay’s western operating area in 1998. Sludge that built up in the line may 
hav e contributed to the corrosion that apparently caused the leak discovered March 2. Gerard said.

Now the sludge is hindering BP’s compliance with the agency’s March 15 order to test the lines with a "smart pig" within 
three months. A smart pig runs inside the lines and records any anomalies.

"At the time that we wrote the order, we did not realize that there was a large amount o f  deposit that had been built up 
inside the walls o f  these pipelines, which needs to be removed prior to the testing with a smart pig." Gerard said.

BP has requested an extension of four to six weeks to deal with the problem, she said.

BP Alaska spokesman Daren Bcaudo said the company plans to increase its use ol maintenance pigs in the future.

"We're going to improv e on what we thought was already a v ery effective system -one that is supported by the fact that 
in the 30-year history o f  operations, prior to the GC-2 transit line spill, no one can remember a leak occurring on a 
Prudhoc Bay crude oil transit line," he said.

Bcaudo said it wasn't clear .hat the maintenance should occur every week or two. though, as Gerard suggested.

"The frequency ol pigging depends on many factors." he said.

The smart pigs that the PIIMSA wants used on the transit lines haven't been widely employed on 'he North Slope 
because the above-ground pipes are accessible lor a wide variety ol more preei _• tests. Bcaudo said. BP has conducted 
more than 3.000 such tests on the three man ' transit lines since the recent leaks and found that "those lines are lit for 
sen ice," he said.

Gerard made her com m ents  in response to questions Irom Rep. I d Markov, D-Mass.. at a hearing before a subcommittee 
ol the House I nergv and Commerce Committee. Markey repeatedly asked Gerard why BP had not run a scraping pig 
through the lines regularly.

"Obv iously it can't he that BP doesn't hav e enough money. Or is it just another cost-saving measure, regardless of what 
the consequences are?" Markey asked.

I le also asked w hcther the government bore some responsibility for liav ing not regulated this sort ol line, 
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"It was our expectation that they would have been running those scraper pigs, and most companies do run scraper pigs 
on about a weekly to biweekly basis," Gerard said. "There's a general standard o f  care that most operators exercise, that 
are exercised without our regulating them. Obviously we wish we had regulations in place sooner."

Markey's questions were similar to those posed in a six-page letter that Rep. John Dingell, D-Mich., sent Tuesday to 
Transportation Secretary Norman Mineta. Gerard's pipeline agency is a branch o f  the U.S. Department o f  Transportation.

Markey and Dingell both asked why Alyeska Pipeline Service Co. pigs the trans-Alaska oil pipeline every 14 days, while 
some key feeder lines owned by the North Slope producers have gone 14 years without.

•\ BP official, in a document prepared in response to Dingcll's letter and forwarded to the News-Miner by Bcaudo, said 
pigging is done on an as-needed basis. He contradicted Gerard's assertion that pigging once every week or two is the 
industry standard.

"The frequency o f  pigging depends upon many factors including the buildu' if  sediments and other deposits such as 
w ax," BP's Greg Swank wrote in the response, which he sent to the Associa. >n o f  Oil Pipelines' director in Washington, 
D C., on Wednesday.

Paraffin buildup m the Northstar pipeline, for example, requires pigging every two weeks. Swank no. :d. BP runs about 
370 maintenance pigs annually on the North Slope.

Dingell also wrote DOT's Mineta that one BP official had told his committee's staff that "previous attempts were made to 
operate scraper pigs on the major lines (in the eastern area anil on the l.isbume l in e ) ... yet some o f these efforts w ere 
abandoned due to the volume o f  sludge being produced."

Swank noted that BP took over .iosc particular lines in 2000 after a merger with Arco and a reconfiguration of Prudhoc 
Bay operations. Records do not report high sludge volume from pigging the lines in the early 1990s, Swank said, but 
"anecdotal information suggests that previous attempts to pig the (Prudhoc Bay Eastern Operating Area) line pushed 
considerable solids to Pump Station I ."

Dingcll’s letter said the Democratic committee staff member who visited Alaska earlier this month heard such warnings.

"Company officials interv ievved by staff said there is potential for approximately 1.000 to 2,500 cubic yards ol sludge to 
be removed from the pipelines" serving the eastern operating area and the Lishumc field. Dingell wrote.

Sw ank said BP doesn't hav e a precise estimate o f  the solids volume. The company plans to run a maintenance pig 
through all three major transit lines and has requested Alycska’s help to keep sludge from entering the trans-Alaska 
pipeline.

Bcaudo said no one wants the solids to enter "the sales stream."

"You want to have pure hydrocarbon going into that pipeline." he said.

Dev eloping a plan to deal with potential solids has slowed down compliance with the PI I MSA's order, Bcaudo said.

Gerard said alter the hearing Thursday that the solids hadn't been conclusively blamed for the leak on the western transit 
line.

Swank said sediments in the line "may" contribute to corrosion by absorbing or blocking chemical corrosion inhibitors.

! low ever, offici .s tire also looking at whether the corrosion inhibitors' elfeciivenoss on the western transit line "was 
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reduced because o f  a reaction with an emulsion breaker." according to an April 3 letter from BP Alaska's President Steve 
Marshall to Dingell.

Bcaudo explained that the emulsion breaker is added in Gathering Center 2, upstream o f  the leak location, to help 
separate water and sediment trom the heavy oil that is produced in that area o f  the field.

"We think that it's unique to th a t ' ne," Bcaudo said.

BP officials have noted that monitoring didn't indicate a problem on the line as recently as September. After the leak was 
discovered, ultrasonic tests showed "recent and rapid corrosion rates," Swank said.

Washington, D.C., reporter Sam Bishop can be reached at (202) 662-8721 or sbishop@news_miner.com .
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Priviledged and Confidential Alaska Department of Revenue-Tax Division Apnl 10. 2006

Alaska Department of Revenue

FY 2006 Revenue Sensitivity Matrix for Lost ANS Production

Historical A h S Price (! per Barrel)

F Y  2006 (year-to-date): 59.09
February 2006 (montl .y average): 59.26
March 2006 (avcra <t) 60.61
April 1-9, 2006 (?ve ge): 65.15

Historical ANS Production (mm bid)

FY 2006 (year-to-date): 0.857
February 2006 (monthly average): 0.824
March 2006 (average): 0768
April 1-9, 2006 (average): 0.787

LOSS PER DAY 
General Fund Unrestricted Revenue 

$ Million

LOSS PER WEEK 
General Fund Unrestricted Revenue 

$ Million

Thousand Barrels/Day

5 0 1 0 0 1 5 0 2 0 0

Thousand Barrels/Day 

5 0  1 0 0  1 5 0 2 0 0

Note: In FV 200t at $60 per barrel ANS crude oil price, if ANS production was reduced by 100,000 barrels/day for 
one day, it would result in a loss to the General Fund of about $960,000, if production was reduced by 50,000 
barrels/day for one day, the loss to the General Fund is about $490,000.

I \TAX\research\FORECAST\Spring2006\GC2 Leak\FY 2006 Revenue Matrix 20060410 dzhmatrix



Senate Resources April 26, 2006

BP North Slope Spill Report

NOTES:

• There is one cover sheet -1  page

• There are 5 signature pages (page 2).

• There is one Table of Contents page

• Executive Summary goes to page 34.

• APPENDIX A, B. & C (4 pages + one blank)

• GPB Leak Detection ... (4 pages + one blank)

• GPB Leak Detection System Overview (24 pages + one blank)

• Appendix 3 ... begins with page number 133 runs to 168 + one blank

• 2000 Work Plan ... begins on page 121runs to 124

TOTAL1 115 pages

NOTE: The report was received from BP as presented.
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SIGNATURE PAGE

Bryant Chapman, Midcdntinent PUL, 
North America Gas 
& Investigation Team Leader

John Alkire, Corrosion and Materials Advisor, EPTG, Houston

Bill J. Harris, North Slope Safety Engineer

Barry Vest, USW/HSE Committee Representative and GC2 Operator

Randal G. Buckendorf, BPXA Sr. Attorney

Shelia Bames, GPB PUL Assistant

Gary Evans, Environmental Specialist, Alaska Department of Environmental 
Conservation

ADEC's Role in this Investigation

Gary Evans, an environmental specialist in ADEC's Industry Preparedness 
Program, was a participant in BP's initial investigation Into the causes of the GC- 
2 Transit Line spill. ADEC will be conducting an independent review and 
assessment of the findings of this report. Mr. Evans participation in the BP 
investigation has been helpful to ADEC's understanding of the issues and ADEC 
appreciates BP’s willingness to include him on the investigation team.
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SIGNATURE PAGE

Bryant Chapman, Midcontinent PUL.
North America Gas 
& Investigation Team Leader

John Alkire, Corrosion and Materials Advisor, EPTG. Houston

Bill J. Harris, North Slope Safety Engineer

Barry Vest, USW/HSE Committee Representative and GC2 Operator

Randal G. Buckondorf, BPXA Sr. Attorney

Shelia Barnes, GPB PUL Assistant

Gary Evans, Environmental Specialist, Alaska Department of Environmental 
Conservation

ADEC’s Role In this Investigation

Gary Evans, an environmental specialist in ADEC's Industry Preparedness 
Program, was a participant in BP's initial investigation into the causes of the GC- 
2 Transit Line spill. ADEC will be conducting an independent review and 
assessment of the findings of this report. M. Evans participation in the BP 
investigation has been helpful to ADEC's understanding of the issues and ADEC 
appreciates BP's willingness to include him on the Investigation team.



S I G N A T U R E  P A G E

Bryant Chapman, Midcontinent PUL, 
North America Gas 
& Investigation Team Leader

J^hfv Alkire, Corrosion and Materials Advisor, EPTG, Houston

BttnJ. Harris, North Slope Safety Engineer

Barry Ves i, USW/HSE pomm itt^ Representative and GC2 Operator 

Rancjal G. BuckeryWrfi-BPXA Sr. Attorney 

Shelia Barnes, GPB PUL Assislant

I  r ( ^  M ' I ^  ________________
Gary Evans, Environmental Specialist, Alaska Department of Environmental 
Conservation

ADEC's Role in this Investigation

Gary Evans, an environmental specialist in ADEC's Industry Preparedness Program, 
was a participant in BP's initial investigation into the causes of the GC-2 Transit Line 
spill. ADEC will be conducting an independent review and assessment of the 
findings of this report. Mr. Evans participation in the BP investigation has been 
helpful to ADEC's understanding of the issues and ADEC appreciates BP's 
willingness to include him on the investigation team.
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Bryant Chapman, Miacontinenl PUL, 
North America Gas 
& Investigation Team Leader

John Alkire, Corrosion and Materials Advisor, EPTG, Houston

BilUL-Harris, North Slope Safety Engineer

Barry Vest, USW/HSE Committee Representative and GC2 Operator

Randal G. Buckendorf, BPXA Sr. Attorney

Sheila Barnes, GPB PUL Assistant

Gary Evans, Environmental Specialist, Alaska Department of Environmental 
Conservation

ADEC's Role in this Investigation

Gary Evans, an environmental specialist in ADEC's Industry Preparedness 
Program, was a participant in BP's initial investigation into the causes of the GC- 
2 Transit Line spill. ADEC will be conducting an independent review and 
assessment of the findings of this report. Mr. Evans participation in the BP 
investigation has been helpful to ADEC's understanding ol the issues and ADEC 
appreciates BP's willingness to include him on the investigation team.
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A . E X E C U T I V E  S U M M A R Y

In the early r oming 01 March 2, 2006, a BP Exploration (Alaska) Inc. (BPXA) 
Gathering Center 2 (GC-2) well pad operator detected a hydrocarbon smell while 
drivir.j the pipeline road between GC-2 and GC-1 on the Western side of the 
Prudhoe Bay Field. Being cognizant of his personal safety, the operator decided not 
to investigate alone, and continued on to the Base Operations Camp (BOC), 
whereupon he verbally notified a Security guard and the GC-2 Area Manager. Upon 
notification, the GC-2 Area Manager and another GC-2 well pad operator departed to 
drive the same area and after about two miles, they too detected the smell. The GC- 
2 Area Manager exited the vehicle, carefully climbed up on the piperack and 
observed oil on the frozen and snow-covered tundra.

The GC-2 Area Manager immediately made a "Code Black" (emergency spill 
response) notification to the BPXA Communications Center. He and others then 
worked to confirm the identity of the leak, as there are three pipelines adjacent to the 
road. Over the next hour, the GC-2 Area Manager initiated the process of shutting 
down Y and P Pads, the produced water line between GC-2 and GC-1, and all of the 
GC-2 process facilities and wells pads.

The Mobile Command Center (MCC) was dispatched to the scene. The Incident 
Command System was activated and a Unified Command structure put in place to 
develop a spill response, clean-up and disposal plan.

There are 3 separate teams responding to this incident:
• Incident Response Team
• Business Resumption Team
• Incident Investigation Team

The Incident Investigation team, as per the Terms of Reference (Appendix D). was 
assigned the following objectives:

• Determine the facts and circumstances surrounding the incident
• Establish the sequence of events
• Review applications of management systems, practices, and their impacts
• Compile the report to include incident and response description

Based on an educated assumption that the lire failure was a result of corrosion, the 
investigation team has inquired into the following subject areas:

• Chronology of events leading to the line failure
• History of the GC-2 to GC-1 34 inch pipeline
• Production and operations history that is pertinent to the failure
• Performance of the leak detection system
• History and performance of the corrosion and inspection program

The major factual findings, which are further substantiated and elaborated on in this 
report, are as follows:

-4  -



1. R esponse  to the Leak

• The notification and identification of the leak was Immediately acted upon in a 
timely manner

• The shutdown occurred in a logical, expeditious and safe manner
• On March 10, 2006 the Unified Command agreed upon a preliminary spill 

estimate of 201,169 gallons (4800 barrels) plus/minus 33 percent for a range 
of 134.783 gallons to 267.555 gallons

2 History of Line

• The GC-2 to GC-1 line has a design pressure of 740 psi
• The current maximum allowable operating pressure ovIAOP) is 500 psi. 

Although the line itself was not explicitly derated from its 740 psi rating, the 
skid 50 bypass connected to it was derated in 1997, and as a result lowered 
the entire GC-2 to GC-1 segment to 500 psi. Current operating pressure is 
63-91 psi

• Smart pig runs were conducted in 1990 and 1998
• The line has been covered by a comprehensive risk-based corrosion 

monitoring and management program since the early 1990's
• Production rates from GC-2 through the pipeline were 7« of peak rate
• There have been no previous leaks or repairs made to this line

3. Production Operations

• There were no operational upsets, I.e., high pressures or rates, that seemed 
to initiate the leak

• The introduction of viscous oil over the past few years has resulted in higher 
BS&W content in the GC-2 to GC-1 oil export line and more plant upsets

• GC-2 was experiencing high Basic Sediment and Water (BS&W) the week 
prior to the leak

4. Leak Detection System

The Ie3k detection system alarms went off several times during the week 
preceding March 2, but were ruled out as a spill because of the high BS&W in 
GC-2 and negative alarm readings on the adjoining segment of line. The leak 
detection did not sound on March 1s' or March 2nd
Based on the hole size in the pipe, the maximum flow rate is calculated to 
have been 1000 to 1300 barrets of oil per day (bopd)
Based on an estimated mean spill volume of 4800 barrels of oil, the leak 
would have been going on for at least five days and probably much longer 
The leak detection system was working at the time during the incident. We 
can not identify the event even after the fact.
Due to process upsets and the non-steady state nature of the process, leak 
rates of less than 1% may not be detected by this system. It is designed to 
identify a 1% leak over 24 hours

- 5 -



• The Prudhoe Bay leak detection system, including the GC-2 to GC-1 line 
segment, was tested and witnessed b'» ADEC in December 2002 and passed 
the 1 % over 24 hours criteria

• Procedures exist for dealing with positive spill alarms. The established 
procedure was followed

• The GC-2 to GC-1 oil export line segment has a documented history as being 
the least accurate in the Prudhoe Bay system due to more BS&W fluctuations

5. Corrosion and Inspection

• Buried caribou and road crossings ars not capable, without excavation and 
sleeve removal, of being inspected via Ultrasonic Thickness (UT) technology

• UT surveillance points on aboveground sections of the line were used to 
confirm and calibrate the 1998 smart pig run

• The leak location showed only 9°/ vail loss in the 1998 smart pig run
• Based on numerous surveillance points and corrosion coupons, this line was 

seen as low corrosion likelihood
• Guided wave UT inspections done hoth prior to and post leak at the leak 

location do not show evidence of internal corrosion, nor would it be expected 
to.

• With the exception of smart pig runs, there isn't a way to directly monitor 
internal corrosion inside of cased pipe (road and caribou crossings) without 
having to excavate the crossing and remove the outer casing from the pipe

• Since the leak, UT inspections are suggesting a significantly higher corrosion 
rate over the past six months since the last set of UT inspections on the 
aboveground sections of the line in September 2005

• There was some evidence of a slight increase in corrosion rates beginning in 
2004 and, although they were not alarmingly high, increased inspections were 
scheduled for 2005

• The increased inspections that were scheduled in 2004 were inspected in the
fall of 2005 and fhe UT inspections again showed a slight increase. As a 
result of these inspections the line was placed on a biennial monitoring
program and a smart pig run was scheduled for 2006 and fundin'* was
secured

• A change in the fall of 2005 in emulsion breaking chemicals inside GC-2 
coincide with the time of the recent increased corrosion rate

• Evidence exists of bacterial growth in GC-2
• Evidence exists that carry over corrosion inhibitor is less in GC-2 than in

similar facilities
• Facts suggest that the increase in corrosivity in this line may be due to 

increased bacteria activity from growth in GC-2 and lack of sufficient inhibitor 
carryover

- 6 -



B .  C H R O N O L O G Y

(See Appendix A for the detailed S eq u en ce  of Events)

On Thursday, March 2. 2006 at 5:30 a.m., a GC-2 well pad operator notified the GC- 
2 lead operator, a Security guard, and the GC-2 Area Manager that he had just 
driven frte GC-2 to GC-1 line segment and had noticed the smell of hydrocarbons. 
Being cognizant of his personal safety, the operator had decided not to investigate 
alone, and had continued on to the BOC to make the notifications.

Following this notification, the GC-2 Area Manager and another GC-2 well pad 
operator immediately departed the BOC to drive the pipeline road to investigate. 
After traveling two miles driving slowly, they too detected the hydrocarbon smell. 
They swept the area slowly with a truck spotlight, looking for indications of a leak or 
heat plume. While passing near the first caribou crossing from the GC-2 end of the 
pipeline road, heading east, the well pad operator thought he noticed a small heat 
plume. The GC-2 Area Manager exited the vehicle and approached the pipelines but 
still could not detect the leak. He informed the well pad operator that he was going to 
walk out on the snow covering the pipelines and proceeded to carefully do so, taking 
care to distribute his weight evenly to protect from snow caves. After ascending onto 
the pipeline, he saw an open snow cave with liquids running off what appeared to be 
the third pipeline in from the road. He removed himself to a safe location and called 
GC-2 and the Central Control Room and activated a "Code Black" (emergency spill 
response). The BP Communication Center logged the Code Black at 5:58 a.m.

BPXA began to immediately notify relevant agencies, including the Alaska 
Department of Environmental Conservation ("ADEC") through a call to the Alaska 
State Troopers at 6:15 a.m., the Alaska Department of Natural Resources at 6:20 
a.m., the North Slope Borough at 6:22 a.m. and the Environmental Protection 
Agency ("EPA") through a call to the National Response Center at 6:25 a.m.

Both of them stayed on location and were joined by other operators and they all 
worked to determine which of the three pipelines adjacent to the ra d  had the leak. 
At 6:15 a.m. it was initially believed that the leak was on the Y/P LDF (large diameter 
flowline).

GC-1



The GC-2 Area Manager called to have the pads shut in immediately. They then 
proceeded to shut down the Produced Water line from GC-1 at 6:27 a.m., which took 
less than 30 seconds for the pressure to bleed off. Finally, at 6:47 a.m., the GC-2 
Area Manager called for GC-2 to be shut down which took approximately 10 minutes, 
and at 6:49 a.m., the block valve that isolates GC-2 from the Oil Transit line was shut 
in. The flow immediately ebbed and by 9:00 a.m. the leak had stopped.



C .  H I S T O R Y  O F  T H E  G C - 2  O IL  T R A N S M I S S I O N  L I N E

1. Background

The GC-2 Oil Transit Line runs from GC-2 to Skid 50 as shown in the following 
schematic:

The pipeline is continuous but is divided into three segments as follows:

GC-2 to GC-1 -16,573 feet (OT-21)
GC-1 to GC-3 -11.420 feet (OT-13)
GC-3 to Skid 50_________ -13.881 feet (OT-31)
Total: -41,874 feet (7.9 miles)

Design and relevant operating data are shown in the following table:

Outside Diameter (OD -  inches) 34"

Nominal W a ll Thickness (inches) 0.375’ (3(8 ths of an inch) ± 1 2 %  Tolerance

Material Specification: API 5L X52 (stanocird material)

Desiqn Code ASME B31.4

Year of Commission 1977

Design Pressure 740 psiq

Current MAOP 500 psig (line was de-rated in the late 1990’s as a 
result of corrosion in the Skid 50 by-pass line)

Typical Operating Pressure < 100 psiq

Typical Operating Temperature 110-130 F (exit dehydrators at GC2)

Fluids Sales Specification Crude Oil:

•  BS&W 0 .3 5 %

•  Final Separator 14-16 psig



2. Line Integrity Overview

The BPXA corrosion inspection program is summarized below and is described in 
more detail in Section F of this report and in Appendix C.

Internal corrosion: The threat of internal corrosion in sales quality crude oil lines is 
commonly thought of as low because most of the \ /ater and gas has been removed 
from the fluids at the gathering centers. The risk is increased with (1) decreased flow 
rate and (2) increased BS&W. which allow water pockets to build up with time. Line 
condition pre leak is discussed in more detail in the corrosion and inspection section.

External corrosion: The threat of external corrosion is similar for all of the piping in 
the Prudhoe Bay field. Moisture from rain, melting snow or dew has the potential to 
migrate into the insulation which provides the right conditions for oxygen attack. The 
hotter the piping, the higher the risk. On this line the risk is generally considered to 
be lower than other areas of the field because:

1. The 3-piece design of the insulation does not trap water like some other 
designs do

2. The pipeline has a corrosion resistant coating in the cased sections

Corrosion Coupon & Probe Monitoring: Corrosion monitoring coupons are located 
in GC-2, GC-1 and at Skid 50 which see representative fluids entering the pipeline.
All are below the target nf less than 0.002 inches (2 mils) per year target.

Inspection Programs: The following inspection programs are in place for the GC-2 
to GC-1 segment of the pipeline.

Inspection Program Primarily Looks 
For:

Frequency Number of 

Locations
Corrosion Rate Monitoring 
(CRM)

Internal Corrosion Biannual 9 - Formally 
Established in 
September 2005

Comprehensive Program Internal Corrosion Annual -50
Cased Piping External Depends on findings 14 out of 16, 

Casings. Plan is to 
permanently Install 
on all.

W alk ing speed - Visual External Problems 5 years W ho le  Line
Intelligent P igging Internal & External 

Corrosion
Every 8 years (1990. 
1998, was scheduled 

for April/May 2006)

Entire Line

A acurrmg risk based inspection program has been determined to be the best 
measure to identify equipment at risk. Prioritization of inspection surveys is 
determined by average temperature of the equipment, age of equipment or the last 
time a complete screening process was completed. Cased piping examinations are 
achieved through in-line inspection or relatively new non-destructive examination 
(NDE) technologies such as guided wave and electromagnetic inspection.

- to -



3. OT-21 P ressu re  Derating and 1998 Smart Pig

Management of Change (MOC) 97354382, dated July 24, 1997 formally derated the 
GC-2 Oil Transit Line to 500 PSIG per PMP # 97-088, dated July 2.1997. The 
recommendation to derate the entirety of the line was based on both internal and 
external corrosion at the Skid 50 by-pass and a calculated MAOP of 572 PSIG on the 
by-pass section of the line. The lowest calculated MAOP for the OT-21 segment was 
653 PSIG. However, the entire line carried the derating of the lowest calculated 
MAOP -  that of the Skid 50 by-pass loop. The MOC was implemented around April 
1, 1998 and recommended that the line be smart pigged that summer. That 
recommendation was acted upon and the 'he was pigged in the summer of 1998.

The 1990 smart pig run noted nothing of significance for the oil transit line. The 1998 
smart pig run on the other hand showed moderate internal and external corrosion. 
The smart pig Identified many areas of both internal and external corrosion on the 
OT-21 segment of the oil transit line of between 30% and 50% wall loss. The 
accuracy of the smart pig data was confirmed with follow-up UT inspections. The 
1998 smart pig run also identified six specific areas inside this caribou crossing 
where internal corrosion pitting was occurring. Percent wall loss at these six 
locations in this particular caribou crossing showed a relatively low line wall loss of 
between 5% and 25% (B and C rankings). The leak location was one of these six 
locations and had a wall thickness loss of 9% in the 1998 pig run.

In September 2003, the decision was made to abandon the skid 50 bypass line. 
However, as a result of the 1998 smart pig run and the yearly data that had been 
gathered on the OT-21 segment, the decision was made to keep the line rated at 500 
PSIG instead of rate it back upwards. Condition of the O T-21 line pre-leak is 
discussed in more detail in later sections of this report.



D . P R O D U C T I O N  O P E R A T I O N S

1. Production Operations

Sales quality crude oil from GC-2 is transported to TAPS Pump Station 1 (PS-1) via 
the GC-2 to GC-1 (OT-21) oil transit line. Operational factors affecting this line have 
been identified as pressure or flow rate upsets, changes in production fluid quality 
relative to viscous oil production, and a reduction in fluid velocitie s due to overall 
reduced oil production since field startup in 1977. These factors combine to create 
the production operational parameters presented in this report.

2. Production Upsets

Electronic data retrieved from the Production Control computer system and graphed 
below indicates that normal operating parameters were present prior to the leak
discovery. The only item of note recorded from February 16,n thru March 2nd occurred 
during the shut-in process when pipeline pressure increased from normal operating 
pressure (approx. 60 PSI) to 209 PS.

i-*-GC2wn* fissn Its-im  -►Cwjahst -*-GC2piws

Chart data ranges
Pipeline Pressure Fluid Temperature Flow Rate

63-91 PSI 104-126F 38-158 MBPD
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3. Viscous Oil Production

Electronic data collected during the investigation and graphed below documents an 
increase of visccuj oil production at GC-2 from approximately 1,500 BPD in January, 
2000 to a production high of 16,098 BPD on October 30, 2005. GC-2 produces more 
viscous oil than any other facility on the North Slope and today represents 
approximately 15% of total GC-2 production.

The increase in viscous oil production at GC-2 has, however, resulted in an increase 
in Basic Sediment and Water (BS&W) entrained in the production fluids as they 
leave the GC-2 facility and are carried through the OT-21 line.

Percent of Viscous Oil of Total Production



The electronic BS&W statistical data collected between 1/1/2000 through 2/28/2006 
is graphed below and indicates a steady increase in mean BS&W as viscous oil 
production rates increased through GC-2.

Viscous Production vs. BS&W

4. Production Rates

Prudhoe Bay oil production output has fallen by nearly 75 percent from its peak in 
1987. As discussed and diagrammed below in Section F of this report, the resultant 
decrease in production of oil through GC-2 has reduced the overall flow rate of oil in 
this segment of the Oil Transit Line by nearly a factor of four.



E .  P R U D H O E  B A Y  L E A K  D E T E C T I O N  S Y S T E M

1. Summary

The Prudhoe Bay leak detection system covers oil transit lines from all of the 
production facilities at Prudhoe Bay and Lisburne to PS-1. As described below, the 
system Is divided into individual segments for purpose of leak detection. The OT-21 
line from GC-2 to GC-1 is termed segment 3 and the line from GC-1 to Skid 50 is 
termed segment 4.

0
GC-2 GC-1

P ru d h o e
Pipeline FS-3

Seg 8

FS- FS- 2

>eg 5Seg 3
1

Seg 4
' SK 50

Seg 7 Seg 6

COTU

PS1
Seg 1

IPC Lisburne
Pipeline

Prudhoe Bay Leak Detection System Segments

The leak detection system works by using a daily mathematical accumulator to 
measure positive and negative volumes between the meters at the beginning and 
end of each segment. For segment 3, the daily accumulator looks at the daily 
volume measured at the GC-2 sonic meter minus the daily volume as measured at 
the GC-1 sonic meter. For each segment, four alarm points are set: high/high, high, 
low and low/low. The high/high alarm set point for the system is set at approximately
0.5% of the average flow rate over a 24 hours period. For segment 3, the high/high 
alarm point is 440 bopd. Following is a graph of the daily accumulator rates for 
segment 3 for the week preceding March 2, 2006.
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Thu Feb 23 12:00:00 AM Alaskan Standard Time 2006 to Thu 
Mar 02 11:58:00 PM Alaskan Standard Time 2006

Feb 25
13:07 higlVhigh 
alarm

Feb 27
01:16 and 01:24 
high/high alarms Feb 28

08:21 high/high 
alarm

t e a ,  r y A
3559 4745 5931-71-17 -8303-9489 10675

Feb 26
05:31 high high 
alarm

High/high alarms were noted by the automation engineer in their Leak Monitoring 
Tuning Log on February 25 through February 28. The Eastern Operating Center 
(EOC) Specialists, who monitor the alarms, also keep an event message log which 
confirms the high/high alarm readings on the times noted above. As shown in the 
preceding graph, the magnitude of the high/high alarms ranged from 440 bopd to 
600 bopd. Starting on February 25, the notes in the Leak Monitoring Tuning Log 
note that GC-2 had been producing water on a regular basis and that segment 4 was 
mirroring negative readings as shown in the following graph.

GC2 Segment 3 and 4 Leak Detection Data

•500

•10OO

-1500
2/20/200 3/2/2006
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Based on the known GC-2 BS&W upsets that were occurring and the fact that line 4 
was mirroring segment 3, the Leak Monitoring Tuning Log system states that the 
readings were interpreted as an error in the meters and both segment 3 and 4 were 
reset on each of these days (13:07 on the 25th; 06:49 on the 26 ; 07:45 on the 27th; 
and 08:24 on the 28!h). Our conversations with the automation engineers and the 
EOC Specialists who monitor the leak detection system confirm this statement. 
During this timeframe a tuning adjustment was also made to the leak detection 
system at 08:12 on February 28lh. There was no high/high alarm detected on March 
1 or March 2.
To try and determine how long the leak may have been occurring and at what rate, 
the rate of pressure bleed down after GC-2 and OT-21 were shutdown was used to 
estimate an equivalent hole diameter of 0.4 inches. An impression of the actual hole 
in the pipe measures roughly 0.25 inches by 0.5 inches. The equivalent diameter of 
this hole approximates the 0.4 inches calcuhted from pressure bleed down data. 
Based on this equivalent diameter, it is estimated that the maximum leak rate could 
have been in the range of 1000 to 1300 bopd at an operating line pressure of circa 
80 psig. On March 9, 2006, the Unified Command released a joint estimate with an 
agreed upon estimated size for the spill of 4,800 barrels plus/minus 33 percent or 
between 134,783 gallons and 267,555 gallons. Based on the mean estimated spill 
volume of 4,800 barrels, the leak is estimated to have been going for at least five 
days. As a result of shutting down the GC-2 flow to GC-1, there was a pressure 
spike in the line that went to 239 psi for a short duration. This could have also 
impacted the final hole size. In consideration of this pressure spike, the fact that the 
hole most likely grew from the inception of the leak, the fact that insulation around 
the pipe would have caused a flow restriction and the uncertainty of how much of the 
final hole size may have been created as a function of removing the insulation, it is 
very likely, although impossible to prove, that the majority of the leak was most 
probably occurring at rates less than 1000 bopd.



2. Detailed Description of the Prudhoe Bay Leak Detection System

The Prudhoe Bay leak detection system is designed around a 1% detection threshold 
over a 24 hour period and utilizes either sonic flow or turbine flow meters that 
compare the flow rate into a given segment of pipe versus the flow rate out of that 
segment of pipe. The 16.573' of 34’ line between GC*2 and GC-1 is referenced as 
Segment 3.
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Theoretically, with no process fluctuations at GC-2 and no leaks in the pipeline, the 
measured flow rate at the sonic meter at GC-1 should be identical to that of the rate 
at the sonic meter measured at GC-2. Practically this is not the case. Due to 
process upsets (BS&W) and the non-steady state nature of the process, leak rates of 
less than 1% may not be detected by the system. As a result, it is designed to 
identify a 1 % leak over 24 hours by use of a mathematical accumulator that adds up 
the delta of measured flow rates (GC-2 minus GC-1). It is also worth noting that the 
high-high alarm is set at a leak rate of approximately 0.5% to add a level of insurance 
to try and act on an event more quickly than if set at 1%. How the system works is 
that a positive accumulator number would indicate less oil coming out of GC-1 than 
what is going in at GC-2 and conversely, a negative accumulator number would 
suggest more oil exiting GC-1 than what is entering at GC-2. The graph below shows 
a week long history of minute by minute readings of GC-2 minus GC-1 for the week 
prior to the spill.

Thu Fob 23 1 2:00:00 AM Alaskan Standard Time 2006 to Thu Mar 02 
1 1 58:00 PM Alaskan Standard Time 2006

3 0

2 5

2 0
1 5

1 0
5
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-1 0
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J

0 8 4 4

The graph illustrates a continual swing of positive and negative readings, with the 
absolute swings being in the 4 barrel per minute range. At 4 barrels per minute, this 
is the equivalent of 5760 bopd or just under 6% of a 100,000 bopd nominal flow rate.

To compensate for these dynamics, the ups and downs are smoothed using the 
accumulator and are looked at on an hourly basis as shown below over the same 
timeframe.

- 1 9 -
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Thu Feb 23 12:00:00 AM Alaskan Standard Time 2006 to Thu Mar 02 
11:58:00 PM Alaskan Standard Time 2006

200 - i -----  -  - -------  ------------------

This graph still shows quite a variation in both negative and positive s* ings in the 
system on an hourly basis. As a result, it takes one further smoothing over a 12-24 
hour period of the accumulated data to detect a small leak.

The graph below illustrates the uncorrected delta in daily meter readings from 
September 2005 to March 2, 2006.

This graph shows that there are th-ee meters at GC-2: orifice plate meters and two 
sonic meters. All measure the meter readings at GC-2 minus the readings at GC-1. 
The blue curve is the delta between the summation of the orifice plate meters and 
the sonic meter at GC-1; the white curve is the delta between the first sonic meter at 
GC-2 and the sonic meter at GC-1; and the red curve is the delta between the



second (newer) sonic meter at GC-2 and the sonic meter at GC-1. Note the 
magnitude of the differences between the three sets of meters is in the 1000 to 2000 
bopd range. The spikes are usually associated with some sort of process upset. 
When this happens the EOC Specialists follow the Leak Detection Monitoring and 
Response Procedure and the systems and procedures outlines in the GPB Leak 
Detection System Overview, both of which are attached in Appendix C. to evaluate 
what is happening in the plant and the line. As described in those documents and 
discussed below, they must continually reset the accumulator and work to re-tune the 
meter factors for improved accuracy.

In 2005, BPXA evaluated the Prudhoe leak detection system to see if it could meet a
u.5 % leak detection threshold being considered by ADEC in a proposed rulemaking. 
The analysis concluded that meeting a 0.5 % leak detection threshold is not feasible. 
Nonetheless, as stated above, prior to the leak the system was set to alarm at 
approximately 0.5%. The 2005 analysis also determined that segment 3 has a high 
number of false alarms and a lot of unsteady state conditions -  more than any other 
segment. Most of the false alarms are ruled out as process upsets due to high water 
content in the exported crude and the mirroring of a neighboring segment of pipe with 
negative readings. In the absence of these two facts, a request is made for the pipe 
to be either driven or flown over. According to the Leak Detection Monitoring and 
Response Procedure, it is the responsibility of the EOC Specialist to make this call, 
in consultation with the automation engineer, the Leak Detection Technical Authority, 
and other available resources. Below is a summary of the high and low alarms and 
number of resets and retuning that occurred from July 2005 through February 2006,

Meter Tuning Log Seg 3 Data 
July 2005 to February 2006

■ Normal
■ High Alarm
□ Low Alarm
□ Re-Tune
■ Re-Set

Ju l-0 5  A ug-05 S e p -0 5  O c t-0 5  N ov-05 D ec -0 5  J a n -0 6  Feb-0€

-21 -



In summary, based on the minute by minute flow rate fluctuations, known process 
upsets and fluid composition changes, it is a challenge, If not next to impossible to 
detect instantaneous leaks of less than 1%. As a result, In order to detect a 1% leak, 
it will require 12 to 24 hours at a minimum to confirm the trend. Even then, because 
of the false alarms associated with the system in general and long term process 
upsets in particular, leak detection at the 1% threshold would be challenged

- 2 2 -



F. C O R R O S I O N  I N S P E C T I O N  P R O G R A M

1. Overview

The best source of information on the BPXA corrosion inspection and monitoring 
program is the publicly available Annual Report for the Year 2004 that BPXA 
submitted to ADEC in March 2005 on its Commitment to Corrosion Monitoring. This 
was the 5th such Annual Report and provides a detailed look on a yearly basis of 
BPXA’s corrosion management and monitoring program for non-common carrier 
pipelines on the North Slope. Its contents reflect the Corrosion Work Plan jointly 
agreed to between BPXA, ADEC, and ConocoPhillips in 2000 as well as feedback 
from ADEC on previous Annual Reports and the twice-per-year meetings with ADEC 
on BPXA's corrosion inspection and monitoring program. Both the Work Plan and 
Appendix 3 to the March 2005 Annual Update. Corrosion Management System, are 
included in Appendix C.

Following is a high level summary of the program with an emphasis of those 
components of the program to better understand the internal corrosion activity in OT- 
21 and factors that have affected the recent and sudden increase in the rate of 
corrosion activity. Specifically, we look at:

• Internal condition of OT-21 pre leak
• Factors th ̂t affect internal corrosion of OT-21
• Known factors and actions taken

2. Pre-leak Condition of OT-21

Historical and current inspection programs provide insight into the pre leak condition 
of OT21.

• 1990 Smart Pig Inspection: OT-21 was inspected via a Pipetronix first generation 
(P1) smart pig in 1990. The following Table summarizes the results of that 
inspection.

1990 Smart Pig Data

Wall Loss Indications
0-20% 22

20%-40% 30
40%-60% 6

>60% 0
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CIC followed up the 1990 smart pig with manual UT (Ultrasonic Thickness) 
measurements to verify the smart pig data. The UT data showed a maximum loss of 
32% with a minimum remaining wall of 0.265 inches. According to the UT results, the 
smart pig had significantly overestimated tne amount of damage to OT-21.

• 1998 Smart Pig Inspection: OT-21 was again inspected using a Pipetronics smart 
pig (Generation 2) in 1998. As can be seen from the following figure, the 1998 smart 
pig run found quite a few more corrosion indications than were found in the 1990 
smart pig run.

According to the 1998 smait pig run, the maximum internal corrosion loss was 
approximately 50% of the wall (corresponding to 0.187 inches wall remaining). As in 
1990, the 1998 smart pig run was followed up with manual UT measurements.
Unlike 1990, however, these follow-up manual UT measurements largely confirm•'d 
the results of the smart pig. The results of both the smart pig and UT inspection 
indicated that there had been continuing internal corrosion damage between 1990 
and 1998. However, while experiencing some corrosion, OT-21 was well within the 
BPXA “fit for service" criterion. The basic fitness-for-service criterion used by BPXA 
is ANSI/ASME B31G -  0.100 inch wall thickness or a thickness required for 105% 
MAOP (the specifics of the fit-for-service definition are discussed in greater detail in 
the above referenced Appendix 3 at section 3.3.5 to the 2004 Annual Update 
included in Appendix C).

The amount of wall loss at this particular caribou crossing at the site of the leak was 
reported to be 9% in the 1998 survey.

• Post 1998 UT Inspection program: No smart pigs were run between 1998 and the 
present. However, information on the condition of the line can be obtained from the 
UT inspection program results from 1999 to 2005. Those results from the UT internal 
corrosion inspections over this timeframe are shown below.

O i l  T r a n s l t - 2 1  S P Ig
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UT Inspec tion  Data S u m m a ry  OT-21 from 1999 to 2005

Year

Number
of

Locations
Inspected

Number
of

locations
showing
corrosion
activity

Maximum 
rate of 

corrosion 
activity 
MPY

Wall 
thickness 
at location 

with 
highest 
activity

Location 
# of point 

with 
highest 
activity

Min wall 
thickness 

of all 
locations 
reported

Location 
with mln 

wall

1999 15 1 13 0.230 229 0.180 262

2001 21 0 0 0.180 262

2002 20 2 21 0.240 136 0.180 262

2003 21 0 0 0180 262
2004 15 1 3 0.260 7532 0 180 262

2005 47 7 32 0.300 263 0.140 14168

MPV = mils per year. One mil = 0.001 
inches of wall loss per year.

Nole: There were no UT evaluations in 2000

Only a few points (4 out of 92) showed an increase in corrosion activity from 1999 to 
2004. This indicates that corrosion was not highly active during this period. In 
addition, the fact that the location showing the highest increase in activity kept 
cnanging from year to year is further evidence of minimal and random corrosion 
activity. The sporadic rate increases during the 1999-2004 period did not give rise for 
concern since the locations at which they were measured could withstand many 
years of similar corrosion activity (rate) before becoming unfit for service.

Further evidence of low corrosion activity comes from the observation that during this 
time period there was no further wall loss at the location historically reported with the 
minimum wall thickness (most historic corrosion activity) on OT-21. Location 262 
which remained at a constant wall thickness of 0.180 in.

Clearly though something began to change in 2005 when the uata from seven 
locations inspected in September/October 2005 showed an increase and the 
corrosion activity w.is the highest it had been over the past six years at 32 MPY. As 
a result, the OT-21 section of line was put on a biennial rate monitoring program and 
a smart pig run was scheduled for 2006.

This sudden increase in corrosion rate is shown In the following table and shows a 
representative sample of the data from 2005 inspection locations including all of the 
locations that showed an increase in corrosion activity in 2005. More importantly, the 
results of the ’ 'T inspections that were just conducted after the incident have been 
compared to the last set of data for that same location.



0T21 Inspec tion Data with increases in 2005

& 260 • 9f/PY. 2€0 wart toft m r«*>ng tilt 
■MPY him 1ml pdrK >30 MPY 

MPY hwn last par* <«?0MPY

BMPY Zmn> • no change in wtW ttvchnwe 
indcetea <feration ot inspection interval

What the above table shows is the status of a particular inspection point from one 
point in time to the next point in time that the location was inspected. As can be 
seen from the extensive and long term green and yellow bars, corrosion activity was 
very low for the majority of these locations through at least September/October 2005 
-- the date of the last inspections that BPXA had for the line prior to the March 2, 
2006 leak. In other words, the sudden increase did not begin to occur until sometime 
aftei the last date that measurements were taken in the fall of 2005. As already 
mentioned above, there was only one location shown in red above that was known 
prior to the spill -  location 263. However, while not a concern on an individual 
location specific basis because is had 0.300 wall remaining, the collective picture did 
cause some concern and actions were taken to increase the frequency and nature of 
the review of the line as discussed above and in more detail below.

The remainder of the red bars are based on inspections done at that particular 
location after the leak. The post leak inspection data, i.e. all of the data collected in 
the past few weeks clearly shows that something has drastically changed as nearly 
all locations that have been UT inspected show a large increase in corrosion activity 
with measured rates in the 40-80 MPY range.

• Guided Wave UT: Road and Caribou Crossing Inspections

The May 2005 Annual Report discusses in detail the BPXA inspection program at 
buried road and caribou crossings on the North Slope. In particular, it describes the 
Guided Wave UT inspection program for these areas. A guided wave UT was 
recently conducted at this particular caribou crossing and another was just conducted 
after the incident. Neither of these inspections, however, shows evidence of internal 
corrosion on the pipeline. This is largely because the guided wave UT method 
mainly detects large volumetric metal loss. As a result, by design it is not as 
sensitive to internal pitting as it would be to large amounts of external corrosion 
which, prior to now have been viewed as the main corrosion threat on the North
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Slope at cased crossings. BPXA is in the process of implementing a guided wave 
UT inspection program that will provide repeated scans over the same area that 
should be better able to detect changes in external corrosion activity. Without 
excavation and removal of the outer casing from the pipeline, smart pigging is the 
o:.iy accurate way to determine the condition of cased or buried pipelines with 
respect to internal corrosion. As stated above, a smart pig was scheduled for this 
line in 2006.

• Corrosion Coupon Data

The graph below shows data from corrosion coupons installed in the oil transit line 
between GC-2 and Skid50.
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As can be seen from the graph, the coupon data are all well below the target 
corrosion rate of 2 MPY. Some slight pitti has been observed over the years, but 
nothing excessive. The coupon data does not show any evidence of increasing 
corrosion trend. This may be explained by the fact that the coupons are in the flow 
stream and the corrosion damage appears to be primarily located on the bottom of 
the line on certain uphill runs.

In summary, the above discussion indicates that there was existing pre-leak 
corrosion damage to OT-21 that was known to exist. However, the data also shows 
that the line easily met the “fit for service" criteria. The UT data also indicates that 
internal corrosion was largely under control until sometime between late 2005 and 
now. Neither guided wave UT at the caribou crossing nor corrosion coupons showed 
any indication of an increase in corrosion activity.

3. Potential Factors for Increased Internal Corrosion Rate

In an attempt to analyze what could have caused the rapid increased corrosic n 
activity over the past six months, we looked at numerous factors that might have led 
to the sudden increase in internal corrosion activity observed after the leak.
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•  W ater in the OT-21 Line

Water must be present in the line for internal corrosion to occur. The smart pig data 
from 1990 and 1998 shows that corrosion had occurred slowly over time, therefore 
water must have been present at sometime in the past. Likewise, the recent 
increased corrosion rates also would have required water.

To help with the analysis, we calculated the flow velocity of fluids through the OT-21 
based on production rates from 1990 forward. Those historical rates are shown 
below in feet per second.

O T - 2 1  H i s t o r i c a l  V e l o c i t i e s  -  f p s

Next, we modeled the OT-21 pipeline and determined that a velocity of about 8 ft/sec 
would be required to sweep residual water from the line. This would be true even at 
various inclinations like that at the caribou crossing. Based on these two data points, 
we can conclude that with a velocity of 4 ft/sec or less, water has likely been present 
in the OT-21 line since at least 1990 and probably long before that given the fact that 
corrosion was found in the1990 smart pig. Therefore, although Section D of this 
report shows the relationship between the increase in Viscous Oil production at GC-2 
and the resultant increase in BS&W carryover into OT-21, water was present long 
before Viscous Oil although likely in lesser amounts.

•  C 0 2

C02 is widely present in Prudhoe Bay fluids and if uncorrected for can cause 
corrosion. However, the crude oil leaving the GC- 2 production process is 
depressured to 15 psig in the last separation vessels. As a result, the fluids should 
be in equilibrium with C02 in the gas at that pressure. Corrosion predictions show 
that this amount of C02 would produce a corrosion rate of 8 MPY, far below that 
observed in the last six months on the OT-21 line.



• H2S

H2S Is known to be present In the GC-2 inlet separators at 20 ppm and builds 
somewhat throughout the facility. However, by itself it does not reach levels that 
could cause the corrosion rates observed.

• Erosion

Erosion of the inside of the wall of a pipeline can and does occur in certain instances, 
especially where sediment is present. However, the velocities shown in the above 
graph for this line are much too low for erosion, even if increased BS&W and Viscous 
Oil "flour sand" is carried over into the OT-21 line.

• Water Chemistry

No significant changes were found in water chemistry or pH since 1995.

• Well Activities

No evidence was found of recent significant changes in well fracturizations or 
acidizing work upstream of GC-2.

• Under Deposit Corrosion

The pipeline was not directly opened up to view what is inside it at this location. As a 
result, there is no direct evidence for or against under deposit corrosion at this time. 
However, the mechanism associated with under deposit corrosion is usually a longer 
term corrosion issue and by itself would not be expected to suddenly increase and 
produce the rates observed.

• Corrosion Inhibition

In 2006, the annual budget for the BPXA Corrosion, Inspection, and Chemical (CIC) 
program was S62 million, an increase of 80% from 2001. A large portion of that is 
spent on corrosion inhibitors to add to the produced fluids system. These corrosion 
inhibitors are water soluble and carry over in small amounts into the production 
facility and the downstream piping leading from it. The same would be true for GC-2 
and the OT-21 line. BPXA enhanced its corrosion inhibition program in the mid- 
1990’s and corrosion inhibitor usage has increased from 1.62 million gallons in 1995 
to 2.71 million gallons in 2004. This increase is likely responsible for the reduction in 
corrosion activity observed in OT-21 after 1998. Changes in inhibitor or inhibitor 
carryover could affect downstream corrosion rates.

Records show that two coriosion inhibitors have recently been used -- Nalco 
01VD121 (2002 to September 2004) and DVE4D002 (September 2004 to October 
2005). The facility returned back to using Nalco 01VD121 in October 2005. While 
this fact alone might lead one to look into its potential impacts on the recent 
increases in corrosion rates, that fact is unlikely since it was used successfully from 
2002 through September 2004 with no resultant increase in corrosion rate over that
timeframe.

- 2 9 -



Inhibitor carryover was tested by Nalco on samples of produced water from GC 1, 2 
and 3 and FS 1, 2 and 3 in February 2005. As shown below, this data shows GC-2 
had the least carryover of corrosion inhibitor of the six facilities. At 17 ppm the 
amount was 30% of the average of the other GC’s or FS's. Upstream inhibitor 
injection appeared normal at this time. This low level of corrosion Inhibitor carried 
over into the OT-21 pipeline system could contribute to ar, increase in corrosivity of 
the GC-2 water in the line. The reason for this low level of corrosion inhibitor 
carryover not totally known. However, facts suggest it could be the result of the 
additional solids brought in by Viscous Oil production into GC-2. Increased solids 
provide sites for adsorption of the corrosion inhibitor, which would then reduce the 
level of residual corrosion inhibitor in the water. Because of the increase in Viscous 
Oil production and the resultant increase in BS&W, GC-2 has had to experiment with 
various emulsion breakers to try and address the BS&W upsets. Because of the 
various chemical interfaces this too could have contributed to the reduction of 
corrosion inhibitor carryover.

Filming Inhibitor Test Results

S a m p le R e sid u a l
S ite ppm

► A GC-1 64
► B GC-2 17
► C GC-3 47
► D r s - i 54
► E FS-2 68
► F FS-3 49
► B LPC 129
> J Unlnhlb PW 0

140

120

1 0 0

80

Poten tia l for c o r r o ^ r  In PW system
* GC-2 > GC-1, GC-2, FS-1, FS-2, FS-3 > LPC 
2005

Dp

o

J]

:

!

r f• r "

i FI*_ - .  -TTT
GC2 Lowest Carryover of 

all GC’s/FS’s

• Bacteria

Bacteria, particularly Sulfate Reducing Bacteria (SRB), are well documented to r use 
corrosion in oilfield equipment although their presence in sales quality crude oil L as 
is unexpected. However, bacteria can thrive in low velocity vessels and tanks, 
especially under deposits, sand, or sludge. Corrosion rates from SRB activity can 
reach 50-100MPY.

Some historical data exists on bacterial activity at GC-2 that shows some activity 
from 1990 to 1998 in inlet vessels. However, several recent events indicate that 
bacterial activity has increased at GC-2 and in the OT021 line.
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Concerns about H2$ levels in 2005 prompted a sampling program around GC-2. 
Results shown below indicate that the inlet gas H2S levels are fairly low, 20-30 ppm. 
However, gas samples taken at more downstream parts of the plant indicate a rise in 
H2S. This indicates a rise In SRB levels through the plant vessels. A new set of 
samples has been taken to verify SRB activity and results will be available in early to 
mid-April.

GC-2 H2S Sample Log Sheet

Locetlon______________________________________ppm Retuii PPM Rm u Ii ppm Remit Pete Sample Method

Gas Off B Slug Catcher 30 30 30 7/1/05 direct qas
Gas Off C Slug Catcher 20 20 20 7/1/05 direct qas
Water Off D SIuq Catcher 140 140 140 7/1/05 qas off the water / shake & drake
Water Out of ADehy 180 150 130 7/1/05 qas off the water / shake & drake
Water Out of B Dehy 50 30 30 7/1/05 qas off the water / shake & drake
Water Out of C Dehy 25 30 30 7/1/05 qas off the water / shake & drake
Water Out of 0 Dehy 275 350 325 7/1/05 qas off the water / shake & drake
Water Out of T-8512 600 400 400 7/1/05 gas off the water / shake & drake
Water Out of T- 703 600 625 600 7/1/05 qas off the water / shake & drake
Vent Gas Blower gas 175 200 200 7/1/05 direct gas
Discharqe off Booster Pump in 407 400 800 800 7/1/05 qas off the water / shake & drake
Discharqe off Booster Pump in 402 275 350 300 7/1/05 qas off the water / shake & drake
Dirty Water Tank Gas Phase 175 225 200 7/1/05 direct gas

In addition to the inhibitor residuals mentioned above, Nalco conducted tests on GC- 
2 produced water on samples taken in February 2005 that showed GC-2 inhibitor 
carryover had the least affect on SRB growth of any of the production facilities 
tested. This is graphed below. The importance of this fact is that corrosion inhibitor, 
although not a biocide, is tc to SRB’s. As a result, a reduction in corrosion 
inhibitor carryover into the C i -21 line could have led to an increase in SRB activity in 
the line



Another Nalco study in July 2005 showed that SRP activity was 104 col/ml at the oil- 
water skim tanks at GC-2. This is a relatively high level of SRB growth and was the 
highest of any of the GC's/FS‘s.

Other Chemical Changes: We also evaluated whether or not any other recent 
changes in production chemicals could have had an affect on corrosion activity or 
inhibitor carryover. Our inquiry identified two such potential chemical changes in GC-
2. First, GC-2 uses a Champion product called X-1421, which is commonly referred 
to as “Pad Buster.’ It is used on occasion to break up bad emulsions in GC-2 
vessels. This chemical has been in use since 2002 in GC-2 and other processing 
locations. Second, Viscous Oil production has made oil/water separation more 
difficult at GC-2 and Nalco brought on an emulsion breaker, EC2011A, In January 
2000 to address the issue. This chemical was recently changed to VX8055 (also 
labeled as DVE4Z026) in 3Q and 40 2005 with good results -  better oil/water 
separation -  reported.

No changes in scale inhibitors were reported since 1Q04.

Some of the more pertinent facts from above are shown in the following timeline.
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Much of the data collected in hindsight after the leak points towards an increase in 
SRB activity in GC-2 and the pipeline as a likely factor in the recent and sudden 
increase in corrosion activity. Data shows that SRB are present in GC2 as shown by 
the elevated H2S levels and the bacterial test results. The presence of bacteria 
combined with the demonstrated low carryover of corrosion inhibitor in GC-2 and the 
low toxicity test results increases the likelihood of this occurrence.

The lack of corrosion Inhibitor carryover may be due to two factors. First, through 
adsorption on solids present in the GC-2 process trains as a result of Viscous Oil 
production and the resultant increase in BS&W and the fine “flour sand" that is 
produced, This would provide a large surface area for adsorption of the corrosion 
inhibitor. Second, by using emulsion breakers to promote oil/water separation, 
these chemicals could aid in removal of the active components in the corrosion 
inhibitor from the water. However, with respect to this latter point the low levels of 
inhibitor carryover at GC-2 were measured in 1Q05 well before the recent change in 
emulsion breaker.

The following Action Timeline attempts to document actions taken with facts known 
about the corrosion on the OT-21 line.

4. Conclusion
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As discussed in detail above, there was very little change in the corrosion rates on 
the OT-21 line segment until the 2004 program data was reported in 3Q04. At that 
time, three locations in the 800j 24" line, the line that feeds into the OT-21 line at 
GC2 increased along with one location on OT21. None of these increases gave rise 
to concern about the fitness for service of 800J or OT-21. Based on these results, 
however, BPXA increased the number of inspections on the OT-21 segment from 15 
to 47 for the year 2005 program. The results of that program in 3Q05 showed seven 
locations on the OT-21 line had increased corrosion rates. As a result, ten OT-21 
locations were placed on a six-month inspection interval, as opposed to the previous 
12 month interval, and the smart pig was confirmed for 2006. None of the data in 
either 2004 or 2005 indicated a concern for the “fitness for service" of OT-21,

The leak occurred March 2, 2006. The next round of bi-annual UT inspections for the 
ten locations was scheduled for March 2006. The smart pig was scheduled for 2006 
as well. Since the leak, BPXA has conducted in excess of 2,500 UT inspections 
including over 1,800 on this line. This post leak inspection data clearly shows 
sudden and unexpected increases in corrosion activity since the last set of data was 
gathered in fall of 2005. Had the leak not occurred, either the next round of bi­
annual UT inspections or the smart pig run would likely have detected this increase 
and actions would have been taken.



APPENDIX A 
GC-2 Transit Line Spill -  March 2, 2006 

Sequence of Events (Timeline)

ITEM
#/CF

DATE/TIME PIPELINE HISTORY EVENTS CONDITIONS/COMMENTS

1. P-L construction, etc... (need history)

SPILL IDENTIFICATION/REPORTING EVENTS CONDITIONS/COMMENTS
2 . Thurs 3/2 

0450

Tim Okonek (GC-2 W e ll Pad Operator) detected hydrocarbon smell while 

driving pipeline road between GC-2 and GC-1

Comment: Because he was alone. Tim decided not to 
exit his vehicle and investigate, but to instead proceed to 
BOC to make notification

3 . Thurs 3/2 
0530

Tim Okonek arrived at BOC and advised Bob Wortham (GC-2 Lead 
Operator) and Shawn Croghan (GC-2 Area Manager) of the smell

Comment: Tim a ls o  m en tion ed  sm e ll to  S e cu r ity  a u a rd  
"B e e t le ' B a i le y

4 . Thurs 3/2 

0535

Shawn Croghan (GC-2 Area Manager) and Pat Ramsey (GC-2 Well Pad 
Operator) departed BOC for GC-2 pipeline road. They drove slowly for 

approximately two miles, using the truck spotlight to illuminate the lines 

adjacent to the road, checking for hydrocarbon smell and indications of 
leak or heat plume. W h ile  passing the first caribou crossing from GC-2 
end of line (heading east), Pat Ramsey thought he noticed a small heat 
plume. He slopped the truck and Shawn Croghan exited the vehicle and 
approached the pipelines. He was unable to see anything so he informed 
Pat Ramsey that he was going to climb up and walk on the snow covering 
the lines. He did so and observed an open snow cave with liquids running 
off what appeared to be the third pipeline in from the road. After removing 

himself to a safe location to make notification.

Conditions: In his written statement. Shawn Croatian 
reported that wind speed at the lime was approximately 

15-20 mph blowing almost directly downward in direction.

5 . Thurs 3/2 

0558

Shawn Croghan (GC-2 Area Manager) called in Code Black (emergency 

spill response) to GC-2 and PCC.

6 . Thurs 3/2 
Approximately 
0600 0615

Shawn Croghan and other operators worked to identify the source of the 

leak, as there are 3 lines adjacent to the road. At 0615 they thought that 
the leak was on the YI P  large diameter flowline (LDF). Shawn Croghan 

then initiated shut-ins of Y and P Pads, the produced water line between 

GC-1 and GC-2, and all of the remaining GC-2 process areas and well 

pads.

7 . Thurc 3/2 
0616

Y Pad and P pads shul-m



8. Thurs 3/2 
0618

Mobile Command Center (MCC) is dispatched to scene and Comm 
Center notifies Shawn Croghan (GC-2 Area Manager) that staging area 
will be set up at Santa Fe Pad

9. Thurs 3/2 
0644

IMT activated and members notified to mobilize at IMT Center at PBOC 
(Prudhoe Bay Operations Center - Eastern Side of field)

10 Thurs 3/2 
0646

All wells on H pad and J Pad are shut-in by Operations
11. Thurs 3/2 

0647
All wells on M, N. R. S. U, W and Z Pads are shut in by Operations

12. Thurs 3/2 
0658

SDV-01-0502 valve (oil from GC-2 to GC-1) shut in by Operations
13. Thurs 3/2 

0708
SDV-02-0503 valve (transit oil to GC-1) shut in by Operations

14 Thurs 3/2 
0806

First FLIR flight readied for departure
15. Thurs 3/2 

0823
Alaska Clean Seas (ACS) mobilized

16 Thurs 3/2 
0859

ICS confirms that GC-2 transit line pressure = 0
17. Thurs 3/2 

0930
Verbal approval received for tundra travel

18 Thurs 3/2 
0935

Line size verified at 34" standard
19 Thurs 3/2 

1100
ADEC representative Gary Evans arrives on site

20. Thurs 3/2 
1100

Alaska Clean Seas (ACS) confirms O'l on north side of pipeline

21. Thurs 3/2 
1500

Second FLIR en route
22 Thurs 3/2 

1800
Unified Command in place
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List of People Interviewed

Individuals Interviewed
• Hal Tucker, Production Optimization TL
• Tim Clark, Production Control Lead, Involved in shutting down GC-2
• Clint Sewell, Production controller in PCC, was working GC-2 pads
• Casey Williams, EOC operator, monitors leak detection system
• Shawn Croghan, GC2- Area Mgr
• Gary Crawford, CIC TL
• Hal Kruschke, CUI Specialist
• Kip Sprague, Integrity analyst
• Pat Ramsey, GC2 Pad operator, was with Shawn when leak discovered
• Dave Bruchie, Flow Engineer, expert in GPB leak detection system
• Tim Okonek, GC2 Pad Operator
• Ben Hinze, Nalco Production Chemist
• Marty Shearer, Night EOC operator, monitors leak detection system
• Jen Tu, Flow measurement engineer, adjusts leak detection meters
• Randy Denardi, CIC Field inspector
• Andy Fowler, Coordinates Otter flights for aerial surveys
• George Brant, Accuren Project Manager
• Tim Bieri / Andy Spano, Anchorage Corrosion Engineer
• Jim McNew, Night Shift CIC Field Inspector
• Ann Cook, EOC operator, monitors leak detection system
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GPB Leak Detection Monitoring and Response Procedure

Authority:

Scope:

Issue Date: 

Revision Date: 

Next Review 

Date:

GPB PROD OPT TL 
GPB

June 12,2003 
January 30, 2006 
January 30, 2009

Custodian: 

Document 

Administrator: 

Issuing Dept: 

Control Tier:

GPB EOC Specialists 
BPXA HSE Web Specialist

Operations 
3 -G P B

1.0 Purpose/Scope
The purpose of this procedure is to establish appropriate procedures and documentation to maintain the 
Leak Detection System integrity and to document responsibilities and constraints on persons maintaining 
the leak detection system integrity

2.0 Definitions
Not applicable.

3.0 General Requirements
The Leak Detection System Administrator (LDSAJ will be the maui contact as defined ill die following 
procedures. Currently, this position is maintained by the Flow Measurement Engineer (659 "064, pgr 659- 
5100,2202; alternately, contact the Controls Engineer at 659-5323, pgr 659-5100, 1204).

4.0 Key Responsibilities
Not applicable.

5.0 Procedure

5.1 Specific Action

To maintain leak detection system integrity -

• Allocation meters must be proven at least quarterly at all endpoints, as per existing procedures. 
CMMS Preventative Maintenance (PM) records shall be documented, including any required 
recalibration information.

• As found and as left information is desirable but not required. Document any significant instrument 
drift in the instrument loop folder. This may be used to optimize PM schedules.

The leak detection system should be tested as agreed by the Alaska Department of Environmental 
Commission and BP. The LDSA will coordinate testing. Tests results will be reviewed and recorded ui 
document control files similar to safety critical ESD testing. The LDSA will be responsible for tiammg 
operators and maintenance technicians on the Leak Detection System.

Hither functional or Software testing shall be performed:

• Annually and after hardware or software changes that may affect system reliability.
• When system integrity is suspected to be compromised.

Functional tests are preferred when:

• Significant software modifications are made.
•  A simulated pipeline leak can be made utilizing equipment and personnel available for related

________work, such as pigging the pipeline._______________________________________________________
Control Tier. 3 -GPB Revision Date: 01/30/2006
Document Number. UPS-US-AK-GPB-PCC-HSE-DOC-00001-3 Print Dale: 3/512006
PAPER COPIES ARE UNCONTROLLED. THIS COPY VALID ONLY AT THE TIME OF PRINTING. THE 
CONTROLLED VERSION OF THIS DOCUMENT CAN BE POUND AT hltp://alaska.bpweb.bp.com/ems/
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• Inventory or dc-inventory o f either pipeline will occur.
• A functional lest leak has not been performed within 3 years.
• The weather allows.

Any defeated alarms shall be reported to the LDSA in a timely manner and will be discussed at shift change 
in the daily meeting until fixed per existing safety defeat log procedure The OTL is the responsible for 
oversight o f  this reporting process.

5.2 Tun ing Constant or Software Change Documentation
All changes to the leak detection software or tuning constants will be controlled by the LDSA. All software 
changes will be implemented using the Work Order (WO) and Management o f Change (MOC) procedure. 
Software configuration changes to the Data Acquisition System or EFA System will require an MOC 
authorized by the LDSA.

Changes to (low, pressure, temperature, metenng sk'd instrument ranges, and filter time constants can afiect 
system sensitivity and operation. These changes are reported to the Flow Measurement Engineer (FME) per 
existing work order system FME is responsible to consider the implications of these changes

All tuning changes that affect detection sensitivity and software access:

• Arc password protected. The I.DSA, FME, and Instrument Engineer (IE) are authorized with the
password.

• Shall be recorded in the EFA collect.inf file. A monthly hard copy will reside in the LDSA’s 
office as an archive.

• Will be reported to the on shift operator in the Eastern Offtake Center (EOC).

5.3 Documentation

Leak Detection System alarm events will be automatically recorded in the Selcim log files. Additionally, 
EOC will document all hi/hi and lo/lo alarms in Leak Detection Alarm Event Log.

Tuning changes will be recorded in the EFA collect.inf file. A monthly hard copy will reside in the LDSA's 
office as an archive documented. Responsibility -  LDSA

Software or functional tests results ate stored in document control A minimum of the 2 most current test 
results will be stored. Trend data, alarm history, DCS printer data may be stored with the test results when 
indicated. Responsibility -  LDSA

Backup files of PLC software, leak detection software, data files, system history, and other system design 
documents shall be maintained in the Automation Shop, plant P&ID's, on password protected disk files, or 
with other controlled and uncontrolled documents. Responsibility -  LDSA

Ensuring training documentation is available for operating personnel. Responsibility -  Production 
Optimization TL

Alarm interpretation shall be made using C "Response to Leak Detection Alarms" methodology below 
Responsibility -  EOC Specialist/LPC Board

Control Tier 3 - GPB Revls n Dale: 01/30/2006
Document Number. UPS-US-AK-GPB-PCC-HSE-DOCOOOO1 -3 Print Dale 3/5/2006
PAPER COPIES ARE UNCONTROLLED. THIS COPY VALID ONLY AT THE TIME OF PRINTING. THE 
CONTROLLED VERSION OF THIS DOCUMENT CAN BE FOUND AT hllp://alaska.bp*e'i.Dp.com/ems/
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RESPONSE TO LEAK DETECTION ALARMS

PURPOSE:
This procedure guides the Eastern Offtake Center (EOC) and Lisburne Control Center 
operators through the steps required when there is a leak detection alarm. These steps will 
help determine lire cause of the alarm and the appropriate action.

Note: Mass Pack leak detection calculations are performed by a proprietary patented algorithm
(PPA) system The "EFA” leak detection system acquires total inlet and outlet crude flow- 
from the meters at GC1, GC2, FS1, FS2, FS3, COTU, and TAPS PS-1 every 1-2 seconds. 
The Mass Pack system updates every minute. The control system will generate an alarm 
if the leak tolerance for the patented algorithm is exceeded.

PREREQUISITES /  CONDITIONS:
• An alarm on the DCS comes in from the leak detection system.

REFERENCE DOCUMENTS:
• Leak Detection Alarm Event Log.
• GPB's EMS - compliance matrix - for pipeline operations reporting requirements.

HEALTH & SAFETY PRECAUTIONS:
• Refer to the North Slope Environmental Handboo1' and Alaska Safety Handbook for approved 

environmental management procedures and practices.
• Refer to Alaska Safety Handbook for approved PPE requirements for cold weather operations while 

inspecting the pipeline.

1. 3ERTFY the alarm 1.1 Cheek die alarm on the DCS display

2. For a Low/Low alarm

3. For a Higli/High alarm

1.2 Go to the leak detection display to verify die 
problem and locate the source of the alarm. 
Determine if an operational upset may be causing 
the alarm (contact the FS or GC for the segment in 
alarm).

2.1 The system is in error, log alarm and contact 
maintenance or the LDSA. Proceed to 5.1.

3.1 Log Alarm in Leak Detection Alarm Event Log.

3.2 If the alarm is caused by work in the field or n 
known process upset monitor the system until it 
returns online. Proceed to 5.1.

Control Tier. 3 -GPB Revision Date: 01/30/2006
Document Number UPS-US-AK-GPB-PCC-HSE-DOC-00001-3 Print Dale 3/5/2006
PAPER COPIES ARE UNCONTROLLED THIS COPY VALID ONLY AT THE TIME OF PRINTING. THE
CONTROLLED VERSION OF THIS DOCUMENT CAN BE FOUND AT http/Zalaska.bpweb.bp.cofn/ems/
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3. Verify Pipeline Integrity

3 J  If the adjacent segment is trending low by the
same amount, check for segment failure with the 
following criteria:
2.3.1 If the overall segment (seg 2) variation 

during the past 24 hours is greater than 
the HH Alarm limit o f the segment in 
question, contact Security to drive the 
pipeline segment.

2.3.2 If the overall segment (seg 2) is stable 
within the alarm set points of the affected 
section, use this to monitor system for 
leaks. There is a maintenance problem 
Proceed to 5.1.

3.1 If you drive the pipeline and find the integrity to be 
intact, there is a maintenance problem Proceed to 
5.1.

4. If a LEAK is found 4.1 Follow the standard pipeline shutdown or 
isolation and spill response procedures.

5. Documentation and 
M aintenance

4.2

5.1

Notify the GPB or GPMA Area M anager or 
designee Immediately.
If you have identified a maintenance problem and 
the Leak Detection System is disabled for over 12 
hours drive the pipe every 12 hours. When a 
problem is identified contact the LDSA for system 
maintenance.

5.2 Continue to record any further alarm events in the 
Leak Detection Alarm Event Log until incident is 
resolved.

Revision Log 
Revis ion Date
June 12, 2003 
January 30, 2006

Authority

Ruth Germany- Pice 
Hal Tucker

Reviser Revision Details

Hal Tucki Initial Version
EOC Staff Change log to ‘Leak Detection Alarm Event

Log", Change notifications if leak is found

Control Tier: 3 - GPB Revision Date 01/30/2006
Document Number. UPS-US-AK-GPB-PCC-HSE-DOC-00001-3 Print Date. 3/5/2006
PAPER COPIES ARE UNCONTROLLED THIS COPY VALID ONLY AT THE TIME OF PRINTING THE 
CONTROLLED VERSION OF THIS DOCUMENT CAN BE FOUND AT Mtp://alaska .bpweb bp com/ems/
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1. Greater Prudhoe Bay Leak Detection System

The Greater Prudhoe Bay leak detection system covers oil transit lines from 

the production facilities to pump station 1. This Includes two pipelines 

delivering processed crude oil to Pump Station 1 (PS1) of the Trans Alaska 

Pipeline System (TAPS):

Pipeline Facilities

Pnjdhoe Flow Station 1 (FS1)

Crude Oil Topping Unit (COTU) 

Flow Station 2 (FS2)

Flow Station 3 (FS3)

Gathering Center 1 (GC1) 

Gathering Center 2 (GC2)

Skid 50 (SK50)

Lisburne Lisburne Production Center (LPC)

Figure 1 shows the general layout of the segments. Figure 2 shows all the 

meters (and their SetCIm tags) used in the leak detection system.
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Figure 1. Greater Prudhoe Bay Leak Detection System Segments
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Figure 2 Greater Prudhoe Bay Leak Detetection System Meters
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•  Data acquisition system: collects data from field devices, reads

and writes data to analysis program.

•  Ed Farmer and Associates leak detection software (MassPack)

This system description covers the parts unique to this leak detection system. 

For detailed Information on the various parts and pieces refer to the following 

vendor documentation.

•  EFA LeakNet manual

•  Snap Ethernet Brain Programming Guide (Opto22)

•  Snap Ethernet Brain Users Guide (Opto22)

•  CoBox manuals (Lantronlx)

2. SetCim Displays
There are Leak Detection displays on SetCim for EOC and Lisburne. The 

Lisburne display shows only segment 1 (Lisburne to pump station 1 

segment). The EOC display shows all segments (1, and 3 - 8 )  lor the 

Greater Prudhoe Bay facilities. In both cases the most important information 

on the screen is the current estimated leak volume lor the last minute, hour 

and day tor each segment (MIN ACC, HOURLY ACC, DAILY ACC). An 

overview graphic has been developed (or the PBU Main Oil Line (MOL) that 

indicates all meter flow rates in BPD and the 1-hour and 24-hour 

accumulators for each segment.

In addition three segments have been included to assist with analyzing the 

status ot the segments to determine a measurement problem or a potential 

leak. These segments are 2 - Complete PBU MOL (Combination of 

segments, 3,4,5,6.7 & 8), 9 -  WOA (Combination of segments 3 & 4) and 10 

- EOA (Combination of segments 6 & 7).

The following table lists the graphic displays provided on the SetCim 

Consoles at the two control centers (LPC & EOC).

SetCim Console Graphic Name

LPC Leak Detection

EOC Field Wide Leak Detection

EFA Data Input Values

Leak Detection PBU Main Oil Line

2.1 Accumulated Leak Volum es

The leak volume can be positive or negative. A positive volume means we 

are measuring more oil going into the pipe than is coming out of it This could

| 4 July 2004________________ 0LaJL2—- review  3 ol 24
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Indicate n potential leak. It the volume is nogativo, we are measuring more oil 

coming out of the pipe than is going In. Typically this means there Is a 

system problem However it Is very important to understand il the negative 

volume becomes too large It can prevent the system from alarming a potential 

leak event.

The accumulators lor each segment average How rates over the three time 

spans. For example the hourly accumulator only looks at data Irom the last 

hour. This means that one hour after a significant upset the hourly 

accumulator will be unaffected by the upset: where as the dally accumulator 

will have residual effects of the upset for up to 24 hours after the event. It 

should be noted that a process upset could take over 24 hours to clear the 

pipeline. Accumulators can be reset back to zero once the minute and hourly 

accumulators have returned to normal and It Is determined that there are no 

leaks or meter failures.

The minute accumulator is to sensitive to flow rate changes etc. to be ol much 

use for leak detection. However the hourly accumulator is more stable and 

will detect significant leaks (over 3 %  ol normal segment dally How rate). To 

meet the State of Alaska regulatory requirement of 1%  of daily average flow 

rate In the specific pipeline segment the system utilizes the 24-hour 

accumulator. The monthly accumulator is actually a very long time leak 

accumulator, and is mostly used to monitor system performance. It offers the 

best tool lor fine-tuning the system meter factors.

2.2 A larms

There are four alarms (or each leak accumulator:

•  High Alarm and Low Alarm -  An early warning that the system 

nr ay be having a problem. Technical support should be notified 

so the status ot the system can be determined and rectilied it 

required.

•  High-High Alarm - Requires immediate operations response. 

Typically the affected pipeline segment must be driven to verify 

there is no leak. See the operating procedures.

•  Low-Low Alarm - This is not an Indication of a leak, however it 

does mean that the system is far enough out of adjustment that it 

may not be able to detect a leak. If the problem exists longer 

than 12 hours the pipeline will need to be driven on a periodic 

basis See the operating procedures.
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2.3 Troubleshooting

There are several things to check lor when alarms are initiated that assist with 

understanding Ihe problem.

•  Check the inlet and outlet meters lor the segment showing an 

alarm. II any have suddenly gone to zero, or had larger than 

normal changes in flow rate check with the facility to 

determine the current production status

•  Check neighboring segments tor opposite accumulator 

trends. For example if segment 3 (GC2 to GC1) Is goes Into 

alarm with a large negative 24-hour accumulator change, and 

at the 9ame time segment 4 (GC1 to Skid 50) is having a 

similar positive 24-hour accumulator change; the chances are 

the meter between the two segments is reading high.

t Check segment 2 and the associated segment 9 or 10 

according to whether it Is an EOA or WOA segment In alarm. 

Segment 2 covers the complete Prudhoe Bay Pipeline. If It 

shows a flat trend, for the last 12 to 24 hours, and continues 

flat during an upset on any other pipr segment. The upsel is 

probably due to meters between segments instead of meters 

at facility outlets. Thi9 works because segment 2 looks only 

at the facility inlet and outlet meters, and ignores all Ihe 

segment meters on the pipelines. Segments 9 & 10 provide 

additional Information and may help to determine which 

segment meter may be causing the problem. They also have 

increased sensitivity over segment 2 as the segment flow 

rate is approximately hall that ol segment 2.

•  At GC1 and GC2 we have two sets of meters on the oil 

outlets. The leak detection system uses ultrasonic How 

meters mounted on the oil line outside of the GC. However 

we also have orifice meters on each production bank (and 

one to the ullage tank at GC1) that can be added up and 

compared to the ultrasonic flow meter.

3. Field Devices

3.1 Pressures

The LeakNet system can use pressures to correct lor volume changes in long 

pipelines with high-pressure drops, and in the Pressure Point Analysis (PPA) 

leak detection algorithm. We have short pipelines with very low pressure 

drops, and are not currently using the PPA algorithm, so we do not use 

pressure data at this lime.
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3.2 Flow Measurement

Leak detection is based mainly on (low rates measured throughout the 

system. In general the system utilizes Turbine. Positive Displacement and 

Ultrasonic flow meters. In addition the system collects data from the oil bank 

orifice meters at GC1 and GC2, but these are not the primary leak detection 

meters. Flows from PS1 are transferred to PBU as 4-20 mA signals. PBU 

maintains the data acquisition hardware for this data but not the flow meters.

3.3 Turbine Moters

Turbine meter flows are calculated using existing Daniels 2500 or 2233 series 

flow computers. We plan to upgrade all the 2233 flow computers to 2500 

series units In the future. The leak detection system uses actual volume 

(gross) flow rates. The leak detection system reads flow rate data from 

Daniels 2500 series flow computers over the network using a Lantronlx 

terminal server, typically a CoBox. Those are maintained by automation. The 

inputs from the 2233 units are 4-20 mA signals to an Opto22 data acquisition 

system.

The Oil Production Meters at FS 1.2 & 3 all have a master meter that can be 

used to prove the meters and compensate for meter factor drift. The FS 1 

Line and the LPC Oil Production Meter are balanced against meters that are 

proved. The Leak Detection System Meter Factors for these meters are 

adjusted to ensure a balance to the other inlet or outlet meters rather than 

proving them against a dedicated master meter.

3.4 Ultrasonic F low  Moters

In general strap-on non-intrusive ultrasonic flow meters are installed at pipe 

segment junctions, especially if they are outside. Meters are also installed 

the main oil production lines from both GC1 and GC2 as alternates to the 

existing orifice meters. They have the advantage of being downstream of all 

process equipment that can modify the volume or pressure and temperature 

of Ihe oil exported to the MOL.

The meters are 4 channel (8 transducer) Controlotron 1010 special units. 

The units are sold for custody transfer quality meters when mated to factory 

built meter runs. The meter will average the flow measured by each of the 

four channels.

The analog flow rate output from these meters is transmitted to an Opto22 Ethernet 
L'O unit. In addition Ihe Controlotron serial port is wired to the network via a 
Lantronix terminal server for access to diagnostics on a PC.
Orifice Flow Meters

Orifice meters are installed on the oil banks (A to D) at GC1 and GC2 for
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Production Allocation. They offer an alternative to the ultrasonic flow meters 

on the oil lines from the facilities. However they are upstream of the bank 3rd 

stage separator level control valve, the oil coolers and the water cut analyzer. 

F ir  these reasons they require fairly extensive corrections to calculate the 

actual oil volume at pipeline conditions rather than at standard base 

conditions.

The orifice meter flow is calculated using a Daniels 2500 flow computer. The 

leak detection system reads flow data from Daniels 2500 senes flow 

computers over the network using a Lentronix terminal server, typically a 

CoBox. These are used by flow measurement and maintained by 

automation.

4. Data Acquisition System

4.1 General Overview

The data acquisition system collects Held data Irom transmitters and flow 

computers over the process network, and transmits it to the leak analysis 

programs (MassPack and PPA). All data input and output Irom Ihe leak 

analysis programs is made available for display through SetCim. Figure 3 

shows a block diagram ol the system. The data acquisition system Includes 

field I/O devices (Opto22 Ethernet I/O, Lantronix/Schneider ModBus and 

serial terminal servers), and programs running on the LeakNet Computer 

located in the EOA Automation Shop.

The data acquisition system is built around a shared memory organized as a 

set ol ModBus registers and the various programs that read and write data to 

this memory. The data acquisition system has five sections:

•  A ModBus server to lei SetCim read and write the shared 

memory

•  Analog data collection (using Opto22 Ethernet I/O)

•  Interface to Daniels flow computers

•  Interface to Allen Bradley PLC at skid 50

•  Interface to and from the EFA leak detection programs

A separate program running on the LeakNet computer controls each section 

of the data acquisition systems. In most cases each program has a 

Initialization configuration file (*Mnf) that sets important operating parameters.
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Field
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C om puter
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1-5V

Figure 3. Data Acquisition System
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4.2 Configuration In itia lization - (.Inf Files)

Each data acquisition program has at least one configuration Mnf file that it 

reads at startup. These flies all have a similar format. Annotation and 

comments can be added to the file by placing a semicolon (“;”) at the stari of 

the line of code; the system will ignore that line of code. Each section of the 

file starts with a label enclosed In square brackets ((S3 GC2]). In most cases 

each section of the file describes how a single set of data acquisition registers 

are read or written. The parameters are defined on separate lines, each line 

has a parameter name and value separated by =. Some common parameters 

found in the .Inf files are:

•  Device Type - there are only a few different supported device 

types. Do not change this value.

•  IP Address - IP address of a field I/O device

•  Number Of Registers -  the number of ModBus registers 

transferred in the data acquisition database Remember each 

floating-point value needs two registers.

•  Packet Receive Counter -  a register that counts good packets,

each section of an .Ini file needs a separate memory location.

•  Packet Receive Flag - Set when any good packets are received,

each soction ol an .Inf file needs a separate memory location.

4.3 ModBus Server

The shared memory in the LeakNet computer is available on the process 

network using the ModBus/IP protocol (IP address 136.226.51.201 port 502 

device 1). The MBServe program running on the LeakNet computer manages 

access to this memory. The ModBus interface is primarily used by SetCim to 

retrieve data for display. Any other program that can communicate using the 

ModBus/IP protocol can also use it. This program has no configuration file. 

Register addresses are set in the other .Inf files

4.4 Analog Inputs

Analog signal' from pressure transmitters, Controlotron ultrasonic flow meters 

and Daniels 2233 How computers are transmitted to the system via Opto22 

Ethernet I/O devices. The analog inputs are scaled to engineering units 

(typically bbl/day and psig) at the Opto22, and broadcast to the LeakNet 

computer where they are saved unchanged in shared memory by the Opto22 
Collect program. All the analog inputs in shared memory used by the leak 

detection system are displayed on Ihe EFA Inputs screen on SetCim, which Is 

accessed through Ihe Leak Detection scrc<n. Use this screen to troubleshoot 

any inputs to the leak detection system.
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4.5 Opto22 System

4.5.1 Opto22 Ethernet I/O

The Opto22 Ethernet I/O units accept analog signals, convert them to 

engineering units, and broadcast them to the LeakNet computer once a 

second. The Opto22 units consist ol a power supply, the local processor 

(B3000-Ethernet Brain ®) and various I/O modules. The brain and I/O 

modules are plugged Into a base plate. They can be configured using a web 

browser from a computer connected to the process network.

The Opto22 Is fitted with AIMA-2i modules for the 4-20 mA signals. These are 

two channel isolated ± 20 mA Input modules. Both channels are isolated from 

each other and the brain’s ground. These modules use an internal 250 Q 

current sensing resistor. They do not supply loop power. See figure 4 for 

typical wiring.

The Oplo22 Is filled with AIV-2i modules for the 1-5 Volt signals. These are 

two channel isolated ± 5 volt input modules. Both channels are isolated from 

each other and the brain's ground. These modules do not supply loop power. 

See figure 5 for typical wiring diagrams.

/ ^ j > 24 VDC (+)

F igure 4 Typica l 4-20 mA Inputs to Leak Detection System

Channel 1

24 VDC f ) Opto22
AIMA-21

Controlotron 
Ultrasonic 

Flow meter
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1-5 Volts Channel 1

Opto22

AIV-21

1-5 Volts 'Channel 2

Figure 5: Typical 1-5 Volt Input to Leak Detection Ststem

To communicate with an 0 pto22 access the Automation Internet Explorer on 

a Process Network Console and enter htto://Name (Taken from table below) 

and follow the instructions given. The menu Items Analog Bank Bead and 

Configuration provide all the Information we need to know

Name IP Address Point # T a g#

FS1LD 136.226.80.100 0 1523-F176 (160)

1 1523-F181 (161)

4 1523-F187 (162)

5 FS 2 @  FS 1 Line

FS2LD 10 0.20.100 0 1623-F176 (260)

1 1623-F181 (261)

4 1623-F187 (262)

8 Pressure

FS3LD 136.226.235.100 0 1423-F176 (360)

1 1423-F181 (361)

4 1423-F187 (362)

5 FS 1 @  FS 3 Line

COTULD 136.226.51.100 0 80-F234A (530)

1 80 F243B (531)

4 79-F173B (533)

5 79-F173C (534)

LPCLD 136.226 43.100 0 4221-F005 (1001)

1 LPC Pressure

PS1LD 136.226.123.100 0 PS 1 LPC Press

1 314FY054A1

4 PS 1 PBU Press

??? 136 226.123.103 0 SK50-EOA

1 SK50-WOA
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Analog Bank Read - displays ol all Ihe Opto22 analog inputs organized as 4 

values per module. As the Leak Detection System only utilizes 2 channels 

isolated current Input per module valid results will be restricted to points 0 & 

1 (Module 1). 4 & 5(Module 2) and 8 & 9(Module 3). 3 modules Is the 

maximum tit at any location. Typically these values should be changing and 

match the expected process variable Full verification can be performed by 

comparing these results with the values on the EFA Inputs screen on SetCim.

Configuration - pulls up another menu. I/O Points and Streaming are tne two 

menu Items to utilize here.

I/O Points -displays all the I/O points and enables any point to be configured. 

Typically the Point Type is set to 4-20 mA. All other settings are set to 0 or 

disabled. The Point Gain is typically set to 1.0. The Point Upper Scaled Units 

are set to the full-scale flow rate In BBL/Day (BPD) or PSIG for pressure. The 

Point Lower Scaled Units is typically set to 0.

Before a flow meter is taken out of service, set the Point Gain to 

0.0000001. Not all Opto22 units accept a 0 Point Gain setting. This prevents 

the leak detection system from getting a less than zero input. This will keep 

the Leak Detection System operational while a meter is being serviced or 

repaired.

Streaming - enables the Opto22 to be configured to broadcast a set of 

registers to a set of computers on a different segment of the network. This 

feature Is utilized to broadcast all the analog values to the LeakNet 

computer's network segment.

The normal configuration is:

•  Enable Streaming - Enabled

•  Stream Interval (msec) - 1000

•  Address of Data to Stream - 0xF06000O0

•  Size of Data to stream - 140

•  Streaming IP Port ff - 5002

•  Streaming Target #1 -136.226.51.255

•  All other streaming addresses are 0.0.0.0

•  IO Mirror - Disabled
•

A print out of all I/O Point configuration pages and the Streaming page Is to 

be maintained by the Leak Detection System Administrator.

Automation is responsible lor maintaining the Opto22 hardware and sc.ting 

the TCP/IP address, and UDP data streaming configuration. The I.DSA is 

responsible for the individual channel configurations (upper and lower range

limits).
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4.5.2 Opto22 Collect.inf

The OPTOCOL.exe program collects data broadcast from the Optc22 

Ethernet I/O devices and stores It In the LeakNet computer's shared memo.y. 

The Op' i22Collect.ini provides the configuration lor the exe file at startup.

Both of these files are stored in C:\Program Files\Opto22 CollectX folder on 

the EFA PC.

A typical section 'rom this file looks like:

[COTU]

Device Type = SNAP-P3000-ENET

IP Address = 136.226, .,1.100

Analog Points =0 ,1 ,4 ,5

Analog Holding Registers = 40020,40022,40024,40020

Packet Receive Counter = 40902

Packet Receive Flag = 10002

The parameters can be used as follows:

•  Analog Points - select values from the list sent by the Opto22. 

The numbers match the point number shown on the Opto22 Bar.k 

Read web page.

•  Analog Holding Registers - a list of data acquisition system 

registers, one entry for each point read. Each value fills a pair of 

data acquisition system registers, but only the first one is listed. 

These register pairs do not ne^d to be in any particular order. 

Normally these registers are in the 40xxx range.

4.6 Daniels 2500 Series F low  Computers

4.6.1 General

The Daniels 2500 series flow computer can rr.uke internal data available over 

a serial port using the ModBus protocol. Either a Schneider or Lantronix 

ModBus/IP terminal server is used to connect to the Daniels ModBus over the 

process network. The Daniels Collect program on the LeakNet computer 

polls the flow computer for data every 1 or 2 seconds, and stores this data in 

the LeakNet computers shared memory for use by SetCim and the leak 

detection software.

The Daniels flow computer is programmed by the Flow Measurement
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engineer, and wired per the appropriate loop drawings. The leak detection 

system reads gross tlow values trom the flow computer over the ModBus 

serial port.

4.6.2 Schneider/Lantronlx ModBus/IP Term inal Server

The automation shop maintains the Schneider and Lantronix ModBus/IP 

servers connected to Daniels tlow computers. To tunctional te't the system 

verify the process values reported by SetCim match the source data In the 

2500 flow computer. A simple ping tesl will verify the terminal server’s IP 

address and that It Is functional. The status LEDs on the Schneider block also 

provides a means of checking the operation of the system.

•  If both LED’s below the unused plug port blink every 1 or two 

seconds it is being polled by the leak detection system and 

responding. If this happens and you are not getting flows, 

check the EFA Data Acquisition Software.

•  If only one LED flashes, it’s being polled and Is not 

responding: check the (low computer.

•  If neither flashes It’s not getting any requests. This means the 

EFA PC cannot see it over the network. Check the Schneider 

block, the EFA Data Acquisition Software and the Network. 

This may need Automation assistance.

The ModBus terminal server IP addresses are:

SetCim Tag IP Address Description

FI01601A 10.1.10.100 GC1 oil bank flow 

computer

FI01601B

FI01601C

FI01601D

FI02601A 10.1.20.100 GC2 oil bank flow 

computer

FI02601B

FI02601C

FI02601D

A more up to date list of IP addresses can be found on the EFA Inputs screen 

on SetCim,

| 4 July 2004____________ | Draft 2 -  for review [ _________ 14 of 24



G P B  L e a k  D e t e c t i o n  S y s t e m  O v e r v i e w

4.6 .3  D an ie ls  C o llec t.in f

The DANCOL.exe program collects from tho 2500 Flow Computer and stores  
it in the LeakNet com puter's shared memory. The Daniels Collect.inf provides 
the configuration for the e x e  file at startup.

Both of th e se  files are stored In C:\Program F lles\Daniels Collect\ folder on 
the EFA PC.
All data transferred Is floating point, the computer manipulates the data Into 
two short integer registers a s follows:

T =INT(X ’ 1000)

R1 = MOD(T, 65535

R2 = INT(T I 65535)

where:

• X- the value in Daniels flow computer.
• T- temporary value
• R1 - first ModBus register
• R2 - se co n d  ModBus register

This effectively g iv e s  us a floating-point number with a value up to 2 million 
with resolution to 0.001. Note: the factor u sed  to split the number into two 
words is 65535, not 65536. You cannot just split a 32-bit number into upper
and lower 16 bit words; you have to do th e math. The Daniels driver exp ec ts
its values to b e in this format.

This is a typical section  of the file:

[GC1]
D ev ice Type = Daniels 
Dev ice ID = 1 
IP Address = 10.1.10.100 
Starting Input R egister = 43002 
Sta ting Output R eg ister = 40440 
Number Of R eg isters = 8 
Packet R ece iv e Counter = 40944 
Packet R ece iv e  F lag = 10044

The parameters can  b e u sed  as follows:

• D ev ice ID - should match the ModBus address of the flow computer.
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Normally this is set to 1.
• Starting Input Register -  the first ModBus register read Irom the field 

device.
• Starting Output Register - the first register written in the data 

acquisition system, Normally a register in the 40xxx range Is u sed .

4.7 Allen Bradley PLC

4.7.2 General

An Allen Bradley PLC at Skid50 provides the flow rate data for the PBU  
Production to PS 1 and the NGL b lended into the PBU MOL at Skid 50. The 
PLC is already connected  to the p ro ce ss  network, and the Automation 
eng in eers handle the PLC configuration.

4.7.3 Allen Bradley Collect.inf

The ABCOL.exe program co llects Irom the Allen Bradley PLC 5 at Skid 50 
and stores it in the LeakNet com puter's shared memory. The Allen Bradley 
Collect.inf provides the configuration for the e x e  file at startup.

Both ol th e se  files are stored in C:\Program Files\AB Collect\ folder on the 
EFA PC.

Each section  reads on e group of registers from a single PLC. The PLC is 
s e le c ted  by Its IP address. The Leak Detection System  add resse s only o n e  
PLC 5 with 12 floating-point variables being transferred (24 registers), which 
is more than required. This is more efficient in time than having to perform 2 
read requests. This is the only entry in the Allen Bradley PLC .Inf file.

[NGL]
D ev ice Type = Allen Bradley PI.C5 
IP Address = 136.226.123.101 
Timeout C onnect = 500 
Timeout R eply = 500 
Starting Input R egister = F8:15 
Starting Output R egister = 40280 
Number Ol R eg isters = 24 
Packet R ece iv e  Counter = 40928 
Packet R ece iv e  Flag = 10028

The param eters can  be u sed  a s  follows:
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Starling Input Register -  the first register rend from the PLC 
specified using AB notation.
Starting Output R egister -  the first register written to in the 
data acquisition sy stem . This register is normally in the 40xxx 
range

4.8 EFA Collect

4.8.1 General

Within the EFA System  there are two different Leak Detection S ystem s;  
M assPack (MP) and Pressure Point A nalysis (PPA). The MP is the primary 
sy stem  currently being utilized, how ever the PPA sy stem  has been  delined  
and Is Included In the Mnf files and d isp lays. The pipelines covered by this 
sy stem  are not long enough to gain any benefit form Including pressure in the 
leak detection analysis. The sy stem  a lso  u s e s  g ro ss volum e flow rales rather 
than standardized net volumes.

The EFA C O l.exe program co llec ts flow -ate and pressure data lorm the 
Shared ModBus Memory and writes Input files (osin.dat and ppain.dat) u sed  
by the MP and PPA leak detection programs. It a lso  reads the output files 
..npout.dat, ppaout.dat and stat.out) trom th e se  programs and writes the 
results to the LeakNet shared memory, The EFACOL.exe program a lso  
groups m eters into pipe segm en ts, conver ts the flow rate data to bbl/min, 
applies meter factors, and groups physica l m eters Into logical m eters (e.g. 
Flow Station Oil Production Meters).

The pipelines are split Into segm en ts  and the EFACOL.exe program co llects 
meter data for each  pipe segm en t. Each pipe segm en t can have up to 12 
meters and 2 pressures (one inlet, o n e  outlet pressure). This program a ss ig n s  
each  meter to Ihe pipe segm en ts  (MPA Index, MP segment). Two *lnf files 
are provided for the EFACOL.exe file to read at startup. (EFA Collect.inf and  
EFA File 10 Inf)

4.8.2 EFA Collect.inf

The EFACOL.exe program co llec ts data from the Shared L.odBus Memory 
and stores it in the LeakNet Computer’s  Shared Memory as well a s  writing 
data input files for the MP and PPA Leak Detection System s. ThB EFA 
Collect.inf file controls the configuration of the meter and pressure data u sed  
by the EFACOL.exe program at startup

Both the e x e  and Ini file are stored  in C:\Program Files\EFA Collect\ folder on

4 July 2004   Draft 2- for rev iew _______________17 of 24 |



G P B  L e a k  D e t e c t i o n  S y s t e m  O v e r v i e w

the EFA PC.

Each section  in the file can  define a How and a pressure. Both of th e se  can
be u sed  a s  pari of a M assPack  pipe segm en t or PPA points. S o  each  group
can  define up to 4 difterent EFA parameters:

• A flow in a M assPack  pipe segm ent
• The end of line p ressu re for a M assPack pipe segm en t
• A PPA pressure point
• A flow lor a PPA point
•

A flow can  be Into or out of a p ipe segm en t from a single location. It can  be 
the sum  of several parallel m eters. At the flow stations the three oil shipping 
m eters are combined Into a sing le How.

If a m eter or pressure is u sed  In m ore than on e M assPack segm ent, It will 
have to b e  redefined In ea ch  section . A good exam p le ot this is Ihe ultrasonic 
flow m eters on the main oil transit line. They are outlets from the upstream  
segm en t, and Inlets to the downstream  segm ent, and will appear In at least 
two segm en ts  in the Inf file.

Not all the parameters n eed  b e u sed  in each  section  of the .Inf file. The 
following exam ple show s all p o ss ib le  parameters:

(Lisburne)
D ev ice Type = Opto22 SNAP-B3000-ENET
Flow PPA Index = 3
Flow MPA Index = 3
Flow MP Segm en t = 1
Flow S ca le  Factors = .00069444
Flow R eg isters = 40600
P ressu re Registers = 40602
P ressu re S ca le  Factors = 1
P ressu re PPA Index = 1
Pressu re MPA Index = 1
Good Data Counter = 40846
Bad Data Counter = 40746
Packet R ece ive Flag = 10060

The param eters can be u sed  a s  follows;
• Flow PPA Index - s e t s  PPA index for this flow. It this How is 

u sed  in multiple pipe sogmerits, you only n eed  to define the 
PPA index in o n e  ot its groups. Valid PPA indexes are 1-50.

• Flow MPA Index -  s e t s  the index within a M assPack  record for 
the flow. Valia MPA ind exes are 3-12.

• Flow MP S egm en t - s e t s  the pipe segm ent lor this group’s

[ 4 July 2004 I Draft 2 -  for review 18 of 24 |



G P B  L e a k  D e t e c t i o n  S y s t e m  O v e n / i e w

(low and pressure. Valid segm en t numbers are 1-10.
• Flow S ca le  Factors - scaling (actors to convert Input llow 

values into bbl/minute rates. Typically w e read Mows In bbl/day. 
s o  the scaling (actor is 0.00069444. This equ a tes to a meter 
(actor ol 1.0000. By adjusting this scaling (actor aw ay Irom 
0.00069444 w e can  apply a m eter correction (actor to trim the 
segm en t ba lance. The sy stem  n e ed s  on e scaling (actor per 
(low register. S e e  section  4.8.3 Online Parameter C hanges lor 
details.

• Flow R eg isters -  list of registers containing (lows to be 
combined Into this logical llow. A good  exam p le Is the 3 
parallel turbine m eters at a llow station. By listing the Input 
registers lor all three m eters here, Ihey are added into a s in g le  
logical llow. Field data is stored in the 40xxx ser ie s registers.

• P ressure R eg isters -  the Input register containing the 
pressure. Shou ld be a sing le register. Field data is stored In 
the 40xxx se r ie s  registers.

• Pressure S ca le  Factors - alw ays 1 so  lar.
• Pressure PPA Index - s e t s  PPA index lor this pressure. II this 

pressure is u sed  in multiple p ipe segm ents, the PPA Index 
only n e ed s  to b e  delined  in on e  ol Its groups. Valid PPA  
indexes are 1-50.

• Pressure MPA Index - se ts  Index within a M assPack  record. 
Should b e 1 (or inlet pressure, 2 lor outlet p ressure. The 
pressure's MP segm en t number is set by the Flow MP 
Segm en t parameter,

• Good Data Counter -  u sed  lor data validity check, registers in 
the 408xx range are u sed  for this purpose.

• Bad Da'a Counter -  u sed  (or data validity check, registers in 
the 407xx range are u sed  lor this purpose.

• Packet R ece iv e  Flag - points to the receive Hag lor the data 
being u sed  here. This Hag is defined in on e of the other .Ini 
files that aad data from field d ev ices . R egisters in Ihe 100xx 
range are u se d  for this purpose.

4.8.3 Online Parameter Changes

Many of the parameters In EFA Collect.inf can  b e tuned on line. To bring up 
th e tuning display click the "Config" button on the EFA Collect w indow on the 
LeakNet computer display. You will get a scrolling list ol m eters (listed by the 
nam es in EFA Collect.inf). S e lec tin g  any meter you get a dialog box show ing  
param eters you can  change. T he only parameter you should b e changing is 
the "S ca le  Factor", As d escr ib ed  above this factor com b in es a unit 
conversion (normally Irom bbl/day to bbl/min) and meter lac'or. It is usually 
c lo s e  to 0.00069444, typically b e tw een  0.00066 and 0.00073. Som etim es it is
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displayed in scientific notation a s  6 9444E-04 Instead of 0.00069444.

4.8.4 EFA File lO.Inf

The EFACOL.exe program writes two files, osin.dat and ppaln.dat the 
LeakNet program reads. It a lso  reads data from three files the LeakNet 
program writes: mpout.dat, ppaout.dat and statout.dat. All this data Is stored 
tn the ModBus registers. The EFACOL.exe program u se s  the EFA File lO.Inl 
file to determine the store location for the data In ea ch  file. This file only 
n eed s  to be updated If the number ol m eters per segm ent, the number ol 
segm en ts  or the number o l PPA  points is modified. The following details the 
current Hie:

(EFA Software Setup)
Number ol PPA points = 50 
Number ol MP segm en ts  = 10 
Meters per segm en t = 14

[EFA File IO)
OSin B ase Register =41000 
PPAin B ase R egister = 42000 
PPAout Base R egister = 44000 
MPout B ase R egister = 45000 
STATout B ase R egister = 47000

The EFA Software Setup  param eters se t the s iz e  ol internal arrays. The EFA 
File IO parameters tell the program where to start storing data for ea ch  file in 
the local shared memory. Any time this file ch an ges . SetC im  must be 
modified to match.

5. EFA Leak Detection Programs, MassPack and PPA

The EFA leak detection program s perform the M assPack  and P ressu re Point 
Analysis leak detection algorithms. The M assPack sy stem  is the only live 
leak detection sy stem  at the m oment. The system  reads its configuration from 
C:\PPA\meter.dat on stadup  (saved a s  DEFAULT.MSP in the EFA Editor). 
There should b e no n eed  to m ake ch an g es  to this configuration file un less we 
add more m eters or pipe s e gm en ts  to the system .

If any ch an ges are m ade to the EFA leak detection programs using the Editor 
program, they should b e s a v ed  to a new  .rnsp file, on exiting the editor 
program. The nam e ol this file shou ld b e  added to the C :\PPA \readm e txt file, 
along with a short description o l any ch an ges made, the date and who made
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the changes.

A s moter factors are now m ade outside the EFA Leak Detection System  there 
shuuld be very tew  if any ch an g es m ade to the EFA System .

6. Maintenance Procedures

A s the sy stem  h a s now been  successfu lly  configured maintenance is 
restricted to two b a sic functions. Restarting the EFA LeakNet Computer and 
updating meter factors tor the segm en t meters.

6.1 LeakNet Computer Restart

The following procedure shou ld  be followed to get the leak detection system  
operating successfu lly:

• Login -  Log info the computer a s Administrator, this s tan s the 
main EFA leak detection program.

• Verity the “Master Display" for PPA and MASSPACK appears, 
if not, try rebooting.

• Start the ModBus server MBServe. Either u se  the "Modbus 
Server" entry on the Start -Programs menu or go to 
C:\Program Files'.Modbus Server and double click 
M BServer.exe. You can verify this program is running by 
checking that recent data w a s rece ived  on any leak detection  
tag d isp layed on the EOC Leak Detec tion pngo. You should  
do this a s  part of starting the othor program s below .

• Starl Opto22 Collect. Either u se  the Opto22 Collect" entry in 
the Start-Programs menu or go to C:\Program Files\Opto22 
Collect and doub le click OPTOCOL.exe. W hen this program is 
running a sm all w indow labeled  "Opto22 Collect" listing IP 
ad d r e s se s  and m e s sa g e  lengths a s  they are received will 
appear If n o  m e s sa g e s  aro being received, check  the 
stream ing configuration ol any Opto22 d ev ice send ing data to 
this sy stem  (see the Analog Inputs section). You can  check  
that any tag listed on the EOC SetC im  Leak Detection Inputs 
p ag e  com ing from an Opto22 Is show ing recent data too.

• Start Daniels Collect. Either u se  th e "D an ie ls Collect" entry in 
the Start-Programs menu or go to C:\Program FilesXDaniels 
Collect and double click DANCOL.exe, O nce this program is 
started you should s e e  a Daniels Collect window on the 
screen . II only logs errors, s o  II may b e  empty. You can  check  
that It Is running by looking for recent data for any Daniels lag 
on the EOC SetC im  Leak Detection Inputs page.
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• Start Allen Bradley Collect. Either u se  the ‘Allen Bradley 
Collect" entry in the Start-Programs menu or go  to C:\Program  
FllesLAB Collect and douDle click on ABCOL.exe When this 
program Is running you a small window labeled  “AB Collect* 
show ing Allen Bradley PLC registers, values, and 
corresponding shared memory registers being read will 
appear. The va lu es should change every secon d  or so . You 
can a lso  verily recent updates lo any Allen Bradley tag on the 
EOC SetCim Leak Detection Inputs page.

• Start EFA Collect. Either u se the "EFA Collect" entry in the 
Start-Programs menu or go to C:\Program Files\EFA Collect 
and double click on EFACOL.exe". W hen this program is 
running a sn a i l window labeled "EFA Collect" will appear. 
About every 6 se co n d s it should post a m e s sa g e  about writing 
a PPA file. O nce a minute a m e s sa g e  about an O S file should 
appear.

• Verify VNC h as started (a small icon at the lower right on the 
task bar). If it h a s  not contact automation to have It restarted. 
VNC is not critical for detecting leaks. It allow s remote 
monitoring and meter (actor changes.

6.2 Changing Meter Factors

Before any m eter factor is changed, all meters involved in the pipe segm ent 
must bo ch eck ed  lor proper operation, you should check  that there are no un­
metered (lows into or out of the segm ent, and there is no leak (the line must 
have been  driven after the meter shift w as observed).

Meter factors and unit conversion  (actors are com bined Into a single S ca le
Factor in the EFA Collect.inf file. It the llow rate is being read from the lield in
bbl/day the s c a le  factor for a m eter is:

S=0.00069444M

where:

S  is the sca le  factor 
M  is the meter factor

In reality w e adjust an existing sca le lactor to reduce the indicated leak
volume rather than utilize a meter factor

One way lo ca lcu la te a new  s c a le  (actor lor a m eter is:

Obtain the current meter s c a le  factor S using the following method
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• Bring up the LeakNet computer display (using VNC).
• Bring up the online editor: click the “Configure" button on the "EFA 

Collect" window.
• S e le c t the meter you are going to change. Make sure the meler is In the 

correct pipe segm ent.
• The editor dialog box should show  the current sca le  factors. If this meter 

is the sum  of severa l metere, you will have to pick the correct scaling 
factor. Usually this is fairly obvious, they are In order (e.g. Meter 160, 
161 & 162). You can make absolutely sure by checking the register 
address in the LeakNet editor dialog box aga in st the on e listed on the 
SetC im  history display for that tag (pull up the SetCim detail display, and 
se le c t the “Point History Panel" button). The register addross will be In 
the top right corner listed a s  Address. It should look som ething like 
HR40446. The EFA Collect.inf file d o es not record the HR suffix.

• Get average daily leak volum e V (bbl). Typically this will be the 24-hour 
accumulator and is displayed on the SetCim  display. The number u sed  in 
the formula (V) must b e positive, so  il you h av e a -230 bbl leak u se  230 
for V.

• Get the average dally m eter flow rate O  (bpd). T h ese are available on Ihe 
SetC im  EFA Inputs screen .

•

Calculate the correction factor O  

C=1 +V/O 

Note:

Now determ ine if the flow through a meter n e ed s  to Increase or d ecrea se  for 
the segm en t to bo in balance. If the leak volum e Is positive then le s s  volume 
is m easu red  at Ihe outlet than at the Inlet. An outlet n eed s to increase and an 
inlet meter n eed s to d ecrea se . If the leak volume is negative then more 
volume is m easu red  at the outlet than at the Inlet An outlet meter n eed s to 
d ec r ea se  and an inlet m eter n e ed s  to increase.

If you n eed  to reduce flow through the meter to reduce the indicated leak  
volume, the n ew  sca le  factor S  Is:

S^SJC

II you n eed  to in crease flow through the meter to reduce the indicated teak 
volume, the new  sca le  factor S  is:

S = S C

• Change the s c a le  factor in the Editor dia g on Ihe LeakNet display to S,
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hit “Apply" and "D one" buttons.
• Record the ch ange in C:\Program Files\EFA Collect\EFA Collect.inf. Add 

a comment at the top of the file describing the change, then skip down 
into the file and ch an g e  the meter factor in the section  for that meter.

Example:

A 230 bbl leak volum e on  segm en tl (Lisburne) has b een  presen t lor a day or 
two. The pipeline has a potential leak. The pipe has b een  driven and no leak 
was found. The daily rate on  the inlet meter is running about 65000 bbl/day. 
The current sca le  factor for the Lisburne end meter Is 0.00069415. The 
correction (actor would be:

0=1+230/65000= 1.003530

The leak volum e Is positive, so  w e n eed  to d e c r ea se  the inlet flow, or 
in crease the outlet flow. In this c a s e  w e are adjusting the inlet flow s o  the 
new  sca le  factor is:

S' = S / C = 0.00069415 /1.003538 = 0.00069170
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Appendix 3 Corrosion Management System

Appendix 3 Corrosion Management System
This section summarizes the Corrosion Management System (CMS) In use at Greater 
Prudhoe Bay (GPB) Performance Unit. Figure 7 contains a schematic of a typical 
production facility configuration. A map and brief description of each field and the 
associated production facilities can be found In Figure 8 and GPB Table 3.1.

Appendix 3.1 Corrosion Managem ent System

Appendix 3.1.1 Description

The Corrosion Management System consists of a number of major program elements: 
Corrosion Monitoring, Erosion Monitoring, Corrosion Mitigation, Inspection and Fitness- 
For-Service assessment, which follow a simple management process, represented in 
Figure 1. The CMS elements are summarized In Table 9, Table 10 and Table 11,at the 
end of this section. The Corrosion, Inspection and Chemical (CIC) Group utilizes data 
presented in this report as part of the overall Corrosion Management System.

The overall objective of the CMS is to meet the corporate objectives of 'no accidents, no 
harm to people and no damage to the environment' which translates for corrosion 
management within BPXA to delivering a mechanical integrity program which:

• Minimizes health, safety, and environmental impacts of corrosion resulting from a 
loss of containment.

• Provides an infrastructure fit-for-service for the remainder of the life of the 
oilField.

• Provides infrastructure of sufficient mechanical Integrity capable of producing 
satellite fields/accumulations through existing main production facilities and 
infrastructure.

• Provides an infrastructure to support future major gas production and sales 
through current North Slope facilities.

These overall goals and objectives are achieved through a comprehensive Corrosion 
Management System that consists of an integrated system of strategy, processes and 
programs.
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Figure 1 Overview of the Corrosion Management Process

Appendix 3.1.2 Process

Within the overall Corrosion Management System, each specific program t 'ement, i.e. 
Corrosion Monitoring, Mitigation, Inspection and Fitness-For-Service, follow the class: 
TQM (Total Quality Management) process of 'plan-do-check-act' and consist of,
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Step Activ ity Description

Plan
Objective The program objective and purpose

Target The metric against which performance is assessed

Do Im plem entation Implementation plan to achieve objective

Check Evaluatior Method to evaluate performance of plan against target

Act C ^ -e c t iv e  Action The action required to correct deviation from target

Table 1 Corrosion Management Process

Appendix 3.1.3 Objectives and Targets

The objectives10 for the CMS are set in order to support the delivery of the corporate 
objective and BPXA objectives described In the Foreword. For the purposes of the CMS 
these can be translated Into the corrosion management objectives of;

• Eliminate corrosion and erosion related failures,

• Provide Fit-For-Service infrastructure to the end of field life.

Based on these objectives, individual targets are set for the corrosion, erosion, 
mitigation and inspection programs, which in combination are designed to deliver the 
objectives. The overall business objectives and individual program objectives and targets 
are described in detail in Table 9, Table 10 and Table 11.

For example, the weight loss coupons (WLC) In the 3-phase production system have a 
corrosion rate target of 2 mils per year (mpy). The monitoring program objective Is to 
meet or beat this target, which means an actual WLC corrosion rate of 2 mpy or less 
(WLC <2 mpy).

Appendix 3.1.4 Im plem entation

There are a number of different corrosion monitoring and inspection techniques, each of 
which has both advantages and disadvantages. The advantages and disadvantages, or 
strengths and weaknesses, make the results from an individual technique more or less 
applicable depending on the application circumstances.

Table 12, Table 13, and Table 14 summarize the main categories of corrosion 
monitoring, process monitoring, inspection techniques and briefly summarize relative 
strengths and weaknesses for different applications.

Appendix 3.1.5 Evaluation

The elements of the CMS have to be applied to eaci, system at GPB to reflect their 
applicability and efficacy. The corrosion and erosion monitoring, inspection and

10 In addition to Charter Work Plan, some information is supplied to provide additional context 
and help in understanding BPXA corrosion management activities
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mitigation practices for the major services and equipment type are summarized In Table 
15.

The results from each of the corrosion management programs are reviewed on a regular 
basis to provide feedback and to take any necessary corrective action based on 
deviation from target performance. In general, the major review cycles within the CMS 
are presented in Table 2.

Appendix 3 -  Corrosion Management System

Review Description

Weekly A weekly internal review meeting at which the latest corrosion 
monitoring, mitigation, inspection and process data are 
analyzed and reviewed, and any tactical changes implemented

Monthly Monthly summary of the majt •’lements of the program are 
reviewed for the need for longe term corrective action

Quarterly Quarterly strategic performance review held in order to ensure 
that the implementation plan is delivering the strategic 
objectives

Annual Annual program and strategy review designed to review the 
strategic direction of the program and review effectiveness of 
the current programs In delivering the strategic direction, e.g. 
Annual Report to ADEC

Table 2 Corrosion Management Feedback Cycles

Based on the results of the evaluation process, corrective action plans are developed 
and the overall management program and strategic direction are reviewed.

Appendix 3.1.6 Corrective Action

Corrective actions provide feedback to the adjustment and setting of Objectives and 
Targets. Corrective actions can be broken down Into five basic categories;

• Chemical Mitigation,

• Operational Intervention,

• Reduce Maximum Operating Pressure (Derate),

• Repair/Replacement,

• Abandon or Remove from Service.

Chemical mitigation is discussed in detail In Section D. Operational intervention centers 
on the GPB Velocity Management Program that is designed to control internal mixture 
velocity below target values dependent on equipment type, water cut and line size. 
Repair/replacement programs are driven by the inspection findings and include 
mechanical sleeves, pipe work refurbishment, and pipeline replacement.
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In order to deliver a comprehensive corrosion management program and manage the 
extensive corrosion monitoring and inspection activity, it is necessary to have an active 
and structured electronic database.

With the introduction of single-operatorship at Greater Prudhoe Bay one of the major 
problems faced by the C1C Group was the integration of two historical data sets for 
inspection, corrosion monitoring and corrosion mitigation information.

There has been a significant investment in resources in order to bnng together these 
two different histories from incompatible databases based on early 1990’s technology.

Appendix 3.2.1 M IM IR Database
The database development effort has involved a dedicated team of software developers 
and also significant resources from within the CIC Group. The program is currently a 
"work in progress" and In 2005 BP/CIC will continue work on the development of 
chemical management, electronic data recording, tank and vessel, and standard 
repor+'ng modules.

Users of the sy-fem are provided two primary methods for accessing data stored in the 
database. The first is a custom user interface written in Microsoft Visual Basic®, and the 
second is through ad-hoc data query tools such as BrioQuery® and BusinessObjects® 
which allow free-form SQL® access to the data.

Checks fop data integrity are provided at a number of different levels including error 
checking a<- ftie point of data capture and data entry, regular reviews of data quality, 
and data entry rules within the database.

The data is continuously monitored for integrity, quality and consistency; as a 
consequence any errors detected are corrected as they are found. In addition, as better 
analysis tools become available through further integration then records are amended co 
reflect the Improved level of analysis.

As a result of the ongoing quality e ort and the tracking of production/service changes, 
this is a 'live' database and therefore as the system changes thP'- the records returned 
will change. The following are some of reasons why returned values change through 
time,

Quality Control and Audit A fundamental design philosophy for the database was 
that errors should be corrected through time as they are discovered. Therefore as the 
database is used and the quality control rules and procedures applied, da^-entry, 
translation and record-keeping errors are eliminated.

Equipment Service Changes The database tracks active, in or out-of-use equipment, 
and equipment service changes. As a piece of equipment moves through different 
services and different status, then the data in the database tracks the equipment status.

Transition Issues As noted above, the two historical databases, heritage East and 
heritage West, were incompatible with very different structures and data fields. 
Therefore these have had to be translated to the new system. As the quality control and 
audit tools are applied to the translated data, error and mistranslations are removed.

Appendix 3.2 Corrosion and Inspection Data Management
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Time The database is in active use with data being added everyday, given that there is 
sometimes a time delay between the reporting date and entry date then the data totals 
can and do change.

Table 3 gives an Illustration of the number of records and the rate at which those 
records are accumulated on an annual basis in the database. The table dearly shows the 
level < f complexity and volume of data involved in managing the corrosion programs at 
GPB.

Ip f ddltion, the table also shows that the range and types of information being gathered 
:s ! aing improved through time to enable better overall corrosion management at the 
G"ii. The most notable examples of this Increasing range of coverage of the corrosion 
•nd inspection database is the inclusion of the production and Injection data, the 
ntroduction of chemical usage data and the long term storage of ER probe data.

Data Record Unit Records #/year History

Weight loss coupons 10* 0.2 0.01 20-* years

ER probes readings 10* 1.7 0.4 2Vi years

Equipment 103 28 - -

Inspection locations 10* 0.6 .07 -

Inspection records 10* 1.2 0 .1 ~13 years

Chemical injection 103 52 22 2Vi years

Production rates 10s 8.3 0.5 ~15 years

Injection rates 10* 2.0 0.2 ~ 12 years

Table 3 Database Record Accumulation Rate

Appendix 3.2.2 Historical Data

The small differences in data between Annual Reports reflect the movement of lines into 
and out of service, the addition or abandonment of equipment, and the addition or 
remc /al of corrosion access fittings to the program. The historical data for prior years 
has been updated to reflect the current equipment inventory.

Appendix 3.3 Corrosion Management Context

The following sections are provided to lend context to the current year results.

Appendix 3.3.1 ER Probe and Corrosion In h ib ito r Response

This section describes, by example, the methodology by which corrosion inhibitor 
concentration is Increased as a result of corrosion monitoring through the use of ER 
probes. ER probes are in use across GPB on the large diameter 3-phase production flow
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Figure 2 and Table 4 Illustrate the use of ER probes in managing changing corrosion 
conditions In a large diameter flow lines. Figure 2 shows the ER probe readings and 
derived corrosion rates, over a period of approximately 10 months in 2003. For the first 
10 weeks the measured corrosion rate is bordering on 2 mpy and a 5% increase in Q is 
implemented. In early February the existing ER probe was replaced due to data quality 
issues. In mid March another increase of Cl was implement lased on ER probe 
corrosion rate. During April and part of May, the CR still exceeat-j the target and two 
additional Cl increases were implemented. Finally in mid-May, the CR falls below the 2 
mpy target and the Cl remains at the Increased concentration.

Time Period Comments
14-Jan Probe placed on watch list

14-Jan to Feb 11 Probe at or near 2 mpy, 5% increase in pad Cl target

14-Feb Poor data quality, ER probe replaced.

18-Feb to 21-Mar Probe continues to show rate >2mpy, 10% increase in pad Cl 
target

21-Mar to 30 Apr Probe continues to show rate >2mpy, 10% increase in pad Cl 
target

01-May to 01-Oct Probe shows rate <2mpy, No adjustments to Cl target

Table 4 Co rros ion  In h ib ito r  C oncen tra tion  vs. C o rro s ion  Rate
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»«• Zmt -*m faa

F igure 2 CorroMon In h ib ito r  Concen tra tion  vs. C o rros ion  Rate

Appendix 3.3.2 Corrosion In h ib ito r Development

The development of new corrosion inhibitors starts in the research and development 
laboratories of the chemical suppliers where potential products are tested for 
effectiveness under a range of conditions designed to simulate production fluids. Once 
these preliminary test chemistries have passed the laboratory screening process, the 
promising products are tested under field conditions using dedicated test facilities at 
GPB. The test process is summarized in Table 5.

In 2003, a new standardized protocol for well line testing was developed. Approximately 
ten new products are tested each quarter on a small scale testjusing an individual well 
line with each test lasting ~2 days and using approximately 5 gallons of the corrosion 
inhibitor under evaluation. Products that successfully pass the well line test program are 
then considered for a large-scale field trial.

The large-scale field trial involves converting between one and three well pads to the 
test product for 90 days and using 20-40,000 gallons of test chemical. This enables 
corrosion probe, coupon, and inspection data to be generated to verify the test 
product's effectiveness as a corrosion inhibitor. The large-scale field trial also allows 
assessment of the impact of the product on oil separation and stabilization process. 
Progress is being made in developing a new, standardized protocol for more rapid 
verification of a product's effectiveness as a corrosion inhibitor.

Location Test Description
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Location Test Description

Laboratory Wheel-box Test

Performance of new potential corrosion Inhibitor actives is 
compared to high performing actives. The test conditions 
simulate GPB and the test is run for 24 hours. 
Performance is determined by coupon weight loss.

Kettle Test

This Investigates the ability of an inhibitor formulation to 
partition from an oil phase into a brine phase under 
stagnant conditions. Test duration is 16 hours and 
corrosion rate Is determined by linear polarization 
resistance (LPR) probes.

HP Autoclave

This method determines the performance of Inhibitors 
under high pressure and high temperature conditions. 
Monitoring method is by either coupon weight loss 
measurements or LPR. Test duration varies from 1 to 7 
days.

Jet Impingement

A once-through Jet impingement configuration evaluates 
the performance of an inhibitor formulation under 
extremely high shear conditions. The persistency of the 
inhibitor film can also be determined. Test duration is one 
hour and corrosion rate is determined by LPR 
measurements.

Flow Loop Test

The ultimate laboratory scale test that simulates 
temperature, pressure and flow conditions including 
velocity and water cut. Typical test duration is 24 hours 
and corrosion rate is determined by LPR measurements.

Field Well Line Test
Dedicated test well lines are used at GPB as the first step 
in the field-testing process. Typically 5 gals of chemical 
used with a test duration of 2 days.

Large Scale Test

1 to 3 well pads using 20-40,000 gallons of corrosion 
inhibitor with a test duration of 90+ days. Allows the 
evaluation of corrosion inhibitor performance by ER, WLC, 
and inspection, as well as impact of product on separation 
plant performance.

Evaluation
Products are evaluated against both technical 
performance and cost effectiveness criteria in order to 
assess if there is an overall improvement in performance.

GPB Implementation

Once a decision has been made to convert the field to a 
new product, additional precautions are taken with 
additional corrosion monitoring and plant performance 
evaluations in order to assure product efficacy.

Table 5 Summary Description of the Typical Test Program Components
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As an example, the ER probe results from a typical cross-country flow line test are 
shown in Table 6 and are summarized in Figure 3. Based on these data, the test 
chemical In this example was not cost effective and therefore was not utilized across the 
field.
Status Chemical Cone, ppm CR, m py Notes/Com m ents

Baseline Incumbent 130 0.2

Stage 1 Test 150 8.1
Even at a higher dose rate the test chemical 
was unable to inhibit corrosion to the same 
level as the incumbent.

Stage 2 Test 170 2.0 Reduces corrosion rate.

Stage 3 Test 190 0.8

Dose rate was increased In order to achieve 
the same level of corrosion control as the 
Incumbent. At this increased level of 
corrosion Inhibition the test product was 
uneconomic and the test was terminated.

Return Incumbent 130 0.1
Re-inject the incumbent product and 
corrosion rates return to the same level as 
those prior to the test.

Table 6 Flow line Test Program Result Summary

-Metal Loss —  Inhibitor Concentration

Ecia.

£
c

ou
c

£
C

Figure 3 ER Probe Chemical Optimization Test

- 142-



A second example, utilizes the output from the weight loss coupon program. This 
example from a test performed In 2001, demonstrates the need/value of multiple 
monitoring techniques when evaluating corrosion Inhibitor performance. The trial 
product was tested for a 90-day period with no negative response observed by the ER 
probes. However, after the 90-day test period the corrosion coupons were pulled and 
showed relatively high general corrosion and pitting rates - see Figure 4. The product 
evaluated was a failure and the incumbent product was re-instated based on the coupon 
results. Corrosion inhibitor tests use all the monitoring tools available such as corrosion 
probes, coupons, and inspection data to determine corrosion control performance. In 
addition, the corrosion Inhibitor is evaluated for plant production performance to show 
compatibility with the separation process.

Appendix 3 -  Corrosion Management System
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Figure 4 Corrosion coupons pulled after an ’unsuccessful' chemical trial

Appendix 3.3.3 Internal Inspection Program -  Scope

This section summarizes the scope and criteria used to determine the frequency of 
inspection for the internal corrosion inspection program. The over-riding factor in 
determining inspection intervals is the purpose of inspection based on a combination of 
equipment condition, corrosion rate, and operating environment. The internal inspection 
program is sub-divided into four elements, each with a separate purpose and therefore 
frequency of inspection:
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CRM -  Corrosion Rate Monitoring: The goal of this program Is to detect active 
corrosion In support of corrosion control activities, primarily the chemical inhibition 
program. The data are complimentary to other monitoring data, such as corrosion 
probes and corrosion coupons. As the primary aim is to determine when corrosion 
occurs, this program is of fixed scope at fixed Inspection Intervals. For a typical cross­
country pipeline, the CRM program includes up to 40 inspection locations which Include 
examples of all locations susceptible to corrosion, such as elbows, girth welds, long 
seam welds, bottom of lines sections, etc. These locations are each Inspected twice per 
year. The Inspections are staggered, with half the set being completed in the Is*' 
calendar quarter and half in the 2nd. These are repeated in the 3rd and 4th quarters, 
respectively. Therefore, information regarding the level of active conosion (or lack of) In 
a pipeline is generated every 3 months. The CRM program covers all cross-country 
pipelines in corrosive service.

ERM -  Erosion Rate Monitoring: The purpose of this program is similar to the CRM 
but is aimed at monitoring erosion activity. As this damage mechanism Is driven by 
production variables, i.e. production rates and solids loading, It is driven by 'triggers’, 
such as velocity limits, well work, etc. If surh triggers are exceeded, Inspections are 
performed on a monthly to quarterly basis until confidence is gained that erosion is not 
occurring.

FIP -  Frequent Inspection Program: The aim of this program Is to manage 
mechanical integrity at locations where significant corrosion damage is detected. 
Locations are added to the FTP if they are approaching repair or derate criteria or if 
unusually high corrosion or erosion rates are detected. As the name implies, inspections 
are performed frequently until the item is repaired, replaced, derated, taken out of 
service, or corrosion/erosion rates reduced. The inspection Interval varies, depending on 
how close the location is to repair/derate and the rate of corrosion but does not exceed 
1 year. All equipment is covered by the FIP.

CIP -  Comprehensive Integrity Program: This is an annual program and is aimed 
at detecting new corrosion mechanisms and new locations of corrosion as well as 
monitoring damage at known locations. The CIP therefore provides an assessment of 
the extent of degradation and the fitness-for-service. All equipment is covered by the 
CIP, although not all equipment is inspected annually.

The scope of the internal inspection program is relatively constant at approximately 
60,000 inspection items per year. This includes both field and facility inspections.

Appendix 3.3.4 Corrosion Under Insu la tion

Corrosion under insulation is primarily associated with water Ingress into the pipeline 
thermal insulation, in particular, at the field-applied insulation joints (weld packs).

The pipelines are generally uncoated carbon steel and are therefore vulnerable to 
external corrosion under the insulation (CUI) If water comes Into contact with the pipe 
surface. The pipelines are constructed from either single or double joints (40 - 80 ft. 
long) with a shop-applied polyurethane insulation protected with a galvanized wrapping. 
The area around the girth welds are Insulated with 'weld packs.' The detailed design of 
weld packs varies but all are prone to water ingress.

*
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Table 7 shows the distribution of Insulation joint types based on a sample of ~50,000 
locations. For each specified joint type, there Is an associated CUI incident rate. These 
data show there is as much variability in the CUI incident rate between the insulation 
joint configurations as there is associated with the service type. This suggests that the 
joint configuration and insulation joint location, along with age, have as much influence 
on the occurrence of external corrosion at weld-packs compared to the service type and 
operating temperature.

GPB Joint Design Joint Type Freq CUI Incident Rate

Anchor Joint 4.4% 2.8%

Damaged Insul 8.4% 2 .0%

Damaged Weld Pack Insul 0.1% 2.4%

Ell Anchor Joint 0.1% 6.8%

Ell Bottom Elev 3.6% 6.3%

Ell Bottom Elev Saddle 0.5% 9.9%

Ell Horiz Saddle 1 .0% 8.4%

Ell Horizontal 10 .1% 3.8%

Ell Top Elev 2.6% 1.3%

Ell Top Elev Saddle 0.3% 4.5%

Mid-Span Weld Pack 56.4% 1 .8%

Saddle Joint 1 1 .1% 3.6%

Vertical Joint 0.1% 5.3%

Wall Penetration 1 .2% 1.4%

Average CUI Incident Rate 2.5%

Table 7 CUI Incident Rate by Joint Type

The main challenge in managing CUI is the detection of the external corrosion damage. 
Water ingmss into the weld packs is a random process and therefore It is difficult to 
apply highly specific rules to target the inspection program.

Appendix 3.3.5 Fitness for Service Assessment
The basic fitness-for-service criterion used by BPXA is ANSI/ASME B31G. The base 
document is the modified B31G, PRC 3-805, which is augmented with additional
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requirements defined In BP specification jPC-PP-00090, "Evaluation and Repair of 
Corroded Piping Systems".

Application of fltness-for-service is best illustrated by the following example and 
discussion using a typical 24" diameter, 375-mil wall thickness cross-country low- 
pressure (LP) flow line. The average depth of damage for this example Is approximately 
24% or 90 mils and average corrosion network length of 8.9". In calculating the 
corrosion rate to achieve this depth of damage, it was assumed that the corrosion rate is 
linear since the beginning of field life In 1977.

Figure 5 summarizes the dependence of Maximum Allowable Operating Pressure (MAOP) 
with the remaining wall thickness of a section of flow line based on ANSI/ASME B31G 
and is intended to show the multiple-layers of protection to the environment provided by 
the current fitness-for-servlce criteria. At the original wall thickness of 375 mils, the 
example flow line has a B31G calculated MAOP of ~1400 psi. As the wall thickness is 
reduced by corrosion, this pressure containment capacity is also reduced.

Table 8 shows the MAOP for ''arious wall thicknesses starting from the original wall 
thickness of 375 mils. It can be seen that the repair criterion used provide a significant 
level of conservatism over the minimum wall thickness required to retain the maximum 
operating pressure. In addition, high-level over-pressure protection provides additional 
protection over the normal operating pressure.

In addition to the depth of damage discussed, there are a number of other 
considerations that have to be accounted for when assessing fitness-for-service. Some 
of the concerns are,

Localized/Pitting Corrosion Localized/pitting corrosion consisting of clearly defined 
relatively isolated regions of metal loss. The axial and circumferential extent of such 
regions needs to be determined and any potential areas of interaction where there is 
axial overlap between pitting regions.

General/Uniform Corrosion General corrosion consisting of widespread corrosion 
between islands of original material, again, as with pitting corrosion, the axial and 
circumferential extent of such regions need to be determined. The extent of damage is 
determined by the boundaries of good or non-corroded material surrounding the 
damaged area.

Interaction I f more than one areas of metal loss exist in close proximity, the possible 
interaction between these corroded areas needs to be considered. The worst case for 
interaction of several corroded areas is that a composite of all the profiles within a given 
metal-loss area needs to be consioered.

Critical Dimensions The critical dimensions of metal loss, whether Internal or external 
corrosion damage, need to be determined depending on the corrosion damage 
morphology described above. The most important dimensions being, the axial or 
longitudinal length, and the maximum depth of damage.

Evaluation of Corroded Pipe The evaluation of corroded pipe involves determining 
the remaining strength and safe operating pressure on the basis of the overall axial 
length, circumferential extent, and maximum depth of the corroded area.
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Figure 5 MAOP versus Remaining Wall Thickness
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Step t, mils MAOP Curve Description
1 375 1395 (C) As constructed pipe condition with no

corrosion or degradation of wall thickness
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4 95 675 (FJ T he oriqinal sy s tem  design pressure
5 75 614 (G) The minimum wall thickness allowed under 

B31G for this application which is 80% wall 
loss reqardless of pressure

6 71 600 (H) High level o v e r-p ie ssu re  p ro tec tion  for tre 
low p re ssu re  production  system  at G reater 
P rudhoe Bay

7 250 (B) The normal operating pressure for the system
Table 8 Thickness, MAOP Correlation

Figure 6 illustrates the FFS envelop for a combination of depth and length of defect as 
defined in BP Specification SPC-PP-00090. As can be seen from the curve, the criteria for 
allowable operating service condition is more conservative than the industry standard at 
the low end of the remaining wall thickness. This conservatism reflects two issues, (a) 
the need to provide a margin for error in the determination of wall thickness and 
corrosion rate, and hence remaining life, and (b) the decreased accuracy of the NDE 
techniques in use at a wall thickness of less 100 mils.
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Figure 6 Fltness-for-Servlce Envelope Based on BP SPC-PP-00090

In addition, repairs are typically scheduled when the corrosion damage has reached 
105% of the repair criteria. This additional conservatism is in order to allow repairs to be 
planned rather than requiring an immediate plant shutdown.

In summary, the current equipment FFS assessment for piping accounts for two major 
elements,

• Remaining strength of material is sufficient to contain internal pressure as 
calculated by ANSI/ASME B31G/modlfied B31G methodology,

• Minimum thickness, regardless of pressure retaining calculation, is equal to the 
greater of 0 .100 inch or 20% remaining wall thickness.

whichever is the greater remaining wall thickness of the assessment criteria. These 
same criteria are applied to remaining flow and well lines with the appropriate 
characteristics and parameters.

Appendix 3.3.6 In -lin e  Inspection

In-line inspection (ILI) tools, or smart pigs, are used at GPB where pigging facilities ai.d 
process environment allow for technical and cost effective performance within the 
capabilities of the instruments. Magnetic flux leakage (MFL) type tools are the most 
commonly used by BPXA.

It Is important to note that because the vast majority of the cross-country flow lines are 
above ground, the value of ILI data are considerably lessened compared to buried or 
underground systems. The primary value for GPB is in the initial identification and
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location of damaged locations within a pipeline system. Having initially identified the 
location of damaged areas, the long-term integrity, pipeline condition and current 
corrosion rate, of the flow line can be more effectively managed through the use of 
targeted manual NDE techniques.

Having established the condition and locabon of damaged sections of line the locations 
are then added to the routine NDE Drogram where the condition and fitness-for-service 
is determined and where the on-going corrosion rate and level of corrosion mitigation 
can be monitored.

There are limitations with the ILI technology currently used at GPB. A typical high 
resolution" MFL smart pig gives wall thickness measurements that are ±10% of the 
nominal wall thickness and sizing resolution of 3 times wall thickness for length and 
width assessment. In addition, there are temperature and pressure limitations that 
prevent or make difficult the use of MFL tools in many lines at GPB. The typical upper 
operating temperature for the MFL tools is 122°F/50°C compared with a typical 
separator fluids temperature of 150-160°F/65-71°C.

While the ILI program is an important element in the overall corrosion and integrity 
management program, it should be considered like any other inspection or monitoring 
technique as simply another tool to be applied where it delivers the most value.

When used, smart pig inspections are performed to gain a relative understanding of 
pipeline condition and rate of deterioration and/or to provide confidence that the 
internal and external conventional inspection programs have identified locations where 
mechanical integrity is at risk. Because MFL tools do not directly measure pipeline 
condition, results from in-line inspections are not reported in as received from the smart 
pig service company but are reported as part of the overall NDE summary.

Areas identified by ILI and interpreted as being a risk to future operation of equipment, 
are verified through visual, radiographic and/or ultrasonic inspection techniques and the 
results are reported as part of routine inspection programs.

11 MFL manufacturer technical data sheet
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Program Plan/Objectives Target Implementation Evaluation Corrective Action
1 .0  Overall 

program  goals

E lm inate

corrosion/erosion related 

failures

No harm  to people 

No accidents 

No dam age to 

environm ent 

Regulatory compliance 

Com pliance with 

industry standards

Integrated program  with 

m onitoring, inspection, operational 

controls, and corrosion inhib itor

Key performance 

indicators

Leading and lagging 

indicators

Adjust m itigation , m on itoring, and 

operational targets to meet objective 

Defect elim ination - 

repair/replace/abandon

Provide equipm ent 

ava ilab ility to end o f fie ld  

life

2050 Integrated Program  with 

M onitoring, Inspection, Operational 

Controls, and Corrosion Inh ib ition

Key Performance 

Indicators

Leading and Lagging 

Indicators

Adjust M itigation, M onitoring , and 

Operational Targets to Meet 

Objective

Cost effective Corrosion 

Management

Budget A lliance Partnerships 
Technical Incentive Contracts 

Continuous Im provem ent

Key Performance 

Indicators

Leading and Lagging 

Indicators

Develop more Cost Effective 

Methods For D elivering the Program 

Best In C  iss Technology 

Investment for the Future

Table 9 Corrosion Management System
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Proqram Plan/Objectives Target Implementation Evaluation Corrective Action
1.1 Corrosion 

Monitoring

Monitor for changes in 

corrosion rates

System dependant 

targets

Corrosion rate to m eet 

overall objectives 

Regulatory com pliance 

Compliance w ith 

Industry standards

Short term  corrosion rate

determ ination

Medium  term  corrosion rate

determ ination

ER probes 

W e ight loss coupon 

rate

P itting Rates

Adjust M itigating action to achieve 

corrosion -ate target

Monitor effectiveness of 

the chem ical m itigation 

program s

Optim ize Corrosion 

Inh ib ito r Rates and 

D istribution 

Optim ize chem ical 

m itigation program s 

e g .

Oxygen scavenger 

Biotide

Orag reducing agent 

Scale

See above See above Provide feedback to 

Chem ical treatm ent 

Operations 

Inspection activities 

Adjust M itigation Effort 

Production Chemistry

Monitor changes in  the 

process conditions

fie ld-w ide Velocity 

Management targets

W eekly Review of Operational 

Controls by CIC Group 

Operations review  o f flu id  velocities 

v'eiodty alarm s in D istributive 

Control System (DCS)

M ixture Velocities, 

W ater Cuts, and 

W ater Rates

Adjust production rates to meet 

velocity m anagem ent targets

Corrosion mechanism  

changes w ith time

M itigation action in  

place prior to threat to 

mechanical integrity

Data ava ilab ility and access 

Ease o f 'data m in ing' and evaluation 

S ingle data storage 
Comprehensive data managem ent 

and reporting process

Long-Term Process 

Change

Develop m itigation program  

Mechanism m anagem ent as part of 

routine business

1.2 Erosion 

Monitoring

Monitor the effectiveness 

o f the erosion m itigation 

program s

V/Ve <2 .5
Max m ixture Velocity 

and water cut m atrix 

W ell Put-On- 

Production (POP) 

process

Regulatory com pliance 

Compliance with 

industry standards

Unified velocity management 

standard across the North Slope 

M onthly com pilation O f H igh Risk 

W eils

Inspection o f H igh Risk W ells 

M ixture ve loc 'Y  calculation in DCS

M ixture Velocities 

Inspection results

Additional inspection and m onitoring

at h igh risk sites

Adjust Process Condibons

W ell shut-in
Production reduction

Design/debottleneck facilities

Table 10 Corrosion Management System Element -  Monitoring
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Program Plan/Objectives Target Implementation Evaluation Corrective Action
1.3 Corrosion 

M itigation

M itigate Corrosion 

Through Application of 

Corrosion Inhibitors

Control Corrosion 

Rates to Acceptable 

Levels (See Overall 
Program Goals) 

Regulatory compliance 

Compliance w ith 

Industry standards

Continuous Injection into individua l 

wells as far upstream  as possible - 

currently a t W ellhead 

Protect a ll equipm ent between 

Injection po int and separation plant

ER Prtbes

•VLCs

Inspection

Corrosion Inh ib ito r Development 

Adjust M itigation Effort

Control Corrosion 

Rates to Acceptable 

Levels (See Overall 

Program Goals)

Batch Treatments on a routine 

schedule w ith in jection at the 

W ellhead

WLCs

Inspection

Corrosion Inh ib ito r Development 

Adjust M itigation Effort Through 

Reviews

M itigate Corrosion 
through Operational 

Controls

Operational Guidelines W eekly Reviews by CIC Group M ixture Velocities Adjust Process Conditions

M itigate Corrosion 

through Maintenance 

Piqqinq

Achieve Scheduled 

Frequency

Maintenance P igging Inspection 

P igging Returns

Adjust M aintenance P igging 

Schedule

1.4 Erosion 

M itigation

M itigate Erosion Through 

Operational Controls and 

Design

Control Erosion Rates 

to Acceptable Levels 

(See O verall Program 

Goals)

V/Ve < 2 .5
Regulatory compliance 

Compliance with 

industry standards

W e ll POP process 

V/Ve G uidelines

V/Ve

Inspection (ERM )

Adjust Process Conditions

Table 10 (continued) Corrosion Management System Element -  Mitigation
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Program Plan/Objectives Target Implementati i.T Evaluation Corrective Action
1.5 Inspection Integrated inspection 

program  to provide a 

overall assessment of 

plant condition and 

corrosion rates

Inspection activity 

level

leak/save target 

Inspection increases 
Plant condition 

Regulatory compliance

Corrosion rate m onitnrh'g program  

(CRM)
Erosion rate m onitoring p ro g rim  

(ERM)

Comprehensive inspection p rogr,. n 

(O P )

Frequent inspection program  (H P ) 

Corrosion under insulation program  

(CUI)

NDE technique sheets 

and procedures 

Standardized 

assessment of p ip ing 

condition, degradation 

rate and mechanism

Provide feedback to chem ical 

m itigation program  

Erosion m anagem ent program  

Fitness for service assessment 

Equipm ent life  assessment 

Proactive repair scheduling

Assessment o f Current 

Damage Mechanisms

Zero Increases Interna l and external programs See above Repair/replace/monitoi

Search for New Damage 

Mechanisms

M itigation action in 

place prior to threat to 

FFS

Baseline new  equipment 

Apply lessons learnt from industry 

practice else where In the w orld 

Apply lessons learned for other BP 

operations

Apply learn ings across the fie ld  for 

s im ilar equipment/process 

conditions

Communications w ith Operations 

and Reservoir Enqineers

See above Develop m itigation program  

Mechanism m anagem ent as part o f 

routine business

1.6 Fitness for 

Service

Fitness for service 

assurance

Regulatory compliance 

Compliance w ith 

industry standard

See above inspection programs Battelle M odified B3IG  

fitness-for-service 

criteria (note piping 

on ly)

BP Internal 
specification for the 

assessment of 

dam aged pipe

Repair equipm ent 

Replace equipm ent 

Derate equipm ent 

Abandon equipm ent

Structural integrity Regulatory compliance 

Compliance w ith 
industry standard

W alk ing speed survey every 5 

years

P iping design code BP 

Spec, B31.4 and B31.8 

P iping stress analysis 

Nondestructive testing 

as required

Repair/replace 

Correct support defect 

M onitor for further degradation

Table 10 (continued) Corrosion Management System Element -  Inspection
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Program Plan/Objectives Target Implementation Evaluation Corrective Action
1 .7 Continuous 

Im provem ent

Provide Feedback to 

M onitoring, M itigation, and 

Inspection Programs

Continuous

Im provem ent

Integrated Program  w ith 

M onitoring, Inspection, Operational 

Controls, and Corrosion Inhibitor 

Provides Feedback Control Loop for 

Program  Improvements 

Consolk*v  jd  data store, M IM IR

W eekly program  

review

Quarterly program  

review

Annual program  

reviews and strategy 

assessment 

Annual equipm ent 

life/availability review 

Key Performance 

Indicators

Strategic adjustment 

Budget/funding level changes 

M itigation process change and 

review

Tecbnlcal/R&D requirem ents and 

program s

Table 10 (continued) Corrosion Management System Element -  Inspection
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Program Plan/Objectives Target Implementation Evaluation Corrective Action
1 .1 .1  M onitoring -  

Bectncal Resistance 

Probes (ER)

Monitor the Effectiveness o f 

the M itigation Programs

< 2mpv
Regulatory compliance 

Compliance w ith 

industry standard

ER Probes - Upstream and/or 

Downstream  Ends o f Row lines

Investigate Cause for 

Corrosion Rate Increase

M itigation Adjustments 

ER Probe Maintenance

1 .1 .2  M onitoring - 

W eight lo ss  Coupons 

(WLC)

Monitor the Effectiveness o f 

the M itigation Programs

Gen CR: <  2mpy 

Pit CR: <  20mpy 
Regulatory compliance 

Compliance w ith 

industry standard

WLC - Installed Flow lines. W e ll 

lines , Headers, and Piping

investigate Cause for 

Corrosion Rate Increase

M itigation Adjustments 

Inspection Program 

Adjustments

1.1 .3  M onitoring - 

Process Conditions

Monitor changes in  the 

Process Conditions

(See M ixture Velocity 

and Erosion Sections 

Below)
Regulatory compliance 

Compliance w ith 

industry standard

Investigate Cause for 

Process Upset 

Long-Term Process 

Change

Monitor Im pact

M itigation Adjustments

1 .1 .4  M onitoring - 

M ixture Velocity 

M anagement Program

Monitor the Effectiveness of 

the M itigation Programs

Operational Guidelines 

Mix Vet lim its  

Regulatory compliance 

Compliance w ith 

industry standard

Operations Acceptance of M ixture

Velocity Guidelines

SETQM

Review Alarm  List to 

Determ ine True 

Offenders

Adjust Process Conditions

1.1 .5 M onitoring - 

Erosion M anagem ent 

Program

Monitor the Effectiveness of 

the Erosion M itigation 

Programs

Operational Guidelines 

W ell Put on Production 

(POP)

V/V, <  2 .5
Regulatory compliance 

Compliance with 

Industry standard

Operations Acceptance of Erosion 

Guidelines

H igh Risk W ell Inspection Program 

(ERM)

Monthly Reviews to 

Determ ine H igh Risk 

Equipm ent and Repeat 

Offenders

Adjust Process Conditions

Table 11 Monitoring Program Techniques
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Proqram Plan/Objectives Tarqet Implementation Evaluation Corrective Action
1.2 .1 M itigation -  

Corrosion Inh ib ito r

M itigate Corrosion Through 

Application o f Corrosion 

Inhibitors

Control Corrosion Rates 

to Acceptable Levels 

(See O verall Program 

Goals) Regulatory 

compliance 

Compliance with 

industry standard 

Control Corrosion Rates 

to Acceptable Levels 

(See O verall Program 

Goals)

Continuous Injection In to  Ind iv idua l 

W ells as Far Upstream As Possible 

-  CuiTently at W ellhead 

Protect Ail Equipment Between 

Injection Point and Separation 

Plant

Batch Treatments on a Routine 

Schedule w ith Injection at the 

W ellhead

ER Probes

WLC'S

Inspection

WLCS
Inspection

Corrosion Inh ib ito r

Development

Adjust M itigation Effort

Corrosion Inh ib itor 

Development 

Adjust M itigation Effort 

throuqh Reviews

1.2 .2 M itigation -  

Operational Control, 

Maintenance, and 

M aterial Selection

M itigate Corrosion Through 

Operational Controls

M itigate Erosion through 

Operational Controls

M itigate Corrosion through 

M aintenance P igging 

Corrosion Resistant A lloys

Operational Guidelines 

M ixture Velocity Lim its 

Regulatory compliance 

Compliance with 

industry standard 

Operational Guidelines 

W eil POP 

V/Ve < 2 .5

Achieve Scheduled

Frequency

Zero Increases (I's )

Operations Acceptance o f M ixture 

Velocity Guidelines

Operations Acceptance o f Erosion 

Guidelines

H igh Risk W e ll Inspection Program 

(ERM)

Maintenance P igging 

Selected Facilities &  Equipm ent

M ixture Velocities 

Review A larm  Ust to 

determ ine true 

offenders

M onthly Reviews to

Determ ine H igh Risk

Equipm ent and Repeat

O ffenders

Inspection

P igg ing Returns

Inspection

A pplicab ility For Service 

Requirem ents

Adjust Process Conditions

Adjust Process Conditions

Adjust Maintenance 

P igging Schedule 
Replace as Necessary

1.2 .3 M ibgation - 

Structural Integrity

M itigate structural dam age 

caused by subsidence, 

jacking, v ibration . Im pact, 

snow load ing , etc. through 

inspections

No failures due to 

structural dam age 

Regulatory compliance 

Compliance with 

Industry standard

Operational procedures for visual 

surveillance of pipelines 

P iping stress analysis as required 

NDE Inspections as required

Review P ipeline Design 

Code/BP Specification

Repair, replace and 

correct deficiencies as 

required

Add Pipeline V ibration 

Dampeners (PVDs) as 

required

Tab le  1 1  (c on tin u ed ) M itigation P rog ram  Techn iques
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Program Plan/Objectives Target Implementation Evaluation Corrective Action
1 .3 .1 Corrosion Rate 

Monitoring (CRM)

Assessment o f current 

a x ro s ic ii mechanisms 

Monitor for new corrosion 

mechanisms

No measurable active 

corrosion -Zero Increases 

(I's )
Regulatory compliance 

Compliance w ith in& istry 

standard

CRM Program - fixed locations 

on approxim ately bi-annual 

frequency

Inspections 

Condition of 

Equipm ent 

Rate o f degradation

M itigation Adjustments 

Repair/Replace 

Preventative Maintenance

1 .3 .2  Erosion Rate 
M onitoring (ERM)

Monitor h igh  risk wells 

Assessment o f current 

erosion locations

M anageable rate o f 

degradation 

Regulatory compliance 

Compliance w ith Industry 

standard

ERM Program - monthly to 
quarterly

Inspections 
Condition of 

Equipm ent 

Rate o f degradation

M itigation Adjustments 

Repair/Replace 

Preventative Maintenance

1.3 J  Frequent 

Inspection Program 

(F IP )

Assessment o f H igh

Corrosion Rates

Monitor locations near repair

fitness-for-Service 

Regulatory compliance 

Compliance w ith Industry 

standard

FIP Program - monthly to b i­

annual

Inspections 

Condition o f 

Equipm ent 

Rate o f degradation

M itigation Adjustments 

Repair/Replace 

Preventative Maintenance

1 ,3 .4  Comprehensive 

Integrity Program 

(O P )

Comprehensive Coverage of 

equipment

Rtness-for-Servioe review

fitness-for-Service 

Regulatory compliance 

Compliance w ith industry 

standard

O P  - Condition and rate based 

half-life recurring frequency 

Extend coverage through new 

locations

Inspections 

Cor lldon of 

Equipm ent 
Rate o f degradation

M itigation Adjustments 

Repair/Replace 

Preventative Maintenance

1 .3 .5  Corrosion Under 

Insulation (C U I)

Comprehensive Coverage o f 

equipm ent

Inspection of Locations 

susceptible to CUI 

Fitness For Service 

R egiiato ry compliance 

Compliance w ith industry 

standard

CUI - Risk based annual program  

Management o f location inventory 

through recurring exam inations

Detect Damage Areas 

Analysis of occurrence

Repair/Replace 

Preventative Maintenance

Table 11 (continued) Mitigation Program Techniques
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Method Technique Description Sensitivity Accuracy Freq Notes/Comments
Corrosion

Monitoring

Electrical Resistance 

(ER ) Probes

Measurement o f corrosion rate by m onitoring 

changes In electrical resistance of a m etal probe 

due to volume loss

H igh Low H/D Correlate poorly to actual p ipew all 

corrosion rates

W eight Loss Coupons 

Corrosion Rate

Exposure o f m etal samples to corrosive flu id and 

calculation o f volum e loss rates based on weight

Medium Medium M Lim ited benefit In determ in ing short­

term effects, such as flow  regim e 

chanqes on corrosion rates

W eight Loss Coupons 

P itting Rate

Exposure o f metal samples and assessment of 

pitting rate via measurement o f p it depths

Medium Medium M Not a very sensitive measure for GPB 

3pbase but more effective In the PW 

system

Galvanic Probe Detects changes in  corroslvfty as a function of 

current flow  between two d issim ilar m etals.

High Low C Not a re liab le m easurem ent o f m ild 

steel corrosion rate . Very suitable to 

monitor oxygen and chlorine changes 
In seawater

Linear Polarization 

Resistance (LPR)

Electrochemical technique for assessing corrosion 

rate by appfcation o f controlled voltage and 

m easuring current response

High Low H/D Not used at GPB due to the 

Interference o f hydrocarbon film s on 

measurement

Table 12 Corrosion Monitoring Techniques -  Benefits and Limitations

Method Technique Description Sensitivity Accuracy Treq Notes/Comments
Process

Monitoring

M ixture vetoa'ty M ixture velocity o f fluids in pipe-work Medium Medium D Accuracy dependent upon production 
Inform ation (T , P, O il, W ater, Gas)

W ater cut Percent water In liq u id  fluids Medium Medium D Accuracy dependent upon production 
Inform ation (OH, W ater)

Temperature and 

pressure

Measured temperature and pressure in process 

equipment

Medium Medium 0

Dissolved Oxygen Amount o f oxygen dissolved In Sea W ater H igh Medium D In-line accuracy prob lem atic  C iiemet 

method m ore accurate

Iron (Fe) counts Amount o f Iron (Fe) dissolved In process water H igh Low M

M icrobiological activity Amount o f m icrobiokxjlcal life  form s in process fluids Medium Low M

Table 13 Process Monitoring techniques -  Benefits and Limitations
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Method Technique Description Sensitivity Accuracy Freq Notes/Comments
Inspection/NDE Radiographic Testing 

(RT)

Assessment o f pipe wall degradation by 

passing gam m a or x-ray radiation through a 
specimen and projecting an im age on 

conventional lead screen/film , irregu la r density 

variations of the im age can indicate metal loss.

Medium Medium M/Q/tV
y

Utilized for detection, m onitoring, and 

fit for service assessm er‘ o f p ipe 

metal loss in the form  of mechanical, 
corrosion and erosion degradation 

Currently be ing phased out in lieu of 

' preened process o f DRT - see below

D igital Radiographic 

Testing (DRT)

Assessment o f pipe w all degradation by 
passing gam m a or x-ray rad iation though  a 

specimen and projecting an Im age on 

phosphor screen/imaging p late . Irregu lar 

density variations of the im age can indicate 

m etal loss.

Medium Medium M/Q/H/

Y

UtHized for detection, m onitoring, and 

fit for service assessment o f pipe 

metal loss hi the form  of mechanical, 

corrosion, and erosion degradation, 

DRT provides add itional benefits in 

waste reduction associated w ith 

conventional film  and processing 

chem icals

1

Tangential 

R adiography Testing 

(TRT)

Assessment of pipe w all degradation by 

passing gam m a or x-ray rad iation through 

Insolation at the tangent o f the specimen and 

projecting an im age on screen/film , phosphor 

screen/imaging plate, o r detector array

Hkjh Low Y Utilized for detection of corrosion 

under insu lation (C U I). Deployed 

where potential moisture ingress is 

suspected on therm ally insulated 

piping

Ultrasonic testing 

(UT )

Assessment o f p ipe w all thickness by 

sending/receiving ultrasound through a 

sped m en. Echoes returning indicate rem aining 

thickness of the spedm en.

Medium H igh M/Q/H/

Y

Utilized for detection, m onitoring, and 

fit for service assessment o f pipe 

metal loss In the form  of mechanical, 

corrosion, and erosion degradation

Guided W ave 
Ultrasonic Testing 

(GUT)

Volumetric assessment o f p ipe w a ll by 

sending/receiving ultrasound through a 

specimen in the form of cylinder Lamb W aves. 

M onitoring changes in these waves indicate 

potential changes in p ipe thickness. 
A lternatively, echoes return ing to the source 

transducer may also Indicate Interruptions or 

pittinq In the pipe seqment.

Low Low Y Utilized for cased p ip ing assessment 

where access does not support use o f 

traditional inspection methods. The 

method is capable o f semi quantifying 

metal loss but cannot discrim inate 

between internal and external 

corrosion

Electromagnetic Pulse 

Testing (EMT)

Assessment o f p ipe w all by propagabng 

broadband electromagnetic waves on the 

exterior surface o f the spedm en. W hen waves 

traveling down steel p ipe encounter corrosion 

on the pipe surface, the waves are  distorted. 

D istortions in waveform  may Indicate rust by­

product on the surface o f the steel and 

subsequent m etal loss.

H igh Low Y Utilized for cased p ip ing assessment 

where access does not support use of 

traditional inspection methods. The 

method cannot quantify metal loss 

and has a tendency to report false 

positive results but seldom  overlooks 

surface atm osphenc corrosion

Table 14 Inspectfon/Non-Destructlve Examination Techniques -  Benefits and Limitations
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IMethod Technique Description Sensitivity Accuracy FreqL Notes/Comments
Inspection/NOE

(Coot)

In-line Inspection -  

Smart P ig Magnetic 

Flux (MFL) Technique

Assessment o f pipelines for the detection and 

m easurement o f m etal loss. These pigs carry 

h igh  strength m agnets, which app ly a strong 

m agnetic fie ld  into the pipe w a ll. The m agnetic 

fie ld  saturates the pipe steel w ith maqnetic 

flu x . As a result, areas o f metal loss cause the 

flux to leak out o f the p ipe  w a ll. The flux 

leakage data are recorded and used to in fer 

the size and depth o f any metal loss defects in 

the pipe.

High Medium N/A U tlized where design and process 

operation perm it in-line p ig g in g . Metal 

loss MFL In-line Inspection provides 

complete evaluation o f p ipe line 

Integrity w ithin the lim itations o f the 

MFL technique.

Table 14 (continued) Inspection/Non-Destructive Examination Techniques -  Benefits and Limitations
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Service Equipment Type Monitoring Technique Inspection Program Mitigation Program*
. ,i Flow line ER Probes CRM a  Injection

WLC FIP Mixture Velocities

Process M onitoring CIP Periodic Maintenance P igging

CUI Operational Controls

W e i line WLC CRM C l In jection

Process M onitoring ERM M ixture Velocities

FIP M ixture Velocities

OP Operational Controls

CUI

Produced Water How line WLC CRM a  Injection**

FIP a  Carry Over

ap Periodic Maintenance P igging

CUI M ixture Velocities

Operational Controls

W ell line WLC CRM a  Injection**

FIP a  Carry Over

ap M ixture Velocities

CUI Operational Controls

Seawater Flow line WLC CRM Biodde Treatment

Galvanic Probes HP 0 ; Scavenger

Dissolved 0 ; ap Periodic Maintenance P igging

M icrobiological Activity CUI Operational Controls

W ell line WLC CRM Biodde Treatment

M icrobiological Activity HP Periodic Maintenance P igging

CIP Operational Controls

CUI

Export oil Flow line WLC CRM Q  Carry Over

ER Probes FIP M ixture Velodties

ap Operational Controls

.
CUI Periodic Maintenance P igging

•A pp lic aue  to a ll inspection program s noted 

“ No a  injection for FS-2 PW

Table 15 Corrosion Management System Implementation by Equip Type and Service
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Well lines from well head
to WPM headers _ . . . „Coupon/probe location

 Continuous Cl injection

Headers

WPM piping

GC/FS Headers

Well line
Pig launcher

Wellhead ...... v- . -r
pjgg,. Large diameter flow

 ►  line (LDF) and
common lines (CL)

Pig receiver
Slug catcher 
PW system

Figure 7 Facility Schematic
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b p  BPXA O PERA TIN G  UNITS - N O RTH  SLO P E . ALASKA
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Figure 8- Map of North Slope
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BP North Slope Operations Field D.-ta (current 1/01)
Greater Prudhoe Bay Field Area 150,000 acres

Original Oil in Place (Gross) 25 billion barrels
Original Gas in Place (Gross) 47 trillion Std. Cu Ft
Oil Production Wells 1,080
Gas Injection Wells 36
Water Injection Wells 174
Major Separation Plants 6
Major Gas Handling Plants 2
Major Water Handling Plants 3
Miles of Pipelines (approximate) 1,300

Midnight Sun Field Area 3,000 acres
Original Oil in Place (Gross) 0.06 billion barrels
Original Gas in Place (Gross) trillion Std Cu Ft
Oil Production Wells 2
Water Injection Wells 1
Miles of Pipelines (approximate) 4

Aurora Field Area 10,000 acres
Original Oil in Place (Gross) billion barrels
Original Gas in Place (Gross) trillion Std Cu Ft
Oil Production Wells 5
Miles of Pipelines (approximate) 1

Pt. McIntyre Field Area 8,000 acres
Original Oil in Place (Gross) 0.8 billion barrels
Original Gas in Place (Gross) 0.9 trillion Std Cu Ft
Oil Production Wells 59
Gas Injection Wells 1
Water Injection Wells 15
Miles of Pipelines (approximate) 6

Lisburne Field Area 30,000 acres
Original Oil in Place (Gross) 1.8 billion barrels
Original Gas in Place (Gross) trillion Std Cu ft
Oil Production Wells 74
Gas Injection Wells 4
Major Separation Plants 1
Miles of Pipelines (approximate) 27

Niakuk & Western Niakuk Field Area 1,900 acres
Original Oil in Place (Gross) billion barrels
Original Gas In Place (Gross) trillion Std Cu Ft
Oil Production Wells 18
Water Injection Wells 7
Miles of Pipelines (approximate) 6
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BP North Slope Operations
Milne Point Field Area 36,454 acres

Original Oil in Place (Gross) 0.92 billion barrels
Oil Production Wells 107
Gas/Water Injection Wells 59
Source Water Wells 8
Major Separation Plan"' 1
Miles of Pipelines (approximate) 55

Schrader Bluff Field Area 28,000 acres
Original Oil in Place (Gross) 1.97 billion barrels
Oil Production Wells 49
Gas\Water Injection Wells 14
Source Water Wells 3
Miles of Pipelines (approximate) 15

Elder Field Area 300 acres
Original Oil in Place (Gross) 0.013 pillion barrels
Original Gas in Place (Gross) 0.052 trillion Std Cu Ft
Oil Production Wells 1
Gas Injection Wells 1
Miles of Pipelines (approximate) .5

Endicott Field Area 8,800 acres
Original Oil in Place (Gross) billion barrels
Original Gas in Place (Gross) 1.4 trillion Std Cu Ft
Oil Production Wells 47
Gas Injection Wells 5
Water Injection Wells 21
Major Separation Plants 1
Miles of Pipelines (approximate) 52

Sag Delta North Field Area
Original Oil in Place (Gross)
Oil Production Wells
Gas Injection Wells
Miles of Pipelines (approximate)

380 acres
0.014 billion barrels 
2 
2 
.5

Badami Original Oil in Place (Gross) 0.160 billion barrels
Oil Production Wells 6
Gas Injection Wells 2
Major Separation Plants 1
Miles of Pipelines (approximate) 50

Northstar Field Area 38,000 acres
(current 3/02) Original Oil in Place (Gross) .176 billion barrels

Oil Production Wells 4
Disposal Injection Wells 1
Gas Injection Wells 2
Major Separation Plants 1
Miles of Pipelines (approximate) 30

GPB Table 3.1 - BPXA North Slope Operations
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Commitment to Corrosion Monitoring

Phillips Alaska, Inc.
BP Exploration (Alaska) Inc.

2 0 0 0  W o r k  P l a n

"BP and Phillips will, In consultation with ADEC, develop a performance 
management program for the regular review of BP's and Phillips' corrosion 
monitoring and related practices for non-a mon carrier North Slope pipelines 
operated by BP or Phillips. This program will include meet and confer working 
sessions between BP, Phillips and ADEC, scheduled on average twice per year, 
reports by BP and Phillips of their current and projected monitoring, maintenance 
and inspection practices to assess and to remedy potential or actual corrosion 
and other structural concerns related to these lines, and ongoing consultation 
with ADEC regarding environmental control technologies and management 
practices."

Work Plan Purpose:

The purpose of this work plan is to clearly define the purpose, scope, 
content, reporting requirement, roles and responsibilities, and 
milestones/timing for the development and implementation of the 
Corrosion Monitoring Performance Management Program required by 
Paragraph II.A.6 of the Noru ilope Charter Agreement.

Corrosion Monitoring Performance Management Program

Purpose: To provide for 'the regular review of BP and PAI's corrosion
monitoring and related practices for non-common carrier North 
Slope pipelines' operated by BP or PAI.
'Corrosion Monitoring' specifically refers to the activity of 
monitoring pipeline corrosion rates via corrosion probes, corrosion 
coupons, internal pipeline inspections, and external pipeline 
inspections.
'Related practices’ refers to the assessment of corrosion monitoring 
data and the associated response to the assessment, specifically 
chemicals, inspection, and repairs.

Scope: Non-common carrier North Slope pipelines operated by BP or
Phillips Alaska, Inc.
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"Non-common carrier pipelines" refer to Non-DOT-regulated 
pipelines. Included in this designation are cross-country and on-pad 
pipelines in crude, gas, and other hydrocarbon services, as well as, 
produced water and seawater service pipelines. In module and 
inter-module on pad piping are not considered part of the scope of 
this review program.

Content: This Corrosion Monitoring Performance Management Program
consists of the following:

1. BP and PAI will "meet and confer" with ADEC twice per year, on average.
These sessions will be "working sessions" where BP and PAI will inform ADEC
of the following:

A. Summary description of the inspection and maintenance practices used to 
assess and to remedy potential or actual corrosion, or other significant 
structural concerns relating to these lines, which have arisen from actual 
operating experience. This description will address overall areas of focus, 
the rationale for this focus, and the nature of monitoring and related 
practices used during the time since the last meeting. This description 
may be brief if strategies/focus areas have not changed since the last 
meeting.

B. Summary overview of ongoing coupon and probe monitoring results.

C. Summary overview of chemical optimization activities.

D. Summary ovei /iew of ongoing internal inspection activities.

E. Summary overview of ongoing external inspection activities.

F. Summary overview of ongoing structural concerns.

G. Summary of conclusions drawn and responses taken to remedy potential 
or actual corrosion concerns relating to these lines.

H. Review/discussion of corrosion or structural related spills and incidents

I. Review the actions developed by the operator to address any corrosion 
performance trends that significantly exceed expected parameters.

J. Summary of program improvements and enhancements, if applicable.

K. Review of annual monitoring report (see below) at the next scheduled 
semi-annual meeting.

The agenda for these meetings will also include an opportunity for open
discussion and an opportunity for ADEC to ask questions, provide feedback, etc.
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These meetings will be targeted for April and October of each year, although this 
timing can be adjusted upon the mutual agreement of BP, PAI, and ADEC. The 
location of the meetings will alternate between the parties.

2. BP and PAI will submit annual reports to ADEC, which will provide the status 
of current and projected monitoring activities. These reports will be issued on 
or before March 31st of each year, and reflect the prior calendar year. The 
following information will be provided:

A. Annual bullet Item reporting the progress of the Charter Agreement 
corrosion related commitment.

B. A general overview of the previous year's monitoring activities.

C. Metrics that depict coupon and probe corrosion rates.

D. Metrics that characterize chemical optimization activities.

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

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

G. Metrics that depict the numbers and types of corrosion and structural 
related spills and incidents.

H. 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 
corrosion 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 meetings described above.

Note: These reports will be presented in, and be part of, a comprehensive 
North Slope Charter Agreement status report.

3. In addition to the semi-annual "meet and confer" working sessions 
referenced above, BP and PAI will remain accessible to provide "ongoing 
consultation" to ADEC regarding environmental control technologies and 
management practices.

’Environmental Control Technologies’ refer to those technologies specifically 
related to corrosion monitoring and mitigation of the subject pipelines.

’Management practices' refer to corrosion monitoring and related practices as 
defined above.

4. During the semi-annual ’Meet and Confer' working meetings with BP and/or 
PAI, ADEC may use the services of a corrosion expert(s) (contracted from
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funds under Charter Commitment paragraph I1.A.7) to assi't in the review of 
performance trends and corrosion program features.

5. BP has assigned CIC Manager, R. Woollam/564-4437, and Phillips has 
assigned Kuparuk Engineering and Corrosion Supervisor M. Cherry and J. 
Huber/659-7384, to be the contacts responsible for ensuring these 
commitments are met, including ADEC notification of scheduled times for the 
semiannual presentations. The ADEC contact for this effort is (Pipeline 
Integrity Section Manager/S. Colberg/269-3078) who will notify interested 
personnel of the presentation times, maintain the reports for distribution to 
the public when requested and coordinate other issues relating to this 
commitment.

Annual Timetable
March 31st Annual Report

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

October 31st 2H Semi-Annual Review (Meet and Confer)


