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Survey Synopsis . Fermdale Station to Allen Station Page 11

SECTION

Pipeline
Description

Survey History
With Linalog

Inspection Tool
Run

Verification Dig
Areas

RESULTS

FERNDALE STATION to ALLEN STATION

rhis section of Olympic Pipe Line, 16" gasoline line was survcycd by Linalog in
Jovember of 1991. The section, located in Washington, begins in Fcrndalc and
erminates in Allen.

rhis 37.41 mile section of 16" diameter pipeline is composed of Grade X-52, ERW
sipe. The section consists of 312" nominal wall pipe.

rhis pipeline was surveyed once previously by Tuboscope Linalog in Dcccmber of
1980, under job number 1083.

T'wo runs were necessary for a complete survey. The first survey run, launched
November 13, encountered problems with survey tool channel 16. The second
survey run, launched November 18, was successful. The run lasted approximately
848 hours with a flow rate averaging 4.4 miles per hour. Many of the Linacron
marker stations were missed on this run and therefore were transferred from
survey run number 1. No other major survey problems were rcportcd on this run.

No verification digs were conducted by Linalog on this section.

The completed Linalog survey of the 16" Ferndale Station to Allcn Station scction
resulted in the following findings:

LCON VO C T C I U f ]

Eynopala of Pipeline
Total Numbcr of: Gradc A JOintS....oeeee. 3
Gradc | JOINtS weeeens .43
Gradc 2 Joints 4
Gradc 3 JOINtSmmmeerenses 0

The results listed ‘above are the total numbcer of graded joints on this scction of
pipclinc. For a more detailed listing of the graded joinis. refer to appendix 2B.

TUBO 000223



Survey Synopsis- Alien Station Rcnton Station

Page 11

SECTION

Pipeline
Description

Surve

ey History
Wit

Linalog

Inspection Tool
Run

Verification Dig
Areas

RESULTS

ALLEN STATION to RENTON STATION

rhis section of Olympic Pipe Line, 16" gasoline line was survcycd by Linalog in
November of 1991. The section, located in Washington, begins in Allcn and
erminates in Renton.

This 75.64 mile section of 16" diameter pipeline is composed of Gradc X-52, ERW

»ipe. The section consists of 312" nominal wall pipe. The pipclinc also contains
iome ,500" nominal wall pipe.

This is an initial survey by Tuboscopc Linalog.

Two runs were necessary for a complete survey. The first survcy run, launched
November 15, lasted approximately 14.65 hours with a flow rate of 5.16 miles per
hour. The run encountered problems with survey tool channel 17 and both marker
channcls damaged in the pipeline. The second survey run, launched November 18,
lasted approximately 17.05 hours with a flow rate averaging 44 miles per hour.
The run encountered problems with survey channels damaged as the tool passed
through Woodinville Station at wheel count 261,882. Therefore, run numbcr | was
used as the log of record, and run number 2 was used to aid and verify full
survey coverage of the line. NO other survey problems were rcportcd on this run.

No verification digs were conducted by Linalog on this section.

The completed Linalog survey of the 16" Allen Station to Rcnton Station scction
resufted in the following findings:

i

';juudjﬂJmulnlﬁjﬂjl‘tl

Synopsis of Pipeline

Total Numbcr af: Gradc A JOINTSummmmmsms 21
Grodc 1 JOINtS weseseseseses 43
Gradc 2 Joints 7
Gradc 3 JOINS cummseresesessd 0

The results listed above nre the total numbcer of graded joints on this scction of
pipclinc. For a more detailed listing of the graded joinis, refer to appendix 28,
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Survey Synopsis- conclusion Page 13

CONCLUSION “he results listed here and in Appendix 2B are Linalog’s best cvaluation of the
ondition of these sections at the time of their surveys. This evaluation is based

n information provided by the customer and data gathered from similar surveys.

\ccompanying this report is one master log copy and onc_photocopy of cach’the
urveys. This report is the final element of the the Linalog survcy process.

“hank you for your trust and confidence in Linalog. For clarification of any
spect of the survey, please contact our office. e wclcomc the opportunity to
irovide continued service lo Olympic Pipe Line Company.
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Survey Results - Introduction

Page 2.1

INTRODUCTION

Results Summary
Spreadsheet

Computer
Enhanced Report

The complete survey results can be examined by carefully studying the Linalog
Survey log. However, often a summary of the results may be more helpful than
the lengthy survey log. TWO types of summaries are available: the Linalog
Results Summary Spreadsheet or the Linalog Computer Enhanced Report (LCER).
Each of these summaries includes a graph which illustrates the information listed

on the summary.

Job 2020 Pipelire Camer 16° Station 3 to Statien ® Mun | Janwary | 1982 P 1
The Results summary Figtiar Alle  Rar Mg Wl el brare Tabalatioe
Spreadsheet, Figure 2.1, Pl % T iy e T R B
is the basic_summary —— — — - ===
provided by Tuboscope | = = os S B T T
at no additional cost. | mgres LN MR P2 uR u=
It is a simple listing of T
the markers, their | ™ e B P S
locations, and the | mgm T .
number of graded pints e S S
between the markers. | " i R
aier LM T BT E
(O
The optional Computer | e e T
Enhanced Report, 15 3 | wiw TR T T
comprehensive | N R ST
spreadsheet containing | ™™
all of the key
information about the | e ef Lise - e
graded anomalies on the | 5 m o Lise ™ =i
pipeline. See Figure
2.2. Figure 21. Results Summary spreadsheet Format
fob MR Mprlew Coawy 0 Siitiem Bobe iEilom v - dhem i Barmiry i, SHO S &
¥l sbaney s Endancy drom
ol L g Ky Wer| Mael Sl s [ pTEe Brwan Dablalies
Faiary Eal  Bistess Bisiancy Doww Bladass Spirees boseitrrie Beost  Weld Pols Comsezs o 1 2 I
[l L L ¥ L] L] L] Lo
Eraar | fges LU [~ [ 5 ] i [-- =} 1 § =
g LN W OE W = ] N gt
Brace § Joani LE = M IR B L1} [ ] 1 B Lw
Boges Baviy LE (=TI ST R T 14
Cafmsmy LN I B i ® T oo
Lo LM [ E o Lad el [
Brazr | Joust L e W e S b0 B2 8 ul s 1 & 3
LEIs  HR opw DR e = e
Brar | e Lif EY ™| re &} = " 1 g Ls
ridar & Jdosl LA HO B kR = L] ™ L n Rn » I 1 %
g et LA s L S - [ | = [0 1
Fraid | Jews LM | M T e e Er ! L1
Frug LPe  jEMa UM Rl W 1T L] [} [ I |
Fpwe o Line  ILES
e ol Lpw Lm felsl Far dupmioem | T T 1
Figure 2.2. Computer Enhanced Report Format

A morc detailed analysis of cach

of the summaries and their accompanying graphs

follows this bricf comparison.
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Survey Results - Results Summary Spreadsheet Package

Page 2.2

RESULTS
SUMMARY
SPREADSHEEJ
PACKAGE

Results Summary
Spreadsheet
Columns

The Results Summary Package includes the Results Summary Spreadsheet and its
accompanying graph. The Results Summary Spreadsheet lists a variety of
information about the pipeline reference points and the approximate locations of the
graded joints. The actual data for this survcy can be found in Appcndix 2B
of this section of the report.

The listing is divided into 12 columns of information (see Figure 23. An
explanation of each column follows:

This column contains the above ground and below ?round
pipeline features ustd as reference markers during the survey. The reference
markers are easily recognized by the blank line preceding them and the asterisk
(*) appearing to the right of them AlSD listed in this column are the match points
which occur between the consecutive rolls of the survey log.

|_Asterisk {*}, This column provides a quick reference for distinguishing reference
markers from temporary features, such as survey log match ﬁomts Each reference
marker will have an asterisk (*) appearing to the right of it.

Mile Post This column originates from the mile post numbers supplied by the
pipeline company. Supplied numbers are usually listed for each reference marker.
From these numbers, the mile post numbers for the match points are calculated. If
the mile post number for a particular reference marker is not supplied, this column
will be blank until the next reference marker with a supplied mile post number is
reached. If no mile post numbers art supplied, this column will not appear

on thc Results Summary Spreadsheet.

| Map Station, This column originates from the map station numbers supplied by the
pipeline company. Supplied numbers are usually listed for each reference marker.
From these numbers, the map station numbers for the match points are generated.
If the map station number for a particular reference marker is not supplied, this
column will be blank until the next reference marker with a supplied map station
number is reached.

Station numbcrs should only be ustd for locating general arecas. Specific
mcasurcments should be based ea the information supplicd on the distancc
channcl of the log.

This column contains the distance from the previous pipeline
feature to the current one, based on the supplied map station numbers.

Job 3000 Pipelire Company 16 Station 3 to Station 4 Run I January |, 1989  Page !

Pipeline Mile Map  Map  Wheel heel Brade Tabulatica
Feature Post  Station Distance bunt Distance Coements u 1t 2 3
Launcn g.02 ¢ 0 e 18 ]
] l Q 1
“agret 9.28 1 1782 1782 1838 1828
[ i e 42

Figure 23. Results Ssummary Spreadsheet Column
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survey Results - Rtrultr Summary Spreadsheet Columns Page 2.3

Results Summary | Wheel Count, " The wheel count is the cumulative number of feet traveled by the

S dsheet tool, as recorded by the tool's distance wheel and registered on the distance

preaasnee channel on the log. This information should be used for all detailed excavations.
Columns | See Figure 24 below.

continued _ ) . . -
( ) —%@S&H&B This Column lists the distance from the previous pipeline feature
to the current one, based on the recorded wheel counts on the distance channel.

| Comments, The use of this column is left to the discretion of the Log Analyst.
It may contain such comments as "Calculated Mile Post" or "Transferred from
Previous Survey". Pertinent data will be noted in this column as space permits.

I This section tabulates the number of graded joints (UsJs, 2s,
and 3s) between reference markers. Subtotals of the number of graded joints in
each category are given between reference markers.

At the end of the report, the length of the pipeline is listed and final grade totals
are given for each classification (see Figure 2.4).

Job s Pipeline Coapany 16' Station 3 to Station 4 Rn ! January 1, 19839  Page !
Pipelire Mile Xap MNap el Wheel 6rade Tabulation
Feature Post  Station Distance Count Distance Coemsmts v 1 2 3

Launch .82 # ] € 18 e

[ S - B

Magnet 8.28 ¢ [Te2 (M= {E3E 1B

e t © @
Magnet LET # 339 1557 332 1T

e 1 1 9
Rugret BB4 » M3y 1BAS MTE JREE

¢ 1 ¢ 8
Valve 104 4 AR 1858 TE 1675

T ¢ o @
Valve 1.46 4 TN 222 TR &=

¢ @ ] e
Kagret 2170 13485 3751 11502 3724

P 8 B8 @
Valve Th s M3 TR MR 29

i ¢ 1 @

Trap .89« LE3ME  IRST  DE3RE  1BN9

Fert of Lime 16332

Mules of Lire 3.89 g & 1 1

Figure 2.4. Results Summary Spreadsheet Columns
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Survey Results - Results Summary Graph

Page 2.4

Results Summary
Graph

The Results Summary Graph is included with both the Results Summary
Spreadsheet Package and the Computer Enhanced Report Package. It isa visual
digest of the_information on the Results Summary Spreadsheet The graph below,
Figure 25, ISonly an example. The actual graphs for this survey can be
found in Appcndix 2A of this section of the report. The graph is set up in
the x/y format. The x-axis (horizontal axis) is a measure of distance in miles
along the pipeline, with the marker locations listed. The distance is based on the

wheel count recorded by the Linalog Tool. On the y-axis (vertical axis), a scale
of the number of graded joints appears.

The body of the graph is set up in a stack format. The grading category
subtotals are stacked between the reference marker locations to show the relative
amounts of graded joints between the reference markers.

The legend below the graph explains the shading of the stacks. A different type
of shading is assigned to each of the corrosion grading categories. (Grade U
Joints are not listed.) BY relating the height of the stack to the scale on the y-
axis, the total number of graded joints in each area can be determined.’

Pipeline Company 16" Job 3000

0 Aatlen ¥ te Statlon 4 Jen, 1 1983

i =
180 =

[, et

T

[ "=l

8T

s

o P Aty 8 B
e L W T T L AT

e S e NS
R D

P
AR

00 14 3% 45 64 85 100 116 136 116 178 237 260 275 304 317

es from Lounch
BRAEL 1 ﬁ ERaSE 1 E= craoe d

Figure 25. Results Summary Graph

The graph displays the cumulative graded joints between reference markers. The
corrosion levels of the various segments of the pipeline can be easily compared.
General areas of corrosion €an be located rapidly. Marker placement for the next

survey can be evaluated. The graph provides an easy way to view the overall
condition of the pipeline.
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Survey Results = Computer Enhanced Report Package Page 2.5

COMPUTER
ENHANCED
REPORT
PACKAGE

Computer
Enhanced Report

Columns

The Results Summary Spreadsheet and the Computer Enhanced Report are very
similar in format However, the Computer Enhanced Report contains more detailed
data than the Results Summary Spreadsheet. Five additional columns of
information for locating anomalies on the pipeline arc supplied on the Computer
Enhanced Re#)ort. The example below, Figure 26, shows the format of the first
12 columns of information, as presented on the Computer Enhanced Report option
The actual data for this survey can bc found in Appcndix 2B of this section
of the report.

Job 3R Pipelire Company 16° Station 3 to Station 4 Rn1 January 8, 1389
Distance to Distance frea

Pipeline - Rile Kap Map  Wheel Wheel Nearest # Karker 1988 Epsirmia

Feiture Post  Station Oistance bunt Distince Upstreaz fcwmiizeam 6rade  Weld O'clk Commenis
Laurch oLN W [ ] [ ] 1 [ ] ] 1529
Brage § Joint 113 B B BN [ 1] (1H ] 1 £ R
Eeights . 119 W OE W = i i Urights
8rade 1 Joint 8. nE M 1= o] [FEF] B4 3 & kR
Begin Casing  0.35 21 WA IET AT IEE 1)

Figure 26. Computer Enhanced Report Columns

Clarification of each of the columns is given below:

Pioeline Feature. This column contains the above ground and betow ground

pipeline features which appear on the survey log (see Figure 26). All features,
including the graded pipe joints, are listed in this coﬁumn. gI'hose t)eatures that can
be located above ground, such as valves, magnets, taps, and tees, are used as
pipeline reference markers.

Asterisk i*1. This column provides a quick reference for distinguishing reference

markers from other features, such as graded joints and casings. The reference
markers are easily recognized by the blank line preceding them and the asterisk
(*) appearing to the right of them.

|_Mile Post, This column originates from the mile post numbers supplied by the

pipeline company. Supplied numbers are usually listed for each reference marker.
From these numbers, the mile post numbers for the graded joints and pipeline
features are calculated. If the mile post number for & particular reference marker
is not supplied, this column will be blank until the next reference marker with a
supplied mile post number IS reached. If NO mile post numbcrs are supplied,
this column will not appear on the Results Summary Spreadshect.

|_Map Station, This column originates from the map station numbers supplied by the

pipeline company. Supplied numbers are usually listed for each reference marker.
From these numbcrs, the map station numbers for the graded joints and pipeline
features are generated. If the map station number for a particular reference
marker is not supplied, this column will be blank until the next reference marker
with a supplicd map station number is reached.

Calculated station numbcrs should only bc used for locating gencral arcas.
Specific mcasurcments should be based on the information supplicd in the
distancc channel of the log.

Map Distance. This column contains the distance from the previous pipclinc

feature to the current onc, bascd on the supplied map station numbcrs.
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Survey Results = Computer Enhanced Report Columns Page 2.6

Computer
Enhanced Report
Columns
(continued)

#¥heel Count, The wheel count is the cumulative number of feet traveled by the
1001, as recorded by the tool's distance wheel and registered on the distance
shannel on the log. This information should be used for all detailed excavations.
iee Figure 27 below.

| Wheel Distance, This column lists the distance from the previous pipeline feature
10 the current one, based on the recorded wheel counts on the distance channel.

Distance to Nearest * Marker Upstream/Downstream, These columns refer to the
listance, in feet, from a "Pipeline Feature™ to its nearest upstream reference marker

'*) and its nearest downstream reference marker (*).

1987 Grade, All of the previous Igrades,_ except those associated with joints in
sxcessive tool speed areas, are listed in this column.

This column replicates the graded joint entries listed in the "Pipeline
Feature" column. It is provided to facilitate easier location of the graded joints on
the Computer Enhanced Report.

Distance From Uostream Wellds. This figure refers to the distance, in feet, from
the upstream girth weld to the graded anomaly in the joint of pipe. This
measurement comes directly from the distance channel on the log.

Qk¢clk, This column gives the o'clock position (facing downstream) of the largest
gradable anomaly indication in the pipe joint.

The use of this column is left to the discretion of the Log Analyst.
It may contain such comments as' "Corrosion in Casing” or "Possible Tap™.

This section tabulates the number of graded joints s, 23,
and 3s) between reference markers. Subtotals of the number of graded joints in
each category are given between reference markers. At the end of the report, the
length of the pipeline is listed and final grade totals are given for each
classification.

ttation 3 to Station 4 Run | January 1, 1989
Distance to Distance from
¥heel Uhedd Mearest # Marker 1937 1983 Upstream Grade Tabulrtion
Count Distance Upstrean Downstreaz Grade Giack  Weld Ok Coaments U 1 2 3
18 e 1 1828
633 615 615 foes 1 | 6 12.00
944 311 926 894 . 4 Weights
1198 254 1180 640 2 3 26 6.00
1674 476 1656 164
1754 80 1736 L] e 1 & 1

1838 84 1820 1554
2384 546 546 1008 1 1 26 400 g 1 e e

X2 1008 1554 1086

Figure 2.7. Computer Enhanced Report Columns



Survey Results . Computer Enhanced Report Graph Page 2.7

Computer
Enhanced Report

Graph

The Computer Enhanced Report Package includes both the Results Summary Graph
(see page 2.4) and the Computer Enhanced Report Graph. The Computer
Enhanced Report Graph is a pictorial representation of the overall condition of the
pipeline. The graph below, Figure 28 is only an example. The actual graphs
for this survey caz be found in Appcndix 2A of this section of the report

The graph is set up in the x/y format. The x-axis (horizontal axis) is a linear
measure of distance along the pipeline. On the y-axis (vertical axis), some of the
Fipeline features appear. The pipeline measurement is the distance in feet from the
aunch, as measured by the tool’s distance wheels. The pipeline features dis;;layed
or)1 the graph are the reference markers and the graded pipe joints (Us,Is, 25, and
3.

Pipeline Company 16" Job 3000
Sales 3 b Fiellen & Jan. 1, FIAD
Crods 3 ’ +
L |
Srodw I 3 - + + + + + +
e | At W o+ W ++ @ H L S I I
Grode Bl = & &% & + 4+ . + + -
Barkers =% 4 &4 &4 4 A& & AW4 A W A d E . L]
o 20 4C [ L . 100 120
Thismanda of Fadl (From Lounch)
0 AcM o  OTHER a M X WAL L . T

Figure 2.8. Computer Enhanced Report Graph

In the body of the graph, various symbols appear. Each plus symbol (+)
represents a grade on the log at the corresponding distance location. The marker
symbols represent the reference markers on the Computer Enhanced Report. A
lcgend appears below the graph denoting the meaning of each marker symbol.

The graph illustrates pipeline characteristics which art otherwise difficult to
observe. The corrosion levels of the various segments of the pipeline can be
easily compared. The approximate location of each graded pint can be found. The
aﬁproximate locations of all of the joints in 3 particular grading category, such as
the Grade 3 Joints, can be determined. Corrosion problem spots ean be located
rapidly; and, marker placement for the next survey eam bc evaluated. The graph
is a clever tool for viewing the overall condition of the entire pipeline at a glance,
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Survey Results - Locating Anomalies on the Pipeline Page 28

LOCATING
ANOMALIES
ON THE
PIPELINE

Locating
Anomalies with
the Computer
Enhanced Report

3y using the Linalog Survey Log, desired areas of interest can be accurately
ocated on the pipeline. Typical areas of interest include corrosion, mashes, and
inidentified anomalies.

The following steps should be taken to accurately locate an area of interest:

Note:

For customers choosing the Computer Enhanced Report option, the

nformation needed in steps 1, 2, 5, and 7 below appears on the Computer
Enhanced Report (see Figure 2.9 below).

1.
2.

Choose an area of interest on the survey log.

Find the nearest marker upstream or downstream from the area of interest.
Note the distance and direction from the marker to the area.

Go to the upstream or downstream marker (whichever applies) on the
pipeline, and measure the distance determined above. Be sure to measure in
the correct direction (upstream or downstream) from the specified marker.

Begin digging at this point to locate the upstream weld of the area of
interest.

. After locating the weld, determine the distance from the weld to the

anomaly by referring to the survey log.

. Measure this distance from the upstream weld to the anomaly.

. To further aid in locating the area, note the anomaly's oclock position on

the log. (See the section entitled "Orientation Channel™ for information on
determinin% o'clock positions on the log) O'clock positionson the pipeline
are found by looking downstream, toward the receiver trap, and counting
around the pipe circumference in a clockwise direction (Note: The top of
the pipe is considered the 12 o'clock position.)

Job 3009 Pipeline Company Rl Station 3 to Station 4 B | Jamwary 1, 1989

Liwech 0.03 ¢ i i i L] (1 1=

grage | Joint 013 [ .o < = 'c A £13 [F =R | §IER

eights 819 WX W I = (21 4 Ueights
grace I Joint  QE s M W LIy TR T S %

Begin Caring 8.3 IEZ1 ML NETH L 1655 1§

End Casing [ i xR 1 17 [ 1]

Ragnet L R B um B i (L=

Brace | Joint L7 i< I TR TR 11 (T4 et B LN

Nagnet LE IO MR INE IEs (1] L)

fraze | Joint L7 BYOm D W (5.3 | WL

Grage & Medntk LM W3 B T [} ™ | F4 2 e

Ragres iLd W M1 Wl 241 128 LLEM
grace 1 Joint i.M 1T T T 7 = iR ] 1 B IR
Trap lLeps IESAE WEEE B3 ME W ¥

Bstases to Distarce frm
Pipeline Kile Rap Map el  Whweel  Mesoat 0 Rerker (380 Gatrees
Feature Bt Station Distance Counmt Dlatince Bpstrein Dowsbrein Grage  Wold Pelh Cooments

Figure 2.9. Locating Anomalies
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Linalog Results Summary Graphs
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Job ZMB.01

Pipeline
Feature
launch
Grade 1 Joint
Grade 1 Joint
Grade 1 Joint
Grade 1 Joint

Linacron

Begin Casing
End casing
Grade 1 Joint
Grade A9 Joint
Grade A Joint

Linacron

Linacron
Begin Casing
End Casing
Grade 1 Joint
Grade 1 Joint
Grade 1 Joint
Grade 1 Joint
~~gin Casing
4 casing
Begin Casing
End Casing
Grade 2 Joint

Linacron
Begin Casing
End casing
Grade 1 Joint
Begin Casing
End casing

Linacron
Begin Casing
End Casing
Grade 1 Joint
Begin Casing
Esd casing
Begin Casing
End casing

Block Valve
Begin Casing
End Casing
Begin Casing
Fnd Casing
gin Casing
tnd Casing
Begin Casing
End Casing

Olyapic Pipe line Company 16"

Calculated Distance to
Kile Kap Map  Wee2l  Wheel  Nearest ® Marker
Fost  Station Distance Coumt Distance Upstreas Downstreae Grade

0@ 0 0 28 0 0 443

03 142 142 16883 1401 1401 3142

0.37 66 4 197 A 1666 2878

0.78 3H3P 1873 381 18m 3B37 1006
0.88 4022 408 4301 482 4019 524

1@ 4546 524 4825 524 4543 2868

1a 4582 H 4861 K] K9] 832

1@ 46%6 54 4915 5 90 2778

114 564 728 %47 32 822 246

13 679 115 6/68 1A 1943 925

148 510 781 513 2456 412

1.50 ¢ 7nY 410 7693 412 2868 2413

200 ¥ 924 245 10106 2413 2413 79%

2 9839 15 10021 15 5 7981

20 980 5 10172 5 6 7930

2(b 10069 1P 103%2 180 26 7150

2.3 11724 1655 12010 1658 1904 6092

2.3 11781 57 12067 57 il 6035

2.0 4Hd 24 1436 2299 4220 3776

28 14296 261 14588 202 4482 3514

25 1438 [ 14630 p» 4524 A2

30 1501 863 15494 864 5388 2608

30 15212 11 15508 1 5399 297

3.7 16057 845 1632 47 6246 1750

as%* 1788 1/ 1812 17190 7996 867

3.9 17807 4 18106 4 4 7863

35 17874 67 18173 67 il 71%

&,45 2T 4896 23072 4899 4970 28097

£.49 2083 23 2% 223 5193 274

4,50 23068 B 23370 H 5268 259

5 * 25666 2598 25060 2599 7867 10067

5.0 25683 17 25986 17 17 10040

50 25718 5 2600 A 51 10006

58 28108 2385 28380 2360 2411 7646

6.4 32043 4840 3B 4788 719 2858

£.45 33056 113 33280 112 73114 2146

6.9 35650 XM B 6 Br7 180

7.0 8B 16 36020 174 10061 6

Tmr I\ 6 36026 6 100657  6ES

1.5 p/H6 N3 BH1 925 925 5144

1.6 36800 % 37007 56 981 5088

117 36851 5 3708 5 1032 503

1.5 37410 59 365 567 1599 40

127 37453 43 37668 43 w2 M

7.9 37603 150 3780 152 1™ i)

73 My 110 37932 112 1906 4163

7.2 372 P 31971 K] 195 424

Ferndale Station to Allen Station

199
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Page 1

Grade Tabulatlen
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1
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Possible Mi1l Belated
Possible Hill Related
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Job 270301 Olyapic Pipe Line Cospany 16" Ferndale Station to Allen Station Run 2 November 18, 1991  Page 2

Calculated Distance to Distance from
Pipeline Kile Kap Hap  Uneel Wheel Nearest * brker 1991 Upstrean Grade Tabulation
Feature Post  Station Distance Count Distance Upstrean Downstrear Grade  Yeld O°'clk Comaents A1 2 3

Grade 1Joint  7.40 38216 464 38441 470 2415 3654 1 3% 300
Grade 1 Joint 756 30208 992 30447 1006 421 2648 1 13 700 Possible ki1l Belated

Grade 1Joint 786 40964 1756 4126 1779 5200 89 1 7 500 0 3 0 0
Linacron _ 800 * 41822 8% 42095 869 6069 5128
Begin Cz_aslrg 8.00 41837 15 42110 15 15 5113
End casing_ 8.02 41907 70 42180 70 85 5043
Grade 1Jo!nt 807 42167 260 42410 260 345 4783 1 51 5.00 ICI
Grade 1Joint 810 42338 171 42611 1N 516 4612 1 1 6,00 I
Grade 1.Joint 812 2458 120 42731 120 636 4492 1 50 700 Poss HillRelated 0 3 0 0
Linacron _ 900 ¥ 46951 4493 47223 44 5128 8303
Begin Casing 900 46%9 18 47241 18 18 5285
End Casing_ 9.01 471006 47 47287 46 6 5239
Grade 1Joint 959 50137 3121 50369 3082 3146 2157 1 2011.00 PossKIll Belated O 21 0 0O
Lin@cron i 1000 * 52321 2184 5X26 2157 5303 4341
Begin Cesing 1000 523% 15 52541 15 15 452
End casing 1002 52410 74 52617 76 91 4450 -
Grade 1 Joint 1025 53728 1318 53958 1341 1432 3109 1 51 600 Possible Kill Related
Tap 1043 5473 1008 54984 1026 2458 2083 0O 1 0 O
" 'nacron 10.80 * 56783 2047 57067 2083 4541 4149
F11] Ca_lsing 10.81 56839 6 57123 56 56 4093
ed Casing 1083 56891 52 57175 52 108 4041 0 0 0 O
Linacron 1180 ™ 60917 4026 61216 4041 4149 8379

Grade 1Joint 1216 . 63071 2154 63369 2153 2153 6226 1 23 1000 Possible Kiil Belated
Grade 1Joint 1236 64295 1224 64592 1223 P76 003 1 4 100 Possible Mill Related
Begin Casing 1251 65171 876 65467 875 4251 4128
End casing 12.54 65358 187 65654 187 §438 3941

Grade 1Joint 1265 66008 650 6634 650 5088 3201 1 19 1000 PossibleKill Related

Grade 2 Joint 1297 67932 1924 68227 1923 7011 1%8 2 4 200 Possible ki1l Belated

Grade 1Joint  13.08 68557 625 68851 624 7635 744 1 12 1200 0 4 1 0
Linacron 1320 69301 74 695% T4 ey I i

Begin Casing 1320 69316 15 6%10 15 15 3508

end casing 1324 69493 177 69787 177 192 3331

Begin Casing 1338 70091 598 70385 598 e IR

End Casing 1338 70103 12 70391 12 82 272

Grade 1 Joint 1397 72683 2580 72978 2581 3383 140 1 17 800 0 1 0 O
LInacron 1400 ¥ 72823 140 718 140 B3 N%

Begin Casing  14.00 72036 13 73131 13 13 7343

End Casing 1401 791175 13206 7 88 7268

Tap 1415 73856 945 151 945 1033 6323

Gra(_ie 1Joint 1426 74561 705 74856 705 1738 5618 1 47 8,00 Possible Kill Eelated
Begin Casing 1503 79688 5127 79983 5127 6865 491

nd (Casing 1504 19772 & 80067 84 6949 107 0 1 0 0
linacron 1510 * 80179 407 80A74 407 7356 5438
Begin Casing 15.31 81172 993 81499 1025 1025 4413
End Casing 15.41 BlBLT 475 91003 490 1515 3923
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Job 2703.01

Pipeline

Feature .
Begin Casing
End Casing
Grade A9 Joint

Tap

Grade 1 Joint
Begin Casing
End casing

Block Valve
Flange

Begin Casing
End casing
Grade 1 Joint

Linacron

Tap

Grade 1 Joint

Begin Casing

End casing

Grade 1 Joint

Tap

Begin Casing

*d casing
gin Casing

End casing

Begin Casing

End Casing

Grade 1 Joint

Tap

Grade 1 Joint

Grade 2 Joint

Grade 1 Joint
Begin Casing
End casing
Flange

Katch Point
Grade 1 Joint
Tap

Linacron
Grade 1 Joint
Grade 1 Joint

LInacron
Grade 1 Joint
Tap

-ade 1 Joint
Grade 1 Joint
Grade 1 Joint

Olympic Pipe Line Company 16" Ferndale Station to Allen Station Run 2 Noveaber 18, 1991  Page 3
Calculated Distance to Distance fron
Kile Map Map  Wheel Wheel Hearest * Marker 1590 Upstress Grade Tabulation
Fest  Station Ddistance Count Distance Upstrean Downstream Grade  Weld 0'clk Coeaents A1 3 3
1551 82129 482 82486 497 2012 4%
15.54 82310 181 82673 187 2199 3239
1584 83742 1432 84151 1478 3677 1761 A 41 8.00
15,01 84067 325 84486 335 4012 1426
16.11 85013 946 85462 976 4988 i50 1 28 3.00 Possible Kill Belated
16.16 85266 253 85723 261 5249 189
16.17 85328 62 85707 64 5313 125 1 1 & @
1620 ¢ 85449 121 85912 125 5438 8483
16.20 85457 8 85920 8 8  B4TS
16.21 85515 58 85979 59 67 8416
16.22 85578 63 86042 63 130 8353
16.39 87070 1492 67546 1504 1634 6849 1 36 6.00 0 1 o ®
1720 ¥ 93862 6792 943905 6849 8483 26557
96885 3023 97390 2995 2005 23562
9983 2949 100311 2921 5016 20641 1 12 12.00 Possible 111 Belated
101548 1714 102009 1698 7614 18943
101705 157 102165 156 NO 18787
103537 1832 103979 1814 9584 16973 1 13 9.00 Possible Hill Related
106023 2486 106442 2463 12047 14510
106362 3¥ 10774 3% 12383 11174
106850 488 107261 h83 12866 13691
106867 17 107278 17 12083 13674
106949 82 107359 81 12066 13593
107346 397 107753 34 13358 13199
107352 6 107759 6 13364 13193
107829 477 108231 472 1383 12721 1 3 8.00 Possible Kill Belated
109429 1600 109816 1585 15421 11136
109769 340 110153 337 15758 10799 1 41 8.00 Possible Will Related
110137 368 110518 365 16123 10434 2 39 6.0
110968 831 111341 823 16946 9611
113391 2423 113741 2400 19346 7211
115777 2386 116105 2364 21710 4847 Three Taps
115986 209 116312 207 HUT 4640 1 32 2.00
116059 73 116384 72 2098 4568
116100 49 116433 49 208 4519
116112 4 116437 & 22042 4515
117690 1578 118000 1563 23605 2952 Begin Poll 2
119754 2064 120045 2065 25650 9207 1 16 6.00
119978 224 120266 221 2587 686 0 6 1 @
a 120670 692 120952 686 26557 5336 Logging Remd
121579 909 121899 947 947 4339 1 17 7.00
122431 852 122787 888 1835 3501 1 27 6.00 DCI 0 2 0 0
2400 ¥ 125790 3359 126288 3501 533 10205
24.85 130657 4867 130829 4541 4541 5664 1 36 5.00 Possible ¥ilt Belated
25.66 135368 4711 135224 4395 8936 1269
25.70 135561 193 135604 180 9116 1089 1 1 6.00
B 135951 390 13576H %4 9480 725 1 77 7.00 Possible Hill Related
25.82 136280 329 136075 307 9787 410 1 77 7.00 PossHill Related 0 & o0 O
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Job 278.01

Pigeline

Feature
Linacron
Grade 1 Joint
Tap

Linacron
Grade 1 Joint
Tap

Begin Casing
End casing

Block Valve
Tap

Linacron
Begin Casing
End Casing
Tap

Linacron
Begin Casing
end Casing
Begin Casing
~ 4 Casing

Linacron
Begin Casing
End Casing
Grade 2 Joint
Begin Casing
End Casing
Begin Casing
End casing

Linacron

Linawon
Begin Casing
end Casing
Flange

Block Valve

Linacron
Begin Casing
End Casing
Grade 1 Joint
Begin Casing
End Casing

lacron
gegln Casing
End Casing
Grade 1 Joint

Olympic Pipe Line Cozpany 16 Ferndale Station to Allen Station Run2  November 18, 1991  Page 4
Calculated Distance to Distance from

¥ile Yap  dap  lheel Wheel Nearest® brker 1991 Upstrean Grade Tabulation
Post . Station Distance Ceunt Distance Upstrean Downstresz Grade  Yeld O°clk Comaents A1 2 3
590 & 136728 448 148 418 10206 7802 )

52 136820 R 13HH 12 2 700 1 58 3@ PossibleVill Belated

5.5 139700 2880 13997 3AR 3304 4498 0 1 0 O
0 v 1436 4046 14425 4B 7802 3082

2.7 145033 2187 14648 203 2203 879 1 63 6.0

21.A 146502 659 14712 64 2867 25

21.8 M4l 149 147313 151 3018 64

28.00 . 146800 S0 147372 S?) 077 S 0 1 0 O

B8.00 * 146805 5 14737 5 3082 7036 Nood Rsad

8.2 152203 5308 152788 541 A 165 0 0 0 O

29.20 * 153824 1621 15413 165 0% 5183

0.0 153838 14 154427 14 4 5169

DA 153900 62 154480 62 76 5107

05 4080 189 15468 19 206 4918 0O 0 0 O

PD * 150007 4918 1595% 4918 5183 8599

P21 159077 70 159686 70 0 8529

DB 10143 66 1597 06 133 8463

3.17 163036 4792 16456 4794 4930 3669

RiW0) 164063 128 164654 128 5088 354 0 0 0 O

LD * 167602 3539 168195 AL 8599 3500

31D 167617 15 168210 15 5 #b

3a 16767 40 16850 40 55 3445

2.8 169203 1546 169793 1543 1508 1902 a 8 10.00

2.4 169698 495 IMz? A 2092 1408

214 169738 40 110327 Q0 2132 1368

2B 1067 1009 171385 108 3160 340

.27 170866 O 17143 % 3258 242 0o 0 3 0

2P T I/ 242 17166 242 3500 39S 0O 0 0 O

B0 1019 N1 17560 34 5 2117

B.R2 175098 O 175719 M ¥ 238

3B.14 1/ &4 175783 4 143  X/4

3BB5 175218 % 175838 55 198 2519 0 0 0 O

Beor ITTHI BB S B 217 %13 0 0 0 O

3D " 180872 269 180970 X613 %13 5271

K7W 180388 16 180086 i) 6 5%

¥ 1M s B 0B 69 5w o

AP 181198 76 18118 70 818 4453 1 3 120 Possible Hill Belated

34.75 183316 2118 183886 2098 N6 235

A7 18333% 18 18304 18 24 2337 0 1 0 O

350+ 18U 2330 18A 2337 71 375

3.2t 185765 18N n 72 5303

$.23 18845 80 1M 4 153 5222

.67 189270 3425 139651 3 L2 1763 1 49 8.00
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Job 2703.01 Qlyapic Pipe Line Company 16" Ferndale Station to Allen Station ~ Run 2 November 18, 1991  Page 5

Calculated Distance to Distance fron
Pipeline ¥ile Nap Hp  Whed Wheel Nearest * arker 1991  Upstrean Grade Tabulation
Feature Post  Station Distance Count Distance Upstrean Downstrear Grade  Wed O’clk Comzents A1 2 3
fa-~ 36.19 190953 1683 191552 1699 5311 &4 0 1 0 O
Linacron 3D * 191016 63 191616 64 5375 6180
Begin Casing  36.20 191032 16 191632 16 16 6164
End Casing 3%6.20° 191087 S5 191689 57 73 6107
Tap 36.85 195907 4820 196611 4922 4995 1185 Three Taps
Begin Casing 36.91 196377 470 197091 480 475 705
End Casing 36.91 196418 41 197133 42 5517 663
Tap 36.99 197007 589 1577%S 602 6119 61
Trap 37.00 ¥ 197067 60 1977% 61 6180 3 0 0 0 O

Feet of Line 197514

Eiles of Line 3741 Total for Plpeline 1 & 4 0
Al.. .Possible Kask 14.. .Possible Support A7.. .Possible Debris
A2.. .Possible Tgp A5...Possible Metallurgical Change AB.. Possible Anchors
A3.. .Possible Test Lead 8. ..Possible Patch Ag.,.Other

DCI = Detersined Circunferentially Influenced
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Interpretation af the Survey Log - Introduction Page 31

INTRODUCTION Log interpretation is the process by which a determination is made concerning the
nature %f thle in)dications appearing on the Linalog Survey Log (hereafter referred
to as the "log").

The log is a multi-faceted source of information about a pipeline. It represents the
:umulative output of all of the sensors on board the Linalog Tool. To fully
decipher all of the information revealed on the log, years of interpretation training
are necessary. Therefore Tuboscope employs analysts, with Iolg interpretation
training and experience, to evaluate the various indications displayed on the log.
The following explanation has been prepared to facilitate the basic understanding of
the information presented on the log.

The typic31l Io% produced in a Linalog Survey has many channels of information.
The bottom channel on the log is the distance/orientation channel. The two
channels appearing directly above the distance/orientation channel are the marker
channels. The rest of the channels are the survey channels. See Figure 3.1.
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Launch l

Figure 51. Survey Lag Format

SURVEY | The survey channcls are the primary source of information relating to the pipeline's
CHANNELS condition. Many types of anomalies can be identified through intense study of the
indications rccordcd on these channels. See Figure 3.1.
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Interpremtion of the Survey Log - Pipeline Featurs Indications

FPage 1.2

Pipeline Feature
Indications

Pipeline Construction Featurss, Many of the construction features inherent to most
pipelines can be identified en the survey log. The indications corresponding to

valves %Fpe_ar on the survey channels of the log. These indications are unique and
easily distinguished from other data recorded on the log. See Figure 32

The indications corresponding to other full encirclement features, such as welds,
tees, flanges, heavy wall pipe, and some taps, are also easily recognized. Some
casings, however, are missed since the casing itself is not actually in contact with
the pipe wall.

Many non-encirclement features also appear on the log. They may or may ot be
recognized. Examples are test leads, taps, anchors, and weights. The designation
"Unknown Feature" is used to mark unidentified indications such as these. See
Figure 32

Pipeline features are referenced on the Computer Enhanced Report as follows:

Valves, tees, taps, and other fittings - referenced by the centerline of the
fitting.

]Qasings - referenced by the actual beginning and ending points of the
eature.

Sets of weights, supports, and other groups of pipeline features - referenced
by the first and last indication of each group of features.
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Figure 3.2. Pipeline Construction Features
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interpretation of the Survey LOg - Pipeline Feature Indicationr Page 3.3

Pipeline Feature | icoairs. The indications which correspond to the various pipeline repair devices
Indications :an sometimes be identified on the log. Repairs are not listed on either summary.

(continued) he unique image corrosponding to a sleeve (see Figure 3.3) is almost always
liscernible, even on initial surveys. This capability can be used to check the
yroper placement of sleeves over anomalies.

>atches are also recognized with regularity. However, on surveys of especially
iorroded lines, it can be very difficult to identify patches The use of a previous
urvey can make the identification of patches somewhat easier, through a joint-to-
oint comparison of the previous and new surveys.

Che identification of replacement pipe is also usually possible on repeat surveys.
n nost cases, the change on the log Is very obvious. Repeat surveys can assure

hat detrimental anomalies have in fact been repaired. Reroutings of the pipeline
:an also be distinguished by comparing joints on consecutive surveys.

e re—— e A

: ! - |
ey e el = l‘ I
L ks 1__ —
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Figure 3.3. Repair Indications
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Interpretation of the Survey Log - Other Indicationr

Page 3.4

Other Indications

Corrosion, Linalog's primary purpose is to locate pipeline corrosion. Se¢¢ Figure
34 below. This includes clustered, isolated, longitudinal, and circumferential
corrosion. Both internal and external corrosion are detected by the Linalog Tool.
In identifying corrosion, the following pipeline characteristics are considered: the
pipeline product, the environment surrounding the pipeline, the type of pipe, and
the history of the pipeline.

Pipeline Debris. Pipeline debris, such as Welding_rods, causes erroneous indications
i

on the log. When a pipe joint with such an indication is investigated, the debris
i5 ofter)fno longer present The cause of such indications is normally very difficult
to verify.

- Indications corresponding to production-related defects also
appear on the log. These indications will often be of a higher amplitude than
their corresponding depth justifies. Some anomalies which produce exaggerated
signals are expander marks, grinding marks, and laminations.

| Other Anomalies Other anomalies, such as mashes, dents, cable burns, and

gouges, often appear on the log. The unusual geometry and the circumstances
which introduce these types of anomalies cause the tool to produce indications
which are difficult to interpret accurately. Sometimes, with the we of additional
digging, it is possible to identify the indications of a specific type of anomaly.

en this is done, indications of the same type can be categorized similarly. This
procedure can greatly increase the accuracy of the interpretation of the log.
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Figure 3.4. Corrosion Indications
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Interpretation of the Survey LOg - Marker Channels Page 35

MARKER | Most Linalog Surveys have one or two marker channels. Careful observation of
CHANNELS both major and minor indications on the marker channels is essential to the correct
interpretation of the log.

Anomaly The primary function of the marker channels is to help distinguish corrosion

- indications from the indications of other recorded pipeline features. Certain

Recognition | anomalies, such as mashes, casings, and wrinkles, can be better defined if their
effects on the marker channels are considered.

Marker Signals | The marker channels are also used to aid in locating the markers used as
Identification reference points on the pipeline.

_msgmm ~The magnets used in the Magnet Marking System will have
corresponding indications appearing on both the survey channels and the marker
channels on the log. See Figure 35.

| Above Ground Mackers, The Above Ground Markers produce indications which
only appear on the marker channels on the survey log. See Figure 36 These
indications are unique and easily distinguished from other data recorded on the
marker channel. (For more information regarding the use of marker systems, refer
to the section entitled "Linalog Pipeline Marking Systems™.)

N e

Magret

Etation 23353
Wheel Court 26444 Wheel Count 38633
Figure 3.5. Magnet Marker Figure 3.6. Above Ground Marker
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DISTANCE/
ORIENTATION
CHANNEL

Terminology

The bottom channel is the coded distance/orientation channel. It shows, in coded
‘orm, four items of information about the log: the units of measurement (feet or

meters), the wheel count at that point on the log, the tool speed, and the
srientation of the tool.

Several terms must be understood in order to use the coded distance/orientation
channel effectively. An example of this channel is shown in Figure 37.

FRAME IDENTIFIER

/ BITS
| /u'ﬁ\w il

3 LAl TTT] 1

WORDS

!
ONE LOG FRAME

Figure 3.7. Coded Distance/Orientation Channel

Erame - A "frame"is an independent group of indications within the distance/
orientation channel.

Bii - Each vertical indication is called a 1it: These indications are either long

(binary "1") or short (binary "0"). The distance between each bit represents one
foot of length along the pipeline.

Elag - A long bit normally has a binary value of 1. If it is assigned some
meaning that does not follow the normal binary code, it is called a “flag” If a
flag is short, it will have an alternative meaning to a long flag. Further
explanation of this follows.

Word - Each group of four bits on the same side of the baseline is called a
"word”. A word may represent either a number, one or more flags, or some
combination of a number and one or more flags. The first ten words in each
frame arc alternated On opposite sides of the baszlineg to aid in differentiating them

JLoe Frame - Twelve words plus two extra bits make a "log frame™ Since each
Jog frame contains 50 &its and the distance between two bits is one unit of
measurement (either 1 loot or 1/2 meters), each /fog frame represents 50 units of
measurement of pipeline. All bits in the Jog frame are derived from the tool's
distance wheel pulses.

Frame Identifier - This is a special signal to mark the beginning of each frame.

EE - This 15 a serics of 8 bits which arc used to check the pcrformance of the
tool and signal the dccodcr clcctronics that 3 new frame is starting.
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Coding System

Divisions of a
Log Frame

A multi-purpose coding system is used to relate the various data displayed in the
distance/orientation channel. Each word in a log frame represents a coded piece
of information, about the log, defined by some combination of the long and short
bits In that word. With the exception of flags, a long (high amplitude) bit has a
positive value (binary "1*). A short (low amplitude) bit has no value (binary "0").

The numeric value of a bit depends on where the bit appears within the word. In

a four bit word, the bit at the extreme right is the least significant bit and has a

value of 'I'" if it is high. The next bit to the left has a numeric value of "2"if

it is high. The next bit to the left has a numeric value of '4 if it is high.

&Notice that the value doubles with each move to the left) Finally, the first bit
as a numeric value Of 8 if it is high.

The numeric value of a
word is the sum of the
numeric values of the high
bits. For example, if all
four bits are low, the
numeric value is 0. If all 4 vy 1111

four bits are high, the “]I 11 4“ T
numeric value is8+4 +2°

+ 1= 15 Set Figure 38.

E+d+24]1=13

Figure 3.8. Binary Coding: System

The above explanation is of a simple binary numbering system. Although the
distance/orientation channel makes extensive use of this System, it does not use it
in its pure form. It uses, instead, three slight variations which follow similar
rules. The variation used depends upon the location of the word within the
frame. The following is an explanation of the function of each of the words in a
Linalog frame (see Figure 39). The words are explained in the order in which
they appear within the frame.

‘ LOG FRAME
I NGy =
WHEEL COUNT TOOL SPEED
I 1
|
'L':lr., 4 =~ \ 1 ' ""I -_.-'rI-JI [I._.’
(LN vl OFil.
ORI. IE{;.!JQ,‘.- 1K'sq|_ggs"ht ) 3N
1 K’s /_—JH2 FE
[ —UNITS OF Ltt1 =00
MEASUREMENT
FLAG Jil=2s
L =FEET uli=s0 ,
2 EXTRA
L =METERS ii=7s BITS

Figure 3.9. Divisions of & Log Frame
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-

Page 3.1

Divisions of a
Log Frame
(continued)

D;_E;mﬂj_:m_l. The first word im a Log frame is the first of three orientation
samples to be taken during a frame. See Figure 3.10 below. The first bit OF the
word is a flag. It indicates how the pipeline is being measured. A high bit
indicates metric measurement (meters); a low bit indicates English measurement
(feet). The next three bits in this word follow the binary code. These three bits
Indicate which of the quadrants the number 1 shoe appears in. For more
information, see Calculating Orientation on page 311.

LOG FRAME
H% —
WHEEL COUNT TOOL SPEED
P e, “\ -"'_-A_"";

W%TLLLLFW_UJ_LW”JJ_LLFWJ{MMW

| Wheel Count. Words 2-6 represent
the Wheel Count at the end of the
preceding frame. S
we use a code known as Binar
Coded Decimal (BCD) in which eac
digit of a number is represented by
a word. In this system, the numeric
value of each word cannot exceed
9. Figure 3.11 shows an example
of the number *14"* in BCD.

6. The results 25 and 75 are only

used in metric surveys.

W 100 __sI1K"s\_ . 10%s - ORl. s
oRI. K's 10 100's & QRI. 3 FE
K's 1's 2
Figure 310. Divisions of & Log Frame

For Words 2-5, |

1

Figure 311. Binary Coded Decimal (BCD)

Word 2 is the Wheel Count hundred thousands digit, Word 3 is the ten thousands
digit. Word 4 is the thousands digit, and Word 5 Is the hundreds digit. The tens
digit and ones digit are contained in Word 6 in flag form.

Since the Wheel Count starts at 0,
and each frame is 50 units long, the ™ l ™
last two digits repeat im =z | L1} Lt
predictable sequence. Therefore, | |''|*~—|""[~—"]]| | !
they can be represented by flags of |~ _s1K's«__»10"'s ~—
known meaning ia just one word 10 100's & ORI.
(Word 6). Four values can be | K's 's 2
getzeémlged b){ theFf_Iags i:ﬁ/gord ﬁ: '

, 25, 50, 75 (see Figure 312).
all four bits are fow, the numE)er IS / v
0; if only the fourth bit from the 1111=00

left is high, the number Is 25; if |
ﬁnl thhe thirdbbit from }he Ilefthit =25

igh, the number is 50; if only the I _
secopl_% bit is hiﬁjh, trlle nun&be_r IS =50
75. ese are the only conditions -
that are allowed to exist in Word "'Lu‘ =

Figure 3.12. Wheel Count - Tens and Ones Digits
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Page 39

Divisions of a
Log Frame
(continued)

Lientation 2. Word 7 of a log frame is the second place that tool orientation is
ampled during the frame. See Figure 3.13. It is similar to Word | except that
he first bit is always low and has no meaning. Therefore, the numeric value of
he last 3 bits will be between 0 and 7 indicating one of the 8 orientation sectors
im the orientation calculator.

LOG FRAME
NOs =
WHEEL COUNT TOOL SPEED
‘e - — -~ p—
i el il I..1 11 RN
0] et B v B vl L R Ol U
ORI. K's 10 100's & ORI, R
K's 1's 2
L - .

Figure 3.13. Divisions of a Log Frame

The tool speed is checked during the 3 inches of pipe immediately

preceding the first bit of Word 8 The tool speed is then doubled and recorded in
BCD form in Words 8 and 9. See Figure 3.14.

H%:

TOOL SPEED
i i,

7\
g8+1=9 8+1=9
99 /2 =445 mph

Figure s.14.

Determining Taot Speed

Word 10 of a log frame is the third place the tool orientation is

Sam| dquring the frame. Word 10 is coded in the same manner as Word 7
(Orientation 2) described above.

| Remainder of"Frame. Following Word 10 are two extra bits which are inserted to
make the frame 50 units of distance long (see Figure 3.13). These two bits cause
the last two words in the frame not to alternate in the normal sequence. The last
two words (7 high bits and | low bit) are 3 signal to alert the decoder electronics
in the playback to start a new frame. This enables the pla?/back s?/stem to bc
started anywhcrc within the log and still format data properly. [t also prevents

dara errors from affecting any frame other than the one in which they occurred.
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Reading the
Wheel Count

Determining Tool
Speed

To determine the Wheel Count at any anomaly indication or other point of interest
on the log, follow these steps:

1. Draw a vertical line down from the amemaly indication to the distance/
orientation channei.

2. Locate the first frame identifier to the left (upstream) of the vertical line.

3. ]ysing words 2-6, determine the Wheel Count at the end of the preceding
rame.

4. Count the number of bits between the end of the preceding frame and the
vertical line at the indication.

5. Add this number to the Wheel Count at the end of the preceding frame.
This 1s the Wheel Count at the anomaly indication.

Wheelr Count

Anomaly Mark

- - -

[
1
]
L]
1
|

2 10 {00

a2 tJtl: "I A S

]

- - -

i

Anomaly
Wheel Cannr

|
612000 + 32 =612032

Figure 8.15. Feadisg the \Wheel Count

——pe==s=am-

This system provides the tasis for all the Wheel Counts" shown on the Io?. The
Wheel Count cannot be reset to 0 once the tool has been inserted into the Taunch
barrel; therefore, the Wheel Count at the launch valve is not 0. Fop this reason, a
calculation IS necessary to determine the distance from any point of interest on the
pipeline to the launch valve.

Tool Speed is monitored at the
beginning of Word 8 ia each -
frame. To determine tool | sse a4l
speed, decode Words 8 and 9 i
and divide the resulting number
by 2. For example, if Word 8
is decimal "2" and Word 9 is
decimal *5*, you divide 25" by
2; and, the tool speed was 125
mph at the beginning of Word
8.

Slower Tool Speed Faster Tool Speed

Figure S.16. Variable Tool Speed

Changes in tool speed are also indicated on the distance/orientation channel. As
the tool's speed decreases, the individual bits appear farther apart. Similarly, as
the tool's speed increases, the individual bits ai)pear closer together. See Figure
3.16. Changes in tool speed often indicate pipeline changes, such as the prcsencc
of heavy wall pipe.
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Calculating
Orientation

The rotating design
of the tool allows it

to wear evenly and TOP OF PIPE

endure long runs. Survey Shoe 12 o'clock O'clock
The distance/ Numbers r s o Positions
orientation channel \ .

records the rotation
of the tool as it
moves through the
pipeline.

For purposes of
determining the
orientation of
indications on the
log, the pipe's
circumference IS
divided into equal
sectors. The sectors
are numbered
clockwise, looking
downstream. See
Figure 317. The
orientation is
recorded at the
beginning of each
orientation word in Figure 317. Cateulating Orientation
the frame.

Sectors

Attached is an orientation calculator similar to the ones used by Linalog
personnel. The orientation calculator allows the user to determine the o'clock

position of an anomaly with greater ease. TO use the calculator, follow these
steps:

1. Draw a vertical line up from the first bit of an orientation word to the
first survey channel. Do this for several orientation words on ¢ach side
of the anomaly of interest.

2. Be?in with the first orientation word. .Decode the last three bits. This
will produce a decimal number. Rotate the clear plastic disk on the
caleulator until the Shoe 1is centered in the sector numbered the same as
you just decoded. With the calculator so aligned, read the o'clock
position of each survey channel, Mark the 12 o'clock position and the 6
o'clock position on the log. Repeat this procedure for two more
orientation words near the anomaly of interest.

3. Draw a solid line through the 12 o'clock marks and a dotted line through
the 6 o'clock marks.

4. Todctcrmine the approximate o'clock position of the anomaly, compare
the position of the anomaly to the positions of the 12 and 6 oclock lines.

The oricntation channel is intended to locate the quadrant of the pipe wherc the
anomaly can bc located. Although an exact o'clock position can normally bc
dercrmined through the above steps, this channel is only designed to provide an
approximate location.
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GRADING | The survey log is examined to check for “significant" indications. An
PROCESS | indication is considered significant if it is believed to represent an anomaly

»f greater than 15% pipe wall penetration. Using the weld indications to
iistinguish the individual joints, the analysis of the log is done on a joint-by-
joint basis. Those joints containing significant indications are further studied
0 locate the largest indication in the joint. If the largest indication in a joint
B believed to be corrosion, a number grade classification is assigned to that
joint on the log. If the largest significant indication in a joint is not believed
to be corrosion-related and cannot be otherwise identified, that joint is given
in *A#" grade. Each number (1-9) represents an alteration encountered by the
arrier pipe. The various numbers are as follows:

A1 Mash AS Metallurgical Change
A2 Tap A6 Patch or Half Sole
A3 Test Lead AT: Debris
A 4 Supports A8 Anchors

A9 Others

Dceasionzlly, the tool's speed will be in excess of Linalog's primary range of
ffectiveness (1 to 5 miles per hour). However, in order to point out all areas
af corrosion for the customer's consideration, all legible areas of the log are
graded. The graded joints, which appear in areas of excessive tool speed, are
lignified on the log and Computer Enhanced Report (if applicable). A staris
placed to right of the grade on the log; and, the statement "Excessive Speed"
appears in the comments section of the Computer Enhanced Report.

Classifications | the definitions of the grading categories are as follows:

Grade ! - From 15% to 30%
Grade 2 - From 30% to 50%
Grade 3 - Greater than 50%
Grade A - Alteration; not corrosion-related
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_Common
Considerations

The following is a list of common considerations and rules of log interpretation.
These rules are followed during the interpretation of most logs Certain indications

and situations may lend themselves to variations in the prescribed procedures and
rules.

- If the nature of the largest significant indication in a joint is not known, that
joint is given a corrosion grade.

- Indications which are believed to represent anomalies with less than 15% pipe
wall penetration are not given a grade classification.

- The decision as to the nature of some indications may be based on the
indications appearing in the adjacent joints.

- Previous surveys are the most important source of information, other than the
current survey log itself, for determining the nature of anomalies on the
current survey log. For details, see "Repeat Surveys” on the following page.

- The verification digs are usually a reliable source of information about the
pipeline. They are intensely reviewed during the interpretation process.

- The o’clock positions of anomalies from pint to pint and throughout the log .
are compared.

- The number of indications within each joint is considered.
- The flow or lack of flow of indications across the welds is considered.

- Indications which follow patterns within a joint or throughout the log are
studied.

- The type of pipe (seamless, spiral weld, etc.) is considered.
- Known repairs are marked and considered in the interpretation process.

- Known and verified mill-related patterns, such as expander marks, are
considered.

- The environment of the pipeline (rocky terrain, swampland, etc.) can also
affect corrosion patterns.

- The pipeline product is also an important consideration. Certain products
create unique types of corrosion patterns.

These are some of the procedures used to make the interpretation process as
accurate and consistent as possible.
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REPEAT | On repeat surveys, the previous survey is studied side-by-side with the current
SURVEYS | gurvey to reveal patterns of corrosion growth. The previous survey also helps to
fine tune the current survey. The actual comparison involves several Steps:

- During the interpretation process, the grades on the previous survey are
transferred to the current survey. See Figurc 3.18. If a star appé¢ars next
to the grade on the previous survey log, it is transferred to the new survey
log next to the appropriate previous survey grade. The star indicates
excessive tool speed in the area of the graded indication.

- While transferring grades, a joint-to-pint, indication-to-indication comparison
is done. This comparison provides important insight into the changes which
have occurred during the span of time between the survey runs.

- Magnets, above ground markers, or other pipeline features can be transferred
from the previous survey to .the current survey.
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Figure 311 Previous Survey Grades
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Survey Preparation - Introduction Page 4.1

INTRODUCTION

LINALOG
PIPELINE
MARKING
SYSTEMS

Placement

Importance of
Accurate Records

lo accurately locate and grade pipeline defects by means of intelligent pigging,
iome preparation of the pipeline is necessary. Preparation includes two major
ispects.  The first is the placement of an applicable line marking system. The
iecond is a test run of the "Dumm¥ Tool " to identify problems which may affect
the running of the Linalog Tool.

The use of a pipeline marking system is essential to the success of a Linalog
sjurvey. Such a system establishes a relationship between distances on the pipeline
ind distances on the survey log. If accurate records are kept, marker placement is
»nly necessary on the initial run of the Linalog Tool. On repeat surveys, marker
ocations can be transferred from the initial survey log to the new survey log.
Two types of marker systems are available.

The sites chosen for marker placement are determined by the customer. Certain
technical limitations and practical matters should be considered.

The interval between markers should be based on the relative ease of chainin
distances. In rough terrain, where chaining is difficult, markers should be place
closer together. In smooth terrains, they may be spaced farther apart. We
recommend placing a marker approximately every mile. It is not important to
space them any particular distance apart.

Another important aspect to consider when choosing sites for markers is the
amount of corrosion in an area. Areas known to have corrosion problems should
be considered prime locations for markers This will greatly ease the locating of
defects in those areas.

In areas where there are other permanent features (such as valves, taps, tees, or
casings), proper spacing of the markers can maximize the number of useful
reference points. Placin(f; a marker near a permanent pipeline feature will result in
having two valuable reference points showing on the log in proximate locations.

Accurately recording the locations of the markers is as important as the placement
itself. Without accurate records, the markers are of little or no use. Pipeline
personnel must be able to return to the marker site, at a later date, and know

(ce]xactly r\]/\_/here that particular marker was located. There are two basic ways of
oing this:

- placing some type of permanent landmark directly above the spot where the
marker was located, such as a large post set in the ground that cannot be
easily moved; or,

- keeping accurate records of how far and in which direction the marker was
located from an existing geographical landmark, such as the centerline of a
road.

Either method will allow the marker location to e reestablished whenever needed.
It will also eliminate the need to place a new set of markers on the pipeline
during future surveys.
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Magnet Marking
System

One optional pipeline marking system is the Magnet Marking System. The concept
of the system is very easy to understand. See Figure 4.1.

EOATIHG TS B ATMOVED ED MAONETE BIT ON BARE METAL

MAGNETS EHMDULD TOUGH AT THIR PoouT

Figure 41. Magnet Marking System

Theorv of Overation. The Magnet Marking System consists of a series of
permanent magnets. These magnets are placed in pairs along the pipeline. The
magnets are placed in direct contact with the pipe at the desired locations The
magnetic field, induced into the pipe wall by the magnets, is detected by the tool
as it passes through the pipeline. A corresponding signal Isrecorded on the

magnetic tape. The result is an image on the log that is unique and easily
recognized.

Criteria for Placement, The following criteria must be observed during placement
of the magnets on the pipeline.

- The magnets must be placed at least 3 feet from the welds If the magnet

is closer to the weld, its signal may te lost in the signal associated with the
weld.

The magnets must be placed on top of the pipe. This will aid in
distinguishing the magnets from other signals on the log.

- The magnets must be in direct contact with the pipe. (Scrape off the coating
to the bare metal.)

- The magnets must be placed parallel to the axis of the pipe, with the white
edges towards the downstream end of the pipeline.

|_Applicationt. The Magnet Marking System is designed to work well under most

conditions. Interference with the magnet’s signal IS very seldom a problem. The
use Of this system is most ¢fficient in areas where excavation of the pipeline can
ke done fairly easily. The Magnet Marking System IS the original marking system
and has been used with success for many years.
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Above Ground | The other pipeline marking system is the Above Ground Marker System. It

Marker Svstem provides the means to mark a pipeline without excavating and making direct
y contact with the pipe. Refer to Figure 4.2. Although this system is more

convenient,-it is not as foolproof as the Magnet Marking System.

|:I.¢Hr.=-;p: b | --
1|3 i=3 a =1
LR g

ABOVE GROUND MARKER SYSTEM

Figure 42. Above Ground Marker System

Theorv of Qoeration, The Above Ground Marker System consists of two units: a
transmitter unit, placed on the ground above the pipe¢line; and & reesiver, mounted
on the inspection tool. The transmitter unit consists of a detector coil, a Iar19er
transmitter coil, and a pulser box The two coils connect to the pulser box. The
detector coil senses the magnetic field of the approaching inspection tool and
activates the pulser box. The pulser box, in turn, supplies the aIternatinP current
to the transmitter coil. The result is a time varying magnetic field which
penetrates the surrounding medium and the pipeline. This field is detected by the
inspection tool as it passes underneath. A corresponding signal is recorded on the
magnetic tape. The end result is an image on the marker channels ef the log, that
is unique and easily distinguished from other pipeline features. This image
provides a reference point for locating the anomalies revealed on the survey log.

Criteria for Placement. The following criteria must be observed during placement
of the Above Ground Markers.

- The distance between the pipe and the surface on which the two coils sit
must not exceed 5 feet. Probing the line is regmred to locate the pipeline
and determine depth. Both coils must be placed directly above the pipeline.

- The detector (small) coil must be upstream of the transmitter (large) coil.

- The transmitter coil must not be placed closer than 10 feet upstream of the
upstream end of a road casing.

- The detector coil must not be placed less than 200 feet downstream of the
downstream end of a road casing. Explanation: When the Linalog
magnetizer passes through a road casing, the magnetic field of the tool
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Above Ground
Marker System
(continued)

DUMMY TOOL

Purpose

Conclusion

extends well beyond the casing ends. The extended field will cause the
detector coil to trigger the pulser box. If this happens, the pulsing cycle will
be finished before the tool reaches the transmitter coil. On the upstream end
of a casing, the above ground marker (AGM) has already done its job
before the tool gets to the casing,

- Neither coil can be placed within 10 feet of metallic objects, such as vent
pipes, right-of-way signs, aerial sign posts, or fences.

i The Linalog Above Ground Marker System is designed to work in

| icatjond,
many difficult situations. These markers have been utilized a great deal in areas

where excavation of the pipeline is extremely costly. Many pipeline companies
that transport high pressure fuels find it much safer to use a pipeline marking
system that does not require direct contact with the pipe surface.

The dummy tool provides an important contribution to the success of the survey.
The dummy tool’s weight, length, and maneuverability are similar to that of the
live tool; however, it does not contain the instrumentation of the live tool.

The dummy tool is used to avert possible problems and provide a practice run for
the live tool. The advantages of running the dummy tool include the following.

- Obstructions in the pipeline, such as mashes and tight bends, may be
discovered.

- Necessary operating parameters, such as line pressure for optimum tool
performance, can be determined.

- Personnel can be educated on the proper procedures for launching and
trapping a Linalog Tool.

- Possible problems with debris in the line can be exposed. Also, much of the
debris may be flushed out by the dummy tool.

The running of the dummy tool can help prevent problems during the running of
the Linalog Tool. By making adjustments to resolve such problems, unnecessary
expenses (such as tool damage costs and rerun costs) can be avoided. Taking
advantage of the information obtained from the dummy run will enhance the
success of the survey.
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INTRODUCTION | The equipment used in producing 3 complete Linalog survey log includes the

Linalog Survey Tool, any necessary adaptations to the tool, and the Linalog
Playback System. The tool performs the actual inspection. The playback system
transforms the data gathered by the tool into a readable scroll of information.

LINALOG | The Linalog Survey Tool (referred to as the "tool”) is a self-contained unit which
SURVEY TOOL generates a complete, Jaunch-te-trap, full circumferential inspection of a pipeline.
.. See Figure 51 Normal pigging operations are used to launch, propel, and trap
Description | the tool. The standard 16 inch diameter tool consists of 4 sections connected by
universal joints (U-joints). The multi-section design allows the tool to negotiate
most pipeline bends. The Linalog Tool produces an indirect survey of the
condition of the pipeline. The actual specifications of the tool used in this survey
can be found in Appendix SA of this report.

T

Figure 8.1. Linalog Survey Taol
Operating The Linalog System of pipeline inspection incorporates the principles of magnetic
A flux leakage technology. The inspection process involves two steps.

Principle
1. The pipe to be inspected is magnetized to an optimum inspection level,

If the section of pipe is free of defects, then all magnetic lines of flux will
be contained within the pipewall. See Figure 52.

If the section dfCPitﬁe contains & defect, the lines of flux will be
redistributed around the defect The result will be that some of the lines of
flux will "leak™ out into the surrounding medium.

2. A magnetic field sensor, scanning along the surface of the Pipewall, will
detect the leakage field and output a corresponding electrica
signal is a measure of the defect's size and shape.

signal. This

Figure 5.2. Flux-Leakage Principle
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Drive Section

Magnetizer
Section

rhe drive section is located at the front of the tool. See Figure 53. Its main
‘unctions are to facilitate propulsion of the tool, and to provide electrical power.
The prlmar% components of the drive section are the drive cups and the battery.
klsa, a marker detector unit is often mounted on the drive section The remainder
if the tool s pulled along behind the drive section. This eliminates the possibility
if the tool jackknifing in the line.

drive Cups. The drive cups form a positive seal on the internal surface of the
»ipe, allowing the-tool to be propelled by the pipeline throughput.

Jatterv, The battery supplies the DRIVE CUPS

lectrical current necessary to operate } \
:he tool's magnetizer and recorder. A

aressure Tproo compartment protects the

sattery from the pipeline pressure and
sroduct.

1 b

Marker, The marker detector units are
lesigned to create an image on the log'
it each Above Ground Marker (AGM)
ar Magnet location. The marker also
provides other information about the
pipeline, such as weld locations.
Note: The marker units may be
mounted on the drive section or the
distance measuring section. Figure 8.38. Drive Section

B
a

The magnetizer section.perfoiims the actual insRection. The major components of
this section are the ¢lectromagnet, the steel brushes, and the transducers. Refer to
Figure 54. The electromaﬁnet and the steel brushes are responsible for inducing a
magnetic flux field into the pipe wall. The transducers ride along the pipe wall
and detect leakage of the flux field.

| Magnetizer, The electromagnet is powered by the battery. It provides the

magnetic force which induces the flux field into the pipe wall.

_Two sets of steel brushes are us%d as a path [)or the magnetic flux
to enter the pipe wall. The constant contact between the brushes and the pipe
insures unintesrrupted flux field in the
Blpe wall with. The two sets of
rushes become magnetic north and
south poles. Twenty-four transducers
are located between the brushes.

Transducers. The transducers (referred
to as "shoes") are a circumferential
group of detectors which overlap to
provide a complete, 360 degree
inspection of the pipe wall. When an
anomaly is present in the bodywall of
the pipe, these transducers detect the
corresponding leakage of the magnetic :

flux field. Throughout the course of STEEL BRUSHES

the survey, such information is ) : )
dispatched to the recorder section. Figure 8.4. Magnetizer Section
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Distance I[‘hc distance measurirrllg dsection

. . Figure 5.5) supports the distance

Measuring Section wheels, and may or-may not carry _ -
ane of the marker receiver units. 1

The distance DISTANCE

wheels are responsible for measuring ' WHEELS
the progress of the tool as it moves
through the pipeline. Throughout the
survey, the data obtained from the
distance wheels is recorded on
magnetic tape along with the other
information. TN

1

Marker, The marker detector units
are designed to create an image on _
the log at each above ground marker Figure 6.6. Distance Measuring Section
(AGM) or magnet location. The

marker also provides other information about the pipeline, such as weld locations.
Note: The marker units may be mounted to the drive section or the distance
measuring section.

Recorder Section | The recorder section, Figure 56, has many functions The primary function is to
process and record the information detected by the transducers The orientation
mechanism is also located this section.

Recorder, The recorder processes the data detected by the transducers and
records it on magnetic tape. The
recorder also houses the amplifiers
/ 7 and the Automatic Gain Control

(AGC) circuits The AGC circuits
work with the amplifiers to
compensate for variations in tool
speed.

Qrientation Mechanism The term
orientation refers to the position
of the tool, circumferentially, in
the pipeline at any given time.
The orientation mechanism adjusts
the signal to the recorder that
S ~ indicates the rotation of the tool.
The recorder registers this signal

on magnetic tape along with-the
Figure 6.6. Recorder Section gther data.

1T

OPTIONAL | variations of standard equipment arc available to suit the necds of most pipclinc
TOOL companics. Some of the more frequent adaptations arc described below.

ADAPTATIONS | pouble U-Joints, For pipelines with tighter than usual bends, double U-joints are
somctimcs available. They give the Linalog Tool added maneuvctability.
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OPTIONAL

TOOL
ADAPTATIONS

(continued)

PLAYBACK
SYSTEM

Results

| Butterflly Cups, For pipelines with sections of slightly larger diameter Pipe,

butterfly cups are available to keep the tool moving. Their unique design allows
them to flex open in Iar%er diameter pipe. When flexed open, they form an
alternative seal between the pipeline and the front of the tool. This permits the
pipeline product to continue propelling the tool.

Dual Batterv Pagkaze, A dual battery package has been designed for especially
long sections This option can considerably increase the tool's surveying capability.

A timer is available for lines that are too long to surve%/ in one run. The
timer is also used for surveys in which only the latter part of the section needs to
be surveyed. In either case, the timer can be set to activate the tool a set number
of hours after it is inserted into the pipeline.

Bolts and Wirine, The bolts and wiring on the tool can te replaced with specially

made equipment designed for use in a hydrogen sulfide (H2S) environment.
Special stainless steel bolts and Viton rubber insulated wiring have been designed
for this purpose.

Shims. For lengthy sections, special carbide shims have been designed. They are
much more resistant to wear than the standard shims.

Standard tools are often adapted to the needs of a particular customer. Man
otherwise difficult situations can be resolved with an adaptation of the tool.

The end product of the Linalog Tool passage is & magnetic tape containing all of
the recorded information about the pipeline.” This information mst be transformed
into a visible form. This i the function of the playback system. The playback
system converts the recorded signals on the magnetic tape into visible indications
on a paper graph (known as the log).

|_Field Loe. The log produced by the field Flayback system is a temporary, light-
sensitive, paper graph called a Tield log”. It is used to check the performance of

the tool. The field log is also used to locate areas for the verification digs, if
required.

After the survey run is completed, the magnetic tape is returned
to the interBretation Center in Houston, Texas. The tape is placed on a more
precise playback system for a second conversion. The information is once again
converted to a paper graph form or 'log". This log is the more precise,
permanent record termed the "master log".
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16 INCH TYPE 4-2-2 LINALOG TOOL

h-!!'-—dimp =L

INSPECTION CAPABILITY RUN TIME
Minimum Wall Thickness:  0.188 inch Standard Tool: 39 hrs
Maximum Wall Thickness: 0500 inch
OPERATXNG INFORMATION * MINIMUM STRAIGHT PIPE
Maximum Pressure: 3000 psi DISTANCE BETWEEN BENDS
Temperature Range: 140 deg F max. 36 inch for 4D
40 deg F min. 22 inch for 5 D
Teol Weight: 1276 Ib 7 1400 1b with tray 18 inch for 6 D
Speed Range: 1 to 7 mph 9 inch for 8 D
Tray Width: 26 inch 0 inch for 10 D and greater

Tray Length 118 inch

BEND CAPABILITY
BEND RADIUS 1 MINTMOM 1. D. TYPICAL WALL
PIPE IN BEND THICKNESS **
DIAMETERS (inch) (inch) (inch)
4D 64 1540 0219
$D 80 5.3 0312
6D 9% 513 0.3H6
8D 128 4.3 0.460
10D 160 14.8 0.50
12D 192 “.e 0.562
Straight Pipe (Fittings) U5 0.790
Straight Pipe (Continuous) 14.5 0.625

*  MNOTE: Minimum Recommended Operating Conditions IN Qs - 700 psi, 318.7 mmefd and 2 mi/hr.
** NOTE: The Typicd Wall Thickness lm provided = e convenience only. Abasrmal conditions in the

pipe such as unusual ovality may make the Typical Wall Thickness value unusable. The
value for the minimum L D. is the mest critical value,

This information is intended only for the use of Linalog cusiomers. This data is subject to revision witheut

notice, 8ad is not to be construed s 3 wabraaty ‘of pascantes of any nature. If you have any questions, please
contact your local representative. or emfl {713) 7995424,

Rev, Of 04-27-88
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. LIST O

oo RS '
. i T L,
- JOB & ! ¢
'E?m I .
. REPORT.#
L. 141118914
-
Bigg’
4.3 mrh
. " | i ]
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LIST OF AuL MARKERS

SOB #
2703
REPORT #
141115914

0183  ACCEPT
,39156.1

8103  ACCEPT
39989.8

0183 ACCEPT
40798.0

8181 REJECT
41921.0

8181 ACCEPT
42211.1

6163  ACCEPT
43677.3

8181 ACCEPT
47211.2

0183  ACCEPT

488839 |

2 mrh
835:0: 21

4.9 mprh
85:54: 14

49 meh
06:67:43

ﬂ B E‘ R
85126126

4.5 meh
85131816

4.9 mrh
BE: 55147

4.9 mph
87155138

5.2 meh
081099:08
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@181 ACCEPT
48966.2

e -
- -

8183 ACCEPT
SE62.3

8181 ACCEPT
56814.9

9183  ACCEFT
54638.4

0101  ACCEPT
54972.9

9183  ACCEPY
59779.5

®48805. 8T
%8801 8

2 &88 5. ;ACCEPT

@101  ACCEPT
68879.1

4.9 meh
08: 23: 51

m
.

g 4!9 mrFh
BR:42187

mrh

4.5
3: 54239

0]

1850357

49 mPn
19:17:24

57 meh
11242: 24
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@8  22pre-

6168E.¢

0101 ARCCEPT
64455.4

8183  ACCEPT
66313.2

0303  ACCEPT
69225.&

0101  ACCEPT
'TE219.9

8103 ACCEPT
712185

'0181  ACCEPT.
71885.9

hsmey

0101  ACCEPT
73478.7

-‘_'Bl Bl Tl MEEFT

"eer3.L - ¢

TaT mrh
e 1L H

5.2 men
12: 42: 00

5.2 mrh
13:12:5¢8

5.7 wen
14: 81: 36

5.2 nprh
14218164

5.2 mph
14: 34135

6.2 mrh
14: 45: 56

4.8 meh
15:12:23

6.2 mrh
167e2e1g

1
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8183  ACCERT /5.2 wmen]

Tr23%.5

0181 ACCEFT
78214.5

8181 'RCLEPT
79466.4

8183  ACCEPT
8a391 2

8101  ACCEPT
81458.9

8183  ACCEPT
81715.9

8183  ACCEPT
83894.4

8161  ACCEPT
£3822.5

8181 ACLEPT
86326.7

8183  ACCEPT
87326.9

8181  ACCEST
B87716.8

1651588

5.7 meh
16:31:19

5.7 mph
16:52: 11

5.2 mrh
17:87: 36

57 meh
17:25: 23

5.7 meh

- 173129146

7.6 mrh
17:52: 39

5.2 mph
18: 04: 47

45 mph
18:46:31

49 mprh
19:83:11

5.2 wrh
18:85:35
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