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A2.4: Soil Drainage 
The soil drainage is determined at pipe level based on soil characteristics such as depth of mottling and gleying or 
the absence of soil drainage impediments from the soil surface. Listed below are the definitions of drainage 
classifications identified at each site: 

Table A2.2: Soil Drainage Classifications 

Drainage Type Description 
Well Drained (W) Oxidizing environment throughout the 

year. 
Imperfectly Drained (I) Alternating oxidizing and reducing 

environment. The environment is 
dependent on fluctuation of the water 
table. 

Poorly Drained (P) Primarily reducing conditions. The 
environment may be saturated 
throughout most of the season. 

Very Poorly Drained (VP) Reducing conditions throughout the 
entire year. The environment is 
saturated year-round. 

Very Poorly - Very Poorly 
Drained (VP-VP) 

Reducing conditions throughout the 
entire year. The soil consists of organic 
material and the environment is saturated 
year-round. Standing bodies of water are 
present on surface topography. 

A number of factors can help determine the drainage of the soil. They are: 

• Presence of an organic layer; 
• Water table depth; 
• Presence, abundance, and depth of mottles in the mineral soil; and 
• Presence and depth of gley colors in the mineral soil. 

The presence of a layer of organics on top of the mineral soil can also be indicative of the soil's drainage. A layer of 
40 cm or more of organics indicates a very poorly drained soil. 

Seasonal changes in the water table need to be considered when determining drainage. For example, if the water 
table depth is above the top of the pipe throughout the year in a mineral soil, the drainage can be classified as very 
poor. 

Mottling of the soil appears as a blotches or spots of a different color or shade of color generally yellow to red hues 
than the main soil color. Mottled soils are indicative of a fluctuating water table, which produces alternating reducing 
and oxidizing conditions, and are mainly associated with imperfect or poorly drained soils. 

Gleying of the soil appears as a gray to blue or green color within the soil matrix. Gleyed soils are indicative of 
saturated or reducing conditions throughout the year, and are mainly associated with poorly or very poorly drained 
soils. 

The soil profile does not need to exhibit mottling or gleying if the drainage is imperfect, poor, or very poor. 
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A2.5: Topography 
The topography at each site is documented according to the landscape pattern. Listed below are the topography 
and site position classifications used during each investigative program: 

Table A2.3: Topography Classifications 

A2.6: Site Position on a Slope 
The location of the site was identified with respect to local topography according to the following criteria: 

Table A2.4: Site Position Classifications 

Site Position Description 
Crest The uppermost portion or apex of a slope. 

Upper Slope The uppermost portion of a slope 
immediately below the crest. 

Middle Slope The area between the upper and lower 
slope. 

Lower Slope The lower portion of the slope immediately 
above the toe. 

Toe The lowermost portion of the slope. 
Depression Any area that is concave in all directions. 

Level Any level area. 

A2.7: Carbonates 
The presence or absence of carbonates (Cot) within a soil profile is indicative of the carbon dioxide (C02) levels in 
the pipeline environment. Near neutral pH stress corrosion cracking (SCC) has been associated with soils with 
higher levels of CO2 , which forms carbonic acid, a weak acid within the pipeline environment. 

A2.8: Soil Resistivity 
Soil resistivity is measured using the Wenner 4 pin method. Higher soil resistivity may prevent CP current from 
reaching the pipeline. 
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A2.9: Coating Assessment 
After the pipe is excavated, the pipeline coating condition is inspected and documented at each investigative site. In 
most cases, the furthest upstream girth weld is located to provide a reference point and all subsequent 
measurements are referenced to it. This girth weld is referred to as the reference girth weld, and is located between 
joint AA (upstream) and joint A (downstream). Personnel from the DA Service provider can identify and document 
the long seam (or other weld type) and girth weld positions at each site. 

On a joint-by-joint basis, the coating condition is identified and documented. The coating conditions that are 
documented include areas that are well bonded, areas of disbondment, tented regions across welds, and locations of 
holidays. Below, Table 5 outlines the general definitions used to qualitatively characterize pipeline coating 
conditions: 

. rt f on I Ion ·fTable A25. . Qua I a Ive C d·f Descri P1 Ions 

Coating 
Condition Description of Disbonded Coating 

Common Corrosion 
Deposits Pattern 

Excellent Very good adhesion; continuous None 
thickness; <1 % disbondment; an 

occasional holiday. 
Good 1 to 10% disbondment; scattered Spotty 

holidays; good adhesion. 
Fair 10 to 50% disbondment; scattered to Spotty to Intermittent 

numerous holidays; random areas of poor 
adhesion. 

Poor 50 to 80% disbondment; numerous Intermittent to Continuous 
holidays; multiple or long areas of poor 

adhesion. 
Very Poor >80% to total disbondment; numerous Continuous to Dense 

holidays; no adhesion, brittle coatinQ. 

The description of the coating condition is correlated to the terrain conditions on a per-joint basis, allOWing the DA 
Service Provider to determine the probability of similar coating conditions throughout a pipeline system. 

A2.9: Corrosion Deposits and Electrolytes 
Upon removal of the coating, the presence or absence of corrosion deposits is noted. Documentation of the 
corrosion deposits includes the color, texture, and distribution. These physical properties assist with identification of 
the corrosion deposits in the field. 

Common corrosion deposits found beneath pipeline coatings can include: 

•	 White, pasty iron carbonate (FeC03) - anaerobic, strong association with SCC, cathodic shielding and external 
corrosion; 

•	 White, powdery calcium carbonate (CaC03) - indicative of a functioning CP system; 
•	 Black, metallic/hard/pasty/powdery iron sulfide (FeS) - indicative of the presence of sulfate reducing bacteria 

(SRB); 
•	 Orange/gray, powdery/scaly/film iron hydroxides and oxides (FeO, Fe304, FeO/OH) consisting of magnetite, 

maghemite, goethite, and lepidocrocite - variable aerobic/anaerobic conditions. 
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In order to properly assess an investigative site and its relationship to environmental conditions and integrity 
concerns, it is necessary to correctly identify corrosion deposits and the pH of the electrolyte beneath the disbonded 
coating. When combined with other specific environmental parameters, certain corrosion deposits are indicative of 
either the presence or absence of SCC, external wall loss, and microbial induced corrosion. 

In the event that electrolyte is present between the surface of the pipe and coating, its location and properties are 
recorded. Electrolyte color is recorded and electrolyte pH is visually measured using pH litmus paper. Non-classical 
SCC is commonly associated with an electrolyte pH reading between 6.0 and 8.5; classical SCC is known to be 
associated with an electrolyte pH range between 9.0 and 11.0. SCC is not known to occur when the electrolyte pH is 
greater than 11.0. 

If the presence of bacteria is suspected, corrosion deposit samples are collected and analyzed by population density, 
general bacteria type (SRB or APB), and by-product type (Le. type of organic acid). 

A2.10: Pipe-to-Soil Reading 
A voltmeter and a CU/CUS04 electrode are used during an investigative excavation to obtain CP readings at the 
12:00 o'clock, 3:00 o'clock, 6:00 o'clock, and 9:00 o'clock positions at regular intervals along the pipeline. For short 
excavations, the readings will be taken at the upstream and downstream ends of the excavation. These readings will 
show whether the CP is reaching all areas of the pipeline or if there is any CP drop over the length of the excavation 

A2.11: Non-destructive Testing 
Following the completion of the terrain, coating, and corrosion deposit assessments, the pipe is prepared for MPI. 
Areas inspected typically include: 

• Girth welds and associated pipe on either side of the weld; 
• Long seams and associated pipe on either side of the weld; 
• Coating holiday locations; and 
• Disbonded coating areas. 

The pipe is prepared for MPI (ASTM E709 Standard) with a high-pressure air blasting system that uses an abrasive 
substance consisting of crushed walnut shells, glass beads, or another accepted medium. The air blast system must 
be of sufficient size to produce 100 psi at the blast tip. This procedure is conducted under the guidance of qualified 
personnel and is conducted to remove any remaining coating, primer, and/or corrosion deposits from the pipe 
surface that may hinder the MPI and the identification of SCC or other pipe surface anomalies. 

A2.12: Magnetic Particle Inspection 
The DA service provider shall use one of two methods to detect SCC on ferromagnetic steel pipelines: Wet 
fluorescent magnetic particle inspection (WFMPI) and black on white contrast magnetic particle inspection (BWMPI). 
Both inspection methods are proven procedures for detecting external SCC and other surface anomalies. 

Comparatively, the WFMPI method is more economical and generally less time consuming than BWMPI. However, 
BWMPI is required to document and photograph any external discontinuities detected. BWMPI is a favorable 
inspection method for short excavations (Le. less than one full joint length) or if the site is excessively wet. If the 
ambient air temperature is above 20° Celsius, BWMPI is also the preferred inspection method due to the possible 
fatigue of inspection. 

If any SCC colonies or other surface indications are detected on the pipe, each individual colony or indication is 
measured and documented by Marr personnel, except when physical constraints hinder this action (Le. beneath the 
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pipe in tight locations). The depth of all detected see colonies are then visually estimated as a throughwall 
percentage of the pipe wall thickness. 

In the event that see colonies are detected during the MPI inspection, selected see colonies will be removed by 
buffing. The colonies are buffed out using a grinder with a rubber-backed sanding disc. The reasons for bUffing the 
see colonies are to: 

• Verify the visual depth estimate; 
• Verify the actual depth of the see colony; and 
• Remove the colony from the pipe wall. 

To determine the crack depth, UT wall thickness measurements are made before and after the colony is removed. 
The difference between the two readings is the throughwall depth of the colony, which is then recorded as both a 
percentage of the pipe wall thickness and in terms of millimeters. 

see colonies occurring near or within external corrosion features are also evaluated. The see colonies near 
external corrosion are documented with the procedure outlined above, but the occurrences within external corrosion 
must be evaluated in conjunction with the depth of corrosion. 

see colonies in external corrosion are usually visually estimated for depth. UT wall thickness measurements are 
made in the corrosion feature to determine the remaining wall thickness. The corrosion's throughwall depth and the 
see colony depth are both considered in determining the overall depth of the see colony. The procedure for 
documenting external corrosion is explained in the proceeding section. 

A2.14: Corrosion Feature Assessment 
To accurately document an external corrosion feature, a reference point is defined as the upper left corner of the 
feature. This reference location is defined as the distance from the girth weld and the circumferential distance from 
the top of the pipe. The overall axial and circumferential lengths of the feature are recorded. The corrosion feature is 
then prepared for mapping by superimposing a grid over the entire anomaly area. The grid size utilized is dependant 
on client preference, but typically, a 1 to 3 cm grid is used to delineate the corrosion feature area. UT techniques or 
mechanical gauges are used to obtain the remaining wall thickness readings at each grid reference node, both 
axially and horizontally along the pipe. The wall thickness readings are recorded in a spreadsheet. 

A pit depth gauge is used to map the depth of the corrosion feature. The two edges of the pit gauge, which extend 
out 2 inches on either side, must be positioned on uncorroded pipe in order to obtain an accurate pit gauge reading. 
This procedure allows the corrosion depth to be assessed in reference to the original outside diameter of the pipe. In 
the event that the corrosion feature is extensive, a bridging bar is required in order to obtain representative readings. 
The bridging bar is positioned on the pipe so that measurements are calibrated from a flat surface. 

UT pencil probe measurements are made using a 1,4 in. ultrasonic transducer with a conical delay line of 1/8 in. 
diameter at the tip. Pencil probes measure the remaining wall thickness, while the pit gauge measures the corrosion 
depth. The pencil probe method is more versatile than the pit gauge technique because it is not limited by the 
requirement of a flat, uncorroded pipe surface to bridge the pit gauge across. 
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A2.15: Guided Wave Ultrasonic Testing - GWUT 
The Guided Wave Ultrasonic Testing (GWUT) system is capable of characterizing long runs of pipe from a single 
set-up point. GWUT is a low frequency ultrasonic tool that can detect wall thickness variations in pipe up to 250 
linear feet in either direction from a single inspection point. This method requires that coating and/or insulation be 
removed or access provided to only 24 inches of clean pipe with 6 inches clearance above and below 
circumferentially. 

The tool can handle pipe sizes down to two (2) inches in diameter. The largest diameter pipe that can be inspected 
at the present time is 60 inches. This method has proven to be cost effective for inspections of piping at the soil-to­
air interface and at road crossings where excavation would be costly and time consuming. Other applications are 
overhead lines where scaffolding would be required, on insulated lines where insulation removal would be time 
consuming or hazardous (asbestos), and for corrosion under insulation (CLlI) inspections. 

This method also provides a cost effective solution for assessing the unpiggable sections of pipelines. The 
technique has been employed on buried sections of pipe and routinely achieves inspection distances of 90 to 100 
feet in each direction from the bell hole. Special techniques have also been developed that yield good results on 
lines that penetrate concrete walls going to a buried pipe section. One of the side benefits of utilizing the system is 
locating the position of welds along buried or insulated lines. This can be valuable information relative to corrosion 
mechanisms operating on a line and in locating and verifying signals received from questionable areas along the 
line. 
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Attachment 3 : EXECUTION
 

A3.0 Pre-Screening 

A3.0.1 Identification of Candidate DA Pipeline Segments 
Pipeline segments that are likely candidates for DA are identified from the HCA database or identified by field 
operations units. These candidate pipeline segments usually have some or all of the following attributes: 

•	 Short length (normally less than a mile) 
•	 No pig launching or receiving capabilities or impediments to smart pigging (internal coating) 
•	 Difficulty in obtaining shutdown of the segment 
•	 Little or no tolerance for entrained water 
•	 Not susceptible to long seam failure 
• Not susceptible to internal corrosion· 
• Not susceptible to SCC • 
•	 Transported material not compatible with III tools (pipe ID buildUp, etc.) 
•	 Readily accessible for indirect inspection techniques (no major waterway crossings, able to be traversed by foot, 

etc.) 
•	 Coating compatibility with Indirect Inspection Techniques 
•	 Good records of pipeline installation and operation including specifications, materials, coating (ECDA not 

applicable to bare pipe or disbonded, monolithic coating), inspection records, and leak history 
•	 This list is not inclusive, other difficulties could render DA not applicable. Conversely, a pipeline segment could 

have attributes that initially make it a difficult line to assess with DA but the difficulties may be overcome with 
more extensive Indirect Inspection Tool (liT) or Direct Examination methods. 

•	 DA Technology and methodologies to evaluate Internal Corrosion and Stress Corrosion Cracking not available at 
the time this document was prepared. 

A3.1 Pre-Assessment: 

A3.1.1 Objectives: 
•	 Collect the needed pipeline data to determine the feasibility of conducting DA 
•	 Determine the feasibility of conducting DA for the pipeline segment 
•	 Select Indirect Inspection Techniques (liT) 
•	 Establish ECDA Regions 
•	 Document Pre-Assessment Results 
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Figure A3.1: Pre-Assessment Flow Chart
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See Figure A3.2 (Indirect Assessment) for Continuation 
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A3.1.2 Data Collection (continued)
 
Table A3.1: Direct Assessment Data (continued)
 
Data Element Indirect ECDA Region Definition Use and Interpretation of Need 

Inspection Results 

Tool (liT) 

Selection 

Co.rrosion  ..  i. ....... 

\ .. .;< 
Coating type ­ ECDA may not be Shielding due to certain joint Desired 

joints applicable to coatings may lead to 

coatings which can requirements for other 

cause shielding assessment activities 

Coating DA may be difficult Desired 

condition to apply with 

severely degraded 

coatings 

Current Increasing current demand Desired 

demand can indicate areas where 

coating degradation is leading 

to more exposed pipe surface 

CP survey Useful in interpreting results. Desired 

data/history 

Operational Data 

Pipe Operating Significant differences Can locally influence coating Desired 

Temperature generally require separate degradation rates 

DA regions 

Operating Impacts critical flaw size and Required 

stress levels remaining life predictions 

and 

flunctuations 

Pipe inspection May provide input when Required 

reports ­ defining DA regions 

excavations 
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Figure A3.2: Indirect Inspection Flow Chart 
(continuation of Fig. A3.1: Pre-Assessment Flow Chart) 
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A3.2.3 Defining and Classifying Indication Severity 

Classification of anomalies identified during the Indirect Inspection Step is a process of estimating the 

likelihood of corrosion activity at each indication under typical year-round conditions. Anomalies shall be 

classified according to the following: 

Severe: Indications that the DA service provider considers as having a high likelihood of corrosion 

activity or a high likelihood of TPD. 

Moderate: Indications that the DA service provider considers as having possible corrosion activity. 

Minor: Indications that the DA service provider considers as having a low likelihood of corrosion 

activity. 

The criteria for classifying the severity of anomalies shall take into account the capabilities of the liT used and the 
unique conditions of the DA region examined. When DA is used for the first time, indications that the DA service 
provider cannot determine whether corrosion is active shall be classified as severe. The following Table A3.3 gives 
example severity criteria to be used for the liT methods identified in Appendix 1 of this document. The table is a 
general guideline and not meant to be absolute. The DA service provider must consider specific conditions along the 
pipeline and the accuracy of the inspection methods when classifying indications. The DA Service Provider shall give 
special attention to the location of coating failures or stray currents in areas where TPD could be expected (such as 
in areas of foreign line crossings or subsurface construction or in areas of shallow cover with farming operations). 

After indications have been identified and classified, the DA service provider shall compare the results from the 
separate liT methods to determine consistency. If two or more liT indicate significantly different sets of locations at 
which corrosion activity may exist and if the differences cannot be explained by the inherent capabilities of the tools 
or specific and localized pipeline features or conditions, additional indirect inspections or preliminary direct 
examinations should be considered. Preliminary direct examinations may be used in lieu of additional liT surveys 
provided the direct examinations identify a localized and isolated cause of the discrepancy(s). If additional liT 
surveys or Direct Examinations do not resolve the discrepancies, DA feasibility should be re-assessed. During initial 
DA applications, locations at which discrepancies cannot be resolved shall be treated as a severe indications. 
Locations with indications at foreign line crossings or other areas where a high likelihood of TPD exists shall also be 
treated as severe indications. Once liT discrepancies are resolved, the DA service provider shall compare the liT 
survey results with the Pre-Assessment results and prior operating history for each DA region and the entire pipeline 
segment being assessed. If the liT surveys are not consistent with the Pre-Assessment results, the DA service 
provider shall re-assess DA feasibility. Following validation that liT methods have confirmed Pre-Assessment 
prediction results, the DA service provider shall report to EMPCo's Field Steward the results of the liT surveys and 
explain any additional validation liT surveys required for the Indirect Inspection Step and any re-validation of pre­
assessment activities required to align the Pre-Assessment predictions with the Indirect Inspection results. 
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A3.2.4 Defining and Classifying Indication Severity (continued)
 

Table A3.3: Severity Classification
 

TooII 

Environment 

Close Interval Survey 

(aerated, moist soil) 

DCVG Survey 

(aerated, moist soil) 

AC Current 

Attenuation survey 

(Pipeline Current 

Mapper or C-Scan) 

Minor 

•	 Small depression in 

potential profile 

•	 "On" and "Off" 

potentials are both 

more negative than 

-850 mV 

•	 < 36% IR 

•	 Cathodic both "On" 

and "Off" 

•	 -9 to -30 mdB/ft 

Moderate 

•	 Medium depression in 

potential profile 

•	 "On" potentials are 

more negative than 

-850 mV 

•	 "Off" potentials are not 

more negative than 

-600 mV 

•	 36% to 60% IR 

•	 Cathodic "On" 

•	 Anodic or Neutral "Off" 

•	 -31 to -60 mdB/ft 

Severe 

•	 Large depression in 

potential profile 

•	 "Off" potentials are not 

more negative than -600 

mV 

•	 > 60% IR 

•	 Anodic both "On" and 

"Off" 

•	 > -60 mdB/ft 
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A3.2.5 Deliverables from liT 

The DA service provider shall provide the liT surveys with a minimum of the following pipeline attributes identified 

and aligned with the liT survey data: 

•	 Identification of line segment (map number and segment name from HCA database) 
•	 Station numbers and GPS Coordinates of starting and stopping locations and all identified attributes (from 

alignment sheets or schematics). 
•	 PI's with stationing and GPS coordinates 
•	 Depth of pipeline (at least every 100 feet) 
•	 Pipeline Markers and Test Leads with stationing and GPS coordinates 
•	 CP Equipment, type and location with stationing and GPS Coordinates 
•	 Land use descriptions 
•	 Valves with stationing and GPS Coordinates 
•	 Roadway descriptions (name and orientation) with stationing and GPS Coordinates 
•	 Topographical features 

The DA service provider shall compare the results of the Indirect Inspection results with the Pre-Assessment results 
and prior maintenance history of the pipeline segment to see if they validate each other. If the assessment results 
are not consistent with the operating history of the pipeline, the DA service provider must reassess the feasibility of 
the DA process. The DA service provider shall prepare a summary Indirect Inspection Report for the pipeline 
segment being assessed with at least the following elements: 

•	 DA Region Report (can be identical to report prepared in A3.1.5 above) 
•	 Indication Classification and Direct Examination proposed sites 

Results from the liT surveys shall be delivered to the Field Steward within 60 days of completion of the field work 
associated with the liT. The results shall be complete with dates that inspections were performed, description of the 
liT surveys performed and over what stations of the pipeline, the names of personnel who performed the liT surveys, 
and summary information. The results can be in either electronic or hard copy format according to the preference of 
the Field Steward. An Excavation Plan shall be prepared by the DA service provider with a prioritized list of planned 
Direct Examination excavation sites. HCA maps shall have been delivered to the DA service provider from EMPCo's 
Field Steward at the time of the Pre-Assessment meeting 
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Table A3.4: Prioritization of Indirect Inspection Indications
 

Close Interval Survey 

Severe Moderate Minor No Indication 

DCVG 

Severe Immediate Scheduled Scheduled Monitored 

Moderate Immediate Scheduled Monitored No Action 

Minor Immediate Scheduled Monitored No Action 

No Indication Immediate Scheduled Monitored No Action 

ACCA 

Severe Immediate Scheduled Scheduled Monitored 

Moderate Immediate Scheduled Monitored No Action 

Minor Immediate Scheduled Monitored No Action 

No Indication Immediate Scheduled Monitored No Action 

Immediate indications from the above chart shall be treated equivalent to an Immediate Repair indication from an ILl 
Tool Run as delineated in the EMPCo IMP Manual, whereas Scheduled indications can be treated as a 60 day or 
180 day repair in the EMPCo IMP. For example, a point where CIS data indicates a potential of -400 mV off (severe 
CIS Indication) and ACCA indicates more than -60 mdB/ft (severe ACCA indication) shall be treated as an Immediate 
Repair Condition, requiring excavation for remediation and/or a pressure reduction of 20% as soon as possible, but 
not to exceed 5 days from the date that the situation was determined to exist, The DA service provider must 
immediately contact the DA Field Steward upon discovery of an Immediate Indication from the integration of data 
from 2 liT surveys. 

Revision 5.0 41 



FACILITIES INSPECTION and MAINTENANCE 
MANAGEMENT SYSTEM 

DATE: October, 2007 

ExxonMobii Pipeline Company STATUS: 

PAGE: 

Draft 

Page 42 of 52External Corrosion Direct Assessment 

A3.2.6 Excavation Plan 

An excavation plan shall be prepared by the DA service provider using the results of individual liT surveys and an 

analysis with prioritization performed. A minimum of two excavations is required regardless of the results of the liT 

surveys and Pre-Assessment steps. It should be noted that a DA project requiring only two excavations will be rarely 

encountered. At least three excavations are required for first time DA projects for each pipeline segment assessed 

with Direct Assessment. The DA Service Provider shall be counseled to err on the conservative side when 

determining excavation requirements for the Direct Examination step of a DA project. 

Direct Assessment proposed excavation sites should be prioritized according to the presence of HCAs with the 

following priority: 

1. Immediate indications inside HCAs 

2. Immediate indications outside HCAs 

3. Scheduled indications inside HCAs 

4. Scheduled indications outside HCAs 

5. Monitored indications inside HCAs 

6. Monitored indications outside HCAs 

7. Null digs inside HCAs 

8. Null digs outside HCAs 
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Figure A3.3: Direct Examination Flow Chart
 
(continuation of Figure A3.2: Indirect Inspection Flow Chart)
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(continued on Figure A3.4: Post Assessment Flow Chart) 
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A3.3 Direct Examinations 

A3.3.1 Objectives: 

• Calibrate and validate the prioritization of the liT indications and their severity 
• Collect data to assess corrosion activity at areas where it is most likely 
• Measure coating damage, TPD and corrosion defects 
• Evaluate remaining strength of the pipeline at any corroded or damaged pipe location 
• Perform root cause analysis of corrosion and TPD encountered 
• Re-Prioritize remaining indications based on results of Direct Examinations 
• Evaluation of the effectiveness if the Indirect Inspection Step to determine if addional liT surveys are required. 
• Evaluation of the DA proces 

A3.3.2 Required Excavations 

The DA Process requires excavations to expose the pipe surface so that measurements can be made on 

the pipeline and in the immediate surrounding environment. A minimum of two digs is required regardless 

of the results of the Indirect Inspection Step and the Pre-Assessment Step. Additional guidelines for 

excavation are included below. The order in which excavations are made shall be determined in 

accordance with the results of the liT and the site of the indication being able to affect a High 

Consequence Area in accordance with Integrity Management regulations. 

Immediate Indications: All Immediate Indications shall be excavated during the Direct Examination Step. 

If Immediate Indications are re-prioritized to a lesser priority, they may be excavated in accordance with 

the lower priority. 

Scheduled Indications: A minimum of one Scheduled Indication shall be excavated per each DA region. 

A minimum of two Scheduled Indications shall be excavated per DA region for the first DA project. If 20% 

or more metal loss is found at a Scheduled Indication, then excavation will continue on the Scheduled 

Indications in order of priority until at least two Scheduled Indications exhibit less than 20% metal loss. If 

Scheduled Indications are re-prioritized to Immediate Indications then there shall be at least one more 

excavation of a Scheduled Indication per each DA region. 

Monitored Indications: lVIonitored Indications are not required to be excavated and can be either 

monitored or re-prioritized unless a DA region did not have any Immediate or Scheduled Indications, then 

at least one Monitored Indication shall be excavated for each DA region. At least 2 monitored indications 

shall be excavated for an initial DA project on that pipeline segment. 
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Initial DA Projects: Two additional null excavations are required for initial DA projects to assess the 

effectiveness of the DA process. 

A3.3.3 Response to Indications 

If Immediate Indications are indicated by the liT surveys, the Field Steward shall be immediately notified. 

Excavations for severe anomalies shall be scheduled within 5 working days of the results being received 

by the Field Steward. 

If other significant integrity conditions (other than Third Party Damage and External Corrosion) are found 

during the Direct Examinations, the DA service provider shall immediately notify the Field Steward. 

Significant integrity conditions such as significant internal corrosion, ERW seam cracks or Stress 

Corrosion Cracking found during the excavation process may be cause to invalidate the applicability of the 

DA process to the pipeline segment under investigation. 

A3.3.4 Performing Excavations and Piping Examinations 

Procedures for excavations, pipe coating examinations, and pipe surface examinations shall follow the 

requirements in Appendix 2 of this document and EMPCo's Safe Operating Practices Manual. The results 

from each excavation shall be recorded on EMPCo's PL-0751 Form: Piping Inspection and Remedial 

Action Report. The location and size of the excavation shall be expanded in length if the severity of 

corrosion indications extends beyond the planned excavation area. 

A3.3.5 Evaluation of External Corrosion Defects and Third Party 

Damage 

Criteria for repair of defects exposed during the Direct Examination Step shall follow the requirements of
 

the Integrity Management Program Manual as well as EMPCo's Repair and Modifications Manual.
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A3.3.6 Root Cause Analysis of External Corrosion Defects and 

Third Party Damage 

The DA Service provider shall identify any existing root cause of signi'ficant corrosion activity. Root causes 

could include inadequate CP current, disbonded coating, interference currents from other facilities, or 

other causes. If the DA Service provider uncovers a root cause for which the DA process is not well 

suited, it shall be brought to the attention of the Field Steward at the first opportunity. The Field Steward 

shall determine, with the aid of the Risk ands Integrity Specialist and/or the Pipeline Integrity Specialist 

whether the DA process can be applied as a viable integrity Assessment for the pipeline segment under 

consideration. 

A3.3.7 In Process Evaluation 

The DA service provider shall perform an evaluation to assess the indirect inspection data and the results 

of the direct examinations performed to date. The evaluation shall be performed to assess the criteria 

used to classify the severity of the individual indications and how that criteria matched the pipe conditions 

found during excavations. If existing corrosion is less severe than prioritized in the liT surveys, the DA 

service provider may modify the criteria and reprioritize the remaining indications. For initial DA 

applications, no reprioritization should be performed that downgrades the prioritization criteria. If existing 

corrosion is more severe than what was indicated and prioritized from the liT surveys, then the DA service 

provider must modify the criteria and re-prioritize the remaining indications. The DA service provider shall 

immediately notify the Field Steward if re-prioritization must be performed. In addition, the need to perform 

additional Indirect Inspections shall be considered by the DA service provider and communicated to the 

Field Steward. If repeated Direct Examinations show corrosion activity that is worse than predicted even 

after re-c1assification and prioritization of indications has been performed and criteria adjusted, then the 

Field Steward must evaluate the viability of DA for the segment being evaluated. 
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Figure A3.4: Post-Assessment Flow Chart
 
(continued from Figure A3.3: Direct ExalTlination Flow Chart)
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A3.4 Post Assessment 

A3.4.1 Objectives: 

• Perform remaining life calculations 
• Define Re-assessment Intervals 
• Assess the overall effectiveness of the DA process 
• Provide feedback to improve the DA Process 
• Provide a final report of the Direct Assessment Integrity Assessment results 

A3.4.2 Remaining Life Calculations 

If no significant corrosion defects are found, no remaining life calculations are needed, the remaining life 

can be considered the same as for a new pipeline, i.e. in excess of forty years. The maximum remaining 

flaw size must be assumed to be as large as the most severe indication in all locations that have been 

excavated. If the root cause analysis determines that the most severe location is unique for the DA region, 

the size of the next most severe location may be used for remaining life calculation with appropriate 

justification. As an alternative, an operator may sUbstitute a different value based on a statistical or more 

sophisticated analysis of the excavated severity(s). The corrosion growth rate shall be based upon sound 

engineering analysis. Measured corrosion rate data for the pipeline and applicable to the DA region under 

consideration may be used for the corrosion growth rate as demonstrated by the operator. If no measured 

corrosion rate has been established for the pipeline under consideration, published data should be used in 

accordance with NACE recommended practices. 

Remaining life of the maximum remaining flaw shall be estimated using sound engineering analysis. One 

method per NACE RP0502-2002 is as follows: 

RL =C x 8M x [T / G R] where: 

RL = Remaining Life (years) 

C =Calibration Factor =0.85 (dimensionless) 

SM =Safety Margin =Failure pressure ratio - MAOP ratio (dimensionless) 

Failure pressure ratio =Calculated failure pressure/yield pressure (dimensionless) 

MAOP ratio =MAOP/yield pressure (dimensionless) 
T=Nominal wall thickness (inches) 
GR =Growth rate (inches / year) 

Note: this method of calculating expected remaining life is based on corrosion that occurs continuously and on 
typical sizes and geometries of corrosion defects and is considered to be a conservative method. An example 
published corrosion Growth Rate is shown in table A3.6 
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Table A3.6: Corrosion Rates vs Soil Resistivity per ASME 831.8S
 
Corrosion Rate (mils per year) Soil Resistivity (ohm-em) 

3 > 15,000 + no active corrosion 

6 1,000 - 15,000 and/or active corrosion 

12 <1,000 (worst case) 

When other data is not available, a pitting rate of 16 mils per year is recommended for determining re-inspection 
intervals per NACE RP0502. This rate represents the upper 80% confidence level of maximum pitting rates for long 
term (up to 17 year duration) underground corrosion tests of bare steel pipe coupons without CP in a variety of soils 
including native and nonnative backfill. 
An example of estimating corrosion growth rate is as follows: A pipeline under cathodic protection in soil with a 
resistivity measured between 1500 and 2500 ohm-cm would be assumed to have a worst case corrosion rate at 6 
mils per year, unless data collected in the field during the direct assessment phase of a DA project indicated a 
corrosion growth rate at 4 mils per year in the same DA region. The maximum reassessment interval for each DA 
region shall be taken as one-half the calculated remaining life. The maximum reassessment interval is limited by 
regulation and at the time of this document was at a maximum of five years for a hazardous liquid pipeline and at 10 
years for a natural gas pipeline. Different DA regions may have different reassessment intervals based on variations 
in expected growth rates and maximum corrosion defect encountered during the assessment. All scheduled 
indications should be excavated and repaired prior to the scheduled reassessment date. 

A3.4.3 Assessment of Direct Assessment Effectiveness 
Direct Assessment is a continuous improvement process through which an operator can identify and address 
locations at which corrosion activity has occurred, is occurring, or could occur in the future. At least one additional 
excavation should be performed at a randomly selected location where no indications have been detected with liT 
surveys. This "null hypothesis" excavation should yield no indications as a validation that no corrosion or Third Party 
Damage was found where the process and inspections predicted that no corrosion or TPD would occur. In this way 
the process is made to prove the positive indication as well as a negative indication. If significant corrosion or TPD is 
found at the "null hypothesis" site, a process re-evaluation is in order. For the initial DA application to a pipeline 
segment, two additional excavations are required to be performed in order to further validate that the DA process is 
applicable and has been implemented successfully. If conditions are found that are more severe than that predicted 
during the DA process, such that an acceptable reassessment interval is not achieved, the process should be re­
evaluated and either repeated or a different assessment method chosen. Sections IV and V of the first part of this 
document delineate measurements and verification steps as well as continuous improvement items to be 
implemented as a part of the DA program within EMPCo. 
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A3.4.4 Feedback 

As a continual improvement process, the DA Process is uniquely designed to provide feedback on the 

performance of both individual assessment evaluations as well as program evaluation. Each flowchart of 

each step of the process has a feedback loop built into the process such that continuous improvement in 

each step of the process is facilitated. The DA process is also built to continuously validate each step of 

the process and recycle steps as appropriate to continuously validate itself during the execution of the 

process in assessing pipeline integrity. For example, the Indirect Assessment Step provides feedback on 

performance of the liT methods selected back to the Pre-Assessment Step in order to further improve liT 

selection during the Pre-Assessment Step. The Direct Examination Step provides feedback on 

performance of the liT methods and selection of severity criteria back to the Indirect Inspection Step and 

the Pre-Assessment Step. Post-Assessment also provides feedback on performance of the Direct 

Examination Step to the Indirect Inspection Step and the Pre-Assessment Step. In this way the process 

continuously attempts to validate itself as an appropriate integrity assessment method for the pipeline 

being assessed as well as the DA program overall and it's applicability to assessment of the External 

Corrosion and Third Party Damage threats to pipeline integrity. 
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A3.4.5 Final Report 

The records and deliverables to be included in the Final Direct Assessment Report by the DA service 

provider include the following: 

•	 Cover letter to Field Steward requesting approval of DA results 
•	 Pre-Assessment Documentation 

~ Data Elements collected for pre-assessment 
~ Methods and procedures used to integrate the data collected and to determine which liT methods can and 

cannot be used 
~ Methods and procedures used to select the liT. 
~ Characteristics and boundaries of DA regions and the applicable liT methods chosen for each DA region 

•	 Indirect Inspection Documentation 
~ Geographically referenced locations of the beginning and end points of each DA region and each fixed point 

used for determining the location of each measurement
 
~ Date, weather, and soil conditions under which each liT survey was performed
 
~ liT survey results in sufficient resolution to identify the location of each indication
 
~ Procedures for aligning data from the liT surveys and expected alignment errors for each liT
 
~ Procedures for defining the criteria to be used in prioritizing the severity of the indications
 

•	 Direct Examination Documentation 
~ Complete inspection reports for each excavation performed 
~ Procedures and criteria used to prioritize the liT survey results 
~ Data collected before, during, and after excavation of liT indications including: 

Pipe coating examination results
 
Metal loss anomaly measurements
 
Data used to identify other areas that may be subject to corrosion
 
Data used to estimate corrosion growth rates
 
Results of any root-cause analyses
 
Description and the reason for any re-prioritization performed
 
NDT performed and results of t\lDT examinations
 

•	 Post-Assessment Documentation 
~ Remaining life calculations 
~ Maximum remaining flaw size determinations 
~ Remaining strength evaluation of flaws discovered during DA 
~ Corrosion growth rate determinations 
~ Method of estimating remaining life 
~ Results of remaining life calculations 
~ Reassessment intervals and scheduled activities 
~ Criteria used to assess DA effectiveness and results from assessment 
~ Data from periodic assessments 
~ Recommendations for Scheduled and Monitored indication remediations with timeframes proposed for 

implementation
 
~ Preventive and mitigative measures considered for improvements to pipeline integrity
 
~ Feedback items including:
 

Assessment of criteria used in each step of the DA process
 
Modifications of criteria
 

The Final Report from the DA service provider shall be submitted to the Field Steward for review and approval with 
comments no later than 90 days after completion of all field work related to the Direct Examinations (other than 
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ongoing repair activities) has been completed. Hard copies or electronic copies of the Final Report shall be provided 
in accordance with the Field Steward's preference. 

A3.4.6: Integration of DA Results Into IMP Activities 
After the DA service provider has made delivery of the final report, EMPCO's Risk and Integrity Specialist is charged 
with integration of the integrity assessment test results with all other integrity data in order to prepare a Repair Plan 
for any anomalies remaining to be remediated and then perform Preventive and Mitigative Analysis and prepare 
P&M Activites in accordance with EMPCo's IMP Manual. RIS's are to pay particular attention to P&M Activities to 
prevent TPD if significant TPD is discovered during the DA of the pipeline segment. 
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