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Presentation Outline

Presentation outline:

Å Introduction

Å Inspection approach:

ÅCalibration

ÅDetection Scan

ÅSizing and Characterization Scans

ÅSelected pressure tube flaws;

ÅCrevice Corrosion

ÅErosion flaws

ÅP7A13 type OD fretting

ÅSummary and Conclusions
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Introduction

Å IM&CS has been an inspection service provider to various 
utilities and a variety of CANDU unit configurations:

ÅMulti Unit stations:
ï Bruce A & B;  Darlington

ï Pickering A & B

ÅSingle unit plants - CANDU 600 (Pt. Lepreau, Gentilly 
2, Wolsong)

Å The above diversification provides a unique opportunity 
to see various degradation mechanisms developing 
differently at various units

Å Some of the degradation mechanisms become specific to 
or predominant at certain stations/units

Å In this presentation we will discuss three of such 
mechanisms
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Inspection Approach

Å The base inspection systems in use by IMS are CIGAR 
and ANDE

Å The inspection capabilities of both systems are 
essentially the same

Å Certain procedural changes implemented in order to 
benefit from speed improvements offered by ANDE

Å Regardless of the system used the PT inspection is done 
in the same way:

ÅSystem calibration

ÅDetection scan (General Helical)

ÅSizing and characterization scans

Å The approach is as mandated by Canadian Standard 
N285.4
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Inspection Approach

Å An indication has to show at a certain signal amplitude 
level, related to calibration artifacts in order to be 
selected for sizing and characterization scans

Å Such levels are primarily determined by the code 
requirements

Å For a vast majority of indications, proper sizing and 
characterization is only possible once sizing and 
characterization scans have been performed.

Å Various indications respond differently to ultrasound 
causing detection thresholds to be un-even for various 
indications

Å This is a recognized weakness of code based inspection 
procedures

Å Actual inspection procedures currently in use contain 
additional provisions implemented to compensate for 
these shortcomings



Å Safety Å Human Performance Å Reliability Å Value for Money

5

Selected PT Flaws

This presentation will discuss inspection issues 

related to the following types of pressure tube 

flaws:

ÅCrevice Corrosion (primarily at Pickering B)

ÅErosion flaws (primarily at Bruce B)

ÅP7A13 type OD fretting (presumed to be specific to 

loose garter spring units)
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Selected PT Flaws
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Crevice Corrosion

Crevice corrosion marks

Å Seen in all nuclear units

ÅGrowing phenomenon

Å The most distinctive pattern in Pickering B units

Å Orientation

Å Shape

Å Location

Å Tend to develop predominantly towards the PT outlet

Å Easy to recognize pattern seen on NB probe

ÅDo not flag easily on amplitude

Å Labor intensive sizing and characterization

Å Typically not an integrity problem once determined to be CC
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Crevice Corrosion

Typical distribution of CC marks in fuel channel
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Crevice Corrosion

Typical distribution of CC marks in fuel channel
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Crevice Corrosion

Typical distribution of CC marks in fuel channel
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Crevice Corrosion

Depth sizing of a Crevice Corrosion flaw
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Crevice Corrosion

Depth profile of an oxide filled Crevice Corrosion flaw

P6O08-IND3 Depth profile
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Crevice Corrosion

UT sizing of an oxide filled Crevice Corrosion flaw ï20 MHz NB B-scan
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Crevice Corrosion

Crevice Corrosion flaws - conclusions

ÅCrevice corrosion flaws develop in all CANDU units

ÅPickering B has experienced significant growth in number 

and severity of CC indications

ÅA data analysis procedure, allowing for highly reliable 

characterization of CC indications using ultrasonics has 

been developed and implemented for Pickering B

ÅDevelopment of this procedure allowed for removal of 

certain operating restrictions and significant cost savings 

for OPG:

Å - CC flaws treated as blunt with predetermined, conservative root radius

Å - Decreased number of replicas taken for characterization purposes
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Erosion Flaws

Erosion flaws

ÅSignificant increase in erosion and erosion related 

composite flaws has been observed in units which 

underwent boiler cleaning

ÅThought to result from one of two (or both)  mechanisms

Å Increase in flow velocity post cleaning and change in other operating 

parameters

Å Possible FME issues with material used for blasting (stainless steel shot, 0.1 to 

0.3 mm in diameter)

ÅSome correlation of boiler cleaning with increased 

frequency of erosion and erosion related composite flaws 

found in three various units from two utilities

ÅSome evidence of fretting related to blasting material 

found in all three units
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Erosion Flaws
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Erosion Flaws
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Erosion Flaws

Composite flaw: possible under pad 

fretting and erosion:

Å Replica, top left

Å GH UT scan NB 2nd Back Wall, top 

right

Å Sizing scan (20 MHz NB presented 

as C-scan), bottom right
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Erosion Flaws

Various erosion 

flaws:

Å Complex 

pattern

Å Difficult to size 

for length and 

width

Å Difficult to 

characterize
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Erosion Flaws

Possible steel shot fretting:

Å Depth sizing by the 20 MHz NB probe

Å Additional signals due to fret shape
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Erosion Flaws

Erosion flaws - conclusions

ÅSome erosion flaws can be seen in  most of the 
CANDU units currently in operation

ÅExtensive erosion and erosion related composite 
flaws has been determined to be specific to certain 
CANDU units

ÅOne of the working theories ties increased frequency 
and severity of such flaws to boiler clean process:

Å Increased flow velocities and changes in other operating        
parameters

ÅPossible presence of blasting material left in the system

Å These flaws are relatively easy to detect but difficult to size 
and characterize using currently used ultrasonic inspection 
systems
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P7A13 type OD indication

Channel P7A13

ÅA leak in the Calandria tube was detected

ÅFuel channel was removed (including Calandria tube) and 
sent to Chalk River for investigation

ÅUnusual fretting pattern was discovered in one of the 
Garter Spring sites, fretting seen on both PT OD and CT ID

ÅA 75 mm long crack in the calandria tube was detected in 
the same area

ÅA review of all UT data available was initiated for Pickering 
B

ÅThe review indicated presence of minor fretting in a few 
locations

ÅReviews of Darlington and Bruce data currently in 
progress
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P7A13 type OD indication

P7A13 

Calandria 

tube 

inspection 

video
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P7A13 type OD indication

P7A13 Calandria tube 

crack after cleanup


