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Outline 


Overview of ASME Boiler and Pressure Vessel Code, Section XI and 
ASME activities for dry storage casks 
 
Approach to developing visual examination requirements 
 
Analysis of corrosion specimen images 
 
Lighting simulation as a tool to help justify visual examination 
technique 
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Overview of ASME B&PV Code Section XI 
ISI Requirements for Reactor Components 


ASME B&PV Code 
Section XI Division 1 


Subsection 
Component Type Type of 


Examination 
Frequency of 
Examinations Acceptance Criteria Extent of Examinations 


IWB Pressure Vessel 
(Class 1) 


Volumetric and 
Surface 


  
Visual for pressure 
retaining bolting 
and core support 


structures 


Every 10 years* 
 *Can be extended under 
certain conditions to 20 
yrs based on code case 


N691 


Allowable planar 
flaws based on 


structural integrity 
analysis 


Category B-J (25%) 
Category B-D (100%) 


IWC Pressure Vessel 
(Class 2) 


Surface w/ some 
Volumetric Every 10 years Category C-F-1 


(7.5%) 


IWD Pressure Vessel 
(Class 3) 


Visual w/ some 
Surface Every 10 years --- 


IWE Metal Containment 
General Visual, 
Detailed Visual, 


Ultrasonic 
Every 10 years 


No crack 
indications, 10% 


wall thickness 
reduction 


Category E-A 
(100% of accessible 


surfaces) 


IWL Concrete 
Containment 


General Visual, 
Detailed Visual Every 5 years 


Judgment of 
Responsible 


Engineer 


All accessible surfaces 
  


Inaccessible surfaces 
(e.g., covered by liners, 
obstructed by backfill, 


etc.) are generally exempt 
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ASME Code activities for Dry Storage Casks 
and Example Aging Management Plan 


New task group formed for ASME Boiler and Pressure Vessel Code, 
Section XI  


Inaugural meeting held April 27, 2015 in Colorado Springs, CO 
Next meeting will be during August 2 – 7, 2015 Code week meeting in 
San Francisco 
 


Example Aging Management Plan (AMP) developed by the NRC to be 
included in new revision of NUREG-1927 


To provide guidance for a tiered approach to inspection of dry storage 
cask canisters including a first visual examination followed by more 
detailed examinations of regions of concern identified by the visual 
examination 
Similar to approach of subsection IWE for metallic containment structures 
for reactors 
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Approach to Development of Requirements 
for Visual Examination of Canisters 


Requirements 
for Visual 


Examination 


Field 
Experience 
(EPRI/DOE 


Examinations) 


Plant 
Operating 
Experience 


 


Corrosion 
Specimens 
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What Has Been Learned? 


Plant Operating Experience 
Pitting can reasonably be expected as a “pre-cursor” to CI-SCC for 
exposed welds 
Crevices appear to play a significant role in occurrence of chloride 
induced SCC 


CNWRA Corrosion Specimens 
All cracked specimens also exhibited pitting 


Field Experience 
Deposits can collect on top surface (must be cleaned off for visual 
examination) 
Staining is present (how would this impact the ability to visually observe 
corrosion? Loss of contrast?) 
Variable surface conditions (specular and diffuse reflection of lighting, 
scratches) 
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Background Discolored Area 


Mean Std. Dev. Mean Std. Dev. 


R 85.62 14.4 62.70 19.52 


G 72.40 13.55 38.10 16.43 


B 55.39 15.57 18.77 10.89 


Analysis of Corrosion Specimen Images 
(Learning Algorithm) 
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p2 
p1 


p2 p2 


Corrosion specimen images courtesy of CNWRA 







Analysis of Corrosion Specimen Images 
(Size of “islands”) 


p2 p1 


# of components 360 


Min. Size 6 pixels 


Max. Size 420 pixels 


Mean Size 115 pixels 


# of components 175 


Min. Size 6 pixels 


Max. Size 1155 pixels 


Mean Size 264 pixels 







Analysis of Corrosion Specimen Images 
(Shape Isotropy) 


p2 p1 


9 
Isotropy Isotropy round round long, skinny long, skinny 


mean isotropy = 0.313 mean isotropy = 0.444 







Isotropy 


Field Data Example 


EPRI 2014, Report No. 1025209 


Background Discolored Area 


Mean Std. Dev. Mean Std. Dev. 


R 91.70 44.17 56.49 11.83 


G 83.78 39.85 28.99 11.56 


B 84.33 35.87 38.70 10.95 


round long, skinny 


mean isotropy = 0.397 







Corrosion Specimens for Visual 
Examination Requirements 


Corrosion and environmental 
chambers available for conditions 
from ambient temperatures up to 
200°C and relative humidity 30-100% 
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Summary of Specimen Images Analyzed 
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mean isotropy = 0.313 mean isotropy = 0.444 mean isotropy = 0.517 mean isotropy = 0.397 


p1 p2 CC inspection Plate specimen 







Summary of Specimen Images Analyzed 
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Optimizing a Visual Examination 
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Simulate Different Viewpoints 
Developing Technical Justification 
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Conclusions/Going Forward 


Controlled and consistent conditions (i.e. lighting, viewing angle, etc.) for 
corrosion specimen photographs are necessary to draw confident conclusions 
from color based analysis.  


Make additional plate specimens and photograph under controlled and 
consistent conditions for analysis 


 
An isotropy parameter weighted by component size may be more appropriate 
based on comparison of images from CC inspection with images from 
corrosion specimens. 
 
Modeling/simulation needed to assess the appropriateness of evaluating 
visual testing with partial mock-ups  


Designing and constructing partial mock-ups for NDE evaluation 
Characterizing the reflectance characteristics of surfaces of materials in 
dry storage cask space between over-pack and canisters 


 







Questions? 
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Used 
Fuel  
Disposition  


Results – Normalized Impedance 
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0% cond., ferrite core 


0% cond., air core 


5% cond., ferrite core 
5% cond., air core 


8.4 mm depth 
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Disposition  


Results – Normalized Resistance 
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8.4 mm depth 


0% cond., ferrite core 


0% cond., air core 
5% cond., ferrite core 
5% cond., air core 


Zero crossings 
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Results – Phase Angle 


PNNL-SA-110832  4 


8.4 mm depth ( ) ( )∠∆ ∠∆5 kHz 100 kHzZ Z


Form ratio of change in phase angle 
at 5 kHz to change in phase angle  
at 100 kHz 
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Fuel  
Disposition  


Model Validation Efforts – Probe 
Fabrication 
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20KHZ FERRITE CORE 50KHZ FERRITE CORE 20KHZ AIR CORE 50KHZ AIR CORE 20KHZ FERRITE CORE 50KHZ FERRITE CORE
WIRE GAUGE 30 28 30 28 34 34
# OF TURNS 96 60 230 148 130 80
COIL HEIGHT .200" .200" .118" .118" .085" .085"
COIL WIDTH 0.15" 0.15" 0.3" 0.3" .048" .045"
COIL DIA .500" 0.5" .700" .740" .300" .280"
GAP DIA 0.325 0.325 0.15 0.15 .180" .180"
CORE PERMEABILITY 1500 1500 1 1 1500 1500
COIL RESISTANCE 105 ohms 62 ohms 113 ohms 70 ohms 4.69 ohms 30 ohms
COIL IMPEDANCE 428uH 160uH 373uH 135uH 360uH 152uH


Standard Probes "Miniturized" Probes
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Saw Cut and EDM Notch Plate 
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EDM Notch Plate 
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Depth 


Notch #1 1 mm 


Notch #2 2 mm 


Notch #3 3 mm 


Notch #4 4 mm 


Notch #5 7 mm 


Notch #6 10 mm 
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Specimen B117 
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Specimen B118 
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Used 
Fuel  
Disposition  


Model Benchmarking 


PNNL-SA-xxxxxx 


( ) ( )010101 XXjRRZZZ −+−=−=∆


Notch #11 
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Used 
Fuel  
Disposition  


Model Benchmarking 
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Measurement Results 
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0% cond., ferrite core 


0% cond., air core 


5% cond., ferrite core 
5% cond., air core 


51.3% TW by 
Electrical Resistivity 
Gauge 


37.3% TW by 
Electrical Resistivity 
Gauge 
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Used 
Fuel  
Disposition  


Results – Normalized Resistance 
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Notch Depth 0% Conductivity 5% Conductivity 
2 mm 75–80 kHz 50–55 kHz 
4 mm 65–70 kHz 30–35 kHz 


8.4 mm 55–60 kHz 25–30 kHz 
10 mm 50–55 kHz 25–30 kHz 


8.4 mm 
depth 


0% cond., ferrite core 


0% cond., air core 
5% cond., ferrite core 
5% cond., air core 


Zero crossings 


B117, B118 
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Results – Phase Angle 
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Notch Depth 0% Conductivity 5% Conductivity 
2 mm 1.76 2.02 
4 mm 1.78 2.22 


8.4 mm 1.76 2.11 
10 mm 1.75 2.08 


8.4 mm depth ( ) ( )∠∆ ∠∆5 kHz 100 kHzZ Z


Form ratio of change in phase angle 
at 5 kHz to change in phase angle  
at 100 kHz 
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Discussions/Conclusions 


 Not exact match between measurement results and modeling results but 
trends are generally consistent 
 


 Rough accuracy demonstrated for depth sizing of thermal fatigue cracks with 
notched reference 


– Considerable uncertainty in Electrical Resistivity Gauge measurements of thermal 
fatigue crack depths 


 
 Measurements obtained from individual SCC flaws and flaw clusters are of 


interest for comparison to notch and thermal fatigue results 
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Questions? 
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