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Objective

* To Develop an
Understanding of Materials
Issues and Their Implications
for Design, Operation &
Safety
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/ Outline

Lecture #1: Materials Selection

Lecture #2: Radiation Damage/Effects &
Implications for Design

Lecture #3: Environmental Degradation &
Implications for Design

Lecture #4: Applications to PWR Design
(Steam Generator Design, Penetrations)

Lecture #5: Applications to GFR Design
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Materials Selection Considerations

* Applicability
* Suitability

e Fabricability
* Availability

e Kconomics

e Compromise
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Assessment of Applicability

1. Mechanical Environment
e Stress (Load) History
e Strain History
e Normal, Transient, Accident
2. Chemical (Electrochemical) Environment
e Normal, Faulted
3. Thermal Environment

4. Nuclear Environment

5. Mechanical-Chemical-Thermal-Nuclear
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/ General Material Failure Modes \

1. Overload

2. Creep Rupture
3. Fatigue

4. Brittle Fracture
S. Wastage

6. Environmentally Enhanced

\ 7. Radiation Effects Related /
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Environmentally Enhanced
Failure Modes

1. Stress Corrosion Cracking
2. Hydrogen Embrittlement
3. Corrosion Fatigue

4. Intergranular Attack

5. Erosion-Corrosion

6. Creep-Fatigue Interaction
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/ Key Point

* Big Difference Between General & Localized
Corrosion

— General Corrosion
» Predictable
» Slow (Normally)

— Localized Corrosion
» “Unpredictable
» Potentially Very Rapid

» Can be Multi-Phenomena (Pitting leading to Crack
Initiation)

— Significant Design Implications
» Example-PWR Steam Generators
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/ Radiation Effects Related

Radiation Embrittlement

Radiation Enhanced Creep
* Swelling

Radiation Induced Growth
Fuel/Clad Interaction
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/ Mechanical Environment

1. Load-Time History (Operational)
e Static
* Cyclic (Fatigue)
 Elastic vs. Plastic
2. Fabrication Related Loads
* Welding
e Machining
3. Environment Related Loads
 Thermal (Static, Cyclic)
e Nuclear (Distortion due to swelling)
4. Time Dependent vs. Time Independent
e Creep

\ * Creep-Fatigue
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Chemical Environment

1. Electrochemical Compatibility
2. Bulk vs. Local
3. Normal vs. Faulted

4. Nominal vs. Actual
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Thermal Environment

1. Steady State
2. Startup/Shutdown

3. Transient

4. Accident
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Nuclear Environment

1. Effects on Mechanical Properties
* Ductility
* Toughness
e Strength
2. Dynamic Effects
* Radiation Induced Segregation (RIS)
* Growth
* Fission Gas Release & Fuel Swelling
3. Effects on Chemical Environment
* Fuel Rod Chemistry
e Coolant Chemistry
4. Effects on Corrosion Products

k e Activation Products
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Mechanical/Chemical/Thermal/
Nuclear Environment Interactions

* Stress Corrosion Cracking

 Corrosion Fatigue

 Hydrogen Embrittlement

* Creep-Fatigue Interaction

 Pellet Clad Mechanical Interaction (PCMI)
* Fretting

* Corrosion Product Transport

* Flow Assisted Corrosion

 Radiation Induced Segregation
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Interactions

Compromise
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Assessment of Suitability

1. Is the material qualified for use in the
environment?

2. Is there an existing data base?

3. If not, what information will be required?

4. Can the information be obtained in time?

k 22.39 Lecture 1-16

Is The Material In The ASME Code

/




22.39 Reactor Design, Operation and Safety

Assessment of Fabricability

1. Thermomechanical Processing

2. Can the component be fabricated from
the material?

3. Quality Control

4. Quality Assurance
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Thermomechanical Processing

1. Can the desired mechanical properties
be obtained?

2. Mechanical properties variability? How
much can be allowed?

3. Can the desired properties be obtained?

4. Can the desired properties be maintained?
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/ Component Fabrication

1. Fabrication techniques
* Welding
Effects on Chemistry
Effects on Mechanical Properties
Effects on Chemical/Electrochem. Props.
Effects on Mechanical Environment
e Residual Stresse
e Machining
Stress Concentrators
2. Assembly
Crevices
Couples
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Assessment of Availability

1. Is the Material Available?
2. Is the Source Reliable?
3. Is there Enough of it?

4. At What Cost?
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Assessment of Economics

1. How Much Does it Cost Now?

2. How Much Could it Cost?
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Compromise

The Great Tragedy of Engineering:

The slaying of a great hypothesis by an ugly fact

Corollary

Don’t Do Stupid Things- a.k.a. Davis Besse

k 22.39 Lecture 1-22




22.39 Reactor Design, Operation and Safety

N

aterial Degradation Prevention Options

™

1. Design:

Proper Materials Selection at the Initial Design Phase
Material “Friendly” Design

2. Remediation

Alteration of Chemical Environment

Alteration of Mechanical Environment
Alteration of Operating Conditions

3. Replacement
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Materials Selection

1. Select The Right Material in the First Place
2. Change the Material Properties

3. Replace the Material
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Alteration of Environment

1. Changing System Conditions
* Lower Temperature
* Change Chemistry
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Material “Friendly” Design

1. Avoid Stress/ Stress Concentrations
2. Avoid Galvanic Couples

)

. Avoid Sharp Bends of Velocity Changes
in Piping Systems

. Design Tanks for Complete Draining

. To Weld or Not to Weld?

. Design to Exclude Air

. Avoid Heterogeneity

R I SN N A

. Design for Replacement

k 22.39 Lecture 1-26




	Materials Issues Relatedto Reactor Design, Operation & Safety
	Objective
	Materials Selection Considerations
	Assessment of Applicability
	General Material Failure Modes
	Environmentally EnhancedFailure Modes
	Key Point
	Radiation Effects Related
	Mechanical Environment
	Chemical Environment
	Thermal Environment
	Nuclear Environment
	Mechanical/Chemical/Thermal/Nuclear Environment Interactions
	Interactions
	Assessment of Suitability
	Assessment of Fabricability
	Thermomechanical Processing
	Component Fabrication
	Assessment of Availability
	Assessment of Economics
	Compromise
	Material Degradation Prevention Options
	Materials Selection
	Alteration of Environment
	Material “Friendly” Design


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /DetectCurves 0.100000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF documents suitable for reliable viewing and printing of business documents. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


