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Some Technical Challenges

Smart components and structures
Self-diagnostic systems
Embedded Micro- 
Electromechanical Systems 
(MEMS) (and other) health 
monitoring sensors
Wireless communication
Distributed data processing and 
control networks
Prognostics implementation
Advanced NDE technologies
Proactive operations and 
maintenance program

What everyone
wants!

“Tricorder”

Need:  Detect, monitor, and characterize degradation severity to drive a cost 
effective proactive O&M 

AND PREDICT REMAINING USEFUL/ECONOMIC PLANT LIFE/OPERATION .
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Degradation Processes Found in U.S. 
Nuclear Power Plants (Wilkowski 2002)
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What is next?



Damage as a function of time – relationship 
to detection and failure

After NUREG/CR 6923
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Aging factors, mechanisms and possible 
consequences
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Figure 1 – Strategy for development of a PMMD system



Crack initiation, coalescence and growth during 
sub-critical cracking (aqueous environment)
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Stressor Intensity Measurement Provides 
Prognostic Information BEFORE Degradation can 
be Detected
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General Areas for investigation:

Concrete

Cables

Structural Metals
Pressure vessel
Core Internals

Active Components
Passive Components

Material degradation
ISI/on-line monitoring
Risk and Prognostics
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Identification of Components with Highest 
Susceptibility to Degradation

Materials degradation is highly 
likely, with limited knowledge for 
mitigation (pink zone)

21 scenarios for PWRs
1 scenario for BWRs

Materials degradation is highly 
likely, but knowledge exists for 
mitigation (red zone)

24 scenarios for PWRs
62 scenarios for BWRs
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Work on Internals Testing Supported by 
Analyses of PMDA Results – high 
degradation susceptibility with limited 
knowledge for mitigation

System

Subgroup 
(Structure 

and/or 
Component)

Location on 
Structure 

and/or 
Component

Material Environment Aging 
Mechanism

LWR 
Type Susceptibility

RCS 12.11 (reactor 
vessel internals)

Cold-worked 
austenitic 
reactor vessel 
internals

Type 316 
austenitic 
SS

PWR primary water, 
>0.5 dpa (high 
fluence); 556°F to 
620°F, 2250 psia

Irradiation 
creep (IC)

PWR Pink

RCS 12.11 (reactor 
vessel internals)

Cold-worked 
austenitic 
reactor vessel 
internals

Type 316 
austenitic 
SS

PWR primary water, 
>0.5 dpa (high 
fluence); 556°F to 
620°F, 2250 psia

SCC PWR Pink

RCS 12.11 (reactor 
vessel internals)

Cold-worked 
austenitic 
reactor vessel 
internals

Type 316 
austenitic 
SS

PWR primary water, 
>0.5 dpa (high 
fluence); 556°F to 
620°F, 2250 psia

Swelling PWR Pink
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LWR Issue  Management Tables
“Bottom-up Approach” based on Materials Degradation Matrix (MDM)

Complementary to “Top-Down Approach” used in component-level Proactive 
materials degradation assessment based on phenomenon identification & 
ranking tables (PMDA/PIRT analyses)
MDM and issue management tables (IMTs) to be maintained as living 
documents

IMT focus on degradation of long-lived passive components
Post-PMDA planning meetings addressed R&D on topics such as: 

Materials and degradation mechanisms
Mitigation, repair and replacement
Nondestructive examination and continuous monitoring 

Common high priority R&D “gaps” identified from both PMDA and IMT evaluations
Inspection & evaluation (I&E) guidelines of reactor internals
Environmental fatigue of pressure boundary components
PWSCC management: Ni alloy reactor internals

Presenter
Presentation Notes
Similar to Industries Top-Ten Priorities: (from MRP-205)

Inspection & Evaluation (I&E) Guidelines: Reactor Internals (December 2008 – expected Industry Plans submittal to NRC/NRR) 

NDE Technology: Dissimilar Metal (DM) Butt Welds

PWSCC Mitigation: Environmental Controls

I&E Guidelines: Bottom Mounted Nozzles

Vibration Fatigue: Small Bore Piping

Environmental Fatigue Issues: Press. Boundary Components

NDE Qualification Program: Ni-Alloy Penetrations

NDE Accessibility: Reactor Internals

PWSCC Mitigation: Stress Improvement (SI) of Butt Welds

Thermal & Irradiation Embrittlement: Synergistic Effects on CASS & SS Welds - Internals
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Challenging Configuration to Reliably Inspect
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Risk Informed ISI

The ASME Code uses risk informed strategy 
Unfortunately, the implementation of the RI/ISI has led to 
a significant reduction in the number of components 
being periodically inspected
Although risk (of core damage) is being managed, the 
problem is that this strategy will lead to more cases of 
failure because fewer components are being inspected – 
gives the appearance of not managing degradation
If surprises are to be eliminated in the future then a more 
comprehensive program is needed – detect the 
unexpected
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Research Needs for Operating Fleet 
of U. S. Nuclear Power Plants

Modeling of NDE – although the use of performance 
demonstration provides confidence that the 
unexpected will be detected, this is empirically based 
and validation through modeling would be beneficial and 
assist expansion to other components, degradation 
processes and modifications to NDE methods
Many inspections on nuclear power plants can not be 
conducted effectively and new or improved solutions are 
needed

Cast stainless steels
ID and OD surface conditions of weldments
Proximity of other welds or access constraints
Tapers

Nondestructive material property measurements – NDE 
Holy Grail
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Performance Demonstration 
Vintage Cast Stainless Steel

All supplements in 
ASME B&PV Code 
Appendix VIII are 
implemented except 
for Supplement 9 on 
centrifugally cast 
austenitic stainless 
steel piping welds
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Performance Demonstration 
Vintage Cast Stainless Steel
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NDE/ISI – for New Construction
Do not repeat the problems that exist with current generation plants
Minimize the number of welds
Select more degradation resistant materials
Prepare the ID and OD surfaces to optimize NDE
Provide good access regarding surrounding constraints
Select materials based in part on the ability to reliably inspect
Select NDE based on all materials and potential degradation 
processes
Design welds that permit optimum inspections
Do not use NDE as a workmanship standard (look at fitness for 
purpose)
Consider using continuous on-line monitoring for detecting flaws 
and tracking their growth
Build smart systems
Require performance demonstration for all NDE during 
construction, preservice and inservice
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Condition-based maintenance
Life maximization/operational 
optimization
Asset management, economic and life 
safety advantage
Enhanced situation awareness
Operational readiness  &  more 
informed decision making
Enhanced system security

Steam Generator
Feedwater Inlet
Nozzle (1 of 8)

Upper Head

Reactor Coolant
Pump (1 of 8)

Steam Generator
Steam Outlet Nozzle

(1 of 8)

Downcomer

Core

Core Outlet
“Riser”

Helical Coil
Steam Generators

(1 of 8)

Pressurizer

Guide Tube
Support Plate

Prognostics can provide

Presenter
Presentation Notes
As mentioned on the last slide, one of the key technologies is hydrogen generation, storage, and transport.



In addition to the new Program Office in Alternate Fuels, we have a hydrogen laboratory-level initiative which is “addressing the gaps….



Both “nuclear” and non-nuclear hydrogen.



21

Needs for Advanced Reactor Designs and Past 
Experience

New advanced gas reactors and Generation IV nuclear 
power plants (NPP)

Expected to operate with high capacity factor (90%+)
Longer refueling cycles (4–6 years)
Gen IV NPP will operate at higher temperatures (potentially 
510°C to 850-900°C   (possibly 1000°C). 
Necessary inspections and maintenance performed during 
shorter outages. 
One challenge is limited knowledge of material 
performance for next-generation designs, including balance 
of plant and secondary units for process heat or hydrogen 
production. 



PWR – possible R&D Topics 
(Compiled by Peter Scott – 2008)



PWR – possible R&D Topics 
(Compiled by Peter Scott – 2008)



More topics….



More topics….



……..



US PMMD – Compiled from NUREG/CR – 6923 

“High susceptibility/likelihood” scores for PWR



US – PMMD – Longer range concerns 
(NUREG/CR 6923 Panel)
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Some technical challenges

Sensing: what to measure and how to measure
Data interrogation, communication and integration
Predictive models (e.g. damage evolution)
System integration and deployment on real-world 
hardware
Quantification of uncertainty – (ill-posed problems)
Integration of prognostics into plant operation and O&M 
approach
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Needs, Priorities and the Future

Future systems will have 
the ability to integrate off- 
line NDE inspection 
information with intelligent 
self-diagnostic 
capabilities that will alert 
operators and initiate 
remediation strategies….. 

AND OPTIMIZE 
UTILIZATION & 
OPERATION

Smart components and 
structures
Self-diagnostic systems
Embedded Micro- 
Electromechanical Systems 
(MEMS) (and other) health 
monitoring sensors
Wireless communication
Distributed data processing and 
control networks
Prognostics implementation
Advanced NDE technologies
Proactive operations and 
maintenance program

Optimized Plant of the 
Future
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Areas for action…..
Much can be learned by looking back at the history of degradation in 
nuclear power plants and the evolution of NDE/ISI to manage it
If we want to achieve high public confidence in nuclear power then 
we must control surprises and convincingly demonstrate that 
degradation is being managed
Over the past 30 years Performance Demonstration has been the 
single biggest factor in improving UT/ISI reliability
For the future, much work is needed to expand performance 
demonstration to  

other NDE methods, 
other reactor components, 
new construction including Generation IV designs with many new 
degradation processes and materials to consider

Continue research to develop advanced ISI/NDE technologies and 
quantify their reliability 
Look to learn from other industries AND consider where on-line 
monitoring and utilization of enhanced functionality of digital I&C can 
make plant operators smarter – and enhance plant life management 
(PLiM)
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Nuclear – 104 US legacy systems – Potential savings for 
the Industry estimated at over $1 B / year (applicable risk 
significant equipment). (Bond et al (2002)

Increase in plant availability
Reduce radiation exposure to plant personnel
Reduction in plant O&M costs
Increase in plant shutdown safety margins

• New US nuclear plants – significant but yet not 
quantified

• In US - “More than $1 Trillion is spent each year replacing 
perfectly good equipment …”[McLean et al (2002)] 

Potential Economic Impact

Presenter
Presentation Notes
As mentioned on the last slide, one of the key technologies is hydrogen generation, storage, and transport.



In addition to the new Program Office in Alternate Fuels, we have a hydrogen laboratory-level initiative which is “addressing the gaps….



Both “nuclear” and non-nuclear hydrogen.
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INTEGRATED  “Prognostics +” VISION of 
BENEFITS

Condition Assessment/Damage Prognosis Power plant, 
Factory

(or Process Plant)
of the Future

• Process Control
• Process Optimization
• Advanced Energy Management
• Condition Based Maintenance 
• Advanced Data Visualization 
and Management Tools

• Optimize plant staffing
• Optimize cost of Ownership and 
Operation

Optimized and Integrated Energy 
and Process Control
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There are many programs (e.g. DARPA, Navy, AF, NASA etc) 
looking at system health monitoring/prognostics and potential for 
impact being  recognized

Many researchers working on Structural Health Monitoring / 
condition-based maintenance and prognostics

In most cases Structural Health Monitoring and Prognostics have 
not transitioned from research to engineering practice

Few are bringing ALL the requisite technologies together and then 
advancing these in a synergistic  manner

Prognostics is a “Grand Challenge” for the engineering 
community to address in the 21st century – that is VITAL for 
optimization of operation of both legacy and next generation 
(nuclear) energy and process plant  systems

Conclusions

Presenter
Presentation Notes
As mentioned on the last slide, one of the key technologies is hydrogen generation, storage, and transport.



In addition to the new Program Office in Alternate Fuels, we have a hydrogen laboratory-level initiative which is “addressing the gaps….



Both “nuclear” and non-nuclear hydrogen.
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