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Real-Time Monitoring of PWR CRUD Bursts & Fuel Defect

Using Pixelated CZT Spectra
Brian Eick, Radiation Protection/Chemistry Manager, Point Beach NPP

David R. Nestle, CHP, H3D, Inc. (former RPM at Palisades NPP)
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Traditional Coolant Sampling
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Cons:

Å Tradition

Å MDA (certain isotopes)

Å Decayed measurements

Å Soluble/Insoluble 

Å Cost  (labor)

Å Dose (valve in RCA)

Å Time between samples

Å Limited sampling locations

Å Insoluble particulate may not 
make it into the sample



Process Monitoring/Trending
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Use Cases for Real-Time Spectrometry

Å Pressurized Water Reactor Forced Oxidation During Outages                
(CRUD- burst monitoring)

Å Online Xenon Monitoring for Fuel Defects                       
(PWRs and CANDUs to - date)

Å Changes in Reactor Water Chemistry                                
(Piloting KOH vs. LiOH in US PWRs)

Å Inputs into Strategic Source Term Evaluations          
(Comparisons between Operating Cycles, Units, Sites)
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Example Spectrometer Results
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GammaTrend Use Cases
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Å Trend process activities/ 

concentrations

ÅDetect unexpected trends







Palisades Nuclear Power Plant
Location: Covert, Michigan, USA
Operator: Holtec  Decommissioning International
License Expires: 03/24/2031
Docket Number: 05000255

Reactor Type: Pressurized Water Reactor
Licensed MWt: 2,565.4
Reactor Vendor/Type: Combustion Engineering
Containment Type: Dry, Ambient Pressure

Decommissioning Plan Began June 2022

Recent Announcement to Resume Operation late 2025



Case Study:  Palisades

ÅTraditionally a very high source - term plant
ÅHighest dose rates (and worker dose) of all Pressurized 

Water Reactors in the United States

ÅTypical Industry Recommendations Deployed
ÅEPRI source- term recommendations

Å Long - term zinc injection

ÅCobalt supply chain controls

ÅMacroporous  and specialized resin technologies

ÅUnderwater resins during refueling

ÅSupplemental underwater resins for spent fuel pool
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Case Study:  Palisades

Å Installed four real - time spectrometers along the 
charging/letdown systems as part of R&D effort
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Case Study:  Palisades

Å Instrumentation remained in place during multiple 
operating cycles and outages

ÅTrends were collected throughout outages, including 
forced oxygenation and hydrazine addition

ÅProvided for direct comparison of trending results from 
outage - to - outage and cycle - to - cycle

ÅData- driven revisions to source - term reduction strategy

ÅResults provided insight into success of actions taken.
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Charging Pump Inlet: Forced Oxygenation

ÅH2O2 add at 8/31/2020 20:55

ÅPre-burst: 170 mSv/h   Post-burst: 270 mSv/h

110mAg increased

post-Forced O2



Charging Pump Inlet (In-situ vs RCS Sampling)
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ÅWater sampling shows that 110mAg is decreasing
ÅYet local dose rates (trended by CZT) increased 3.5x

110mAg Trends110mAg Trends



Case Study:  Palisades

ÅData provided input for a revised STR strategy:
ÅSpectrometer trends and sample data from 1R27 were reviewed 

ÅEPRI/Industry expertise sought for silver/cobalt mitigation

ÅFinal cycle strategy included:

Å Increased end - of - cycle boron concentration (earlier coastdown )

ÅUse of longer acid - reducing period at start of defuel outage

ÅHigher concentration of hydrogen peroxide during forced oxygenation

ÅHigher primary coolant temperature during forced oxygenation (to 
promote better cleanup and mitigate silver insolubility challenges)

ÅChanges in demineralizer usage during 1R27 hydrazine add

ÅRevised zinc injection strategy to remove nickel limitation
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Defueling Outage Trends
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Palisades: 2022 vs 2020

~40% reduction
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Palisades: 2022 vs 2020

~300% reduction





Point Beach Nuclear Power Plant
Location: Two Rivers, Wisconsin, USA
Operator: NextEra Energy Point Beach, LLC

Unit 1
License Expires: 10/05/2030
Reactor Type: Pressurized Water Reactor
Licensed MWt: 1,800
Reactor Vendor/Type: Westinghouse Two - Loop
Containment Type: Dry, Ambient Pressure

Unit 2
License Expires: 03/08/2033
Reactor Type: Pressurized Water Reactor
Licensed MWt: 1,800

Point Beach Nuclear Power Plant
Location: Two Rivers, Wisconsin, USA
Operator: NextEra Energy Point Beach, LLC

Unit 1
License Expires: 10/05/2030

Reactor Type: Pressurized Water Reactor
Licensed MWt: 1,800
Reactor Vendor/Type: Westinghouse Two - Loop
Containment Type: Dry, Ambient Pressure

Unit 2
License Expires: 03/08/2033

Reactor Type: Pressurized Water Reactor
Licensed MWt: 1,800
Reactor Vendor/Type: Westinghouse Two - Loop
Containment Type: Dry, Ambient Pressure



Case Study:  Point Beach

Å2023 Implementation of field spectrometers prior 
to Unit 2 outage

Å Instrument placement at five locations on Unit 2 
and, later, on Unit 1

ÅMonitoring performed continuously outage and 
during plant operation
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Measurement Strategy
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Xe-133 Trend
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Xe-133 Trend
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Xe-135 Trend
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Xe-135 Trend
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Xe-133 Trend (during Step Change to AL2)
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Xe-133 Trend (during Step Change to AL2)
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No Chemistry Samples



Xe-135 Trend (during Step Change to AL2)
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Xe-135 Trend (during Step Change to AL2)
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No Chemistry Samples



Xe-133 Trend (Next Step Change to AL2)
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Real- Time Data Prompted Sampling


