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• Zion Decommissioning Project up to 2022
• Discovery of Discrete Radioactive Particles 

(DRPs)
• Initial attempts to assess impact of DRPs
• Efforts to understand the DRP situation
• Enlisting Office of Research and ORISE to 

assist with evaluating survey techniques 
and potential impacts

• NRC’s innovative approach to the 2023 
Confirmatory Survey

• Resolution of DRPs 
• New guidance to share with Industry

Overview
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Zion Decommissioning Project
• Zion Units 1 and 2 permanently 

ceased operations in February 
1998

• Decommissioning activities 
beginning 2010

• The original Post Shutdown 
Decommissioning Activities 
Report (PSDAR), submitted in 
February 2000, described 
an approach where the site would 
enter a period of SAFSTOR 
dormancy from approximately 
2000-2015, with license 
termination occurring by 2026

• The license termination plan 
(LTP) for the site was submitted 
in December 2014 and approved 
in September 2018

• The LTP was silent on DRPs
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Discrete Radioactive Particles Onsite
• The licensee did not address DRPs as part of its LTP because the operational history of 

the site and pre-decommissioning surveys led to the conclusion that none 
were present before decommissioning started.

• Since 2012, as part of the decommissioning activities, hundreds of discrete radioactive 
particles had been transported to outdoor areas of the site during the decommissioning 
process, including certain site areas that had already received final surveys.

• The licensee knew about the particles and had been removing them up to and during the 
time of the LTP review. 

• Although other sites have addressed DRPs during decommissioning, there was little 
existing guidance, making it difficult to address DRP contamination during this final stage 
of the decommissioning process.

• Staff elected to pursue a verification survey in April 2021 to assess this 
issue (expected/hoped to find no DRPs but instead found 9 DRPs in a limited survey, 
including a fuel flea)
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Why are DRPs an Issue?
• A DRP is a relatively high activity particle, insoluble in water...essentially a point source

• Spent fuel particles from fuel rod failures
• Activated metal from component wear during reactor operations
• Activated metal and concrete chips or cuttings from segmentation activities using saws or other 

methods
• Typical residual radioactivity at time of license termination is diffuse material in soil, structures, or 

groundwater
• RESRAD or DandD (environmental pathways software) are used to establish a conceptual site model 

and derive DCGLs for demonstrating compliance at 25 mrem/y
• DCGLs are not applicable for assessing DRPs nor is surveying for “point” sources addressed in MARSSIM

vs
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Initial Attempts to assess
impact of DRPs

Neutron activation of reactor 
corrosion products. NaI 

response was near background 
levels. Sample was difficult to 
isolate and collect. Technician 
used a shovel to remove soil 

approximately 50 cm in 
diameter.

On surface. Irradiated fuel 
fragment. Sample was easy to 
collect. Technician was able to 

scoop material with hand trowel.

Sample was easy to collect. 
Neutron activation

of the reactor bioshield (e.g., Eu-
152, Eu-154, Ba-133).

Less than 15 cm from surface. 
Sample required effort to isolate 
and collect. Neutron activation

of the reactor bioshield (e.g., Eu-
152, Eu-154, Ba-133).
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Preliminary Dose 
Estimates
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RAIs and Discussions with the 
Licensee

Licensee Responses Staffing Churn Management Interactions

Research (mostly complete by late 2022)
Scan MDA for DRPs (ORISE)
DCFs for DRPs (RES&RCD)

Biggest Questions:  
How good were the surveys for DRPs?
What could have been “missed?”
What is the potential impact to an average member of the critical group?
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Progress
• Spring 2023, the licensee declared they had removed all “known” DRPs from the site 

and that the site was considered releasable.
• Staff determined a confirmatory survey would provide reasonable assurance that the site 

was releasable:
• Developed criteria (i.e., no “risk significant” DRPs)

• Established a dose level that was “risk significant” for DRPs
• No deterministic effects
• Stochastic dose (TEDE) not to exceed public dose limits

• Worked with ORISE to develop survey plan
• Surface & Subsurface soil

• Any DRP identified to be collected an analyzed
• Plan was reviewed by both management and licensee
• Survey conducted over 3 weeks (non-concurrent) during 2023 with licensee 

assistance for excavation 
• Extent of condition survey conducted by licensee afterwards (other areas that 

became suspect during confirmatory survey)
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Scan Sensitivities

Pessimistic

Optimistic
ML24004A133
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Surface and Subsurface Soil Surveys
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Confirmatory Survey/Extent of 
Condition Survey Results

• No DRPs found in subsurface soil
• 13 DRPs found/collected in surface soil

• All either activated metal (10) or activated concrete (3)

Particle Type Co-60 Min (uCi) Co-60 Max (uCi)
Activated Metal 0.014 0.38
Activated Concrete 5.7E-4 3.0 E-3
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How to generically assess hypothetical 
DRP dose
• Develop hypothetical scenario with time frames and routes of exposure (most 

likely hypothetical exposure)
• Practical evaluations of sampling of particles (size/applicability to hypothetical 

exposure pathways)
• Dose coefficients:  ML23136A207
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Assessment of Zion Site DRPs
• At conclusion of surveys 

 NRC staff needed reasonable assurance that no risk significant DRPs remain
Conservative Assumption: A small probability some DRPs may still be present  

• Best represented by DRPs collected during last surveys
• The potential exposure of a member of the public to a DRP had to be considered
• Assess as a “less likely but probable” scenario

For a DRP to not be of “risk significance”
• Potential dose to avg member of critical group should be <100 mrem TEDE
• No potential for deterministic effects (e.g., skin dose/ LDE < 50 rem)

Scenario considered: construction worker
• Is most likely to be doing work that would resuspend a particle (inhalation/ingestion)
• May take “long lunch” – nap for 2 hrs on ground (skin/direct exposure)
• Particle could be stuck on skin until showering – 12 hr (skin/direct exposure)
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Assessing potential for inhalation 
and ingestion
• Estimating DRP aerodynamic equivalent sizes 

 Given measured activity in particles
 Given licensee site characterization for max material activity densities for concrete and 

metal
 Simple geometry calculations
 Given methods in ICRP 66 for aerodynamic equivalency

For Concrete:



17

Estimating DRP aerodynamic 
equivalent sizes

For Metal Particle:

Initial Conclusions:  All particles exceed 100 µm aerodynamic diameter so are not likely inhaled.  
Smallest concrete particle is still large (0.22 cm3) so is also not likely to be accidently ingested nor 
stuck on skin for 12 hr.
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• Assessing ingestion and skin/LDE dose
 Use RDC dose coefficients (CEDE/SDE/LDE)
 Use generic frame estimates for time in GI tract 
 Use 2 or 12 hr time frames for skin dose estimate

Additional 
Dose Estimates

Calculated Dose Applicable limit

Most activity Metal 
DRP located on 
skin for 12 hr

374 mrem SDE 50,000 mrem

Most activity Metal 
DRP LDE dose in 
GI tract (24 hr in LI)

1,600 mrem LDE 50,000 mrem

Most activity 
Concrete DRP 
located on skin for 2 
hr

15 mrem SDE 50,000 mrem
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Additional Dose Estimates Calculated Dose Applicable limit
Metal DRP @ 100 μm aerodynamic 
diameter in RT for 1 day and 
cleared through GI tract

9.2 mrem EDE 100 mrem

0.7 μCi Co-60 DRP (sensitivity limit 
in Table 4.1 for pessimistic scenario 
at 7.5 cm depth)

19.8 mrem EDE 
(2x the most activated 
metal DRP dose estimate)

100 mrem
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Final Conclusions on DRPs at the Zion site:
• Encountering a DRP at the site is very unlikely

• Multiple scans have taken place (licensee and NRC contractor) and all DRPs identified 
have been removed

• No subsurface DRPs found in representative sampling
• If any DRPs remain, the activity will decay consistent with respective radionuclide half-lives
• Doses from any DRPs encountered by the public at the site are unlikely to exceed the public 

dose limit or cause deterministic effects, decreasing as they decay.
Document No./Title Date Notes

Issuance of Dose Coefficients (DC) for Discrete 
Radioactive Particles (DRPs) 
(ML23136A178) and Ulcerations Threshold 
Recommendations (ML23136A207) technical 
reports.

May 2023 and 
September 2022

Renaissance Code Development (RCD) published two reports on dosimetry for 
discrete radioactive particles in decommissioning.

Estimating Scan Minimum Detectable Activities of 
Discrete Radioactive Particles (ML24004A133)

January 2024 (final) Discusses survey of DRPs and provides information on calculation of scan 
MDAs for select radionuclides, depths and offset distances. No substantive 
changes were made to the final.

Issuance of Information Notice 2024-01, 
Minimization and Control of Contamination 
Involving Discrete Radioactive Particles at 
Decommissioning Facilities (ML23195A074)

February 2024 Provides information to inform licensees of recent challenges involving 
detection and contamination control of hot particles or discrete radioactive 
particles during plant operations and decommissioning.

Issuance of: Interim Staff Guidance: Contamination 
Control, Radiological Survey, and Dose Modeling 
Considerations To Support License Termination at 
Sites With Environmental Discrete Radioactive 
Particle Contamination DUWP-ISG-03 (DRAFT)

September 26, 2024 The guidance is focused on contamination control, radiological survey and 
dose modeling considerations for decommissioning sites with the potential for 
environmental discrete radioactive particle contamination. The Federal 
Register Notice 89 FR 78917 announcing availability of the ISG for public 
comment was issued on September 26, 2024. The public comment period 
ends on October 28, 2024.

https://www.nrc.gov/docs/ML2313/ML23136A178.pdf
https://www.nrc.gov/docs/ML2313/ML23136A178.pdf
https://www.nrc.gov/docs/ML2313/ML23136A178.pdf
https://www.nrc.gov/docs/ML2313/ML23136A207.pdf
https://www.nrc.gov/docs/ML2313/ML23136A207.pdf
https://www.nrc.gov/docs/ML2400/ML24004A133.pdf
https://www.nrc.gov/docs/ML2400/ML24004A133.pdf
https://www.nrc.gov/docs/ML2319/ML23195A074.pdf
https://www.nrc.gov/docs/ML2319/ML23195A074.pdf
https://www.nrc.gov/docs/ML2319/ML23195A074.pdf
https://www.nrc.gov/docs/ML2319/ML23195A074.pdf
https://www.nrc.gov/docs/ML2421/ML24219A032.pdf
https://www.nrc.gov/docs/ML2421/ML24219A032.pdf
https://www.nrc.gov/docs/ML2421/ML24219A032.pdf
https://www.nrc.gov/docs/ML2421/ML24219A032.pdf
https://www.nrc.gov/docs/ML2421/ML24219A032.pdf
https://www.federalregister.gov/documents/2024/09/26/2024-22003/draft-interim-staff-guidance-contamination-control-radiological-survey-and-dose-modeling
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