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Neutron Emissions from 
Irradiated Pressure Tubes

F. R. Greening Ph.D.
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Radionuclide Half-Life
Alpha Energies 

(keV)
(%)

Decay Factor for 6 

years

Cm-242 (α1)

163 days

6113 74

0.000088

Cm-242 (α2) 6069 26

Cf-252 (α1)

2.65 years

6118 82

0.2082415

Cf-252 (α2) 6076 15



Reactor Units Date Unmonitored Hazard

Pickering 1 & 2 1985 Carbon-14 Particulate

Point Lepreau 2008 Alpha Particulate

Bruce Unit 2 2009 Iron-55 Particulate

Bruce Unit 1 2010 Alpha Particulate

Darlington Unit 2 2018 Alpha Particulate



CARBON-14 detected on PRESSURE TUBES

Analysis of Pickering NGS “A” Unit 4 N2 Annulus Gas Filter Deposit. OHRD Report C81-

04-K, (January 1981).

IRON-55 detected on PRESSURE TUBES

The Characterization of a Bruce Unit 2 End Fitting Smear. OHRD Report C92-10-K, 

(February 1992).

PLUTONIUM, AMERICIUM and CURIUM detected on PRESSURE TUBES

Analysis of Bruce NGS “A” Particulate Samples Collected Nov/’79, Feb/’80 and April/’80. 

OHRD Report 80-234-K, (June 1980).

NEUTRON EMITTERS detected on PRESSURE TUBES

Cm-244 Contributions to the Alpha Source Term of CANDU Reactors. Kerntechnik 

Volume 86, pages 106 – 115, (2021)





Written Intervention for the 2015 Darlington Relicensing Public Hearings 

         (Ref: 2015-H-04) Submitted by: Dr. Frank Greening

The CNSC needs to recognize that the refurbishment of a large CANDU 

reactor creates a heightened potential to expose workers to radiological 

hazards that are not present during the day-to-day operation of a reactor. 

The CNSC needs to evaluate the following issues concerning the 

refurbishment of Darlington Units 1 to 4:

1. The alpha source term for all four Darlington Units

2. Radiation field data for all four Darlington Units

3. The training that will be given to Darlington refurbishment workers
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Bruce Unit 7 Neutron Shielding for Lu-177 Irradiations

Boron-Filled Polyethylene Neutron Shield
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