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Bruce Power Overview

A Largest operating nuclear facility in
the world

A The provinceods si
of power (6,400 MW at peak).

A Supply 30% of Ont
30% less than the average cost to
generate residential power

A 4,200 employees that operate and
maintain eight CANDU nuclear
reactors
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Bruce Power and OPG are participating in a 5 year research
program to assess the need for eye dosimetry within CANDU NPPs

2012 7 The ICRP published ICRP Publication 118

A Strengthening epidemiological evidence suggesting it is more appropriate to treat radiation induced
cataract formation as a stochastic rather than a deterministic effect

A The threshold for cataract formation was lowered to an absorbed dose of 0.5 Gy (50 Rad)

A The recommended eye dose limit for nuclear energy workers (NEWs) was lowered to 50 mSv (5 Rem)
per year and 100 mSv (10 Rem) over 5 consecutive years

2015 i The CANDU Owners Group (COG), McMaster University, Ontario Power Generation (OPG), and
Bruce Power initiated a 5 year research program to assess the need for eye dosimetry programs within
CANDU nuclear power plants. The research program adopts the following 5-step approach:

1. Survey historical dosimetry data and identify locations and working conditions that may pose a
radiological hazard for the lens of the eye

2. Develop a spectroscopic detection system to characterize the gamma and beta source terms during
routine plant outage work

3. Develop algorithms to process the spectroscopic data and calculate dosimetric quantities for the skin,
lens of the eye, and whole body

4. Compare lens of the eye dose with whole body and skin dose
5. Conclude if eye dosimetry programs are required in CANDU NPPs
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The Bruce Power and OPG personnel TLD system
can measure both shallow and deep whole body dose

E1l EZ2
¢ lc\loortnc:red identification A In use since Q3, 1999
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Card Substrate ‘ A TLD badge consists of:

I a Harshaw four-element TLD-700 card
Barcode | ‘I w
|dentification

Vm“‘MHH]W}W | i aThermo Fisher 8828-OPG badge case

200511 Measures whole body, H,(10), and skin, H,(0.07),
dose for both gamma and beta radiation fields*

TLD badges readout monthly before Jan, 2017
TLD badges readout quarterly after Jan, 2017
~13, 000 TLD badges processed per quarter

<10% of TLD badges readout since Jan, 2000
contained whole body doses > 10 mrem

Unable to directly measure dose to the lens of the
eye, H,(3), without modification

I Thermoluminescent
elements
- Teflon sheets

E3 E4

o To Do Do Do Do

References
* Chase, W. J., and C. R. Hirning. "Application of radiation physics in the design

of the Harshaw 8828 betai gamma TLD badge." Radiation Measurements 43.2-6
(2008): 525-532.
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Comparison of Bruce Power skin to whole body dose ratios
for usual, head, and trunk issued TLDs
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Skin to Whole Body Dose Ratio

Analyzed 176,051 TLD records from Jan 1st, 2000 onward which had reportable whole body dose greater than 10 mrem.

The above box and whisker plot shows the interquartile range (box) and 95% confidence interval (whiskers) of skin to
whole body dose ratio from usual, head, and trunk issued TLDs.

Outliers (not shown) account for < 5% of the total number of TLD records analyzed.
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Summary of Bruce Power skin to whole body dose ratios

A The 176,051 TLD records analyzed correspond to <10% of all TLD badges issued since Jan 1st, 2000

A The remaining records (~1.8 million) have non-reportable doses < 10 mrem

A TLDs issued for usual work have an average (95% CI) skin-to-whole body dose ratio of 1.01 (0.90 - 1.21)
A TLDs issued for the head have an average (95% CI) skin-to-whole body dose ratio of 1.05 (0.93 - 1.58)
A TLDs issued for the trunk have an average (95% Cl) skin-to-whole body dose ratio of 1.02 (0.93 - 1.21)

A Confirms that in CANDU NPPs, most of the dose is received from exposure to a photon dominated
source term

A The 95% CI from head issued TLDs is wider which suggests that some work is being performed in mixed
photon and beta radiation fields. Examples:

i boiler inspections and maintenance,
I reactor face inspection and maintenance
i fueling machine inspection and maintenance
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In 2015, Bruce Power joined a collaborative research program
to assess lens of the eye dose from working in CANDU plants
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The program focuses on characterizing the b and gray source term
around CANDU systems known for high solid particulate deposits
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McMaster University developed a b and gray sensitive detector
system to collect in-situ measurements near open systems

GOOD POOR

GAMMA-RAY RESPONSE

SaintGobain Eljen EX204 Ortec CR020-450-500

LaBg(Ce) Plastic Scintillator Detector Silicon Detector
BETARAY RESPONS
POOR GOOD
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Measured Energy (keV)

Measured Energy (keV)

The detectors are characterized using Monte Carlo simulations
and benchmarked against real experimental measurements
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Objective of the Monte Carlo simulation

To determine the instrument response matrix for each
detector and use them to estimate the source spectrum
from spectra measured with our instruments in the field.

Built using the Geant4 10.4 Monte Carlo toolkit
Simple, but realistic, detector models
Omnidirectional incident particle fluence spectra

Simulates all photon and electron interactions in
the 1 keV 1 10 MeV energy range
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