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Clarification on the beryllium calculations provided in CMD 20-H2.D

CNSC staff are providing information to the Commission to correct the typographical errors,
calculation errors, and to provide clarity on the application of the units that were used in the
equations in Appendix A of CMD 20-H2.D [1].

BACKGROUND

CNSC staff submitted CMD 20-H2.D [1] to the Secretariatin October 2020 in response to
the Notice of Contuation issued in April 2020 [2] on the matter of BWXT Nuclear Energy
Canada Inc’s (BWXT) licence renewal application..

Following the submission of CMD 20-H2.D [1], the Commission secretariat requested CNSC

staff provide clarity with regards to the beryllium equations and calculations in Appendix A
of CMD 20-H2.D [1].

CNSC staffreviewed the calculations in Appendix A of CMD 20-H2.D [1] and are providing
this briefing note to clarify the units used and correct the errors identified. CNSC staff

sincerely apologize for these errors and any confusion this may have caused. The overall
conclusions of CMD 20-H2.D [1] have not changed.

DISCUSSION

The objective of the calculations in Appendix A of CMD 20-H2.D [1] was to determine the
hypothetical concentration and mass of airborne beryllum that would need to be emitted
from the BWXT facility to result in the maximum increase of beryllum concentration in soil
of 1.07 mg/kg observed at the school yard location over the span of one year (2018-2019).
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In Table 1 of CMD 20-H2.D [1], CNSC staff provided the annual average and maximum
beryllum concentration at the stacks. Beryllum stack monitoring is performed continuously
where air filters are exchanged and analyzed weekly for beryllium concentrations. The
annual maximum concentration of beryllum is the highest weekly sample result within the
52 weeks of measurements. The annual average concentration of beryllium is based on the
average of all 52 weeks of measurements.

The accumulation of beryllum in soils due to atmospheric deposition canbe used to estimate
the concentration and mass of airborne beryllum. The beryllum soil concentrations resulting
from air deposition depend on the deposition rate, the duration of deposition and natural
mechanisms, such as leaching, which canremove contaminates from the topsoil (5 cm)
horizon downwards. The loss of beryllum in soil due to leaching was calculated by applying
several soil parameters including: the velocity of water percolation through soil, soil water
content, and the soil-liquid equilibrium distribution coefficient. Please refer to Table 1 in the
appendix to this briefing note for the soil parameter values used, the reference documents,
and CNSC’s rationale for selecting the values for these parameters.

Equations A.1 and A.2 in CMD 20-H2.D

The calculations for the beryllium soil loss constant due to leaching (K eqching) and the
beryllium deposition rate D(t) over the span of one year (2018-2019), are provided in
Equation 1 and Equation 2 within the appendix to this briefing note. CNSC staff have
reconciled the units and the results of these equations remain the same as the results from
Equation A.l and Equation A.2 m CMD 20-H2.D [1] respectively. The Aeaching parameter
calculated in Equation 1 was carried over into Equation 2.

The reference document for these equations is the NCRP Report No.76 [3], issued by the
United States National Council on Radiation Protection & Measurement (US NCRP) to
assess contaminants released to the environment. In CMD 20-H2.D [1], CNSC staff
referenced a third-party consultant that applied the equations from NCRP Report No.76 [3] to
model air and soil concentrations for the ERA ata fuel manufacturing facility in Ontario
[4].The equations in the NCRP Report No.76 [3] were embedded within the ERA [4], so
CNSC staff are providing the Commission with the primary reference.

Equation A.3 in CMD 20-H2.D

CNSC staff noted that the double multiplication symbol (*x) in Equation A.3 of CMD 20-
H2.D [1] was a typographical error.

Furthermore, the concentration of airborne beryllium should have been calculated by
dividing rather then multiplying the beryllium deposition rate D(t) by the particle deposition
velocity (V). In addition, the units for berylium deposition rate D(t) and particle deposition
velocity (Vaep) were not correctly converted in CMD 20-H2.D [1]. To address this, CNSC
staffrevised the Vy,, parameter units (from cm/s to m/year) and the D(t) parameter units
(from pg/cm? to pg/m?), to reflect the units applied to the concentration of airborne beryllium
(ug/m?), and the deposition of beryllium over one year. Equation 3 in the appendix to this
briefing note shows the recalculations and the revised beryllium concentration. The
calculated mass of beryllium changed from 1.28 pg/m? in CMD 20-H2.D [1] to 0.65 pg/m?
as shown in the appendix to this briefing note.
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Equation A.4 in CMD 20-H2.D

The total mass of airborne beryllum (m,;) is calculated by multiplying the concentration of
airborne beryllum (C,;-) by the average volume of air (V) passing through the beryllium
stacks n 2018 and 2019. CNSC staff noted that the double multiplication of total mass of
airborne beryllium (m,; m,;) and the double multiplication symbol (xx) n Equation A.4 of
CMD 20-H2.D [1] were typographical errors. The corrected equation and revised mass of
beryllum are shown in Equation 4 in the appendix to this briefing note. The calculated mass
of beryllum changed from 133 g in CMD 20-H2.D [1] to 67.34 g due to the change in the
concentration of airborne beryllium (C,;) as shown i the appendix to this briefing note.

RESULTS

The measured values from CNSC’s Independent Environmental Monitoring Program (IEMP)
and the stack emissions reported by BWXT n CMD 20-H2.D [1] remain unchanged and
were also considered in the calculations within this briefing note. As noted in the Discussion
section above, CNSC staff have corrected the unit and typographical errors in equations A.3
and A.4 m CMD 20-H2.D, resulting in arevision to the calculated values.

Based on CNSC staff’s revised calculations shown in Equations 3 and 4 of the appendix to
this briefing note, the hypothetical concentration in air and mass of airborne beryllium
changes from 1.28 pg/m? to 0.65 pg/m? and 133 g to 67.34 g, respectively. This means that,
in order to see an annual increase in beryllium in soil of 1.07 mg/kg at the school yard
location, BWXT would have had to release 67.34 g of beryllium from the stacks between
2018 and 2019 with a concentration i air of 0.65 pg/m?. These hypothetical values are 72
times above BWXT’s reported maximum concentration of beryllum in air (0.009 pg/m?) and
the corresponding estimated mass of airborne beryllium (0.93 g) released to the atmosphere
over one year, respectively. The estimated mass of airborne beryllium (0.93 g) assumes the
maximum concentration (0.009 pg/m3?) was released constantly from the beryllium stacks
365 days per year and considers the average stack air volume (V) applied in Equation 4 in
the appendix to this briefing note. This assumption is unrealistic and deliberately
conservative to represent the maximum mass of beryllum released to the environment under
normal operations.

CONCLUSION

CNSC staff confirm that the revised calculations do not change the conclusions withn CMD
20-H2.D [1]. Although the hypothetical values are approximately half of what was reported
n CMD 20-H2.D [1], the health and safety of people and the environment continues to
remain protected based on CNSC staff’s assessment of the beryllium levels. The revised
calculations continue to demonstrate that beryllium emissions from BWXT’s Peterborough
operations are at a level that could not result in significant change to beryllium
concentrations i soil.
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APPENDIX

Equation 1: Beryllium soil loss constant due to leaching

leaching ~— P 11'_} e « 365
d|1+| £k, |
Cadl
_ 0.066 cm/day
Kieaching= x 365 days
0.94g/cm3
> cm [1 +( 0.1354 mL/cm3 X 76 mL/g)]
kleaching =0.009 114/yr
where:
K teaching = soll loss constant due to leaching (1/yr) [represented as a value per
year|

365 = conversion from days to year

V= velocity of water percolation downward through soil (cm/day)
ds = soil sampling depth (cm)

P = soil bulk density (g/cm?)

O = soil water content (mL/cm3)

Kp; = soil-liquid equilibrum distribution coefficient (mL/g)

Equation 2: Beryllium deposition rate

Cso:‘fw 3 C-sor'{{-? = 1%F D(®) {?_kleaching
\ (Jj %0 )

D(H)

5cm X 0.94 g/cm3

2.34 ng/g =[1.27 pg/g + ] e(0.009114)

D(t) =5.12 —=

cm2yr

where:
Cioil(t) = Cy0i1(2019) = soil concentration attime (t=2019) (mg/kg or pg/g)
Cioil(t-1) = Csi1(2018) = soil concentration at time (t-1=2018) (mg/kg or ug/g)
K teaching = soil loss coefficeint due to leaching (1/yr)
D(t)= beryllium deposition rate (ug/(cm?2yr))
ds = soil sampling depth (cm)
p = soil bulk density (g/cm?)
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Equation 3: Concentration of airborne beryllium

Cair =0.65 pg/ms3

where:
D(t)= beryllium deposition rate (pug/(cm2yr))
Vaep = particle depostion velocity (cm/s)
Cuir = concentration of airborne beryllium (pg/m3)

Equation 4: Mass of airborne beryllium

-‘igi?' - Cﬂ,i'!" X {/(1.".7‘(}
Mgy = 0.65 pg/m? X 10.35E+07 m?3 X li—ug
mﬂ.iT = 67.34‘ g

where:
C,;= concentration of airborne beryllium (pg/m?3)
Vg = average stack air volume from beryllium stacks (m?)
Mg = total mass of airborne beryllum (g)
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Table 1: Soil parameter values

Parameter Value Units Reference Rationale
Velocity of water Default value
percolation through 0.066 cm/day CSIA{ 43\1[25?8 - for southern
soil (Vy) Ontario soils
Depth of soil zone of 5.0 ASTM (C998- d Stﬁm‘lt:")]fli:%\/lP
interest (dy) ' cm 05 [6] 221.1 S‘; mplos
Measured
Soil bulk density (p) 0.94 g/cm? CMD [210]_H2'D directly by
CNSC staff
Measured
value
Soil water content (O) 0.1354 mL/cm? SENES [7] representative
of southern
Ontario
Soil-liquid Measured
ec.lull'lbru.lm 76 mL/g SENES [7] representative
distribution of southern
coefficient (Kg;) Ontario
Dry deposition
velocity for
Particle deposition beryllum
velocity (Vgep) 0.25 env's USEPA 8] particles over
vegetation and
soil surfaces
Measured
Bervlli values from
concenfrZiol;mm o | 23409 mgk CNSC IEMP | the 2018 and
(Con) 1.27 (2018) £ [9] 2019 IEMP
soil Sampling
campaigns
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