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ABSTRACT

Levels of 14C and tritium have been measured in environmental samples collected in the environs
of the Pt. Lepreau Generating Station over a two day period in September, 1997. Overall, the
specific activity of 14C in all samples was low, with only the samples taken close to the reactor,
and/or in the principal wind direction, containing levels statistically higher than global
background values («250 Bq.kg"1 at St. Andrews, 50 km from the site). The highest level
measured was 342 Bq.kg"1, or 151 pMC (percent modern carbon). Tissue free water tritium
(TFWT) levels in vegetation samples varied from 8775 TU immediately adjacent to the reactor
building to as low as 300 TU within two kilometres of the reactor (1 TU = 0.1184 Bq.L"0.
Regional background levels of tritium in precipitation were estimated to be on the order of 30
TU, based on the TFWT levels in vegetation samples collected near St. Andrews, N.B. Based on
the radiocarbon and tritium levels in the vegetation, atmospheric dispersion factors (Ka) for 14C
and 3H are on the order of approximately 5xl0"7 to lxlO"6 s.m"3 at distances of 1 km from the
reactor.
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Mesures du tritium et du 14C disperses dans 1'atmosphere
dans le voisinage de la centrale de Pointe Lepreau

par

G.M. Milton, T.G. Kotzer, W.L. Watson et W.J.G. Workman

RESUME

On a mesure les concentrations de l4C et de tritium dans des echantilions preleves dans l'environnement a
proximite de la centrale de Pointe Lepreau sur une periode de deux jours, en septembre 1997. Dans
l'ensemble, l'activite specifique du 14C de tous les echantilions etait faible, dans le cas uniquement des
echantillons preleves tout pres du reacteur, ou dans la direction des vents dominants, contenant des
concentrations statistiquement superieures aux valeurs du fond de rayonnement general (~250 Bq.Kg1 a
St. Andrews, a 50 km du site). Le niveau le plus eleve mesure etait de 342 Bq.kg"1 ou de 151 pCM
(pourcentage en carbone moderne). Les concentrations de tritium dans l'eau exempte de tissus (TFWT)
dans des echantilions de vegetation variaient de 8 775 TU dans la zone immediatement adjacente, au
batiment reacteur a au plus 300 TU a moins de deux kilometres du reacteur (1 TU = 0,1184 Bq.L" 1). On
a estime que les niveaux de fond regionaux du tritium dans les precipitations etaient de l'ordre de 30 TU,
en se fondant sur les niveaux de TFWT dans des echantilions de vegetation preleves pres de St. Andrews,
au Nouveau-Brunswick. En se fondant sur les niveaux de radiocarbone et de tritium dans la vegetation,
les facteurs de dispersion atmospherique (Ka) pour le 14C et le ^H sont de l'ordre d'environ 5 x 10"7 a
1 x 10'5 s.nr3 a des distances de un kilometre du reacteur.
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1. INTRODUCTION

The Point Lepreau Generating Station (PLGS) is situated approximately 40 km from St. John,
N.B. While atmospheric emissions of tritium and 14C are measured routinely in gases released
from the stack of the CANDU 6 reactor, and environmental air samples are collected and
analyzed on a regular basis, few measurements of these radioisotopes have been made in
vegetation growing in the area. Based on the low levels present in stack and air samples, such
measurements do not appear to be necessary. However, as the only CANDU 6 reactor located at
an oceanic site in Canada, measurements of dispersion rates of tritium and 14C at this location
would potentially be very useful to CANDU design engineers who wish to know how large an
exclusion area boundary is required under these conditions.

This report summarizes the data for a set of samples collected in September, 1997, and contains
estimates of atmospheric dispersion rates of these radionuclides at that time, with the caveat that
atmospheric conditions may cause these rates to vary substantially.

2. METHODS

2.1 Sampling

Figure one contains a map of the vicinity of PLGS, indicating sites at which passive air samplers
were deployed and vegetation collected. Needles, leaves, berries, and, where available, seaweed
and tree cores were the materials sampled. Plastic gloves were worn during picking, immediately
transferring the samples to heavy duty ziploc plastic bags or, if tissue free-water tritium was to be
recovered, to glass preserving jars.

One groundwater sample was collected from a well located adjacent to the reactor building.
BaCC>3 was precipitated immediately after the sample was pumped following the procedure in
Milton and Brown, (1993).

Two soil cores approximately 30 cm long were hand drilled at a site at which a wide variety of
other samples had been collected. All samples were stored in a cooler during transport back to
the laboratory.

2.2 Analytical Methods

Techniques for washing, drying, crushing and combustion of samples for 14C recovery have been
described in detail in Milton and Brown, 1994. Azeotrophic distillation for tissue free-water
tritium separation, and preparation and storage of samples for organically bound tritium by 3He
mass spectrometry have been described in Spencer et al.(1996), Brown, R.M. (1995) and Kotzer
etal. (1996).



Since the specific activity of the samples was expected to be low, all operations were performed
in a low background building at the perimeter of CRL, using a Wallac Quantulus liquid
scintillation counter for activity measurements.

3. RESULTS AND DISCUSSION

3.1 ^C

Table 1 contains 14C data for the samples indicated in Figure 1. Figure 2 displays the data for the
samples collected on a transect in the principal wind direction, as determined from the wind rose
shown in the PLGS annual report.

As anticipated, the specific activity of I4C in all samples was low, with only the samples taken
close to the reactor, and/or in the principal wind direction, containing levels statistically higher
than global background values (»250 Bq.kg"1 at St. Andrews, 50 km from the site). The highest
level measured was 342 Bq.kg"1, or 151 pMC (percent modern carbon).

In order to calculate Bq.m"3, an average concentration of 360 ppm of CO2 in air has been used,
and isotopic equilibrium between leaf and air assumed to have been reached. This resulted in
14C-in-air concentrations ranging between 2 and 17.9 x 10"3 Bq.m3 (Table 1 - Figure 2a). I4C
dispersion factors also have been calculated for the Point Lepreau reactor site. Here, the
dispersion factor (Ka) is defined as follows:

Ka = average 14C in air (Bq.m"3) / average release from stack (Bq.s"1)1

'average release rate from the stack was calculated using data obtained from R. McWilliams,
PLGS for the week of September 4, 1997.

The average Ka calculated in this manner for a site approximately 1 km from the source in the
principal direction is lxlO"6 s.m"3 (Figure 2b).

3.2 Tritium

While the main objective of this program was the determination of the rate of dispersion of 14C in
the environment in the vicinity of the CANDU 6 reactor at Pt. Lepreau Generating station, it was
considered advantageous to measure tritium levels in vegetation at some of the same sites
sampled for 14C . These data would then provide a comparison of the behaviour of the two
radioisitopes, by allowing independent measurements of their atmospheric dispersion factors
under identical circumstances.



Table 2 provides tritium data for the locations sampled. To date only TFWT has been measured
on these samples. Several samples processed for organically -bound tritium (OBT) analysis are
still in storage awaiting suitable amounts of ingrowth of 3He for measurement. It is realized that
the TFWT levels in vegetation are transient, and due to exchange across stomates, they are
suitable proxies for short-term variations in tritium-in-air concentrations only. Conversely, OBT
is fixed, carbon-bound tritium, and will integrate the triium concentrations in the environment
over a longer time period, making it more suitable for establishment of a long-term dispersion
factor for triium. However, with increasing distance from the reactor, the effects of short-term
local variations in the triium-in-air levels will be close to negligible in the TFWT levels in
vegetation.

In the vicinity of Point Lepreau TFWT levels in vegetation varied from 8775 TU immmediately
adjacent to the reactor building to as low as 300 TU within two kilometers of the reactor (1 TU =
. 1184 BqL"15. Regional background levels in precipitation are estimated to be on the order of 30
TU, based on the TFWT levels in vegetation samples collected near St. Andrews, N.B. (Table 2).
As anticipated, the TFWT values measured in samples collected along a transect in the principal

wind direction were inversely correlated with distance (Table 2).

The tritium data for vegetation have been converted to tritium-in-air concentrations, based on the
average temperature and relative humidity conditions for Pt. Lepreau September 3-5, 1997
supplied by Environment Canada, and the assumption that the TFWT levels in the planats had
equilibrated with the tritium in the air at that time (Table 2). The results show tritium-in-air
concentrations as low as 0.02 Bq.m'3 for background sites (>20 km distance), rising to 6.8 Bq.m-
3 immediately adjacent to the reactor building (Table 2 - Figure 2c). At distances of approx. 1
km, tritium-in-air was 2 Bq.m"3 or less.

An atmospheric dispersion factor (Ka) was calculated in a manner similar to that for 14C:

Ka = average tritium-in-air V average tritium release 2

'calculated using the TFWT values for the vegetation collected in this study, an average relative
humidity of 70% and temperature of 10° C for the sampling period September 3-5, 1997.

Calculated using average release data for September 2-5, 1997 of 8.3xl06 Bq.s"1.

Ka values so calculated range from 1.9xl0"7 to 8xl0"7 s.m"3 at distances up to 1 km. in the
principle wind direction (Figure 2d).

4. CONCLUSION

Measured levels of 14C and tritium in vegetation samples growing in the vicinity of the CANDU



6 reactor at Pt. Lepreau are extremely low, with estimated dispersion factors of approximately 5
x 10~7 to 1 x 10"6 s.m-3, respectively, at one km distance from the reactor. This dispersion rate is
very similar to that given for tritium in the most recent report of Environmental Radiation
Monitoring Data released by the New Brunswick Electric Power Comm. (HP--07000-97-01).
The dispersion rates for the two radioisotopes are very similar, though the 14C is in gaseous form
(CO2), while the tritium is assumed to be associated with water molecules in the air (only
partially gaseous).

It must be emphasized that the wind directions were very changeable during our sampling
period. The offshore breeze blowing on September 4th was undoubtedly responsible for the
lower specific activities measured in leaves than in the fruit from adjacent plants at one site.
Leaves equilibrate with atmospheric conditions extremely rapidly, while the carbon and carbon-
bound tritium atoms in fruit are essentially unexchangeable. OBT and 14C measurements in
fruits would provide the best long term average dispersion factors in a region where winds are
highly variable.
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Table 1. Carbon-14 Analyses on Vegetation and Air Samples from Point Lepreau and Calculated Dispersion Factors

Sample #

site 1
site 2-1
site 2-3
site 3
site 4
site 5
site 6
site^-l
site 8-1
site 8-3
site8-4
site 9
site 10
site 11
site 13-5
site 14
site 15-3
site 20
site 21-2
site 22

Sample Type/Remarks

beach seaweed
borehole water
grass and weeds-periphery of borehole
tall annual weeds-NE corner of inner fenced area
wild grass-SE corner
leaves-further south of site 4
maple leaves-middle inner parking lot
passive air sampler-old visitor centre
passive air sampler-roadside near current visitor centre
berries-roadside near current visitor centre
leaves-"
leaves-outside inner fenced area, NE corner
dogwood leaves-garden plot opposite visitor centre750
deciduous shrub-garden plot opposite reactor
rosehips-Welch's Cove
leaves-Lepreau Road
cedar leaves-Lepreau Road
Mt. Ash berries-nature trail east of visitor centre
rosehips-next to Coleson Cove station
leaves-St. Andrew's

Distance from
Reactor (m)

200
10
10
30
40
50

100
750
600
600
600
570
650
750

1750
950

1300
900

20000
50000

Bq/kg Carbon1

284.7±6.3
314.6±16.5
342.7+9.3
301.1±8.3
254.4±7.6
254.9±8.3
259.6±8.0

260.6±10.9
333.8±7.3
299.416.4
253.4±7.3
290.2±8.0
256.6±7.7
263.6±8.1
252.5±6.9
277.4±7.3
286.4+7.6
292.4±6.4
259.8±8.0
250.2+6.3

Bq/m in Air
Minus Global
Bkgd (xE3)

6.7

17.9
9.8
*
*
*
2

16.1
9.5
*

7.7
*

2.6
*

5.2
7

8.1
*
*

Ka (s/m3)
(xE6)

1.3

3.4
1.8

0.38
3

1.8

1.5

0.49

0.98
1.3
1.5

1 errors indicated are one sigma counting errors only
* value within one sigma of global "background" 14C

In order to calculate Bq/m3, an average concentration of 360 ppm of CO2 in air has been used, and isotopic equilibrium between leaf and
air assumed to have been reached.



Table 2. Tritium Analyses on Vegetation from Point Lepreau Nuclear Generating Station and Calculated Tritium-in-Air
Concentrations and Dispersion Factors

Sample #

Coleson Cove
St. Andrews
site 13.3
site 4
site 2.3
site 5
site 8.3
site 7.3
site 15.2
site 17
site 20

SampleType/Remarks

rose hips - at Coleson Cove thermal generating station
alder leaves - on highway just east of St. Andrews
berries - near NBP monitoring station
leaves - NW corner of fence
leaves - immediately adjacent to reactor building
leaves - SE corner of inner fence
berries - by road near new visitors station
leaves - principle wind direction from reactor
cedar leaves - principle wind director from reactor
leaves - principle wind direction from reactor
mountain ash berries -just east of old visitor's centre

Distance
from Reactor

(m)
23000
50000

1700
40
10
40

600
750

1300
2000
900

TFWT
(TU)1

59
28

300
1007
8785
1772
6706
1972
2787

517
3104

Tritium-in-Air2

Bq/m3

0.0458
0.0217
0.233
0.782
6.82
1.38
5.21
1.53
2.16
0.401
2.41

Ka3

(s/m3)

5.5E-09
2.6E-09
2.8E-08
9.4E-08
8.2E-07
1.7E-07
6.3E-07
1.8E-07
2.6E-07
4.8E-08
2.9E-07

1 tu = 0.1184Bq/L
TFWT levels in plants converted to tritium-in-air concentrations on the basis of measured temperature and relative humidity at
Point Lepreau during sampling period.
Atmospheric dispersion factor calculated as indicated in text.



Figure 1. Location map for environmental samples collected in the vicinity of the Point
Lepreau CANDU-6 reactor site (Point Lepreau NGS). Also shown is a wind rose indicating the
principle wind directions. Data for 14C in Table 1 and for tiritum in Table 2.
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Figure 2. Comparison of a) calculated tritium-in-air concentrations; (b) dispersion factors
for tritium, (c) calculated 14C in air concentrations, and (d) dispersion factors for tritium with
distance from Point Lepreau Reactor. Data from Tables 1 and 2.



AECL-11940

ISSN 0067-0367
To identify individual documents in the series, we have assigned an
AECL- number to each.

Please refer to the AECL- number when requesting additional copies
of this document from:

Document Centre
AECL
Chalk River, Ontario
Canada KOJ 1J0

Fax: (613)584-8114 Tel.: (613) 584-3311
ext. 4623

Price: A

Pour identifier les rapports individuels faisant partie de cette series,
nous avons affecte un numero AECL-a chacun d'eux.

Veuillez indiquer le numero AECL- lorsque vous demandez d'autres
exemplaires de ce rapport au:

Service de Distribution des Documents Officiels
EACL
Chalk River (Ontario)
Canada KOJ 1 JO

Fax: (613) 584-8114 Tel.: (613) 584-3311
poste 4623

Prix: A

Copyright © Atomic Energy of Canada Limited, 1998


