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conservatisms  in the model.
The model predictions were slightly better when site-specific meteorological data were used in
the calculations in place of the default data of N288.1. Some large discrepancies between
predictions and observations at specific monitoring sites suggest that it is the measurements
rather than the model that are at fault. The testing has therefore provided a check on the
observations as well as on the model. Recommendations on model use and data collection are
made to improve the level of agreement between predictions and observations in the future.
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Abstract

The atmospheric dispersion component of CSA Standard N288.1, which provides guidelines for
calculating derived release limits, has been tested. Long-term average concentrations of tritium
in air were predicted using site-specific release rates and meteorological data and compared with
measured concentrations at 43 monitoring sites at all CANDU stations in Canada. The
predictions correlate well with the observations but were found to be conservative,
overestimating by about 50% on average. The model over-predicted 84% of the time, with the
highest prediction lying a factor of 5.5 above the corresponding observation. The model
under-predicted the remaining 16% of the time, with the lowest prediction about one-half of the
corresponding measurement. Possible explanations for this bias are discussed but no single
reason appears capable of accounting for the discrepancy. Rather, the tendency to overprediction
seems to result from the cumulative effects of a number of small 
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*CANDUB is a registered trademark of Atomic Energy of Canada Limited (AECL)

(2)

(1)

s-l).

The dilution factor is given by

X0 = release rate (Bq 
me3), andPO1 = dilution factor (s 

mm3)~1 = radionuclide concentration in air (Bq 

x09

where 

PO1 

N288.1  implements the standard sector-averaged Gaussian dispersion model for calculating
air concentrations using the following equations:

Xl = 

THEORY

CSA 

N288.1.

2.

1986a, 1986b) in order to test the model as it is actually used. It is hoped that the
results will aid in guiding revisions to CSA 

1992a, 1992b; Gorman 1986; Lupien and Blagoeva 1990; Sutherland 1996;
Vanderzwet 

(Burnham
1986; Chase 

DELs 

CANDUB* sites using site-specific
data. The work focused on tritium, for which the release and air concentration data are most
extensive. Information about source terms, release locations, release geometry, average
meteorological conditions, site topography and monitoring locations was collected, calculations
were performed and predictions were compared with observed average concentrations at each
Canadian CANDU site. The model was applied in the same way and with the same assumptions
used by the different Canadian CANDU stations in calculating their site-specific 

DRLs at Canadian nuclear facilities have never been
rigorously tested and there is a need to demonstrate that the DRL models are realistic and do not
underestimate doses to members of the public.

Atmospheric dispersion is the first and most important phenomenon in DRL calculations, in the
sense that it determines the air concentrations that drive radionuclide transfer in the terrestrial
environment. The objective of this work was to determine the accuracy of the atmospheric
dispersion model of CSA N288.1 as applied at Canadian 

N288.1. The models used to calculate 

(DRLs) for licensing purposes, is due for revision. The
Canadian Nuclear Safety Commission (CNSC) initiated the revision by producing
recommendations for updating the Standard (Hart and McKee 1998) and also by asking licensees
to incorporate up-to-date research into their new DRL calculations. Accordingly, Ontario Power
Generation (OPG) has started revising their conceptual DRL model and other utilities and AECL
will follow. It is anticipated that these revisions will eventually be used to formally revise CSA

1987), which is followed by most Canadian nuclear facilities in
calculating derived release limits 

N288.1  (CSA 

1. INTRODUCTION

CSA Standard 



hb = height of the nearby building (m).

<Tzi.

Case 3. If the effective release height is greater than the height of the nearby building but less
than 2.5 times the height of the nearby building, a linear correction is applied:

(5)

where 

& = 

ozi = the vertical dispersion parameter due to atmospheric turbulence for stability class i,
calculated using the Smith-Hosker approach (Smith 1972, Hosker 1974).

Case 2. If the effective release height is greater than 2.5 times the height of the nearby building,
no correction is applied and 

Ai, to the observed pressure wake, and
(m2),

C = a factor relating 

N288.1, it is taken into
account here to examine its effect upon calculated concentrations. It was modeled in the
following way:

Case 1. If the effective release height is less than the height of the nearby building, the maximum
correction factor is applied:

(4)

where At, = cross-sectional area of the nearby building normal to the wind direction 

Xc,i = vertical dispersion parameter for stability class i (m) corrected for building wake
effects

Although plume broadening due to building wakes is not considered in 

s-l)
h = effective height of release (m)
Z = height above ground at which the air concentration is calculated (1 m)
X = downwind distance from the source (m), and

‘i = the mean wind speed for stability class i (m 
-

fj = frequency with which the wind blows into sector j
n = number of sectors (16)

fi = frequency of occurrence of stability category i

(~~~~]+exP[-(~~~~],  and (3)-
[ = expEzi) Z, F(h, 

2

where



Bickel2000) and was also ignored. The
release rates used to drive the model are shown in Table 1.

Table 1
Tritium Release Rates Used in the Calculations

HTO (Davis and 

LaMarre (private communication). More than 80%
of the release occurs from stacks and the remainder from building vents near ground level. For
simplicity and consistency with station practices, a single release point at the centre of each
station was assumed with an effective release height of 20 m. At Bruce, about 1% of the total
release occurs from facilities (Central Maintenance Facility, Waste Volume Reduction Facility,
Radioactive Waste Storage Site-2) other than the stations and was ignored in these calculations.
At Darlington, some elemental tritium (HT) is also released, a fraction of which will convert to
HTO and contribute to the observed air concentrations. But that contribution is expected to be
less than 4% of the contribution from 

LaMarre 1994, 1995, 1996, 1997). Release fractions
from Pickering (72% from Pickering A and 28% from Pickering B) and Bruce (75% from Bruce
A and 25% from Bruce B) were provided by 

(McCulley
1999; Dion 1998; Christiani 1992, 1993; 

sumrnar~  reports 

NBP’s Pt. Lepreau station. Accordingly, the
source terms and air concentration data were retrieved for these years.

3.1 Release Rates

Tritium release rates for each station were extracted from annual 

OPG’s Bruce,
Darlington and Pickering stations, and 1998 for 

HQ’s Gentilly station, 1991-1996 for 

3

3. INPUT DATA

The yearly environmental monitoring summary reports published by OPG, Hydro Quebec (HQ)
and New Brunswick Power (NBP) were selected as the primary sources for tritium release rates
and observed tritium concentrations in air. Wherever needed, further details were retrieved from
the contacts responsible for this information at the various Canadian CANDU stations. The
meteorological data needed for the study were taken from measurements made at each site.
Suitable data was found for 1997 for 



as alone (Gifford 1976). This yielded a frequency of occurrence of 8% for
stability class A, a more reasonable estimate. As at Gentilly, wind direction frequencies were

oe in 15 minutes
intervals) for 1998 collected by Environment Canada at Pt. Lepreau were used. Stability class
was determined from 

(°C/lOOm) is greater than 1.5

For Pt. Lepreau, the station meteorological data for 1997 were provided by Ralph Mapplebeck,
NBP. These data showed an unexpectedly high occurrence of stability class A (58%) and were
thus rejected. Instead, meteorological data (wind speed, wind direction and 

tritium concentrations in air are measured.

Table 2
Stability Class Estimation for Gentilly

centred on the line joining the release
point to each sampling site where 

oe was large, the wind speed was light and the temperature gradient
indicated stable conditions, in which case stability class was determined from the temperature
gradient (Table 2). The average wind speed for each stability class was then calculated. Wind
direction frequencies were determined for 22.5” sectors 

os except when 
VallCe,  HQ. Stability class was determined

using 
crs for 1997 were provided by France 
15minute  average values of wind speed, wind direction, vertical temperature

gradient and 

centred  on the points of the compass. For cases in
which monitoring locations lay within two degrees of the edge of a sector, the average frequency
of both sectors was used in the calculations.

For Gentilly, 

1976), with night-time unstable classes converted to stable classes on the
basis of wind speed following the algorithm of Mitchell and Timbre (1979). Wind. direction
frequencies are given for predefined sectors 

CJ~,  (Gifford 
Marcello  Oliverio, OPG. OPG determines stability class from the standard deviation in wind
direction, 

Meteoroloeical  Data

The meteorological data required by the model consists of the frequency with which the wind
blows toward each receptor, the frequency of occurrence of the six stability classes and the mean
wind speed in each stability class. All of this data for all OPG stations (Bruce, Darlington and
Pickering) for the 6-year period 1991-1996 was provided in the form required by the model by

4

3.2



(%) at each CANDU Site

Pasquill Default
stability frequency
category in CSA

Site-specific data

oa large) as stability increases. The Pt. Lepreau data,
therefore, show a higher frequency of unstable conditions and a lower frequency of stable classes
than the other sites. An attempt was made in the OPG and HQ data to account for this

Table 3
Frequency of Occurrence of Stability Category 

oa are
nominally associated with stable conditions but occur infrequently in nature because wind
direction tends to become variable (and 

oe alone. Small values of 

DRLs or doses, so
model predictions were also made using these default parameters.

The stability class frequencies used in the model are listed in Table 3 and the mean wind speeds
for each class in Table 4. The stability class frequencies show considerable variability from site
to site. Part of this is due to real differences in meteorology among the sites. For example, the
Bruce site is windier than the others and as a result has a higher frequency of neutral conditions
and lower frequencies of very stable and unstable conditions. However, part of the variability
can also be ascribed to the methods of determining stability class, which are different for all three
utilities. At Pt. Lepreau, stability class is determined from 

centred on the line joining the release point to each sampling site. At
Pt. Lepreau and Gentilly, it is common to use default values of stability class frequency and mean
wind speed from CSA N288.1 (instead of site-specific values) to calculate 

5

calculated for 22.5’ sectors 



oz and depends on the topography and ground cover over
which the plume travels. A single roughness length, established by expert judgment, was used
for all sectors at Pt. Lepreau and the OPG sites, which tend to be uniform in all onshore
directions. In contrast, the ground cover at Gentilly varies with sector, with the fetch to one
monitoring site being across water. Thus, different roughness lengths were used for different
sectors at Gentilly (Table 6).

AECL’s Global Positioning System (GPS). Due to security
restrictions, GPS readings could not be taken at the stacks themselves. For this reason, and
because all tritium is assumed to be released from the centre of each station, the estimated release
locations could have errors of up to 100 m. The UTM data were then used to determine the
distances and directions of the monitors from the release points.

Tables 5-l 1 also list the roughness lengths for each site. Roughness length is used in the
Smith-Hosker method for calculating 

os by using other stability indicators under stable conditions. This resulted in a
shift of unstable cases to more stable ones at both utilities, although it appears that the method
used at OPG produces more class F and fewer class E cases than the method applied to the HQ
data.

Wind direction frequencies for each station are shown in Tables 5-l 1. The frequencies are given
only for those sectors that contain a tritium-in-air monitor. Tables 5-l 1 also list the distances and
directions of the monitors from the tritium release points. Although tritium is emitted from a
number of stacks and vents at each station, for these calculations a single release point at the
centre of the station was assumed (Stations A and B at Pickering and Bruce were treated
separately in this regard). For Pt. Lepreau and Gentilly, the distances and directions were
deduced using MAP-INFO software from longitudes and latitudes provided by station staff. For
the OPG sites, Universal Transverse Mercator (UTM) coordinates for release and monitoring
locations were measured using 

s-l) for each Stability Class at each CANDU Site

inadequacy in 

6

Table 4
Mean Wind Speed (m 



II 1.0I 0.019I 96.3I 15750I Ouest-2

I

SCR-9 200 320.4 0.066 0.4
SCR-6 350 322.5 0.065 0.4
SCR-7 743 29.2 0.078 0.4
Est-1 2540 273.5 0.066 1.0
Est-3 3058 311.8 0.074 1.0
Est-2 5074 272.4 0.066 1.0

Nord- 1 5404 193.7 0.05 1 0.04
Sud- 1 5615 346.8 0.063 1.0

Ouest- 1 8283 49.8 0.127 1.0

(m)leneth (m) occurrence I
Roughness

stack I
Frequency of

I
Direction

I

Distance fromI Monitoring location

Tritium  Monitoring Sites at Gentilly.
(The frequencies apply to 22.5’ sectors centered on the monitoring location. Direction is

measured from the release point to the monitor, in the same sense as wind direction.)

AOlR Bocabec 44720 104.4 0.024 1.0

Table 6
Wind Direction Frequency for Sectors Containing 

EOl Maces Bay 4478 156 0.039 1.0
Ha&our 3696 229.2 0.067 1.0

Table 5
Wind Direction Frequency for Sectors Containing Tritium Monitoring Sites at Pt. Lepreau.
(The frequencies apply to 22.5’ sectors centered on the monitoring location. Direction is

measured from the release point to the monitor, in the same sense as wind direction.)

NO1 Dipper 



I 0.4I 0.027I 142.7I 131015R Highway 7

I Roughness
stack (m) occurrence length (m)

4 Park Road 1603 156.5 0.022 0.4
1 Southeast Fence 1903 248 0.101 0.4

3 Maple Grove 2067 207.9 0.021 0.4
2 East Fence 2086 227 0.065 0.4

5 Knight Road 2471 113.7 0.049 0.4
8 Bowmanville 4664 219.5 0.065 0.4

6 Provincial Park 5603 94.3 0.091 0.4
7 Oshawa 12176 119.3 0.049 0.4

Table 8
Wind Direction Frequency for Sectors Containing Tritium Monitoring Sites at Pickering A.

(The frequencies apply to 22.5’ sectors centered on compass points. Direction is measured from
the release point to the monitor, in the same sense as wind direction.)

I Frequency of I Direction1 Distance from 1 Monitoring location 

8

Table 7
Wind Direction Frequency for Sectors Containing Tritium Monitoring Sites at Darlington.

(The frequencies apply to 22.5’ sectors centered on compass points. Direction is measured from
the release point to the monitor, in the same sense as wind direction.)



9

Table 9
Wind Direction Frequency for Sectors Containing Tritium Monitoring Sites at Pickering B.

(The frequencies apply to 22.5’ sectors centered on compass points. Direction is measured from
the release point to the monitor, in the same sense as wind direction.)

Ajax Hospital 4797 229.8 0.069 0.4
5R Highway 7 13356 141.2 0.027 0.4

Table 10
Wind Direction Frequency for Sectors Containing Tritium Monitoring Sites at Bruce A.

(The frequencies apply to 22.5’ sectors centered on compass points. Direction is measured from
the release point to the monitor, in the same sense as wind direction.)

Monitoring location

3 Boundary
2 Boundarv

Distance from Direction Frequency of Roughness
stack (m) occurrence length (m)

3933 11.4 0.046 0.4
2374 356.3 0.048 0.4

7 Inverhuron 5965 10.3 0.046 0.4
4 Shore Road 1876 302.6 0.063 0.4

10 Information Centre 3478 327.8 0.072 0.4
5 Scott Point Pine Acres 2648 232.5 0.075 0.4

11 Tiverton TS 7757 347.2 0.061 0.4
9 Kincardine TS 18577 10.5 0.046 0.4
8 Port Elgin TS 18941 235 0.076 0.4

6 Paislev TS 24698 287.3 0.062 0.4



B) 43 5550

(m2)
40 3000

Gentilly 40 3000
Darlington 50 7500

Pickering (A and B) 43 5550
Bruce (A and 

Lenreau

Height of nearby Cross-sectional area of
building (m) nearby building 

3hb2,  the values shown in Table 12 are believed to underestimate the effects of
building turbulence (and so overestimate air concentrations) because they do not take into
account other large nearby buildings present at each site. The wake constant C was set equal to
its best estimate value of 1 in all calculations. As noted above, the effective release height was
assumed to be 20 m at all sites.

Table 12
Building Wake Parameters for Each Site

Site

Pt. 

Ab varies with wind direction and, for these buildings, may sometimes
be smaller than 

3hb2. Although 

Ab needed in Equations 4 and 5 to calculate
plume broadening due to building wake effects were estimated from consultation with station
staff, from DRL reports and from our own judgment. The values chosen (Table 12) reflect the
dimensions of the largest single building near the release point at each site. At the OPG stations,
where the reactor buildings are much longer than they are high or wide, the cross-sectional area
was set to 

ht, and cross-sectional areas 

Buildiw Wake Parameters

The building heights 

10

Table 11
Wind Direction Frequency for Sectors Containing Tritium Monitoring Sites at Bruce B.

(The frequencies apply to 22.5’ sectors centered on compass points. Direction is measured from
the release point to the monitor, in the same sense as wind direction.)

Monitoring location Distance from Direction Frequency of Roughness
stack (m) occurrence length (m)

3.3



20-30%  in predicted long-term average air
concentrations at a downwind distance of 5 km (Pendergast 1977). The parameter containing the
greatest uncertainty is likely the release rate, which was known to an accuracy of only 50% in
1991, although this has improved more recently (S. Dickson, OPG, personal communication).

ozi. This translates into a variation of about 
1994), introducing errors into the vertical dispersion

parameter 
m&predicted for a given hour (Davis et al. 

N288.1 does not use the full meteorological triple joint frequency in its calculations,
assuming instead that the frequencies of occurrence of stability class and wind speed do not
depend on wind direction and that the range of wind speeds can be represented by an average
value for each stability class. These are good assumptions at most sites, resulting in little error in
the predictions, and were maintained here.

There is little uncertainty associated with most of the parameters in the dispersion model.
Meteorological variables such as wind speed and wind direction can be measured to an accuracy
of 5-10%. Many of the other parameters (stack dimensions, stack gas characteristics and
downwind distance) are known even more precisely. However, stability class is often

N288.1  is quite simple, ignoring the following
phenomena: plume rise, entrainment, depletion due to dry and wet deposition, re-emission of
previously deposited material, radioactive decay, shoreline effects (fumigation and reflection
from the thermal internal boundary layer) and building wake effects. Most of these phenomena
have little effect on long-term average air concentrations and can be neglected with little error.
The exceptions, at least for near-field concentrations, are plume rise, entrainment and building
wake effects. We modeled building wake effects explicitly and approximated plume rise and
entrainment by setting the effective release height to 20 m, but followed the assumptions of CSA
N288.1 in all other regards.

CSA 

mm3 (the value measured at Caleson
Cove, located 23 km east of Pt. Lepreau) for Pt. Lepreau.

4. ASSUMPTIONS AND UNCERTAINTIES

The atmospheric dispersion model in CSA 

rnb3  for Gentilly (the value measured at the OUEST-2
monitoring station 15 km from the reactor) and 0.05 Bq 

rnw3  for all sites in Ontario (T.G. Kotzer, CRL,
personal communication), 0.1 Bq 

N288.1. Background concentrations were added
to all predictions, which were then compared with the observations at each location. The
background correction was taken to be 0.2 Bq 

CSA_DRL,  which is based on CSA Standard N288.1. For Pickering and Bruce,
predictions were made separately for stations A and B and then summed for each monitoring
location. For Gentilly and Pt. Lepreau, calculations were done using both site-specific
meteorological data and the default data in CSA 

submodel  of our computer
program 

11

3.4 Code and Calculations

The code used in the calculations was the atmospheric dispersion 



lie diametrically
opposite each other, with the former in the path of the reactor exhausts for offshore winds and the
latter (and most other monitoring sites) in the path for onshore winds. Tritium concentrations
could be quite different at the two locations if wind speeds and frequencies of occurrence of
stability class depend strongly on wind direction.

(SRWMF). The
much lower value may be the result of an error in the observation or may indicate that dispersion
conditions are strongly dependent on wind direction at Pt. Lepreau. GO2 and 101 

.N288.1.  All
monitoring locations at Pt. Lepreau are close to water and there is a possibility that high humidity
may cause the sampling equipment to saturate, reducing the sensitivity and resulting in measured
concentrations that are underestimates. Further investigation is needed on this point. The
predicted/observed ratio at the GO2 monitoring point (Lepreau Lighthouse) is much higher than
at all other locations. Based on its downwind distance and the frequency with which the wind
blows into its sector, GO2 should show a concentration similar to that at 101 

the prediction is only slightly lower. Better agreement between predictions and observations was
found using site-specific meteorological data than using the default data in 

(AOlR Bocabec, 45 km from the station), whereaII locations except one 

Lepreau

Results for Pt. Lepreau are shown in Table 13 and Figure 1. The model predictions are higher
than the observations at 

pt, 

LaMarre,  OPG; E. Dion, HQ;
R. Mapplebeck, NBP; personal communications).

5. RESULTS

5.1

wilI be larger for remote stations
where the background concentration, which has a relatively high uncertainty, makes up a large
part of the total concentration.

The 95% confidence interval on the observed air concentrations is also believed to range from a
factor 2 below the best estimate to a factor of 2 above (J.R. 

types-of
uncertainty in the same way that a parametric uncertainty analysis provides an estimate of
parameter uncertainty. Accordingly, the uncertainty in predicted air concentrations must be set
through expert judgment. CSA (1991) states that the uncertainty in long-term average dilution
factors predicted with the sector-averaged Gaussian model is a factor of 1.4 for distances
between 100 and 1000 m and a factor of 2 between 1000 and 10,000 m. Taking both parameter
and model uncertainties into account, the 95% confidence interval on the concentrations
predicted by the dispersion model in CSA N288.1 is believed to range from a factor 2 below the
best estimate to a factor of 2 above. The confidence interval 

modeling the effects of building-induced turbulence, the assumptions
inherent in considering a small number of wind direction sectors, and the assumption that a given
set of meteorological and release conditions leads to a unique air concentration. There is no
method that can be used to provide an objective quantitative estimate of these 

smaII source of uncertainty in the air concentrations predicted by the dispersion model and a
parametric uncertainty analysis would likely give a falsely optimistic impression of its accuracy.
Much of the uncertainty in the predictions arises from assumptions made in the model itself.
These include the assumption that activity in the plume has a normal distribution in the vertical,
the assumptions made in 

12

Thus, apart from release rate and stability class, parameter uncertainty represents a relatively



N288.1 using site-specific
default meteorological meteorological

1.04
parameters parameters

2.33 I.97
1.32 4.42 3.52
0.31 2.27 1.67
1.54 2.27 1.61
0.14 0.69 0.47
0.19 0.52 0.31

m-j)
Observed Predicted plus background

using CSA 

HTO Concentration in Air (Bq 

AOlR Bocabec 0.07 0.06 0.05
EOl Maces Bay 0.06 0.25 0.16

JAl4 Construction StoresI
-. -

13

Table 13
Comparison Between Predicted and Observed Tritium Air Concentrations for Pt. Lepreau

Sampling locations

--. 



/

i

I

!

t
1

:~,~.. ,.,.,.,,.,...,,,,,,,....  
1..,.,....,.,“__ .,....,.,.,  ,” 



Gentill!

mm3 and factors of 4-6 below the predictions) at two other points (Est-3 and Nord-1)
located close to Saint Lawrence River. It is possible that high humidity in the summer months
results in an underestimate of the true concentrations, as at Pt. Lepreau, but further investigation
is needed. In any case, an error in observations is likely at these two points since other locations
at similar distances and with similar wind frequencies show considerably higher air
concentrations.

Table 14
Comparison Between Predicted and Observed Tritium Air Concentrations for 

(E. Dion, HQ, personal
communication). The observations are also very low (close to the nominal background of
0.1 Bq 

Et. Lepreau.

The observations at the two closest monitoring points (SCR-9 at 200 m and SCR-6 at 350 m) are
2-4 times lower than the predictions. The observations at these locations often appear to be low,
especially during the summer, but the reason is not clear 
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Results for Gentilly are shown in Table 14 and Figure 2. Predicted concentrations are higher
than the observations at seven monitoring locations and lower at the other three. Gentilly is the
only site where the model underpredicted at any point within 12 kilometers of the source. This
suggests that release rates are better known for this site and/or parameter values were better
selected. Better agreement between predictions and observations was found using site-specific
meteorological data instead of CSA N288.1 default data, as at 





II 0.31I 7 Oshawa 0.5

Whitby receives more tritium
from the lab itself than from Pickering or Darlington. This location was therefore not considered
in the comparison. It is recommended that this monitor be moved away from the EHPL if it is
intended to monitor releases from the stations.

Table 15
Comparison Between Predicted and Observed Tritium Air Concentrations for Darlington

8 Bowmanville 0.42 0.77
6 Provincial Park 0.52 0.82

(EI-IPL) in 

7), which may explain why the
model underestimates concentrations at these locations.

At the Liverpool Road monitoring location at Pickering, the model prediction is more than five
times higher than the observation. This difference cannot be explained in terms of downwind
distance or meteorology, which suggests that there may be an error in the observation itself. The
monitoring point at the Eastern Health Physics Lab 

SR-Highway 

SR-Highway 7) are located between Darlington and Pickering and are affected
by releases from both stations. Predictions were made for the closer station only (Darlington in
the case of 7-Oshawa, Pickering in the case of 

(7- Oshawa and 
almost all locations. Two monitoring points

17

53 OPG Stations

Results for Darlington, Pickering and Bruce are shown in Tables 15-17 and Figures 3-5,
respectively. The model overpredicted at 





I 0.73 I 0.44

Table 17
Comparison Between Predicted and Observed Tritium Air Concentrations for Bruce

9 Kincardine TS 0.47 0.46
8 Port Elgin TS 0.57 0.57

6 Paisley TS 0.25 0.41

5R Highway 7I
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Table 16
Comparison Between Predicted and Observed Tritium Air Concentrations for Pickering
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Oi are the observations, and n is the number of samples in the
comparison. MFE provides a measure of the magnitude of the error in the predictions and
indicates whether or not the model is biased. For the present data, MFE was found to be 0.39,
indicating that, on average, the predictions are about 50% higher than the observations. About
20% of the predictions lie within 20% of the corresponding observations, about 45% are within
50% and about three-quarters lie within a factor of 2.

Pi are the predictions, 

Oi)], (6)

where 

Oi)/(Pi  + - IS [(Pi = (2/n) MFE 

1981), which is defined as(MFE; Rao and Visalli, 

SR-Highway
7). The analysis was done using predictions based on site-specific meteorological data for all
stations. A scatter plot of the data is presented in Figure 6, which shows predictions and
observations to be highly correlated, with a correlation coefficient of 0.91. Figure 6 also
demonstrates the tendency of the model to overpredict. This tendency can be quantified through
the mean fractional error 
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Further statistical analysis was performed using results for all monitoring locations for all
stations after deleting four locations for which the observations are suspect (GO2 Lepreau
Lighthouse at Pt. Lepreau, Est-3 and Nord-1 at Gentilly and Liverpool Road at Pickering) and the
two stations that are influenced by both Pickering and Darlington (7-Oshawa and 
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cross-
sectional areas of the buildings used in the calculations are too small. This may be the case at
the OPG stations, where the plume is subject to the effects of many large buildings.
However, it is unlikely to be the case at Gentilly or Pt. Lepreau, which have much smaller
buildings. This rules out the effects of building wakes as a primary cause of the discrepancy
between predictions and observations because the level of agreement is more or less the same
at each of the 5 sites. Also, if wake effects were being underestimated, the level of
overprediction would be greater at monitoring locations close to the stations than at those far
away, and this is not the case.

Lepreau,  where h may be large because of high
exit velocities and large stacks, is no worse than at Gentilly and Pickering, where the
effective release is likely near ground level because of entrainment of the plume into the
building wake. Finally, the level of overprediction is not noticeably greater at monitoring
locations close to the stations, where the effective release height is most important, than it is
farther away.

The effect of building wakes on plume spread may be underestimated because the 
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6. DISCUSSION

The air concentrations predicted by the atmospheric dispersion model of CSA N288.1 agree with
the observed concentrations at most Canadian CANDU station locations within a factor of 2
uncertainty. However, the model is clearly biased toward overprediction. There are a number of
possible explanations for this:

The tritiurn release rates may be systematically overestimated at all Canadian CANDU
stations. This seems unlikely, although the uncertainties in the rates are large.

The measured tritium air concentrations may systematically underestimate the actual
concentrations at all stations. This also seems unlikely since the methods used at the stations
to collect and analyze samples are all standard.

Vertical gradients in wind speed and turbulence intensity near the ground cause
concentrations in nature to decrease with height more slowly than is predicted by the
Gaussian model (van Ulden 1978) for ground-level sources. This results in ground-level
concentrations that are up to a factor of 2 lower than those predicted by the model for typical
meteorological conditions, although the effect is less for elevated releases and for releases
affected by building wakes.

The release height h = 20 m may underestimate the true effective release height of the plume.
Calculations show that the predicted concentrations come into closer agreement with the
observations as the effective release height is increased. However, it seems unlikely that the
value of h used is responsible for a large part of the discrepancy between predictions and
observations. The model continues to overpredict at most locations even for h = 80 m, which
seems excessive. Furthermore, the agreement between predicted and observed air
concentrations at Darlington, Bruce and Pt. 



N288.1  and Canadian COG partners when they
revise their DRL models. The work has also provided a check on the monitoring data collected
at the stations by identifying large, unexplained discrepancies between predictions and
observations at specific monitoring sites.

Long-term average dilution factors for the 43 monitoring locations considered in this report can
be obtained by dividing the observed air concentrations by the corresponding tritium release
rates.

conservatisms
in the model. The magnitude of the bias is acceptable in this type of model and suggests that
CSA N288.1 will not underestimate the true long-term average air concentrations at Canadian
CANDU reactor sites.

7. CONCLUSIONS AND RECOMMENDATIONS

The atmospheric dispersion algorithm in CSA N288.1 was tested using site-specific data from all
Canadian CANDU sites. Model predictions of tritium concentrations in air followed the
observations closely at all sites but showed a conservative bias, overpredicting 84% of the time
and underpredicting only 16% of the time. On average, the predictions were about 50% higher
than the observations, indicating that the model is unlikely to underestimate air concentrations.
The overprediction appears to arise from the cumulative effects of several processes that are
treated conservatively in the model. The predictions improved slightly when site-specific
meteorological parameter values were used in place of CSA N288.1 defaults. Results from this
work will help the CNSC in their revision of 

40 m higher than the base of the reactors on a ridge running
parallel to the shoreline about 350 m inland. The model does not take this into account.
However, the standard method to account for topography (by decreasing the effective release
height by the difference in elevation between source and receptors) would lead to increased
predictions and a larger discrepancy.

The predicted air concentrations are not reduced to account for tritium lost from the airborne
plume through wet and dry deposition. However, most of the dry-deposited tritium is
returned to the atmosphere through evapotranspiration and losses due to wet deposition
amount to less than 5% of the long-term average concentration.

No obvious single explanation for the discrepancy between the observed air concentrations and
the predictions of CSA N288.1 has emerged from the above discussion. Rather, the tendency to
overprediction appears to result from the cumulative effects of a number of small 

20-30s in predicted long-term average air concentrations at a downwind
distance of 5 km. However, the methods used here are believed to be among the most
reliable and probably do not account for much of the discrepancy.

Concentrations at Pickering and Darlington may be influenced by terrain effects. The tritium
monitoring sites are situated 
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Part of the overprediction may be caused by the method used to determine stability class.
Pendergast (1977) has shown that different methods of determining stability can result in a
variation of about 
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“Sr) should also be tested wherever the data is
available.
Efforts should be made to improve the accuracy of tritium release rates at Canadian
CANDU stations.
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8.

At all Canadian CANDU stations, site-specific meteorological data should be used
wherever possible to improve the accuracy of the predictions.
The data and method used at Pt. Lepreau to determine stability class should be improved
or Environment Canada data should be used instead.
The possibility that high humidity is causing saturation of the tritium samples and low
observed air concentrations should be checked.
Observations close to background at any monitoring point within 4 km of a station are
suspect and should be checked.
The EHPL monitoring site should be moved away from the EHPL building so that
measurements will reflect releases from PNGS.
At OPG sites, to improve the accuracy of the model predictions, the wind sectors should
be centered on each monitoring point instead of on compass points.
Further investigation is needed to determine the effective release height and the influence
of building wakes on air concentrations at each site.
For Pt. Lepreau and Gentilly, the comparison was done for one year only. A longer
length of record and a comparison using summer data only will help clarify some issues
raised here. In addition, new data should be pooled into the calculations as they become
available to improve the results.
This tritium validation work should be extended further to test the concentrations in
precipitation, crops, milk, drinking water and fish using 
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The following recommendations on model use and data collection are made to improve the level
of agreement between predictions and observations in the future:
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