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dans le lac Ontario
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M.H. Klukas et G.L. Moltyaner

RÉSUMÉ

Approximativement 2 900 kg d'eau tritiée, renfermant 2,3 x 1015 Bq de tritium, ont été rejetés dans le lac
Ontario le 2 août 1992, par la décharge d'eau de refroidissement, par suite d'une fuite qui s'est déclarée
dans l'échangeur de chaleur du modérateur de la tranche 1 de la centrale nucléaire de Pickering. Ce rejet a
fourni l'occasion d'étudier la dispersion d'un panache de tritium dans la zone côtière du lac Ontario.
Pendant les deux semaines qui ont suivi le rejet, le courant était essentiellement parallèle à la côte, et on a
relevé de fortes concentrations de tritium jusqu'à 20 km à l'est et 85 km à l'ouest de la centrale. On a fait
des prévisions du déplacement du panache de tritium à l'aide de mesures de la vitesse du courant à 8 m de
profondeur, à 2,5 km au large de Darlington et en employant une relation empirique selon laquelle on
suppose que la vitesse du courant est proportionnelle à la composante de la vitesse du vent le long du
littoral. Il est d'usage courant d'avoir recours à une relation empirique quand on ne dispose pas de mesures
directes de la vitesse du courant. Le tracé de la migration du tritium s'est révélé le plus juste lorsqu'on a
fait appel à des mesures de la vitesse du courant. Les vitesses de courant déduites de manière empirique
n'ont pas réussi à donner la trajectoire du panache vers l'ouest. L'équation d'advection-dispersion
unidimensionnelle sert à modéliser la dispersion du panache. Les paramètres de transport sont la vitesse du
courant le long du littoral et le coefficient de dispersion longitudinale. Les coefficients de dispersion
longitudinale ont été évalués par ajustement de la solution de l'équation d'advection-dispersion aux mesures
des profils de concentration en fonction de la distance, et les résultats s'échelonnent de 3,75 à 10,57 m V .
Ces valeurs s'inscrivent dans la gamme des coefficients de dispersion longitudinale établie antérieurement
lors d'expériences contrôlées menées dans le lac Ontario à l'aide de traceurs. Des simulations effectuées en
prenant les valeurs ajustées du coefficient de dispersion ont permis de donner, à un facteur 3 près, une
image des concentrations maximales de tritium relevées aux usines d'alimentation en eau situées dans un
rayon de 25 km de Pickering. Le coefficient de dispersion est fonction de la variabilité dans le temps et
dans l'espace de la vitesse du courant, et il est possible que l'estimation des coefficients de dispersion
ajustés faite dans le cas présent ne soit pas utilisable pour prévoir la dispersion d'un panache de tritium
dans d'autres conditions de courant. On devrait évaluer la sensibilité du coefficient de dispersion à la
variabilité des conditions de courant dans d'autres expériences sur le terrain.
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ABSTRACT

Approximately 2900 kg of tritiated water, containing 2.3E+15 Bq of tritium, were released to
Lake Ontario via the cooling water discharge when a leak developed in a moderator heat
exchanger in Unit 1 at the Pickering Nuclear Generating Station (PNGS) on 1992 August 2. The
release provided the opportunity to study the dispersion of a tritium plume in the coastal zone of
Lake Ontario. Current direction over the two-week period following the release was
predominantly parallel to the shore, and elevated tritium concentrations were observed up to
20 km east and 85 km west of the PNGS. Predictions of the tritium plume movement were made
using current velocity measurements taken at 8-m depth, 2.5 km offshore from Darlington and
using an empirical relationship where alongshore current speed is assumed to be proportional to
the alongshore component of the wind speed. An empirical relationship is commonly used when
no direct current velocity measurements are available. The tritium migration was best described
using current velocity measurements. Empirically derived current speeds failed to describe the
westward movement of the plume. The tritium plume dispersion is modelled using the one-
dimensional advection-dispersion equation. Transport parameters are the alongshore current
speed and longitudinal dispersion coefficient. Longitudinal dispersion coefficients, estimated by
fitting the solution of the advection-dispersion equation to measured concentration distance
profiles ranged from 3.75 to 10.57 m2 s'1. These values are within the range of longitudinal
dispersion coefficient values previously estimated from controlled tracer experiments in Lake
Ontario. Simulations using the fitted values of the dispersion coefficient were able to describe
maximum tritium concentrations measured at water supply plants located within 25 km of
Pickering to within a factor of 3. The dispersion coefficient is a function of spatial and temporal
variability in current velocity and the fitted dispersion coefficients estimated here may not be
suitable for predicting tritium plume dispersion under different current conditions. The sensitivity
of the dispersion coefficient to variability in current conditions should be evaluated in further field
experiments.
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1- INTRODUCTION

On 1992 August 2, between 1:30 and 6:00 am, approximately 2900 kg of tritiated water,
containing 2.3E+15 Bq of tritium, were released to Lake Ontario via the cooling water discharge
when a leak developed in a moderator heat exchanger in Unit 1 of the PNGS. Following the
release, lake water was periodically sampled and tritium concentrations measured at shoreline
locations ranging from 8 km west to 13 km east of Pickering and at all water supply plants located
between distances 85 km west and 42 km east of Pickering. Regular sampling at 2-hour intervals
was performed over a one-month period following the release at water supply plants closest to
Pickering, the Ajax, Whitby, Horgan and Harris water supply plants. The release provides the
opportunity to evaluate mathematical models and estimate suitable transport parameters for
characterizing tritium transport in Lake Ontario.

Studies of the current regime in Lake Ontario have shown evidence of a 10-km wide coastal zone
in which currents are predominantly shore-parallel (Csanady 1975, Bennet and Lindstrom 1977).
Current velocity measurements recorded over an 11-year period in the coastal zone east of
Pickering, at Darlington showed shore parallel currents over 75% of the time (Lawler 1995). The
predominance of shore-parallel currents suggests the suitability of a one-dimensional advection-
dispersion model for describing the tritium transport in the coastal zone. Application of the one-
dimensional advection-dispersion model requires that the current speed and site-specific
dispersion parameter be known.

The focus of this report is on,

a) The evaluation of methods used to estimate alongshore current speed for predicting position
of the centre of mass of the tritium plume. An empirical relationship relating wind speed to
current speed as well as current velocity measurements from a single current meter located
within the coastal zone are evaluated for their ability to describe the movement of the tritium
plume.

b) The evaluation of the one-dimensional advection-dispersion model for describing the tritium
dispersion within the coastal zone and the estimation of site specific dispersion parameters.

2. RELEASE AND CONCENTRATION DATA

The 1992 tritium release and a complete summary of lake water tritium measurements made
following the release are reported in Chase and Patterson (1994). The tritium data are briefly
summarized here.

Figures la and b show a plan view of the shoreline, the shoreline sampling locations and the Ajax,
Whitby, Horgan and Harris water supply plants located nearest to Pickering. Tritium
concentrations in the immediate vicinity of the station intake channels are inferred from tritium
levels in the station water systems, Chase and Patterson [1994]. Figure 2 shows the tritium
concentrations in station water system of Unit 5. The figure shows that tritium concentrations
remained elevated at levels greater than 10,000 Bq L"1 until the end of August 2.



Table 1 lists the water supply pipe intake depth and distance from the shoreline, the maximum
measured concentration following the release and peak arrival times at the Ajax, Whitby, Horgan
and Harris water supply plants. For comparison purposes, the maximum monthly average
concentration of 1988 are also given. Sampling along the lake shoreline and at the water supply
plants showed elevated tritium concentrations up to 20 km east and 85 km west of the PNGS.
Maximum measured shoreline concentration was 51,400 Bq L"1, measured on August 2, 18:00, at
location Wl, approximately 1-km west of PNGS. Figures 3a-e show the shoreline tritium
concentration distribution measured on August 2, 18:00; August 3, 13:00; August 6, 10:00;
August 7, 11:00; and August 10, 13:00. These are the most complete shoreline concentration
profiles available and appear to capture the complete width of the tritium plume. Figure 4 shows
the concentration time profile measured at shoreline location Wl. The concentration data show a
one order of magnitude decrease in maximum concentrations between August 2 and August 3.
The peak concentration measured on August 2 was 51,400 Bq L*1 compared to 1900 Bq L"1 on
August 3. The large drop in concentration between August 2 and 3 is attributed to offshore
currents diluting the plume and is discussed in Section 4.2. The decrease in peak concentration
over the next week, as seen from available breakthrough and concentration distance curves, was
much smaller. Peak concentrations of 600 Bq L"1 were measured at the Horgan and Harris water
supply plants on August 9 and 10, respectively.

Sampling at 2-hour intervals at the Ajax, Whitby, Horgan and Harris water supply plants located
to the east and west of Pickering provide the most detailed information on the temporal variability
of the tritium concentrations. Figure 5 shows the concentration time profiles at these plants.
Elevated tritium concentrations were first observed at water supply plants to the east of Pickering
and then at the plants to the west.

3. LAKE ONTARIO CURRENT REGIME

Effluents released into large lakes travel with the prevailing lake currents and are dispersed as a
result of turbulence. Current is driven by wind stress, coriolis forces and density variations
(Csanady 1975). Field investigations of the current regime in Lake Ontario have shown the
existence of a 10-km wide band parallel to the shoreline showing predominantly alongshore flow,
(Csanady and Scott 1974). This zone has been called the coastal boundary zone. Studies of the
current regime at Pickering and Darlington (Farooqui 1972, Burchat 1992, Lawler 1995), confirm
predominantly alongshore currents. Lake current measurements taken at 8 m depth and distance
1.2-km offshore from Darlington show alongshore currents over 75% of the time for the period
1980 to 1992, (Lawler 1995). Outside of the coastal zone, flow structures with little directional
preference are more prominent than alongshore flow. Effluents discharged at shore are dispersed
by two mechanisms: 1) dispersion within the coastal zone during periods of shore parallel flow,
and 2), through rapid mass exchange between the coastal zone and the midlake region during
periods of offshore flow.



Table 1 Peak Concentration and Peak Arrival Times at Ajax, Whitby, Harris and
Horgan Water Supply Plants

Location

Ajax

Whitby

Horgan

Harris

Distance
From
Pickering
[km]

5 East

13 East

10 West

21 West

Distance
From Shore
[m]

760

1830

2960

2650

Intake Pipe
Depth
[m]

10

20

14

15

Max. Ave.
Monthly
Cone*
[1988]
[Bq L"1]

315

n.a.

75

55

Max.
Cone.
[Bq L"1]

1300

375

605

603

Peak
Arrival
Time

Aug6
6:00

Aug9
1:00

Aug9
12:00

Aug 10
14:00

Source: Neil 1988

4. ONE-DIMENSIONAL APVECTTON-DISPERSION MODEL

The one-dimensional advection-dispersion model is applied to describe the advection-dispersion
of the tritium plume within the coastal zone of Lake Ontario. The advection-dispersion equation
is written as

dt dx dx
2

-oo<x<oo,0</<oo (1)

where V is the velocity, D is the dispersion coeflBcient, C is the concentration, x the distance from
the point of release, and t the time since release. The only transport processes considered are
advection and Fickian dispersion in the longitudinal direction. For an infinite medium with the
following initial and boundary conditions,

= 0

the analytical solution to the advection-dispersion equation as given in Moltyaner and
Paniconi(1984)is,

(2)



The solution describes the advection and dispersion of a parallelepiped of initial length Xo centred
about x = 0 at t = 0 having initial concentration Co.

Application of the model requires characterization of the source term, alongshore current speed,
and longitudinal dispersion coefficient. Section 4.2 describes the approach used to characterize
the source term. In Section 4.3, empirical approaches used to estimate alongshore current speed
and direct current velocity measurements are evaluated for their suitability for describing the
movement of the tritium plume's centre of mass. The dispersion coefficient describes the effect of
variability in current speed on the concentration distribution and is determined by fitting the
solution to the advection-dispersion equation to the observed shoreline concentration-distance
profiles. The suitability of the one-dimensional advection-dispersion model and the estimated
dispersion coefficients are then evaluated for their ability to describe concentration-time curves
measured at the water supply plants. The model has been successfully used to describe tritium
transport in the Ottawa River from releases at Chalk River (Klukas and Moltyaner 1994).

4.1 Assumptions and Limitations of the One-Dimensional Advection-Dispersion Model

The main assumption in applying the one-dimensional advection-dispersion model is that a one-
dimensional approach in which advection and dispersion are characterized in the along flow
direction only is suitable for describing the tritium transport. The effect of dispersion in the
transverse to flow direction is incorporated into the longitudinal dispersion coefficient.

It is assumed that the tritium is uniformly distributed over the cross-sectional area perpendicular
to the flow direction. The variability in tritium concentrations over this cross-sectional area is
determined from sampling at 6 locations over a 2-km distance perpendicular to the shoreline at
Ajax. The tritium concentrations were periodically measured over a 4-week period following the
tritium release at locations, A, B, and C shown in Figure la. Sampling was performed at
locations A, B and C at a depth of 2-m below lake surface and near lakebed at depths of 19-m,
16-m and 9-m. Samples from 2-m depth are denoted Ai, Bi and Ci; samples taken near lakebed
are denoted A2, B2 and C2. The concentration data showed that spatial variability in
concentrations was generally less than a factor of 2, indicating fairly uniform concentrations over
the cross-sectional area perpendicular to the flow direction. Figures 6a and b show the measured
tritium concentrations, Ci(tj) for the sample locations Ai, Bi and Ci and locations A2, B2 and C2.
The subscript i, denotes the sample location; j the sample period. Superimposed on both figures is
the calculated average tritium concentration over the cross sectional area, Cuw(tj). Ca«a(tj) is
calculated from the relation,



I d(tj)

n
(4)

where n is the number of sample locations. The mean difference between the point
concentrations, Ci(tj), and the cross-sectional average concentration, Carea(tj), for all sample times,
is calculated from the relation,

_ K.(Ci(tj)-Cam,(tj)
(5)

The average difference between the pointwise concentrations and the cross-sectional average
ranges from 36 to 39 %. These are listed in Table 2.

The assumption of limited transverse dispersion limits application of the model to time scales for
which there is no significant mass exchange between the coastal zone and midlake region.
Application of the model over time periods for which significant mass exchange between coastal
zone and midlake region occurs will result in overly conservative predictions.

Table 2 Percent Difference Between the Concentration and Cross-Sectional
Average Concentrations

Sample
Location

A,

A2

B,

B2

c,
c2

Sample Depth
Below Surface [m]

2

19

2

16

2

9

Aci %

37

36

39

37

37

36

4.2 Conceptualization of the Release

For the specified solution to the one-dimensional advection-dispersion equation, the source term
is characterized as a pulse of length Xo and concentration Co. The pulse length Xo, is estimated
from the average current speed over the duration of the release multiplied by the release duration.
The shore parallel current speed measured over duration of the release was of the order of 2 cm/s
and Xois estimated to be 250-m.

For the assumption of one-dimensional transport, the initial pulse concentration, Co, can be
estimated from the relation,



Co =
_ jc(x)ctc

Xo
(6)

where the integral Jc(x)dx is the concentration distance integral of a shoreline concentration -
distance profile at time t. If we multiply the numerator and denominator of Equation (6) by the
cross-sectional area perpendicular to the shoreline over which the tritium is mixed, the expression
becomes equivalent to activity released divided by the volume of the pulse. Table 3 gives values
of/c(x)dx and Co estimated from the concentration distance profiles of August 2, 3, 6 and 7.
/c(x)dx of the concentration distance profile measured on August 2 at 18:00 is an order of
magnitude greater than that of the concentration distance profiles of August 3 through 7. The
order of magnitude decrease in /c(x)dx and consequently Co from August 2 to August 3 is
attributed to the onshore currents and current reversals which result in significant mass exchange
between the coastal zone and midlake region (Csanady 1970).

The cross sectional area, Ap, over which the tritium is mixed can be estimated from the relation,

(7)
_ Activity Re leased

P~ \c(x)dx

For the estimated activity released, 2.3E+15 Bq L"1, and the concentration distance integral of the
concentration profile of August 2, 18:00, the cross sectional area over which the tritium is
distributed, is estimated to be 43.9E+3 m2. The shore perpendicular width of the tritium plume, at
time August 2, 18:00 can then be estimated assuming that the tritium is uniformly distributed over
the depth of the water column. For an average water column depth in the near shore region of
20-m, the width of the tritium plume from the shore is estimated to be 2.2-km.

Table 3 Estimate of Initial Pulse

Concentration Distance
Profile

August 2,

August 3,

August 6,

August 7,

18:00

13:00

10:00

10:00

Jc(x)dx [BqU lm]

52.362E+06

5.767E+06

10.527E+06

9.385E+06

Concentration, Co

CotBql/1]

209448

23068

42108

37540



4.3 Current Speed

Two approaches for estimating the alongshore current speed are evaluated. First, we evaluate an
empirical relationship relating the alongshore component of the wind velocity to the alongshore
current speed; second, current velocity measurements recorded at 8-m depth 2.5-km offshore
from Darlington are used to determine the alongshore component of the current speed. The
alongshore current speeds estimated using the two approaches are used to calculate the position
of the tritium plume centre of mass as a function of time. The predictions are evaluated against
the position of the tritium plume estimated from sampling.

For the empirical relationship proposed by Elliot (1992), current speed is taken to be 3% of the
alongshore component of the wind speed. There is a time-lag in current response at depth to
applied wind stress. To calculate current speed at the depth of the water supply intake pipes, an
empirically derived time-lag of 1.59 hr m'1 in the response of current to wind stress is assumed
(Zimmerman 1994).

Wind velocities used in the empirical relationship were measured adjacent to the shoreline at 10-m
height, 0.8-km east of the Darlington Nuclear Generating Station. Figure 7a and b show time
series of the wind and current direction for the 2-week period following the release for which
elevated tritium levels were observed at water supply plants adjacent to Pickering. In calculating
the alongshore component of the wind speed, the shoreline is approximated as a straight line
along an axis 70° east of true north. Figure 8a and b show the empirically derived and measured
alongshore current speed and measured current speed.

Figure 9 shows the position of the centre of mass of the plume as a function of time, as predicted
by the empirically derived current measurements. Also shown on the figure is the position of the
centre of mass of the plume estimated from the current velocity measurements and position of the
plume centre of mass estimated from sampling. Table 4 lists the predicted and observed locations
of the tritium plume centre of mass. Table 5 gives predicted and observed arrival times of the
centre of mass of the plume at water supply plants. The position of the centre of mass of the
observed tritium plume is estimated from the relation:

where u, is the position of the centre of mass, Mi and Mo are the first and zeroth moments of the
concentration distance distribution. The arrival time of the centre of mass is the first moment of
the concentration time profile divided by the zeroth moment. Predictions made using the
empirically derived current speed do not describe the movement of the observed plume.
Predictions show the plume to remain east of the PNGS in contrast to the observed movement of
the tritium plume, which is to the east and west of Pickering. Predictions also show the centre of
mass of the plume to arrive at Ajax and Whitby 5-days earlier than was observed.

For evaluation of the current velocity measurements, the alongshore current speed is calculated
assuming that the shoreline can be approximated as a straight line along an axis 70° degrees east of



north. The time series of current direction shown in Figure 7b is typical of that recorded in the
literature (Csanady 1970; Lawler 1995). Current direction is predominantly to the west with
periodic rapid reversals in current direction and short periods of offshore flow. Figure 10 shows a
histogram of current direction and wind direction. The current measurements show persistent
westerly currents for the period from August 8 to 18 with the exception of a 1-day period on
August 12, over which current reversals are seen. The predominant westerly current is consistent
with the observed westerly movement of the tritium plume for this time period. Tables 4 and 5
give the estimated position of the plume centre of mass on August 3, 6 and 7 and the predicted
arrival times at the water supply plants. Arrival time of the centre of mass of the plume at water
supply plants west of Pickering for locations Horgan, Harris and Hamilton are predicted to within
2-days of the observed over the 2-week period following the release.

The predictions show that empirically derived current measurements are not reliable for predicting
current speed. This is consistent with results from current and wind measurements at Pickering
reported in Farooqui (1972), which showed that over summer periods when the lake is stratified,
correlation between wind and current direction is often poor. Predictions using direct current
measurements could probably be improved if current measurements from a current meter located
closer to Pickering were available.

Table 4 Observed and Predicted Position of the Centre of Mass of the Tritium Plume,
Reference Location, PNGS Water Intake

Day

August 3 13 hr

August 6 10 hr

August 7 10 hr

Estimate from
Observed

Concentration
Distance Profiles

0.35 km East

5.56 km East

4.73 km East

Predicted Using
Empirically Derived

Current Speed

7 km East

16.8 km East

18.1 km East

Predicted Using Measured
Current Speed

3.3 km East

7.5 km West

5 km West



Table 5 Observed and Predicted Plume Centre of Mass
Arrival Times at Water Supply Plants

Location

Ajax

Whitby

Horgan

Harris

Hamilton

Estimated From
Observed

Concentration Time
Profiles

Aug 8 10:00

Aug 9 14:00

Aug 9 23:00

Aug 11 22:00

Aug 18

Predicted Using
Empirically Derived

Current Speed

Aug 3 4:00

Aug 4 7:00

*

*

Predicted Using
Measured Current

Speed

Aug 3 18:00

*

Aug 9 4:00

Aug 10 0:00

Aug 17 0:00

* According to calculation plume does not arrive at the location

4.4 Fitted Dispersion Coefficient

The longitudinal dispersion coefficient describes the effect of spatial and temporal variability in
current speed and direction on the variance of the concentration distribution. The dispersion
coefficient is a site-specific parameter and is determined by fitting the solution to the advection
dispersion equation to the measured concentration-distance profiles. The solution is fit to
concentration distance profiles of August 3, 6 and 7. In fitting the solution to the concentration
distance profiles we specify the source term, as described in Section 4.2. The pulse length Xo is
250 m and the values of Co used to fit the concentration distance profiles are given in Table 3.

Table 6 lists the fitted longitudinal dispersion coefficient and fitted mean alongshore current speed
for the three concentration distance profiles. Figures 1 la, b and c show the fitted and observed
concentration distance curves. The fitted values of dispersion coefficient ranging from 3.75 to
10.57 m2/s lie within the range reported in the literature (Murthy and Kenney 1974). Longitudinal
dispersion coefficients estimated from controlled tracer experiments, ranged from 0.1 m2/s to 100
m2/s and depend on current conditions and the time scale considered.

The fitted current speeds are averages, taking into account current reversals, and are therefore an
order of magnitude less than typical measured values of current speed of 10 to 20 cm s"1.
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Table 6 Fitted Current Speed and Dispersion Coefficient

Concentration Distance
Profile

August 3 13:00

August 6 10:00

August 7 11:00

Fitted Mean Alongshore
Speed [cm s"1]

0.26

1.27

0.86

Fitted Dispersion
Coefficient [m2 s"1]

3.75

6.32

10.57

5. SIMULATION OF CONCENTRATION TIME PROFILES AT WATER SUPPLY
PLANTS

Simulations using the fitted dispersion coefficients are evaluated against the concentration time
curves measured at the water supply plants. The initial conditions used are a pulse having an
initial length, Xo of 250 m and initial concentration 37,390 Bq L"1, the average initial pulse
concentration for the estimates of August 3, 6 and 7 listed in Table 3. Simulations are made using
the minimum and maximum fitted values of the dispersion coefficient, 3.57 and 10.57 m2 s"1.
Current speeds applied are the average current speed for the period from the time of release to
peak arrival at the water supply plants.

Table 7 lists the maximum simulated and observed concentrations for the Ajax, Horgan and Harris
locations. Maximum simulated concentrations for all locations are within a factor of three of the
observed maximums. Figures 12a, b and c show the simulated and observed concentration
distance profiles at the Ajax, Horgan and Harris water supply plants. The duration for which
tritium concentrations are elevated at the water supply plant locations is not described. The
reasons for this are:

a) The simulated curves represent the motion of the plume past the intake location with an
average current speed estimated over the time period from the time of the release to the time
of maximum concentration of the breakthrough curve. Owing to current reversals, the
average current speed may be considerably less than the current speed when the plume
travels past the water intake. Because of this, the model overpredicts the travel time past a
location. The Horgan concentration time profile illustrates this. The alongshore component
of the measured current speed was of the order of 15 cm s"1 when the plume passed by
Horgan, whereas average current speed used in the simulations and estimated from tritium
peak arrival time at Horgan is 1.67 cm s"1.

b) The observed concentration time profiles reflects current reversals that may result in the
plume moving past a location a number of times. This appears to be the case at Ajax.
Current data suggest that the plume travels eastward past Ajax and then again passes by
Ajax while moving westward towards Horgan and Harris.
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To more accurately describe the concentration time curves it is necessary to describe the
variability in current speed. This requires a numerical model.

Table 7 Maximum Observed and Simulated Concentrations at the Water Supply Plants

Location

Ajax

Horgan

Harris

Max. Cone. Observed
[Bq U1]

1300

605

603

Max. Cone. Simulated [Bq L"1]

D = 3.75m2s'1

3454

1620

1515

D = 10.57 m2 s"1

2043

967

900

6. CONCLUSIONS

A one-dimensional advection-dispersion model has been applied to describe the alongshore
movement and dispersion of a tritium plume from an unplanned heavy water release at the PNGS
on 1992 August 2. Current measurements predominantly showed flow parallel to the shore for
the period following the release. Movement of the tritium plume was best described using
measured current velocity. Empirical relationships relating the alongshore component of the wind
speed to the alongshore current speed did not describe the westerly movement of the plume past
Pickering. The longitudinal dispersion coefficient was estimated by fitting the solution to the
advection dispersion model to measured shoreline concentration distance profiles. Values of the
dispersion coefficient ranged from 3.75 to 10.57 m2 s"1. These values are within the range
estimated from controlled field experiments conducted in Lake Ontario. Simulations using the
fitted dispersion coefficients were able to describe maximum concentrations at the Ajax, Horgan
and Harris water supply plants to within a factor of 3. The dispersion coefficient is a lumped
parameter describing the effect of temporal and spatial variability in current speed on the tritium
dispersion and the fitted dispersion coefficients may not necessarily describe releases under
different current conditions. More field experiments are required to determine if the dispersion
coefficient estimated here is suitable for making predictions under different current conditions.
For reliable predictions of aquatic dispersion it may be necessary to determine the dispersion
coefficient for a variety of current conditions. This would be similar to the approach for
simulating atmospheric dispersion where the dispersion coefficient is a function of variability in
wind direction.
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