POLYTECHNIQUE

POLYPUBLIE e |

A [
UNIVERSITE =50

PolytechniqUe Montréal D'INGENIERIE

Titre: 'Numerical Prediction of Oil Mineral Aggregates Dispersion in the
Title: Estuary Of ST-Lawrence River

Auteurs:
Authors:

Date: 2021

Type: Communication de conférence / Conference or Workshop Item

Bajil Ouartassi, Bernard Doyon, & Mourad Heniche

Ouartassi, B., Doyon, B., & Heniche, M. (juin 2022). Numerical Prediction of Oil
Référence: Mineral Aggregates Dispersion in the Estuary Of ST-Lawrence River
.. [Communication écrite]. International Conference on Mathematics & Data Science
Citation:' (;cMDS 2022), Khouribga, Morocco (24 pages). Publié dans Journal of Physics:

Conference Series, 1743. https://doi.org/10.1088/1742-6596/1743/1/012033

Document en libre acces dans PolyPublie
Open Access document in PolyPublie

URL de PolyPublie: . S
PolyPublie URL: https://publications.polymtl.ca/9313/

.. Version officielle de I'éditeur / Published version
Version: Révisé par les pairs / Refereed

Conditions d’utilisation

Terms of Use: cC By

Document publié chez I’éditeur officiel
Document issued by the official publisher

Nom de la conférence: International Conference on Mathematics & Data Science (ICMDS
Conference Name: 2022)

p D ate et lieu: 5555 06-29 - 2022-06-30, Khouribga, Morocco
ate and Location:

Maison d’édition:
Publisher:

URL officiel: .
Official URL: https://doi.org/10.1088/1742-6596/1743/1/012033

Content from this work may be used under the terms of theCreative Commons
Mention légale: | Attribution 3.0 licence. Any further distribution of this work must maintain attribution to
Legal notice: the author(s) and the title of the work, journal citation and DOI. Published under licence
by IOP Publishing Ltd.

IOP Publishing

Ce fichier a été téléchargé a partir de PolyPublie, le dépot institutionnel de Polytechnique Montréal
This file has been downloaded from PolyPublie, the institutional repository of Polytechnique Montréal


https://publications.polymtl.ca/
https://doi.org/10.1088/1742-6596/1743/1/012033
https://publications.polymtl.ca/9313/
https://doi.org/10.1088/1742-6596/1743/1/012033

Journal of Physics: Conference Series

PAPER « OPEN ACCESS You may also like

- Monitoring of composite structures using a

Numerical Prediction of Oil Mineral Aggregates Nework of Inteqrated PVDE fim

transducers

Dispersion in the Estuary Of ST-Lawrence River Enrique Guzmén, Jogl Cugnoni and

Thomas Gmir

- Improving the fire resistance of PVC
plastic the introduction ammonium
octamolybdate
T A Borukaev, A M Kharaev, A Kh Shaov
etal

- Oceanography and Quaternary geology of
the St. Lawrence Estuary and the

Saguenay Fjord
Anne de Vernal, Guillaume St-Onge and
Denis Gilbert

To cite this article: Bajil Ouartassi et al 2021 J. Phys.: Conf. Ser. 1743 012033

View the article online for updates and enhancements.

This content was downloaded from IP address 132.207.4.76 on 22/10/2021 at 20:12


https://doi.org/10.1088/1742-6596/1743/1/012033
/article/10.1088/0964-1726/24/5/055017
/article/10.1088/0964-1726/24/5/055017
/article/10.1088/0964-1726/24/5/055017
/article/10.1088/1757-899X/683/1/012052
/article/10.1088/1757-899X/683/1/012052
/article/10.1088/1757-899X/683/1/012052
/article/10.1088/1755-1315/14/1/012004
/article/10.1088/1755-1315/14/1/012004
/article/10.1088/1755-1315/14/1/012004
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjssh-8soPFSS5aKsaemabzJEQqel0HB1BnNdKoxOO13NPrco_1vZt6v1WflE6mA_A7KOZUnfrKkxDCyxF5XCm9YcLvAN7ipN7-cgjvLk52QDnBuH_PIpmeSH7xZIrKtjcJSz1dFzQL3XOKWtQ5c-D5bZMLH3PCvkVjT4b-rRz-aK-UqcJJ2TzuFTbE8t1QFHTquAMQrX-j7nheYdsTAW_9LqbUZJPV10m2jjpXd1kwPnCihLM0dMfiXnLkLCv8sdrfU44QF4M0yFSoh5rYHWg5fIqy5GGsFYW-4&sig=Cg0ArKJSzHu-GsWjyp2B&fbs_aeid=[gw_fbsaeid]&adurl=http://iopscience.org/books

The International Conference on Mathematics & Data Science (ICMDS) 2020 IOP Publishing
Journal of Physics: Conference Series 1743 (2021) 012033 doi:10.1088/1742-6596/1743/1/012033

NUMERICAL PREDICTION OF OIL MINERAL
AGGREGATES DISPERSION IN THE ESTUARY
OF ST-LAWRENCE RIVER

Bajil Ouartassi '3, Bernard Doyon 2, > Mourad Heniche

L LIPIM, Sultan Moulay Sliman University, National School of Applied Sciences, Khouribga,
Morroco

2Canadian Coast Guard - Quebec Region, Department of Fisheries and Oceans Canada,101
Champlain Blvd, Quebec City, QC, Canada G1K 7Y7

3URPEI, Department of Chemical Engineering, Ecole Polytechnique de Montréal, PO Box
6079, Stn Centre-Ville, Montreal, QC, Canada H3C3A7

E-mail: b.ouartassi@usms.ma
E-mail: Bernard.Doyon@dfo-mpo.gc.ca

E-mail: mourad.heniche@polymtl.ca

Abstract. As part of the environment of the St-Lawrence River, the Canadian Coast Guard
team and the URPEI research team at Ecole Polytechnique de Montreal carried out a numerical
simulation based on the Eulerian-Lagrangian formulation for the dispersion of oil-mineral
aggregates (OMA) in a turbulent flow produced by a propeller ship. This study is part of
a larger project to assess the effectiveness of using fine clay minerals as a natural dispersant of
petroleum in ice. The interest is to study the effect of an ice cover on the dispersal potential of a
typical winter flow field. To highlight the potential dispersion, two hydrodynamic scenarios are
chosen, with and without the presence of an ice cover. For each scenario, the calculation results
are presented for a selection of particle densities in order to assess the model by comparison of
the OMA distribution statistics in the water column.

1. INTRODUCTION

Clay From an environmental perspective, the struggle to oil spills in rivers. A major concern
of the Canadian Coast Guard (CCG) a branch of the Canadian Department of Fisheries and
Oceans. Several techniques are used to limit the impact of an oil spill into the environment from
which we can consider the use of chemical dispersants or the use of mechanical suction. The
presence of ice is however a limiting factor in performance of these techniques.

The possibility of accidental oil spills in the St. Lawrence River during winter remains a
significant concern for the CCG. Spill sources come from stevedoring in oil terminals, grounding
on sand banks, collisions between ships or with obstacles to name a few. Although their frequency
decreased, there are more or less 35 fluvial oil spills per year. The decontamination budget follows
at a rate of several thousand dollars per ton. In winter conditions, the impact of an oil spill is all
the more important that there exist no effective method of recovering spilled oil when water is
encumbered with ice. The traditional mechanical oil recovery methods, deployed because there
are no other alternatives, offer a poor performance in ice. As a result, at-sea recovery is very
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expensive and ineffective under these conditions.

Part of a venture in scientific co-operation that aims at assessing the effectiveness of using fine
clay minerals as natural dispersant of oil in ice, the results of this study will allow the CCG to
develop guidelines for an oil spill response procedure in ice-encumbered waters. The response
procedure aims at neutralizing oil products by adding fine sediments and to disperse them in
the form of oil-mineral aggregates (OMA) which have the property of being easily metabolizable
by micro-organisms.

This promising alternative spill countermeasure takes advantage of the natural phenomenon of
aggregation of oil droplets to mineral fines, which has proven to play a significant role in the
”self-cleaning” of soiled low hydrodynamics energy environment. Also, given the hydrodynamic
conditions and chemical characteristics of the water in the St. Lawrence Estuary, researchers
came to the conclusion that a response method based on the formation of OMA could prove
to be effective when sediments are artificially introduced along with some mixing energy, even
when ice is present. That energy will have to be introduced artificially. It was then considered
to use the turbulence produced by an ice-breaker?s impellers to generate sufficient mixing to
initiate the formation of OMA. However, its dispersion potential is not well understood.
Hence, this study aims at assessing the effectiveness of using fine clay minerals as natural
dispersant of oil in ice. The interest is to investigate the influence of an ice cover on the
dispersion potential in winter conditions. The OMA drift and fate model is based on a one-way
coupling solid-liquid model. A RANS model is used to obtain the turbulent velocity field that was
combined to the sedimentation velocity field to build up the hydrodynamic database employed for
OMA tracking. To evidence the potential dispersion, two hydrodynamic scenarios are retained,
with and without an ice cover on the free surface. For each scenario, the computational results are
presented for a selection of particle densities in order to appraise the model through comparison
of the statistics of OMA distribution in the water column.

In the light of the results obtained, the following conclusions can be drawn:

e the ice cover influences the OMA distribution pattern.

e the proportion of OMA in the bulk of the water column is larger in winter condition versus
ice-free conditions.

e impeller ship rotational speed influences the OMA potential dispersion.

In order to overcome the shortcomings of ”traditional” methods of intervention, CCG working
to develop an alternative method that takes advantage of the process formation of OMA.
The method aims to break the oil slick into small droplets that the addition of fine sediment is
stabilized by forming OMA to be dispersed due to currents generated by the rotating propeller
of an icebreaker.
This warrant is ultimately to perform tests of numerical dispersion of OMA in an environment
turbulent three-dimensional and subject to various conditions common.
The main objective section is to help identify the conditions under which the method of
intervention could be successfully applied, ie with a maximum dispersion of OMA.
First, place the target area as part of this study is the region of Matane presented in Figure 1.
This zone covers the St. Lawrence River in an area of 120km long by 80km wide with a depth
ranging from 0 to just over 500m.

2. METHODOLOGY

2.1. Selected scenarios hydro sedimentary

The dispersal potential is conditioned not only by the hydrodynamics but also by the sedimentary
characteristics of OMA. CCG has provided the hydrodynamic transient field of study. It is
strongly influenced by the tide phenomenon and by the nature of the terrain. The seaplane base
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Figure 1. St Lawrence in the region of Matane (Quebec - source Google Map).

is used to predict the dispersion of OMA in the wild. We will return in more detail later in this
document. In this study, the OMA is characterized by two properties of sedimentary:

e The diameter D,

e The density d relative to water

In order to perform a simulation of dispersal realistically as possible, 12 classes OMA were
selected on the basis of D), and d. The values of D, between 50 and 250um , that of d between

1.01 and 1.15. Table 1 shows the statistical series relaiced to different classes of OMA. It follows
a normal distribution assumption for average values Dp = 200um and d = 1.07.

Dp(um) (Dp =200um) | Density of OMA (d =1.07)

50 0.036  0.0555 0.0519 0.0246
125 0.0823 0.27 0.119  0.0563
250 0.0959 0.148 0.138  0.0653

Table 1. Table 1: Probabilities pi under the normal classes OMA deductions

3. METHODOLOGY OF SIMULATION OF THE DISPERSION OMA

3.1. Representation of OMA

In this work we assume that the OMA formed the dispersed phase. Furthermore, we assume
that their concentration is sufficiently dilute so that on one hand it does not influence the flow
field (low fluid-particle) and other particle-particle collisions are negligible. Because of their
small diameter of the order of several microns, the relaxation time of the OMA is small ( 10-4
s) to consider allowing the inertia and drag negligible.

Figure 2. Overview of OMA training).

However, in this work we assume that the particles obey the force of gravity so that the
sedimentation can be numerically predicted. Assuming that the time scale of the phenomenon
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of sedimentation (several days) is greater than the time scale of turbulence, then we can neglect
the contribution of the component of turbulent fluctuation of velocity. Once these assumptions
taken into consideration, it expresses the kinematics of OMA as follows:

z(t) = x(0) + /0 (u(l) + vs)dl (1)

where x(0) and x(t) are respectively the positions of the OMA at the initial time ¢ = 0 and
at time t. wu(t) is the vector velocity of the river, it depends on time because of the tide. wvs
(0.0,vs) is the velocity sedimentation working only in the vertical direction z. It’s shooting
algorithm predictor-corrector HenicheandT anguy,2006 that is retained in this work to solve
the equation (1) for the position of the OMA at all times knowing the position of the injection
point and the hydrodynamic field. The principle of operation of the algorithm is illustrated in
Figure 3. Indeed, consider an OMA occupies the initial time the position Xp in the domain
?e. The principle of the shooting method is to determine the exit point Xg by a succession of
prediction-correction X é .

Figure 3. Shooting algorithm predictor-corrector calculation points of the path of an OMA.

This method has the advantage of having no restriction on the time step in contrast to
traditional methods of time integration methods such as Runge-Kutta of order 2 and 4 are most
used (Cheng et al. 1996). It is worth mentioning that the accuracy of this scheme depends on the
number of shots per mesh element hydrodynamics. We return to this aspect in the presentation
of results.

4. Seaplane base type tide transient

The river current: the velocity field u(t) according to equation (1), consists of speed values
recorded for hours over a period of 24 hours. This velocity field is supported by a set of points
21 in number 600. These are distributed on a regular basis at 300 dots per horizontal layer (XY
plane) on a total of 72. Note that the X-axis corresponds to the east and the Y axis to the north.
The coast of the z surface layer is at an elevation of-2.5m and the final is-510m. The resolution of
equation (1) has been developed to run on a finite element mesh into tetrahedral. We therefore
developed a procedure for projecting the velocity field from seed points to a finite element mesh,
built on the I-DEAS software (Siemens), composed of 146 725 tetrahedral and 174 301 nodes
for a degree of super-linear spatial interpolation type MINI (Arnold et al., 1984). Figure 4 and
Figure 5 allow you to view, from an image taken on the software Ensight (CEI), the velocity
field respectively at times t and t = 12 hours = 17 hours different coasts z:-2.5m (free surface),
and-27.5m-112.5m. On the left column (a) we have the speed on the seeding point while on the
right column (b) we have hose on the FE mesh. There is excellent correspondence between the
two data sources. We also noted a high variability of the velocity field and a complete reversal
of current between the high tide at t=12 hours and the low at t = 17 hours. Areas correspond
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to zero speed at exposed areas covered by the grid hydrodynamics. It is therefore entitled to
expect a strong influence of hydrodynamic conditions on the dispersion of OMA.

Z=-2.5m

7=-27.5m

a) b)

Figure 4. Tidal current at different coasts z at t = 12 hours. a) seeding points b) tetrahedral
mesh.
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To reduce excessive consumption of computational time by repeated access to the hard disk
of the computer to read and interpolate in space-time velocity field, the hydrodynamic field is
approximated by a fast Fourier transform (FFT) that can be stored in main memory for better
numerical efficiency. In addition, the FFT is well suited for periodic physical phenomena such
as tides. TFF field is expressed as follows (Cooley and Tukey, 1965):

n—1

up(t) = uh(t) + ) (ajcos(kt) + bj.sin(kt)). (2)
k=1

Where u}, (t) is the effective rate on the hydrodynamic mesh node i at time ¢. The coefficients a,
and bi are the corresponding components of the FFT series and the parameter n is an integer
representing the number of harmonics. For periodic flows, the number of harmonics n can be
obtained by the relation n = N/2, N being the number of time steps to cover a tidal period. In
this study N = 25 and n = 13.

Z=-2.5m

Z=-27.5m

Z=-112.5m

a) b)

Figure 5. Tidal current at different coasts z at t = 17 hours: a) seeding points b) tetrahedral
mesh.

5. Sedimentation rate model
For purposes of analysis of the dispersion of the OMA, the sedimentation velocity was
superimposed field hydrodynamics. The magnitude of the sedimentation velocity is estimated
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from the particle Reynolds number for a single particle (Bird et al., 2002). In this case, the
particle Reynolds number is defined by:

Rep = (nDyvs) /11 (3)

Where p; and p; are respectively the density and viscosity of the liquid in this case the water
in our case. Table 2 reproduces the values Reynolds number of particle that happen to be very
small (Re, < 1073)and indicate a sedimentation regime Stokes (Re, < 0.2) In this case, the
sedimentation rate is defined as:

(D29)((ps — 1))
Vs = 18/“ (4)

Where p; is the density of the particle and g the gravity (g = 9.81m/s?).

Density of OMA (d =1.07)
Dp(um) (Dp = 200pm) | 1.01 1.05 1.10 1.15
50 7.0110°% 3.6510 7 7.6410 7 1.2010°°©
125 1.10107% 5.70107% 1.1910=°> 1.8710°°
250 8771075 4.56107° 9.55107° 1.5010~4

Table 2. Values of Reynolds number for particle classes selected OMA

Table 3 presents the values of sedimentation rate for classes of OMA deductions obtained by
directly applying equation (4). The amplitude varies between 1.39107%m/s and 5.21 10~*m/s.
In general, the higher the density increases, the sedimentation rate increases. Similarly, the
larger the diameter increases, the sedimentation rate increases.

Density of OMA (d =1.07)
Dp(um) (Dp = 200um) | 1.01 1.05 1.10 1.15
50 1.3910°° 6.9410°° 1.3910° 2.0810°°
125 8681076 4.34107° 8.68107° 1.3010~*
250 3.47107° 1.7410~% 3.4710~* 5.2110°*

Table 3. Values of the sedimentation velocity (m/s) for selected classes of OMA.

6. RESULTS

6.1. Injection conditions

Given the extent of the area and variability of field and hydrodynamic evaluation of the potential
we have chosen several injection points. Figure 6 shows the position of the 6 injection points
retained is designated by P1, P2 to P6. The points P1 and P4 are close to Matane. The point
P2 is at the center of the river in the upstream part. The point P3 is Prees Mont-Joli. Points
P5 and P6 are located near the north shore near the localities respectively Pointe-des-Monts
Pointe-aux-Bustards. Cartesian coordinates and geographical points of injection are presented
in Table 4.
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points d’injection | X Y Z longitude laltitude
P1 298293.061608463 | 5426228.12238671 | —12.875 | —67,58889 | 48,974277
P2 233889.155792414 | 5397783.50334515 | -17.875 —68,463707 | 48,714474
P3 241666.128377314 | 5384248.98750464 | —21.875 | —68,355965 | 48,593601
P4 278884.094407558 | 5404030.60395492 | —36.875 | —67,852623 | 48,774147
P5 316554.349939784 | 5462168.3409067 | —3.875 —67.338379 | 49.297398
P6 245746.017524661 | 5433284.61726884 | —105.875 | —68,307709 | 49,034943

Table 4. Cartesian coordinates and geographical points of injection.

Figure 6. Geographical location of injection points for OMA in the study area (source Google
Map).

The injection point type is represented by a hollow sphere of radius 1.0 m covered by a
set of particles. The center of gravity of the sphere is immersed to about 2.0m below the
free surface. Each class is represented by OMA population of 121 particles. In addition, each
injection scenario is represented by the number of classes of OMA, 12, multiplied by the number
of particles per class, OMA 121, which corresponds to a total population of 1452 particles for
each scenario injection.

6.2. Duration of the dispersion-time calculation

For each class of OMA, the dispersion calculations were performed to predict the state dispersion
for each day over a total period of 10 days. For the entire dispersion modeling program of OMA,
72 simulations per day dispersion (simulations are 720 in total for 10 days of follow-up) were
launched on the Super computer SGI XE320 Network Quebecers High Performance Computing
(RQCHP). To each simulation, the average running time is 13 to 16 CPU hours.

6.3. Trajectory of a particle

Preliminary tests have necessitated the search for numerical parameters in particular the number
of shots per element that we finally set at 8000. We found that this value can predict the
trajectory with good accuracy. In other words, a path OMA is calculated on the basis of 8000
points per finite element visited. Figure 7 shows the trajectory of a single particle.
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1 day 2 day
"

3 day 4 day
e

5 day 6 day

[ [ .

I ) L

7 day 8 day

SRR R
9 day 10 day

Figure 7. Trajectory of a particle for a period ranging from 10 days.

Under the effect of the tide, the course looks set to move back and forth, an expected result,
with a tendency to drift toward the southwest. The shape of the jerky trajectory is probably
due to the precision of the hydrodynamic time step of the order of the day, a smaller time step
would probably have to have a smoother shape.Note that we get the same trajectory for values
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of the number of shots over 8000.

The migration of OMA P6 is very different compared to other injection points. A justification
for this difference is the greater variability of the current as shown in Figure 15a-b which shows
the current in the vicinity of P2 and ditto for Figure 15c-d near the point P6 at ¢t = 1 hour
and t = 3 hours respectively. There is a drastic change in the current direction in which the P6
OMA migrate in both directions for Southwest OMA light and Northwest intermediaries while
the heavier sediment.

Figure 8. Dispersion of OMA from the point P1 on day: 1 (a), 2 (b), 4 (c), 6 (d), 8 (e) and 10
(f).

10
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Figure 9. Dispersion of OMA from the point P2 on day: 1 (a), 2 (b), 4 (c), 6 (d), 8 (¢) and 10
(f)-

Although in Figure 8 to Figure 13, the particles move within a radius of about 5 — 6 km,
it is worth noting that like the Figure 7 the OMA cover a much greater distance, as confirmed
Table 5 brings together all classes of OMA combined values of minimum and maximum distance
recorded after 10 days of migration. Curiously, the point P2, which however is in the middle of
the fairway, not the one who creates the longest course in OMA. Indeed, Figure 15 shows the
weighted average distance traveled by the OMA from different sites.It is a journey of about 5 km
after 10 days from the points P2, P3 and P4. As for the points P6, P1 and P5 are respectively
11, 19 and 22 km.

Distance(km)
location | min | max

P1 2.1 |39.5

P2 09 | 18.3

P3 04 | 249

P4 1.9 | 10.1

P5 4.2 | 39.0

P6 2.2 | 26.8

Table 5. Minimum and maximum distance traveled by the OMA after 10 days.

Now we propose to measure the extent of migration that we express as an effective area

11
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Figure 10. Dispersion of OMA from the point P3 on day: 1 (a), 2 (b), 4 (¢), 6 (d), 8 (e) and
10 (f).

function of time and we denote by S.¢f(t) which is determined as follows:
Seff(t) = |maxz(t) — minx(t)|| max y(t) — miny(t)| (5)

Where z(t) and y(t) are vectors of coordinates in time of all classes of OMA.

The results of the spreading of the sheet of OMA are shown in Figure 16 with time as abscissa
and the surface S.¢f(t) ordinate, it is interesting to note that the effective area increases
monotonically with the exception of P2 increase is accompanied by an oscillation likely due to
the tide which ebbs and flows in periodically tends to slow its expansion. Initially, the area
covered by the sheet is less 1m2. We see that from the points P3 and P4 it reaches up to 10
km?2, this double value from the point P6. It was from the injection points P1, P2 and P5 it is
the largest, reaching from point P5 to 60 km?.

6.4. Homogeneity of the dispersion
Examination of Figure 8 to Figure 13 shows a segregation of OMA that we propose to
quantify. For this, we define the notion of area ratio denoted r(t), called the coefficient of
homogeneity thereafter, and defined as follows:

S(t) (©)
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Figure 11. Dispersion of OMA from the point P4 on day: 1 (a), 2 (b), 4 (c), 6 (d), 8 (e) and
10 (f).

Where S(t) is the surface of the OMA is given by the following equation:

12
S(t) = piSi(t) (7)
=1

Where the weights p;, presented to the panel, follow the normal distribution and are associated
with each class of each OMA which occupies an area S;(t) corresponding. The determination
of S;(t) is obtained by:

Si(t) = | max x;(t) — min z;(¢)|| max y;(¢t) — min y;(t)| (8)

Exploit the values of S(t) presented above to calculate the homogeneity coefficient r(t).
Emphasize, however, that when r(¢) tends to 1 the homogeneity of the OMA is an ideal
distribution (Danckwerts, 1952). Otherwise, ie when r(t) tends to 0, the distribution of
OMA is completely segregated.Figure 17 shows a semi-log scale the evolution of the coefficient
of homogeneity of the water injection point for each test. The homogeneity of the water
deteriorates, considering that initially it is perfectly homogeneous (r(t) = 1) and stabilizes from
the 2nd day. We note that for the injection points P5, P1, P6 and P4 (listed in descending
order of consistency) the level of homogeneity is substantially the same. The web reached the
level of homogeneity worst from the points P2 and P3. Figure 17.
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Figure 12. Dispersion of OMA from the point P5 on day: 1 (a), 2 (b), 4 (¢), 6 (d), 8 (e) and
10 (f).

6.5. Occupation of the water column by the OMA

The evolution of the occupation of the water column by the OMA from the injection sites P1,
P2, P3, P4, P5 and P6, respectively, is presented in Figure 18 to Figure 23. The Migration is
presented as positions of particles on a plane (rz) admitting radial direction (from the injection
site) on the abscissa and the vertical direction ordered. The unit of length is kilometer (km)
along the radial direction and meter (m) in the vertical direction. The origin corresponds to the
point of injection. The position of OMA is presented for days 1, 2, 4, 6, 8 and 10. Sediment
plumes are different from one injection to another. Except point P2 (channel), there is a distinct
phenomenon of sedimentation for all points injection. Point P3 is the injection point from which
there is a plume dispersion most segregated. The denser particles settle at the end of day 1 and
found at a depth of 300m. From the results of the spreading surface and depth we OMA able
to determine changes in concentration of OMA that we study in next section, remember that
concentration is an important indicator of quality water. The higher the concentration of OMA
is the better the low dispersion. In this case the middle is able to assimilate the OMA with
micro-organisms. Evolution of the concentration of OMA over 8000.

The migration of OMA P6 is very different compared to other injection points. A justification
for this difference is the greater variability of the current as shown in Figure 15a-b which shows
the current in the vicinity of P2 and ditto for Figure 15c-d near the point P6 at t = 1 hour
and t = 3 hours respectively. There is a drastic change in the current direction in which the P6
OMA migrate in both directions for Southwest OMA light and Northwest intermediaries while
the heavier sediment.
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Figure 13. Dispersion of OMA from the point P6 on day: 1 (a), 2 (b), 4 (c), 6 (d), 8 (e) and
10 (f).

a) b)

c) d)

Figure 14. Running to the side of the injection point (z =- 3.875m) in a 5 km radius around
the point P2 at t = 1.00 hour (a) and t = 3.00 hour (b) and around the point P6 at t = 1.00
hour (c) and t = 3.00 hour (d).
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Figure 18. Evolution of the sedimentation of OMA from the point P1 on day: 1 (a), 2 (b), 4
(c), 6 (d), 8 (e), 10 (f).
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Figure 19. Evolution of the sedimentation of OMA from the point P2 on day: 1 (a), 2 (b), 4
(¢), 6 (d), 8 (e), 10 ().
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Figure 20. Evolution of the sedimentation of OMA from the point P3 on day: 1 (a), 2 (b), 4
(c), 6 (d), 8 (e), 10 (f).
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Figure 21. Evolution of the sedimentation of OMA from the point P4 on day: 1 (a), 2 (b), 4
(©), 6 (d), 8 (e), 10 (£).
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Figure 22. Evolution of the sedimentation of OMA from the point P5 on day: 1 (a), 2 (b), 4
(©), 6 (d), 8 (e), 10 (£).
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Figure 23. Evolution of the sedimentation of OMA from the point P5 on day: 1 (a), 2 (b), 4
(c), 6 (d), 8 (e), 10 (f).
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Figure 24. OMA class legend.

In addition to sprawl, it is interesting to know the evolution of the concentration C(¢) OMA
starting from the initial concentration C'(0) which is a priori unknown. By cons, we can measure
the concentration ratio:

C(t) _ M V() _ V() )
cO) - Vi) M V(D)

The initial volume of OMA V(0) is known as imposed. The volume at time ¢ is obtained by
simulation and is determined, like dispersion, by:

12
V(t)=> pVi(t) (10)
=1

where V;(t) are the volumes associated with each class of OMA.
Vi(t) = S;(t)| max z; () — min z;(t)] (11)

Note here that M is the mass of OMA, which is assumed constant (conservative contaminant).
If there is degradation, the mass OMA decreases over time. Keeping M constant corresponds
to a less optimistic scenario.

Figure 24 shows a semi-log scale the evolution of the concentration ratio C(t)/C(0) from the
points of injections for 10 days of simulation. It is interesting and reassuring an environmental
point of view, to note that from all points of injection, the concentration ratio decreases
exponentially indicating a dilution of the burden of ABS. The decrease was significant in the
first days and slows beyond. For example, the first day the value of C(t)/C(0) goes from
1 to 10~%.Dispersion coefficients From the injection sites selected under this study, we were
interested in quantifying the dispersion coefficients of horizontal and vertical OMA. In practice,
the coefficient of horizontal dispersion can easily predict the evolution in terms of the spread sheet
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Figure 25. Evolution of the sedimentation of OMA from the point P6 on day: 1 (a), 2 (b), 4
(), 6 (d), 8 (e), 10 (f).

of OMA. Similarly, the vertical dispersion coefficient allows for him to predict the progression of
sedimentation. However, their determination by the approach proposed by Fisher et al. (1979) is
demanding in data processing. To circumvent this difficulty, we propose to address the issue by
a simplified approach that we outline below. The dispersion process as determined by equation
(1) is of convective nature. It can be approached by a diffusion phenomenon, which admits a
one-dimensional analytical solution. Indeed, consider a scalar U governed by partial differential
equation follows:

ou 0*U

where k is the coeflicient of dispersion and ¢ coordinate the dispersion axis we define as follows:

e Horizontal dispersion: ¢ = /((z — )2 + (y — yp)?) with (2, yp)-coordinate of the point
injection.
e vertical dispersion ( = z and ¢ = z — 2, with 2, the coast of the point injection.

The analytical solution of (8) has the form:

~U(0) eﬁf
= ok (13)

The values of dispersion coefficients were determined from a regression on Simulation results
of S and C are presented in Table 6. An examination of values Table 6 shows that the vertical
dispersion coefficient is more regular and important than horizontal dispersion. This seems a
consistent result in that hydrodynamics is almost horizontal, while vertical flow is secondary.
They are between 1.18310~% and 210.5m? /s for the horizontal dispersion and between 118.0 and
296.3m? /s for vertical dispersion. It is worth noting that these values are in the same vein as
those established by Ahsen (2008). It should be noted that the sensitivity of the determination
coefficients dispersal in natural environment is important and it is not excluded that the error
is of the order of £100

U(¢,1t)
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Coefficients de dispersion (m?/s)
location | Horizontal | vertical
P1 1.581107 1.1801072
P2 2.105102 1.342102
P3 1.18310~% 2.963102
P4 1.02610! 1.961102
P5 5.341 2.222102
P6 3.33310! 1.66710%

Table 6. Minimum and maximum distance traveled by the OMA after 10 days.

7. Conclusion

This study has highlighted the potential for dispersal of OMA on the St. Lawrence River in
the region of Matane. Different criteria were used to analyze the dispersion of OMA with the
weighted area of contamination, the effective area of contamination, the coefficient homogeneity,
the occupation of the water column and the concentration of contaminant conservative. Also, a
simplified method based on horizontal and vertical dispersion to easily quantify the evolution of
the dispersion is proposed. The dispersion analysis was performed using 6-point injection. The
results showed a great diversity of facies dispersion. It seems obvious that analysis of dispersion
should be on a case by case basis. However, the majority of injection sites tested showed that
the contamination is diluted significantly over a period of 10 days. The maximality criterion for
determining the dispersion is, in our humble opinion, based on intervention on the ground
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