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MANAGEMENT PERSPECTIVE

In order to be able to accurately model the transport and fate of pollutants using
water quality models it is necessary to establish the mixing or dispersion characteristics
of the river system being studied under different flow conditions. This is particularly
important for the 2 dirnensional modelling work being carried out at NWRI to examine
the discharge of contaminants from the Tar Sands plants near Ft. McMurray into the
Athabasca River. Tracer dye studies are normally used to determine the mixing
characteristics but require large field crews and on-site analytical facilities. The method
described in this report utilizes naturally occurring water quality parameters to evaluate
mixing characteristics downstream from the confluence of two streams. Sampling can be
carried out with minimal field equipment and personnel. Results obtained using this

method compare well with previous studies using the standard dye tracer method.



| ABSTRACT

In many rivers complete sectional mixing is not achieved for long distances
from the initial release point of a pollutant. This is the case for the Athabasca River
downstream of Ft. McMurray where the release of contaminants from the Tar Sands
refinery operations. A two dimensional toxic chemical model is being developed at NWRI
to examine the transport and fate of these contaminants. Because of the complex nature
of the mixing processes, field tests are required to supply mixing data for the model for
a wide range of flow conditions. In order to supplement the few tracer dye studies which
have been performed, the mixing of natural water quality parameters at the confluence of
the Athabasca and Clearwater Rivers has been used to simulate a steady-state tracer test.
The diffusion and dispersion values obtained from this study are compared with earlier
dye tracer studies as well as a similar natural water quality tributary mixing study
performed 18 years earlier.




INTRODUCTION

Most river water quality models are one-dimensional in nature where complete
mixing of pollutants across the river sections is assumed. However, in many rivers
complete sectional mixing is not achieved for long distances from the' initial release point
of the pbllutam. This is the case for the Athabasca River downstream of Ft. McMurray
where the release of contaminants from the Tar Sands refinery operations near Ft.
McMurray is being studied (Brownlee 1990, Booty et al. 1991, Bourbonniere 1992). A
two-dimensional toxic chemical model is being developed as part of this project. Because
of the complex nature of mixing processes, field tests are required to evaluate the mixing
characteristics of the river reaches. These tests usually involve the use of tracers. A
number of tracer dye studies have been performed on the Athabasca River downstream
of Ft. McMurray (Beltaos 1978, Beltaos, 1979, Van Der Vinne 1993). Information on the
hydraulic and mixing characteristics need to be- repeated over a wide range of flow
conditions and ice/no ice conditions to fully characterize the river reaches. However,
tracer dye experiments are quite expensive and are not normally performed very often.
In order to supplement the available tracer dye studies, the mixing of natural water quality
parameters of a river and its tributaries can be used. At the confluence of two s’t'reams,‘
one stream acts as a source of water quality parameters whose concentrations are
significantly different from the concentrations of the second stream. Downstream of the
confluence the mixing of the two flows produces the equivalent of a steady state tracer
test. The feasibility of this approach has been examined previously (Lipsett and Beltaos
1978) for the conﬁuence of the Athabasca River with the Clearwater River at Ft.
McMurray. The measured concentration distributions were found to agree well with those
predicted by an analytical model of transverse mixing in a prismatic channel. In this study
the confluence of the Athabasca and Clearwater Rivers is again used to determine mixing

characteristics of the reaches downstream of the confluence under different flow regimes.
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THEORY and METHODOLOGY

A representation of the mixing process downstream of the confluence of a tributary
and mainstream is shown in Figure 1. In this example the conservative water quality
parameter, CI' for example, is C; in the tributary and C,, in the mainstream. Here it is
assumed that C; > Cy. It is also assumed that the concentration of any tracer parameter
upstream of the confluence is uniform and independent of time. Downstream of the
confluence three regions exist. In region 1 near the tributary the concentration is constant
and equal to C;. Moving downstream the width of this region decreases due to transverse
mixing and eventually this width is reduced to zero and beyond this point the right bank

concentration is less than C;. The second region is found along the left bank where the

concentration is equal to Cy. This region also decreases in width downstream until it

reaches zero. Beyond this point the concentration on the left bank is greater than C,,. The
third region is the mixing zone where the width is zero at the confluence and increases
in the downstream direction, eventually becoming equal to the full width of the river.
Eventually, at a point far downstream, a uniform concentration distribution is established
across the river.

The principle of conservation of mass of a neutral tracer results in the equation

o, 9 _ 83y, 8,8, 3,8 1
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where C is the concentration and €,, €, and g are the turbulent diffusivities in the
coordinate directions. In order to simplify equation 1 a number of assumptions can be
made. As most river channels have widths much greater than average depth, vertical
mixing is accomplished within a relatively short distance of the source (50-100 river
depths). Beyond this distance reasonably accurate concentration predictions can be made
in terms of the depth averaged concentration. Integration of equation 1 in the vertical
direction gives a simpler equation describing the depth-averaged concentration, C,, where
the suffix d is used to denote a depth average. Another assumption that can be made is
that longitudinal diffusion is negligible as comparéd to longitudinal dispersion and setting
dC/ot = 0 (steady-state mixing), it can be shown that
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Equation 2 shows that the vertical coordinate, z, has been suppressed and the important
mechanisms of mixing are longitudinal convection (lefihand side) and transverse diffusion
(righthand side). In the 2-D model being used, the stream tube coordinate transform
concept developed by Yotsukura and Cobb (1972) is used. In this approach the river cross
section is divided into a number of vertical strips called "stream tubes", such that the
discharge within each stream tube is the same. The streamtube transformation permits an
analytical solution of equation 2.

Letting q denote the discharge between the left bank, y=0, and any vertical at y,

then

g = [7 hugdy = qv) 3

where u, is the depth averaged velocity. A one to one relationship exists between y and
q and the transverse coordinate may be represented by q equally as well as y. Using
equation 3, the governing equation (equation 2) becomes

ac. :
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Yotsukura and Cobb (1972) showed that the variation of the quantity h? u, €, With q had
very little effect on the solution of equation 4. Consequently it may be assumed that h?

u, E,4 is a constant and equal to its average value, that is

h? Uy €y~ h? Uy €pq = D, ' (5)
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where the overbar denotes average with respect to q. The simplified two-dimensional
convection-diffusion equation describing the distribution of a conservative chemical under

steady state conditions can be written in the form

(6)

in which x = longitudinal distance below the source, q = cumulative partial discharge

measured from a reference bank, C, is the depth averaged concentration of the chemical

at a point (x,q), u = depth-averaged local velocity of flow in the x direction, and D, =

diffusion factor. The diffusion factor is assumed to be constant at a cross-section and is

given by
D, - m, e, uhsup2) - é f; ° (m, e, uh?) dg | )]

in which the overbar indicates the average value of the product term, h represents the
local depth of water at a lateral distance,y, (the latter being measured from the reference
bank), e, = transverse dispersion coefficient, Q = discharge in the river just below the
source, and m, is a metric coefficient (scaling factor) to correct for differences between
longitudinal distances along curved coordinate surfaces and those measured along the x-
axis.

The values of D, can be estimated from the variances of c(x,q) versus q
distributions, as outlined by Beltaos (1978) and Yotsukura and Cobb (1972). The program
Mixandat by Gowda (1980) has been used in this study to calculate D, from the
relationship with the variance, o, of c(x,q) versus q distributions. Both D, and e, can
be related to bulk 'ﬂow parameters of the channel. Following Beltaos (1978), an

expression for D, can be written in the form

D -yeul .(8)
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in which h and u denote the cross-sectional mean values of depth and velocity,
respectively, and y denotes a shape-velocity factor which is used to account for the
deviations of local depths and velocities from the cross-sectional mean values. The shape-
velocity factor can be evaluated from the relationships presented by Beltabs (1979). A
review of the literature indicates that e, can be expressed as a function of the bulk flow
parameters of a channel (Holley et al. 1972,Lau and Krishnappan 1977). Holley et

al.(1972) expressed ¢, as a function of the average values of depth and velocity of flow

by the following expression:

e, =da,hu 9

where h and u represent mean depth and mean vélocity and o, is a nondimensional

transverse dispersion coefficient. Lau and Krishnappan (1977) related e, to the width and

velocity of flow. The expression for ¢,, developed from a dimensional analysis, is given
by:

e, =B, bu (10)

where B, is a nondimensional coefficient. The values of B, were found to vary from 2.78

x 10* to 15.17 x 10 * in rectangular flumes.
FIELD DATA

The Clearwater River is a major tributary of the Athabasca River with the
confluence at the town of Ft. McMurray. Figure 2 shows the area of study along with the
locations of the transects used for sampling. Data required for each transect are 1)
longitudinal distance from confluence 2) flow rates 3) depth averaged velocities 4) cross
sectional geometry and water temperature. The transects were divided into 10 stream
tubes. The number of stream tubes chosen was based on practical rather than theoretical

considerations to allow all of the field sampling at each site to be performed within a
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reasonable period of time. At each of the centroids of the stream tubes the following
' measurements are necessary: v
1) distance y from the reference bank

2) depth at y

3) depth averaged velocity at y (optional)

4) concentration of tracer ion at y

Further river data required are:

1) flow rate of the Athabasca river upstream of the confluence -

2) concentration of the tracer ion in the Athabasca River upstream of the confluence

3) flow rate of the Clearwater River upstream of the confluence

4) concentration of the tracer ion in the Clearwater River upstream of the confluence

In 1993 two separate sampling programs we;re carried out during the periods of

May 22-31 and Aug. 26 - Sept. 7. At each transect a depth profile was carried out using
an echo sounder. Water samples were collected vupstrea,m of the confluence for both rivers
and at the midpoint of each streamtube for analysis of 1) Ca** 2) CI' 3) Si0, 4) SO,* 5)
Mg* 6) K* and 7) Na*. Flow data were obtained for the sampling periods from the WSC
gauges located on the Clearwater River near Draper, Athabasca River below Ft.
McMurray. Additional flow data were obtained for the Steepbank, Beaver, Muskeg and
Mackay rivers which are tributaries to the Athabasca River below the confluence of the
Athabasca and Clearwater. Water samples were also collected from these tributaries and
were analyzed for the above parameters to examine their possible influences on the
mixing of the Clearwater and Athabasca rivers. During the two periods of study, the flows
from the smaller tributaries represented less than 1% of the total flow and consequently
were not considered to be significant factors. The contribition of groundwater to the
Athabasca River along the reach being studied is also a potential source of the tracer ions
being considered. As there are no WSC flow gauges on the river downstream of transect
1 it is not possible to accurately determine the groundwater contribution to the study
reach. Schwartz, F.W. (1979) carried out a hydrogeological investigation of the Muskeg

River Basin. However, no determination was made as to the direct groundwater
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contribution to the Athabasca River in that area.

May 1993 Field Data

Examination of the water quality parameter data revealed that of the seven potential
tracers, Na* and Cl' were the best to use for the study as the concentrations were
significantly different between the Clearwater and Athabasca rivers ( Clearwater River:
[Na*] = 19.8 mg/L, [CI'] = 27.8 mg/L]; Athabasca River: [Na*] = 6.65 mg/L, [CI'] = 1.6
mg/L) and show the most distinct mixing patterns, as shown in Figure 3 for data collected
at transect 1. It can be seen that the other tracers do not exhibit the expected mixing
pattern shown in Figure 1.

The hydraulic data measured for transects 1-6 are shown in Figures 4-9
respectively. The concentration profiles for Na* and CI' for the transects are shown in
Figures 10 and 11 respectively. During the sampling period the flows in the Athabasca
River at the gauging station below Ft. McMurray ranged from 923 to 652 m®/s while the

Clearwater River flows ranged from 116 to 95 m's.

September 1993 Field Data

Again Na* and CI" were found to be the best tracer ions. The hydraulic data
measured for transects 1-6 are shown in Figures 12-17 respectively. The concentration
profiles for Na* and CI' are shown in Figures 18 and 19 respectively. The Clearwater
River [Na'] = 18.1 mg/L and the [Cl] = 23.6 mg/L. During this sampling period the
flows in the Athabasca River ranged from 793 to 816 m%/s while the Clearwater River
flows ranged from 116 to 130 mY/s. It can be seen that the cross sections at transects are
significantly different. at the two sampling dates as the river bed is composed of sand

which is modified during different flow conditions.

RESULTS
A series of Fortran programs originally developed by T.P.H. Gowda (1980) are
used to analyze the field data. First the program MIXANDAT is used to perform the
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following computations using the field data as input:
1) Average depth and velocity at each transect
2) Simulation of velocity distributions at cross-sections where velocity data are missing
3) Determine the shape-velocity factor for each transect
4) Mass fluxes of tracer at each transect
5) Variance of cross-sectional distributions of tracer
MIXANDAT regresses the variances against different parameters to determine the
dimensionless trans‘vers,e dispersion coefficient B. The program chooses the regression of
least error and equates the slope of the linear regression with an expression from which
B can be determined. The value of B is used as input to the program MIXCALBN which
calculates the dispersion parameter for each reach. The value of B is adjusted to calibrate
the predicted tracer spread with the observed concentration distributions. B is at least
weakly reach dependent as it represents the rate of spread of the tracer which is
dependent on the hydraulic and geometric properties of each river reach.

The results of the calibration of B for Na* and CI' for the May 1993 study are
shown in Figures 20 and 21 respectively. The results of the calibration of B for Na* and
CI' for the September 1993 study are shown in Figures 22 and 23 respectively. Comparing
the results for Na* for the two sampling petiods is can be seen that the value of P ranges
from .00065 at traﬁsect 1 to 0.0008 at transect 6 for May, 1993 while the value of P is
constant at 0.00042 for all 6 transects in September 1993. The variation in the May B
values is likely due to the fact that the flows were dropping during the sampling period
whereas they were relatively constant during the September study. The higher B values
for May are due to the fact that the flows were higher during this period than they were
in September. Comparing the results for CI it can be seen that there is a wider range
(.0006 - .0009) during May than during September when the values were all about 0.0004,
which is again probably due to the varying flows during the May study period. Also, as
for Na*, the values of B are higher during the higher flow period.

Using equations 9 and 10 the values of D, and e, can be determined. The values

are shown in Table 1.
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| DISCUSSION |

The diffusion and dispersion values from this study are next compared with other
transverse mixing studies on this segment of the Athabasca River. In 1974 two dye tracer
studies (one in open water and one under an ice cover) were carried out downstream gf
Ft. McMurray between Suncor and Ft. MacKay (Beltaos 1978). In August of 1976 Lipsett
and Beltaos (1978) used natural water quality parameters to examine the mixing
characteristics of the Athabasca River at the confluence with the Clearwater River. More
recently Van Der Vinne (1993) tracer dye studies were carried out from Ft. McMurray
to the Ells River during ice cover. In Table 2 the averaged results of the current study are -
presented along with the resilts of the previous studies. Comparing the results of this
study with those of Lipsett and Beltaos,1978 it can be seen that the transverse mixing
terms are much higher for the earlier study. The flow of the Athabasca River at the
gauging station below Ft. McMurray was 1947 m*/sec during the 1978 study whereas it
averaged 792 m’/sec in May and 805 m/sec in June of this study. The earlier study also
only considered mixing in a reach only 2400 m downstream of the confluence whereas
the current study examined mixing to transect 6 which is 124,800 m downstream of the
confluence. The geometric cross sections of the river have also changed since the earlier
study as they did between the May and September studies, due to the fact that the river
bed is composed of loose sand. The under ice cover studies consistently show much lower
mixing conditions than the open water studies. Consequently, for modelling exercises, it
would be best to carry out mixing studies for the flow conditions and river geometry that

exist at the time. Otherwise, previous mixing data would have to be used and adjusted for
the new conditions.
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Table 1 Summary of transverse mixing coe
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fficients

Sodium (May)

Transect B D, (m%s?) e, (m%s)
1 0.00065 3.873 - 0.2531
2 0.00060 2.060 0.1544
3 0.00060 1.680 0.2356
4 0.00070 2.397 0.1732
5 0.00060 1.582 0.2264
6 10.00080 2.902 0.2022
Chloride (May) —
Transect B D, (m’/s?) ‘e, (m¥s)
1 - 0.00060 3.164 0.2198
2 0.00070 2.165 0.1710
3 0.00060 1.488 0.2217
4 0.00060 1.842 0.1406
5 0.00060 1.425 0.2148
6 0.00090 2.883 0.3089
Sodium (Sept.) ' _ —
Transect B D, (m’/s?) e, (m?/s)
1 0.00042 2.019 0.1469
2 0.00042 1.865 0.1885
3 0.00042 0.988 0.1903
4 0.00042 1.155 0.1229
5 0.00042 0.914 0.1439
6 0.00042 1.165 0.1423
Chloride (Sept)
Transect B D, (m/s?) e, (m¥s)
1 0.00039 1.875 0.1364
2 0.00039 1.731 0.1750
3 0.00039 0.917 0.1767
4 0.00039 1.072 0.1141
5 0.00039 0.848 0.1336
6 0.00040 1.104 0.1355
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Table 2 Comparison of mixing parameter values for the Athabasca River downstream of Ft.

McMurray
Study v Diffusion Transverse Dimensionless
Factor Mixing Diffusion
Coefficient Factor
(m’/s?) (m’/s) B

Below Fi. McMurray '

(Beltaos,1978)

Open water 1.26 0.093 0.00077

Ice cover - 0.0474 0.041 0.00021

Below Ft. McMurray

(Lipsett & Beltaos,1978) .

Open water 5.22 0.541 0.00148

Ft. McMurray to

Ells River

(Van Der Verre, 1993) _

Ice cover 0.0160 0.0082 0.00032

Below Ft. McMurray

(this study) o

Open water (May) 2.289 0.2177 © 0.00066

Open water Sept.) . 1.305 0.1505 0.00041
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Figure 9. May 1993 hydraulic data measured at transect 6
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Figure 13. Sept. 1993 hydraulic data measured at transect 2
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Figure 16. Sept. 1993 hydraulic data measured at transect 5



. [
1

32

CROSS—SECTIONAL VALUES FOR TRANSECT 6

e e e e e e E e e e . E S — .- - e ...~ - ———— -
Ll i ittt T T iy,
albadiadia B I T I SRy

QP ™ v o o iew e e - - -

t
(B
]
! ]
] J
1 ]
' !
' 't
] L]
[} !
] 1
[ i
o "0

“F

. 2,33
AVE. DEPTH

- ] - - - -

-—e—m e b - - -

- -

0.83
AVE. VELOCITY

||||| b & —~ — =

- e el - .-

00 273 5.0 825 1100 137:5 1650 192.8 220.0 247.5 275.0 302.5 330.0 357.5 385.0 412.5 4400

Q

80 9 z
NOILOVYY MOTd

00 1~ L2~ 0r~ £5-
H1d430

£y €1 80 YO 0O
ALIDOT3IA

LATERAL DISTANCE Y

Figixre 17. Sept. 1993 hydraulic data measured at transect 6




1

~ " <+ 0 ©
5 5 5 5 5 5
bl o b ] ] ]
g 2 g 2 2 2
3 g 3 2 g 2
m - - — m
b o o Q =3 ©
R - Qo o (3
$ $ oS .3 3 3
3 3 3 2 2 B
e - ‘- b4 23 -
Q o o 1o Q. o
, bttt S P 1 -
g 2 SN - B 2 e 2 g
- o n oy o A ” -
~ ~ ~ o o—n
5 - S SR 5 - S 2 3 5
o a a ‘o o T ..ﬁ uuuuuu o e
) 2 » :
llllJTlllnm ————g - =] m. llllllllll 1= ,m m i m o
o héd b R S o . : o =
[ e Sy VP — o o8 o~ o .ot
g 3 8 S g 8 o] 8 £
o e - - - - o ] Q. o o 41 o
uuuuuuuuuuu 2> M S b TTTRT T T T e > 8> TTTE T T T T T e > 12> [™
- it Siutadadi -l o -l ) -w m
Ly . ;
) ot ol 3 28 nQ . d_____._ o QO o
a2 iy it & Z ~Z 8Z e e mm e &Z ‘& Z 7]
uuuuuuuuuuu a X - S B o ~---F-----I50X o o =]
‘ i A g2 g2 g0 : g0 R 8
~N o Ny ~ N ~N Oy ¥ 2 [ U ~ O o
o S N a R S « ———f o] " f a - *
L &g 24 g ---q]------ &g &g s
o o o o o o Z
b - ol -l [ SR Sw ) 1) Y S l..m
lllll == ~=~48H o | o= 3= S o)
[ S -3 a3 o3 a3 ad R
5 5 B e 5 B St 5  m--f------ 5 5 v—
fo o o P o o a 4
e e e = e R ° Qe
= = - = Y = * bt - Q
19 I o N - o  __ 1 ____ ] o  __1____ - v
S '8 8 - 3 . s 8 o8
o Q R o - T, R i Rl I I v
2 '8 3 i el 8 18 S L @
" n " « . n W
8 N b 8 e S o0
L -—
o ‘o o 4 a fo o 1<%
€Sl 001 9 £t 00 €61 001 £9 ¢f 00 €6t 001 (9 £f 00 €TL 06 29 ©F 00 £EL 00 (9 £¢ o0 €Tt 00t «9 £f 00
NOILVYINIINOD NOLVYINIONOD NOUYYINIONOD NOIVYINIONOD NOUVHINIONOD NOUYHINIONOD:



I EE B I N O IS I BN D S D BN BE B E B B e

- ~ L) < n ©
- — - - - -
O O Q O Q O
) ] w [} ) ]
M W - M - M
Q o o o o o
] p-3 : 3 4 q
L3 o -] [-3
s 3. -e-o-- g--u $ 3 3
o 3 3 la 3 2
“ - - < . -
”. W llllllll b _ W o o
i ¥ o3
13 2 g oo A_--w ....... -48 e - - - 48 8
: : - 2 8
(a3
3 g ------- 1-3 B . 18 | __|3 S
m o o : o e  TTTTTS T " le =
........ . s _____ 1 ]z 18 3 3 o
3 g 1 5
. B3 o o
" 3 S mmmmm -] 3 8 e 31 =
as a = e e = ] o = I [ o o
uuuuuuuu 18> 2> g> g> 8> B> &
« L.l L (¥} : =~
< 159 T o O 0 28 cmme—foe- 28 ]
o g &Z Xz sz cm=--- ---13 < o
......... -{s2 s 52 -------1--[52 52 1 iz g
{8« sw S w 80 s wn 18w ]
88 8 Fo -4 ~ L2 & Y (¥
15 5o &o 8o 88 -----p--- 188 |
1 2 Ny - il B -~ 42 3 = m—
¢S 3 mM mm ||||||||||| mm xnm &
b £
> W ] w1 o o o o)
1= S - {— S N (-3 = - 12 37 S _———do
i i 5 R e L -
" - =3 123 g *3 2
15 s ] 2 Y S 2 - 2 2 -
- n @ wesesee e - n T TTTTPT T T 1m ” o3
o a. - - 2
E 3 R I N | B 3 B
| 2 SR G z L Iz = 1= 7]
b 2 e e e o ] b ) e e - - S, S— o
M © @ T [N o . ] & -t
: G ecomcfrcena- a Q@  emmc-bea-- 9 il e o 7Y
8 8 3 --=1-----12 8 S 8 .m_..a
-0 n -] \ Iy 1a Py .
~ ~ - i3 : ?
~ & & ,U ZU. 8 ix
o . 'Q . :
M o M. 3 M W

oyt S0t 0L §T 00 oyl S04 0L ST 00 0% $01 O0C €€ 00 orl S0L 0¢ ST 00 orlk SOIL 0L ST€ O Oyl COL O¢ ST 00
NOILVEINIONOD NOUVYLINIONOD NOILYYINIONOD NOLLYYINIONOD NOUVHINIONOD NOILVHLINIONOD



10/A0 10/40

e.N O.W ﬂ.-c h.-c 0.-0 .m._c d.e;n._c ro —..o 00 OM.-Iavpo O,.-o nu.-o 90 §0 v.-o [ -] «..e t0 00
. R 1 i 1 i L A 1
Apms €661 A.IA 2) 10§ €N J0j ¢ jo uoneaqe)) ‘gz 31n3iy H 2
B a B g
BEEA Rz
L.a O L~ O
«mMm -m
Lo Z z
&3 =
-2 3 £
= =
OlTIlO'II‘rlOI.'Jlﬂ (o] o]
P e S T z -Z
4 B
i
192°E ase's: Qviyds  eES’S £19°€ Qgviuds
WS 0L1°CL  “ONOD NYIM  »¥'S 061:6  "INOD NYIA
QMOI03¥d  QIANISE0 031010344  QIANISEOD
000000°0 =PX 08000°0° =vig 000000°0'=P3 090000 =v138
9 193SNviL S 193SNviL
10/A0 10/10 1w/ 10/40
0’} 60 §°0 £'0 9°0.5°0 0 £0 £°0- 40 00 0 6080 L0905S0P0S0.20 4000 0't 60 070 2°0 90 $°09°0 €0 L0 10 00 01 6080209060700 £0:20 1000
L i i i S N ) 1 1 L o | S T . i 'l L L 1 ] o [ _— i A L 1 ' ] 11 -3 L | - | A J - | 1 'l L ] 4 o
-3 L3 -] -3
s O e 2 O M O
(o] | . O . O o
-z Sz £z [£z
Ftm & m -8 .m ¥ m
Lo Z o Z Lo < & Z
s 3 L= o (@
| DS e -2 > ﬁﬂ >
) | o ¥ l o =3 | o = -
(22 Pye] O = Q ' O
 _Z L _ Z | . Z | = Z
8.4 o - -
& | @ = | &
= 3
> ﬂ o "
o1 y55°€ av3ds 005°C Lz Qv3Iuds s91°§ £ZLE avids  pii‘g 9682 avInds
"wr'e S8L°L  "ONOD NVIN vov6 662 "ONOD NVIR "ee ¥8Z°8  "INOD NvIR "wr'e 181°6  "ONOD NVIN
Q110384 QIAUISBO aAPNd  AIAYISEO 03131038d  Q3A¥ISAO QUGS QIANISE0
000000°0 =PX 0L000°0 w=vil8 000000°0 =P} 090000 =v)38 -000000°0 =PX 030000 =vilg 000000°0 =PX $I000°0 =Vi38
¥ LO3ISNVYL € 133SNVHL Z 1J3SNviL . 1 1J3SNvil

SNOILVYINIONOD Q3L0IG3d
e — - SNOILVYIN3ONOD Q3IAY3SE0

SLINN 38N1 WVY3IYLS NI SILYNIGY00D Iv¥ILV]
SNOILVYINIONOD NOILYYSITVO OL SNOILVHINIONOD Q3AYISE0 30 NOSINVINOID

AQNLS ONIXIN SYIAIY ¥ILVMIVITO-VIOSVEVHLV




36

Apmis €661 Ae]N aup 10§ 1D 10§ ¢ Jo uonEIqE) “J7 20Ty

10/10

0L 50 80 £0 90 S0 0 £°0 20 1'0 00
L 1 1 1 (1 i i 1 1

10/A0

08 6080 £°0 9050 2050201000
L 1 ] L 11 i A L 1

10/A0 10/40
0L 8080 L0900 90£0T0 1000 01 6080 L090509Y0:€0T0 1000
J 1 i 1 i i £ 1.1 .31 o [ - 1 A L1 1 1 J 1 o
(-] o
3 Ts
o
2z B
B m v
(& .
bl
; (S 2 “
b O = ~
\In - ——— - n m “
/ e ————— -+ " z W
/ Lo »
L -
£69°€ 118’ aviyds 280°¢ 8ss aQv3uds
9rie $L0'8 "INOD NvIn i L4049 ‘ONOD NVIN
Q31310344 Q3AN3IS80 Q31010384 Q3A43IS8O
000000°0:=P% 060000 =vi38 ‘000000°0 =PX 09000°C =v13Q
9 1J3SNvViL S 1J3SNViL
10/40 10/A0

ot 5000 £0 30 $°0 90 £0 20 4000
| N T T T T T T 'Y

01 §0660L090S0P»0S0L0 1000
A 3 1 L ' I 8

o ° P —r 1 °
o -] -3 (-]
EX P cbant (& O S
L2 't 2 22 te
S m o m im B
L » z | z [ = o
o = (b= S
| o X L o x T Le
~ W. S w. ) - " Y.
B [0 <o 8
| » Z o Z -Z 2
~ |1 o SN Py
£09°2 wure Qviuds  s0sZ 052z ovaNds 1252 ssvz avisds ¢85} vZEL oviyas
avi'e 0LY'Y  CONOD NVIR  9y('9. OSLy  "ONOD NVIR 9918 989°C  INOD NVIN 9019 SE6'9  "ONOJ NYIR
Q310i038d  Q3A¥ISEO QILOI03d  03AH3SED Q3LJI03¥d  QIAYISEO 031010344  03A¥3SE0
000000°0=P% 09000°¢  =viz@ 000000°0 =P¥ 090000 -=Vi39 000000°0 =PX 0L000°0 =vila 0000000 =PX 090000  =V138
¥ 133SNVYL £ 103SNViL ¢ 103SNviL 1 1J3SNViL
SNOILVYINIONOD Q3121a3ud
e - SNOILYYLINIONOD Q3A¥3SEO

SLINN 38N1 WV3IYLS NI SILVNIQYO0O0D TviILV)
SNOILVYIN3ONOD NOILVYEITYD 0L SNOILVYINIONOD d3AY3ISE0 340 NOSKIVAWOD

AQNLS ONIXIN SY3AIY d3ILVMAVITO—VIOSVEVHLY

NOLLYYINIONOD

NOILYY¥INIONOD

1




10/A10 10710

e——“m 8’0 u.w 90 $°0 ¥'0 €0 L0 10 00 0 5090209050050 L0 000

. i 1 1 i i | N 1 1 IS i L 1 2 1 L.t

Apnys g661 “1dag ayy Joj BN 105 ¢ jo uoneiqie)) "7z 2andiy S S
8 23
- “ ANJ o n QNJ
e m FS m
feoZ | » Z
- - =t
Le P Lo 2
j O - - - " =
Fio -~ - o
[ o Z TN vl e Z

‘- ~

Y,m 7”

s z
10S°E 669°€ aviuds 605°C Po’s aviuds
rL'e rL86 ‘INOD NYIN rL'e 9468 "INOD NYIN
Q31013344 QIAYISED 031210384 Q3A43S80

000000°0 =PX Z9000°0C =vi38 G00000°0 =P¥ ZYO00'0 =Vi138:
9 133SNVHL S 123SNVYL
10/40 10/410 10/40 10/10
03 60 9°0 £70 9°0 §0 20 £0 L0 t'0 00 @1 6080 LO90SOPOEOLO 1000 0} 50 90 £:0 90 S0 ¥0 £0 20 1'0 00 0) 6000 L0 90SOPYDSOZTO 1000
| SN i [ 1 1 3 1 8 L e L L 1 L 1 i 1 1 1 'l o [ — R i 1 1 L L - 1 o Lt 1 L 1 i L i I | ©
R-2 -] o ﬁo
[& O EX2] L0 Ta O
o & O . O (o]
- S ¥ > vz ?.“ z
- O -~ O e O FeQ -
(o Z [~ Z - Z | gy
e | oz @ = e =t
-2 R L~ P e B ke
] = =] =]
22 22 H [22
~ - - L= =
g H 2 : g
- = >~ = b = > =
& £ : &
L4188 Nrs aviyds 980'€ 9t qviNds 646°C (1447 aviNds 9168 1481 OVINdS
(4% £95°6 "ONDD -NVIN re's 669'8 "INGD NVIN -IreL'e £80°8 ‘N0 NVIN TrL e £08'% ‘INOD NVIN
Q3101034d  QIA¥ISEO 031310344 Q3AN3S80 Q31210394 QIAYISE0 01034 03A¥3580
0000000 =PX ZY000°0. =Viig 000000°0 =PX ZY000'0 =v130 000000°0 =PN Z9000°0 '=viig 000000°0 =PX Zv000'0 =vi38
¥ LOISNVAL £ 103SNVAL Z 193SNVHL : I 123SNviL

—_— . SNOLLVYINIONOD Q31210344
————— — . SNOILVYINIONOD Q3IAY3SE0

SLINA 3801 AV3IYLS NI SILVYNIGY00D TvyILiv]
SNOILYYLINIONOD NOILVYEINYD OL SNOILVYINIONOD (@3A¥3ISE0 40 NOSINVAWO)D

AQNLS ONIXIN SHIAIM ¥ILYMEVITO-VISVAVHLY

, |



38

Apmis €661 1d3S ayy 10§ | 10§ ¢ Jo uoneIquE)) ‘g7 N1y

10/10

0L 509020 950507v050L0 1000
L '} 1 I} 1 1 1 1- 1 1

10/10

04 60 8°0 £70 9050 ¥0£020 1000
[} 1 1 1 1 '} L 1 1 i

-

SO0’ v8£°€ avuds

U R L U L

T A
ERSLTITS 1Y 1T 1T 01 00

NOILVYIN3IONOD

e

Y

1448 8£z’s Qv3IHdS

920°6 06Z°9 "ONOD NvaM 920°S 6209 ‘INOD N¥IN
Q3101038d° QIANISEO 02100384 Q3A43ISBO
000000°0 =PX O0P000°'0 =V138 000000°0 =PX §S000'C =Vvi38
9 1J3SNVYL. S 1J33SNVYL
10/AD 10/40 10/A0 10/10
0’1 6°0 90 £'O -o an vo ne uo —.o 00 01 6080 L090S0P0E0TO 1000 0} 6060 £0908090E0LT0 1000 01 8090 LOO0SOPYOE0OTO 4000
1 1 1 ° 1 ' 1 1 L i L 1 )1 -° L L 'l i 1 i i i '] 'l o ‘L 1 1 1 i ' 1 | L L e
-] -] -] -2
(&0 L0 : EX]
o
e 2 22 3 e 2
. O [ o O . o O
~ m. 1S _m > 9 m.
1] -2 5 4 S =
L~ | o 2 N e R
ey — - — - ] -
Y0 -3 o 2 o
- | o Z - Lez
- ° g 2
- & - = -
° B 3 s
0Z4°Z [T 4 avinds. £50°C. . 8362 Qv3Iuds rZ8°L 1ISS°Z QviNds T69°1 L T4 % 4 Qv3yds
920§ 9L'9 ‘INGD NYIN 9Z0°S: 1S8°S "ONOD NYIN a8T0°S. 19SLy ‘INOD NYIN 8zo's 1Z6'S "ONOD NYIR
Q3121344 Q3IAYIS8O Q30139d Q3AN3IS80 aNNaNd Q3ANIS8O 031010384 GIANISEO
000000°0 =P¥ 65£000°0 n<~um 000000°0 =PN 650000 <=v118 0000000 =P 6£000°0 =vVil8 000000°0 =P} 650000 =Vi138
¥ LO3SNVYL £ 1J3SNVHL € 1J3SNVYL | 1D3SNVUL
SNOMVYINIONOD Q31010344
e — e . SNOIYIINIINOD Q3AYISHO

SLINN 3801 WV3YLS NI SILVNIGY00D IVIILV]

SNOILVYLINIONOD NOILVYEITYO 01 SNOILVYINIONOD Q3IAY3ISA0 40 NOSIYVIWOD

AQNLS ONIXIN SHIAIY YILVMIVITO—VOSVEVHLY



A



Think Recycling!

Pensez a recycler !




