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ABSTRACT

The second in a series of Atmospheric Environment Service
field studies in the Athabasca 0il Sands area was carried out during
3~13 February 1977. The objectives of the study were the same as
those of the March 1976 study, namely to obtain information on the
meteorology of the area and/or the dispersal and behaviour of the
Great Canadian 0il Sands (GCOS) plume. In addition, the study was
extended to determine the rate of 302 oxidat ion of the GCOS plume
and to determine its constituents. As a consequence, the AES
experimental program consisted of wind, tempenature, and humidity
measurements as a function of height using balloon-borne minisondes
and radiosondes tracked by theodclities and a tethersonde-borne
instrument; photography of the GCOS plume; and aircraft sampling
of 502, sulphate, and sulphuric acid in the GCOS plume downwind to
about 30 km from the stack.

For the majority of the experiments, surface inversion
conditions were observed. The meteorological structure at lLower
Syncrude Site and at Syncrude Mine Site is discussed. Typically,
with a cross-valley flow, the wind at the lower site was decoupled
from the winds aloft, with the lower level fiow aligning with the
valley walls. The wind at the upper site showed a similar shifting
of the surface winds to align along the valley direction. These
results suggest that during stable conditions, the flow through
the surface inversion is strongly influenced by the broad basin
of the Athabasca River.

Two acoustic sounders were employed at different locations
to examine the temperature structure of the atmospheric boundary
layer. The formation and breakup of the inversion tayers over the
Athabasca 0il Sands area were recorded tiy the sounders and are
discussed in this report.

Comparison of the sounder records with the sonde profiles
gave good agreement. This suggests that the sounder may be used
successfully to measure inversion heights at the Athabasca 0il Sands
area. In such an application, at least one minisonde station should

be used with the acoustic system, for calibration purposes.



XX

This assessment of the predictive capability of plume
rise formuias showed that the Holland and the Briggs formulas
appear to predict plume use better than the other formulas tested.
For two cases selected for analysis of plume behaviour, comparisons
are made between the observed dispersion coefficients and some
theoretical models for different stability classes. The TVA method
of 02 appears to predict the observed plume dispersion coefficients
better than the Pasquell-Gifford model. The reverse is true for
g .

S0, oxidation rates were found to be low. Within the
experimental scatter of the data, the rate as measured was essen-
tially zero, in spite of the fact that the particulate loading in
the plume was relatively high and that a mathematical model of
heterogeneous oxidation suggests that appreciable rates should have

been measured on certain occasions.
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1. I|NTRODUCT ION
The intensive field study of March 1976 in the Alberta

0il Sands Environmental Research Program (AOSERP) study area

(Figure 1) yielded interesting results concerning the meteorology
and deposition and disperal of pollutants In the area {Fanaki 1978).
It was felt, however, that a further field study was needed for
winter conditions. to add statistical significance to the data
obtained in March 1976.

The following report describes in detail the second in
a series of Atmospheric Environment Service (AES) winter field studies
that were carried out during the period 3-13 February 1977.

The objectives of the study were the same as those of
the March 1976 study:

1. To obtain detailed information in space and time on
wind flow, temperature, and the thermal turbulent
structure of the atmospheric boundary layer in that
area; and

2. To obtain information on the rise of the Great
Canadian 0il Sands (GCOS) plumes, their behaviour,
and dispersal, as a function of meteorological
conditions and downwind distance.

In addition, measurements of dispersion coefficients by
means of turbulence measurements and plume sampling were made.
Furthermore, the study was extended to include measurements of the
rate of 502 oxidatton in the GCOS plumes as a function of plume age.

As a consequence, the AES experimental program consisted
of wind, temperature, and humidity measurements as a function of
height using balloon-borne minisondes and radiosondes tracked by
theodol ites and a tethersonde-borne instrument; photography of the
GCOS plume; and aircraft sampling of 502, sulphate, and sulphuric
acid in the GCOS pltume to about 30 km downwind from the source.

The measurements were supported by stack sampling made
by GCOS. Figure 2 gives an overall view of the concurrent activities

during the t0-day study.
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The temperature during the study period was about 15%
above normal; however, in spite of this warm spell, the program
was successful, and the scope of the observations was larger than

that of the first study.



2. EXPER IMENTAL SITE AND SOURCE DESCRIPTION
The AOSERP general study area comprises 28 600 km2

(Figure 1). The project study area centres on the GCOS and Syncrude
plants, approximately 40 km north of Fort McMurray. Both plants
lie west of the Athabasca River. Figure 3 shows the plants' loca-
tions. At the time of writing (March 1978), only the GCOS plant
was in operation, while the Syncrude plant was under construction.
The topography around the Athabasca River in that area
is slightly variable, ranging from undulating to rolling land.
The Athabasca River flows through the study area from south to
north. The river valley has an elevation of about 230 m mean sea
level (MSL) and a width of about 1 km at the GCOS plant. The
valley's slope rises gradually to an elevation of about 400 m at
25 km to the east and, for the same distance to the west, to an
elevation of 520 m. The GCOS plant is located within the valley,
while Syncrude is about 5 km west of the GLOS plant.
Currently, the major sources of air pollution are the
Power Plant Stack (A), the Refinery Flare Stack (B), and the
Incinerator Stack (C), all at GCOS. Their physical characteristics
and relative location were described previously (Fanaki 1978).
Emission parameters of Stack A for the period of

observation are given in Table 1.
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Map of the oil sands area showing the locations of the
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Table 1. Power plant stack emission data for February 19779,

Date Time 502 Emissions Effluent Exit . Gas
Velocity Temperature
(kg.s™)  wdsThH  (misT (%)
3 Feb/77 1100 2,85 467 20.1 285
1200 2.96 433 19.5 -
1300 2,99 474 20.5 288
1400 2. 7N 461 19.1 274
1500 2.64 L8k - -
1600 2.96 453 19.8 271
1700 2.90 467 - -
4 Feb/77 0600 1.91 469 - -
0700 2.96 Lok - -
0800 2.90 431 19.8 282
0900 2.87 431 19.7 285
1000 2.73 469 18.2 27k
1100 2.70 h61 18.2 274
1200 2.79 461 - -
1300 19.8 285
1400 19.5 285
1600 19.5 290
5 Feb/77 0600 2.73 - - -
0700 2.75 - - -
0800 2.59 112 17.4 271
0900 2.66 428 18.1 279
1000 2.79 47 18.9 279
1100 2.79 hh7 18.9 279
1200 2.79 - - -
1300 2.90 482 - 279
1400 2.92 465 - 274
1500 2.85 - - -
1600 2.83 Lig 18.9 274

continued ...



Table 1. Continued.

Date Time sz Emissions Effluent  Exit Gas
-1y 3 - _Velpiaty Tgmperature
olkges ) mTes ) mesTH (00
6 Feb/77 0600 2.78 - - -
0700 2.6k . - - -
0800 2.69 L9 17.1 271
0900 2.78 438 18.5 274
1000 2.72 431 18.2 274
1100 2.66 Li2 17.4 268
1200 2.66 - - -
1300 2.69 L23 17.9 271
1400 2,79 k4o 18.6 274
1500 2.78 - - -
1600 2.70 426 18.0 274
1700 2,75 - - -
1800 2.73 = - -
7 Feb/77 0600 2.89 - - -
0700 2.7h - - -
0800 2.81 447 18.9 282
03090 2.85 457 19.3 279
1000 2.95 479 20.3 290
1100 2.98 479 20.3 282
1200 2.92 - - -
1300 2.84 443 18.7 268
1400 2.84 450 19.1 271
1500 2,93 - - -
1600 2.72 428 18.1 268
1700 2.87 - - -
8 Feb/77 0600 2.16 - - -
0700 2.14 - - -
0800 2.40 374 15.8 287
0900 2.30 358 15.1 282
1000 2.35 371 15.6 289

continued.....



Table 1. Continued.
Date Time 5_02 Emissions Effluent Exit Gas
1 Ra;e -1 Ve]ogity Tgmperature
{kg.s ) (m s ) mes ) ( C)
8 Feb/77 1100 2,18 346 4.6 295
1200 2.19 - - -
1300 - 360 15.2 283
1400 - 358 15.1 284
1600 - 341 14.4 281
9.Feb/77 0600 2.38 - - -
0700 2.30 - - -
0800 2.24 346 14,6 292
0900 2.19 346 14,6 289
1000 2.24 355 15.0 292
1100 2.23 349 14.8 286
1200 2,15 - - -
1300 - 361 15,2 289
1400 - 378 - 16.0 293
1600 - 370 15.6 292
10 Feb/77 0600 2.36 - - -
0700 3.33 - - -
0800 2,32 361 15.3 290
0900 2,35 373 15.8 293
1000 2.29 361 15.2 289
1100 2.36 381 16.1 290
1200 2.32 - - -
1300 2.33 369 15.6 230
1400 2.40 382 16.2 289
1500 2,32 - - -
1600 2.32 376 15.9 293
1700 2.36 - - -
1800 2.40 - - -

continued ...



Table 1. Concluded.

10

Gas

Date Time 502~Emissions Effluent Exit
) = Vgiogity Tgmperature
(kg.s ™' - (m?-s u),  (m-sl ) :.( c)
Tt Feb/77 0600 2.43 - -
0700 2,38 - -
0800 2.30 15.6 294
0900 2.33 15.8 297
1000 2.29 15.3 295
1100 2.27 15,1 290
1200 2,30 - -
1300 2,33 16.1 298
1400 2.36 16.2 300
1500 2.23 - -
1600 2.35 15.8 297
1700 2.29 - -
1800 2.27 - -
12 Feb/77 0800 14,3 281
0960 4.9 283
1000 14.7 282
1100 14.7 278

a

Environment,

Data from which calculations were made

were obtained from Alberta
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3. METEOROLOG{CAL CONDITIONS

3.1 SYNCPTIC CONDITIONS

A day-by-day description of the weather for the period
of the study is given in Appendix 8.1. For each of these days,
the regional synoptic weather pattern at 1100 Mountain Standard
Time (MST) (1800Z) is shown in Figures 65 to 74.

3.2 PROFILES OF TEMPERATURE AND WIND

Measurements of the variation of meteorological properties
in the vertical direction are very informative. They reflect the
effect of small-scale surface roughness, large-scale terrain fea-
tures, surface heat flux, and the mean properties of the.geostrophic
fiow. Such measurements, along with air pollution measurements,
can be used to validate numerical model calculations. When used in
conjunction with tonger-term climatological measurements, they allow
an estimate of the air pollution potential for that period to be
ascertained.

For this study, four types of soundings are made using
minisondes, radiosondes, a tethersonde system, and a bivane. In
addition, an acoustic sounder was used to examine the temperature

structure of the atmospheric boundary layer of that area.

3.2.1 Minisonde and Radiosonde Measurements

At the project study area, three sites were established
from which the minisonde (M/S) soundings could be made. One site
was located at the Lower Syncrude and the other two sites were
located at the Syncrude Mine Site and the Supertest Tower Site,
respectively (Figure 3). A photograph of the M/S before release
at the Syncrude Mine Site 1s shown in Figﬁre L,

Each site consisted of three baselines, staked,.and
measured. Prior to a sounding, a baseline approximately perpen-
dicular to the wind was chosen, and a theodolie was set up at each

end. A helium-filled balloon was then launched, carrying an M/S



de balloon is ready for release at the Syncrude

Site.

Inison

.

M

Figure 4.

Mine
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or a radiosonde. The M/S provided the height temperature resolution
required for this study, while the radiosonde provided dew point
measurements required for the SO2 oxidation and acou§tic sounder
studies. The M/S balloon was tracked by the two theodolites, which
took simultaneous readings of its position every 30 s. These data
permitted the calculation of position and velocity, from which the
profiles of wind speed, wind direction, and temperature were drawn.

Because of the heterogeneity of the region, M/S's were
always launched simultaneously from two different sites to define
hortzontal variations in the wind patterns. Becausé height infor-
mation for the radiosonde was availablie through pressure-temperature
calculations, wind measurements were derived from a single theodolite.

Mobile teams were dispatched daily to two sites before
dawn. A daily schedule of quasi-simultaneous six soundings from
both sites during the day was attempted. A list of the sounding
locations and the time of releases is given in Figure 2.

Tables of temperature, wind speed, and wind direction
versus height as measured by the M/S and the radiosonde were made
and are compiled in a separate file (see Descriptive Summary). The
figures display a set of graphs describing wind speed, wind direction,
and atmospheric temperatures as a function of height .above MSL. A

sample of .thesedata ts shown in Figure 5.

3.2.2 Bivane Measurements

Measurements of the fluctuations of the absolute value of
the wind vector and its fluctuations in both azimuth and elevation
angles were made at the Lower Syncrude site using a Gill Anemometer
bicane. The bivane was mounted at the top of the permanent 150 m
meteorological tower located on relatively level ground at the
Athabasca River valley (Figure 3}. The valley is broken by the
Athabasca River, which flows from south to north and is about 300 m
across at the tower location. The east bank of the river rises
relatively rapidly to a height of about 60 m and is covered with

trees, averaging 10 m in height. The west bank of the river rises
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gradually for a distance of 1.5 km and then sharply to 30 m in :
height. North and west of the tower, at a distance of about 100 m,
the land is covered with trees, mostly spruce and poplar, averaging
15 m in height., The area south of the tower is relatively clear;
the nearest buildings are 800 m due south of the tower. The
buildings' heights vary from a few metres to tens of metres,

The bivane data were recored on a three-channel chart
recorder, which was installed in the tower shelter. A continuous
record of wind speed and direction fluctuations was made.

Due to the malfunction of the bivane's equipment, only
the last few days of the data were obtained. The first few days
were spent in adjusting the bivane. Although it was desirable to
obtain observations for a longer period, it is felt that the data
obtained are sufficient to drawn the conclusions described below,

The data collected represent 20 h of observations. A
sample of the recorded data is shown in Figure 6. The data were
divided into 30 min segments. Nonoverlapping 4 s smoothed values
of elevation (8) and azimuth (¢) angle were scaled by hand. The
travel time of the plume, during this study, usually exceeded 20 s;
the standard deviations of azimuth (U¢) and elevation (ce) were
ocbtained by using 5 s mean values.

Gifford (1960) and Munn {1964) have indicated that wind
direction variances should be computed from running rather than
end-to-end means. The bivane readings were then grouped by over-
lapping pairs, fives, tens, and twenties to yield standard deviations
for presmoothing times of 10, 25, 50, and 100 s. Table 2 shows
the calculated standard deviations for both the azimuth and elevation
angles.
and o, was examined, and the result

& ¢

is shown in Figures7-10, 6-10 February 1977. In general, Oy and

o, increase with the time of day. They are at a maximum in the

¢

afterncon and fall to a minimum both in the early morning and in

The daily pattern of ¢

the evening.
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Table 2. Standard-deviationéiof~bivane“data~{in”degrees) and
o running means of -5, 10, 25, 50, apnd 100 5.
Date Time Data Smoothing Time (Séconds)

' 5. o 25 50 100
05/02/77 1030 AZIMUTH  3.59 3.29 2.75 2,25 1.81
05/02/77 1030 ELEVATION 4,66 4.1 3.08 2.38 ].66
05/02/77 1140 AZIMUTH 2,14 2,04 1.79 1.52 1.36
05/02/77 1140 ELEVATION 2.17 1.96 1.58 1.18 0.83
05/02/77 1240 AZIMUTH 2,27 2.17 1.96 1.72 1.44
05/02/77 1240 ELEVATION 2,33 2.02 1.66 1,37 1.02
05/02/77 1615  AZIMUTH 1.76  1.63 1,39 1,13  0.99
05/02/77 1615 ELEVATION 2.53 2,22 1.68 1.30 0.96
06/02/77 0800 AZIMUTH  2.91 2.82 2.63 2.38 1.95
06/02/77 0800 ELEVATION 1.58 1.45 1.25 1.06 0.88
06/02/77 0900 AZIMUTH  2.30 2,24 2.09 1.89 1.61
06/02/77 0900 ELEVATION 1.53 1.49 1.41 1.29 1.16
06/02/77 1000 AZIMUTH 5,81 5.74 5.60 5.48 5.32
06/02/77 1000 ELEVATION 2.92 2.75 2,53 2.31 2.07
06/02/77 1100 AZIMUTH  2.57 2.55 2.47 2.37 2.23
06/02/77 1100 ELEVATION 1.65 1,58 1.49 1,38 1.19
06/02/77 1136 AZIMUTH 8,25 8.1 7.89 7.69 7.38
06/02/77 1136 ELEVATION 2,87 2. 46 1.97 1.66 1.37
06/02/77 1300 AZIMUTH  7.91 7.45 6.90 6.36 5.34

06/02/77 1300 ELEVATION 3.19 2.67 2.00 1.53 1.10
06/02/77 1400  AZIMUTH 6.68  6.36  5.76 5,17 4.5
06/02/77 1400 ELEVATION 5,44 .79 3.75 3.03 2.32
06/02/77 1500  AZIMUTH 4.28  3.97 3,43 2,99  2.34
06/02/77 1500 ELEVATION 4.01 3.28 2.56 1.82 1.34
06/02/77 1600 AZIMUTH 4,63 4,32 3.76 3.27 2,54
06/02/77 1600 ELEVATION 2.78 2.29 1.68 1.29 1.06

continuad ...
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Table 2. "Continued.
Date Time Data ‘ SmOothi-ng Time (Seconds)
.5 10 25 50 100

07/02/77 0920 AZIMUTH  3.89 3.77 3.59 3.49 3.41
07/02/77 0920 ELEVATION 1.16 0.95 0.73 0.57 0.46
07/02/77 1020 AZIMUTH  1.46 T.h4 1.41 1.38 1.29
07/02/77 1020 ELEVATION 0.48 0.46 0.42 0.38 0.33
07/02/77. 1100 AZIMUTH  3.72 3.66 3.57 3.46 3.27
07/02/77 1100 ELEVATION 1.28 1.14 0.95 0.80 0.61
07/02/77 1140 AZIMUTH  3.04 2.94 2.72 2,45 2.10
07/02/77 1140 ELEVATION 1.96 1.85 1.64 1.48 1.20
07/02/77 1300 AZIMUTH  7.52 6.90 5.34 4,24 3.36
07/02/77 1300 ELEVATION 5.32 4.39 2.97 2.31 1.73
07/02/77 1400 AZIMUTH  9.42 8.71 7.20 5.69 k.57
07/02/77 1400 ELEVATION 6.03 5.16 3.67 2.55 1.97
07/02/77 1435 AZIMUTH  7.71 6.87 5.27 3.86 2.62
07/02/77 1435 ELEVATION 5.84 5.06 3.70 2.75 2.19
08/02/77 0800 AZIMUTH 4,37 414 3.74 3.46 3.18
08/02/77 0800 ELEVATION 2.88 2.39 1.64 1.29 0.98
08/02/77 1000 AZIMUTH  8.32 8.17 7.88 7.55 7.12
08/02/77 1000 ELEVATION 2.40 1.96 1.44 1.09 0.76
08/02/77 1100 AZIMUTH 12.35 11.95 0.97 10,00 8.97
08/02/77 1100 FLEVATION 6.57 5.85 L.76 3.81 2,75
08/02/77 1200 AZIMUTH  4.82 4,77 h.6h 4.35 3.80
08/02/77 1200 ELEVATION 1,29 1.14 0.94 0.80 0.66
08/02/77 1300 AZIMUTH  3.39 3.15 2,84 2.6k 2,25
08/02/77 1300 ELEVATION 2,11 1.76 1.35 1.10 0.85
10/02/77 0720  AZIMUTH 5.68  5.31  4.66  4.28 4,0k
10/02/77 0720 ELEVATION 3.06 2.59 1,87 1.57 1.38
10/02/77 0800,  AZIMUTH 4.79 4,58 434 4,17 3.86
10/02/77 0800 ELEVATION 2.38 2.00 1.58 1.33 1.15
10/02/77 0900  AZIMUTH 2.95  2.8] 2.56  2.24  1.84
10/02/77 0900 ELEVATION 2.05 1.74 1.36 1.10 0.81

continued ...
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Table 2. Concluded.
Date Time Data Smoothing Time (Seconds)
5 10 25 50 100

10/02/77 1000 AZIMUTH  2.00 1.91 1.74 1.49 1.19
10/02/77 1000 ELEVATION 1.50 1.36 1.21 1.07 0.92
10/02/77 1100 AZIMUTH 5.4k 5.34 5.08 L g4 3.87
10/02/77 1100 ELEVATION 4,12 3.96 3.67 3.37 2.98
10/02/77 1200 AZIMUTH 6,52 6.25 5.63 4,66 3.13
10/02/77 1200 ELEVATION 5.57 5.25 4,48 3.73 3.14
10/02/77 1300 AZIMUTH  2.80 2.71 2.52 2.31 1.98
10/02/77 1300 ELEVATION 2.31 2.03 1.57 1.19 0.92
10/02/77 1400 AZIMUTH 4,52 4,36 3.92 3.27 2.53
10/02/77 1400 ELEVATION 4,46 411 3.40 2.86 2.30
10/02/77 1500 AZIMUTH  2.27 2.26 2,22 2.15 2,01
10/02/77 1500 ELEVATION 2,78 2.74 2.65 2.55 2.38
10/02/77 1600 AZIMUTH  7.93 7,91 7.84 7.71 7.48
10/02/77 1600 ELEVATION 2.43 2.34 2.13 1.86 1.71
12/02/77 0745 AZIMUTH  4.27 4.20 4,06 3.89 3.68
12/02/77 0745 ELEVATION 3.14 2.88 2. 2. 11 1.86
12/02/77 0810 AZIMUTH  7.38 7.25 6.954 6.63 6.16
12/02/77 0810 ELEVATION 5.21 4,16 3.62 3.29 2.80
12/02/77 0910 AZIMUTH 8.4 8.41 8.39 8.37 8.36
12/02/77 0910 ELEVATION 1.60 1.53 1.40 1.24 1.08
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On 10 February, o, at 1600 (Figure 9) increased to a

value greater than 6, A st?ong destabilization of the atmospheric
conditions occurred in the afternoon. A frontal inversion returned
during that time as the occluded front passed.

The wind was calm. Measurements by the M/S indicated
that the wind speed was less than 2 m-s-I at the bivane Jlevel,

One suspects, then, that the increase in the value of Iy at that
time was due to the increase in turbulent intensity along the
vertical induced by the local changes in the topography.

In order to examine the effect of changes of wind speed
on the magnitude of both Ty and c¢, median values of 0o were grouped
according to wind speed (Table 3). Although the number of obser-
vat ions is too small to draw firm conclusions, it appears that both
o, and o, decrease with increasing wind speed for all smoothing

6 ¢

times. The increase is more evident with o, than with o,. One

concludes that an increase in wind speed, wh?ch in turn sﬁpresses
thermal turbulence during the day, deceases wind standard deviations
along the vertical.

The bivane data described above were used to determine
the dispersion parameters cy and 0. The basis working theories
for determining cy and o, were discussed by Pasquill (1974, 1975).
The parameters Gy and o, have been derived by applying one of the
following theories:

. gradient transfer theory,

2. similarity theory, or

3. statistical theory.
No one of these theories has yet been conclusively demonstrated to
be universally appliicable. Statistical theory, however, has been
applied extensively and offers the most promising solution to
determine Uy and a,- This type of analysis has been adopted in this

report.



Table 3. Median values

of 00 and op for different wind classes and different smoothing times.

Wind Speed Class
(m.s_])

Number of

Observations

o¢ (Elevation) (degrees)

Smoothing Time (seconds)

a¢ (Azimuth) (degrees)

Smoothing Times (seconds)

5 10 25 50 100

5 10 25 50 100

o £ u<2.5

2.5 g u <5

5 gcu<7.5

15

3.62 3.52 3.02 2.70 2,34
2.87 2.42 1.75 1.45 1.17
2,17 1.96 1.64 1,29 1,02

7.22 7.08 6.73 6.18 5.30

L 8 4.68 4,43 4 22 3.83

3.39 3.15 2.75 2.45 2.10

Fat
A%
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It has been suggested that the diffusive spread of a
plume from a continuous elevated point source, in a homogeneous
field of turbulence, can be predicted by the following relation
(Hay and Pasquill 1959):

‘ x
%y %2 T [%, a} 1,8 (1)
where x is the downwind distance, 1 denotes the sampling time, and
S is a running average time over which the data were sampled to

obtain Eulerian time wind statistics equivalent to Lagrangian

statistics., S is given as:

S = x {2}

where U 1s the average wind speed and B is the Lagrangian-Eulerian
time scale. Hay and Pasquill (1959) indicated that the value of B
ranged from 1.1 to 8.5. Recently, however, Pasquill (1974) suggested
that B is related to the turbulent intensity (i) by the following

relation:
B1 = Constant = 0.44 (3)

There is a limit for the averaging time S that can be
applied, and this depends on the length of the record. In order
to examine this relationship, variations of the wind direction
variance 02 with S are plotted and are shown In Figure 11. It will
be noted that there is a slow decrease of variance from $ = 5 to
S =100 s. For S > 100 the variance decreases rapidly to near
zero. This is probably due to the end-of-record effect.

For ‘this study, the averaging time S = 5 s was short
enough to allow a 20 min record of bivane data to be used.

To examine the applicability of Eq (1) to the AOSERP study
area, the standard deviation of wind direction, using running means
as indicated previously, was compared with the observed c of the
plume along the vertical. Values of o, were obtained from plume

rise measurements (Section 4). No attempt was made to compare oy
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to this model because of the limited number of observations of Uyr
The result of the comparison is shown in Figure 12. it can be seen
from the scatter of the points that Eq (1) underestimates the spread
of the plume at various downwind distances.

The disagreement of the observed data with the theoretical
model described by Eq (1) could be due to buoyancy-induced initial
growth of the plume, which indicates that extrapolation of these
theoretical models to the AOSERP study area must be done cautiously.

% is approximately equal to cw/G where O is the standard
deviation of the vertical wind. In turn, a, is proportional to the

friction velocity. Consequently, o, is strongly dependent on the

topography surrounding the bivane tgwer. It is expected, then,

that sites with different topography will give different values of
a,. Furthermore, the spectrum of turbulence may differ from one
focation to another, and since the diffusion of the plume depends

on this parameter, one expects that the bivane data may not describe

the plume’s ¢ when the plume is at a different location and level.

3.2.3 Tethersonde Measurements
The February 1977 tethersonde (T/S) field study had one

primary objective: to compare profiles taken at the Lower Syncrude

Site with those at the Syncrude Mine Site to ascertain whether
those features observed above the valley during stable conditions
were characteristic of the surrounding plains area. Figure 13
shows the T/S at the Syncrude Mine Site and Figure 14 a detailed
picture of the T/S package.

It was recognized initially that this objective would
have been most completely fulfilled if two systems were flown
simultaneously at both sites; however, from a previous study, it
was felt that the boundary layer above the valley was predictable
under stable conditions, and therefore, the study was carried out
at two separate experiments, one at each site. Also, M/S flights
at Lower Syncrude and/or Syncrude Mine Site carried out during

T/S operations could be used to supplement this data set.
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Figure 12. Comparison of predicted versus observed vertical dispersion
coefficient using Eq {(1). Solid line represents perfect
agreement.
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Figure 14. Detailed photograph of the tethersonde package that was
was used in this study, February 1977.
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The instrument used was the same as the one employed in the
March 1976 field study (Fanaki 1978). The profile mode was flown the
majority of the time, with data collection taking place at the Lower
Syncrude Site from 4 February through to 1303 on 8 February and from
1510 on 8 February until 11 February 1977 at the Syncrude Mine Site.
The profile data available from these periods are in a separate file
(see Descriptive Summary)}. The profiles are presented with ambient
temperatures (°C), virtual potential temperature (°C), relative
humidity (%), total horizontal wind speed (m-s-i), and wind direction
(Omagnetic North) being plotted as a function of height above ground
level (AGL).

As in the previous report {Fanaki 1978), the height of the
valley walls is indicated on the right-hand graph. Flow down the
valley is associated with flow at 124° magnetic, while flow up the

valley would be from 304° magnetic.

3.2.3.1 Discussion of data. Data from 4 and 5 February indicated

weak surface inversions to lapse conditions with little significant
detail in the wind field. On 5 February, a small maximum in the wind
field was observed to closely track the base of the elevated inVer-
sion above 350 m AGL. During the evening of 6 February, a strong
surface inversion was observed through and above the valley. Within
this surface inversion, a strong inversion of 8° over a few metres

can be identified with the top of the river valley. Associated with
this strong inversion was flow down the valley, while aloft the flow
was effectively across the valley leading to an intermediate veer
layer. During the day, the warm alr mass above the valley tended
towards lapse, while the cold air remained trapped within the valley,
leading to a 15°C inversion at the top of the valley. It is worth
noting that with this strong inversion the moist valley air was
trapped in a thin layer at the inversion interface (06/02/77-1143, 1343).
By 1343, the two regimes were totally decoupled, so that flow direction
changed by nearly 1500 over a mattér of 10-20 m. Increased turbu-
lence was observed at this interface. As the day progressed, the
warmer air began to erode into the colder valley flow, although com-

plete mixing never occurred during the observation period {06/02/77-1613).
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During this data period, one simultaneous run of the T/$S
at Lower Syncrude and at the Syncrude Mine Site was carried out to
compare the wind directions above the valley and on the plains area.
The results are presented in Figure 15, At both sites, the direc-
tional shift is associated with the top of the surface-based inversion.
It is worth notimg that the winds observed by the M/S near the
surface align with the valley direction.

On 7 February, a situation similar to that on & February
prevailed, with a warm air mass flowing over the colder valley air
mass, leading to a strong surface-based inversion. As previously
observed, the valley winds were decoupled from flow aloft. Again,
the flux of moist air from the valley was retarded by the strong
inversion between the two regimes, causing a moist layer to join
at the top of the valley. By 1355 the warmer air mass had eroded
better than half-way down into the valley until at 1520 the warm
air was felt to impinge on the valley floor,

Again, simultaneous flights were carried out at the Mine
Site and Lower Syncrude (Figure 16-21). In Figure 16, data are
presented for simultaneous M/S and T/S flights at Lower Syncrude.
The general features of the two sets of profiles are quite simitlar,
both showing the top of the surface inversion near 300 m and the
associated wind shift from valley flow to flow aloft. The winds,
although similar at lower heights, tend to be different by at least
20% above 300 m. Some of the differences may be due to the varin
ability associated with stable conditions as well as with the
different sampling techniques.

Comparison with the M/S Syncrude Mines Site data (Figures
17, 18, 20, and 21) indicates that the wind shift persists thréugh
the surface inversion at both locations until at least 1100.

Data sets (Figures 22-26) are plotted for 8 February,
where not only a surface inversion but an inversion aloft were
apparent. Associated with the invérsion aloft was a local wind

maximum. Agreement between M/S and T/S data (Figures 22 and 25)
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is good, comparison of M/S and T/S data (Figures 23, 25, and 26)
again shows the wind shift, this time associated with the layer
below the upper inversion. (Note: 08/02/77, 0828 has a 360°
offset in wind direction at 5urfacé dué to plot program.)

At 1315, the T/S was moved to the Mine Site; profiling
commenced at 1510. Comparison of the 1303 and 1510 profiles shows
good agreement between the two sets of data when the M/S data have
been adjusted for the 100 m difference in height between the two
locations.

On 9 February, a surface inversion again existed; however,
the upper winds were from the southeast and flow was down the valley.
Coupled to the top of this inversion was a lTocal wind maximum that
tended to oscillate with the inversion top.

A comparison of M/S and T/S wind-speed profiles (Figure
27) indicates that the integration height for the M/$ (i.e., time
between readings) is such that the maximum measured with the M/S
is approximately 60% of that measured with the T/S. The M/S pro-
file from the Lower Syncrude (Figure 28) indicates that the direction
of the winds in the valley is down-valley,

During lapse conditions on 10 and 11 February, the wind
direction at the Mine Site was cross-valley from surface up., Com-
parison of profiles with the Lower Syncrude M/S (Figures 29 and 30)
indicates that at 1000 on 10 February, an inversion was observed
above the valley, with an associated wind shift in the valley
direction. By 1349, the T/S data indicate near lapse conditions
with continuous cross-valley flow above the site, while the M/S,
with a weak inversion aloft, indicates that the winds are still

tending towards valley-directed flow within the valley.

3.2.4 Acoustic Sounder Measurements

A study of the temperature structure of the lower atmo-
spher ic boundary layer at the AOSERP study area was made using two
acoustic sounders. Both sounders were vertically pointing types

with the characteristics described in Table 4 and were operated
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Table 4. Characteristics of the aerovironment acoustic sounder
. .Model No. 300 used in the AOSERP study area. .

Parameter Magnitude.
Pulse Frequency 1600 Hz
Pulse Duration 100 m-s~]
Pulse Repétition Rate 1/7 s
Range 1000 m

Power Input 140 W
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simultaneously. One sounder was located at Mildred Lake Airstrip
and the second was placed at the Lower Syncrudé Site (Figure 3).

A detailed description of the basics of acoustic sounding
and its application was given in Kerman and Turner (1978) and will
not be repeated here. Briefly, within the 1000 m range, the sounder
will monitor fluctuations in temperature equal to one-half the
sounder wave length {15 cm}. Fluctuations in temperature below 50 m
cannot be sensed by the sounder., Refliections of sound waves within
the horn and from the surrounding terrain sensed by the side lobes
of the acoustic antenna mask the signal return in that range. The
output from the sounder is recorded In tracer form that displays
these fluctuations as a function of time and height. A selected
sample of the data will be shown later (Figure 31). In order to
reduce the background and wind-generated noise, both sounder antennas
were shielded by bales of hay that acted as an acoustically absorbing
barrier. There was no noise problem at the Lower Syncrude Site.
However, the second location was somewhat noisy during certain hours
of the day when aircraft used the runway. Other sources of noise
were motor vehicles occasionally passing close to the sounder. The
noise was temporary and did not hinder the interpretation of the
records.

The majority of the data from both locations shows tur-
bulent, thin layers often associated with the presence of inversion
layers. Figure 31 shows a facsimile recording for the sounder echo
obtained at Mildred Lake on 12 February 1977 between 0530 and 1130
and between 1330 and 1730 on the same day. During the early morning
hours, inversion layers were developed to the 600-m level. Between
0800 and 1000 these inversion layers dropped from the 600 m level
to the 200 m level. Later in the day (1300-1730) the height of
the sounder echo increased during the period of the run. Both
sounder echoes were characterized by a wavy structure, indicating

a vertical oscillation in the height of the echoes.
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Figure 31, Variation of height of elevated inversion layers at Mildred Lake, 12-13 February 1977.
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The same general features were observed at the Lower
Syncrude Site. On that day the inversion layers persisted all
night and into the early hours of the morning (Figure 32). During
the early hours of the morning (0530, 12 Rebrﬁary), heat ing of the
underlying surface increased the convective activities, which dis-
sipated the inversion layer at the 900 m level and formed a second
one at a lower level. The sounder echo is cHaracterizad by a wavy
structure. The increased thermal activities that are described by
the dark band in Figure 32 may be attributed to the mixing by the
surface wind at midnight., The mixing occurred to an elevation of
about 400 m. Some wave characteristics are superimposed on the
mixing layer, denoting wind shears aloft.

The height and the formation of inversion layers are con-
trolled by the amount of heating from the underlying surface and
the wind shear. Consequently, inversion layers are characterized
by thermal and mechanical turbulent structures that are detected
by the acoustic sounder. It is expected, then, that the top of the
inversion layer will coincide with that of the dark band on the
sounder record (see, e.g., Hicks et al. 1977).

To determine whether the return of the sounder signal is
related to the actual temperature inversion, we compared the sounder
records from the Syncrude Site with the sonde temperature profiles
from M/S and T/S observations. A sample of this analysis is shown
in Figures 33 and 34. In this analysis the inversion layer top as
recorded by the sounder was determined and plotted.against the
inversion height as given by the sonde's profile (Figure 35). No
attempt was made to calculate the error arising in the acoustic
sounder data. Fifteen cases of observation, taken over a period of
6 days, were compared. Although the number of observations is too
small to make concrete conclusions, the trend indicates a good agree-
ment, as indicated by the solid ltine. The resﬁlts show, however,
that the height measured by thé sonde profile is larger than that
obtained from the acoustic record by 15%. Similar conclusions were
reached by Wyckoff et al. (1973).
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Figure 32. Variation of height of elevated inversion layers at Lower Syncrude Site, 12-13
February 1977.
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Figure 35. Comparison of predicted inversion height using sonde
profiles versus observed using acoustic sounder.
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The reasonable agreement discussed above suggests that
the sounder may be used successfully to measure inversion heights
in the ADSERP study area.

The sounder data obtained from the two locations, although
agreeing in general, had a few différencés, especially at the lower
300 m. Since the two sounders are at different elevations, both
sounders recorded different heights for the same turbulent atmo-
spheric structure (Figure 36). The data from the Lower Syncrude
sounders showed a large number of inversion layers in the lowest
200 m (Figune 37). The intensity of the sounder echo at the
Syncrude Site appears to be more dense than the one at Mildred Lake
(Figure 38). This indicates either that mixing caused by wind is
more pronounced at the latter site or that there is a slight dif-
ference in equipment intensity. The former reason is believed to
be the case in this study, for care was taken to keep the intensity

of the two sounders the same at all times.
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Figure 38. Comparison of two sounders' echoes at two different locations.



63

b, "PLUME RISE STUDY

4.1 PLUME RISE MEASUREMENTS

The rise of the smoke plume from the power plant stack
at GCOS was measured during the period 3-12 February 1977. The
exper imental technigue employed in the study was the same as the
one described in detail in the March AOSERP study (Fanaki 1978}.

A photograph of the equipment used in this study is shown in
Figure 39.

The previous program of plume rise cémputation was extended
by the transfer of the data after analysis into a form of plume
traces. Figure 40 shows the plume 'time-mean path {dotted line)
as a function of height and horizontal downwind distance. The
program was also modified to store the plume rise data on tape for
future use.

The predictive capability of the plume rise formulas,
namely, Briggs (1969, 1971, 1972), TVA 1971 and 1972 (Montgomery
et al. 1971, 1972), Holland (1953), CONCAWE (Brummage 1968), and
Moses and Carson (1967}, described in the previous AQSERP report,
was examined using the data from this study as well as those from
the March study. This was done by comparing the observed plume
rise with the predictive value; the results are shown in Figures
h1-46, Meteorological measurements were obtained from the M/S
observations made at the Lower Syncrude Site.

These figures confirm the conclusions described earlier
(Fanaki 1978). The new data points did not reduce the scatter of
the data in the figures. 1t appears that none of the models is a
good predictor for the observed rise of the plume, at least for the
winter season. Again Briggs's, TVA 1972, and Moses and Carson's
formulas underpredict the rise of the plume, while the Holland and
CONCAWE formulas overpredict. The Briggs and Holland formulas appear

to predict the rise of the plume better than the others.
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Figure 42. Comparison of predicted versus observed plume rise usling
TVA 1971 model. Solid line represents perfect agreement.



68

TVA 1972
® (1976)
o (1977)
1200
“ A
G
AN
® Q,Q’QS/Q’
1000 | o L)
® v
E
w 800
W
=
s
> 600t ®
Q-
Q
T ] o)
e
U 400 O ®
2 ® ®
iLl
[s'4
& @
200 0@ o
(@]
o
0 | @

} ] I I ]

400 600 800 1000 1200
OBSERVED PLUME RISE (m)

Figure 43. Comparison of predicted versus observed plume rise using
TVA 1972 model. Soltid line represents perfect agreement.



69

HOLLAND
e (1976)
o (1977)
@
1200 B o
A
G
2
G/
1000 |- R0
v.
£
UJ; 800_ ®
=
i @
= e © ®
D 600
ol |
a.
(]
@
:f L) @)
o) 400}
o o ©
=
&) O. . ®
o .
8§ o
0 ] i ] | | |
0 200 400 600 800 1000 1200
OBSERVED PLUME RISE (m)
Figure 4k,

Comparison of predicted versus observed plume rise using

Holland's model, Solid line represents perfect agreement.



70

CONCAWE

e (1976)
o {1977)

1200 |-

1000

800 -

600 -

400 |~

PREDICTED PLUME RISE (m)

200 |~

| | I I | |
0
0O 200 400 600 800 1000 1200

OBSERVED PLUME RISE (m)

Figure 45. Comparison of predicted versus observed plume rise using
Concawe's model. Solld line represents perfect agreement.
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Some Interesting observations of the plume's behaviour
were recorded in this study. Two cases were chosen in which the
meteorological conditions were typical of the area during thé
winter season.

The first case is an example of the behaviour of the
ptume under inversion and calm conditions. This phenomenon occcurs
frequently, especially during the early morning hours. Figures
47 and 48 show profiles of wind speed, wind direction, and tem- -
perature for 4 February at two different times of the day at the
Lower Syncrude Site. On that day the atmosphere was stable, with
an isothermal temperature profile to a height of about 850 m MSL,
the base of the inversion layer. The magnitude of the inversion
layer (the difference in temperature between the top and the base
of the inversion) reached a value of about 17°C over a layer of
thickness 250 m. Surface wind direction veered from northerly to
southeasterly flow below the inversion layer. The wind speed varied
from 1 to & m-s_]. The inversion layer persisted until later in
the day, when the inversion base dropped 100 m and its magnitude
decreased to 149C. Wind direction remained nearly westerly.

On that day the plume rose vertically to the inversion
base, where it was trapped. The plume's outlines appear to be
deeper than one might expect for a trapped plume {Figure 49).

In his studies on the predictions of the rise of plumes
(Ah), Briggs (1975) indicated that:

Ah = 1.6 Fl/3 (5_2_4/_?‘_) | (4)
U

where F is the buoyancy flux. Briggs (1975) suggested also that
the restricted rise of a bent~over plume due to stable stratified

conditions is given by:
A F 173
bh = Clgg) (5)

where S is a stability parameter and L is a constant. The value of
C ranges from 1.8 to 3.1, with ¢ = 2.5 being the recommended value.
Fiquation (4} was written in a nondimensional form to apply

to our case:
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Ah _ Xxv2/3
Here, L is a scaling length equal to F .
3
U

The observed rise of the plume was plotted against down-
wind distance in a nondimensional form as shown in Figure 50. The
figure also includes the theoretical model described by Eq (6).

For this case study, the model underestimates the actual rise of
the GCOS plume. The observed limit for the plume elevation was
also compared with Eq (5). The data agree well with the theoretical
model.

The foregoing analysis describes data from only one case
study. There is a need for Briggs' model to be investigated furbher.
This will be done later when the data from all three field studies
will be used.

On some occasions during inversion conditions, the plumes
from the GCOS plant were able to penetrate and continue to rise.
Figure 51 shows the refinery flare and the power plant plumes
penetrating an inversion layer. Plumes from the lower sources,
however, were trapped by the inversion layer. At a later time the
inversion layer was lifted to a higher level and capped all the
GCOS plumes (Figure 52), _

The second case shows the plume under wind shear conditions.
The flow in this case is skewed where wind speed and direction
change with elevation. As an example, Figure 53 shows the profiles
of wind speed and direction under such conditions. The wind speed
varies from 4 to 10 m-s_1 within the lower 300 m layer of the
atmosphere. A change of 90o in direction within this layer also
occurs. A plume from a continuous point source under such conditions
changes its velocity components as it rises, causing its center line
to curve with downwind distance. Figure 54 shows the two plumes
from the flare stack and the power house stack under similar shear

conditions; close to the ground, both plumes travel southeasterly,
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Figure 53. Profiles of wind speed and wind direction for 8 February
1977 from T/S and M/S observations at Lower Syncrude. The
profiles with large crosses represent M/S observations.
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and at the 30Q m level change their direction to southeasterly.
Csanady (1973) and Pasquill (1974) suggested that the diffusion of
a plume under shear conditions will be enhanced both along and
across its axis. S‘O2 concentrat jon isopleths of the GCOS plumes

as measured by the helicopter at 800 m are plotted in Figure 55,
The isoplieths reflect the increased plume growth due to the shear
effects (Figure 53). The wind direction shear tends to deform the
plume, which increases the plume's perimeter. Since mixing of the
plume occurs arounds its perimeter, by increasing the perimeter one

actually increases the rate of plume dilution.

4,2 MEASUREMENTS OF PLUME DISPERSIOM COEFFICIENTS

The vertical dispersion coefficients o, of the plume
from the power plant stack were estimated using the procedure
outlined in Fanaki {1978). The measured o, values as a function
of downwind distance are given in Table 5. For comparison purposes
the table includes also the values of g, obtained from the heli-
copter traverses {(see Sectlon 5). The agreement between the values
of o, obtained by photography and those obtained by traversing the
plume is reascnable. Although the two measurements of o, were
made at two different downwind distances, they have a correlation
coefficient of 0.65. No horizontal plume growth was evident
between 0.8 km and 20 km from the source.

The estimated values of o, were grouped according to
stability and were compared with those of the Pasquill-Gifford
dispersion parameters (Turner 1967) (Figure 56). As in the previous
study in March, the values of g are large and compare with the
Pasquili-Gifford values for unstable and neutral conditions. Similar
to the March study, there is no apparent relationship between the

observed o, and the predicted values.
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Table 5.

Plume standard deviation o, at different downwind distance.

Date Time Downwind Distance x{m) Helicopter Observation
(MST) 100 200 300 400 500 600 700 800 900 1000
3 Feb/77 1400 13 16 18 18 A
1620 17 40 54 62 62
4 Feb/77 0810 11 28 5h 87 89 86 86
1100 9 ko 62 68 68
1315 25 Li L
1600 15 23 28 30 32 32
5 Feb/77 0830 15 21 29 32 35 36 36 43(800)
1120 13 18 24 29 36 38 38 31 {30600)
1330 g 15 22 27 29 31 31
1415 7 15 22 2 24
1600 7 13 16 3] 34 36 4o 4o
6 Feb/77 0940 9 18 24 27 28 29 .
1110 7 15 18 22 33 36 38 42 46 46
1330 14 18 27 33 36 36 40 L2 k2 66(800)

continued ...

18



Table 5. Continued.

Date Time Downwind Distance s(m) Helicopter Observation
(MST) 100 200 300 400 500 600 700 800 900 1000

6 Feb/77 1420 11 19 24 26 26 27 27

7 Feb/77 0845 9 13 20 26 27 27
1015 11 20 22 2L 24
115 7 11 16 239 29
1415 7 13 18 20 22 22 24 24
1630 7 9 15 16 16 18 18

8 Feb/77 0830 11 26 38 38 42 k2
0930 it 24 38 46 47 L7
10k45 18 24 26 27 27

10 Feb/77. 0845 13 22 26 31 31 31 33 33 20(30400)
0930 13 22 31 35 36 37 37 28(9700)
1030 11 22 26 33 36 4o 42 42 31(800)
1100 9 18 26 36 45 51 55 55
1140 13 29 36 4o b6 49 51 51
1445 7 18 27 31 33 33

1615 15 16 36 Ly 49 55 56 56 55 56

continued ...

58



Table 5. Concluded.

Date Time Downwind Distance x{(m)
{(MST) 100 200 300 koo 500 600 700 800 500 1000

Helicopter Observation

i1 Feb/77 1410 24 42 55 60 73 82 86 86
1515 24 31 38 ho 49 49 47 55

12 Feb/77 0900 11 20 22 26 27 31 31

83(2000)
81(12000)

a . . - . . . .
Numbers in parentheses indicate the downwind distances at which the helicopter

measurements were made.
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The few observed values of Gy obtained by traversing the
plume are also compared with the Pasquill-Gifford model (Figure 57).
Although the number of observations is small, it is apparent that
the observed Uy does not agree with Pasquill-Gifford's predictions.
The values are large for all observed stability categories. The
results reflect increased horizontal plume growth due to the capping
of the plume by elevated inversion lavers. The effect of thermal
stratification under stable conditions decreases the vertical scale
of turbulence (Pasquill 1974 p. 60}.

The observed values of ¢ were examined again using the
TVA set of curves (Carpenter et al. 1971), and the result is shown
in Figures 58 and 59. The curves appear to hold better for g,
than for Gy' The values of the observed Uy are quite large and do
not compare with the model at any stabllity. The relationship
between the observed and predicted values of o appears to hold

better in this case than with the Pasquill-Gifford model.
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5. AREAL SURVEY OF GCOS PLUME

5.1 EXPERIMENTAL PROCEDURE

A Bell Jet Ranger helicopter was used in this survey of
dispersion and oxidation of sulphur dioxide in the plume of the
GCOS power plant. It was instrumented with a Sign X continuous
sulphur dioxide analyser to determine dispersion rates, and two
parallel filter packs to obtain sulphur dioxide oxidation data.
Figure 60 shows the helicopter used in this study. Details of
the sample intake are shown in Figure 61,

The Sign X analyser measures the change in electrical
conductivity of deionized water due to the absorption of sulphur
dioxide {as well as other gases and particulate matter constituents
that can dissolve to form electrolytes in water) from the air
sample. |t has a sampling rate of about 2 L-min—j, and is one of
the fastest-responding 502 analysers presently commercially avail-
able. The instrument used in this work had a "dead time! (time
before a step change in concentration at the inlet is sensed by
the instrument) of about 1.5 s and a time constant (time to rise
to 63.2% of full scale) of 3.3 s. Its calibration was checked
several times during the course of the field study using standard
cylinders of 502 in nitrogen (0.70 and 3.5 ppm).

The filter pack method is described in detail in Section
8.2. Very briefly, the pack consisted of a modified Swinnex 47 mm
filter holder which contained three filters: first, either a
Whatman 40 (cellulose), Mitex (teflon), or Delbag (polystyrene)
filter to collect particulate matter; and then, separated from the
particulate filter, two chemically impregnated filters placed
back-to-back, to trap the 502 in the same plume sample. Whatman 40
cellulose filters, treated with an aqueous solution of glycerol and
potassium carbonate, were found to give a very high trapping
efficiency. Figure 62 shows details of the type of pack used in
this project.
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A schematic diagram of the equipment is given in Figure
63. The inlets to the Sign X analyser and filter pack sampling
lines extended to about 30 cm beyond the nose of the helicopter,
where they were well clear of any downwash effects from the rotor.
The line to the Sign X was made of teflon (320 cm long, 0.24 cm i.d.),
and was tapped from a short ''tee'' section to eliminate ram air
effects. The sample line leading to each filter pack was also made
of teflon (124 ¢m long, 0.95 cm i.d.), and was capped with a conical
teflon tip that had been carefully machined to give approximately
isokinetic sampling conditions at the helicopter air speed of hm-h-1.
Figure 64 shows details of the inlets to the Sign X and filter pack
sample lines.

The lTine leading to the filter packs was almost straight,
to minimize the possibility of particle loss due to impaction. The
packs were attached to the line with a stainless steel Swagelok
female connector. The sample was drawn over the filters at a rate
of about 20 i.-min_1 by means of two Duraire diaphragm pumps. The
flow rate was measured downstream of the packs with calibrated
Brooks rotameters and a Weksler absolute pressure gauge.

The output from the Sign X analyser was recorded on a
Hewlett-Packard strip chart recorded. Power to the analyser,
recorder, and vacuum pumps was supplied from the aircraft alternator
via a 1 kW Topaz inverter.

The required number of filter packs were loaded with
fresh filters prior to each flight and were stored in sealed plastic
bags. At each sampling location, two packs were removed from their
bags and attached to the sample line and vacuum pump. Sampling was
usually carried out for about one-half hour by flying crosswind
traverses across the plume at various altitudes. Group reference
points were selected during the first traverse, and subsequently a
mark was made on the Sign X chart each time the helicopter was over
the reference points. The heading and altitude were also recorded

for each pass.
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Rotameter and pressure gauge readings in each of the
filter pack sample lines were noted at the beginning and end of
the sampling period. At the end of the sampling period, the
fllter packs were replaced in their respective plastic bags for
subsequent unloading at the field station laboratory, and the
zero reading on the Sign X analyser was checked by flying in clean
air, well clear of the plume.

Ah attempt was made to sample the plume at two or three
locations downwind of the chimney: one within about 1 km, another
as far as possible (usually approximately 30 km), and the third at
an intermediate location. Sometimes the plume was sampled initially
near the chimney, while at other times the distant samples were
collected first. On one occasion a "background' sample was col-
lected over a half-hour period while flying clear of the plume.
Occasionally special flights were carried out to collect samples
close to the stack in order to obtain more information about the
particulate matter in the GCOS power plant plume. These were
subsequently analysed for total sulphates, sulphuric acid, and
various metals (by neutron activation). On some of the flights,
both of the parallel filter packs contained Whatman 40 particulate
matter filters in order to check the reproducibility of the present
sampling method. On other flights, one of the packs was loaded
with a Whatman 40 filter (for total sulphate measurements), while
the other contained either a Mitex or Delbag filter, both of which
are Tnert to sulphuric adid, and thus suitable for studying con-
centrations of sulphuric acid aerosol downwind of the chimney.

After each flight, the Whatman 40 particulate filter, as
well as the chemically impregnated filter papers, were removed
from their filter packs, folded (exposed side inwards), and stored
in sealed plastic bags. The Delbag and Mitex filter papers were
placed in labelled petri dishes and stored over silica gel in a

desiccator.
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All chemical analyses were done at the Atmospheric
Environment Service, Chemistry Division's laboratory, while the
neutron activation analyses were carried out at the University
of Toronto, Very briefly, the analysis for total sulphate and
sulphuric acid on the particulate filters, and 502 on the
impregnated filters, proceeded as follows.

The Whatman L0 particulate filters were extracted with
50 cm3

by the isotope dilution method of Klockow and Deazingen (1976).

of boiling deionized water and analyzed for total sulpbate

The Delbag filters were dissolved in 4 cm3 of benzaldehyde, which
is a specific solvent for sulphuric acid (Leahy et al. 1975).
This benzaldehyde was then cleared of any other particulate matter
on an ultracentrifuge and contacted with deionized water to extract
the sulphuric acid. The water phase was analysed by the! isotope
dilution method. Blank determinations were carried out with every
set of samples. The Mitex filters were analysed for total sulphate
only because it proved very difficult to transfer the sulphuric
acid into benzaidehyde from the surface of these filters with the
equipment at our disposal.

The impregnated filters were extracted with 75 cm3 of
0.03% hydrogen perdoxide solution and analysed for S0, (as sulphate)
by three methods: isotope dilution, Thorin (Persson 1966}, and
ion-exchange chromatography (Small et al. 1975). The three sets
of determinations were generally in excellent agreement. Standards
were prepared by scaking biank filter papers with a concentrated
sodium sulphate solution and extracting them in exactly the same

way as the samples.

5.2 SO2 DISPERSION RESULTS

We report here only the results of flights where the
plume was reasonably coherent at the intermediate and/or distant
sampling locations as well as near the chimney. There were six

such flights, for which details of the reference point locations
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are given in Appendix 8.3, Sulphur dioxide concentrations are
shown as a function of the altitude and crosswind distance from
the reference points in Figures 76 to 91 in Appendix 8.3.

No attempt was made to correct the measured SO2 concen-
tration profiles for the analyser response delay {see, e.g., lLarsen
et al. 1965; Markowski 1975). For reactive gases such as 802,
such corrections are, in any case, considered to be of questionable
value under plume sampling conditions (Lusis 1976). Near the
chimney, where concentrations are changing rapidly as a function of
distance, some error could result in the SO2 measurements due to
analyser time lag. Farther afield, where concentration changes are
less proncunced, such errors should be small.

It should be noted that, during many of the flights, it
was very difficult to follow the ptume more than a few kilometres
downwind of the GCOS ptant because of pronounced wind shear at
plume height or because of fumigation conditions. Also the plume
from the incinerator stack was often mixing with the power plant
plume, under which conditions we were actually observing the effect
of atmospheric dispersion and chemical reactions in both of  these
plumes together. '

For Flights 3, 6, 11, and 14, dispersion coefficients
were calculated from the data on Figures 76-91 by using the fol-
lowing Gaussian formulas for the plume corss-sectional area and

width:

A= ZHOVGZ n Q ) (7)
21o0 o CY
y z
y 2 2llc . _CU
-3 (E—J = 1n y z (8)
y Q
6 =00 /o (9)
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where C = 502 concentration, ug-m_3

C = Plume cross-sectional area enclosed by concentration
€ isopleth, m2

Q= 502 emission rate, ug-min_

U = Wind speed at plume height, m-min"1

Y = One-half of plume width corresponding to
concentration c,m

Oy,(é = Horizontal and vertical dispersion coefficients, m

Average wind speeds at plume height were obtained from the M/S and

radiosonde soundings, while S0, emission data were kindly supplied

2
by Mr. Mark Strosher of Alberta Environment. The results of these

calculations are shown in Table 6.

5.3 302 OXIDATION RESULTS

An intercomparison of the amounts of particulate sulphate
and SO2 collected on parallel filter packs indicated that the
reproducibility of the filter pack model is good for 502 (better
than 15%), but much poorer for the particulate sulphate (about
30% or worse) (see Lusis and Phillips 1977). This is probably
due to difficulties associated with the sampling of particulate
matter rather than chemical analysis problems, and introduces a
fairly large scatter in the experimental data.

Table 7 shows the concentration of sulphur (as total
sulphate, sulphuric acid, and sulphur dioxide) determined at
various points downwind of the chimney, together with the time
of sampling and distance from the chimney. Also shown is the
percentage of sulphur in the form of sulphate and sulphuric acid.
The results in Table 7 are expressed in terms of concentration
in order to show that, for these flights, contributions to plume
sulphur from entrained ambient air should be very small (any
such contributions were neglected in subsequent calculations),
and to give the reader an idea of the reproducibility of the

filter pack method for 502 and SOA determinations when two parallel
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Table 6. Dispersion coefficients calculated from crosswind
S P plume profiles, February 1977.

Date Time Distance from a
(MST) Stack (km) Y
m m
5 Feb/77 0840~0910 8.0 630 43
0935-1000 30.6 650 3]
6 Feb/77 1435-1455 0. 290 66
1525-1605 16.9 1500 9]
10 Feb/77 1020-1030 0.8 Lo 31
0950-1005 9,7 1400 28
0830-0920 30. 4 2200 20
11 Feb/77 1430-1450 2.0 470 83
1500-1530 12.0 680 81
1550-1600 28.8 1000 8




Table 7. Total sulphates, sulphuric acid, and sulphur dioxide found on the filter packs, GCOS plume
study, February 1977.

-3 g
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Data Time of Distance from ug S m - v %z of § as
?:g$;Ing Stack (km) 504 stoh 502 SOA,4 stoh
3 Feb/77 i435-1500 1.2 4.79 - 306 1.20 -
5 Feb/77 0820-0908 8.0 Py - 439 1.61 -
0920-1015 30.6 1.99 - 136 1.45 -
1427-1500 Approx. 1 1.73 - 247 0.70 -
3.51 - 216 1.60 -
6 Feb/77 0815-0903 2.8 6.70 - 389 1.70 -
0915-1014 26.4 2.50 - 81 2.95 -
1016-1040 Background 0 - 4 - -
1435~1512 0.8 4.63 - 320 F.k3 -
3.96 - 337 1.16 -
1525-1620 16.9 1.45 - 113 1.27 -
1.70 - 119 1.4 -

continued ...



Table 7. Continued.
_30
Date Time of Distance from pgSm- Y % of S as
Sampling = =
(MST) Stack (km) 504 ”2504 502 SOh stoh
7 Feb/77 0935-1007 0.8 8.70 - 731 1.18 -
9.70 - 647 1.48 -
0825-0925 approx. 19 2.96 - 311 0.95 -
4.73 - 277 1.67 -
1425-1445 approx. | 6.34 - 493 1.27 -
8 Febh/77 0940-1010 0.8 9.95 - 668 1.47 -
0825-0925 33.8 2.06 - 163 1.25 -
9 Feb/77 0845-0930 28.8 L 64 - 91 4,86 -
10 Feb/77 1010-10320 0.8 8,43 - 587 1.41
5.61 598 0.93
0930-1005 9.7 2.39 227 1.04
2.27 200 1.12
0830-0920 30.4 1.89 118 1.58 -

continued ...

901



Tablfe 7. Concluded,

Date Time of

3

C Distance from ug S m g % of § as
iﬁgﬁ;'"g Stack (km) s, H,50, s0, 50, H,S0
1.66 119 - 1.38
10 Feb/77 1600-1620 approx. 1 8.42 1028 - 0.81
11 Feb/77 0930-0940 1.2 6.65 509 1.29
7.00 508 1.36
0847-0925 7.2 1.80 106 1.69
1.69 121 1.37
1415-1450 2.0 2.91 205 1.39
2.22 222 0.99
1500~ 1540 12.0 2.17 145 1.47
1.82 145 1.24
1545-1630 28.8 1.88 156 1.19
1.45 157 0.91

g at 1 atmosphere, 21°¢.

901
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packs were sampling the same air parcel (see above). These results
should not be used for plume dilution rate or sulphur budget cal-
culations, because the sampling pumps were not turned off while
the helicopter was turning around outside the plume between passes,
and the percentage of time spent outside the plume was not the
same for all sampling locations; it was greater for passes near
the stack than for those far downwind.

In Table 8, 502

flights where sampling was done at several downwind locations. Also

oxidat ion rates are given for the various

shown are the average wind speed, temperature, and relative humidity
at plume height during the flights in guestion, as measured by
radiosondes and/or M/S's. On flights where both filter packs were
used to obtain total particulate sulphate concentrations, the average
of two 802 and 804 concentrations were employed to calculate oxida-
tion rates. A word of explanation is in order to clarify the
meaning of the last two columns in this table. Consider the flight
of 5 February, for example. During this flight, two samples were
coltected, at 8.0 and 30.6 km from the stack (Table 7). Since the
average wind speed was 0.39 km-min_1, the plume ages corresponding
to these two distances are 21 and 78 min, respectively. The per-
centage of sulphur in the form of sulphur was found to 1.61 and
1.45, respectively (Table 7). From these data the average conver-

sion rate of sulphur from SO, to 504 can be calculated to be

=-0.2%'h-] during the plume age interval 21-78 min. The other
values in Table 8 were obtained in a similar fashion.

Finalty, Table 9 shows the results of the neutron acti-
vation analysis for samples collected in the GCOS plume near the
power pltant stack. Also shown is the weight of 502 trapped on

the chemically impregnated filters from the same plume sample.



Table 8.

Conversion rates of 50; to

study, February 1977.

Sﬂﬁ and meteorological conditions at plume height, GCOS plume

Date Time Ave. met, parameters at plume height Plume age %Ave. Conversion
(MST) Wind (km.min ') Temp. (°C) r.h. (%) interval (min) % h!
5 Feb/77 0820-1015 0.39 -13 89 21 - 78 -0.2
6 Feb/77 0815-1014 0.39 -2 93 7 - 68 1.3
1435-1620 0.51 58 2- 33 0.1
7 Feb/77 0825-1007 0.54 83 1 - 35 -.04
8 Feb/77 0825-1010 0.48 3 60 2 -70 -0.2
10 Feb/77 0830-1030 0.47 -1 82 2 - 21 -1.2
11 Feb/77 0847-0940 0.48 -3 90 3-15 2.4
1415-1630 0.k4 -3 75 5 - 27 0.2
9 to SO

Conversion of sulphur from 502

801
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5.4 DESCUSSION OF EXPERIMENTAL RESULTS

The plume dispersion rate results are considered else-
where in this report (see Section 4). We confine our present
discussion to SO2 oxidation rates and related considerations.

The results in Table 7 show that near the GCOS power
plant chimney the percentage of sulphur in the plume in the form
of sulphate varies between 0.7 and 1.5, with an average value of
1.3. About 80% of the particulate sulphur seems to be in the
form of sulphuric acid. Within experimental scatter, the ratio
of sulphuric acid to total sulphates in the particulate matter
remains independent of the distance from the chimney. For dis~-
tances up to 3.4 km from the stack, more than 95% of the plume
sulphur is in the gaseous form.

During the February field study, there was very little
oxidation of sulphur dioxide to particulate sulphates in the GCOS
power plant plume, as can be seen from Table 7. Column 7 of that
table shows as many positive as negative values of the oxidation
rate, and one can conclude that, within experimental scatter of the
data, the oxidation rate is essentially zerc. This is a somewhat
surprising result. Although the photochemical oxidation of SO2
by homogeneous gas-phase processes is expected to be slow during
the winter months at the northern latitude of the GCOS plant
(see, for example, Bottenheim and Strausz 1977), the particulate
loading of the emissions is relatively high, so that heterogeneous
SO2
(Foster 1969; Freiberg 1974) could be important. The latter expec-

oxidation mechanisms on particulate surfaces or in aerosols

tation was reinforced by the fact that an analysis of the fly ash
collectdd at the GCOS plant during November and December of 1975
(Shelfentook 1978) showed appreciable amounts of the potential
catalysts iron and vanadium to be present (about 5 and 2.5%,
respectively, by weight). Freiberg (1974) has suggested that

soluble iron, especially at low temperatures and high relative
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humidities, can act as an effective catalyst for the oxidation of
SO2 to sulphates in aerosols. Lusis and Phillips (1977) have used
Freiberg's chemical model for iron-catalysed 50, oxidation in

aerosols to obtain the following expression for the conversion of

S0, in a plume:

2 t
kQ. Q 2
[ Fe S0, S
f, T o 3 2 2
2 Y112 (1-RK)° (mw) ‘ (o, o)
where fl’ f2 = fraction of SO, remaining in the plume at the

plume ages t.,"t, {min)} respectively,

QSOQ’ Q?e = emission rate of 502 and soluble iron

(g mo]emin-i) respectively

RH = relative humidity at plume height

U = wind speed (m-minni)

o o_ = horizontal and vertical dispersion
coefficients (m), respectively
k = a constant which is a function of rate,

equilibrium, and Ostwald constants as well as
the ambient ammonia concentration and the
vapour pressure lowering coefficient of
sulphuric acid. See Lusis and Phillips
(1977) and Freiberg (1974) for a full

discussion of the terms involved.

This expression was used to estimate oxidation rates that
might be expected by an iron-catalysed mechanism in aerosols, for
some of the experiments from the GCOS plume study of February 1977.
Meteorological data and dispersion coefficients were taken from
Tables 6 and 8. The data necessary for calculating k were taken
from Freiberg (1974) and Lusis and Phillips (1977), with the excep-
tion of the NH3 concentration. Here it was assumed that a value
of 0.18 x 107
conditions around the GCOS plant than the 0.6 x 10_6 previously used,

mol-m“2 would be more representative of wintertime
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The former value has been given by Junge and Ryan (1958) as typical
for fairly clean country air in the northeastern U.S.A., and by
Georgil (1977) for Western Germany during the wintertime. The

SO2 emission rates used were those supplied by Mr. M. Strosher

of Alberta Environment, while particulate emissions were assumed
to be about one-fifth of the 502 emission. Following Freiberg
(1976), it was assumed that about 8% of the emitted fron was
soluble and catalytically active. The calculations indicated

that the oxidation rate should be significant (<2%-h-1) for flights
carried out during low temperature and/or high relative humidity
atmospheric conditions (such as those on 5 and 6 February). The
reason for the absence of 302 oxidation in the plume of the GCOS
plant is not clear. Several workers (Foster 1969; Newman et al.
1975; Freiberg 1976) have suggested that heterogeneous 502 oxida-
tion mechanism is important in power plant plumes. Although our
findings are far from conclusive, they seem to contradict this.

In this connection, it is interesting to cite here one flight in
particular. On the morning of 8 February, the plume was observed
to be extremely dirty and brownish in colour, presumably due to
some change in the power plant operation. A sample was collected
about 34 km from the chimney right after sunrise, so that the air
parcel, which had a plume age of slightly over 1 h, could not have
been exposed to significant amounts of solar radiation. Although
the particulate loading was so high that a dark stain was observed
on the:Whatman 40 filter papers, there was no apparent oxidation
of $0, in the plume (see Table 8). On the other hand, data from
other recent field studies of chimney plumes (Davis et al. 1974;
Wilson et al. 1976} have pointed to the importance of photochemical
homogeneous gas-phase reactions in 502 oxidation. Because of the
low actinic irradiance during February at the location of the GCOS
plant, oxidation rates by such processes would be expected to be

slow; this is consistent with our observations. However, during
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the summer months homogeneous reactions could become quite impor-
tant (Bottenheim and Strausz 1977), and thus it will be very
interesting to see what results the June 1977 field study vyields.

Unfortunately, the particulate matter samples collected
near the chimney were too small for accurate analysis of many of
the elements by the neutron activation technique. As can be seen
from Table 9, quantitative results were obtained only for Mn, Na,
vV, Al, €1, K, and Cr. Of these seven metals, only V and Al were
found in the particulate matter in amounts {column 7 of Table 9)
significantly above the amounts in the filter blank (column 2). It
is interesting to note that the ratio of V/Allin the plume partic-
ulate samples is 0.24, in close agreement with the value of 0.22
obtained from an anlysis of some fly ash samples collected during
tests on an electrostatic precipitator at the plant in November
and December 1975 (Shelfentook 1978)., The ratic of the weights of
Al and V to that of S0, was found to be 4.1 x 107> and 1 x1072,
respectively, from the plume samples {Table 9).

During the June 1977 field study, it is planned to collect
considerably larger samples near the chimney to get quantitative

data for more metals than was possible from the February study.



Table 9. Results of neutron activation analysis for heavy metals in particulate matter of the GCOS plume
{all quantities in ug).

ELL

Heavy Blank Samples " Average
Metal Filter 1 2 3 L (less blank)
50, § - 506.000 5hk, 000 494 000 522.000 517.000
Ti <0.280 0.620 <0.430 <0.450 0.460 <0.620
Mg <0.900 <1.800 <0.800 <1.500 <1.800 <1.800
M 0.032 0.068 0.056 0.1460 0.051 0.024
Cu <0.170 <0.360 <0.300 _ <0. 340 <0.380 <0.380
Na 15.000 14.000 19,000 13.000 19.000 11000
v 0.024 0.660 0.330 0.540 0.710 0.540
Al 0.470 3.610 1.990 2.100 2.650 2.120
Cl 20.000 23.000 23.000 22.000 28.000 4. 000
Ca <3.300 4. 500 <k, 500 <3.500 <4,300 <k. 400
Si <80.000  <120.000 110.000 <120.000 <120.000 | <120.000
As ... <0.015.... <0.015
K 5. 300 7.900 5.900 7.200 5.100 1.200
In e <0.300. ... <0.300
Cr 0.280 0.400 0.410 0.200 0.290 0.050
NP <2.000. ... _ <2.000
2, <6.000.... <6.000
Sc e, <1.000. ... <1.000
8

Determined by isotope dilution model
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6, CONCLUDENG REMARKS AND RECOMMENDATIONS

Different aspects of air pollution studies have been dis-

cussed in this report. The studies illustrate the important role
that meteorology, topography, and plume chemistry play in the
dispersion of air pollutants.

Most of the results described in this report are the
outcone of the February 1977 field study, Some of the results,
however, incorporate those obtained during March of the previous
vear, for comparative reasons. Although during those two months
the local weather conditions were abnormally warm, the program was
successful and provided valuable information on the meteorclogy of
the AOSERP study area and on the dispersion and chemistry of the
GLOS plume.

For the majority of the experiments, surface inversion
conditions were observed. During this condition, it was noted
that:

1. The wind in the valley decoupled from the winds

aloft with the flow aligning with the valley walls.

2. The winds at the Syncrude Mine Site showed a similar

shifting of the surface winds to align along the
valley direction. These results suggest that during
stable conditions the flow through the surface
inversion Is strongly influenced by the broad
topographical basin in which the Athabasca River

is situated.

This implies that during stable conditions winds observed
from towers situated within this inversion should show biases of
wind direction along the valley direction. Wind roses plotted on
a monthly basis should consequently indicate a high frequency of
winds aligned along the valley (SE flow possibly predominating)
during the stable winter months, which is not necessarily related
to the winds aloft.
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Two cases were observed where the colder basin air
was trapped by warmer air aloft. During the day, a
slow erosion of the upper interface proceeded with
the strengthening of the inversion at the héight of
the valley wall. It appears that this inversion
acts as a 1lid on moisture flux out of the valley

so that a thin moist layer forms along the interface.
At the Syncrude Mine Site, local wind maxima up to
twice the speed measured by the M/S were observed
to track the top of the surface inversion.

During lapse conditions, the lower winds were nc
longer decoupled from the flow aloft, suggesting
that the topography had little influence on the
wind field.

During neutral or unstable conditions (i.e., summer
months), wind roses would be more representative of
winds aloft, because the wind field is no longer
affected by topographical effects.

Coupled with the results of the previous experiment
(Fanaki 1978) it would appear that, under stable
conditions, ground base emissions at the Syncrude
Mine Site will tend to flow along the valley.
Because the surface-based inversion at the Mine Site
is effectively an elevated inversion at the GCOS
plant, emissions from the latter stack would occur
along the direction of the predominating wind field.
The rise of the GCOS plume is complicated by the
frequent occurrence of inversion layers during the
winter. Again, the Holland (1953) and Briggs (1972)
formulas appear to predict the rise of the plume
better than the other formulas examined in this
study. It is felt, however, that other models

e.g., Moore's (1974) and Csanady's (1965) should

be applied later to examine thelr predictive

capabilities, especially under stable conditions.
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The model proposed by Briggs for stratified
conditibns underestimates the actual rise of the
plume. However, Briggs's model predicts the

max imum observed rise of the plume when it is

capped by an inversion layer. As noted earlier,

the formulas tested were not the Briggs formulas

for two~layer or multilayer atmospheres (1imited
mixing). A test of these more refined formulations
may provide the desired agreement between obser-
vations and predictions., Alternatively, one could
re-examine the fundamental governing differential
equat ions and devise a better method of predicting
plume rise, for instance, by numerically integrating
some simplified version.

The lack of agreement between the concurrent bivane
measurements and a, of the plume using existing
models indicates that care must he taken in applying
the bivane results to the GCOS plume.

Most of the stability conditions covered in this
study were stable, where frequent inversion layers
occurred. The diffusion of the GCOS plume, under
such conditions, is suppressed along the vertical.
In such cases a bivane at a difflerent location and
at a different level may produce results that do not
describe the dispersive characteristics of the plume.
The TVA model of g, appears to predict the observed
plume dispersion coefficients better than the
Pasquill-Gifford model. The reverse if true for

g .
Y
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Agreement between the sounder data and those obtained by

the sondes is good. This impiies that the sounder may be used

successfully to measure inversion hefghts in the AQOSERP study area.

At least one M/S station should be used with the acoustic system

for calibration purposes,

13.

14,

For winter conditions, 302 oxidation rates in the
ptume of the GCOS power plant are very low, in
spite of the considerable potential for hetero-
geneous chemical processes. The results suggest
that, for those conditions, oxidation of 502 can
be neglected in mathematical models describing

the GCOS emissions, However, this may not be

wise for other times of the year, and further

work is necessary, especially under summer
atmospheric conditions.

To what extent the results described in this report
apply to other sources in the AOSERP study area is
not yet known. Further work with other sources in

the area is certainly warranted.
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8. APPENDICES
8.1 SYNOPTIC CONDITIONS
8.1.1 3 February 1977

A weak low linked with the quasi-stationary front had
evolved over the AOSERP study area during early morning hours, As
this tow migrated southeast into southern Saskatchewan during the
morning, a strong ridge gradually replaced it over the area
(Figure 65).

Overbast weather returned during the morning with thick
cumulus and altocumulius cloud cover. With displacement of the
front south of the region by the high pressure ridge, skies began
to clear rapidly, and by late afternoon stratocumulus cloud cover-
age had been reduced to one-tenth. A strong frontal inversion
based at about 500 m developed at this time. Visibility extended
to 15 nautical miles throughout the day.

Winds were westerly at 4-6 mes) during morning hours,
but veered to northwesterly at 2-4 m.s-1 after passage of the cold

front.

8.1.2 4 February 1977

The ridge had intensified while spreading over northern

Alberta and Saskatchewan. The quasi-stationary front had been dis-
placed about 500 km southwest of Fort McMurray by early morning
{(Figure 66).

Relatively cold air mass returned to the ADOSERP study
area. Low stratocumulus, which gradually covered most of the sky
by early morning, brought continuous, light, snowflurry activity.
The deep, elevated frontal inversion continued to exist throughout
the day with base about 600 m above ground. Mostly sunny after-
noon skies gave way to high altocumulus clouds coverning nine-tenths
of the sky. Visibility remained very good.

Winds were calm throughout the morning hours but picked

up from the southwest at 0.5-1.0 rn-i-s“1 by laterafternoon.
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Figure 65. Surface pressure contours for 3 February 1977, 1100 MST.
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Figure 66. Surface pressure contours for 4 February 1977, 1100 MST.
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8.1.3 5 February 1977
The high-pressure ridge over the AOSERP study area had

weakened slightly while spreading further eastward. The quasi-
stationary frontal system over central Alberta remained parallel
to the Rocky Mountains during the morning. By afternoon the
front's axis had shifted slightly, causing it to be north-south
oriented and still 600 km southwest of the study area (Figure 67).

Partly cloudly weather with low stratocumulus clouds and
stable lapse rate conditions continued to prevail throughout the
~day. Altocumulus cloud cover became more extensive around noon,
but skies cleared rapidly during the afterncon. Retreat of the
warm front of the quasi-stationary system back towards the study
area weakened the deep frontal inversion late in the afternoon.
Visibility remained very good,

Winds were from the southeast at 1-2 m's"1 under anti-
cyclone ciruclation during the morning but became calm as the

warm front approached.

8.1.4 6 February 1977

The ridge intensified farther over the southern Prairies.

The elongated quasi-stationary front remained north-south oriented
about 100 km west of the AOSERP study area during the morning. By
late afternoon this front was directly over the Lower Syncrude Site,
and a weak trough developed over Lake Athabasca (Figure 68).

Clear weather with slightly stable lapse rate conditions
continued to dominate the AOSERP study area through morning and
early afternoon hours. As the quasi-stationary front retreated
northeastward, the portion approaching the study area--a warm
front aloft-~reduced the elevated frontal inversion to ground level.
As the warm front passed through the area during late morning and
afternoon hours, the weak frontal inversion gradually subsided and
weakened under rapidly clearing skies. Visibility remained very

good,
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Figure 67. Surface pressure contours for 5 February 1977, 1100 MST.
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Figure 68. Surface pressure contours for 6 February 1377, 1100 MST.
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Winds were calm before passage of the warm front but

picked up from the west at 2-4 m-s_1 by afternoon.

8.1.5 7 February 1977

The high-pressure ridge strengthened further over

Manitoba and the northern trough passed through Saskatchewan
coupled to the frontal system. An occluded front linked to a ltow
off the British Columbia coast also linked up with a developing
upstream trough over lLake Athabasca. By late afternoon this
occlusion had passed east of the ADSERP study area (Figure 69).

Remnants of the frontal inversion resulting from the
front maintained clear, stable conditions until early afternoon.
The occlusion brought increasing altocumulus c¢loud cover at this
time, but by late afternoon c¢learing skies resulted in destabilization.
Visibility remained very good.

Winds were calm until early afternoon, when they picked
up to 6-8 m-s"i from the west. Midafternoon freezing levels rose

to a height of about 3000 m above ground.

8.1.6 8 February 1977
The quasi-stationary front immediately north of the AOSERP

study area continued to dominate weather patterns in the area. A
strong ridge had developed over southern British Cotumbia ahead of
another occluded low disturbance off the coast {Figure 70).

Cloudy, stable conditions due to the frontal inversion
remained throughout the morning hours. As altocumulus and strato-
cumulus clouds broke up in the early afternoon, rapid destabilization
led to surface heating. Visibility continued to be very good.

Winds were calm in the early morning but picked up from
the west at 2-4 mes | by late morning before becoming calm again

by midafternoon. Midday freezing level heights fell to about 2500 m.
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Figure 69. Surface pressure contours for 7 February 1977, 1100 MST.
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Figure 70. Surface pressure contours for 8 February 1977, 1100 MsT.
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8.1.7 9 February 1977

The frontal networks remained almost unchanged from those

patterns prevailing over the previous few days. The trough
formerly over Lake Athabasca had moved along the quasi-stationary
front to Lake Winnipeg. The coastal occlusion had moved inland
and, coupled with the frontal network, generated another closed
low disturbance over the AOSERP study area (Figure 71). Partly
cloudy weather with mild stable lapse conditions due to the frontal
inversion returned during the morning. Passage of the occluded
front of the coastal disturbance maintained extensive strato-
cumulus cloud cover until midafternoon, when clearing skies again
brought rapid destabilization. Visibility remained very good.
Winds were from the west-southwest at 2-4 m-s-1 during

the morning, but became calm by afternoon.

8.1.8 10 February 1977
The low disturbance over the AOSERP study area had moved

along the quasi-stationary front to Lake Winnipeg. Another closed
low and occluded front pushed into southern British Columbia during
the morning and by late afternoon had 1inked up with the low. A
strong high-pressure ridge developed over Utah and Montana (Figure
72).

Partly cloudy, stable weather with a surface frontal
inversion persisted throughout the morning for another day. Strong
early afternoon destabilization occurred with the breakup of alto-
cumulus and altostratus cloud cover. A shallow frontal inversion
returned in late afternoon as the cold frond receded southeast over
the AOSERP study area. Visibility remained the same.

Winds were calm throughout morning and afternoon hours,
except around noon when they were from the west at 2-4 m-s“1. The
freezing level briefly rose to about 2500 m above ground during

midafternoon.
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Figure 71. Surface pressure contours for 9 February 1977, 1100 MST.
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Surface pressure contours for 10 February 1977, 1100 MST.

Figure 72.
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8.1.9 11 February 1977

The occluded low progressed rapidly across the Prairies

during the morning and afternoon hours. The quasi-statlionary front
had pushed south of the AOSERP study area overnight and remained
there until midafternoon when it receded north of the area
(Figure 73).

Mild, unstable lapse conditions prevailed in the study
area for most of the morning and afternoon. Low stratocumulus
and stratusfractus cloudsbrought overcast conditions, during morning
and afternoon hours that retarded destabilization. Visibility
remained very good.

Winds were from the northwest at 2-4 mes”) during early
morning hours, but backed around to the west-northwest at 6-8 m-s—1
by noon. Westerly winds at 2-4 m-s—1 persisted for the rest of the
day. The freezing level had fallen to a midafternoon maximum of
1 km.

8.1.10 12 February 1977
The closed lTow had migrated to the Upper Great Lakes

while another weak Aleutian low disturbance moved aiong the quasi-
stat tonary front from the Yukon. A second intense Pacific occluded
low evolved off the northern coast of British Columbia, By late
afternoon, this low's frontal system was over southern British
Columbia, and the occluded front extended to the Yukon (Figure 74).

Mild, unstable, almost isothermal lapse conditions pre-
vailed thorughout morning and afternocon hours. Again the proximity
of the stationary front immediately north of the AOSERP study area
in late morning and afternoon hours caused an elevated inversion
based at about 400 m leading to localized stability. Skies were
gradually nine-tenths covered by stratocumulus throughout the day;
visibility remained about the same as yesterday.

Winds were calm throughout the day, and the freezing level

had fallen . to ground level.
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Figure 73. Surface pressure contours for 11 February 1977, 1100 MST.
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Figure 74. Surface pressure contours for 12 February 1977, 1100 MST.
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8.2 DEVELOPMENT AND TESTING OF A FILTER PACK FOR SIMULTANEOUS
SAMPLING OF GASEOUS AND PARTICULATE SULPHUR COMPOUNDS IN
THE ATMOSPHERE {(M.A. LUSIS, L:A. BARRIE, H.A. WIEBE, AND
K.G. ANLAUF)

8.2.1 Introduction

Growing concern over the long-range transport of sulphur
dioxide and sulphates in North America and Europe (e.g., Altshuller
1976; Wilson et al. 1976; Smith and Jeffrey 1975) had led to intensive
efforts in both studying regional flows of sulphur compounds and
measuring their chemical transformation and removal rates in the
atmosphere. Airborne instrument platforms have played an important
role in these studies. Several investigations (Gartrell et al. 1963;
Dennis et al. 1969; Stephens and McCaldin 1971; Newman et at. 1975;
Lusis and Wiebe 1976; Whitby et al. 1976) have determined 50, oxi-
dation and depletion rates in the plumes of strong point sources
such as power plants or smelters, using both helicopter and fixed-
wing aircraft. Others have used airborne systems over larger space
scales. Here one can mention the MISST (Midwest Interstate Sulfur
Transport and Transformation Study) studies on the St. Louis urban
plume (Husar et al. 1976) and the work of Smith and Jeffreay (1975)
on airborne transport of sulphur dioxide from the U.K.

This section describes the development and testing of a
filter pack method for sampling sulphur dioxide and aerosols which
can be used for aircraft studies of plumes from power plants and
other types of chimneys, as well as air masses on a regional scale.
Particulate matter is retained on a prefilter, while the gaseous
sulphur dioxide is trapped on chemically impregnated filters. In
several respects, the method is similar to that of Johnson and
Atkins (1975). After considering various techniques used by other
investigators, the present method was chosen because:

1. Sulphur dioxide and its oxidation products (sulphates

and sulphuric acid can be measured in the same air

volume, thus giving directly the proportions of
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particulate and gaseous sulphur (this is of pars:
ticular advantage in cases wehre there are sharp
concentration gradients, as in plumes);

2., The equipment is relatively simple, compact, and
rugged, and therefore well suited for aircraft
sampling. For the same reascns, it Is capable
of being used on the ground by relatively
inexperienced personnel (e.g., in a regional
sampl ing network); and

3. The cumulative nature of the technique is of
advantage in studies of regional air masses
where the sulphur dioxide concentration is often
below the detection limits of continuous 502
analysers,

The following sections describe in detail the filter pack,

and laboratory and field studies carried out to test its performance.

8.2.2 Description of the Equipment

8.2.2.1 Filter-Pack Design. The filter-pack was constructed by

modifying a commercial filter holder {Millipore, Swinnex 47 mm)
made of polypropylene, A detailed diagram of the & x 8 cm holder
is shown in Figures 62 and 75. The front section {A) was modified
from its original form by enlarging the inlet to 8 mm in diameter
and by removing the structural supports on the inside face to
leave a smooth surface. Section {B) consists of the back-half of
a Swinnex holder with its outlet spout removed and a silicone |
O-ring (3.5 mm thick, 50 mm o.d.) inserted to énsure an air-tight
seal of the second filter. The base section (C) is an unmodified

back-half of a Swinnex holder.

8.3.2.2 Filters and Filter Preparation. Two types of filters were

used to separate particulates from the air stream, Whatman 40

cellulose and Delbag polystyrene filters, Both have a high
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particle-collection efficiency (Johnson and Atkins 1975: Air Sampling
Instruments 1972) and do not absorb $0, (see laboratory test results
in Section 8.2.2; Lazrus et al. 1971; and Johnson and Atkins 1975).
Whatman 40 filters were used in measurements of total-sulphur con-
tent of particulates since they have a low sulphur blank and are
easily extracted with water. To determine the sulphuric acid content
of particulate matter, polystyrene filters were used in conjunction
with a benzaldehyde extraction technique (Leahy et al. 1975). Poly-
styrene filters do not neutralize sulphuric acid and are readily
soluble in benzaldehyde. Glass fiber filters were avoided since

they react with 502 to form sulphates (Tanner and Newman 1976; and
Witz and MacPhee 1977).

The use of impregnated filters to collect 80, is by no

means new. Several types of impregnants have been proiosed and
tested (Huygen 1963; Pate et al. 1963; Chamberland et al. 1973;
and Axelrod and Hansen 1975). We chose the combinations of trieth-
anolamone (TAE)-potassium hydroxide (KOH) and glycerol-potassium
carbonate (KZCOB)’ for our sampling since they have been tested
in the field (Forrest and Newman 1973; and Johnson and Atkins 1975)
as well as in the laboratory (Huygen 1963). Whatman 41 filters
were prepared by soaking 15 x 30 cm sheets in an aqueous solution
of the impregnate (either 10% W/W TEA-20% W/W KOH or 10% glycerol-
25% W/v K2C03¥ squeezing them out on a glass plate with a buna
rubber roller and then drying them in an oven at 100°C for 5 min.
Forty-seven millimetre discs were cut from the impregnated sheets
with a stainless~steel punch, sealed in a plastic bag, and stored
in a desiccator.

It was found that both impregnants trapped SO2 efficiently
(Section 8.2.2). However, glycerol-K,CO, interfered less with the

2773
sulphur analysis and was, therefore, chosen forasmospheric sampling.
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8.2.2.3 Sampling, Extraction, and Analysis. Filters were loaded

into filter packs with stainless-steel forceps in an SOZ-free
atmosphere. Prior to use each unit was stored in a plastic bag.
In both laboratory and field tests, the sampling set-up was essen-
tially the same (Figure 76). Air was drawn at a rate of 20-30 L/min
through 214 cm of teflon tubing (9.5 mm diameter), the filter pack,
and a flow meter by a Cole-Parmer pump.
After sampling, Whatman 40 and 41 papers were removed
from the filter-pack and sealed in plastic bags. Delbag particu-
tate filters were put in petri dishes and stored in a desiccator.
Extraction and analysis of the filters were carried out within one
day in laboratory tests and within two weeks for field tests. A
check on the handling procedure was periodically made by analysing
filters that had been mounted as if to sample but that had not been
exposed.
Total particulate sulphur was extracted from Whatman 40
filters by placed them in 50 to 100 mL of hot (80°¢) deionised
water for several minutes. Sulphuric acid was removed from Delbag
filters by dissolving them in 4 mL of benzaldehyde, centrifuging
1.5 mL of the solution at 200 G for 10 min to remove particulates,
and then extracting the sulphuric acid from benzaldehyde by shaking
0.5 mL with 1T mL of deionised water for another one hour. Impreg-
nated Whatman 41 filters were extracted with 50 to 100 mL of 0.03%
H202 in water at room temperature.
Three different sulphur analysis techniques were used to
determine the concentration of sulphur in the filter extracts. They
were:
1. An isotope dilution technique developed by Klockow
et al. (1974). Detection limit 0.01 ppm-$ with
1 mt of solution;

2. An ion-exchange chromatographic technique
(Dionexion exchange chromatograph). Detection

Timit 0.03 ppm-S with 1.5 mL of solution; and
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3. The spectrophotometric barium perchlorate=thorin
method. Detection limit 0.1 ppm-S with 2 mbL
sample,

Simultaneous analysis by the above three methods of 57

extracts of glycerol-K2003 impregnated filters agreed within 10%.

8.2.3 System Calibration and Performance in the Laboratory

Laboratory tests were carried out on the filter pack

3

system using a large mylar bag (2 m” volume)}, filled with room

air containing traces of 302 (20-3000 ppbv), and a sulphur gas-

chromatograph (Tracor 270HA). The latter was calibrated with

standard SOZ-air mixtures prepared by passing clean air at a

known flow rate over a thermostated permeation tube whose 502-

loss rate had been accurately measured by weighing (error £ 2%).
During calibration tests, the filter pack system (Figure

76) and chromatograph were connected to a glass manifold (Figure 77)

through which air from the mylar bag was drawn.

8.2.3.1 EQQ-Uptake by Whatman 40 Prefilters and Filterpack Walls,

Soz-uptake by the filter holder itself was measured for 502-
concentrations from 20 to 200 ppbv. Differences between concen~
trations upstream and downstream of a filter holder containing no
filters were determined with the gas chromatograph, Care was taken
to correct for pressure differences between upstream and downstream
sampl ing ports. For all four filterpacks tested, 502 wall-loss was
less than 5%.

The same tests carried out with Whatman 40 prefilters in
place indicated no detectable uptake by the cellulose fibres.
Chemical analysis of the filters after exposing them to several
hundred micrograms of 502-5 confirmed this result (Table 10}. Less
than 0.1% removal of SO, from the airstream occurred. Johnson and

2
Atkins (1975) reported similar findings.
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Table 10, SOZ-removal by Whatman 40 cellulose filters at ZSOC, ~30%
RH, and 200 ppbv SO

5°
502-5 Removed

$0, Passed Through (ug$) o (ugs)t %

100 0.05 0.05

200 0.20 0.10

750 0.30 0.04
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8.2.3.2 Trapping;EFficiency of Impregnated Filters. Tests similar

to those described above were conducted with impregnated filters
(glycerol-KZCO3) in place to determine their SOz-collection effi-
ciency as a function of time and loading. Two atmospheres were
sampled to test the effects of relative humidity (R.H.) Both
contained 600 ppbv 502 and were sampled at a rate of 22 L/min.
However, one atmosphere hadan R.H, of 30%, the other was much
drier withanR.H. of less than 8% (very dry air is encountered
when cold outside air is warmed before reaching the filter pack
inside; e.g., in aircraft sampling). A dewpoint hygrometer
(Cambridge Instruments) and a calibrated thermometer were used to
measure R.H. _
Experiments carried out in duplicate yielded simitar
results {Figure 78). At 30% R.H., the collection efficiency of a
single impregnated filter was greater than 95% for a sampling time
of 100 min and a sulphur loading of 2000 ug-S. The filter's per-
formance deteriorated, however, when the humidity was lowered
below 8%. Fifty percent breakthrough occurred after 50 min and
900 ug-S loading. Huygen (1963) observed similar humidity effects.
Two impregnated filters back-to~back were tested at a
low R.H. (dashed curve, Figure 78) as a possible remedy to the
severe sampling problem caused by low humidities. With two filters
collection efficiencies were greater than 95% up to 70 min and
1300 ug-S loading. This result was confirmed by field tests
(Section 8.2.4.2) in which two filters were used. Sulphur on the
second filter was less than 15% of that on the first. The reason
for such behaviour is not clear. In any case, when dry air (RH<30%)

is expected double filters should be used.

8.2.3.3 Comparison With & Calibrated Gas Chromatograph. Before

embarking on extensive field sampling programs, an intercomparison
on the Tilter pack technique with another method was carried out.

Seven atmospheres containing 502 concentrat ions between 20 and 2000 ppb
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were sampled with two filter packs and a gas chromatograph. 802
concentrations were intercompared. Agreement between the two
methods was good. For seven concentrations, differences between
filter packs ranged from 1.8 to 11% and averaged 4.9%. Agreement
between the filter packs and chromatograph over a concentration
range of two orders af magnitude was better than 10% (Figure 79).
Simitar verification of the impregnated filter technique during
field tests using bubblers has been reported by Johnson and

Atkins (1975).

8.2.4 Field Tests of the Method

During February 1977, a two-week helicopter sampling

program was carried out to determine the rate of sulphur dioxide
oxidation in the plume of the power plant chimney at the Great
Canadian 0il Sands crude oil extraction and upgrading complex
near Fort McMurray, Alberta. This afforded an opportunity to
test the filter pack technigue under field conditions. These

tests are reported below.

8.2.4.1 Procedure. The sampling installation was in many respects
similar to that described in Section 8.2.2.3. The air sample was
drawn at a rate of about 20 L/rnin_1 over two parallel filter packs
by means of diaphragm pumps. The sample line leading to each
filter pack was made of teflon (9.5 mm diameter, 214 cm long). It
extended to about 30 cm beyond the nose of the aircraft where it
was well clear of any downwash effects from the rotor, and was
capped with a conical teflon tip which had been carefully machined
to give approximately isokinetid sampling conditions. The sample
line was almost straight between the inlet and the filter packs.

A calibrated Brooks rotameter and an absolute pressure gauge were
inserted between each filter pack and the vacuum pump. Provision-
was made for temperature measurement of thg air stream. This per-
mitted measurement of sample flow rates over the filter to an

accuracy of about 5%.
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Two chemically impregnated filters, placed back-to-back,
were used in this study in order to check the efficiency of SO2
coflectidn under field conditions. After each flight the filters
were folded so that the upstream paper faced inwards, and were
stored in the same sealed plastic bag. On some flights one of the
two filter packs contained a Whatman 40 paper to collect particulates,
while the other had either a Delbag microsorban or Mitex filter
(for H,S0, analysis). On other flights, both packs had Whatman
40 particulate filters in them.

The instrument package also contained a continuous Sign X
sulphur dioxide analyser, which measures the increase in electrical
conductivity when SO2 in the air sample is dissoclved in deionised
water. The sample to this analyser was tapped from a short ''T"
section which was located beside the inlets to the filter packs
(this was done to eliminate the "ram' air effects). It was then
conducted through a 320 c¢m long, 0.24 cm i.d. teflon sample line
to the analyser at a rate of about 2 L/min"1. The analyser was
calibrated several times during the program with two standard
cylinders of 502 in nitrogen, contéining 0.70 and 3.50 ppm 502.
Figure b4 shows a detailed view of the inlets to the

Sign X and filter pack sampling lines.
8.2.4.2 Results.

8.2.4.2,1 Retention of SO, on the Impregnated Filters. During

these flights the relative humidity at plume height varied between
50 and 100%, while the temperature range was +6 to-15°C.

The percentage of sulphur dioxide trapped on the upstream
impregnated filter was determined by analysing upstream and down-
stream filters separately. It must be pointed out that part of the
sulphur dioxide found on the downstream filter may have been trans-

ferred to it from the upstream filter through physical contact, since
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both filters were stored together in the same plastic bag. There~
fore, the present results probably make the filter pack technique
look worse than it actually is with respect to trapping efficiency.
In every case it was found that more than 85% of the 502
was removed by the upstream impregnated filter. On the average,
98% of all the sulphur dioxide captured was on the upstream filter,
indicating almost complete trapping of Soszrom the sample by the

two impregnated filters in series.

8.2.4.2.2 Comparison of SO2 Trapped on Parallel Filter Packs. An

indication of the reproducibility of the present SO2 trapping tech-
nique may be obtained by comparing the amounts collected on filter
packs sampling plume air in parallel (Figure 80). There is generally
very good agreement between sulphur dioxide collected on filter

packs operating in parallel. The reproducibility of the present
method is 502 is better than about 15%.

8.2.4.2.3 Comparison of Sign X Analyser and Filter Pack Results,

In Section 8.2.3.3 we presented the results of a laboratory com=-
parison of the fiiter pack and a carefully calibrated tracor
sulphur gas analyser. In this section we consider a comparison
of the pack with the Sign X analyser, under the rather more
adverse field study conditions.
The average 502 concentration at a given sampling location
was obtained from the Sign X strip chart record by integration.
This average concentration was then multiplied by the filter pack
sampling rate, to obtain the amount of 802 which should have been
collected on the filter pack (according to the Sign X analyser).
Figure 81 compares the amount of sulphur (as SOZ) expected
from the Sign X data with that actually collected by the filter
pack. The comparison is not néarly as good as in the case of the
laboratory experiments (see Figure 79). About 70% of the points
agree to with 30%. The filter pack results ténd to be higher than
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the Sign X results, especially for small-sized samples (i.e., less
than 50 ug sulphur). In several cases the filter pack results are
about SO%Ihigher than the Sign X results. The reason for this
discrepancy is not clear. Errors in the analyser calibration may
be partly responsible. (The concentration of 502 in the standard
gas cylinders used for calibration of the Sign X was checked about
3 months prior to the field study.} Another possibility could be
destruction of 502 on sample lines., Even teflon sample lines

show evidence of Iinteractions with reactive gases such as 502

when exposed to short "bursts" of concentration, as for instance
when traversing a plume with an aircraft (e.g., Lusis 1976). In
this connection, it is interesting to mention a comparison of 502
concentrations obtained with two different analysers during a

plune sampling study carried out by the Electric Power Research
Institute (1976). Parallel measurements disagreed by as much as
50%. These results are mentioned to emphasise the problems encoun-
tered in sampling of sulphur dioxide under field conditions, where
sample lines can accumulate moisture and potentially reactive
particulate matter. In the present case, we are inclined to
suspect the Sign X analyéer results rather than the filter pack
resuits, because of the good agreement between filter packs

operating in parallel (see Section 8.2.54.2.2).

8.2.4,3.4 Comparison of Sulphates Trapped on Parallel Filter Packs.

In several flights, both of the filter packs contained Whatman 40
particulate filters in order to compare total sulphate:iconcentrations
obtained in the same plume volume. In other cases, the Mitex
(teflon) filter in one pack was analysed for total sulphate and the
amount collected was compared to that simultaneously obtained with
a Whatman 40 particulate filter in the other pack.

Figure 82 compares the amount of sulphur collected as
particulate on two parallel packs (corrected to a standard sampling
rate of 20 L/min-1 at 21°C and 1 atmosphere).
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A comparison of Figures 82 and 80 shows much poorer agree-
ment between filter packs for particulate sulphur than for gaseous
sulphur. In the former case, only about half of the results agree
to within 30%, the discrepancies in some cases being as high as
50%. It is improbable that these results are due to errors in the
chemical analysis of the particulate samples because generally
duplicate analyses were in good agreement {better than 15%). Rather,
they are thought to be due to sampling problems. As mentioned in
Section 8.2,4.1 considerable care was taken when designing the
sampie lines: provision was made for isokinetic sampling conditions,
only teflon lines were used upstream of the filter pack, and the
residence time for the samples in the line was less than 0.5 s.
Nevertheless, halfway through the study a faint deposit of partic-
ulate matter was noticed near the tip of the sampling probes,
indicating some wall deposition, possibly due to electrostatic
effects. This is probably the major source of error in sulphur
dioxide oxidation studies with the equipment described in this
report. A major Iimprovement would be too mount the filter pack

outside of the aircraft, with no sample lines upstream of it.

8.2.5 Summary and Recommendations
A method was described for the simultaneous determination
of sulphur dioxide and sulphates in air samples. Sulphates are col-

lected on a Whatman L0 or Delbag pre-filter, while SO, is trapped

on Whatman 41 paper impregnated with.a KZCOB-glycerolzsolution.
These filters are placed in a modified, 47 mm Swinnex filter holder,
which is convenient to bhandie and can be lcaded and unlocaded in the
laboratory away from any sources of contamination that might occur
in the field. Laboratory tests indicated excellent trapping
properties of the impregnated filters, and very good agreement with
802 concentrations measured by a carefully calibrated sulphur gas-

chromatograph. Field tests confirmed the laboratory findings on

CA e b e _t . _f sl £'14mmn mmd cimnsctad thar thas
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reproducibility of the present method for SO, is about 15% or

better. Although agreement with the Sign X gnalyser used in the
field test was not nearly as good as with the laboratory chroma-
tograph, we suggest that the problems are largely associated with
the analyser rather than the filter pack.

The present filter pack method has been tested primarily
with a view to aircraft studies of 802 transformation rates in
plumes., Provided that a sensitive method is available for the
analysis of the particulate sulphur {such as the isotope dilution
technique), about 10 crosswind traverses through a typical power
generating station plume at a sampling rate of 20-30 L/min"l should
yield a sufficiently large sample for accurate determination of

the relative proportions of sulphates and S0, at that particular

2
plume age. The filter pack may also be of value for ground-ievel

monitoring of gaseocus and particulate sulphur, at much lower con-
centration levels, though a correspondingly longer sampling time
would be necessary.

It should be pointed out that the present technique shares
the drawbacks common to all methods which involve filtration of
air samples with subsequent analysis in the laboratory {(e.g., Tanner
and Newman 1976). Thus, there is a possibility of chemical reac-

tions between gaseous constituents (such as NH, or 802) in the air

sample and particulate matter deposited on the3filter, or of inter-
conversion from one chemical formof sulphur to another in the
particulate matter itself during the collection-analysis interval.
It is difficult to evaluate the error introduced by such factors.
No doubt errors will depend on the composition of the gaseous and
particulate matter at the particulaFf locality of interest. The
problem of conversion of 502 to sulphates by interaction with the
filter material itself should be significant in the present method,
because both Whatman 40 and Delbag papers are essentially inert to

502.
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The main recommendations for improving the usefulness of
the filter pack method proposed in this report are:
1. In field applications, double chemically
impregnated filters should be used. In
this way a high collection efficiency of
802 is ensured even at relative humidities
significantly below 30% (see Section 8.2.3.2);
2. The sample Tine leading up to the filter
pack should be as short as possible, and
if possible should be eliminated entirely
in order to minimize losses of particulate
matter (see Section 8.2.4.2}; and
3. |f ambient air sampling is intended, the
pack should be tested in parallel with
several other methods to verify that the
802 collection efficiency is high over
long sampling times {i.e., approximately
one day}, especially at the low tem-
peratures encountered in Canada. We
plan - to carry out such tests in the

future.
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8.3 502 CONCENTRATION MEASUREMENTS
This Appendix contains details of the reference points
of sampling and sulphur dioxide concentrations as a function of

the altitude and crosswind distance. The methodology is described
in Section 5,
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Figure 95. Concentrations (ppm) of S0, as a function of crosswind distance
and height above the stack"base, 11 February 1977.
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