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ABSTRACT

A climatological air guality dispersion was developed
which provides more powerfu! analyses capabilities than are
avallable in traditional CDM-type models.

The model incorporates a +time series approach to
satisfy identified user needs. The three components of the model
are: the time series file of metecrclogical variables, the
program {(GLOGEN) used to generate ground level concentrations, and
the frequency analysis program (FRCDTN) which defines the analyses
for a particular run.

The time series file contains The meteorological data
necessary to define dlispersion classes and also includes other
metecrological parameters which can be used to further classify
the ground level concentrations analyzed in the frequency
distribution program. _

Program GLCGEN incorporates the disperision formulations
and computes ground level concentrations for each receptor source
pair for each dispersion class wutilizing user-defined source
characteristics and an emission rate of unity. This array of
ground level concentration values is stered on a random access
fite for access by FRQDTN. This precaiculation of procedure
permits considerable saving of computer costs when long time
series of data are processed. ’

The model assumes a Gaussian plume framework with plume
sigmas defined by a modification o statistical theory. Effective
downwind distances are utilized to allow for source affects and to
simplify the analytical downwind dependence of the plume sigmas.
The standard deviation of +the azimuth and elevation wind
fluctuations are estimated from a planetary boundary layer
parameterization involving similarity theory and empirical

results.



xiit

The analysis program, FRQDTN, Iis designed for ease of
user operation. Once GLCGEN has been used to generate the ground
tevel concentration file, the user can proceed to consider various
scenarios. Source emission rates are set in FRQDTN and so various
sources can be turned off or on and various emission strengths can
be assigned. Different chemical species can *thus be readily
examined. The ground level concentration values can alsc be
weighted according to user-selected parameters from  the
meteorclogical Yime series. FROQDTN can be used ToO generate
average ground level concentrations, frequency distributions of
ground level concentrations, average dry and wet deposition, and

tTime series of ground level concentration values.
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Ls | NTRODUCT | ON

The Research Management Division of Alberta Environment

has instituted a multi-year program to develop and implement a
series of air quality models. These models were designed o
provide air quality assessments that can be used to ensure that
development of the Athabasca 0Qil Sands can be accomplished without
undue environmenta! degradation.

A Gaussian freguency distribution mode! has been
develeoped to satisfy user needs identified with respect to air
qual ity in the Athabasca 0il Sands area (Volume (}. In order to
test the model and obtain preliminary results, a time series of
meteorological data is required by the frequency distributicn
program, FRQDTN. This report discusses the fypes and sources of
meteorological data incorporated into the Time series file.

Time series data concerning convective mixing heights
and winds at plume level were derived from climatciogies
praviously developed for the Athabasca Ci! Sands regien. These
climatotogies were obtazined from a report prepared during the
first year of the Gaussian frequency distribution development
{Leahey and Hansen, in prep.).

Potential local sources of meteorological data that can
be used to generate the Time series data file include the Fort
McMurray Airport, the Mildred Lake Research Faciiity, and a 52 m
meteorclogical tower known as the "Tall Tower." The locafion of
the first two sites relative to the surrounding Topography is
shown in Figure {. The Tall Tower is located in *The Athabasca
River Valley about 10 km southeast of the Mildred Lake Research
Facility. 1n addition fo these local scurces, surface and upper
air synoptic charts are avaitable from the Afmospheric Environment
Service {(AES).

As shown in Figure |, the tfopography of the region is
characterized by the Athabasca River Valley, the steeply rising
Birch Mountains in the northwest, the more gently rising Muskeg
Mountain in the east, and SToney Mountain in the south. To the

southwest the terrain s relatively flat,
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2. THE TI!ME SERIES METEOROLOGICAL FILE

The metecrological time series file was developed to

permit testing of the model, generation of initial results, and an
evaluation of how a larger data base could be constructed. [t was
decided that +hese objectives could be met with a data base
comprising four months: January, April, July, and October, for
three years: 1976 to 1978, The follewing paragraphs give an
overview of the contents of the metecrological fime series file.
Details of +The derivation are presented in the following
sections.

The data base was processed To form a time series of
relevant meteorological! parameters for use by the freguency
distribution program FRGDTN. Specifically, the time series

contains houriy values of:

l. Surface weather code (-6 to &)
2. Amblient temperature {°C)

3+ Relative humidity (fraction)
4. Cloud cover {fraction)
5. Precipitation {rom )

6. Snow cover {cm)

7. Net radiation (Wm~2)

8. Wind direction at 400 m (degrees)
9. Wind speed at 400 m {m/s)

[0. Convective mixing height (m)

Some of +these values were obtained directiy from
meteorological observations in the area and others were derived.
Standard meteoroleogical parameters were cbtained from the Fort
McMurray Alrport surface weather records. Hourly data were
extracted for femperature, relative humidity, surface weatTher
activity, and copaque cioud cover. The precipitation values were
available as 6 h totals. Daily snow depth was alsc abstracted
from the records.

Net radlation, wind speed and direction, and mixing
helght were not available on surface weather records and were

determined from other sources.



Net radiation was estimated from sclar altitfude, c<loud
cover, and season. Derivation of radiation vaiues involved
separate formulations for both solar and terrestrial radiation and
used the Alberta 0il Sands Environmental Research Program (AOSERP)
radiation data as processed by Kumar (1978} for evaluation of
stte-specific parameters.

Wind speed and direction data at typical plume heights
ware estimated from 850 mb synoptic charts using empirical power
taws and turning angles. The wind data analysis demonstrated that
tocal topographical effects may have been present even &t plume
heights. The minisonde data  from both  AOSERP-  and
Syncrude-sponsored studies were used to generate The empirical
relationships needed to synthesize the data set. They were also
used To confirm the |imitations to the representativeness of the
Tall Tower data and To assess the error levels in the generated
wind data.

Convective mixing heights as a function of time of day
and season were estimated from fthe minisonde data. The height of
the fayer was taken as the height above ground where the dry
adiabat through the surface temperature intersected  the
temperature profile. The hourly mixing height values adopted in
the Time series file for a given season were taken as the median
of all non-zero minisonde values for each particular hour observed
within that season. Thus, seasonal climateclogical hourly values
are contained in the fTime series file.

The dates and times of all the hourly observations were
converted To Greenwich Mean Time (GMT) in creating the time series
file. This required an additional 7 h of data at the beginning of

each month.



3. STANDARD METEQOROLOGICAL PARAMETERS

Latz from the hourly surface weather records obtained

from AES for the Fort McMurray Airport were digitized. Hourly
values include surface weather condition, tfemperature, reiative
humidity, and opaque cloud cover. The surface weather condition
refers To precipitaTion and 15 given as a code ranging from -6 Yo
6. The key to this code is given in Table . Temperatures are
given to the nesrest 0.1°C, relative humidities 1o the nearest
percent, and cloud cover in Tenths.

Precipitation from the AES records was in the form of a
&~h total. Hourly values of precipitation were estimated on the
basis of the surface weather condition codes given in Tabte |,
Light, moderate, and heavy precipitation, regardless of Type, were
given relative weightings of 1, 2, and 6. There is obviously some
arbitrariness in this weighting; however, It appears to be a
better distribution of +the precipitation amounts than a uniform
distribution. It is recognized that rainfall, particularly for
convective storms in the summer, is not spatially uniform. Thus,
applications of weighting parameters which involve the generated
pseudo-hourly precipitation values need to bhe done with a caution
not o exceed the {imits To the representativeness of the data.

Depth of snow cover is recorded on the surface weather
record once for esach day., in the time series file, snow cover was
assumed To be a constant for each day. The wvalues given are to

the nearest centimeire.



Table |, Surface weather condition code and corresponding

precipitation.

Symbo | Precipitation Precipitation
Type Intensity
-6 Snow shower Heavy
-5 Snow shower Moderate
-4 Snow shower Light
-3 Snow Heavy
-2 Snow Mcoderate
-1 Show Light
0 No precipitation
1 Rain, freezing rain,
drizzie or freezing
drizzle Light
2 Rain or freezing rain Moderate
3 Rain or freszing rain  Heavy
4 Rain shower Ltight
5 Rain shower Moderate
6 Rain shower Heavy




4. NET RADIATION

The net solar and ferrestrial radiation were estimated

in order to provide a means of computing surface heat flux in
FREDTN for dispsrsicn classification. Net radiation estimates
also provided a potential weighting parameter for the ground level!
concentrations. The surface heat flux appears in the surface
energy budget, therefore, its value can be estimated knowing the
net radiation and approximating the remaining terms. The surface

heat budget can be written as (HalTiner and Martin 1957: 130)

QS+Qt+H+W+G=0 (1

where: U5 = net solar radiation (direct and diffuse)
@+ = The net terrestrial radiation
= the sensible heat flux
= the latent heat flux
= the heat flux associated with the greound storage of
heat

The sensibie heat flux provides a surface boundary condition for
the planetary boundary layer.

Most of the terms in Egquation | can be roughly
approximated to permit an estimate of the surface heat flux. The
formulations adopted for the sotar and terrestrial net radiations
are based upon simple approaches discussed in many standard
references. For the purposes of a climatological model, these
approximations of average conditions are considered adequate
uniess further sensitivity tfesting shows a need for refinement.
The adopted parameter values are recognized as being approximate;
validation by further festing and analyses of the existing data
taken in the region of the Athabasca 0il Sands Is worthwhile.

A major assumption in the present approach or ofher
similar approaches using a surface energy budget is That local

conditions determine the local stability. This assumption is



equivalent to assuming horizontal homogsneify. In a real
atmosphere, advective affects are often very important. Allowance
for advective effects can be made in a three-dimensional model.
However, for the present Time a lccal determination of the
parameters governing the local planetary boundary Jlayer will
probably be adequate since systematic errors are probably smali.
A mode! designed for specific case simulations would need +o
inciude advective effects.

The formulation for the ret radiation is a standard form
following Sutton (1953);

Q=(1-40Qq ~-Q (2)

where A is albedo and the expression for Qg is:

Q= (1 - K C) (sina) F q" (3)
whera: sin o sin ¢ sin 8 + cos ¢ cos § cos h {4)
and where;

K| = a cloudiness constant

= the fraction of opaque cloud cover

g = The solar altitude
= the solar constant = 1353 (watts* m~2)
g = the average Transmission of one optical air mass

(>0.7)

m = the optical air mass

¢ = tThe latitude

§ = the scolar decliination

h = the sun hour
A unit optical air mass is the air mass for a zenith angle. The
optical air mass is tThe air mass iraversed by direct radiation
from the sun for a given latitude, declinaticon, and sun hour and

is glven by:

m = (sin a) * (5)



where o is the solar altitude defined above.

The expression used to evaluate Q+ is:

= 4 (6)
Qt K2 o T (1 - K3C)
whare: ch = black body radiation
K22 = 0.3
Kz = 0.9

In order fo evaluate The net radiation at a given hour,
several parameters needed To be specified. The solar declination
is available in standard reference tTables. However, The
regression equation for the solar deciination as a function of
Jutian date cited by Kumar (1978} was adopted as being
sufficiently accurate.

The solar hour angle was <calculated using The

formulation:

h = (t, - 12JRADPHR 7

where tg is the true sclar Time and RADPHR Iis the number of

radians per hour of the earth's rotation. The true solar tims is

given by
t, = (GMT - IDELTA) + CLONG + EQNT (8)
where: GMT = the CGMT time
{DELTA = the difference of GMT and loca! standard time
(7 hours)
CLONG = a longitudinal correction for the AOSERP study
area compared To the standard meridian
EOQNT = a small time correction to account for the

asymmetry of the earth's orbit about The sun
The values of CLONG and EQNT were cobtained from the Smithsonian
Meteoroiogical Tabies (List 1951},



The wvalues of the parameters g, Ky, and A were
estimated based upon cbservations of net radlation as analyzed by
Kumar (1978). The adopfed estimates were guided by what was
physically reasonable given the site characteristics and values
recommended by a variety of authors (Sutton 1953; Haltiner and
Martin 1957; Kondratiev [969). Values were matched at nocon on the
aguinoxes and the solistices to be compatible with Kumar's
analysis. The estimated values are givean In Table. 2. There was
a marked difference between spring and autumn in the observed
radiation data and this difference can probably be attributed to
an albedo difference dus to snow. The data analyzed showed that
the transmission for a unit optical air mass (zenith angle) is
tess in the winter, an effect possibly due to the reduced water
vapour pressure due to the cold temperatures.

The albedo difference, indicated In Table 2, between
21 March and 21 December at noon was atfributed to solar angle
differences. Over a mixed open snow and forest surface, The
albedo due 1o hemispheric scattered radiation may be similar in
winter and spring. However, for direct radiation, the lower solar
angle at noon on 21 December would mean that the effective surface
seen by The sun would be more forested and less open, snow-covered
areas. If This interpretation is correct, then the effective
albedo for The entire surface becomes a function of solar
altitude. Note, however, that a direct measurement of albedo over
any given surface element (i.e., forest, open area) would noT show
a dependence on solar al¥ituds.

In the modet, the albedo was made a function of solar
altitude wusing an empirical expression consistent with ‘the
observed values:

A=0.2+K, (sina - sina) (9)



Table 2. Estimated values of the radiation parameters based upon
radiation data as analyzed by Kumar (1978},
Approximate
solar altitude Assumed )
DaTes Snow at noon temperature Ko q A
Cover (day) (°C)
21 March yes 33 5 0.25 0.7 0.5
21 June no 56 20 0.25 0.7 0.2
21 Sept. noe 33 5 0.25 0.7 0.2
21 Dec. yes 1C =20 0.20 (.8 0.2




where:
o = the solar altitude {must be larger than ¢ ;)
o, = the solar altitude at noon in late December (taken
as 10°C)
Ka = a parameter evaluated from the late March noon

data as 0.8.
The above formulation gives an albedo vatue of about 0.5 on noon
31 March and a value of 0.7 at noon on 21 June if there were snow.
A check was made on the time series data that there was snow
cover, as measured at Fort McMurray Alrport, before the albedo was
modified for sclar altitfude.

The values of Kp and q in The program wsre made
functions of the month. The December matching was assumed to be
representative of the coldest months: December, January,
February. The values for all other months were taken to be the
same and equal To those of March, June, and September as shown in
Table 2.

The Two remalning constants are the constants for the
reductions of solar and terrestrial radiation due 1o clioud cover.
Reviews by Sutton (1953), Haltner and Martin (1957}, and
Kondratiev (1969) suggest values of about (.77 and 0.9 for the
solar and terrestrial cloud coefficients, respectively. The
formulation for cloud cover effect is an approximation of an
average effect which Iignores many factors. Kondratiev (1569)
summar-izes the effects of many workers, and‘ shows That The
transmission efficliency of clouds varies markedly with cloud type,
¢loud thickness, and, to a somewhat |esser degree, solar altitude.
More rescent work has considered the problem of muitiple cloud
tayers and explicit values of dust effects (e.g., Davies et al.
£975)., However, for the initial version of the present modefl,
simple averaged values as outlined above are considered tTo be
adeguate wuntil a clear need for an improved expression Is
demonstrated by sensitivity studies of the climatological model

output.



13

S WIND SPEED AND DIRECTION

Various sources of wind data from the Athabasca 0Oil

Sands area were evaluated To determine wind speeds and directions
applicable fo the anticipated height of industrial plumes. Plume
heights were estimated using stack and emission parameters similar
to these of the existing Syncrude plant. Winds were derived for
The +typical plume helight and then incorporated into tThe time

series file.

5.1 ESTIMATED PLUME HEIGHTS

Theoretical plume heights were calculated in order to
determine the altitude &t which +the wind climatology should
pertain. Theoretical piume heights were calculated using the
Briggs 2/3 law piume rise formula for unstable and neutral
atmospheres, and the final rise as predicted by the Briggs stable
plume rise formulation for stable atmospheres (Briggs 1975). A
vatue for the entrainment constant of 0.74 as reported for the
Athabasca Qil Sands arsa by Davison and Leavitt (1979} was used.

Stack height, diameter, exit velocity, and exit
temperatures assumed for plume rise calculations were 138 m, 7.9 m,
23.3 m/s and 246°C, respactively. These parameters are similar to
those of the exisTing Syncrude extraction plant stack.

A frequency distribution of thecreticatl plume heights
was obtTained using wind and temperature gradient data from the
Tall Tower which is located on the floor of the Athabasca River
Valley, 10 km southeast of the Mildred Lake Research Facility.
Wind speeds from the 152 m level, and Temperature gradients
betwean the [0 and 152 m levels, for the period 27 Qctober 1976 to
30 April 1979, vwere used. Stable atmospheres were identified with
potential temperature gradients greater than 0.005°C m !, and
were found fo occur 61% of the time. The overall median plume
height was calculated to be 420 m. About 65% of the predicted
plume heights were between 300 and 500 m. A wind speed and
direction, climatologically appropriate to a height of 400 m above

ground level was Then derived from existing wind data.



5.2 WIND DATA SOURCES

There were five main sources of data that might be
relevant to the derivation of a wind climatology in the Athabasca
Qil Sands area. Three of these are ground based, one relates to
pibals, and the other involves 850 mb synoptic charts.

Ground-based  wind information is avallable from
instruments located at the 10 m level at the Fort McMuuray
Airport, the Mildred Lake Rasearch Facility, and the Tall Tower.
Instrumentaticn for the Tal! Tower consists of Bendix aerovanes at
tThe 10, 90, and 152 m levels, and aspirated temperature bulbs at
the 1.3, 10, 30, 90, and 152 m levels.,

Data relating o wind velocity are also available from a
total of 2344 pibal observations tazken in the Mildred Lake area
from 1975 to [978. Some of the data are from continuous programs
ranging over several! months and involving two to four releases per
day. Other data are from more intensive programs ranging over one
or two weeks and involving up to 20 releases per day.

The Atmospheric Envirenment Service (AES)} prepares
850 mb synoptic charts tTwice dally. The geostrophic wind
assumption may be used to obtain wind speed and direction data
from these charts. In the Athabasca 0f! Sands area, The 850 mb
pressure level corresponds a height of about {200 m above the

surface.

5.3 EVALUATION OF EXISTING WING DATA

A wind rose was constructed for 400 m above the surface
using 2344 plbal observations taken from February 1975 To November .
1978. Wind data obtained from 850 mb synoptic maps, Fort McMurray
Airport, Mildred Lake, and the Tall Tower then were examined to
determine which source mest closely represented the pibal winds at
490 m.

5.3 Wind at the 400 m Level
Figure 2 shows the distribution of fthe pibal

observations used to determine winds at the 400 m level. There is
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a relative paucity of data from mid-April fo mid-June and from the
first of November to mid-January.

Figure 3 is a wind rose for the 400 m level based upon
all 2344 pibal releases. The wind rose shows that westeriy and
west-southwesterly winds predominate at +the 400 m level.
Northeasterly winds are not common. it is interesting To note
that northwesterly and north-northwesterly winds are also
relatively uncommen. This may reflect the channelling effects of
tThe Birch Mountains which lie to the northwest of the
observational area.

White the wind rose shown in Figure 3 is based on a
fimited number of data, it should nonetheless broadly represent
the main features of the 400 m windflow regimes. [t should be
noted that pibal cobservations essentially represent instantaneous
values. Pibal wind observations are the only available data set
that can be used to obtain direct measurements of wind in the
plume lavyer. However, these measurements are  taken too
infreguently to generate an hourly Time seriss of winds for long
periods. The pibal ohservations can be used To generate empirical
parameters needed to relate winds at plume level {400 m) to winds
measured more frequently at other heights. They can alsoc serve as

an indicator of uncertainties in the derived 400 m wind valuss.

5.3.2 Wind at the 850 mb Level
Geostrophic winds were exiracted from 850 mb confour maps which
are available twice daily (for 0000 and 1200 GMT) from AES. Data

were [inearly interpolated to approximate hourly average winds for

the times at which pibal measurements were available.

Figure 4 presents the 850 mb wind rose for times which
coincide with the 2344 pibal measurements. Wind directions are
appreciably more northwesterly and speeds much greater than at the
400 m level. This might have been expected as winds In the
troposphere tend to increase in speed and veer with heigh?, due Yo

thermal wind and surface frictional effects (e.g., Haltiner and
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543.3 Winds from the Fort McMurray Airport

Figure 5 presents the annual wind rose from the Fort
McMurray Airport based on data collected from 1963 to 1975. It
shows a large percentage of easteriy winds. This is presumably
due to the influence of the Clearwater River Valley which joins
tThe Athabasca River Valley from the east in the near vicinity of
the Airpeort (Figure ). These wind rose data de not seem
representative of conditions at the 400 m level as derived from

the 2344 pibal observations.

5344 Winds from The Tall Tower

Figure 6 shows the wind rose derived from data collected
at the (52 m level of the Tall Tower duriﬁg the years 1975 to
1979. The wind rose shows evidence of the atmospheric channelling
effects of the Athabasca River Valley, whose axis in the vicinity
of the tower generaliy has a north-south orientation. The wails
of the valiey rise in excess of 65 m above the fower base. The
tower winds at [52 m bear littie resemblance to winds at the 400 m

tevetl .,

5.3.5 Winds from the Mildred Lake Research Facility

Figure 7 presents synthesized wind data based on
observations made at the [0 m leve! at Miidred Lake for the vyears
$963 fo 1975 (Walmsley and Bagg 1977). The most common winds are
southeasterly. Both east and wesT winds are rare. These data
also appear to reflect channel!ing effects of the nearby Athabasca
River Valley. There seems To e |ittle resemblance between

Mildred tLake winds and those observed at the 400 m level.

5.3.6 Lonclusion

Of the five main sources of aTmospheric data in tThe
Athabasca Cil Sands area, the 850 mb information appears to be The
most reliable basis on which fto derive a Time series of 400 m

wind.
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5.4 COMPAR!I SON OF THE 850 mb and 400 m WINDS

On the basis of the previcus secTion, it was decided to
derive the 400 m wind climatology from the 850 mb information.
Concurrent 400 m and 850 mb wind data were uséd to establish
relationships betwsen the speeds and directicons at the two levels.
The method used to establish these relationships is presented in

this section.

5.4.1 Wind Speed Variation with Height

One of the most widely employed methods of expressing
the variation of wind speed with height is The power law

formulation:

= P
U, = U, (zl/zzl (1o
where: Uy = wind speed of height Z,
Up = wind speed at height Zp
P = exponentizl parameter

The exponent P is not constant and can be influenced by factors
such as surface roughness and thermal stability (Haltiner and
Martin 1957; Munn 1966). Equation |0 can be rearranged and used

to estimate values of P from:
P = LOG (AUI/Uz)_/LOG (_21/22) (D

Normally, wind speeds averaged over a period of 1 h are used to
calculate P.

Values of P usually have been derived from
meteorolegical tower data collected at a lower height of 10 m and
an upper haight not exceeding 100 m. Data concerning P at several
different sites have been rescently presented by Touma (I1977).
Overall average values for unstable, neutfral, and stable
atmospheric conditions were found to be 0.15, 0.21, and 0.41,

respectively. {f the wind data had bessn obtained from higher
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altitudes in the atmosphere, such as 400 and 1200 m, values for P
would have been smaller cor even negative. (Negative values of F
are associated with a decrease of wind spsed with heightT)., Two
possible expianations for a negative valuses of P include:
1. Anticyclonic flow aloft tends To cdie down asbove cold
anticyclones; and
2. Some fiows such as drainage winds {(katabatic winds)
are driven by local density gradients which
originate at +the surface due fo topographical
configurations. As these flows are of iimited
vertical extent, wind speeds may decrease above a
certain level.
Values of P relating the 850 mb and 400 m wind speeds as a3

function of season and wind direction were determined from

Equation || using empirically derived values of P as discussed
below.
5.4.2 Wind Direction Variation With Height

Frictional forces usually cause a clockwise change of
wind direction (veering) with height above the ground. On the
average, this veering amounts to about 20° between the [0 and
1000 m levels (ASME i973). Direction changes with height normafly
decrease as +the atmosphere becomes more “Turbulent. Higher
atmospheric furbulence levels are associated with greater
instability and rougher terrain.

For complex topography, changes in direction with haight
may be either much greater than 20° or much l|ess, and may even
become anti-clockwise (backing). This is especially true when the
low-teve! pattern is decoupled from +the pattern aloff, as may
occur during stable atmospheric conditions.

Values of the wind direction difference, Q, befween the
850 mb and 400 m ftevel wind direction as a function of wind
direction and season were evaluated using the pibal data and the
simultaneous 850 mb winds., A positive valus of ¢ indicates a

veering wind and a negative value indicates a backing wind.
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5.4.3 Comparison Considerations

Before proceeding with the comparison, it is perhaps
worthwhile +to discuss potential limitations in the data and
analysis techniques. These limitations can lead to uncertainties
that are difficult to quantify. Basicalily, the following points
should be stressed:

. The derived wind climatology will be assumed To

represent hourly average values;

2. The 850 mb winds derived from the analyzed pressure
helght gradients on 850 mb synoptic charts were
interpolated between the 12 h maps and these
interpolated winds were assumed To approximate
hourty average values;

3, The 400 m level winds obtained from the pibal
releases represent instantanecus values that can
resuit in a scatter of the P's and Q's;

4. During convective and stable conditions, the range
in values of § attributable to the instanTaneous
nature of the pibals may be as large as +45 and
20°%, respectivety. These values are based on
horizontal wind direction standard deviations of 15
and 6.7° associated with typical convective and
stable conditions, respectively. .

5. Ths statistical sampling uncertainties of the pibal
observations can lead *to uncertainties in the
estimation of appropriate values of P. During
convective conditions, a range of +45° in the wind
directions corresponds tTo a range of +0.78 U in the
wind speed {where U is The mean wind speed}. This
type of range implies that the uncertainty in the
calculated P values could range from Pm -0.5 to +1.4,
where Pm is the value that would be calculated from
hourly rather +than instantaneous data. During
stable conditions, a range of +20° In wind direction

corresponds to a range of +0.35U in the wind speed.
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Thus, the estimated P value could range from
-0.3 To +0.4;
6. Uncertainties in determining +the 850 mb chart
analysis, measurement limiftations, and the validity
0% the geostrophic assumption will generate
increased uncerTainties in the values of P and Q;
T The 40C m winds may be influgnced by local tTerrain
more than the abstracted 850 mb winds; and
8. Most of the pibal data were collected during the
daylight hours. The data may be biased against the
identification of diurna! wind patterns.
The above points can lead fo appreciable scatter and systematic
errors in the derived values of P and Q. The use of median values
will tend to reduce the effects of random scatter at the expense

of removing extreme events.

5.4.4 Comparison Results

Figure 8 presents a comparison between concurrent winds
at the 400 m and 850 mb levels for the seascns of winter (January,
February, March) and spring (April, May, June). IT is based on
809 and 416 wind data for winter and spring, respectively. There
is 1ittle resemblance between the two winter wind roses. The
spring wind roses, however, are more similar.

Figure 9 shows a comparison between The wind roses for
the seasons of summer (July, August, September) and autumn
{October, November, Decembesr}. [T is based on 79| and 328 wind
data for summer and autumn, respectively. In both summer and
autumn, the [200 m winds appear to be mostly explainable if one

assumes that the 400 m winds veer by about 20°.

5.4.4.1 Winter season. Figures 10 and !l show median values of

Q and P for the winter season as a function of wind direction.
The number of observations upon which the medians are based is
shown. A veering or backing wind is indicated by a positive or

negative median vaiue of Q respectively.
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Figure 8. Comparison between 400 m and 830 mb winds for winter and
spring.
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Figure 9. Comparison between the 400 m and 850 mb winds for summer and
autumn,
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MEDIAM VALUES OF Q

WINTER

Sigure 0. Median values of @ for winter months as a function of wind
direction, showing The number of observations for each

direction.
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Figure 11. Median values of P for winter months as a function of
wind direction, showing the number of observations for
each direction.
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During the winter season, there seem 7o be three main

flow regimes which depend on wind direction sectors;
tv Sector | (NW=NNE). Much of this sector |ies between
Birch Mountain and Muskeg Mountain. Wind backs with

height with median values of Q less than -60°.
Medizn values of P tend to be large;
2. Sector I! (NE-ESE). Muskeg Mountain is situated in

this sector. Median values of Q are as ilarge as 70°

indicating a strong veering with height. Median
values of P are negaTive indicating a decrease of
wind speed with height; and

3. Sector 11l (SE-WNW). Stoney Mountain and an "unnamed

mountain® lie in this sector. Most of the ssctor
however is relatively flat. The wind generally
tends Yo veer by about 25°, except when wind
directions are south-southwesterly and it backs
about 10°., That direction is along the valley axis
between Stoney Mountain and the unnamed mountain.,
Median values of P tend to be close to 0.25.

Figure 12 shows The cumulative frequency distribution of

@'s for each of the sectors. The median Q for Sectors |, |l and
i1l are =30, 60 and 25° respectively. About 15 and 30% of all @
values in Sector | lie within a +20 and +45° range centered on

the median value. This suggests that only a smail part of the
variance in Q values might be explaned as being due to the nature
of the pibal observations. Of all Q values in Sectors |1l and |11,
75 and 50%, respectively, lie within +45 and +20° range centered
on the median wvalue.

Figure {2  also shows the cumulative  frequency
distribution of P!s for =ach of tThe sectors. The median P for
Sectors 1, 1l and ||l are 0.60, -0.35, and (.25, respectively. It
is noteworthy that all three distributions are separate. This
could mean that the wind flow regimes reflect The influence of

three separate physical phenomena.
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About 90% of the median P values in all sectors range from -0.5 to
1.47. About 55% of the P values for Sectors | and |1}, and 75% of
the P values for Sector ||, occur between -0.3 and +0.4. The
tendency for low-level winds to back with height when the [200 m
winds are from Sector | suggests either a channelling or a
combination of channelling and katabatic flow betwesen The Birch
Mountains and Muskeg Mountain. The fact that wind speeds
associated with this flow increase markedly with height does not

favour an explanation based upon a purely katabatic phencmenon.

The +tendency for 400 m winds to veer sharply with
increasing height, while decreasing in speed when 1200 m winds are
in Sector ||, suggests a katabatic flow between the Birch
Mountains and Muskeg Mountain.

Winds from Sector !il usually behave In a manner typical
of air flows over relatively flat terrain. An exception fc this
statement occurs for south-southwesterly winds, which sesem to be

affected by Stoney Mountain and The unnamed mountain.

5.4.4.2 Spring season. Figures |3 and 14 show the medlan values

of § and P for the spring season. The variations of P and Q are
not as striking as in winter. There seems to be perhaps only two
wind direction sectors in which the flow regimes are distinct:

e Sector | (NW-NNE). Much of this sector lies between

the Birch Mountains and Muskeg Mountain. Wind backs
with height with median @ values of about =-20°.
Median values of P range from about 0.5 to -0.3.
Terrain effects appear to be less evident than
during the winter months; and

2. Sector 11 (NE-WNW). This sector contains both

Muskeg and Stoney Mountains. Winds tend *o veer
with height. Overall median values of { and P are
about 20° and 0 respectively. Effects of Muskeg
Mountain on the flow regime are not very noticeable.

South-southwesterly winds show a tendency tfo back.
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Figure 13. Median values of Q for spring months as a function of wind
direction, shocwing the number of observations for each
direction.
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direction, showing the number of observations for each
direction.
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the influence of Stoney Mountain and the unnamed
mountain,

Figure 15 shows the cumulative frequency distribution
for Q@'s in each of The above sectors. The median values for Q in
Sectors | and |l are -20 and 20°, respectively. Of all @ values
in both sectors, 70 and 40% lie within +45 and +20° range,
respectively, centred on the median.

Figure IS5 also shows the cumulative  freguency
distributions of P's for each of the sactors., The distributions
do not appear to be appreciably distinct. I+ is of interest,
however, tTo note That the madian P value for Sector | of Q.15 is
larger than corresponding value of 0.10 for Sector |l. About 80%
of the P values cccur within the limits of (P -0.%) and (P, +
| +47). About 30 and 50% of the P values for Sector | and |1,

respectivety, occur between -0.3 and +0.4.

5.4.4.3 Summer season., Figures 16 and |7 present median values

of @ and P for the summer season. |t is difficult To isotate wind
direction sectors in which the flow regimes might be distinct.
Nonetheless, Three sectors were‘examined:

o Sector | {(NNW=NE). Much of this sector [ies between

Birch Mountains and Muskeg Mountain. Wind

directions tend to remain constant with height while
wind speeds tend to decrease;
2. Sector |I! (ENE-SE). Muskeg Mountain is situated in

this sector. In genera!, winds tend to veer with

height while wind speed decreases;
3. Sector 111 {SSE-NW). Stoney Mountain and tThe

unnamed mountain lie within this sector. Wind has a

Tendency to veer with height while speed remains
assentially constant; and
Figure {8 shows the cumulative fregquency of Q for each
of the threes sectors. All median values of Q are small. The
difference in Q values between the three sectors is probably not

statistically significant, Cf all Q values In Sectors |, Il and
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MEDIAN VALUES OF Q
SUMMER

Figure 16. Median values of Q for summer months as a function of
wind direction, showing The number of observations for
each direction.
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Figure 17. Median values of P for summer months as a function
of wind direction, showing the number of observations
for sach direction.
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b1i, respectively, lie within +20° range centred on the median.

Figure 18 aiso shows cumuiative frequency distributions
of P for each of the three sectors. Median values for Sectors |,
It, and It are -0.2, -0.!, and 0.0, respectively. These
differences are probably not statistically significant., About 80%
of the P wvalues occur within the limits of P, ~ 0.5 and P, +
1,47 and about 50% of the P values occcur within the limits of
Pym - 0.3 and P, + 0.4,

In conclusion, it appears as though “Topegraphically
induced air flows are not very significant at the 400 m level
during summer months, This statement, however, must be qualified
with the reminder that most of the pibal obsarvations were made

during daylight hours when terrain influences are minimal.

5.4.4.4  Autumn 'ssason.  Figures (9 and 20 present median values

of Q and P for The autumn ssason. The data may be discussed in
terms of three sectors.

. Sector (NNW-NE). Much of this sector liss between

tThe Birch Mountains and Muskeg Mountain. Median
values of both P and § tend fo be small.

2. Sector i (ENE-ESE). There are no data from this
sector; and

3. Sector |1l (SE-NNW). Stoney Mountain and the

unnamed mountain lie in this sector. The wind

usuatlly veers with height with a change of 25°
between The 400 and 200 m levels, Wind speeds tend
to remain constant with height.

Figure 2| presents the cumulative frequency of { for
each of the sectors. The median values of @ for Secters | and |t
are 5 and 25°, respectively., Of alt § values in Sectors 1 and
ft1, 75 and 90%, respectively, lie within +45° of the median
value. For both sectors, 65% of ali § values lie within +20°
range of the median value.

Figure 21 also shows the cumulative frequency

distributions of P for each of the two sectors. The median value
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MEDIAN VALUES OF Q

AUTUMN 5 N+ 328

Figure 19. Median values of Q for aagtfumn months as a function of
wind direction, showing the number of observations for
cach direction,
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MEDIAN VALUES OF P /
AUTUMN SR | N =328

Figure 20. Median values of P for autumn months as a function of
wind dirsction, showing the number of observaticns
for each direction.
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for both sectors is near zero. There is no appreciable difference
in the distributions. About 90% of Tthe P values occur within the
limits Py, = 0.5 and P m + 1.4, About 70% of the P values
occur within the limits P, - 0.3 and P + 0.4,

5.4.5 summary
The results of the comparisons beftween the predicted and

observed 400 m level winds are presented in Table 3. This table
provides an indication of tThe amount of scatter that can be
attributed fo The nature of the pibal observations. For example,
during the spring, about 70% of the scatfer in the median value of
Q is within the range #45°. For neutral atmospheres, tThis is
within the range expected (+ three sigma) due to the instantaneous
nature of the pibal cbservations. However, only 40% of the data
are within +20°, and so a significant portion of the discrepancies
cannot be attributed to the statistics of The pibal data. The
worst case for wind direction is for northerly winds in the
winter, where the scatter of @ indicates significant correlation
limitations.

Terrain features such as the Birch Mountains and Muskeg
Mountain appear to have a noticeable influence on wind velocity at
The 400 m level. This is especially tTrue during the winater
months., More detailed comparisons between observed and derived
400 m level winds and the Impact of their uncertainty on model

predictions are presented in Volume 3 of this report.

5.5 DERIVED TIME SERIES WIND DATA FILE

Estimated hourly average geostrophic wind data for the
Athabasca Ol Sands area were obtained through use of the 850 mb
charts available from the AES for Q000 and (200 GMT for the months
of January, April, July, and October from 1976 to 1978, inclusive.
These data were then adjusted using the directional median values
of P and Q shown in Figures 10, i, I3, 4, 16, 17, 19, and Z0.
Details of the mechanics involved to obtain 400 m winds from the

850 mb charts are prasented as an  appendix.
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Figure 22 presents the preliminary wind climatelogy
derived from The above procedure for winter, spring, summer, and
autumn months., Northerly and southwesteriy winds are predicted to
predominate in winter. In spring, the wind flow is predicted to
be mainly southwesterly. Winds are predicted to be generally
westeriy during the summer and strongly westerly curing the autumn

months.,
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Table 3. Percent of observations within selected P and § ranges for
different sectors and seascns.

P Q
Season Sector (=0.5,+1.4) {(+0.4,-0.3) +45° +20°
Winter | NW=NNE 40 55 30 5
2 NE-ESE 90 75 75 50
3 SE-WNW 30 55 75 50
Spring I NW-NNE 80 30 70 40
Z NE-WNW 80 50 70 40
Summer | NNW-NE 80 50 85 60
2 ENE-SE 80 50 70 35
3 SSE-NW 80 50 65 40
Autumn | NMNE=NE 90 70 75 65

2 ENE-ESE
3 SE-NNW o0 70 90 65

!




Figure 22. Derived wind climatclogies for each ssason based on
850 mb data from 1976 to 1278 and seasonal directional

median P and Q.
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5, CONVECTIVE MIXING HEIGHTS

The thermat structure of the atmosphere will have a

significant influence on plume dispersion and hence ground level
air quality. This is especially true in cases where the plume may
be ftfrapped within a convective mixing layer. [t is tTherefore
impertant to know how this parameter might vary with time.

There were a total of 2222 vertical temperature profiles
obtained by minisonde in the Mildred Lake area during the vyears
1975 tc 1978, inclusive. Figure 23 shows the distribution of the
data according fo time of year. Most of the data were coilected
Towards the beginning of February and during March and Julye.
There are relatively few data for the months of May and December.

All the minisonde temperature dataz were analyzed To
determine the convective mixing depth, which was Taken as the
height above ground at which *he dry adiabat through the surface
temperature intersects the temperature profile. When no surfacs
mixing layers were observed, the height was taken as zero. These
mixing depths were then analyzed to determine the wvariation
according to fime of day and season. The results for the winter
season were based on data from December, January, and February;
for spring, March, April, and May; for summer, June, July, and
August; and for autumn, September, October, and November.

Figure 24 shows The diurnat wvariation in the median
calcuiated mixing depths based on non-zero mixing height vaiues.,
The smooth lines tThrough The median values were subjectively
drawn. Median valuss in excess of 400 m indicate that plumes from
a Syncrude-type source will be tfrapped within a limifed mixing
layer during the spring, summer, and autumn months. Ouring The
winter season, plumes from these sources will not normally be
trapped.

The convective mixing heights for The time series file
were obtained from smecoth curves given In Figure 24 and are
presented in Table 4. Slightly larger median mixing depths were
observed during tThe spring than in the summer for 7 h of the day.
For these hours, the larger spring values were also used for the

summer, These values are indicated in the table.



50

| 1276
| 85 0 85
50} %

M A M 4 d A 5 o N D
TIME OF YEAR [HALF-MONTH INTERVALS)

Figure 23. Monthly distribution of the 2222 minisonde releases from
which conventional convective mixing heights were cbtained.
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Table 4. Seascnal hourliy values of convective mixing height (m).

Mour ) Winter Spring Summer Autumn
0 0 0 0 0
! 0 0 0 0
2 o ¢ Q 0
3 0 0 0 0
4 0 70 70 0
5 0 20 120 50
6 0 200 200a 100
7 0 250 250a 170
8 60 350 350a 220
9 120 420 420a 350
10 170 500 700 456
H 200 570 850 600
12 220 650 920 770
I3 260 750 GO0 800
4 270 900 Kelely; 750
15 260 1000 1000a 670
¥s} 200 1C00 iC00a 600
V7 0 9C0 900a 500
18 ¥ 400 500 0
19 0 0 300 0

20 0 0 50 0

21 0 G 0 0

22 0 0 0

23 0 0 0

8 modified values——refar to text.



53

7. CONCLUS {ONS

in order to obtain preliminary resuifs and validate The
Gaussian freguency distribution model, an hourly metecrolegical
time series was developed for January, April, July, and Qctober
for the years 1976 fthrough {978. Major components of the time
series are selected meteorological parameters from a standard
surface weather record, as well as net radiation, 400 m wind speed
and direction, and the convective mixing heights.

Hourly net radiation estimates were calculated from
parameterizations of net sclar and tferresirial radiation. Wind
speed and dirsction estimates for helghts of 400 m were generated
by empirical direction dependent zlgorithms operating on estimated
850 mb winds. The empirical algorithms were based on the analysis
of 2344 pibal ascents. Minisonde data were used to generate
seasonal estimates of the convective mixing height as a functicn
of time of day.

During the development of the Time series files, several
specific findings were made. These findings refer Tfo the
parameterization of the net radiation, derivation of wind

ciimatology, and the derivaticon of the mixing height climatclogy.

7. NET RADIATION

The parameters in +the net radiation formulation were
evaluated using results of analyses of the AQSERP data base as
presented by Kumar {1978). The data provided constraints on
possible values for the paramefters which were consistent with
values in the literature. Cf specific interest was the necessary
allowance for the effect of snow cover on the albedo and the
change of the effective surface for direct solar radiation. AT
{ower solar altitudes, the albedo was low (0.2 at noon on
12 December) even in the presence cof snow cover. However, at
higher solar altitudes, the increased visibility of the snow for
direct solar radiation apparently generated a significantly larger
albedo (0.5 at noon on 21 March). At the autumn equimax, in the
absence of snow, the albedo was similar to The summer and winter

values.
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There were marked seasonal differences in tThe net
radiation estimates a?t noon on cloudless days (a factor o<f 30
between early January and early July)., The differences were much
greater than the ratico of solar altiftudes because net radiation
was a residual of solar and terrestrial radiation. The plums
sigma formulations in The present model used estimates of the heat
flux derived from the neT radiation and so these major solar
alTitude effacts were incorporated into the model. The
sensiTiviTy of net radiation to solar altitude, and particularly
tc the seasonal! changes, should be a major consideration for any
sigma typing scheme used in The mid- and higher latitudes. in
particular, the simple criteria of daytime insolation in the
stability formulation by Pasquill (1951) are c¢learly inappropriate

for use. in the winfer months in the Athabasca 0il Sands region,

7.2 WIND

Theoretical calculations indicated that plume heights
from Syncrude type sources would usually be nsar the 400 m level.
Wind data obtained from pibal information showed that air flows at
this level were poorly correlated to wind observed nsar ground
leve! at either the Fort McMurray Airport or the Miidred Lake
Research Facility. The 400 m winds were also poorly correlated to
wind data obtained from The Tall Tower located ia the Athabasca
River Valley., This was attributed To valley flow effscts.

Buring spring, summer, and autumn, the 400 m wind data
were cicsely related to winds at 1200 m (i.e., geostrophic winds)
as derived from 850 mb charts. There is some evidence of terrain
effects caused by channelling of air between the Birch Mountains
and Muskeg Mountain. Ouring winter months, tThe correlation
between 400 m winds and the 1200 m geostrophic winds is very poor.
The explanation appears to lie in much enhanced influences of
terrain induced phenomena such as channelling and Kkatabatic

effects.
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A seasonal wind climateclogy was generated for the 400 m
level from three years of 1200 m geostrophic wind data collected
during the months of January, April, July, and Cctober. Derived
winds during spring, summer, and autumn are usually southwesterly,
westerly, and strongly westerly, respectively. During winter

months, *the winds were predicted 1o be northeriy.

7.3 MIXING HEIGHT

A climatoiogy for the diurnal variatien of median mixing
depths has been derived from results of 2222 minisonde
observaticons made in the Athabasca 0il S$Sands area from 1875 to
1978. Mixing depths were defined as the heights above ground at
which a dry adiabat through the surface femperature intersects the
Temperature profile,.

Results of the analysis showed that median mixing depths
during winter are usually less than 300 m. They are much greater
in the spring, summer, and autumn months where values during the

early aftfernoon may routinely exceed 700 m.
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8. RECOMMENDAT |ONS

The hourly metsorological time series fiie cbtained for
The study should be viewed as preliminary. Many Tasks remain with
respect to the further development of a more comp iete
understanding of the meteorological characteristics in the
Athabasca Oil Sands area. Thess include:

I« The derivation of heat flux from the net radiation
esTimates should be reviewed more thoroughly,
particulariy in light of the need for improvements
in the representation of the other ferms in the
surface energy budget;

2. Evaluation of *the wind data collected near the
ground at sites within the AOSERFP area other than
Fort McMurray, the Tall Tower, and the Mildred Lake
Research Facility;

3. Determination of The long~Term climatological
representativeness of the years (976 tThrough 1978
and the selection of additional! years as necessary;

4. Determination and implementation of an optimized
procedure for the expansion of the hourly Time
selies of winds and other meteoroiogical
parameters;

5. A more detailed analysis of wind and afmospheric
pressure data ool lected during winter seasons. The
purpose of such an analysis would be to explain
large departures of wind from the pattern expected
on the basis of 200 m pressure gradients;

6. A detailed analysis of wind and atmospheric pressure
data +to define the vertical, horizontal, and
temporal extents of wind flow in The Athabasca River
Yalley.

7. The convective mixing height values need Yo be
estimated according o a formulation which allows
for day-to-day variations, rather than The present

monthly climatology. The mixing height formulation
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could involve The development of a statistical
relaftionship with minisconde data, including the net
radiation data which are now available.
Alternatively, relationships could be established
setween the available minisonde data and The
Temperature profiles obtained by radiosonde from
Stoney Plain and/or Fort Smith which lie 400 km
south-southwest and 350 km north of Fort McMurray,
respectively. Mixing height modeis with validation
by the miniscnde data might also be useful;

8. A comparison should be made of mixing depths defined
by the conventional method with those defined by fhe
kink method. In the Kkink method, the convective
mixing height is the first point at which the rate
of change of Temperature and height is maximum. The
mixing height definition utilized must suit the
formulations in the boundary layer parameterizations
used in the mcde!; and

9. The frequency distribution of the ratio of plume
height to mixing height shouid be calculated to
opTimize the mixing height discretizations in the
modei. This optimization would nased to consider the
magnitude of the ground level concentrations and the
rate of change of those concentrations with changes
in mixing height.

The above recommendations highlight +the major areas +o
evaluate in  order to obtain a more compreheasive  and
representative hourly average time series file. The amount of
effort required depends to a large extent upon model sensitivity
analyses presentad in Volume 3 of this report and feedback by
Typical users after familization with the frequency distribution

mode!.
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10 APPEND 1 X

101 DERIVATION OF THE TIME SERIES WIND DATA

The meteorological time series file contains derived
wind speeds and directions for the 400 m level. The 400 m winds
were derived from the 85C mb analysis charts provided twice daily
by the Atmospheric Environment Service (AES). This section
provides dataiis of the procedure used 1o obTain time series wind
data.

[Galal Caiculation of 850 mb Winds

Upper atmospheric wind, pressure, “temperature, and
relative humidity are measured twice daily {(C000 and 120C GMT) by
simuitaneocus release of radiosondes across The country. This
information is used by AES To produce charts at standard pressure
levels of which the 850 mb level is the lowest. [In the Athabasca
0il Sands area, the 850 mb pressure level corresponds To an
average height of about 1200 m above ground level.

Each 850 mb chart contains data for all radiosonde
stations and contours of pressure level height bhased on all the
stations. The 850 mb winds in the Athabasca Oi! Sands area can be
astimated from these pressure height contours using the geostropic
approximation. Specifically, the wind speed was estimated from:

V =g 8Z/(£d) (12)
where:

= wind speed (m/s)

vV
g = acceleration due to gravity (9.81 m/s)
=2 Qsing (Coriolis parameter)
@ = angular velocity of earth's rotation

(7.29 x 1072 radians s™})
¢ = latitude (57°)
¢ = perpendicular distance between height contours (m)

A = height difference over disfance d (normally 60 mi.
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This relationship can be reduce to
6
V=48 x 10 (FC/d)

whera; F = +*he map scaling factor

C = height difference correction factor

d = perpendicular distance measured on 850 mb char?
{(cm).

The map scale factor converts the mep distances to actual dis-

tances. This factor was obtained as +the ratio of the

Alberta-Saskatchewan border between 60 and 49° determined from the

850 mb charts, divided by The actual distance of 1220 km. Charts

were supplied on microfilm with ftwe different sizes of reduction.

Care had to be taken to apply the proper scaling factor o each

chart.

{¥ a constant value for AZ of 60 m is assumed, then a
correction factor(C) must be used for the cases where 47 is not
60lm (C = AZ/60). Wind directions were determined from the 850
mb contour analysis. The dirsction was assumed fo be parallel o
The contours, clockwise around a contour high, and counter-
clockwise around a contour low.

For each chart the following information is required:

le Year, month, day, hour (0000 or 200 GMT);

2. Map scaling factor;

3. Perpendicular distance, d{cm), between height

contours;

4., Difference between height contours, if different

from 60 m; and

5. Wind direction in degrees.

The analysis involves determining the correction factor (C) to
convert the perpendicular distance (d} To wind speeds at 00C0 and
(200 CGMT using Eguation 13. Linear interpolation was used Yo
obtain hourly values of wind speed and direction from the 0000 and
|200 GMT values. [t was assumed that the wind direction never

shifted by more than {80° in a 12 h time period. The computer
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program WINDGEN was used to obfain the hourly values of the 850 mb
winds using information abstracted from the 850 mb analysis

charts.

[0.1141  Estimating wind direction. To aid in determining wind

direction, templ!ates were preparsd with dirsctionai axes
radiating from a reference lccation representing the Athabasca Oil
Sands area. The axes ranged through 360° in increments of 20°,
An outline of the Province of Alberta was traced on each template
To provide a geographical reference and ensure proper orientation
of the direction axes. The 850 mb charts were projected onfo the
appropriately sized fTempiate.

Wind directions were determinad by comparing the
orientation of the pressure height contours with raespsct to the
direction axes. The wind direction was racorded to the nearest
10°. It could be determined quite readily most of the time by
using this method. |In some cases, more subjective judgement was
required To estimate the wind direction. Thessa cases included:

{. The presence of a high or fow pressure cenfre near
the reference location. {n this case, the direction
was assumed to be tangent to an intermediate
contour; and

2. Poorly defined contour pattern. The directiorn was
determined using the Fort Smith and Stoney Plaln
values as a guide.

I+ should be noted that Case 2 situations were infreguent.

All the abstracted wind directions were recorded by one
observer, and verified by a second observer. The pressure height
contour pattern was found To affect the reproductability of the
abstracted data. For most well-defined contour patterns, tThere
was good agreement between The observed and verified results,
Occasicnally, differences of 10° were encountered. For less
well-defined contour patterns, differences of up *to 30° could be

fourd.
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10.1.1,2 Estimating separation distances. The separation

distances between two prassure heights were used to estimate wind
speoeds. Theses distances were estTimated to the nearest .05 cm.
For typical separations, ranging between 1.0 and 3.0 cm, this
represents uncertainties in the estimated wind speed ranging from
5 to 2%.

As in the estimation of wind direction, there were cases
whare more subjective judgement was required tfo estimate separa-
tion distances. Again, these cases included:

'+ The presence of a high or iow pressure centre near

The reference location. The separation distance was
estimated by drawing in an intermediate contour.
Here the contour spacing would be less than 60 m and
the correction factor, C, was calculated; and

2. Poorly defined contour pattern. The wind spesd was

determined using the Fort Smith and Stoney Plain
values as a guide.

As In the estimation of wind directions, the estimation
of the separation distances involved two observers, For
well-def ined confour paftterns, there was good agreement befween
The recorded and verified results. Occasionally, differences of
0.1 cm were encountered. For less well-defined contour patterns,

differences of approximately 0% were found,

10.1.2 Calculation of the 400 m Winds

Empirical relationships between wind speed and directicon

at 850 mb and 400 m were derived using 400 m pibal wind infor-
mation from the Athabasca Ci! Sands area, and concurrent 850 mbd
wind information obfained by +the methods described in Section 5.
Equation 1C expresses the relationship between the wind speed at
the two levels. The relationship between directions at the tfwo
levels is simply a difference. The parameters which characterize
the change of speed and direction are P and Q. These values are
three {evels of P and Q@ data which result from this analysis:

median values for each wind direction, median values for each

sector, and best fit median values for each sector,
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Hourly values of wind data at 850 mb were converted to
houriy values of wind at 400 m using the computer program WINDCON.
The program incorporates the median values of P and Q for each

wind direction and season.

10.163 Uncertainties in the Generation of the 850 mb Wind Data

The derived time series wind data are treated by the
Gaussian frequency model as hourly average values at the height of
the plume. in deriving these winds, certain assumptions wers made
that could iead to uncertainties that are difficult to guantify.
Uncertainties in the estimation of hourly average winds
at the 850 mb level include:
{. The validity of the geostrophic assumption at the
850 mb lavel.
2. Dependence of abstracted winds upon the pressure
height conTer analysis;
3. Measurement {imitations in obtaining the 850 mb wind
values; and
4, Linear interpolation of the 0000 and 1200 GMT values
To obtain hourly average wind data.
The third point was discussed in the previous section and is
relatively easy to quantify. The other three points are difficult
to guantify since real data referring To hourly average 850 mb

winds are not availlable for comparison purposes.

10.2 DERIVATION QF THE TIME SERIES OF THE CONVECTIVE MIXING
HE IGHT DATA

The meteorological Time series file contfains hourly
convective mixing heights for each ssason of the year. The data
were cobtained from 2222 miniscnde releases in the Athabasca Cil
Sands area from 1975 to 1978, This section provides details of
tThe procedure used to obtain the tTime series convective mixing
height data.
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[0.2.1 Calcutation of Convective Height

Several minisonde programs took place in the Athabasca
Oil Sands area in the period from February !975 to December 1978,
inclusive. Some of the data are from continuous programs ranging
over several months and involving 2 fo 4 releases per day. Other
data are from more Iintensive programs ranging over 1 or 2 wks and
invelving up 1o about 10 releasas daily. The more intensive
programs were distributed in Time so that for the entire observing
period, one cccurred in nesarly every month of the year.

The conventional convective mixing height is defined as
tThe height at which a dry adiabat through the surface Temperature
intersects the temperature profile. The procedure for calculating

convective mixing heights for the time series of meteorological

data is:

te  Conventional convective mixing heights (in metres)
were obtained for each release;

2. The data were keypunched and sorted into seasons of
The vyear using the computer program TiSORT;

3. All release Times were converted to Mountain
Standard Time (MST). Next, a frequency distribution
of mixing height was determined for each hour.
These tasks were performed using the computer
program MIXHFREQ;

4, Hourly median values of mixing height for each
season were determined from tThe non-zero data In
each frequency distributicn. The summer values were
modified such that the median values were not less
than *the spring values; and

5. The median hourly mixing heights for each season
were used to prepare monthly data for the
meteorclogical time series. This task was performed
using the computer program M|XHGEN.

10.2.2 Reading Conventional Convective Mixing Heights from

Minisonde Data

Conventional convective mixing heights were obtained
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from each minisonde release. The procedure for obtaining the
information was very straight forward.

For about one-half of the minisonde data, calculation of
the conventional convective mixing height was iaciuded in the
procedure which evaluated observed field data to give wind and
temperature profiles. Mixing heights as given in the evaluation
for each release were used in the analysis for time series mixing
helghts.

In about three-quarters of the remaining miniscnde data,
the «calculated mixing heights were made available only
occasionally but listing of potential temperature with height was
available. To make the analysis consistent for this data set, all
mixing helghts were tfaken from +the profile of potential
temperaturs. The level where potential femperature in the profile
equalled the surface potential temperature was taken as the mixing
height and used in the analysis for.times series mixing heighfs°

The remaining minisonde data did not present any
information on calculated mixing heights, but did include plots of
temperature verses height for sach release. An overiay containing
a singte plotted dry adiabat was used To read off the mixing

height from these graphs.
0.3 COMPUTER PROGRAM DESCRIPTIONS

03,1 Overview of the Analysis Frograms

A number of computer programs were used to generate the
time series data file. Some of the programs were simply format
changing programs to allow for the conversion of data tapes
produced oy Western Ressarch and Development into data files that
could be readily utilized on INTERA's computer system. These
formatting programs should be of no interest to future users of
the model. The other programs were used fto synthesize dats files
from the three major scurces of data. A summary of the programs
and their purposes is presented in Teble 5. Detailed descriptions
of the programs and of wsach of the component subroutines are

presentaed in the following sections.
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Table 5. An overview of the computer programs used in the
development of the meteorolegical time series data file.

Program Purpose

SFCFIL - Reads the digitized daiiy surface weather
record and produces twe output files, cone for
the hourly data and one for the accumuiated

precipitation and snow cover data.

WINDGEN Generates hourly wind data at 850 mb from
data obtained from the twice daily 850 mb
charts,

POWERLAWA Determines frequency distributions for

parameters relating windspeed and direction
at two levels as a function of wind speed and

direction at one of the levels.

WiNDCON Reads output file of WINDGEN and calcuiates
hourly wind data for the 400 m level.

M1 XHGEN Generates a file of hourly mixing height data
for 1 mo. periods from hourly vaiues on
particular days.

MIXHFREQ Produces a frequency distribution of
convective mixing height as a function of

hours of the dav.

TIMSER Synthesizes output data files from The above
programs to generate the meteorological time
series data flle used by the model.
Radiation estimates are generated from the

time and cloudiness data.




PURPCSE

INPUT:

CUTPUT:

PROCEDURE :
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This program creates the time series of surface meteo-

rological data from AES surface weather records.

COMMON/DAYTIM/ T IME, [DAY, IMONTH, I YEAR, IRH, ICLDCV, ITEMP
I SFCWX

COMMON/DAYT IM/ I TIME, IDAY, IMONTH, | YEAR, IRH, ICLDCY,
ITEMP, ISFCWX

The program checks whether hours of data have been
lost in The conversion of times +o GMT. 1f so,
additional records are read from the input file. I f
the data are pre-1977, subroutine CHNGES is called
which signals SFCFIL to restructure each hour's record
and cgonvert to metric units. Precipifation data are
read from a second file and converted to metric if
necessary. Data lost in GMT conversion are read if
necessary. Precipitation data and the remainder of
the surface weather data are written To two separate

files, undifferentiated by month.
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SUBROUTINE CHNGES

FPURPOSE: This routine flags pre-1977 hourly records so that
the program SFCFIL can re-order the values on the
records and convert them fo metric units. It is
called by SFCFIL.

INPUT: None

QUTPUT: COMMON/DAYTIM/ I TIME, DAY, IMONTH, IYEAR, IRH, ICLDCV,
I TEMP, { SFCWX
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PURPOSE :

INPUT:

QUTRUT:

PROCEDURE:
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WINDGEN

This program generates hourly wind data at 850 mb
from data obtained from the twice daily 850 mb

charts

NT IMES,VERIFY,DSKF il , FSCALE
YR,MO, I SCALE
GMTDA,GMTHR,DIR, SPD,HT,H2

YR,MO,DA,QUTHR,OUTDIR,QUTSPD

Contreol data are input with read statements. The
scaling factors (FSCALE)for converting input
850 mb contour spacing (cm) to wind speed (m/s)
are input with a data statement. The variable
[SCALE determines which scaling factor will be
used. The Input 850 mb chart data for 1 mo. are
read and stored. Contour spacing is converted to
wind speed by applying the appropriate scaling and
calculated correction factors. Hourly wind data
are generated by linear interpolation between
twice daily values. Hourly data for a month are
written to an output file. Run paramefers and
verification information is written Tfo The
printer. The program can analyze data for several

months in one run.
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PURPOSE:

INPUT:

QUTPUT:

PROCEDURE::
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POWERLAWA

This program determines frequency distributions
for parameters relating windspeed and direction at
two tevels as a function of wind speed and

direction at one of the levels.

TITLE, NDATA, NCLASP, NCLASB, PCLASS, BCLASS
NLENEM, ERRORM, JFLAG, | TYPE,QTYPE
TITLEI,SUNIT,DIRF,Z,C0R

DIRAS,TIME,DIR,SPD,
TITLEZ,CSUNIT,CDIRF,CZ,C00R
CDIRAS,CTIME,CDIR,CSPD

TITLE,TITLET,TITLEZ,1A,18,1C,1D,Z,CZ
J3d, TYPE, ITYPE,QTYPE,NND, VCLASS
NCLASY,NV,CLASS,NCLASM,MMP ,MP , RMED,
COMMON/LTLMAT/FREQ, CMFREQ

Run control parameters are input by the subroutine
INPAR . tnput control parameters for each wind
data file are read by the subroutine READ!I. Wind
data at one level are read and stored by the sub-
routine READZ. Wind data at the second level are
read {ine-by-line as the analysis proceeds. Each
set of wind data is checked To ensure that corres-
pondence exists between Ttime and units. If any
data is missing, the set is omitted from the ana-
1ysis. The parameters relating speed and
direction at the two levels are calculated and the
appropriate frequency counters are incremented.
After obtaining the frequency arrays, the
subroutine SPETAB is called fo combine frequency
arrays for designated wind directions [f anaijysis

by sector has been specified. The subroutine
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CUMMED 1s cailed to calculate for each speed and
direction class a cumulative percent frequency and
median value of the parameters reiating direction
and speed. The subroutine QUTPUT is called To

write a table giving the frequency information.
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