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PRINCIPLES OF SMOKE MANAGEMENT

The cultural practice of open-field burning can produce significant
contaminants with particulates from smoke  generally accepted as the
most important, Air quality associated with open-field burning can
probably be managed, for a prescribed acreage, well enough to main-
tain acceptable standards of air quality. The definition of air
quality is usually based on the needs and uses within an air basin.
Also, the term, "air quality management', has been used to list
current efforts for the abatement of existing pollution and the
prevention of future pollution, The objective of a management ap-
proach is to provide an atmosphere of acceptable air quality, Air
quality is usually fixed by law and stated as a given maximum value,
Because the standard is a fixed value, it can be treated as g con-~
stant, and a model for management of this quality can be expressed as:

Pollution Source Strength
Air Quality = F(Meteorological Conditions)

Source strength is the acreage to be burned, and it can be managed
or varied from day to day., Meteorological conditions cannot be
managed, but they can be measured and they can be predicted for a
future period of several hours with a reasonable degree of success,

Meteorological conditions can be said to define the "size of the con-
tainer" into which smoke is dispersed, As meteorological conditions
become "good'", i.e., buoyancy and air transport increase, the container
gets larger., Or, as source strength increases, meteorological condi-
tions being constant, air quality must become smaller (poorer). It
can thus be seen that air quality is a function of meteorological
conditions. (Air loading by particulate, if a source exists, is in-
versely proportional to the function of meteorological conditions.)

The management problem is to predict each day of the agricultural field
burning season the source strength (i.e,, acreage) which can be
tolerated under prevailing meteorological conditions, maintaining air
quality above the legally prescribed standards,

A useful measure of air quality is visibility. It is a long-standing

- practice in the National Weather Service to report obstructioms to

I1.

visibility when the visibility is 6 miles or less, Air which is so
transparent that visibility is 7 miles or more is such that obstruc-
tions to these large visibility values are of no significance.

CLIMATOLOGICAL CONSIDERATIONS

Certain knowledge of the late summer climate in the Willamette Valley
helps in deciding what meteorological factors to use in a management
decision and how to apply the method derived., Two important meteor-
ological variables necessary to make estimates of transport and disper-
sion are wind and thermal stability of the atmosphere. The mean wind
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serves as the horizontal transport of the pollutant from the sburce*
to the receptor, and deviations from the mean wind account'for-the-:
horizontal of cross~wind spread of the air-borne material,  The' ifi~
portance of the vertical distribution of "temperature is ‘its effect *
on vertlcal motion and m1x1ng as lndlcated by -the vertlcal mixing
potential of each type of’thermal stability. The mixing depth,’
determined by the ‘thickness of a layer of uhstable air, will deter~
mine the volume of the atmosphere available for- d1spers1on and
dilution,

The effective depth of the valley is equal to a height to which smoke:
can ‘be 11fted and' dispersed by atmospheric dynamics., The mixing -
depth' as meteorologically defined can be determined routinely from -
an adiabatic diagram, and it might be expected that this represents
the effective depth of the valley,. .This evidently is not always the
case since studies have not always shown significant correlation
between mixing depth and atmospheric vigibility, On nine mornings out
of ten an inversion near 3000 feet or lower occurs in the July~August-
September period and over half of these per51st into thé afternoon,
Study of '‘pollution (smoke) management by Bates and Chilcote (1970)"
indicates that large-scale field burning ds practiced today is over~
loading the air on a number of days. This research also reveals .
that poor visibility, due ‘to smoke, runs in perlods of three to five’
days, For example, if visibility is reduced to one mile by’ smoke’ on
one day, it is llkely to remain low--no more than 6 miles--for thé
next two days, * It appears from the study that burning 5000 acres of
field residue could overburden thé air on certain days with poor
dispersal characteristics, The climatology of the Willamette Valley’
indicates that, at optimum ventilation conditions, burning should be
held ‘to no more than 10 000 acres on nearly all days,

Bates aﬁd “Chilcote (1970) developed a method for predicting maximum
acreage to be-burned consisternt with good'air quality in the southern
Willamette Valley, based upon meteorological conditions of the day.
Research shows that there is a direct relationship between atmospheric
instability mear 3000 feet and v151b111ty 1n the, southern Willamette
Valley.- A.temperature decrease of 4°¢, (¢ °F.) or more is required in’
the region between 3000 feet to 6000 feet over the valley to get suf-
ficiént vertical motion to disperse’ the smoke from the lower atmos~
phere of the valley when more than '6000 or 7000 actres' are burned in:
one day. The air in the lowest 3000 feet is brought to a dry adiabatic
lapse condition (approximately 3°C or 5. 4OF per 1000 feet) on nearly
all days of the field burning season by solar heating, It appears
from this study that the condition of instability (temperature decrease
of 4°C or more betwéen 3000 to 6000 feet aloft) occurs less than half
of the tlnm ln the fleld burnlng season. ‘

/
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Field burning usually begins near July 15. Rainfall climatology shows
that there is 557 probability of getting at least .06 inches of rain
in the week beginning September 20, This high probability of rain
indicates a time when field burning probably should end, Therefore,
a 60- to 65~-day period is a normal period to expect suitable weather
for open field burning in the Willamette Valley. At the same time,
sufficient instability aloft for good smoke dispersal can only be
expected a little less than half of this time or about 25 to 30 days.
On this basis, and assuming that burning would be restricted to 4000
acres, it would be possible to burn around 100,000 acres in a normal
year in the Willamette Valley. This is well below the 7000 acres per
day, which have been burned without noticeable problems when near
optimum atmospheric conditions of wind and instability were present,

FURTHER INVESTIGATION

During 1969 more data on fields burned was collected and studied,
Bates, Chilcote and Hartmann (1972) made extensive investigations of
the smoke management problem by making use of the principle as earlier
stated:
Pollution Source Strength
Air Quality = F(Meteorclogical Conditions)

For a measure of air quality, visibility was used and with a wvalue of

visibility =Z 10 miles, air quality was considered satisfactory;

thus we could say:
' A

V=FM™M

Where; V is visibility
A is acreage burned
F(M) is a combination of meteorological wvariables,

The preliminary work done by Bates and Chilcote (1970) considered
only the southern Willamette Valley, The 1972 study considered the
entire valley, and predictive equations for the two centers of popula=-
tion, Salem and Zugene, were developed,

Two Models

In the Willamette Valley wind speed and shear seem to be effective in
plume rise and pollution transport prcblems, Panofsky and Prasad
(1967) indicate the fluctuations in concentrations in pollution are
fairly well explained by wind speed and vertical velocity. In their
case, wind direction was only important on special occasions, This
also seems to be generally true in the Willamette Valley,
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" The Xg advection term is the thermal wind,‘VEh, (5000 ft, wind minus
1000 ft., wind) multiplied by the magnitude of the component of the
5000 ft. wind normal to Vth. If the 5000 ft, wind component is nor-
mal to the left side of V%h,aphe term is negative; but if it is
normal to the right side of Vth, the term is positive. This equation
developed on 1969 data was tested on independent meteorological and
acreage data for 1970. The test results show an ability to predict
acreages in the South zone consistent with Eugene visibility of 10
miles or more 807 of the time,

The general form of the equation for Salem is:

North Zone Acreage = ( - .31208Xy + .02202%, - ,03546X, + ,06742X
1 3 4

2
- .13206X5 - .0762Xg + .18459X; + .01518Xg)
-1
x ,00057427 ] + 1.209
Where: Xy = 1000 mb to 900 mb temperature change in degrees C.
X2 = 800 mb to 700 mb temperature change in degrees C,
X3 = low relative humidity;
X4 = pressure gradient direction x 7 a,m. visibility,
X5 = surface wind speed (in"knots)o
Xg = lagged 5000 ft, winds (in knots).
X7 = 7 a.m, visibility (in statute miles) at Salem airport,
Xg = previous day's lowest visibility (in statute miles),.
The X4 term is the relative humidity at the next measured point in
. the radiosonde observation below the top of the inversion, The X
term is the 5000 ft, wind speed from the observation 12 hours pre-
vious. The equation developed on 1969 data was tested in independent
1970 data. Test results showed an ability to predict acreages in
the North zone consistent with a visibility of 10 miles or greater
at the Salem airport 88% of the time.'

SUMMARY

There seems to be evidence that the number: ©f acres of field residue
which can be burned in the Willamette Valley on a given day without
overburdening the air can be predicted, Climatology of the valley
indicates that by making proper use of the predictive equations,
management of smoke from field burning is possible., One hundred
thousand acres of burning seems to be a reasonable estimate of what
can be well-managed in one season,
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