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1. Introduction and Background.

The increasing use of outdoor wood boilers (OWBs)" in recent years has led to a corresponding
increase in concern over the health effects of the emissions associated with these units, in
addition to the fuel combustion characteristics due to proximity of these units to both the users
and their neighbors. This has, in turn, led many states to consider new regulations or guidelines
for these devices. One of these efforts has been undertaken by the northeast states through
NESCAUM, which is preparing a model rule to assist states for use when considering emission
limits and stack height and/or unit setback requirements and to create consistency among state
regulations.

In erder to support some of the concepts in the model rule, NESCAUM requested an air quality
maodeling exercise to assess the impacts of these units in a variety of situations and
configurations. These simulations are meant to be representative of OWB installations currently
in use, many of which do not seem to match purported “proper” locations for OWBs, as well as,
in possible future configurations and emissions scenarios. The pollution metric for which the
impacts were estimated is the 24-hour PM concentration, which was deemed to be the
controlling threshold for the pollutants of interest from these units, as well as the averaging time
of concern versus the effect of annual operations. As a threshold for comparison of the impacts,
the revised National Ambient Air Quality Standard (NAAQS) for the 24 hour PM; 5 level of 35
ug/m® is used.® However, the results allow for comparison to the 24 hour NAAQS for PM;; as
well. :

1I. Modeling Assumptions and Approach.

The modeling was performed using the EPA’s AERMOD model® which was recently
promulgated as the recommended approach for a variety of source specific assessments. It
incorporates the latest state-of-the-science in atmospheric transport and dispersion concepts,
ncluding a revised approach to building downwash effects. In order to assess the implications of
possible wide range of conditions, a set of combinations of stack parameters, device proximity to
buildings, meteorological data sites, and the influence of receptor height were tested. The results
of these combinations were then scales with four emissions scenarios representing existing and
proposed emission rates. The various model input parameters required for the modeling are
outlined in the following sections.

1. Stack and Emissions Data: The OWBs in use currently are represented in the model as a
building 4 feet by 6 feet, and 6.7 feet high (“weighted” height of the pitched roof). The
stack is 104t high along the shorter side of the unit and has a diameter of 6 inches. In
addition to this stack height, another height at 18ft was tested to account for potential

" Also known as outdeor wood furnaces, walerstoves or outdoor hydronic heaters,

® Some of the figures presented also highlight impacts at the 30 pg/m®, which is the level supporied by CASAC and
the MESCALUM states,

* EPA’s Guideline on Air Quality Modely, Appendix W of 40 CFR Part 51
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extensions of the stack to mitigate the unit's downwash effects on the plume. Other stack
parameters were derived from actual data that NESCAUM obtained during stack testing.
It was found that the units generally spend about 25% of the time in burn mode with the
dampers open, and 75% of the time in standby mode, with the dampers closed. The stack
testing measured a stack velocity of 1.98 m/s in burn mode and 0.74 m/s in standby
mode. The corresponding stack temperatures were measured at 491°F in burn mode and
228°F in standby mode. These values were then weighted averaged for use in the
modeling as 1.05 m/s velocity and 294°F stack temperature. All model runs were
performed using a unitized emission rate of 1 gfs, and the model cutputs were then scaled
to four emission rates provided by NESCAUM representing the existing conditions and
potential future limits. The rate for existing units was set to 161 g/hr. The stack
parameter and emission rate data used in the modeling are based upon the only known
field test of an in-use unit operations which was witnessed by state staff as of the writing
of this report. The Phase | rates were set based on an emission rate of 0.44 Th/mmBtu
heat input. This number was converted to a grams per hour number for residential units
with a rated heat output of less than 350,000 Btw/hr. This number set a range of
emissions from 16 g/r to 70 g'r with an average emission rate of 43 g/hr. For this
repott, emissions were modeled at the average emission rate of 43 g/hr and the maximum
emission rate of 70 g/r. The potential Phase 11 emission rate was set at 15 g/hr since the
model rule establishes an emission limit of 0.32 Ib/mmBtu heat output with no individual
test run to exceed 15 grams per hour.

Building Downwash Parameters: One of the significant effects considered in the
modeling for these units is the downwash experienced by the plume from the relatively
short stack due to the flow disturbance imposed by the unit itself. In order to test the
effects of raising the stack to a height which minimizes these effects, that is to Good
Engineering Practice (GEP) height, another stack height of 18ft was also modeled.
Rarely, however, are these units in a “stand alone™ mode. The more commonplace use of
these units in practice is wherein an adjacent house or another structure exists, Thus,
typically these structures would impose additional downwash effects and were
approximated in additional modeling as a house (6m height and 15 by 20m) or a 401t
height barn (13m high and 25 by 30m) located about 20ft from the units. This
determination was based on information obtained by agency staff on unit installations. To
test the effects of the distance from these structures and their onentation, a limited
number of additional model runs were performed as described below. It should be noted
that general GEP guidance suggest that in order to minimize structure influence on the
unit’s plume, these units have to be at a distance of at least 5 times the height of the
nearby structures, or about 100 and 200ft away from the house and barn, respectively.

Receptor Locations and Heights: Due to the short stack and the high potential for
building downwash, which would quickly bring the plume towards ground level, the
likely impact areas were deemed to be very close to the unit. Thus, a dense receptor grid
next to the unit was generated for the modeling. A polar receptor grid was chosen with
receptors located at each 10-degree increment of angle. Within 100 meters of the source,
receptors were spaced 10 meters apart along each radial, beginning 10 meters from the
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source. Beyond 100 meters, the receptors were spaced 50 meters apart, extending out to
500 meters from the source. The initial modeling results indicated that impacts
maximized close in and gradients dropped off beyond 100 meters of the source,
confirming that the sparser receptor grid beyond 100 meters was justified. All receptors
were assumed to be at flat terrain in most of the model runs. Given the low level plume
heights and the significance of building downwash effects in determining maximum
impacts, it was determined that terrain effects are not likely to be a major factor in
defining the controlling concentrations for these single source simulations. Terrain
effects on individual sources are most significant for elevated sources when plume
impaction on terrain features is likely. Another scenario under which terrain effects
could be important is the case of a well-defined valley flow with sheltering which results
in periods of stagnation characterized by low wind speeds and stable conditions, resulting
in accurnulation of emissions. The latter scenario cannot be properly simulated by the
steady state AERMOD model and any potential future simulations would have to address
this issue with a proper model. However, since the purpose of the current study is to
provide reasonable estimates of impacts from individual OWB under various seenarios,
limited model runs with terrain heights close to plume height were tested to determine the
effects on the maximum impacts for select scenarios.

Meteorological Data: In order for the results to have general applicability, it is necessary
to test the results with multiple meteorological data sites of varying conditions. Practical
limitations and time constraints, however, dictated the use of three data bases readily
available in the AERMOD input format previously processed for applications in New
York. Five years of data are available at these sites, but the initial modeling runs were
performed with only 1 year from each site: 2002 from Jamestown, 2000 from Erie, PA
and 1992 from Syracuse. Fortunately, these data are deemed to represent a range of wind
patterns and conditions, as depicted in the attached figures of wind roses for the data, 1t
is noted that there is good representation of low wind speeds conditions, which could
potentially be associated with worst case impacts. It was also presumed that the
downwash effects will likely dominate the worst case impacts for the 24 hour averages
and the specific data base might not be as critical as in other applications. The initial
modeling results generally contfirmed this presumption, but additional four years of
meteorological data from Syracuse, which corresponded to the maximum impact from all
scenarios, were also used for assessing the year to year variability of the maxima for
some of the scenarios.

Using these input parameters, a number of model runs were made for a combination of
the variables. Specifically, both stack heights were initially modeled in the stand alone
and next to the house and barn situations with one year of meteorological data from two
of the three meteorological data sites to determine the variability in impacts., Both stack
heights were also tested with the limited terrain feature with Jamestown 2002 data, while
the 101t stack case was tested with a different stack location, building orientation and
direction from the house since this was the structure resulting in the higher impacts. The
worst case 24 hour impact from each model run was tabulated and used to guide further




















































































