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Executive Summary

As part of the current proposal to modify 40 CFRS&Mpart AAA and to add additional
subparts for regulation of particulate matter (Rivhissions from the full range of new wood-
burning residential heating equipment, EPA is ad&shg changing the way compliance with
the emission limits is determined.

Subpart AAA, which has been in effect for 25 yeases a burn rate based probability
distribution data weighting methodology where tesis are conducted in each of four burn rate
categories spanning the full range of burn ratab#gites of the heater from lowest to highest.
The probability distribution is part of EPA Meth@8 and is based on in-situ data gathered from
woodstove users in the 1980’s. The particulatessiom test results from each burn rate category
are assigned a fractional weighting in the ovezallssion average determination based on each
discreet burn rate probability. Because the priibabbell curve” is centered at a burn rate of
about 1.2 dry kg/h, burn rates in the low and mediow burn rate categories receive much

more weighting than data in the higher burn rateguaries.

A similar weighting concept is also applied withire current EPA Hydronic Heater Voluntary
Program. The results for test runs in four he@paiucategories are weighted based on a heat
output probability distribution that was modeledieating demands for a typical home in a
northeastern United States location. As with womdss, emissions for the lower heat output
categories get most of the weighting.

EPA'’s current NSPS proposal includes a two or tetep approach where the PM emission
limits ratchet down five years (2 Step) or threargeand eight years (3 Step) after the effective
date of the Step 1 standards. The Step 1 standantisiue with the data weighting

methodology used in the current Subpart AAA anthenHydronic Heater Voluntary Program.
However, the proposal includes a significant deparfrom the current data weighting
methodologies for determining compliance with theposed Step 2/3 emission limits. This new
procedure (referred to herein as the “new compéaaigorithm”) will be applied to woodstoves,
hydronic heaters and warm air furnaces.

The new compliance algorithm relies on data frorty time lowest and highest burn rate (or heat
output) categories for the appliance. These amegtly referred to as Category 1 and Category
4. Two initial screening test runs are conductede-im Category 1 and the other in Category 4.
Two additional test runs are then conducted ircdtegory with the worst emissions during the
screening runs. While the proposal is uncleahis tegard, it appears that EPA intends that the
average of the three worst case test runs as wélleasingle “best” screening run must meet the
emission limit in order for compliance to be aclidv However, other interpretations of the
EPA'’s language are possible.
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Since this new compliance methodology has nevar bsed in wood-burning product
regulations, we have to look for available datd taam be useful as well as employ other
statistical means for evaluating the impacts askirthat might be imposed by this new
compliance algorithm concept.

The HPBA Enhanced EPA Certified Woodstove Dataladlegvs the results for the Category 1
and Category 4 test runs for a large group of atiygproduced certified stove models to be
examined. These data include only one run pegoagdor the most part but clearly highlight
the difference between the current weighted aveeagesions algorithm and the emission
values for individual burn rate categories that pase those weighted averages. Figs. 3 -7
show that information graphically.

The EPA Laboratory Proficiency Round Robin TestgPam also provides information that is
useful. Besides allowing the precision of the testhods to be estimated, the pairs of data in
each burn rate category for each of the labs asidsteves for each of the test program years
allows a basic assessment of the variability thatlwe expected. These data for the Category 1
and Category 4 test results are presented in &igsl3. But even these datasets do not allow the
impacts of three test runs in the same burn cayegdre evaluated. Since there are no actual
data available, a different approach must be ugestatistical simulation sometimes referred to
as a Monte Carlo simulation or analysis can be eygal to model the probable outcomes of the
proposed compliance algorithm and possible vanatio

The EPA Laboratory Proficiency Round Robin TestgPam Category 1 and Category 4 data
can be used to determine the inter- and intra-&tboy variability for those run categories which
are used in the proposed compliance algorithm. vBni@bility can be expressed in terms of
standard deviations or, because of the wide rahgeean emission values in the round robin
data, coefficients of variation (CVs) which expesshe variability for each burn rate category
as a percentage of mean emission rate.

Since emission test data, regardless of the dedneszriability inherent in the test methods and
in the random nature of burning wood, can’t haviees less than zero, log-normal distribution
best models the range of outcomes expected arotrnd enean emission value. The log-normal
distribution constrains values to be positive, ¢stegit with any possible emission value, and
includes the right skew of the emissions dataifistion.

By inputting values for the estimated inter-andaraboratory coefficients of variation for
Category 1 and Category 4 burn rates, as wellrasge of hypothetical true mean emission
performance values for a given stove model at arghwrn rate, two-stage log-normal
distributions were created. A large number oficanly generated probable outcomes can then
be sampled from the modeled distributions. By canmg the probable results of individual test
runs, the average of groups of three outcomesmbugwtions of both with the proposed passing
grade, the chance of passing or failing the vargmenarios can be predicted. The use of CV
values represents a very conservative approaclubedaassumes that the variability is
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consistent across all emission values, even atlovgsion values implicated by the proposed
emission limits. The test methods have not agtumonstrated this to be case and due to the
inherent variability when burning wood, the testheogls have a discrimination threshold for
emission determination below which any measuredegstannot be assumed to represent the
true mean. Sensitivity cases where higher CV whidower emission rates are modeled can
help inform the impact of the discrimination threkh The Monte Carlo analyses for this new
compliance concept point out that it has potemntiaigh risk for manufacturers trying to get new
products certified to Step 2/3 emission limits.

The Monte Carlo simulation can also be used touatalthe impacts of conducting additional
test runs when one of the initial test runs is arghan anticipated. This is the “outlier”
provision included in the NSPS proposal where thession results from one or more new test
runs can replace emission results from one ofdkertins in the initial worst case three run test
series.

The proposed compliance algorithm for Step 2/3 appt® present a myriad of issues if adopted.
Many EPA certified models have emission performasrodiles that are not flat, with better
performance generally focused in the range of pymancern under the current compliance
algorithms —the lower burn rates. Sacrificing pegformance at the highest burn rates has
often been the necessary trade-off that stove desdhave needed to make to insure the best
performance at the heavily-weighted low burn ratbge still meeting maximum heat output
expectations from consumers. Although it is kndiat homeowners most often operate their
heating appliances at lower burn rates (heat ositpotmatch the typical heating demands of
their homes, there are times when high heat ousmeeded. For example, a cold house after a
prolonged absence or on the coldest winter nightshese cases, the stove owner expects the
appliance to provide substantially higher heatiagacity, even if it is only occasionally or for a
short duration. Manufacturers have found that maxn heating capacity is an important
specification for stove purchasers. Equalizingithportance of the highest burn rate or heat
output emission results to those from the lowest lbate or heat output, while ignoring the
emission performance in between, as EPA is nowqgsiog, is a radical change with many
product design implications. And, it obviously pémes manufacturers for making the design
choices clearly implicated by the current compl@aatgorithms.

The conclusions that can be drawn from the MontdoGamulations are quite chilling. For
manufacturers to have a high (95%) confidence lthatltheir stove models will meet the either
of the proposed emission limits using the new caanmgke determination algorithm, true means
of PM emission performance of that model in bo#h@ategory 1 and Category 4 burn rates (or
heat output) must be less that 50% of the emidsiat) even if the conservative CV values were
to actually be achievable by the test methodshdfvariability of the test methods is higher than
predicted based on assuming that the average Géwvaletermined from the EPA proficiency
test data can be applied over all emission ratesptobability of failure increases at the
proposed emission limits. As with all testing prdgees, the various solid-fuel heater emission
test methods each have a lower threshold belowhathiere is no ability to reliably discriminate
differences between emission test results. Thisesase when using CV values results in
predicted standard deviations at low emission riasare well below the test method
discrimination threshold. For example, we wouldskeptical of the £0.3 g/h standard deviation
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predicted by using an intra- or inter-lab CV vatie80% for a model with an assumed true mean
emission rate of 1.0 g/h at a given burn rate. r@gsimply no evidence to support that this
level of precision is achievable under any circiansés. To the contrary, there is significant
evidence to dispute this possible level of preaisioAdditional simulations have been
conducted using the mean CVs plus one standaratitaviabove the means. This shows the
impact of higher variability at low emission ratddowever, it is likely that even this adjustment
to the CV values doesn’t adequately address theetns about the discrimination threshold for
the method since the resultant standard deviatiomstill lower than have ever been
demonstrated, and therefore, would still resultinder-estimations of the risk of failing
compliance with Step 2/3 emission limits basedhenproposed new compliance algorithm.

There is another component of the EPA proposalalsatadds uncertainty, and therefore more
risk. That is the proposed transition from criklfto cordwood fuel for emission testing for all
product categories for determining compliance V@itbp 2/3 emission limits. There is simply no
data to inform the impacts on emission outcomedssirmethod precision of changing test fuel
from cribs to cordwood. Cordwood emission perfanoeusing standardized test methods is
generally unknown for EPA certified stove modelstthave been designed and tested using crib
fuel for the past 25 years. And efforts are stiltlarway to create a new cordwood test method
for woodstoves that better reflects homeowner asems, so any cordwood data that currently
exists would be irrelevant relative to any finatd@ood methods, in any event. Moreover,
cordwood test method precision can't be determured any new test method is finalized and
even then, only with a properly designed and exatuotulti-sample, multi-lab test program. It

is reasonable to assume that the variability whenibg cordwood will not be better than when
burning cribs. It is therefore also a reasonabimption that using the test method precision,
standard deviations about a mean emission value@efticients of variation determined using
available crib data provides what can only be atereid an absolute best case prediction of what
might be expected with cordwood test results withadnticipated new test method. Not whether
the risk of failure to achieve compliance is mastlly to increase with cordwood testing but by
how much the risk increases is the question. Aedsame or even greater concerns apply to
applying this analysis to predict the risks asgedavith the proposed new compliance
algorithm for other appliance categories beyonddgtaves (e.g., pellet stoves, hydronic
heaters, and warm air furnaces). The test mettowdeese categories are new or relatively new,
and no comprehensive evaluation of their precib@asbeen performed or is even possible.
Beyond that, some of these methods involve additioreasurements beyond PM
measurements, which are likely to raise their oigniBcant precision issues (e.g., heat output
measurements in air plenums for warm air furnaces).
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Introduction

These analyses and report were prepared by Robigison, President of Ferguson, Andors &
Company for the Hearth, Patio & Barbecue Assoamatidssistance with the analyses and
review of the report were provided by Dr. Richameid®, Principal Scientist, Exponent, Inc.
Curriculum Vitae are provided for Mr. Ferguson & Reiss at the end of this report.

Evaluation of EPA’s New Compliance Algorithm Contep

EPA’s NSPS proposal includes the use of a new idtgifor determining compliance with the
Step 2/3 standards. Although the proposal langisaget explicit, EPA appears to intend that
the new compliance determination methodology wallapplied to woodstoves, hydronic heaters,
warm air furnaces, and possibly other appliancegmates as well.

Because of the long history of EPA regulation, waiodes provide the best vehicle to examine
the differences between EPA’s proposed new comgaiatgorithm and the current Subpart
AAA compliance methodology. In 204,(HPBA completed and provided to EPA an enhanced
database that includes data from individual EPAifazation test runs for a large number of
currently produced woodstove models. This sigaifidevel-of-effort project was undertaken
because EPA'’s list of certified wood heaters urldspart AAA includes all heater models
certified since the beginning of NSPS certificatiom 1988. The list includes many duplicates
caused by certification transfers due to acquisstias well many discontinued models and
defunct manufacturers. The cropping of the liss wacomplished by surveying certified wood
heater producers and obtaining their current mielups as well as the detailed certification
test data for those current models.

In addition, under the current NSPS, EPA conduatetllti-year accredited laboratory
proficiency round-robin test program where a singht stove was shipped from lab to lab.

Two complete certification test series were coneldicin the sample stove in each round-robin
cycle. The test stove model was changed seveanaktover the course of the proficiency test
program and has included stoves with catalyticraomd catalytic technology. This proficiency
test database — which exists only for woodstovesovides the only data available that allows
test method precision to be determined. In 2@lfijorous evaluation of test method precision
was undertaken using recognized analytical proefuiThe results of those analyses have been
provided to EPA and otherwise widely distributedrterested partie’.

as noted, the enhanced database was completed. @) 26 updated enhanced database reflecting thersaiof
currently (2014) produced certified heater modeglsat currently available.

2 ASTM E691 —Standard Practice for Conducting an Interlaboratory Study to Determine the Precision of a Test
Method

3 Curkeet Rick and Ferguson, RobdfPA Wood Heater Test Method Variability Study Analysis of Uncertainty,
Repeatability and Reproducibility based on the EPA Accredited Laboratory Proficiency Test Database, Rick
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In summary the analyses showed:

* The “within the same lab” precision of the weightagtrage emissions at the 95%
confidence level is at best ~ £3 grams per hour.

e The “between labs” precision is poorer (at leasbigtams per hour again at 95%
confidence).

What does this mean?

« The EPA test methods are certainly capable ofbiglidistinguishing between good and
bad performance, but they cannot reliably distisjlbetween “good, better and best”
performance.

« The EPA test methods cannot reliably distinguisissions performance differences of
less than 3 grams per hour.

Current Woodstove NSPS Testing and Compliance

Under the current NSPS requirements, a minimunowf individual test runs are required
spanning the full operating range of the applidnam the lowest to highest achievable burn
rates. The burn rate categories are defined in Hethod 28 as:

The exception is that stoves that are not capdldetoeving a burn rate less than 0.80 kg/h can
conduct a test run at less than 1.00 kg/h andnséiét the requirements. This exception is most
often employed with non-catalytic stove models.

The particulate emission results from the four nate categories are averaged using a
weighting scheme based on a probability distribuie shown in the Fig 1.

Fig. 1

Curkeet, PE, Chief Engineer — Hearth Productsytiekel esting Services, Inc. and Robert Fergusorgusen,
Andors & Company, October 6, 2010.

* EPA Method 28 -Certification and Auditing of Wood Heaters
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This averaging protocol was based on the burndiatébutions from several in-home studies
conducted in the Northeast and Northwest that cmefil that stoves are used most frequently at
lower burn rates. . The center of the distribuiat ~ 1.15 kg/ht°

For a typical stove model, that means that the tdwen rates receive the most of the weighting
when determining compliance with the standardse fiigh burn category emission results
receive less weighting relative to the emissioniltsdrom the lower burn rate tests.

It is also important to note that the current stadd include an individual test run “not-to-exceed
cap” that is significantly above the level of tharslards. To achieve compliance, the weighted
average emissions of the test run series must tmeetppropriate emission limit AND all test
runs required to be used when determining the vieiaverage emissionsiust have emissions
levels at or below the cap value. The caps anesponding passing grades are shown in Fig 2.

® The low burn rate requirement was based on buendata from in-home studies, without considerhe t
relationship between the laboratory test burn rdetermined with Method 28 procedures (includingetfisional
lumber crib fuel) and the in-home burn rate deteations (using cordwood and a different methodd&termining
burn rate). A recent evaluation of this “appled ananges” problem by Dr. James Houck (An Evaluatib
Method 28 Wood Heater Burn Rates, September 20@8ysa significant disconnection between the twoasfor
the same stove.

®In 2009, an ASTM replacement for EPA Method 2@, fireling and operating protocol for woodstovess wa
published. The four burn rate probability weighgtscheme from M28 was replaced with simplified ¢hbeirn rate
weighting formula where the low and medium burrulisseach receive 40% of the weighting and the bigsm
results 20%. This simplification was based onys&s of the enhanced certification database whersiinplified
weighted scheme resulted in similar average emmssites for most certified stove models. EPA pgéited in the
ASTM process that resulted in the new method andhtieg, and raised no objections to it.

" The current EPA Method 28 protocol also includesdditional test run (“outlier”) provision where lgriwo-
thirds of the emission data in any burn rate categee required to be used when determining compéia
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PM Emission Caps - Catalytic and Non-Cat Stove Models
per 40 CFR 60 Part AAA § 60.532
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. Non-Cat Model PM Cap for Individual Test Runs
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-
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Catalytic Model PM Cap for Individual Test Runs
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PM Emission Rate - g/hour
=

Catalytic Model Passing Grade based on Weighted Average (4.1g/hr)

0 05 1 15 2 25 3 35 4 45 5
Burn Rate - dry kg/hour

Fig. 2

Stove models often have higher emissions in one burn rate category, but have still achieved
compliance because of the distribution of the weighting. This can be seen in the Fig. 3 where
some models with low certification values have higher emissions at some burn rates. Two
models representing the lowest range of certification values are shown for reference.
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PM Emission Profiles for Several Low-Emitting Catalytic and Non-Cat
EPA Certified Models
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Fig. 3

Proposed New Compliance Algorithm

EPA has proposed abandoning the four burn rate probability distribution weighting scheme in
favor of a very different compliance determination algorithm for Step 2/3 NSPS standards.®®!*!!
The EPA proposal includes the following methodology for determining compliance for Step 2/3
standards:

“Screening” Test Runs

1. Conduct one emission test run at the Category 4 air setting (maximum combustion air).

2. Conduct one emission test run at the Category 1 (low fire) air setting.

3. Conduct two additional test runs at the combustion air setting with the worst emission
results from the first two screening test runs.

8 Federal Register / Vol. 79, No. 22 / Monday, February 3, 2014 / Proposed Rules, p. 6342. “We are also proposing
that the burn rates not be weighted at all for the Step 2 standards but rather that the emission limits be separate for Burn Rate
Category | (lowest burn rate category) and Burn Rate Category 4 (maximum burn rate category) and that compliance for each be
shown separately.

? Federal Register /Vol. 79, No. 22 /Monday, February 3, 2014 / Proposed Rules, p. 6367. “Further, we are
proposing new compliance requirements for Step 2 with emissions limits at the lowest burn rate (Category 1) and the maximum
burn rate (Category 4), not a weighted average of the four burn rates, as in the current 1988 NSPS.”

' Federal Register / Vol. 79, No. 22 / Monday, February 3, 2014 / Proposed Rules, p. 6380. §60.534(a)(3).

' Federal Register / Vol. 79, No. 22 / Monday, February 3, 2014 / Proposed Rules, p. 6386. §60.5476(b) and (c).
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Determination of compliance with the standardsoisatear in the proposal. Statements in the
proposal can be interpreted to require:

1. The average of the three “worst case” test rung tmeigit or below the level of the
standardbr that all worst case runs must be below the le/th@standard.

2. The single test run with the lower emission vakagar the first two screening test runs

must be at or below the level of the standard.

All test runs must be below the level of the stadda

4. No specific provision for addressing additional trems for the Category 1/Category 4
compliance algorithm has been proposed, howeveiisribere any indication given that
any such provision would be conceptually differdvain the “outlier relief” provisions in
the current test methods where “The results frotaast two-thirds of the test runs in a

burn rate category shall be used in calculatingiterghted average emission
rate 12,13,14,15

w

To bracket the possible interpretations of how ERight employ this new compliance
determination concept, four analyses have beenumed. These are:

1. Examine the emission performance outcome for Cayeband Category 4 burn rate
data from currently produced certified stove models

2. Examine the emission profiles for a number of aurreodels with low Method 28
weighted average emission values.

3. Analyze the Category 1 and Category 4 test refalts the EPA laboratory proficiency
test round robin.

4. Use a statistical simulation to assess the prakiabibf compliance using realistic input
values for critical modeling parameters.

Cateqory 1/Cateqgory 4 Analyses

The weighted average emissions using current EP#hdde28 Probability Distribution data
weighting is not a good predictor of compliancehvilie proposed new compliance algorithm.
By comparing the Category 1 and Category 4 emissata from a large subset of currently

12 Federal Register / Vol. 79, No. 22 / Monday, February 3, 2014 / Rregd Rulesp. 6394 Test Method 28R for
Certification and Auditing of Wood Heaters, Secti

13 ASTM E2780 -Standard Test Method for Determining Particulate Matter Emissions from Wood Heaters. Section
9.5.13

14 Federal Register / Vol. 79, No. 22 / Monday, February 3, 2014 / Rregd Rules, p. 6398. Test Method 28
WHH for Measurement of Particulate Emissions andtlig Efficiency of Wood-Fired Hydronic Heating
Aéapliances, Section 12.6.

15 Federal Register / Vol. 79, No. 22 / Monday, February 3, 2014 / Rregd Rules, p. 6408lethod 28WHH-PTS
A Test Method for Certification of Cord Wood-Firétydronic Heating Appliances With Partial Thermabi@ige.
Section 12.6.
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produced stove modéfswith the level of standards expected in the NSP®gsal, a clear trend
can nevertheless be shown.

Since the current NSPS proposal imposes a Stepghted average emissions limit of 4.5 g/h
for woodstoves (this is the current WashingtoneSkatit for non-catalytic stove models) and a
Step 2 limit of 2.5 or 1.3 g/h, the available deda be analyzed to see the impacts when only the
Category 1 and Category 4 test run data are caresideOf the 96 certified non-catalytic stove
models in the database with Method 28 weighted ®oms values at or below 4.5 g/h, 48
models have individual Category 1 or Category 4ssmn values above 4.5 g/h. Of the 22 non-
cat models in the database that meet a 2.5 g/hdd&t@ weighted average emission limit, 11
have individual Category 1 or Category 4 emissialu@s above 2.5 g/h. Of the 5 non-cat
models in the database that meet a 1.3 g/h MetBageRyhted average emission limit, 2 models
have individual Category 1 or Category 4 emissialu@s above 1.3 g/h. This impact is shown
graphically in Fig. 4.

Of the 13 certified catalytic stove models in tlagadbase with weighted emissions values at or
below the current Washington State limit of 2.5 fpthcatalytic models, 8 models have
individual Category 1 or Category 4 emission valalesve 2.5 g/h. Of the 3 catalytic models in
the database that meet a 1.3 g/h Method 28 weigivieichge emission limit, 1 model has a
Category 4 emission value above 1.3 g/h. This ahjgashown graphically below in Fig. 5.

18 HPBA Enhanced EPA Certified Wood Heater Database - Excel Workbook, Robert Ferguson, Ferguson, Andors &
Company, February 25, 2010
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Category 1 & Category 4 PM plus EPA Certification Value for Catalytic
Stoves < 2.5 g/hr in HPBA Enhanced EPA Certified Stove Database
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Fig. 5
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Even pellet stoves face the same challenge. Fig. 6 shows that the six models in the enhanced database meet 1.3 g/h but five of those
models have Category 1 and/or Category 4 emissions above 1.3 g/h.

Category 1 & Category 4 PM plus EPA Certification Value for Pellet
Stoves < 4.5 g/hr in HPBA Enhanced EPA Certified Stove Database
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Fig. 6
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Emission Profile Analyses

One has only to look again at the PM emissionsilpsofFig. 7) for some of models with the
lowest certification values to see the pitfall4rgfng to relate the weighted average emissions to
the results from individual burn categories. Ewetin a simple qualitative examination it can be
observed that the emissions profiles are typiaadiyparticularly flat, except for the two models
rated at 0.8 g/h weighted average PM. You caneatigat those models represent superior
technology OR that they were fortunate to stringetber four good test runs —a real possibility
since results well above and below the true megredbrmance are equally probable due to the
poor precision of the test method. With the aldé data, you simply can’t be sure which
hypothesis is correct. And you definitely cann@vd any conclusions about the impacts of
conducting multiple test runs in the same burn category using the certification test data.
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EPA Accredited Laboratory Proficiency Round RobasiTData

Looking again for sources of data to inform theiesssurrounding EPA’s proposed new
compliance algorithm, the EPA Laboratory Proficiefi@st Data can provide some additional
insights beyond its usefulness for determining testhod precision. Standard deviations have
been estimated using the results from the ASTM EGfilyses of the proficiency test round-
robin inter-lab precisiol. The average standard deviation for inter-lalzigien &) which
estimates the standard deviation for the sameutésivhen tested in different lalihas been
determined. The range 8fis 1.6 to 2.3 g/h with an average of 1.9 g/h. idwer, it must be
recognized that these values are based on the tedigherage emissions for the test stoves for
all burn rate categories and not for any individuain rate category.

Since the participating laboratories were instrdd¢teconduct two test runs in each burn rate
category, it is possible to look at the resultsets of data in the minimum and maximum burn
rate categories. If the proficiency test datanialgzed looking only at the Category 1 and
Category 4 test data for the three test stovesa(@at 1, Non-Cat 1 and Non-Cat 3) with
adequate datasets, it is possible to establiskatdmeviation and coefficient of variation values
more appropriate for analysis of the proposed nawpdiance algorithm. The results are
presented in Tables 1 and 2. Statistical outfiéPsr suspected outliers were excluded from
these analyses. The result of excluding the aatisas lower standard deviations, which is
conservative for our purposes.

17 Op. Cit., Curkeet

'® Ibid., Tables 3a, 3b, 3c

19 possible outliers are first flagged when “h” ahd ¢ritical values in the ASTM E691 analyses areaeded. If
the suspect value was more than three standardtibs from the mean, based on the mean and sthddsiation
without the suspect value, the suspect value wsig/tigted as an outlier and excluded from the aisalys

2 Op. Cit., Curkeet, p. 1Tritical Values of the Consistency Statistics—The critical values foh depend on the
number of laboratorieq, and the critical values férdepend both othe number of laboratorieg, and on the
number of replicate test results,perlaboratory per material. When cell values appraaoéxceed the critical
values forh andk, those cells or laboratories should be investiyfie data problems.
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Table 1 - Summary ASTM E691 Analyses for Categoand Category 4 Emission Results for
Catalytic 1, Non-Cat 1 and Non-Cat 3 EPA ProfickeRound Robin Test Results

Bum Rate| ®of Years

Model [Category | Labs x 53 5; Sg r-95% | R-95% | Tested
Cat 1 1 10 1.82 0.49 0,749 0,783 21 2.19 2
LCat 1 - 11 h.56 1.363 2.56 256 117 117 .
NC1 1 7 14,43 1.018 1,516 3.516 984 9 fd 1
NE 1 4 & 7.82 1.107 1.475 1.521 4.13 4.26 1
MC 3 1 7 822 1.858 1,542 3.153 8.24 8.83 fi
NC 3 4 7 11.07 4,28 466 5,73 13.06 16.04 i

Averages 1.7 2.7 24 74 8.1

5 - the repeatability standard deviation

55 - the reproducibility standard deviation
r- repearability ar 95% Confidence
R - reproducibility at 95% Confidence

Table 2 - Summary of Coefficient of Variation (CBgterminations for Category 1 and
Category 4 Emission Results for Catalytic 1, Nort-Cand Non-Cat 3 EPA Proficiency Round
Robin Test Results

Average CV
Llove Category Kean Emission Rate Intra-Lab inter-Lab

High BR 3,393 0,354 272

Catalytic-1 g
Low BR 2.186 0,353 0579
High BR 7.8 0,132 0.142

Mon- Catalytic-1 igh

Low BR 19.475 o171 0,052
High BR 11.641 0397 0451

Mon-Catalytic-3 £
Low BR B.082 0,331 0,326
Averages 0.2590 0.304
Standard Deviations 0.110 0.154
.ﬁ\rEraEE +150] 0,400 0.458
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Figs. 8 - 13 are plots of PM emissions versus dimy lpate for Catalytic 1, Non-Cat 1 and Non-
Cat 3 proficiency round-robin test stoves. As with ASTM E691 determination of precision
and standard deviation, statistically validatedietg have been excluded. The degree of
variability for the same stove tested in the sambetatory during the same test year and during
different years can easily be observed with evgnaditative assessment. Note: The lab codes
are consistent from year to year and stove to stéae example, Lab D is the same test lab for
all models tested but did not participate in thenarobin every year it was conducted.
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Maximum Burn Rate Data Sets - Non-Cat 1 Test Stove - 1989 EPA
Laboratory Proficiency Test Round Robin

——LabC 1989 —e—Lab E 1989

12 '

(=Y
[

[y
o
TR TRTTRTTITIRTTaT]

o

PM Emission Rate - g/h

ql
—8—1abE11989 —e—LlabH 1989
—#—Lab J 1989 ~Lab J1 1989
—#—Lab K 1989

1r o

—
[
0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7

Burn Rate - dry kg/h

Fig. 11

Page 24 of 57




PM Emission Rate -g/h

10 -

Ferguson, Andors & Company

Consultants in Product Development and Regulatory Compliance

Minimum Burn Rate Data Sets - Catalytic 1 Test Stove - 1987 and 1988
EPA Laboratory Proficiency Test Round Robin

—+—Lab A 1987

—&—Lab B 1987

Lab B 1988 —&—Lab C 1987
«==Lab C 1988 —<—Lab D 1987
«~==LabD 1988 —+—LabE 1987
—e—LabE11987 -—#&—LabE 1988
[;I —&—Lab F 1987 —8—Lab H 1987
/ =—$—L3bH 1988 ~—@—Lab 1988
/ ~Lab J 1988
/ -
/ V
[:/
ﬂ,//‘_ ¥ e
05 1 15

Burn Rate - dry kg/h

Fig. 12

Page 25 of 57




Ferguson, Andors & Company

Consultants in Product Development and Regulatory Compliance

PM Emission Rate - g/h

R B R R R R R R R RN NN R RN R NN MW
W OoORrRNWLRUOGONWWOERMNWEGUUOGONOWWDO

o

Maximum Burn Rate Data Sets - Non-Cat 3 Test Stove - 1993, 1995,
1996, 1997, 1999 and 2000 EPA Laboratory Proficiency Test Round Robin

=N W R U O~ 0

..........................................................................

Burn Rate - dry kg/h

—e—Lab L 1993

—&—abK 1993

—+—Lab D 1993 Lab D 2000
——1abE1995  ~#—LlabE 1999

| —e—LlabN 1996 —=—LabN 1997
~@-LlabN 1999 ——Llab0 1997
—o—Lab 0 1999 Lab M 2000
55 6 6.5 7

Fig. 13

Page 26 of 57




Ferguson, Andors & Company

Consultants in Product Development and Regulatory Compliance

Statistical Modeling

The quantitative and qualitative analyses of theaened certified stove database and the EPA
laboratory proficiency test data are telling evickenf severe problems with the proposed new
compliance algorithm, but still don’t adequatelptae the impacts of the new compliance
algorithm since the certification database onlyudes one test run in each burn rate category
for each certified model and the proficiency testlads limited and includes only two runs in
each category. We need to understand the impacrafucting three test runs in the worst case
burn category as well as the issues presentedesirtigle run.

To overcome the shortcomings in the available datatistical simulation methodology can be
employed. This type of analyses is commonly refto as a Monte Carlo analyses or
simulation. This analysis tool has proven to ey useful method to analyze the behavior of
all kinds of complex systems where the number atées and uncertainties make direct
mathematical models too cumbersome or impossikd@pdy. By inputting key parameters into
the simulation software, a log-norrfratlistribution of possible outcomes can be model@de
can then generate a population of 100's or 100@essible results that fall within the
distribution. By evaluating a large number of poit& outcomes based on that distribution, it is
possible to mimic the expected results of doingatteal physical tests. The analysis can be
further strengthened by running sensitivity casbere the inputs are varied to cover their
possible ranges.

Probabilistic analyses using Monte Carlo methodsnadely used by EPA in making regulatory
decisions. The dietary risk assessments doné&éaregistration and re-registration of pesticides
is a good example of the use of Monte C&rlarhe two major variables for dietary exposure are
the amount of a food item that people eat anddhlilue level of pesticide on that food item.

EPA establishes distributions for food consumptaad residue levels and uses Monte Carlo to
estimate the dietary exposures in the populatidme Monte Carlo method allows EPA to avoid
simply assuming that the person with the highessamption of a food item also consumes the
item with the highest residue. The method alsonwalEPA to estimate an upper-bound exposure
(the 99.9' percentile) for risk assessment so that they patya “reasonable certainty of no
harm” standard.

EPA also uses Monte Carlo to make decisions alemaédiating hazardous waste sites under
Superfund®. In this case, EPA uses Monte Carlo to accountdoying levels of a contaminant
across a site and differing pathways of exposutbedaontaminant (e.g., quantities of incidental
soil ingestion or consumption of contaminated water

2L A log- normal distribution was considered a betfevice than a normal distribution since valuethlog-
normal distribution can’t go below zero.

22 General principles for performing aggregate exposnd risk assessments. U.S. Environmental Riatec
Agency Office of Pesticide Programs.

% Risk assessment guidance for Superfund, VolumePlart A, process for conducting probabilistic risk
assessment. U.S. Environmental Protection AgeBey, 540-R-02-002.
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In other words, EPA uses Monte Carlo methods faresof its highest profile scientific
assessments.

In the case of the proposed NSPS, the Monte Cemlolation and analysis is used in a
somewhat different manner. Here, the Monte Canmkation is employed to model the
probability of achieving compliance with EPA’s poged new compliance determination
methodology which includes both the sampling p@on{pliance algorithm) and the acceptance
criteria (passing grades). Single and three-rompéasets are drawn at random from a large
population of outcomes with a specific probabidigtribution that is based on supportable
inputs including mean emissions levels and coeffits of variation about those means for given
hypothetical stove models. The analysis is furgtengthened by running sensitivity cases
where the inputs are varied to cover their possiéoges. Analyses were also conducted using
log-normal distributions.

If we assume that there is a true emission rata &iove, there are two separate reasons why
measurement data could deviate from the true eomsate. First, the ASTM E691 round robin
analysi$* shows that there is a significant inter-laborateayiability, meaning that different
laboratories have measured significantly diffemesults for the same stove. Thus, the selection
of the laboratory to perform the tests will afféoe result. Second, there is also significanamntr
laboratory variability, meaning that repeated ranthe same laboratory may generate
significantly different results. Ideally, a stowgth a true emission rate in compliance with the
standard will pass the emission tests, but beaafube large inter- and intra-laboratory
variability, this is not necessarily the case.

To model the effect of inter- and intra-laborateayiability, a two-stage Monte Carlo analysis
was conducted. First, a log-normal distributiososistructed with the assumed true mean for a
stove and the coefficient of variance (CV) for thier-laboratory variability. A log-normal
distribution is chosen to constrain emission valodse greater than zero (it is physically
impossible to have a negative emission rate) amaaiel the possibly long tail of the right side
of the distribution. The mean and CV are conventéol geometric means and standard
deviations using standard formulas to parametéhiedéog-normal distribution. For a given
laboratory, a mean value is simulated from theithstion. In the second stage of the Monte
Carlo, a new log-normal distribution is constructesthg the mean value from the first stage and
the CV for intra-laboratory variability. Using thnew distribution, emission rates from four test
runs are simulated and the results are testedsighancompliance standard.

For the purposes of evaluating the impacts of pésgimission limits and the new compliance
algorithm in the EPA NSPS proposal, several inpm¢sneeded for the Monte Carlo simulation.

1. Emission limit (or passing grade). EPA has prepos single emission limit (4.5 g/h for
Non-Cat and Catalytic models) for Step 1 in thasedt NSPS and will maintain the

#0p. Cit., Curkeet
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current burn rate weighted average approach tardate compliance. EPA has
proposed lowering the limit to 2.5 or 1.3 g/h fae®2, and ultimately to 1.3 g/h if a
three step approach is adopted, using a new comaglialgorithm as previously
described in this paper.
. The cap for the emission level for any individugdttrun. The proposal does not include
individual test run caps as part of the proposeg 3f3 compliance algorithm. However,
EPA would be setting a defacto cap at the levéhefstandard for the screening run that
is not the worst case run and/or for the three iaase runs if all must meet the level of
the standard.
. Emission data treatment or sampling plan. The tna@se condition is first determined
by the results of two screening runs (Categoryd @ategory 4 Burn Rates). Then, two
additional runs are conducted in the category tghworst emissions. The proposal
does not specify the way compliance will be detaeedi Options include:
Option A. The single screening run AND the averafythe worst case runs must
meet the limit or,
Option B. All test runs required to be used teed®ine compliance must meet the
level of the standard.

This means that there are different outcomes thatdcoccur depending on the final
requirements.
i. Both the single run and the three worst case resateor below the
specified limit -PASS Option A or B.
ii. Both the single run and the average of the worse cans are at or below
the limit — PASS Option A, May FAIL Option B.
iii. Both screening runs are above the limit — FAIL OptA or B.
iv. One screening run is above the limit — FAIL Opti®rDecision to
continue with two more worst case runs for Optian A
v. The results from one burn rate category complytaedesults from the
other does not — FAIL Option A or B.

Assessing these various outcomes requires detergniineé number of failing values and
comparing those to all modeled values for eacleraito determine the percent failure
rate.

These failure criteria are as follows:

Run 1 exceeds the emission limit

Run 2 exceeds the emission limit

Run 1 or Run 2 exceeds the emission limit

The worst-cast 3-run average exceeds the emigsiin |

Run 1 and the worst-case 3-run both exceed thesemimit
At least one of the worst-case 3 runs exceedsrthesen limit

ouabwbdE
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4. The true mean emission value for a given stove mobas is the mean value that
should be expected if the hypothetical test moded man multiple times under the same
test conditions.

5. The coefficients of variation (CV) that one glibexpect about the true mean of the
emission performance of the example stove. Thade® to the actual precision of the test
methods. Coefficients of variation for Categorgrid Category 4 test results have been
estimated using the data from the EPA accrediteor&tory proficiency test round-robin.
That data can be found in the Curkeet-Fergusomtetiiod variability paper. CV values
for both the intra-lab and inter-lab variability efe determined. See Appendix A for the
determination of CV values.

6. Provisions to Address Additional Test RtfhsAlthough not addressed expressly in the
preamble, the EPA NSPS proposal can be interptetedvision that the final rule will
include a provision to address additional test ithas is similar to the “outlier relief”

provision in the current NSPS, since provisiorshiandling additional test runs are included
in the test methods in the proposed flleCurrently, the results from all test runs must be
reported but only two-thirds of any test runs igiven burn rate category must be used for
determining compliance to the standards. The itspaicthis provision as applied to the
proposed new compliance algorithm can be modelethltirequires certain assumptions
about what EPA will allow. We have modeled two srérs to show the impacts. In the first
case, we modeled the situation where a fourthrtesteplaces the worst of the initial three
runs when the initial three run average exceedserfission limit. This means that 75%
(3/4) of the available data is used to determieeatverage. In the second case, two
additional test runs replace the worst of theahifiree runs and results in a four run average.
This means 80% (4/5) of available data is useceterchine the average. This is consistent
with the current NSPS concept where a suspecteti¢dunay be averaged with an
additional test run or can be replaced by two &mluhd test runs.

Procedure

The initial simulation generates a set 1000 PM simisvalues for each of the two screening test
runs and for each of the additional two worst ¢est runs. The values are randomly selected
from an effectively infinite population of possil#enission values that could occur within the
two-stage log-normal distributionith the specified mean and coefficients of vaoias. The

25 Op. Cit., Curkeet

2 EPA'’s provision to address additional test runcfampliance determination is not an “outlier” pigion in any
statistical sense. A high emission test value giianply be a result that can be anticipated to oeétir normally
(or log-normally) distributed data. When additibtest runs are conducted to average or replacghagimission
test result, manufacturers are simply hoping toagedissing result. However, the term “outlierlised here to
mean the situation when additional test run(s)carelucted to try to overcome a poor test run result

2" EPA Method 28WHH, Sect. 12.6; EPA M28WHH-PTS, S&2t6; ASTM E2780-10, Sect. 9.5.13.
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generated values are then evaluated per the sexiardescribed in Section 3 above.
Compliance Option A was the primary focus of thalgses since it relies on the average of the
three worst case emission runs which it is felt @B#\’s real intent in the proposal despite a
lack of specificity needed to be absolutely certain

Compliance Option B (where all three worst casertgss must be below the emission limit was
also considered. Since this option representssan more stringent requirement than the three-
run average option, modeling was limited to thadesl to confirm the trend.

For the extra test run (“outlier relief”) simulatiotwo additional test runs were added to the
simulation. The average of the values for Rur @&)d 4 the original group was then examined.
If the three run average for a particular group balew the applicable emission limit no further
action was taken. If the three run average forgmyp was above the applicable limit for any
group, the two “outlier” options were then employdd the first case, the emission value from
the first additional simulated test run was subtad for the highest of the three values in the
three run average group, a new three run averagealeulated and the results compared to the
applicable emission limit. In the second casefitseand second additional emission values
were substituted for the worst value of the thrgeaverage group a new four run average is
calculated and the results compared to the appicahission limit. A sample of the simulation
including inputs and results is provided in Appendi

There are several ways to illuminate the impligaiof the new compliance algorithm. One
option that was employed was to look at what tHaevaf the true mean emission performance
of a given model would have to be relative to theppsed emission limit in order that the
manufacturer would have a 95% confidence of medhiagemission limit when the model
undergoes for certification testing. The neededsion performance level can be expressed as
a percentage of the emission limit and thereforarbeersally applied to all product categories
and all emission limits even though the modelinigdsed on woodstoves. Individual examples
are also are also modeled based on the proposediemiimits for woodstoves.

As with all testing procedures, the various solidttheater emission test methods each have a
lower threshold below which there is no abilityrédiably discriminate differences between
emission test results. This is the case when thgdlues used result in predicted standard
deviations at low emission rates that are well Wwelwe test method discrimination threshold.
For example, we would be skeptical of the +0.3g§#imdard deviation predicted by using an
intra- or inter-lab CV value of 30% for a model wdan assumed true mean emission rate of 1.0
g/h at a given burn rate. There is simply no evidéeto support that this level of precision is
achievable under any circumstances. To the conttagre is significant evidence to dispute this
possible level of precision. Additional simulat®inave been conducted using the mean CVs
plus one standard deviation above the means. shioiws the impact of higher variability at low
emission rates. However, it is likely that eveis tidjustment to the CV values doesn’t avoid
conflict with the discrimination threshold for theethod since the resultant standard deviations
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are still lower than have ever been demonstratadlfleerefore, still results in under-estimations
of the risk of failing compliance with Step 2/@igsion limits based on the proposed algorithm.

It also must be noted that all of these valuedased on crib fuel testing, and EPA has
expressed an intention to require cordwood foingsll stick-fired product categories including
woodstoves for determining compliance with Stepetf8ssion limits. Although it is reasonable
to expect that laboratory testing with cordwoodhestest fuel will improve the correlation
between laboratory testing results and real-wogldgumance, there is simply no data to inform
the impacts on emission outcomes or test methadsioe of changing test fuel from cribs to
cordwood. Cordwood emission performance usingdstahzed test methods is generally
unknown for EPA certified stove models that haverbedesigned and tested using crib fuel for
the past 25 years. And efforts are still underveagreate a new cordwood test method for
woodstoves that better reflects homeowner userpaitso any cordwood data that currently
exists would be irrelevant relative to any finatdwood methods, in any event. Moreover,
cordwood test method precision can’t be determurgd any new test method is finalized and
even then, only with a properly designed and exatuotulti-sample, multi-lab test program. It

is reasonable to assume that the variability whenibg cordwood will not be better than when
burning cribs. It is therefore also a reasonabsimption that using the test method precision,
standard deviations about a mean emission value@efticients of variation determined using
available crib data provides what can only be abergid an absolute best case prediction of what
might be expected with cordwood test results withdnticipated new test method. Not whether
the risk of failure to achieve compliance is mastlly to increase with cordwood testing but by
how much the risk increases is the question. Ardsame or even greater concerns apply to
applying this analysis to predict the risks asgdedavith the proposed new compliance
algorithm for other appliance categories beyonddstaves (e.g., pellet stoves, hydronic
heaters, and warm air furnaces). The test mettowdeese categories are new or relatively new,
and no comprehensive evaluation of their preciki@sbeen performed or is even possible.
Beyond that, some of these methods involve additioreasurements beyond PM
measurements, which are likely to raise their oigniBcant precision issues (e.g., heat output
measurements in air plenums for warm air furnaces).

Results

Figures 14 and 15 present the probability of fgikime or more of the compliance criteria
(average of three worst case runs or an indivitesilrun exceeding the emission limit) for two
potential Step 2/3 passing grades, 2.5 and 1.3\y&.have looked at a range of true mean
emissions and have used the mean intra- and meGV/ values per Appendix A.

Fig. 14 shows the impacts of setting the emissiait kt 2.5 g/h. For a manufacturer to have a
95% chance of meeting the emission limit for bdtkhe first two screening runs, the true mean
emission value for the tested model must be un@r d/h in both the Category 1 and Category
4 burn rates. In other words the true mean must l&out half the emission limit. Since the
three-run average mitigates some of the variabgit95% chance of the three-run average
complying can be achieved if the true mean aveofgjee worst cast runs is about 1.5 g/h. To
look at this from a different perspective, a stowth true mean emissions of 1.9 g/h (~25%
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below the emission limit) in both burn rate catége®has almost a 30% chance of failing one of
the two screening runs. And even if the true mdahethree worst case runs is 1.9 g/h, the
model has more than a 15% chance of failing toeaehcompliance. Finally, the upper line in
this figure predicts the probability of at leaseaf the three worst case runs exceeding the
emission limit. This relates to possible outcom&PA imposes Option B where all test runs
must meet the emission requirement. This optioncaisly increases the risk of failure
significantly above Option A.
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Fig, 15 shows the impacts of setting the emissiait for woodstoves at 1.3 g/h. The tested
model would need to have true mean emission vafulesth test categories that are less than
50% of the emission limit in both test categoreptedict a 95% chance of passing both
screening runs. The true mean of the three wast cuns would have to be below 0.8 g/h to
have a 95% chance of the three run average mee8mg/h. A stove model with a true mean
emission value of 0.9 g/h(~30% below the emissionit)iin both burn rate categories would
have a 23% chance of failing one of the screening.r And, again the upper line in this figure

is predictive of the probability of one or moretbé worst case runs exceeding 1.3 g/h as part of
the Option B consideration.
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Probabilty of Failing a 1.3 g/h PM Emission Limit Using a Two-Stage Log-Normal
Monte Carlo Simulation with Intra-Lab CV = 29.0%, Inter-Lab CV = 30.4%
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Figs. 16 and 17 present the results when the C¥d msthe two-stage Monte Carlo simulations
are increased by one standard deviation.

Fig. 16 shows the impacts for an emission limi2 & g/h. To achieve a 95% probability of
passing the screening tests, the true mean emisg®m both burn rate categories must be
about 0.9 g/h. At the 1.2 g/h level, the riskafihg one of the two screening runs is above
11%.
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Probabilty of Failing a 2.5 g/h PM Emission Limit Using a Two-5tage Log-Normal
Monte Carlo Simulation with Intra-Lab CV = 40.0%, Inter-Lab CV = 49.8%
EPA Proposed Category 1/Category 4 Compliance Algorithm
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Fig. 17 shows the impacts for an emission limiL& g/h. To achieve a 95% probability of
passing the screening tests, the true mean emisg®m both burn rate categories must be
below 0.5 g/h. At the 0.9 g/h level, the risk aiflihg one of the two screening runs is about 27%
while the risk of the three run average failind 6.
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In order to show how the Monte Carlo method cangel to predict the probable outcomes for
other emission limits or even for other producegaties, Figs. 18 and 19 present the results in
terms of the true mean emission performance vaweercentage of the emission limit. Fig. 18
presents the results when the mean CV values ackaml Fig. 19 presents the results when the
CV values are set at the means plus one standeaiatide. If it is assumed that the variability

for the test methods for other appliance categasissnilar to that for woodstoves, the
probability of failure analyses can be applied ydronic heaters or warm air furnaces to show
the levels of true mean emission performance netdadhieve an acceptable probability of
meeting the applicable emission limits. Of coutke,variability of these other test methods has
never been determined so any conclusions drawn Ineusbnsidered in that light. It is, however,
not unreasonable to assume that the other metlwdstdave better precision values than
woodstove testing and therefore any conclusiongm@obably understate the risk by some
margin.
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Probability of Failing a Given PM Emission Limit Using a Two-5tage Log-Normal Monte Carlo
Simulation with Intra-Lab CV = 29.0%, Inter-Lab CV = 30.4%
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Probability of Failing a Given PM Emission Limit Using a Two-5tage Log-Normal Monte Carlo
Simulation with Intra-Lab CV = 40.0%, Inter-Lab CV 49.8%
EPA Proposed Category 1/Category 4 Compliance Algorithm
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Figs. 20 and 21 present an assessment of the plitbabfailure when the two additional test
run options (“outlier” relief) are applied. In thpart of the simulations, the highest value from
any failing worst case three run averages is repldy one or two addition values as previously
explained. Fig. 20 represents the results usiagrtban CV values. Fig. 21 represents the
results using the CV values set at the means plestandard deviation. The figures are
presented as true mean emission values expressgaeasentage of the emission limit as a way
of showing the trends of substituting one or twdiidnal test runs for the highest value in a
failing three run average regardless of the speeifiission limit.
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Impacts of Additional Test Runs on the Probability of the Worst Case Three Run Average
Falling a Given PM Emission Limit Using a Two-5tage Log-Normal Monte Carlo Simulation
with Intra-Lab CV = 29.0%, Inter-Lab CV =30.4%
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Impacts of Additional Test Runs on the Probability of the Worst Case Three Run Average
Failing a Given PM Emission Limit Using a Two-5tage Log-Normal Monte Carlo Simulation
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In all cases, the probability of failure is redueesing either of the additional run options. The
benefit in terms of the magnitude of the improvenhi®nreplacing the highest of the three runs

in the original average increases as the true ragassion rate increases relative to the emission
limit. However, the probability of failing the il three run average also increases as true mean
emission rate increases relative to the emissioit o there is a trade off in that may factor into
any decision to add extra test runs. Manufactusdi$rave to be keenly aware of possible
outcomes.

Fig. 20 can be used illustrate the impact. It shtdvat a stove model with a true worst cast
emission value that is at 70% of the emission l{@ig., ~1.8 g/h versus a 2.5 g/h emission limit)
will have an 11% probability of the initial threerr average exceeding the emission limit.
Replacing the highest emission run with one or &dditional test runs improves the probability
of failing to ~5% (95% chance of meeting the enwisdimit), which may indicate that

conducting the extra run is a reasonable choidewever, at true mean emission values above
70% of the emission limit, the improved probabilifypassing by conducting extra test runs may
result in a risk level that still is too high. Bhtould make running additional tests to overcome a
high emission test run an unattractive option adutaé cost of the additional testing and an
unacceptable risk of failing again.

Fig. 21 shows that the when higher test methodbdity is modeled, the benefit of additional
test runs diminishes at true mean emission vahegsare above 60% of the emission limit. And,
interestingly, as with Fig, 20, it can be seen timatducting the second additional test run
provides almost no additional improvement in thebability of passing.

Conclusions

The proposed new compliance algorithm where thesertins are conducted in the category with
the worst emission performance based on two irstiegéening test runs (one at the lowest firing
rate and the other at the highest) presents a chigsales if adopted.

With the current data weighting methodology, test results spanning the full operating range
of the stove are used to determine the averagesemss Further, the lower burn rate categories
receive most of the weighting based on the typpalrating patterns of stove users from in-
home studies conducted in the 1980’s.

An examination of test run data from currently proedd EPA certified models shows that most
models have emission performance profiles thahatdlat, with better performance most
frequently focused in the range of primary concetnedower burn rates. Sacrificing the
performance at the highest burn rates has oftem theenecessary trade-off that stove designers
have needed to insure the best performance aetalyrweighted low burn rates while still
meeting maximum heat output expectation from coresam

The certified stove data also shows the impacbahdoning the current weighting scheme and

looking at only the highest and lowest burn ratesathieving compliance. Of the 96 non-cat
models in the database, 22 have weighted averagsions< 2.5 g/h, but only 11 models have
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emission results 2.5 g/h in both the category 1 and category 4tal@éc models show a similar
trend. If an emission limit of 1.3 g/h is evalugtenly five models (including non-cat and
catalytic) have category 1 and category 4 emissabnes< 1.3 g/h. Not even pellet stoves are
immune from the impacts of the proposed compliaigerithm with only one model out of 21

in the database with both burn rate categatig#s3 g/h. And because the certified stove database
includes only one test run in each category, thgaicts of running two additional worst case test
runs cannot be evaluated at all with existing data.

The EPA Accredited Laboratory Proficiency Round Rdbst data provides the only available
data to evaluate test method precision and to mi@terthe average intra- and inter-laboratory
standard deviations. A rigorous analysis of tleadhows that the test method precision at the
typical 95% confidence level is at best + 3 g/h whesting is conducted in the same laboratory
and at best + 4.5 g/h when different labs tesstrae stove. The data also show an average
inter-lab standard deviation of + 1.9 g/h but taue is based on weighted average emissions
and not on individual test runs.

However, the proficiency round robin data alsowa#iaata in individual burn rate categories to
be evaluated for precision. The true standardadiewi when evaluating category 1 and category
4 test runs is estimated to be at least + 2.7 g/aintra-laboratory basis. And even a
gualitative examination of the Category 1 and Cartgd test data for the same test stoves tested
in the same lab and in different labs shows theewatiation of emission results that can be
anticipated when more than one run is conductédeasame air setting. Since there is a wide
range of emission values as part of the proficigesydata, coefficients of variation have also be
determined as a way of helping to normalize theatrdind inter-lab precision values. However,
the even the intra- and inter-lab CV values hawed® range, another indication that the test
methods are not very precise. And since this datsists exclusively of pairs of data points,
even it does not allow the impacts of conductingeltest runs in the same burn rate category to
be adequately evaluated.

This leads to the necessity of using the probgHildsed assessment commonly referred to as the
Monte Carlo analysis to fully understand the pagminpacts of the proposed compliance
methodology. The conclusions that can be drawm fitee first round of Monte Carlo

simulations are quite chilling.

To achieve a 95% confidence level that a stoveamithply with the proposed emission limits
using the proposed compliance algorithm, the treamemission performance for the stove
model in both Category 1 and Category 4 must hafgigntly below the emission limit. Stoves
with true means of PM emission performance thatakbelow (25% or more) the proposed
Step 2/3 emission limits have very high probalesitof failing, either for the three run average of
worst case performance and/or for the individuabrthemselves, when a realistic and
supportable coefficients of variation are use8ince the screening run that is not part of the
three run worst case average must also be at owlibe level of the standard, with no
allowance for test method precision, the probabditfailure is unacceptably high even if the
true mean emission performance for a given stopeogghes half the level of the proposed
standard. In the simplest terms, this would impoevel of risk of failure that would
effectively drive most manufacturers out of the kear And, predictions of failure are even
higher when using CV values that are only one stethdeviation above their means, a not
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unrealistic possibility considering the variabilitythe CV values determined from the EPA
proficiency test data.

The CV value approach in itself ignores the reditiyt all the test methods for all heater types
have a determination threshold, below which thenm@simply can’t reliably distinguish
differences in measured emission values. The QWaaeh that was employed assumes that the
average CV values apply to even the lowest emisgatures implicated by all the proposed
Step2/3 emission limits. For a 2.5 g/h emissiaonitlfor woodstove, the CV values used in the
Monte Carlo analyses result in calculated standexdation values less than = 1.25 g/h. For the
1.3 g/h emission limit, the calculated standardaténs are less than + 0.7. These values are
well below any demonstrated test method precissbimates and it is likely that they may ever
be achieved in practical or affordable way, iflat &his again emphasizes that use of CV values
and the resultant low predicted standard deviatarew emission rates for purposes of the
Monte Carlo analyses conducted for this reportusrg conservative approach to estimating the
probability of failure. The actual failure rat@ likely to be higher.

And test method precision has never been evaldatdg/dronic heaters or warm air furnaces
and no data exists that is adequate for makingetdeterminations. It must be assumed that the
variability that can be expected is on the samellas that for woodstoves and perhaps even
higher due to the added complexity of the test wdtHor these product categories.

Variability in wood heater emission testing resfitisany given appliance is most likely a
function of the random nature of burning wood, ratter how tightly you try to control the
process. Many relatively small, uncontrollablei@bles that are inherent in the wood
combustion process can combine to significantlga@fthe outcome of any given test. Thisis a
situation that can only be addressed by first ratgg that it exists and the by addressing the
random variability by setting standards that actdonthat inherent uncertainty.

The ideal case for a compliance algorithm is oa¢ tilas 100% probability of passing a stove
that actually complies and 100% chance failing thia¢ doesn't. Obviously, measurement
uncertainty and true product variability make thipossible. We are forced to live with test
methods that are not very precise and must takecmmsideration the impacts of that
imprecision when standards are set. EPA typicatg standards at a level that represents the
95% confidence interval or in other words at a l¢lat is intended to insure that 95% of
products that should comply with the standard ealinply.

Manufacturers most certainly want a 95% or betbefidence that truly compliant products will
pass, but regulators want a process that ass@&¥% ahance that non-compliant products will
fail. Both cannot be achieved when the precissopaor. The risks associated with both types
of error — acceptance of an unqualified productr@petction of a qualified one must be
considered. One can argue that the first erra tyf small consequence to the environment
since the appliance will still have to be far cleathan previously required. The second error
type can be financially devastating to a manufaetgiven the large investment involved and the
inability to make a return on that investment thétiled test represents. Most manufacturers
will conduct substantial R&D testing to satisfy tngelves that their designs will have a good
chance of passing before spending money on cettiific tests. It is quite unlikely that any
manufacturer would submit a product for a certtima test that they know is likely to fail and
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just hope to get lucky and pass. When a certificatiest subsequently fails, it is a real possipilit
that the certification test series was simply arpepresentation of the product’s true
performance due to test method variability.

There has to be a sharing of the risk presentatidotest method uncertainty and a balancing of
the impacts to the environment (relatively low)sues the financial impacts on the manufacturers
(relatively high).

A process that makes the determination of compdigamonarily a matter of random chance is of
no regulatory value and will impose unwarrantedd ds manufacturers as they attempt to certify
new products. Passing grades AND the complialymeithm must account for the precision of
the measurement and fueling methods.
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Appendix A

Determination of Coefficients of Variations Usedlw Monte Carlo Simulations

The EPA accredited laboratory proficiency roundundiest data was used as the basis for the
determination of coefficients of variation (CVsY iase in the Monte Carlo simulations used to
evaluate the impacts presented by the CategorytdgGey 4 compliance algorithm included in
the February 2014 EPA NSPS proposal. CV’s werd bseause of the large variation in
emission test results during the round robin tgsticluding variations from test stove to test
stove, laboratory to laboratory and year to ydaot our purposes, the CV values help normalize
the variability assessment.

The proficiency round robin test data is limitedmMoodstove testing but is the only data
available that allows conclusions to be reache aslid-fuel emission testing precision.

The proficiency test data has been previously aealyand overall weighted average intra-
laboratory and inter-laboratory test method precgstimated at the 95% confidence level using
the ASTM E691 protocol. Two of the test modelshie proficiency test data sets did not
included adequate data to allow the ASTM E691 amaly be performed. For the same
reasons, we have eliminated those data from tlerdetation of coefficients of variation (CVSs)
needed for the Monte Carlo simulations. But unttke overall test method variability study,

only Category 1 and Category 4 proficiency testiitesvere included in the CV determination.

It should be noted that for our purposes, the tétaveg burn rate” and “high burn rate” are used
interchangeably with Category 1 and Category 4aetbely.

Data from proficiency test models Catalyic-1, Natatytic-1 and Non-catalytic-3 are used.
Suspect data has been eliminated from the datasets.

The data are presented in Tables Al through AZrds one table for each test stove. The
CV'’s for each test lab are first determined by diivg the individual laboratory standard
deviation by the corresponding mean emission @telf test runs on the given stove model.
The average intra-lab CV is then determined byaieg the individual lab CVs. The inter-lab
mean emission rate is next determined by averagmghean emission rates from each of the
test labs. The inter-lab standard deviation abimattmean is then determined. The inter-lab CV
is determined by dividing the inter-lab standardidon by the inter-lab mean emission rate.
This process was conducted separately for botC#tegory 1 and Category 4 data and for each
of the three test stoves. The high and low loate CV where then determined. The results are
presented in Table A4.
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Table Al: EPA Proficiency Round Robin Test Stove “Catalytic-1” Data and CV Determination

Table A2: EPA Proficiency Round Robin Test Stove “Non-Catalytic-1” Data and CV Determination
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High Burn Rate PM Data - th High Burn Rate Low Burn Rate PM Data - th Low Burn Rate
Mean
Catalytic-1 Year Year PM Stdev cv Year Year Mean PM| Stdev cv
Lab 1987 1988 1987 1988
A 4.250 4.250 4.250 0.000 0.000| 1.180 1.090 1.135 0.064 0.056]
B 28,110 11.130 5.130 7.580 7.947 3.017| 0.380 2.830 4.070 0.990 1,520 2.353 1.382 0.587
C 3.630 2.790 2.390 3.450 3.065 0.577| 0.188| 3.160 1.270 0.740 1.230 1.600 1.068 0.667
D 5.500 6.680 1.710 5.060 4.738 2,131 0.450 5.600 3.400 1.470 0.930 2.850 2.118 0.743
E 6.300 8.150 4.660 2.960 5.518 2.222 0.403| 1.500 2.000 1.340 1.400 1.560 0.301 0.193]
El 5.500 8.900 7.200 2.404 0.334' 1.500 1.200 1.350 0.212 0.157
F 10.300 3.200 6.750 5.020 0.?&4! 2.000 1.400 1.700 0.424 0.250
G 8.290] 2910 s.600] 3.804] o0.679] 19.4%0| 1360
H 8.080 19.018 3.660 4.080 5.273 2.440 0.453l 7.213 2.386 2.850 9.320 5.452 3.368 0.618]
I 5.250 5.380 5.315 0.092 0.017 1.470 1.540 1.505 0.049 0.033'
J 2.355
Intra-Lab CV
Ave. Intra- Lab CV
Averages
Inter-Lab CV
Ave. Inter- Lab CV
Indicates suspected outliers excluded from analyses
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Mean Mean
High BR High BR Low BR Low BR
Non- Catalytic-1 Year PM-g/h | Stdev Ccv Year PM-g/h | Stdev cv
Lab 1989 1989
C 6.600 9.850 8.225 2.298 0.279 20.100 18.000 19.050 1.485 0.078]
E 9.850 9.100 9.475 0.530 0.056 21.000 17.250 19.125 2.652 0.139'
El 7.550 7.460 7.505 0.064 0.008] 22.180| 18.070f 20.125 2.906 0.144]
H 6.830 6.800 6.815 0.021 0.003 22.050 18.390 20.220 2.588 D.12§|
J 8.280 8.540 8.410 0.184 0.022] 21.080[ 14.410( 17.745 4.716 0.266
11 14.020 4.930 23.310( 18.380] 20.845 3.486 0.167|
K ; § 19.216
Intra-Lab CV
Ave. Intra- Lab CV
| Averages 7.820 1.107
Inter-Lab CV 0.142
Ave. Inter- Lab CV
||ndicates suspected outliers excluded from analyses

Table A3.1: EPA Proficiency Round Robin Test Stove “Non-Catalytic-1” High Burn Rate Data and CV Determination

High Burn Rate PM Data - g/h High Burn Rate
Mean
Non-Catalytic-3 Year Year Year Year Year Year PM Stdev Ccv
Lab 1993 1995 1996 1997 1999 2000
L 13.020 8.200 10.610 3.408 0.321
K 9.310 5.120 7.215 2.963 0.411
D 28.470 11.890 20.180 11.724 0.581
E 11.260 14.440 5.270 17.970 11.400 11.060 11.900 4.210 0.354]
M 19.820 14.420 17.120 3.818 0.223
N 4.020 11.270 3.010 6.660 9.260 15.950 8.368 4.855 0.580|
1.864

Intra-Lab CV
Ave. Intra- Lab CV

Inter-Lab CV
Indicates suspected outliers excluded from analyses
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Table A3.2: EPA Proficiency Round Robin Test Stove “Non-Catalytic-1” Low Burn Rate Data and Average CV Determination

Low Burn Rate PM Data - g/h Low Burn Rate
Mean
Non-Catalytic-3 Year Year Year Year Year Year PM Stdev Ccv
Lab 1993 1995 1996 1597 1999 2000
L 10.980 6.300 8.640 3.309 0.383]
K 7.130] 7790 7.460]  0.467]  0.063]
D
E
M
N
0

Intra-Lab CV
Ave. Intra- Lab CV

Inter-Lab CV
Ave. Inter- Lab CV
Indicates suspected outliers excluded from analyses
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Average values for intra-lab and inter-lab CVs vehitren determined using the results from the
three test stoves. Because of the large rang&/af &ross the test stove models and between
low burn rate and high burn rate emission resthies standard deviations for both the average
intra- and inter-labs CV's were also determinedhe Monte Carlo simulations were conducted
using the average CV’s and the average CV’s plesstendard deviation. The results of are
presented in Table A4.
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Table A4: Coefficients of Variation Used for Mor@arlo Simulations

Average CV
Stove Category Mean Emission Rate Intra-Lab Inter-Lab
Catalytic-1 HIEh BR 5.593 0.354 0272
Low BR 2.186 0.353 0.579
High BR T.82 0.132 0.142
Mon- Catalytic-1 £
Low BR 19.475 0.171 0.052
High BR 11.541 0.297 0.451
Mon-Catalytic-3 g
Low BR 5.082 0.331 0.326
Averages 0290 0303
standard Deviations 0.110 0.194
Average + 150 0,400 0,498
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Sample of Two-Stage Monte Carlo Simulation with Log-normal Distribution
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E o
]
2 8
& ‘5 |Criteria |Description
Emission Limit 2.5|v:- 14.8% 1 Run 1is over
True Mean 1.B|-— 14.6% 2 Run 2 is over
Interiaboratory CV 30.4%)< 23.4%) 3 Run 1or Run 2 is over
Interlaboratory Std 0.21] 13.1% 4 3-Run Average is over
Mean (In{x})} -0.401] 6.5% 5 Run 1 and 3-Run Average is over
Std (Inix)) 0.297, 30.7% [ One of the Runs in the 3-Run Average is over
Intr ¥ CV 29.0%} 6.7% 7 Highest value in failing 3-run average replaced by one additional run
ratory Std u_:u| 7.4% 8 Highest value in failing 3-run average replaced by two additional runs
Notes: 1. Input Values in Yellow Cells . In criteria sections in the results chart, 0 indicates emission limit met, 1 indicates emission limit exceeded.
Data Replacement
= = ' 0 = g T w T o
& i3 - m 3 “lrnlm|=e|n]w 2 2~ 2 2lw
HEAEN A AR R R R A A HHHE AR
E| 2 |[SE=(82|5%| 5 5 5 s |2s| B85 |2|£12|l2|2|l2]l 5| 5 |eeglz|less s
2 5 = - & & & & 2|~ Jolo]lolG]S]O £ g leT EloleT ElO
1] 2179 0.632] 0.739] 0.284] 2700 1750 3.354] 3845 2983 385 1|0 1] 1]1]1 2.790] 1484 2631 1 2345 0
2 1.242] 0360 0.176] 0.284] 0.683) 1.511 1.178] 1.194 1.2594 1511 oy 0| O ojojo 1.306] 1.148] 0.000f O 0.0000 0
3 2.370] 0.687| 0.823] 0.284] 2.060] 3.250] 3.226| 2722 3.066) 3.250| 0 1 1 ijlo|1 2.085] 2.294) 2678 1 2582 1
4 0.889] 0.258 -0.158 0.284 0.781 1.022 1.544| 0.692] 1.086| 1.544] 0 o o o o o 1.017] 0.740] 0.000 @ 0.000{ 0
5 1.470] 0.4261 0.345] 0.284] 0.950, 1.345 1.533] 1.270 1.383 1533l 0| 0| O ojojo 1.857] 0.580] 0.000f O 0.000f 0
6| 1.367] 0.3596{ 0.272 0.284 1.143) 1.754) 1.987| 1.018 1.587] 1.987| 0 L] o o i} o 0.958) 1.114 0.000{ O 0.000| 0
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Ferguson, Andors & Company

Consultants in Product Development and Regulatory Compliance

Name: Robert W. Ferguson
Total Yearsin theHearth Products Industry: 33

Companies and Dates of Affiliation:
Vermont Castings 1980-1990
Ferguson, Andors & Company 1991 - Present

Positions Held and Description of Responsibilities:
Vermont Castings
» Director of Research and Development
0 Responsible for all aspects of product developnmotjuct performance and
product safety.
Ferguson, Andors & Company
* President
o Founded Ferguson, Andors & Company in 1991, ofteariull range of product
development consulting and regulatory complianceices focused on the
hearth, patio and barbecue industry. Clientaumhelboth small and large
companies from around the world. Products develapeude solid fuel and gas-
burning appliances.
o Providing HPBA with technical consulting services the NSPS review/revision
process that is now in the proposal stage at EPA.

Significant Accomplishments (include US Patentsif applicable):
» Co-inventor for a number of patents related toltbarth product performance and
combustion technology.

Trade and Professional Group Affiliations and Positions Held:
* Wood Heating Alliance (HPA/HPBA) Board of Directors
Hearth Education Foundation Board of Directors/$uear
WHA/HPA Government Affairs Committee Chair
Represented the manufacturers’ interests duringRégailatory
Negotiations (RegNeg) that resulted in the cure#n& New Source
Performance Standards for Wood Heaters.
ASTM Member, Task Group and Working Group Chairs
o Chaired or acted as facilitator during the develeptof the ASTM solid fuel
particulate measurement, fireplace PM emissiongdweater PM emissions,
pellet heater PM emissions and partial thermabgg@hydronic heater PM
emissions test methods.
CSA B365 and B415.1 Technical Committee Member.

Other Relevant Information:
* BS Chemical Engineering, Clarkson University, 1972
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Richard Reiss, Sc.D.
Principal Scientist

Professional Profile

Dr. Richard Reiss is a Principal Scientist in Exponent’s Health Sciences Center for Chemical
Regulation and Food Safety. He is an environmental health scientist with expertise in risk
assessment, exposure assessment, environmental chemistry and fate, mathematical modeling,
and applied statistics. He provides consulting services related to scientific issues associated
with numerous environmental statutes, and has expertise in both air quality and chemical risk
assessment. He has conducted risk assessments, data analyses, probabilistic exposure modeling
and environmental exposure modeling for environmental agents, such as pesticides, industrial
chemicals, consumer product chemicals, and asbestos. He has conducted risk assessments for
new and existing products.

Dr. Reiss is very active in the application and development of quantitative methods in risk
assessment. He is the developer of the Probabilistic Exposure and Risk assessment model for
FUMigants (PERFUM), which is an air dispersion model designed to evaluate bystander
inhalation exposure following fumigant applications. PERFUM was favorably evaluated by a
multidisciplinary expert panel assembled by Environmental Protection Agency (EPA), and is
being used by EPA to evaluate the registration of new fumigant active ingredients and the re-
registration of existing fumigant products. Generally, he has used a variety of mathematical
models in conducting occupational and ecological risk assessments for pesticides and industrial
chemicals; and performed statistical analyses, including dose-response modeling to evaluate
chemical toxicity.

Dr. Reiss is actively involved in several scientific societies and he is the Past-President of the
Society for Risk Analysis, the leading scientific society devoted to the field of risk assessment.
Dr. Reiss was the Managing Editor of Risk Analysis: An International Journal, the leading
scholarly journal for risk analysis, from 2001 through mid—2008. He was the winner of the
2001 Chauncey Starr award from the Society for Risk Analysis. This award recognizes a risk
analyst less than 40 years of age that has made major contributions to the field of risk analysis.
Dr. Reiss was also a councilor in the Society for Risk Analysis (term 2005-2008). In 2010, he
was elected a Fellow of the Society for Risk Analysis.

Academic Credentials and Professional Honors
Sc.D., Environmental Health, Harvard University, School of Public Health, 1994

M.S., Environmental Engineering, Northwestern University, 1991
B.S., Chemical Engineering, University of California, Santa Barbara, 1989
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Chauncey Starr Award from the Society for Risk Analysis, 2001, recognizing a scientist under
40 years of age who has made significant contributions to risk analysis; Outstanding Service
Award, Society for Risk Analysis, 2009; Leslie Silverman Scholarship, Harvard University,
1991; Walter P. Murphy University Fellowship, Northwestern University, 1989-1990

Publications

Reiss R, Johnston J, Tucker K, DeSesso JM, Keen CL. Estimation of cancer risks and benefits
associated with a potential increased consumption of fruits and vegetables. Food Chem Toxicol
2012; 50:4421-4427.

Reiss R, Neal B, Lamb JC, Juberg DR. Acetylcholinesterase dose-response modeling for
chlorpyrifos and chlorpyrifos-oxon. Regul Toxicol Pharm 2012; 63:124-131.

Bogen R, Reiss R. Generalized Haber’s law with exponential decline, with application to
riparian-aquatic pesticide ecotoxicity. Risk Anal 2012; 32:250-258.

Cantor R, Lyman M, Reiss R. Asbestos claims and litigation. The John Liner Review 2009;
23:28-38.

Reiss R, Lewis G, Griffin J. An ecological risk assessment for triclosan in the terrestrial
environment. Environ Toxicol Chem 2009, 21:2483-2492.

Levy J, Reiss R. The importance of modeling in exposure and risk assessments. Environmental
Manager 2008; 14-17, June.

Reiss R, Anderson EL, Cross CE, Hidy G, Hoel D, McClellan R, Moolgavkar S. Evidence of
health impacts of sulfate and nitrate containing particles in ambient air. Inhalat Toxicol 2007;
19:419-449.

Reiss R. Temporal trends and weekend—weekday differences for benzene and 1,3-butadiene in
Houston, Texas. Atmos Environ 2006; 40:4711-4724.

Reiss R, Griffin J. A probabilistic model for acute bystander exposure and risk assessment for
soil fumigants. Atmos Environ 2006; 40:3548-3560.

Reiss R, Schoenig GP, Wright, GA. Development of factors for estimating swimmer exposures
to chemicals in swimming pools. Hum Ecol Risk Assess 2006; 12:139-156.

Reiss R, Gaylor D. Use of benchmark dose and meta-analysis to determine the most sensitive
endpoint for risk assessment for dimethoate. Regul Toxicol Pharmacol 2005; 43:55-56.

Reiss R, Anderson EL, Lape J. A framework and case study for exposure assessment in the
Voluntary Children’s Chemical Evaluation Program. Risk Anal 2003; 23:1069-1084.

Richard Reiss, Sc.D.
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Reiss R, MacKay N, Habig C, Griffin, J. An ecological risk assessment for triclosan in lotic
systems following discharge from wastewater treatment plants in the U.S. Environ Toxicol
Chem 2002; 21:2483-2492.

Wilkinson CF, Christoph GR, Julien E, Kelley JM, Kronenberg J, McCarthy J, Reiss R.
Assessing the risks of exposures to multiple chemicals with a common mechanism of toxicity:
How to cumulate? Regul Toxicol Pharmacol 2000; 31:30-43.

Allen G, Sioutas C, Koutrakis P, Reiss R, Lurmann FW, Roberts PT, Burton RM. Evaluation of
the TEOM method for measurement of ambient particulate mass in urban areas. J Air Waste
Manage Assoc 1997; 47:682—689.

Reiss R, Ryan PB, Koutrakis P, Tibbetts S. Ozone reactive chemistry on interior latex paint.
Environ Sci Technol 1995; 29:1906-1912.

Reiss R, Ryan PB, Tibbetts S, Koutrakis P. Measurement of organic acids, aldehydes, and
ketones in residential environments and their relation to ozone. J Air Waste Manage Assoc
1995; 45:811-822.

Reiss R, Ryan PB, Koutrakis P. Modeling ozone deposition onto indoor residential surfaces,
Environ Sci Technol 1994; 28:504-513.

Selected Presentations and Conference Proceedings
Reiss R. Estimation of cancer risks and benefits associated with a potential increased
consumption of fruits and vegetables. Invited presentation at the U.S. Department of

Agriculture, Washington, DC, 2012.

Reiss R. Measuring risk exposure when using global supplier. Society for Risk Analysis World
Congress, Sydney, Australia, 2012.

Reiss R, Johnston J, DeSesso J, Tucker K. Pesticide residues on food: A mountain or a
molehill. Society for Risk Analysis, Charleston, SC, 2011.

Reiss R, Bogen K. Modeling risk to aquatic species subject to realistic, dynamic exposures
using a generalized form of Haber’s law. American Chemical Society, Denver, CO, 2011.

Ma Q, Reiss R, Habig C. Applying the joint probability distribution analysis for Pacific
Northwest salmonid risk assessment. American Chemical Society, Denver, CO, 2011.

Li A, Reiss R, Lowe K, Mclntosh L, Mink P. Framework for integration of human and animal
data for risk assessment. Society of Toxicology, Washington, DC, 2011.

Reiss R. Atmospheric modeling of fumigants. Workshop on methyl bromide alternatives,
Kansas State University, Manhattan, KS, May, 2010.

Richard Reiss, Sc.D.
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Reiss R. Health risk assessment for fumigants. Keynote address to the annual meeting of the
Australia-New Zealand Chapter of the Society for Risk Analysis, Sydney, Australia, September
2010.

Reiss R. Evaluation of water contamination from consumer product uses. Invited presentation
to the National Capitol Area Chapter of the Society for Toxicology, Washington, DC, April,
2010.

Reiss R. The evolution of health risk assessment in the United States. Keynote address to the
first annual Society for Risk Analysis meeting of the Taiwan SRA chapter, Taichung, Taiwan,
January, 2010.

Reiss R. Risk analysis: The evolution of a science. Invited presentation to the Joint IRAC-
SRA-CBER-JIFSAN Symposium on New Tools, Methods and Approaches for Risk
Assessment, Baltimore, MD, December, 2009.

Reiss R. Exposure analysis: Pathways to refining regulatory risk assessments. Midwest States
Risk Assessment Symposium, Indianapolis, IN, November 2009.

Williams P, Reiss R. Modeling the variability in consumer product use patterns. International
Society for Exposure Analysis annual meeting, Minneapolis, MN, November 2009.

Cramer S, Poletika N, Everich R, Schocken M, Habig C, Reiss R. Framework for estimating
exposure to ESA-listed salmon to pesticides. American Chemical Society semiannual meeting,
Washington, DC, August 2009.

Reiss R, Edwards M. Analysis of cholinesterase variability in animals and implications for risk
assessment. Society for Risk Analysis Annual Meeting, Boston, MA, December 2008.

Reiss R, Lewis G, Griffin J, Inauen J, Navarro L. Terrestrial risk assessment for triclosan.
Poster presentation, Pacific Northwest Organic Residuals Symposium, Davis, CA, October
2008.

Reiss R, Chan R. Estimation of emission rates for building fumigations. Methyl Bromide
Alternative Outreach conference, San Diego, CA, October 2007.

Reiss R, Chan R. Impact of estimation methods and tarping methods on flux rates. Methyl
Bromide Alternative Outreach conference, San Diego, CA, October 2007.

Reiss R, Anderson E, Turnham P. Exposure and risk assessment for residents and contractors
associated with vermiculite attic insulation. International Society for Exposure Analysis.
Durham, North Carolina, October 2007.

Reiss R. A critical evaluation of the National Ambient Air Toxics Assessment (NATA)
program for benzene. Society for Risk Analysis Annual Meeting, Baltimore, MD, December
2006.

Richard Reiss, Sc.D.
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Reiss R, Inauen J, Hoffman-Kamensky M, Capdevielle M. Terrestrial risk assessment for
triclosan. Society of Environmental Toxicology and Chemistry Meeting, Montreal, Canada,
November 2006.

Reiss R. Near-field air quality impacts from fumigant applications. American Chemical
Society Meeting, San Francisco, CA, September 2006.

Reiss R. A probabilistic model for estimating bystander inhalation risks following fumigant
applications. American Chemical Society Meeting, San Francisco, CA, September 2006.

Reiss R, Gaylor D. Statistical evaluation to determine the most appropriate endpoint for
dimethoate risk assessment. Society for Risk Analysis Annual Meeting, Orlando, FL,
December 2005.

Reiss R. Bystander risk assessment for fumigant: an evaluation of current regulatory activity.
Society for Risk Analysis Annual Meeting, Orlando, FL, December 2005.

Gibb HJ, Kozlov K, Centeno J, Kolker A, Conko K, Reiss R. Potential health risks from long
term mercury exposure in Gorlovka, Ukraine. Society for Risk Analysis Annual Meeting,
Orlando, FL, December 2005.

Reiss R. Development of risk-based buffer zones for a fumigant application. Society for Risk
Analysis Annual Meeting, Palm Springs, CA, December 2004.

Reiss R. Estimating fumigant buffer zones by air dispersion modeling. Methyl Bromide
Alternatives Outreach Conference, Orlando, FL, October 2004.

Reiss R. Air exposure following a fumigant application. International Society of Exposure
Analysis Meeting, Philadelphia, PA, October 2004.

Reiss R. Analysis of benzene and 1,3-butadiene emissions in the Houston Ship Channel.
Presented at API/EPA Conference on Emissions Uncertainties, Houston, TX, 2003.

Reiss R, Anderson EL. A framework and case study for the VVoluntary Children’s Chemical
Evaluation Program. Presented at the Society for Risk Analysis Annual Meeting, New Orleans,
December 2002.

Reiss R. Emerging issues in environmental health for children. Invited lecture given at the Air
and Waste Management Association meeting in Baltimore, MD, June 2002.

Reiss R, Griffin, J. A critical review of the National Emissions Inventory for Air Toxics.
Presented at the Coordinating Research Council conference on Air Toxics Modeling, Houston,
TX, February 2002.

Richard Reiss, Sc.D.
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Reiss R, MacKay N, Habig C, Griffin J. A probabilistic ecological risk assessment for
Triclosan in lotic systems following discharge from wastewater treatment systems. Presented at
the Society of Environmental Toxicology and Chemistry meeting, Baltimore, MD, November
2001.

Reiss R. A review of the National Air Toxics Assessment. Presented at the Mid-Atlantic
Section Meeting of the Air and Waste Management Association, Baltimore, MD, December 11,
2000.

Reiss R, Wilkinson CW. Exposure to chemicals with same mechanism of action: How to add
the risk? Presented at the Annual Meeting of the American College of Toxicology, McLean,
VA, November 9, 1999.

Lurmann FW, Reiss R. Analysis of the first three years of PM2.5 data collected in the Southern
California Children's Health Study. Presented at PM2.5 A Fine Particle Standard, Long Beach,
CA, sponsored by A&WMA, U.S. Environmental Protection Agency, and the U.S. Department
of Energy, January 28-30, 1998.

Reiss R, Chinkin L. Ozone exceedance data analysis: representativeness of the 1995 summer
ozone season in the Northeast. Paper presented at the 1st NARSTO Northeast Data Analysis
Symposium and Workshop, Norfolk, VA, December 10-12, 1996.

Coe D, Chinkin L, Reiss R, DiSogra C, Hammerstrom K. An emission inventory of agricultural
internal combustion engines for California's San Joaquin Valley. Paper presented at the Air &
Waste Management Association Emission Inventory: Key to Planning, Permits, Compliance &
Reporting Conference, New Orleans, LA, September 4-6, 1996.

Main HH, Roberts PT, Korc ME, Coe DS, Dye TS, Lindsey CG, Reiss R. Analysis of PAMS
and NARSTO-Northeast data—Supporting evaluation and design of ozone control strategies: A
workshop. Presented at U.S. Environmental Protection Agency, Research Triangle Park, NC by
Sonoma Technology, Inc., Santa Rosa, CA, December 11-12, 1995.

Chinkin LR, Ryan PA, Reiss R. A critical evaluation of biogenic emission systems for
photochemical grid modeling in California. Paper presented at the Air & Waste Management
Association and U.S. Environmental Protection Agency Emissions Inventory Conference,
Research Triangle Park, NC, October 11-13, 1995.

Main HH, Roberts PT, Lurmann FW, Wright DB, Reiss R, Hering SV. Measurement of acid
gases and PM2.5 in 12 Southern California communities for use in an epidemiologic study.
Paper presented at the Air & Waste Management Association and U.S. Environmental
Protection Agency Conference on Measurement of Toxic and Related Air Pollutants, Research
Triangle Park, NC, May 16-18, 1995.

Reiss R, Lurmann FW, Roberts PT, Schoell BM, Geyh AS, Koutrakis P. A pilot personal ozone
study in Southern California for validation of a microenvironmental model. Paper presented at
the Air & Waste Management Association and U.S. Environmental Protection Agency

Richard Reiss, Sc.D.
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Conference on Measurement of Toxic and Related Air Pollutants, Research Triangle Park, NC,
May 16-18, 1995.

Allen G, Koutrakis P, Reiss R, Lurmann F, Roberts PT, Burton R, Wilson W. Evaluation of the
TEOM method for measurement of ambient particle mass in urban areas. In: Transactions of
the Air & Waste Management Association Conference on Particle Matter: Health and
Regulatory Issues, Pittsburgh, PA. Air & Waste Management Association, Pittsburgh, PA,
April 4-6, 1995.

Reiss R, Ryan PB, Tibbetts S, Koutrakis P. Ozone reactive chemistry in residential
environments. Presented at Air & Waste Management Association Conference, Measurement
of Toxic and Related Air Pollutants, Durham, NC, May 1994.

Reiss R, Ryan PB, Koutrakis P, Bamford S. Modeling ozone deposition onto indoor surfaces.
Presented at an Air & Waste Management Association Conference, Measurement of Toxic and
Related Air Pollutants, Durham, NC, May 1993.

Book Chapters

Ma Q, Reiss R, Habig C, Whatling P. Use of the joint probability distribution analysis for
assessment of the potential risks of dimethoate to aquatic endangered species. Chapter 12, pp.
171-181. In: Pesticide Regulation and the Endangered Species Act. ACS Symposium Series,
Vol. 1111, American Chemical Society, 2012.

Reiss R. Use of simple stream modeling methods to assess the potential risks of malathion to
salmonids. Chapter 11, pp. 159-169. In: Pesticide Regulation and the Endangered Species
Act. ACS Symposium Series, Vol. 1111, American Chemical Society, 2012.

Cantor R, Lyman M, Reiss R. Asbestos claims and litigation. In: Product Liability, 2011.

Reiss R. Ozone reactive chemistry on interior surfaces of buildings. In: Encyclopedia of
Environmental Analysis and Remediation, 1998.

Prior Experience

Vice President, Sciences International, 2000-2006

Senior Scientist, Quantitative Risk Assessment Expert, Jellinek, Schwartz & Connolly, Inc.,
1998-2000

Senior Air Quality Analyst, Sonoma Technology, Inc., 1994-1998

Engineer, Environmental Solutions, Inc., 1990-1991

Richard Reiss, Sc.D.
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Editorships

Managing Editor, Risk Analysis: An International Journal, 2000-2008
Editorial Board, Risk Analysis: An International Journal, 2008—Present

Advisory Panels

Air Quality Public Advisory Panel (AQPAC) for the Metropolitan Washington Council

of Governments, Appointment for 2009-2011

Peer Reviewer

Risk Analysis: An International Journal

Atmospheric Environment

Environmental Science & Technology

Journal of the Air & Waste Management Association
Journal of Environmental Quality

Regulatory Toxicology and Pharmacology
Ecotoxicology and Environmental Safety

Integrated Environmental Assessment and Management
American Journal of Epidemiology

Neurotoxicity Research

Richard Reiss, Sc.D.
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