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07 ALLIANCE

1101 CONNECTICUT AVENUE, N.W. SUITE 700, WASHINGTON, D.C. 20036—202/857-1181 —TELEFAX: 202/223-4579

February 12, 1991

Emission Factor and Methodologies Section (MD-14)
US EPA
Research Triangle Park, NC 27711

Gentlemen:

In response to your invitation to provide data for
consideration in the revision of AP-42, the Wood Heating Alliance
is submitting a copy of the report of the in-situ testing done in
Klamath Falls, Oregon on 1990 EPA-certified woodstoves.

We hope that this data. and any supplemental information. that
you might request from the Omni Environmental Services, the
project contractor, could be used in the revision of section 1.10 J
of the document. Ne——

One additional source of data that should be included is the
demonstration project conducted on the airshed of Crested Butte,
Colorado. Since EPA Region 9 (Jack Hidinger) was involved in the
management of this project, I assume that you will get all
necessary input from them.

Should there be any questions on the materials that are
enclosed, please feel free to contact us./f7

Satterfie
Technikcal Directo
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IN
KLAMATH FALLS. OREGON

EXECUTIVE SUMMARY
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The Wood Heating Alliance (WHA) sponsored a field study of
woodstove emission performance in six homes in Klamath Falls,
Oregon. The primary objective of the study was to determine the
field performance of both "conventional" and "advanced tech-
nology" woodstoves. Early field studies indicated that "advanced
technology"” woodstoves were not performing to expectations. But
some previous field studies are limited in application due to the
use of outmoded appliance and installation technology, and
testing conducted in colder than average climates. Data on
particulate emissions of conventional stoves were also limited.

The woodstoves used in this study are considered represen-
tative of the advanced technology units available today. and all
were certified to the Environmental Protection Agency’s (EPA)
most stringent Phase II (1990) emission standards. Today,
"advanced technology" applies to the incorporation of design
factors such as secondary air systems, balanced air intake and
mixing systems, insulated baffles, and catalytic combustion
systems. The term also refers to the treatment of the appliance
as only one part of a four-part heating system that includes not
only the stove, but a correctly sized and installed flue, fuel of
correct length and moisture content, and knowledgeable operators.

In-situ emissions sampling was conducted by OMNI Environ-
mental Services on three conventional and six advanced technology
woodstoves (three catalytic and three non-catalytic). One week
of sampling was conducted on the conventional stoves and two
sampling periods of one week each were conducted on the advanced-
technology stoves. Data collection included particulate
emissions, burn rate, and fuel moisture and type. It was beyond
the scope of this project to determine average flue and combustor
temperatures, fuel loading frequency and density, or appliance
durability.

Particulate emissions for the conventional stoves averaged
42.8 grams/hour (g/hr). Catalytic stoves averaged 6.4 g/hr, non-
catalytics emitted an average of 5.0 g/hr. The average emissions
for all the advanced technology stoves were 5.8 g/hr (difference
is due to rounding). The EPA emission factors for conventional,
catalytic, and non-catalytic stoves are 21.3, 6.2, and 9.4 g/hr,
respectively. The advanced technology units in Klamath Falls
exhibited the best overall performance of any field testing to
date. The high emission rates measured in conventional units
indicate that woodstove control strategies that remove incentives
to upgrade existing conventional systems are potentially self-
defeating.
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INTRODUCTION

This document presents results from a field study of
woodstove emission performance in six homes in Klamath Falls,
Oregon. The study was sponsored by the Wood Heating Alliance
(WHA), a not-for-profit national trade association representing
the hearth-related products industry, including woodstoves,
fireplaces, pellet stoves, hearth furnishings, and other related
products. The WHA Stove Technical Committee identified the need
for a field performance study using only woodstove models which
were considered representative of the newest generation of
products certified to meet the Environmental Protection Agency's
(EPA) most stringent emission standards.

Appliances which burn solid fuel (woodstoves, pellet stoves,
and some fireplaces) are regulated by the EPA and numerous state
and local agencies. Appliances are tested at accredited
laboratories and required to pass strict particulate emission
standards. Recent field performance studies (1, 2) have
indicated that some "advanced technology" appliances are not able
to duplicate lab values in the field. Some of these field
studies were limited to early appliances that are being phased
out this year as "“Phase I1" of the EPA emission standards takes

effect. The Klamath Falls performance study was limited to
stoves that were representative of the most advanced appliances
available. '

Both "conventional" and "advanced technology" woodstoves
were tested. In-situ testing and data reduction were conducted
by OMNI Environmental Services of Beaverton, Oregon, using the
OMNI Data LOG’r(TM) and Automated Woodstove Emission Sampling
(AWES) systems. Elements Unlimited was retained by the WHA to
prepare this report on the results of the field testing conducted
during January and February, 1990.

Project Objectives

The primary objective of the Klamath Falls project was to
determine the emission performance of catalytic and non-catalytic
stoves that had been certified to the EPA "Phase II" (1890)
emission standards. This project is the first field study that
limited the definition of "advanced technology" woodstoves to
include only EPA 1990-certified models. Previous in-home field
studies were usually confined to non-certified, EPA 1988-
certified, or early Oregon-certified models.

ﬁ Elements Unlimited . PAGE 1
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The second objective of this study was to determine the
emission performance of conventional, "traditional technology"
woodstoves. Most of the data concerning conventional woodstoves
were from testing conducted in the Northeastern U.S. and the city
of Whitehorse (Yukon Territory, Canada) from 1985 to 1988 (1).
The WHA desired to collect additional data that would reflect
conventional stove performance in a more representative (milder)
climate, since burn rates are known to affect emissions levels.
Klamath Falls was selected as the testing site not only because
it had the desired climate, but because the city often
experiences episodes of air quality degradation due to woodsmoke
trapped in the airshed.

The discrepancies between laboratory and field performance
have raised the issue of durability of stove components,
especially catalytic combustors. A recently released study (2)
identifies stove component and combustor durability as
significant factors in field performance degradation over the
sample period. It was beyond the scope of this project to
determine stove or combustor durability of the tested models.

Differences between lab and field performance can also be
attributed to variations in operating and fueling practices found
in the field. Home installations show leaner operating
conditions, more dilute flue gases, and higher drafts than are
produced with standard test methods (2).

Emission Factors

The EPA established in-situ particulate emission factors for
both conventional and advanced technology woodstoves based on
results from early field studies (1). Regulatory agencies use
the emission factors as part of the calculation to determine the
current and projected contribution of woodstove emissions to
airshed particulate loading.

The conventional stoves tested in Klamath Falls averaged
42 .8 grams/hour (g/hr), almost twice the value determined by the
EPA (21.3 g/hr). Although the amount of data from Klamath Falls
is limited, it highlights the potential variability of emissions
performance in the field.

The EPA emission factor for advanced technology catalytic
woodstoves is 6.2 g/hr. The average emissions of the catalytic
stoves used in the Klamath Falls was 6.4 g/hr. Non-catalytics in
Klamath Falls averaged 5.0 g/hr, compared to the EPA emission
factor of 9.2 g/hr. The overall average for all advanced
technology stoves in Klamath Falls was 5.8 g/hr (rounded).

ﬂ Elements Unlimited : PAGE 2
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BACKGROUND

Regulatory Control of Woodstoves

Residential Wood Combustion (RWC) has been identified as a
contributor to air quality degradation, especially in areas like
Klamath Falls, where local geographic and atmospheric conditions
can result in temperature inversion layers which trap pollutants
near the ground. By 1983 the contribution of woodstove emissions
to poor air quality prompted the Oregon Department of
Environmental Quality (DEQ) to develop the first stove
certification program in the nation (3). Klamath Falls is one of
several local areas designated a non-attainment area for "PM-10"
by the DEQ.

"PM-10" refers to particulate matter less than 10 microns in
diameter (the period at the end of this sentence is about 1000
microns in diameter). Particles this small are easily respirable
and present a health threat because they can lodge deep in the
lungs. PM-10 particles can be produced by a variety of
combustion sources, including woodstoves, slash and field
burning, motor vehicles, and industrial processes, although the
largest single source of PM-10 in Oregon is dust from roads,
agriculture, and other industrial activities (4).

In February of 1988 the EPA promulgated federal "New Source
Performance Standards” (NSPS) for Residential Wood Heaters (5).
The NSPS is based on estimates of the current number of
households using wood heat, the average emissions of the
conventional woodstoves assumed to be in use in these homes, the
turnover rate as these woodstoves are replaced by new generations
of advanced technology stoves, and the desired reduction in
emissions. The emission standards were implemented in two phases
so that the industry would have time to conduct the research and
development necessary for cleaner and more efficient burning
technology.

The wood heating industry participated in the "Regulatory
Negotiation" process to set Phase I and Phase II standards.
Phase 1 standards were set at 5.5 grams/hour for catalytic stoves
and 8.5 for non-catalytics. Phase Il standards, effective in
July, 1990, are 4.1 grams/hour for catalytics and 7.5 for non-
catalytics. At this time, testing and sampling methods were
limited to laboratory applications.

ﬂ Elements Unlimited : PAGE 3




WOODSTOVE FIELD PERFORMANCE--KLAMATH FALLS APRIL, 1980

The Oregon DEQ continued to pursue its state certification
program even after the promulgation of federal regulations. 1In
1988 the DEQ conducted a study entitled the "BEST" project (Best
Existing Stove Technology) which endeavored to identify design
and operation parameters critical to long-term durability and
emissions performance in the field (6). They constructed several
units incorporating the design factors and conducted stress and
in-situ emission testing. The DEQ is now considering further
standards for woodstove performance and durability. Other state
and local air quality agencies are considering, or have already
implemented, woodstove control strategies.

Field Performance

Between 1985 and 1989 the pressure of increasingly stringent
regulations forced accelerated advances in wood burning design
and operating technology. The rapid advance was at a severe
economic cost to the industry, both in dollars and diversity.
Eighty percent of the woodstove manufacturers active in 1885 have
since withdrawn from the market.

Certification programs required test methods that would give
reproducible results so that each woodstove model would be
compared under the same conditions. But standard test methods
developed during the early phases of the certification programs
did not reflect fueling and operating practices in field
installations. The wide variety of uncontrolled variables in the
field has made it difficult to duplicate lab performance values.

There were very little reliable data available prior to 1985
concerning the emissions performance of woodstoves in the field,
primarily because no reliable and practical sampling methods
existed. In recent years accurate field sampling methods have
been developed and field performance has been studied in several
projects. Results from some of the earliest studies showed that
advanced technology woodstoves were not achieving the performance
levels obtained in the laboratory setting. This prompted some
agencies to consider further use restrictions on woodstoves, even
those that had been certified to the EPA Phase II1 standards.

But the early studies often used stove models that were not
EPA-certified and/or were no longer in production. Some studies
tested "advanced technology"” stoves that were installed with
incorrectly sized flues and/or unlined masonry chimneys. These
types of installations are now considered obsoclete by industry
members.

E::[] Elements Unlimited : PAGE 4




WOODSTOVE FIELD PERFORMANCE--KLAMATH FALLS APRIL, 1990

“Conventional” vs. "Advanced Technology"

Numerous factors have been identified that can affect
emissions performance, including design and durability of stove
components; operating practices; fuel moisture and loading
methods; and installation method (1, 2, 6, 7). The design
technology now being utilized relies on all components of the
heating system to function correctly. The wood heating industry
has been working to standardize installation and operation
practices through a variety of educational and professional
certification programs.

Conventional woodstoves popular in the 1970’s and early
1980’'s rarely consisted of much more than a combustion chamber
with primary air intakes and a flue exhaust. Little thought was
g€iven to combustion or heat transfer efficiency, and units were
often oversized for the area being heated. Early flue
installation methods often included multiple bends and
connections to oversized masonry chimneys.

An advanced technology woodstove can be differentiated from
a conventional woodstove by its use of proven design factors and
professional installation. Advanced design factors can include
secondary air systems, balanced air intake and mixing systems,
insulated baffles, and catalytic combustion systems. Advanced
technology includes the treatment of the woodstove as just one
part of a complete system that includes a properly sized stove
and flue, a knowledgeable operator, and fuel of the correct size
and moisture content.

Industry Viewpoint

The wood heating industry feels that some regulatory
agencies are developing control strategies based on performance
data that are not reflective of the advanced technology heating
systems now being produced and installed. Inaccurate assumptions
concerning emissions are often combined with incorrect estimates
of current stove populations, replacement rates, and cordwood
fuel usage. The result can be a woodstove control strategy that
is unnecessarily strict. Some communities have banned the use of
all wood-fired appliances during periods of poor air quality.

The conventional woodstoves in the Klamath Falls study
emitted more than seven times the amount of particulate matter
than the advanced technology systems. The industry is concerned
that indiscriminate application of burning restrictions to both
certified and non-certified units removes the homeowner’s
incentive to upgrade existing conventional woodstoves. Without
upgrading, these units will continue to have a severe negative
impact on local airshed particulate loading.
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STUDY METHODS

Klamath Falls is located in southern Oregon at an altitude
of 4800 feet above sea level. The local topography contributes
to the formation of winter inversion layers, and trapped wood
smoke has been identified as a significant contributor to local
air quality problems. Because very few of the field studies
conducted in the past used the latest available technology. the
Klamath Falls study was designed to generate data about the field
performance of both "conventional" and "advanced technology”
woodstoves. The advanced technology stoves selected for Klamath
Falls were all stoves that had been certified to the EPA’'s most
stringent emission standards (Phase II, 1990).

It was determined that & minimum of three units per stove
type (conventional, catalytic and non-catalytic) was required to
generate sufficient data for analysis. Sampling was conducted
over three one-week periods from January to early March, 1980.
Sampling on the three conventional stoves was conducted during
the week of January 9-17, 1990 (Week 1). Sampling on the
advanced technology stoves was conducted during early and late
February (Weeks 2 and 3, see Appendix A for exact sampling
periods). The mean temperature during January and February was
29.8 and 36.9 degrees Fahrenheit, respectively (average for the
Klamath Falls area).

Cordwood fuel was not generally provided to the study
participants, each home used whatever fuel they had on hand for
their existing woodstove. Home H-1 was provided with fuel
(Juniper cordwood) from a local source during Week 3 to augment
their existing supply. The predominate fuels used by the study
participants were all softwoods, with juniper, fir, and pine the
most common.

Home Selection

With the assistance of a local chimney sweep, six study
homes were selected; five of the six were located along the same
neighborhood block and had been constructed by the same builder.
Houses H-1, H-2, and H-3 were selected for the conventional stove
testing. Each had a conventional woodstove with a large firebox.
All three of the conventional stoves had primary air supplies
that were thermostatically controlled, although the thermostat on
the stove in House H-1 was not functioning (See Appendix A).
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Woodstove Installation

A local chimney sweep and other project representatives
interviewed homeowners and inspected the existing installations
for safety violations. Some minor upgrading was conducted to
bring installations into compliance with local safety codes. All
homes except for Home H-4 required hearth extensions. In
addition, door gasketing was inspected (part of a normal
maintenance program) and replaced when required. The chimneys of
all the study homes were cleaned prior to the start of sampling.

All advanced technology stoves were installed in strict
accordance with the manufacturer’s installation instructions.
Both catalytic stoves and one of the non-catalytics (H-2) had ash
pans (See Appendix A for firebox sizes). Homes H-1 and H-6
contained the same catalytic model. Each installation of an
advanced technology stove included a properly designed flue
system. All flue connectors and chimneys were 6" diameter,
matching the flue collar size of the study stoves. In all homes
except for H-5, the existing 8" chimney system was re-lined with
a 6" stainless steel liner.

The chimneys in Homes H-2 and H-4 were lengthened prior to
the start of the advanced technology sampling period. (The
sampling of the conventional stove in Home H-2 was conducted on
the pre-existing flue system.) The chimney of Home H-3 was
lengthened between Week 2 and Week 3 sampling. No other
modifications were made during or between sampling periods,
although the primary air control in Home H-5 was adjusted after
it was found to be sticking.

Operator Training

Operation manuals were provided to every study participant,
and in some cases operators also received individual review of
stove operation from a manufacturer’s representative (using the
operation manual as a guide). Homes H-1, H-2, B-4, and H-6 all
received personal instruction (prior to sampling) concerning the
operation of their advanced technology stove. Home H-3 received
only a follow-up call to answer any of their questions about the
manual. Home H-5 received only the operation manual, with no
additional follow-up. No "special"” operating instructions were
given; the instructions were limited to those that a competent
stove dealer would provide to a new customer.

During sampling Week 2 it was observed that Home H-3
(catalytic) was loading the stove with very small loads and then
burning at a high rate. This home was requested to use larger
fuel loads burned at a lower air setting, which is more
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representative of normal fueling patterns. Home H-2 (non-
catalytic) was found to be loading fuel that was too long for the
stove, necessitating fuel loads that often consisted of one large
fuel piece loaded diagonally in the firebox. This home was
requested to split/cut their fuel into the correct size for the
stove, in accordance with the manufacturer’s operating
instructions.

Data Collection/Analysis

Emissions sampling was conducted by OMNI Environmental
Services, Inc., using the AWES/Data LOG’r (TM) system developed
from previous studies. At pre-determined intervals the AWES
system measures and records exhaust gas concentrations and
temperatures, and stove and combustor temperatures. Fuel loads
are weighed as they are loaded into the stove.

A sample of the flue gases is extracted, and subsequent
laboratory analysis calculates burn rates and particulate
emissions. Sampling was conducted for one-week sampling periods.
Thermocouples were mounted approximately one foot and four feet
above the flue collar, and upstream and inside of the combustor
(if present). AWES sample logs and fuel data sheets can be found
in Appendix B.

OMNI provided emissions and burn rate summary data for each
week, in addition to fuel type and mosture data for each study
home. It was beyond the budget of this project to contract for
information concerning flue and catalyst temperatures and fuel
loading data, although this information might be acquired at a
later date.
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RESULTS
Conventional (traditional) Woodstoves

Week 2 of testing was conducted on three "conventional™
stoves that were installed in existing systems in Homes H-1, H-2,
and H-3. All the conventional stoves had thermostatically
controlled air supplies and large fireboxes. Table 1 below shows
the results for Week 1 of sampling (See Figure 1 on Page 12 for a
graph of emissions vs. burn rate):

Table 1. Conventional Woodstoves, Sampling Week 1. Fuel
Moisture, Particulate Emissions, and Burn Rate.

FUEL H20 PARTICULATE EMISSIONS BURN RATE

HOME # (% D.B.) GRAMS /HR GRAMS /KG (DRY KGS/HR)
KK 3K KoK 3 3K oK 3 K 3K 5K 3K 3K 5K 3K 3K K 3 K 3 KoK K oK 3K K K o oK K 3 KK 3k 3K oK 3 oK K 3K oK 3K oK ok ok oK
H-1 8.3 23.6 10.8 2.18
B-2 15.8 55.3 34.5 1.585
H-3 18.2 51.6 28.0 1.78
AVERAGE: 14.1 42.8 24.8 1.84
STD. DVN.: 5.2 16.7 12.4 0.3

The particulate emissions performance of the conventional
stoves in Homes H-2 and H-3 (average 52.5 g/hr) was more than
double the emissions of conventional stoves cited in previous
studies (21.3 g/hr, Ref. 1). The average burn rate for these two
homes was 1.67 kg/hr, compared to 2.18 kg/hr in Home H-1, which
showed emissions of 23.6 g/hr.

Home H-1 had an inoperative thermostat, which resulted in a
constant "high" air setting. The relatively low emissions of
B-1 compared to H-2 and H-3 is probably the effect of burn rate
on particulate emissions, combined with the low moisture content
(8.3% dry basis) of the fuel. As burn rate is increased
emissions decrease, due to the improved combustion effciency
obtained with higher firebox temperatures and better air/fuel
mixing. Table 2 on Page 10 shows the fuel types used by each
home during Week 1 testing on the conventional stoves. ’
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Table 2. Conventional Woodstoves, Week 1. Fuel Type and
Percent Use.

HOME FUEL TYPE PERCENT USE
3k 2K 2k 2 3 3K 3K 3k 3 3K 2K 3K 3k 3 3K 3K 2 3 K 3K 3K 3 3 K 3 3k 3 3k 3 K k2 3k 3K XK 3K K 3K 3K K 3K K
H-1 Yellow Pine S0
Lodgepole Pine 10
H-2 Yellow Pine 50
Cedar 50
H-3 White Fir 100

Advanced Technology (1990-certified) Woodstoves

Table 3 below shows the average emissions and burn rate
results for each home in the study over both weeks of sampling,
and the average by stove type. The average emissions rate of the
catalytic stoves was 6.4 g/hr at a burn rate of 1.13 kg/hr. Non-
catalytics averaged 5.0 g/hr at 1.04 kg/hr. The overall average
emissions rate for 3ll advanced technology stoves was 5.8 g/hr
(difference due to rounding). Tables 4 and 5 (Page 11) show the
results for each study home by sample week. Figure 1 (Page 12)
plots all data points by emissions and burn rate. Figure 2
(Page 13) shows results by stove type (catalytic and non-cat).

Table 3. Advanced Technology Woodstoves, Average
Particulate Emissions and Burn Rate for Both Sample
Weeks, and Overall Averages by Stove Type.

STOVE PARTICULATE EMISSIONS BURN RATE

HOME # TYPE GRAMS /HR GRAMS /KG DRY KGS/HR

32k 2k 2 2 2k 3K 3 3K 3 3K 3k K 3 3K ok 3 3k 3K 3 3k ke 3 3 3 3 3K 3k 3K 3 3K K 3 3K 3K K K 3k 2 K 3K K 3K 3k 3K 3 3K 3K 3k K K 3 K K K
H-1 CAT 6.7 6.3 1.15
H-2 NON 5.8 6.4 0.89
BH-3 CAT 5.3 5.4 0.99
H-4 NON 3.3 2.4 1.35
H-5 NON 6.1 7.0 0.88
H-6 CAT 7.4 6.0 1.24
AVERAGES: CONVENTIONAL: 42.8 24.8 1.84
ALL ADV. TECH: 5.8 5.6 1.08
CATALYTIC: 6.4 5.9 1.13
NON-CATALYTIC: 5.0 5.3 1.04
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Table 4.

APRIL, 1990

Advanced Technology Woodstoves, Sample Week 2.

Fuel Moisture, Emissions,

STOVE

HOME # TYPE
33 K 3 3 3 3 K 3K 303K K 3k 3K 3K oK K oK 3 KK oK 3 KK K oK K K oK K ok 3 3 K K oK K oK 3 3K K K oK 3 K K K oK K oK K K K ok KK K K

H-1

WEEK 2 AVERAGES:
ALL ADV. STOVES:

CATALYTIC:
NON-CATALYTIC:

SAMPLE STD.DVN.:

Table 5.

CAT
NON
CAT
NON
NON
CAT

and Burn Rate.

FUEL H20 PARTICULATE EMISSIONS
(¥ D.B.) GRAMS/HR GRAMS /KG
10.0 4.9 3.6
19.1 6.6 6.8
19.7 5.0 4.9
13.4 3.4 2.2
17.6 6.2 6.5
21.2 6.6 4.9
5.5 4.8
5.5 4.5
5.4 5.2
1.3 1.7

BURN RATE
(DRY KGS/HR)

.36
.96
.02
.50
.87
.34

HOHRROR

.24
.14

-

0.2

Advanced Technology Woodstoves, Sample Week 3.

Fuel Moisture, Emissions, and Burn Rate.

STOVE

HOME # TYPE
30 2 305K K 3K oK 3 3K 5K 3K 3K 3K 3K 3 5K e 33K 3K 3K 3 2K 3 3K K 3K o oK K o S K 33K oK oK 3 KK K ok K ok K ok K ok ok ok ok

H-1

WEEK 3 AVERAGES:
ALL ADV. STOVES:

CATALYTIC:
NON-CATALYTIC:

SAMPLE STD.DVN.:

ﬂ Elements Unlimited

CAT
NON
CAT
NON
NON
CAT

FUEL H20 PARTICULATE EMISSIONS
(% D.B.) GRAMS/HR GRAMS /KG
21.4 8.4 8.9
18.4 4.9 6.0
19.6 5.5 5.8
12.9 3.1 2.6
15.0 5.9 7.5
22.7 8.1 7.1
6.0 6.3
7.3 7.3
4.6 5.4
2.0 2.1

BURN RATE
(DRY KGS/HR)

.94

HROHRHROOO
w
[3,]

0.2
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K-FALLS: CONVENTIONAL STOVES

GRAMS/HOUR VS. DRY BURN RATE

70
60 ~
' H3
<)
50 ~
o«
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o
5 40 -
=
=
)
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H1
o
20 -
10 ] ¥ 1] I ] ¥ 1 I { 1 1 ' )
1.2 1.4 1.6 1.8 2 2.2 2.4 2.6
BURN RATE (DRY KGS/HOUR)
K-FALLS: CERTIFIED STOVES, BOTH WEEKS
10 EMISSIONS VS. BURN RATE
9 -
aQH1
8 - O He
o 7
3 o H2 O He
= 6 - O H5
= O HS
= o H3
O
§ 7 D H2 O H3 0 Hi
‘ -
O H4
3 - D H4
2 1§ 1 1 L 4 ¥ ) T 1
0.7 0.9

1.1 1.3 1.5 1.7
BURN RATE (DRY KGS/HOUR) '

» 1980

Figure 1. Emissions vs. Burn Rate for all Sample Points.
Advanced Technology and Conventional Woodstoves.

A Elements Unlimited
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WOODSTOVE FIELD

PERFORMANCE--KLAMATH FALLS

APRIL. 1880

K-FALLS: EMISSIONS BY STOVE TYPE

(2-WEEK AVERAGE FOR EACH HOME)

10

9 -

8 —

D Hé

7 -
< o H1
2

- + HS
g 6 -+ M2
:: Ha
]

0] 5 -

4 -

+ H4
3 -
2 1 T 1 ) 1 1] 1 1 1
0.7 0.9 1.1 13 1.5
BURN RATE (DRY KGS/HOUR)
C 1990 CATALYTICS < 1990 NON-CATS
Figure 2. Emissions vs.

_:-ﬂ
Elements Unlimited

Sample Weeks.

1.7

Burn Rate by Stove Type for Both
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WOODSTOVE FIELD PERFORMANCE--KLAMATH FALLS APRIL. 1980

The type of fuel used by each home during each week of
sampling is presented in Table 6 below. With one exception the
study homes used some type of softwood, the most common fuel in
the area. Homes H-2 and H-5 used juniper exclusively, Home H-3
used only white fir, and H-6 used mostly red fir. Homes H-1 and
H-4 used a mix of other softwoods, including lodgepole pine.

Home H-4 used small amounts of oak, the only home in the study to
use any hardwood fuel at all.

Table 6. Advanced Technology Woodstoves, Weeks 1 and 2.
Fuel Type and Percent Use.

G WEEK 1---—--- > {emmm=——- WEEK 2--===--- >
HOME FUEL TYPE PERCENT USE FUEL TYPE PERCENT USE
s 3K 3K kK 3K 3 oK 3 9K ok 3K 5K 3K oK K 3 o K 3K 3K K 3k ok 5K ok 3k ok 3k K 2K 3 3K 3k 5K 3K 3K 9 3K 3K 3K 3K 3 3 K 3K oK K 3 o X KK
H-1 Yellow Pine 100 Juniper 60
Red fir 40
H-2 Juniper 100 Juniper 100
H-3 White fir 100 White fir 100
H-4 Lodgepole Pine 50 Juniper 70
Juniper 25 Oak 30
Oak 25
H-5 Juniper 100 Juniper 100
H-6 Red fir 100 Red fir 50

Lodgepole Pine 50

Differences Between Sampling Periods

"Sample Week 2" (the first week of testing on advanced
technology stoves) was conducted during the first week of
February (except Home H-6, which was sampled during the week of
February 6). Sample Week 3 was conducted approximately two weeks
later for all homes except H-2 and H-6, where the interval
between sample weeks was three weeks. Table 7 on Page 15
compares the fuel moisture and burn rates for each sample week.

None of the study homes showed statistically significant
changes in burn rates between the two sampling periods (See
Appendix C for Test Statistics), although all study homes showed
a slightly lower burn rate during Week 3. The only marked change
in operating conditions between sample weeks occurred in Home H-1
(catalytic), where the fuel moisture more than doubled between
Week 2 and 3 when the homeowner changed fuel sources.

E:H Elements Unlimited : PAGE 14




WOODSTOVE FIELD PERFORMANCE--KLAMATH FALLS APRIL. 1980

The increased fuel moisture, combined with a lower burn
rate, appears to have had a detrimental effect on the performance
of the H-1 catalytic stove during Week 3. The non-catalytic
homes showed no statistically significant change in emissions
rates between sample weeks (Table 8 on Page 16, and Table C-1,
Appendix C). The only statistically significant difference in
emissions occurred in the grams/kg emissions of catalytic models
(Table C-1, Appendix C).

Homes H-1 and H-6, which contained the same catalytic model,
both showed increased emissions during Week 3. But the largest
emissions increase occurred in Home H-1 (4.9 g/hr [{3.6 g/kg] in
Week 2 to 8.4 g/hr [8.9 g/kg] in Week 3), which used notably
wetter fuel and burned at a lower burn rate during Week 3.

Both of these conditions (wet fuel and low burn rates) are
known to detrimentally affect performance. It is likely that
temperatures dropped below the threshold reguired to keep the
combustor catalytically active, but temperature and fuel loading
data are not available for review at this time.

The difference in burn rate betwen sample weeks for Home H-6
(0.2 kg/hr less during Week 3) did not appear to be a factor in
the emissions rate increase observed in this home. The emissions
increase was not as marked as Home H-1, climbing from 6.6 to 8.1
€/hr. The third unit (Home H-3) exhibited the best performance
of the catalytic models, with emissions of 5.0 g/hr in Week 2 and
5.5 g/hr during Week 3.

Table 7. Advanced Technology Woodstoves, Differences Between
Sampling Periods in Fuel Moisture and Burn Rate.

FUEL MOISTURE BURN RATE
(% DRY BASIS) (DRY KGS/HR)
HOME # WEEK 2 WEEK 3 CHANGE WEEK 2 WEEK 3 CHANGE
3030 36 3K 3 3 0K K o 2 K 3K KK ok 3K K oK K 3K 3 3k K K K KK XK Ak KK K AR K K K oK K K oK K KK oK K KK
NON-CATALYTIC:
H-2 19.1 18.4 - 0.7 0.96 0.81 -0.15
H-4 13.4 12.9 - 0.5 1.50 1.20 -0.30
H-5 17.6 15,0 - 2.6 0.97 0.78 -0.19
CATALYTIC:
H-1 10.0 21.4 +11.4 1.36 0.94 - -0.42
H-3 19.7 1.6 - 0.1 1.02 0.95 -0.07
H-6 21.2 22.7 + 1.5 1.34 1.14 -0.20

El Elements Unlimited : PAGE 15
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Table 8. Advanced Technology Woodstoves, Differences
Between Sampling Periods in Particulate Emissions.

PARTICULATE EMISSIONS

( GRAMS /HOUR)
HOME # WEEK 2 WEEK 3

NON-CATALYTIC:

H-2 6.6 4.9
H-4 3.4 3.1
H-5 6.2 5.9
CATALYTIC:
H-1 4.9 8.4
H-3 5.0 5.5
H-6 6.6 8.1
DISCUSSION

CHANGE
40 33K 3 3o K 3K 3K ok 3 K 3 ok oK 3 3 3 oKk ok o o ok ok K kK

+3.
+0.
+1.

oo

WEEK 2

L. 1990

PARTICULATE EMISSIONS
(GRAMS /KG)
WEEK 3 CHANGE

30k kK 2 3K 3K K 3K K K XK K XK 3K K K XK XK X K XK

b W

wwom

~3 Onh o
- 00 O

-0.
+0.
+1.

O o

+5.
+0.
+2.

oW

Table 9 below shows the results of the Klamath Falls testing
(grams/hour) as compared to some of the field studies conducted
in the past. Catalytic values are equivalent to the emission
factors used by EPA, and better than those obtained in the most
recent "CONEG" study. Overall, the emissions performance of the
advanced technology woodstoves in Klamath Falls was the best yet

exhibited in a field study.

Table 8. Comparison of Klamath Falls Results with Previous
Woodstove Field Performance Studies.

CONVENTIONAL
STUDY (REF. #&) P

CATALYTIC

NON-CATALYTIC

3 3 3 3 3 3 K oK 3K 5K K o K 3K 3K K K 3k 3 3K 2 3 3 K 3K 3 K 3R 3 i 3 3K K e 3K 3 3K 1 3K K ke 3K 3k K 3K 3k oK K 3K oK 3 3k % K

KLAMATH FALLS 42.8
EPA (1) ‘ 21.3
NCWS/CONEG (2)

OREGON "BEST" (6)

EJ Elements Unlimited

6.4
6.2
8.7
4.5

5.0
9.2
10.3
14.5
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Although the Klamath Falls data are limited, Elements a
Unlimited feels that the low level of emissions of the advanced /
technology woodstove models in this study can be attributed to /
two primary factors: /

1) The units used in this study were of the latest design |
and representative of the advanced technology woodstoves
available today.

2) The stoves were treated as one part of a complete
system, which included correct flue sizing and operator
training. {The installations in this study followed
recommendations contained in manufacturer’'s operation
manuals. and it is accepted industry practice to provide
customers with the information required to help them learn
about the latest advances in wood-burning technology.)

Past studies often 1gnored the potential effects of short
_flues with multiple bends, wet fuel, or operators that were not
sensitive to _the operating differences between their old stove
and an advanced technology stove. But even when there are’
attempts to control these varlables. field performance rarely
matches what is seen in the lab. The most recent "CONEG" study
controlled installations and provided operator training. but four
out of the five stoves still exceeded their "certification"”
emissions values (2). The remaining stove closely matched its

lab values., and showed the best field performance of all five
units, but was still unable to pass an actual certification test

because it exceeded the emissions "cap" limit at high burn rates.

Performance discrepancies between lab and field have been
attributed to differences in fuel piece size and loading geometry
(1, 2). Standard test methods use smaller fuel pieces than are
normally found in the field. Small pieces expose large surface
areas to flames, resulting in rapid volatilization of gases.
Stove manufacturers trying to pass the standard test methods are
forced to "tune" the combustion air to supply enough oxygen for
the fuel-rich conditions of the certification tests.

Homeowners tend to load their stoves with larger (and fewer)
pieces of wood than used in the standard tests--the
volatilization rate is much slower, and the result is high levels
of excess air that can negatively impact performance. Home
installations usually show leaner operating conditions, more
dilute flue gases, and higher drafts than in the lab.

Figure 3 on the following page illustrates the dramatic
reduction in particulate emissions that advanced technology
woodstoves are capable of achieving. Airsheds impacted by wood
smoke could reduce particulate loading by encouraging replacement
of conventional woodstoves with more advanced designs. and by
educating the public about the latest clean-burning technology.

ﬂ Elements Unlimited : PAGE 17
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FIELD STUDY COMPARISONS

EMISSIONS BY STOVE TYPE

50

o«
2
=
<
oo
S
14.5
1031,
64 6.2 %
25/_xp///’- . “xkzéé
CONVENTIONAL CATALYTIC NON-CATALYTIC
. FELDSTUDY
/] K-FALLS i EPA U2 nNcws L% DEQ

Figure 3. Emissions vs. Burn Rate, Advanced Technology and
Conventional Woodstoves, Klamath Falls and Other
Field Studies (See Table 9).

= ]
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WOODSTOVE FIELD PERFORMANCE--KLAMATH FALLS APRIL, 1980

TEST HOME DESCRIPTION

HOME ¢ H-1

ORIGINAL “CONVENTIONAL®" STOVE: Earth Stove 101.
Approximately 10 years old, thermostatically
controlled. (Stove had minor crack inside, thermostat
was inoperative.)

1990 STOVE TYPE: Catalytic
FIREBOX SIZE: 2.9 cubic feet

TEST WEEK 1: January 9 - 17
TEST WEEK 2: February 1 - 7
TEST WEEK 3: February 22 - 28

FUEL USED: Yellow Pine
Juniper
Red fir

OPERATOR INSTRUCTIONS: Received operating instructions
on-site from a manufacturer’s representative.

OTHER NOTES: This home was provided with Juniper
fuel (common fuel in the area) during Week 3
when it appeared their supply would run out.

Chimney re-lined with 6" stainless steel
liner prior to start of Week 2 sampling.

PAGE A-1
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WOODSTOVE FIELD PERFORMANCE--KLAMATH FALLS APRIL, 1990

TEST HOME DESCRIPTION

HOME # B-2

ORIGINAL "“CONVENTIONAL” STOVE: Earth Stove 101.
Approximately 10 years old, thermostatically
controlled. (Test Week 1: January 10-186)

1880 STOVE TYPE: Non-catalytic
FIREBOX SIZE: 1.8 cubic feet

TEST WEEK 1: January 10 - 16
TEST WEEK 2: January 31 - February 6
TEST WEEK 3: February 26 - March 4

FUEL USED: Juniper

OPERATOR INSTRUCTIONS: Instruction was provided before the
stove was actually installed. A representative of
one of the other manufacturers in the study used
the woodstove model in Home H-4 to provide general
operating instructions to Home H-2.

OTHER NOTES: Operator is a renter who just
recently moved in. House has had a chimney fire
in the past. The chimney was lengthened prior to
the start of advanced technology sampling (Weeks
2 and 3).

During Week 2 of sampling this home was requested
to cut their fuel smaller in accordance with the
operating instructions.

Chimney re-lined with 6" stainless steel
liner prior to start of Week 2 sampling.

PAGE A-2
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WOODSTOVE FIELD PERFORMANCE--KLAMATH FALLS APRIL, 1880
TEST HOME DESCRIPTION

HOME # H-3

ORIGINAL “CONVENTIONAL" STOVE: Centennial.
10 years old, thermostatically controlled.

1980 STOVE TYPE: Catalytic
FIREBOX SIZE: 2.0 cubic feet

K 1: January 10 - 16
TEST WEEK 2: January 31 - February 6
K 3: February 23 - March 1

FUEL USED: White Fir

OPERATOR INSTRUCTIONS: A retailer from Portland gave
operating instructions verbally by telephone.

OTHER NOTES: Homeowners were found to be using
very small fuel loads and then burning at a high
rate. This home was requested to load larger fuel
pieces and burn at a lower air setting, in
accordance with the instructions in the operating
manual.

The flue was lengthened between Weeks 2 & 3.

Chimney re-lined with 6" stainless steel
liner prior to start of Week 2 sampling.

PAGE A-3
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TEST HOME DESCRIPTION

HOME # H-4

1990 STOVE TYPE: Non-catalytic
FIREBOX SIZE: 2.0 cubic feet

TEST WEEK 1: (Not Applicable)
TEST WEEK 2: January 31 - February 6
TEST WEEK 3: February 22 - 28

FUEL USED: Juniper
Lodgepole Pine
Oak

OPERATOR INSTRUCTIONS: Received firing demonstration and
instructions from a manufacturer’s
representative.

OTHER NOTES: The chimney was lengthened piior to
the start of advanced technology sanmpling (Weeks
2 and 3).

Chimney re-lined with 6" stainless steel
liner prior to start of Week 2 sampling.

PAGE A-4
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WOODSTOVE FIELD PERFORMANCE--KLAMATH FALLS APRIL, 1980

TEST HOME DESCRIPTION

HOME ¢ H-5

1980 STOVE TYPE: Non-catalytic
FIREBOX SIZE: cubic feet

TEST WEEK 1: (Not Applicable)
TEST WEEK 2: January 31 - February 6
TEST WEEK 3: February 23 - March 1

FUEL USED: Juniper

OPERATOR INSTRUCTIONS: No instructions (other than the
operator’s manual) were provided to this home.

OTHER NOTES: The flue connector included a 45

degree offset. On February 20 the air inlet
control was adjusted with a screw driver for
easier operation.

PAGE A-5

iﬂ Elements Unlimited




WOODSTOVE FIELD PERFORMANCE--KLAMATH FALLS APRIL, 1990
TEST HOME DESCRIPTION

HOME # H-6

1890 STOVE TYPE: Catalytic
FIREBOX SIZE: 2.9 cubic feet

TEST WEEK 1: (Not Applicable)
TEST WEEK 2: February 6 - 12
TEST WEEK 3: March 3 - 8

FUEL USED: Red Fir
Lodgepole Pine

OPERATOR INSTRUCTIONS: Received operating instructions from
a manufacturer’s representative.

OTHER NOTES: Chimney re-lined with 6" stainless

steel liner prior to start of Week 2
sampling.

PAGE A-6
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AWES Log Book

Home Code:_KO!  sampligRowtion: 1@~ 200 30 «O0 sO &
Sample LD:_ Kol

AWES Box # ?i Fiker # KO0 2~ XADe __\45

Tefloa Linc # %‘ Probe #_2- O

Lastallati : Removal

Date AWES lastalied \!8["‘7 Date AWES Removed ‘/}1_/ﬂ

by Lean by _SSE s

Dus_1Jqj40 Time: ©:00 Dae 1/11)4°  Time
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mmﬂ%” a3 Hg max vacuum, right gauge 2125 _ *Hg
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amt@gmdpf-gm coneto.h.mol!pmp.m

30 scconds 30 soconds
max vacuum, right gauge 2\-V$  “Hg max vacuum, right gauge _Lz “Hg
max vacuum, left gauge *Hg max vacuum, left gauge 2050 “Hg

3. Free-flow check (ialet opea, outlet opea) 3. Free-flow check (ialet opea, outlet opea)
vacuum, right gauge 110 _ “Hg vecuum, right gauge 19,0 ‘Hg
vacuum, left gauge “Hg vacuum, lefigauge ___ O ‘Hg
rotometer l-% ‘Hg rotometer .O< *Hg

4. Hester works:  Yes m'lno.m' 4. Heater works:  Yes g No[]
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AWES Log Book

max. vacuum, right gauge 2\- O °Hg
max vacuum, lcft gauge _20- O “Hg

3. Free-flow check (inlet opea, outlet open)

Home Code: [A/-0\  Sampling Rotation:  1[] 2 30 <O sO 8]
Sample 1.D:

AWESBox# __1 | Fiier# __ KO3 D xaDe _ 110

Tefooline# 20 Proe#_ 2=

mlm 2-\‘\}0 (‘13\‘“\ mwssnm ‘4!2{19

1 by RR. T ¢ by 13T l
‘ LhogmnedSunme 1. Programmed Stop time

“pue_ 2\ Time: _O Dae: 2|7 Time:  23-

2 Leak Chock (ialet plugged, outlet open) 2. Leak Chock (inlet plugged, outlet opea)
max vacuum, right gavge 2\- 0 _ “Hg max vacuum, right gauge _2.9-t> _ “Hg
max vacuum, left gauge _20 O “Hg max vacuum, lefigavge _20.0  “Hg

S et G

max. vacuum, leftgauge _\P. [  "Hg

3. Free-flow check (inlet open, outlet opco)

208
207

2a8
20-6

::m-xw _j_‘o :l’-l': mxm g4 “Hg
um, left gauge vacuum, left gauge 0.0 H
rotometer wii; *Hg rotometer 1. 05 'H:
4. Heaterworks  Yes Mno,m 4. Hesterworks Yes [§  No[]
substitute AWES
5.0, cell calibrated 3 Yes 5. O cell oo ambicat air __ %
‘ Ambicat tesmp. °F
s AWES temp. strip °F
AWES.C /
E',«iots
q;ﬁ\"ﬂw
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R i A e

Hmwwzg\ Sampling Rotation: 1] 2] 3 «J - s B[]
Sanplew.-ug\@}
AWES Box# _— | | Fier ¢ <D XAD# S
. Tefoo Line # 2050 3 Probe e 2.S
: lastallation Removal
!  Date AWES Installed _ 2=\~ QO Date AWES Removed ’3[2—[‘10
by S\ E— by: )
- "lPrognmedSmnnc 1. Programmed Stop time
Date 2-2 L Time: O Date: 2{7—3 Time: 23 59
2 Leak Check (inlet plugged, outlet opes) 2 Leak Check (inlet plugged, outlet open)
max vacuum, right gavge 210 “Hg max. vacuum, right gauge _21\-0 _ ‘Hg
max vacuum, left gauge 21, “Hg max. vacoum, left gauge ___ 0.} “Hg
Close turn off i Close off
o ¢ toggle, pump, wait g toggie, turn off pump, wait
max vacuum, right guuge &1-0 . g max vecuum, right gauge _R\. O “Hg
max vacuum, left gauge 2.0 “Hg max. vacuum, left gauge ﬁo,:s *Hg
3. Free-flow check (inlet open, outlet open) 3. Free-flow check (inlet open, outlet opca)
vacuum, right gauge A w vacuum, right gauge \83 "Hg
ncuun.ld(plr ‘Hg vacuum, left gauge “Hg
‘Hg rotometer \ 0 ‘Hg
4. Heaterworks:  Yes (if no, use 4. Heater works:  Yes K No[]
substitute AWES
5. O, cell calibrated Yes 5.0, cell oo ambientair __ 204 %
Ambicattemp.  _ °F
AWES temp. strip i

AWES.C
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AWES Log Book

Y VL
..,:.ﬁ’;&“_.'. ;_‘ e .

3. Free-flow check (inlet open, outlet open)

vecuum, right gauge _14.5  °Hg
vacuum, left gauge g g "Hg
rotometer S ‘Hg

4. Heater works:  Yes d(ifno.ue

5. O, cell calibrated d Yes

substitute AWES

max vacuum, right gange _2.1.5  “Hg
max vacuum, leftgauge _ 21.» “Hg

Close toggie, turn off pump, wait
30 seconds

max. vacuum, right gauge _2.1.0  "Hg
max vacuum, leftgauge __21.0 “Hg

3. Free-flow check (inlet open, outlet open)

vuamn.ndumze —19.251

vacuum, left gauge 0.0 “Hg
rolometer L. 1O °“Hg

4. Heater works:  Yes d No[]

S. O, cell on ambient air 2\ L %
Ambicat temp. q"ﬁ °F

AWES temp. strip °F

Home Code: K02 SamplingRoution: 1[4~ 20 30 «0J sO ]
~ Sample 1D Yoz
AWES Box # 8041-2-9  Fier# __ k005 XAD# __ 3D
TefooLine# 25 Pobes__ S
' Installation Removal
Date AWES Installed .\!‘lol‘io Datc AWES Removed ]/ /TD
- z LT b PO70.
LhoyannedSmnne LWStoptine _
- Du=: 1 [10]40 Time: 0100 Due: A1l Time: 23157
zwaa(mmmm) 2. Leak Check (inlet plugged, outlet open)
rC Azk

AWES.C
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AWES Log Book

Home Code: ‘h!k (21 Sampling Rotation: 1[] 2& 3[] ] s[] B[]
Sample L.D:
AWESBax# _ 2 0 Fiter#s X QRS xape_¢ <0
Teflon Line # __ P Probe # _\O
Installati Removal ‘
Datc AWES lnstalicd M‘W Date AWES Removed _2\ i [‘?D
by __Tim o b __ PT
I.Proptnned.Snnnne 1. Programmed Stop time
Dae: \\OMW  qipe. 0 Date: Time:
2. Leak Check (inlet plugged, outlet open) 2 Leak Check (inlet plugged, outlet open)
6.3 =IO
max. vacuum, right gauge %'ﬂz max vacuum, right gauge 28-S °Hg
max. vacuum, left gauge .S “Hg max vacuum, lefigauge 2038  “Hg
Close toggle, turn off pump, wait Close toggle, turn off pump, wait '
30 seconds 30 scconds
max. vacuum, right gauge 70.S  "Hg max vacuum, right gauge ._?.—.i_'Hs
max. vacuum, lefi gauge _Z O ’Hg max. vacuum, left gauge
3. Free-flow check (inlet open, outlet open) 3. Free-flow check (inlet open, outlet open)
vacuum, right gange "Hg vacuum, right gange __[9- O Hg
vacuum, left gauge “Hg vacuum, left gauge ©.0 “Hg
rotometer (. ‘Hg sotometer 14D "Hg
4. Heater works: Yes & (if 0o, use 4. Heater works:  Yes ’m No D
substitute AWES
S. Oy cell calibrated [%Qva 5. Oy cell 0o ambient air 20, Y &
Ambieot temp. *°F
AWES temp. strip *F

AWES.C
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AWES Log Book

Home Code:\noe Sampling Rotation:  1[ ] 2[] 3@ s[] s(J B[]

4. Heaterworks:  Yes qg:.ﬁ:e :
itute AWES

5. 0, cell calibrated 3 Yes

Sample LD A2 &3
AWESBox# LY Fiier# XOX L XAD# \SS
TeSooLine# _ D Probes_ S
Installation - Removal
Datc AWES Installed T A Date AWES Removed 3/f / 70
by 2 b”—z@’/

* 1. Programmed Start time 1. Programmed Stop time

ce o 1".7'6 .

Date: 00T  Time: 0.9V Date: }IH Time: __ 23759

2 Leak Check (inlet plugged, outlet open) 2. Leak Check (inlet plugged, outlet open)
max vacuum, right gauge 2\ “Hg max. vacuum, right gauge 2. ‘Hg
max vacuum, left gauge Q ‘Hg max vacuum, left gauge "Hg

Close toggle, turn off pump, wait Close toggle, tura off pump, wait

30 scconds 30 scconds
max. vacuum, right gaoge 1. D _ “Hg max. vacuum, right gavge _ |- & Hg
max vacuum, left gauge 1O, max. vacuum, left gauge "Hg

3. Free-flow check (inlet open, outlet open) 3. Free-flow check (inlet open, outlet open)
v-wmgtﬂw Mo :!H'lz vacuum, right gauge 7.0 g
vacuum, left gauge Q '3 vacuum, left *H
rotometer \\ *Hg roto::er o [.{ 'H:

4. Hesterworks: Yes [X No[]

S. Oy cell on ambicat air_2-8-9 &
Ambienttemp. ______ °F
AWES temp. strip *F

AWES.C
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AWES Log Book

Home Code: K03 Sampling Rotation: 16/ 2[] 3] <[] s(]

Sample LD K05~ |
."A\VB:;BOX' go4l= (2 Fiter o XAD# _2 1\
Teloa Line ¢ __ 7~ Probe # _\ O
meed \!‘\110 g::o:lWESchovcd 1/17'/40
b _ PRy by: AII/LE
--l.h'oplmnad&mune L Programmed Stop time
) ":m ! to|]aD ‘ -r..:_o'_oo__ Date: Time:
| I‘zmwcnummm) 2 Loak Check (inlet phugged, outlet open)
max vacuum, SgE) gavge 21-2-_ “Hg max vacuum, right gauge _2\- 2
.mm“}w_m —z03 ‘Hg max vacuum, left gauge _21. O Hg
30 scconds

30 seconds

mnamn.mpup 2\0 ‘Hg
max vacuum, jefi gauge _ 20.2  “Hg

3.Fme-ﬂowcbeck(‘nluopea.onuetopen)

max. vacuum, right gauge 23.0' “Hg
max. vacuum, left gauge 20.9 “Hg

3. Free-flow check (inlet opea, outlet open)

/9. 2 °Hg
6o ‘Hg

[-08  ‘Hg

4. Heater works:  Yes Uf No []

vacuum, right gauge
vacuum, left gauge
rotometer

5.0y cell 0n ambicat air_¢. O+ ) . Za'c\ %

Ambieat temp. M °F

AWES temp.strip D & °F

AWESC




Sample Data

Lab Cleanup Date Technician

Probe Rinse—Smple No.

Fiter #

XAD #

Saroples delivered to OMNI? D Yes
Delivered by

N 124° 1emiewd uned
W [as - NV Vo s, ThaseBl TC Famy heDodN
SET TO loas® — hAevo- iv-":.'u@n ™ GammE Co ST
2 b QLD v TGS LT
(ggot—c P QeSS 2’8-"’ WL T, Two
A e Lol T™vED
\oSiaw 999"

SloLe O6ceos,otoww (Do LLEDD 26>
of 2304 D).

OL Looxd Geo

Wome SoLld Cog---r\wou-mag .

1.0 (4]
HO.O \ 4

AWES.D

e

ey
.
"_3 n
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AWES Log Book

Home Code: M Sampling Rotation: 1 D

Sampie 1.D.;

2[3/ 3[] a[J s[)

max vacuum, right groge _2\->_ “Hg
max vacuum, leftgauge _ 2\. O °“Hg

Close toggie, turn off pump, wait
30 secoads

max. vacuum, right gauge 2\ \ *Hg
max vacuum, lefigauge _21. O “Hg

3. Free-flow check (inlet open, outlet open)

rotometer { Dg “Hg
4. Heater works: Yes (if 0o, use )
substitute AWES
5. O, cell calibrated D Yes

AWES Box# __ 29 Fiter# __KO2 o XaDs ___\O
Teflon Line # __ "%~ Probe # _ WKOD 02

mlm ’2_\\\ S:Z?WESRemoved ﬂlll‘to
by: <t by: P

1. Programmed Start time L Programmed Stop time
D"‘-ﬂi Time: O -9 Date: Time:

2 Leak Check (inlet plugged, outlet opea) 2 Leak Check (inlet plugged, outlet open)

max. vacuum, right gauge :AE *Hg
max. vacuum, left gauge 21.0 'Hg

Close toggle, turn off pump, wait

30 seconds
max vacuum, right gauge 2\-25 °“Hg
max. vacuum, leftgauge _21.0 _ “Hg
3. Free-flow check (inlet open, outlet open)
vacuum, right gauge __{4. 5 "Hg
vacuum, lcft gauge 2:-0 __  ‘"Hg
rotometer i-1¢ ‘Hg

4. Heater works:  Yes ﬁ No D

5. O, cell on ambieat air
Ambieat temp. Q} *°F

AWES tenp.stnp 3 °F

AWES.C
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AWES Log Book

max. vacuum, right gauge 2.8 “Hg
max vacuum, left gauge

3. Free-flow check (ialet open, outlet open)
vacuum, right gauge __Y4.5  “Hg

vacuum, left
rotometer "m\.‘i :::

4. Heater works:  Yes H (if oo, use
substitute AWES
5. 0, cell calibrated 3 Yes

max vacuum, rightgauge 2/.3  “Hg
max. vacuum, leftgauge _ 21.0 “Hg

3. Free-flow check (inlet open, outlet open)

vacuum, right gauge 9.4 “Hg
vacuum, left gauge 0.0 "Hg
rotometer 1S *Hg
4. Heater works:  Yes B/ No D
5.0, cell oo ambient air_X\+\ %
Ambicot temp. °F
AWES temp. strip °F

Home Codcﬂ\ffi Sampling Rotation:  1[] 2] 3 «J sO B[]
' Sample LD
, AWES Box # _ 2 Fiter # _ XD FHS XAD# L-!
. TefloaLine# P\ Pm#md%__
l/ e AWES lnstalied 2~ L 2~2T0 Date AWES Removed 32|40
by SO by: Pr. a8
1 Programmed Start time { L Programmed Stop time
Date: 2\33 - Time 0 VP Date: 3 Time: 23:59
2 Leak Check (let plugged, outlt open) 2 Leak Check (inlet phugged, outkt opea)
max vacuum, right gauge %2144 “Hg max vacuum, right gauge 2\- 5 “Hg
max vacuum, left gauge _2 WS _ °Hg max vacuum, leftgauge _2\-©0  °Hg
Close toggie, turn off pump, wait Close toggie, turn off pump, wait
30 scconds 30 seconds .

AWES.C
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AWES Log Book

¢ Home Code: X040 Sampling Rotation:

|

R
oSNt

‘Il NN - .
- . . . '.‘ o~ - -
;.ﬁ'ﬁ? ;‘o S Mg DR

-y
I

-
N

§ -
1

Sample 1.D.;_WXROHOZ.

1] zq 3] 4[] s 8]

Kozy

xape _ 208

AWES Box # | 2— Filter #
TeflooLine # _2-%

Probe ¢ ;S

m.m tlz«‘ilio

&
W il i

1. Programmed Start time
| Date: ) Time:
2. Leak Check (inlet plugged, outlet open)

max. vacuum, right gavge 2\. O “Hg
max. vacuum, left pauge 2. (p “Hg

Close toggie, turn off pump, wait
30 seconds

max. vacuum, right gauge L He
max vacvum, left gauge -2 ‘Hg

3. Free-flow check (inlet opea, outlet open)

vacuum, right gauge |g 6 'H‘

vacuum, left gauge

rotometer -H‘
4 Heaterworks:  Yes [Jffifoo,use .
substitute AWES
S. O; cell calibrated 0 Ye

Removal
Datc AWES Removed S ‘Z‘/n]/a'o

by € P
L Programmed Stop time

Duc2/lp = Tme T 23
2. Leak Check (inlet plugged, outket opea)

max vacuum, right gauge _21\L _ "Hg
max. vacuum, left gauge 20.5 *Hg

Close toggie, turn off pump, wait
30 seconds

max vacuum, right gauge 20-86  “Hg
max vacuum, leftgauge 20.S  “Hg

3. Free-flow check (inlet opea, outlet open)
vacuum, right gauge 18.8 "Hg

vacuum, left gauge _ O *Hg
rotometer 1.0 *Hg

4. Heater works:  Yes m

5.0, cell oo ambicat air 20:1 %
Ambicot temp. R0 °F
AWES temp. strip [ °F

AWES.C



Sample Data

Lab Cleanup Date Technician

Probe Rinse—Sample No.

Filter #

XAD #

Samples delivered to OMNI? O Yes
Delivered by

Comm

No=:- T¢C 71 WAS ROADWG Lo
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AWES Log Book

Home Code: ﬁi_ Sampling Rotation: 1 D 2 D 3& 4 D s D BD
Sample 1.D.:
AWES Box # _ N1 Filter # %Y X xaps_ 2}
Teflon Line # - Probe # _Z ( rafre
Installation Removal
Date AWES lastalied Datc AWES Removed 3‘4{0
by: by: ,4ﬁ/
1. Programmed Start time 1. Programmed Stop lime
Date: Time: Date: 2' € Time: 2-3-59
2 Leak Check (inlet plugged, outlet open) 2. Leak Check (inlet plugged, outlet open)
max vacuum, right gauge Y0 “Hg max. vacuum, right gauge ./ _ “Hg
max. vacuum, left gauge _20. *Hg max. vacuum, left gauge “Hg
Close 10ggle, turn off pump, wait Close toggle, turn off pump, wait
30 seconds 30 seconds
max vacuum, right gauge V.0  "Hg max. vacuum, right gauge o, *Hg
max vacuum, lefigauge 2.0.L  “Hg max vacuum, left gauge . 0 *Hg
3. Free-flow check (inlet open, outlet open) 3. Free-flow check (inlet open, outlet opco)
vacuum, right gauge \q\ O "Hg vacuum, right gauge [ g. g "Hg
vacuum, left gauge ‘Hg vacuum, left gauge “Hg
rotometer \ "Hg rotometer [, 00  “Hg
4. Heater works:  Yes $ (if no, use 4. Heater works:  Yes  bd No []
substitute AWES
5. O, cell calibrated Yes S. O, cell oo ambient air %
Ambicnt temp. °F
AWES temp. strip E 2 °F
AWES.C '
- NS&*‘& w ood \u.;h*l RPN ?_\2'8)46'
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AWES Log Book

Home Code: V=X © § Sampling Rotation: l[] }% 3D 4[:] SD B[:]

Sample 1.D.: Q —

XAD# OO0

AWES Box #

Tefloo Line # __\_O____

2\ Filier # X-©0 3

Probe # v/H/ q T

Installation \
Date AWES lastalled _Q@ 4.9

by S=2C

1. Programmed Start time
Date: \ 5 é \
2. Leak Check (inlet plugged, outlet open)

max. vacuum, right gauge Z\.O _ "Hg
max. vacuum, left gauge _20.0  Hg

Close toggle, turn off pump, wait
30 seconds

m::: kn%h::::e 10 Q 'H:

3. Free-flow check (inlet open, outlet open)

vacuum, right gauge __\ ‘Hg
vacuum, left gauge ‘ *Hg
rotometer V) *Hg

4, Heater works: Yes D (if no, use

5. O, cell calibrated m Yes

Time: O

substitute AWES

R 1
D::"rwz-:s Removed 12-\ J‘L{ 90
by: .03

1. Programmed Stop time

Date: Time:
2. Leak Check (inlet plugged, outlet open)

max vacuum, right gauge 2175 "Hg
max. vacuum, leftgauge _At.¢0 “Hg

Close toggle, turn off pump, wait
30 seconds

max vacuum, right gauge _2\-35 “Hg
max. vacuum, leftgauge __2\-O  “Hg

3. Free-flow check (inlet open, outlet opcn)

vacuum, right gauge __ (9. 25  “Hg
vacuum, left gauge 0.0 "Hg
rotometer 1. 10 "Hg

4. Heater works:  Yes B/ No D

5. O, cell oo ambient air %
Ambienttemp. _____ °F
AWES temp. strip *F

AWESC
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AWES Log Book

Home Code: \DY—Q _$_ Sampling Rotation: 1] 2[] ;ﬁ 4[] s(J B[]
Sample 1.D._wie S 493 |

.

AWES Box # 2\

Fner ¥ KON

xaps 1O

\0 (P“\) Probe # Lf

Teflon Line #

Installation
Datc AWES lastalled ’L\'Z:L\G\O

by <

1. Programmed Start time
Date: Z-LCD Time: 1)
2. Leak Check (inlet plugged, outlet open)

max. vacuum, right gauge 2.2 "Hg
max vacuum, left gauge _2\.D  “Hg

Close toggle, turn off pump, wait

30 seconds
max vacuum, right gauge % < *Hg
max vacuum, left gauge 2.2 _"Hg

3. Free-flow check (inlet open, outlet open)

vacuum, right gauge G ) *Hg

vacuum, left gauge *Hg
rotometer 1S *Hg

4. Heater works: Yes B (if no, use
substitute AWES

5. O, cell calibrated p Yes

g::?\:rss Removed 31'3 (‘i %

by: » 61 (1&
1. Programmed Stop time
Date: ~/ \ Time: M

2. Leak Check (inlet plugged, outlet open)

max. vacuum, right gauge 2\.}+ *Hg
max. vacuum, left gauge 5..\.2 “Hg

Close toggle, turn off pump, wait
30 scconds

max. vacuum, right gauge _2\. T “Hg
max vacuum, left gauge __R\. 2. °“Hg

3. Free-flow check (inlet open, outlet open)

vacuum, right gauge 1.3 "Hg
vacuum, left gauge 0.0 “Hg
rotometer \r1d  “Hg

4 Heaterworks: Yes [ No[]

5.0, cell oo ambient air_20.5 %
Ambient temp. °F
AWES temp. strip °F

R EH R R MR R EREEAERG

AWES.C
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KLAMATH FALLLS FIELD STUDY
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AWES Log Book

s HomeCode:“&'b(’ Sampling Rotation: ID Z\QC 3(J 4D 5D
7 Sample LD MWD C
-- ——
AWW#_M__ Filter # X022 XAD# 2>
Tefloo Line # Probe # __
iy S A Date A¥ A
Datc AWES Iastalled _—_7_>\_‘S \ Date AWES Removed &-\t-?()
; LG > by
L ) .—1. Programmed Start time 1. Programmed Stop time
AN -l)aie: Time: Daxe:_'Ls\SS(\) Tine.’ssqa
To| 2 Leak Check Galet plugged, outet opes) 2. Leak Check (inlet plugged, outlet open)
g max vacuum, right gavge _&\» ) "Hg max vacuum, right gauge TU__ *Hg
" max vacuum, left gauge _ 0>\ “Hg max. vacuum, left gavge _14.5 *Hg
Close toggie, turn off pump, wait Close toggle, turn off pump, wait
30 seconds 30 seconds
. AW O e . .
max. vacuum, right gavge = “Hg max vacuum, right gauge 29 “Hg
max vacuum, left gauge 20+ L"Hg max vacuum, left gauge _\ *Hg
3. Free-flow check (inlet open, outlet open) 3. Free-flow check (inlet opea, outlet opca)
vacuum, right gauge . *Hg vacuum, right gauge VAN "Hg
vacuum, left gauge ‘Hg vacuum, left gauge o *Hg
rotometer \\O “Hg rotometer O *Hg
4. Heater works:  Yes ﬁ.(ilno.ue 4. Heater works:  Yes \E No[]
substitute AWES
5. O, cell calibratod> ﬁ Yes 5. O, cell 0o ambicat air %
Ambicat temp. 3 L‘, °F
AWES temp. strip °F

AWES.C
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AWES Log Book

Home Code: uf 06 Sampling Rotation:
Sample 1.D.; Ud[ |ﬁ60 }ﬁ

10

8«0 sO &0

AWESBax ¢ RY  Fuew  fLOCH xaps S 724

Teflon Line # J Probe # /‘7‘

Installation // Removal ] |

Datc AWES lnsialled  3/2/ o0 Datc AWES Removed __ 3110140

by by: %.1 G\B

1. Programmed Start time L Programmed Stop time

Date: szgg '217 Time: Q Date: -77‘8 179

2 Leak Check (inlet plugged, outlet open) 2. Leak Check (inlet plugged, outlet opes)
max. vacuum, right gauge 2"- ‘Hg max vacuum, right gauge ﬁ_‘% "Hg
max vacuum, left gauge .7 "Hg max vacuum, left gauge ‘Hg

Close toggle, turn off pump, wait Close toggie, turn off pump, wait

30 secoands 30 seconds .
max vacuum, right gauge . mwm@mm___% “Hg
max. vacuum, left gauge -] ‘Hg max vacuum, left gauge ‘Hg

3Free-ﬂowched(mletopu.mluopcn) 3. Free-flow check (inlet open, outlet opea)
vacuum, right gauge __LL'Ha vacuum, right gauge [F-F 1
vacuum, left gauge vacuum, left gauge 0 ‘Hg
rotometer Le rotometer 1D ‘Hg

4 Heaterworks:  Yes Ef(ifno.m 4Heserworks Yes K]  No[]

substitutc AWES
S. O, cell calibrated @’m 5.0, cell on ambieat air_20-§ %
Ambiesttemp. °F
AWES temp. strip °F

AWES.C
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KLLAMATH FALLS FIELD STUDY

AFFENDI X C

TEST STATISTICS

ﬂ Elements Unlimited




KLAMATH FALLS PERFORMANCE STUDY
STATISTICAL ANALYSIS x*

ASSUMPTIONS: 1. Xy v X432+ X3....X,,,, are random samples
2. Xa oy Xy Xoz0- -Xzn,, are random samples
3. Xuw ., Xz, X3, ..XjNyy, are independent
from X5, . Xg5 v Xp3... -Xzn, + and both are
normally distributed.
2 Z
s
HYPOTHESIS FOR ALL COMPARISONS:
Hot 4,= 4, A = 0.05
HI oM, A.(L
X, =X
REJECT Ho, IF ‘[t -2t _f& . > t(D)
Slz' Sz_z 1 "'&
——— + —_———
NS, T+ 5,572
D= ---ommme et - FOR N/ = N, = N
st o+ s,
*Statistical Analysis Provided by Gary Hazard, Chairman of the
ﬂ Stove Technical Committee, April, 1990.

Elements Unlimited




TABLE C-1. Test Statistics, Week 2 vs. Week 3.

STOVE | WEEK 2 ' NEEK 3 : (NDTES § & 2)
PARAMETER WE !, 5, L 5, Nnl T D tin) DECISION
PRESERIREREBRIRIRIBRE  Ianestsantesasnstaes Sosastsantstsassnttt  taosassassasnssssssssssssinntsesssst
ENISSIONS At 1 &5 095 31 7.3 159 3i-168 4B -2.03  F.T.R,
(GRANS/ NON 0 5.4 LA 3 46 142 3 0,62 577 1%  F.T.R.
HOUR) CATENON | 5.5 130 61 40 2,00 &1-050 10,30 -1.81 F.T.R
EMISSIONS CAT 1 &5 078 3%t 1.3 L5 31-2.80 4,32 -2,09 REJECT
(GRANE/ NON 0 52 57 3t 54 451 31010 599 -1.94 F.T.A,
k6) CATLNON i 4.8 1,70 6! &3 2,10 6% -1.40 11,50 -1.79 F.T.R.
' ] |
1 i !
BURN RATE CAT 0.19 31 Lot ol 3! L8t 4.8 2.04 F.LR,
(KG/HR) NON 1, S 31 0,93 . I 0.9 535 L8 FTR
CAT & NON § 1, 0,20 &% 1,00 0,20 41! 173 12,0 178 F.T.RS

NOTES: 1. F.T.R. = FAIL TO REJECT THE NULL HYPOTHESIS (Ho).

2. REJECT = REJECT THE NULL HYPOTHESIS AND ACCEPT
THE ALTERNATE HYPOTHESIS,

RESULT:  The emissions, in qrams/kq, from the three catalytic stoves
were higher in Week J than Week 2, for those sase three stoves.

No other result was statistically significant,

ﬂ Elements Unlimited




TABLE C-2. Test Statistics, Catalytic vs. Non-catalytic.

MEEK | CATALYTIC i NON-CATALYTIL & (NOTES ! & 2)
PARAMETER N, T, 5, nt Xz 5 n, D t DECISION
L LR R L R e L R R R e R R R e T RR AR TS AR R ERRARRRNARRRESIANIRERISEAIRRARRAIARERALLARDERL)
ENISEIONS 2 7 5% 095 3 OS54 L7431 0,09 Lé 206 F.T.R,
(BRANMS/ A S S 0 S 18 A T R Y S P Y2 I 2 L 59 1,95 REJECT
HOUR) 263 0 &4 1S5 &1 50 148 &1 Le0 1LY LB FLR
EMISSIONS 2 v 45 075 3t 52 4% 30 OLDS .5 224  F.LR
{GRANS/ I 013 . LT TE N1 B S P 5.0 2,02 F.T.R
KG) 283 1 5.9 ‘ 61 5.3 . Vo048 1L L7 ETLR.
BURN RATE 2 1 b IVOLI 63 3 0.8 5.0 2,02 F.LR
(K6/HR) A I . 360 0.2 I 0.54 43 209 F.T.R
283 0 L1300 019 6% 104 0,27 &% 087 108 L.BO  F.T.R
1 1 ]

NOTE: 1. F.T.R. = FAIL 7O REJECT THE NULL HYPOTHESIS (K ),
2, REJECT = REJECT THE NULL HYPOTHESIS AND ACCEPT
THE ALTERNATE HYPOTHESIS.

RESULT:  The only statistically significant result is the lower eaissions,
in grans/hour, of the non-catalytic stoves in week 3 coapared to
the catalytic stoves in the same time span,

No other result was statistically significant (at 93% confidence level).
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