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EXECUTIVE SUMMARY

L.  BACKGROUND AND OBJECI'IVEé

A significant body of laboratory test data has demonstrated that new woodheat technologies can
significantly reduce smoke emissions and improve overall efficiency. In an effort to determine the
effectiveness of the new technologies under “in-home” conditions, the City of Whitehorse, supported
by Energy, Mines and Resources Canada and the Government of the Yukon, secured funding under the
Remote Con::;nunity Demonstration Program and the Canadian Combustion Research Laboratory, both of
Energy, Mines and Resources Canada, to conduct a demonstration of the performance of the new
residential woodheat technologies.

The woodheat technologies demonstrated in the study had not been evaluated under “in-home”
conditions. A general goal of this study was to reach meaningful conclusions regarding the
effectiveness of new woodheat technologies at:

1.  Reducing the impact of residential woodheat emissions on ambient air quality.

2. Reducing the risk associated with chimney fires and safety of operation in the home.

3. Improving the energy efficiency of residential woodheating. V

The study was specifically designed to achieve the following objectives:

1. Quantify the emission characteristics of both conventional and new residential woodheat
technologies (integral catalytic woodstoves, catalytic “add-on” retrofit devices, low emission
non-catalytic woodstoves, and double wall flue pipe) under “in-home” conditions,

2. Measure the creosote build-up in flue pipes and chimneys of the test stoves.

3. Compare results from this study with other available documented field studies or laboratory
tests. |

4. Evaluate the impact of “in-home” woodburning operator practices on woodstove performance.

5. Evaluate the percentage of time catalysts were at “lightoff” conditions, i.e., the percentage
of time that in-catalyst temperatures were greater than 260° C (500° F).

6. Evaluate the effect on woodstove performance and particulate emissions of using the two
types of wood commonly available in the Whitehorse area—*firekilled” (predominantly
lodgepole pine) and “seasoned” (predominantly white spruce, two homes used “seasoned”
lodgepole pine).

The general design of the study consisted of nine one-week particulate emission sampling periods
that were conducted in fourteen Whitehorse homes which used wood as a primary source of heat.
After four one-week sampling periods were completed using the homeowners’ existing conventional
technology woodstoves (Stage 1), new woodheat technology appliances were installed in each of the
study homes and monitored for an additional five one-week sampling periods (Stage 2). Woodheat

technologies evaluated in this study were:
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Stage 1

Technology Type Woodstove Models Number of Homes
Conventional RSF *65” 5
“Step Top” Spin Drafts 4
Sears “‘Automatic’ 2
Blaze King “King” 2
Energy King “Princess” 1
4
Stage 2
Technology Type New Technology Models Number of Homes
Double Wall Flue Pipe James A. Ryder Manufacturing (sealed) 2
and Security Chimneys, Ltd. (vented)
Low Emission Non-Catalytic Osburn “Imperial 2000” 2
Woodstoves
Catalytic ‘“Add-on’’ Retrofit Nu-Tec Catalytic Retrofit 2
Devices Uni-Com Catalytic Damper 2
Integral Catalytic Blaze King “King”’ 2
Woodstoves Burning Log “Turbo 10" 2
Conventional Pacific Energy Systems ‘‘Super 27" 2

(uncertified version)

Throughout the study chimneys were swept and the accumulated creosote was collected and
weighed.  Creosote accumulation comparisons were made between Stages 1 and 2. The study also

included an evaluation of the residential wood combustion effects of ‘‘firekilled” and ‘‘seasoned” wood

that is available in the Whitehorse area.

II. RESULTS AND CONCLUSIONS

Table A summarizes the performance of new woodheat technologies evaluated in this study.
Technology performance is listed in five categories: mean emission rate in grams of particulate per
hour of stove operation (g/hr); mean burn rate in kilograms of wood used (dry basis) per hour of
stove operation (dry kg/hr); mean wood use in kilograms of wood used (dry basis) per heating degree-
day (dry kg/HDD); mean overall efficiency as a percentage (%)—an indicator of the emergy efficiency
of the technology; and creosote deposition in grams of creosote per heating degree-day (g/HDD). A
more detailed breakdown of emission performance by technology model is presented in Table B. This
study demonstrated the following performance characteristics:
A. Conventional Technology Woodstoves

The conventional technology woodstoves had a mean particulate emission rate of 21.8 grams per

hour, which is considered in the low end of the range (typically 2060 g/hr) for conventional

technology woodstoves.  Since conventional technology stoves generally produce less emissions under
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Table A

Whitehorse Efficient Woodheat Technology Demonstration Project

Summary of Woodheat Technology Performance

Mean Emission Mean Burn  {Mecan Wood Use{ Mean Overall Creosote
Technology Rate (g/bhr)!  |Rate (dry kg/hr)?| (dry kg/HDD)? | Effidency (%) |Deposition (yHDD)?

Conventional Technology Woodstoves 218 1.42 1.45 49.8 1.16
Vented Double-Wall Flue Pipe 328 133 1.26 46.8 L18
Sealed Double-Wall Flue Pipe 229 1.46 1.43 473 ’

Catalytic "Add-On" Devices 16.2 1.40 1.29 553 0.81
Low-Emission Non-Catalytic Woodstoves 143 1.08 1.03 48.2 0.43
Integral Catalyﬁc Woodstoves : 121 135 1.45 559 0.69

1. Emission Rate—grams of particulate per hour of stove operation (g/hr)

2. Burn Rate—kilograms of wood (dry basis) per hour of stove operation (dry kg/hr)

3. Wood Use—kilograms of wood used (dry basis) per heating degree-day (dry kg/HDD)

4. Creosote Deposition—grams of creosote per heating degree-day (g/HDD)




Table B
Whitehorse Efficient Woodheat Technology Demonstration Project

Summary of Woodheat Technology Emission Performance

Emission Rate (g/hr)

Technology Type Technology Model Mean Range
Conventional Technology Stoves All Stoves 218 5.7-49.8
Double Wali Flue Pipe Security Chimneys, Ltd. 328 26.4-40.5
James A. Ryder Manufacturing 229 18.0-27.1
Catalytic “Add-on” Retrofit Nu-Tec Catalytic Retrofit - 20.0 11.8-36.6
Devices Uni-Com Catalytic Damper 13.0 5.6-22.0
Low Emission Non-Catalytic Osburn “Imperial 2000” 143 53222
Woodstoves
Integral Catalytic Blaze King “King” 15.5 7.4-25.4
Woodstoves Burning Log “Turbo 10” 9.0 4.3-154
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high burn rate conditions, this result is not unmexpected since the average burn rate (1.42 dry kg/hr) is
relatively high in Whitehorse.  Higher burn rates will generally result in lower emissions due to
increased firebox temperatures and more complete combustion of the fuel and its combustion gases.

The largest data set collected for a conventional technology woodstove was for the RSF “65”
which had mean emission rates for individual homes ranging from 16.8 to 353 g/hr. An evaluation of
factors (i.e. burn rates, fuel loading frequency, fuel load density, chimney system configuration) that
could influence emission performance did not indicate any significant factor contributing to the
variation in mean emission rates between homes. While operator practices cannot be ruled out as a
contributing factor to the observed variances in emissions rates, a detailed inspection of each RSF
“65" would be needed to determine if mechanical factors, e.g. improperly operating thermostats,
blocked combustion air supply, etc., are significant influences on stove performance.

The simple step-top stoves produced some of the lowest emission rates, ie. 6 to 10 g/hr,
observed in this study. All of these stoves were primary heat sources and were fueled at relatively
high burn rates. This observation also supports the relationship between high burn rates and low
emissions. While these stoves have the potential to generate high emissions, it appears that under
Whitehorse heat demand conditions they are generally operated in such a manner as to keep emissions

relatively low.

B. New Woodheat Technology Performance
Double Wall Flue Pipe
a.  Vented Type—Security Chimneys, Ltd.
Within three days after the installation of the vented Security double wall flue pipe in one home

it was observed that creosote almost completely clogged the pipe, resulting in a severe smoke spillage
problem. This problem was not observed during Stage 1 or after the vented pipe was replaced with
sealed double wall pipe. It is therefore hypothesized that the vented double wall pipe caused a
thermosiphon effect resulting in a rapid cooling of the gases and a concentration of creosote in the
flue pipe. Burning creosote was also observed on one occasion in the vented flue pipe of the other
home in which it was installed. Additional analysis which is beyond the scope of this project would
be needed to confirm if the observed rapid creosote build-up associated with vented double-wall flue
pipe would be generally applicable to stove installations and meteorological conditions found in the
Whitehorse area.

The double wall vented flue pipe also increased emission rates in both homes in which it was
installed.
b.  Sealed Type— James A. Ryder Manufacturing

Upon replacement of the vented pipe with sealed double wall pipe, the rapid localized creosote

build-up problem observed with the vented flue pipe stopped. Emission rates decreased relative to the
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vented flue pipe. In comparison to Stage 1, wood usage significantly decreased in home WO01 even
through the homeowners indicated that the Ryder pipe did not seem to have a noticeable effect on
stove performance.

2.  Low-Emission Non-Catalytic Woodstoves

While it was ongmally intended to use two different models of low-emission non-catalytic

woodstoves in this study, only one model, namely the Osburn *“‘Imperial 2000, was evaluated. It was
discovered at the end of the study that the other model installed in two homes, the Pacific Energy
Systems (PES) *“‘Super 27,” was an uncertified version (ie. not Oregon certified). The local dealer of
this stove was under the impression that the “Super 27" stoves were Oregon certified.

This unexpected result indicates the need for both dealer and consumer education regarding the
identification of certified stoves. The performance data from the two ‘“‘Super 27" stoves was treated
as conventional technology woodstove information.

There were significant differences in the emission performance of the ‘‘Imperial 2000” between
the homes in which they were installed. In one home, the mean emission rates was 9.6 g/hr and in
the other home the rate was 19.0 g/hr. The home with the highest emission rate had a relatively
short (3.4 m [11.1 ft.]) chimney system with a mix of 15 c¢cm (6 in) and 20 cm (8 in) diameter pipe
while the other home had a 69 m (226 ft) run of 15 cm (6 in) pipe. It is hypothesized that the
straight short chimney with a mix of flue diameters probably contributed to higher emission rates by
creating relatively poor draft conditions. Laboratory testing would have to verify this hypothesis.

Participants using the low-emission non-catalytic woodstoves expressed " concern about the
frequent fuelings required (approximately every 3 to 6 hours) under high heat demand conditions. The
shorter burn times required the homeowners to occasionally refuel the stoves during the night. In a
smaller and/or well-insulated home ~or apartment the heat from a low-emission non-catalytic woodstove
appears to be sufficient to satisfy heating demand needs in the Whitehorse area.

3. Catalytic “Add-On” Retrofit Devices

The catalytic ‘““add-on” retrofit devices that were installed on conventional technology woodstoves

had a mean emission rate of 16.2 grams per hour, which was 26% lower than the mean emission rate
observed for the conventional technology woodstoves. The catalytic retrofits also increased the overall
efficiency of the conventional technology woodstoves on which they were installed. The mean overall
efficiency for the catalytic retrofits was 55.3%. This technology classification demonstrated a potential
for reducing particulate emissions from conventional technology woodstoves; however, each home that
used catalytic ‘‘add-on’ retrofits experienced moderate to severe smoke spillage from the stove door
when lighting a fire or fueling the woodstove. In one home severe smoke spillage was observed due
to the spontaneous ignition of unburned combustion gases. Most smoke spillage problems observed
were caused by the retrofit device acting as a flow restriction in the flue pipe. In the homeowners’

opinions, the smoke spillage problems generally outweighed any benefit from the catalytic retrofit
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devices. It appears the severity of the smoke spillage problem can be influenced by the design of the
conventional technology woodstove on which the catalytic retrofit device is installed. Further design
improvements in catalytic “add-on” devices may be able to reduce or eliminate the type of smoke
spillage problems observed in this study.

4.  Integral Catalytic Woodstoves

The integral catalytic woodstoves had the lowest mean particulate emission rates and highest
overall efficiencies of the Stage 2 technologies evaluated. The mean emission rate observed for the
integral catalytic woodstoves was 12.1 grams per hour, which was 44% lower than the conventional
technology mean emission rate of 21.8 grams per hour. The mean overall efficiency for the integral
catalytics was 559%. The homeowners who operated the integral catalytic woodstoves were generally
pleased with the heat output, burn times, and mechanical design of the stoves. The integral catalytic
woodstoves reduced emissions without sacrificing safety or the convenience of long burns.

As discussed in more detail in Section VI of this report, there were a number of defects found in
the emission control system of the Blaze King “King” stoves used in this study. The defects appear to
be a combination of installation errors and manufacturing quality assurance problems. Based on
laboratory tests conducted on the catalysts used in the Blaze King “King” stoves, it appears that
several of the identified emission control system problems contributed to the observed elevated
emission rates. The manufacturer of the “King” stoves has already started to take corrective actions
as a result of the findings of this study. Despite the observed problems with the Blaze King “King”
catalytic stoves, study participants were very pleased with the heat output and burn duration
performance of these stoves.

An inspection of the “Turbo 10" stoves also revealed a gap in the gasketing around the catalysts
in one stove. However, this gap did not appear to significantly impact the emission performance of
the stove during the study.

While it is impossible to make a generic statement about the extent of installation and
manufacturing problems discovered by this study, it is an indicator that consumers should request
information about the experience of stove installers and their ability to identify and correct
manufacturing problems.

While both the Blaze King “King” stoves had the highest catalyst lightoff percentage of any
technology evaluated in this study (70.8%), the observed mean emission rate was significantly higher
than its Oregon certification level—15.5 g/hr versus 1.6 g/hr. This observation indicates that catalyst
performance measurements may not be a good indicator of stove emission performance when there is a
failure(s) of the emission control system in catalytic stoves. This observation is also supported by

studies conducted by OMNI in the northeastern and northwestern areas of the United States.
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C. Creosote Deposition Rate

The double wall flue pipe system did not appear to change the total creosote deposition rates in
one home. The creosote deposition rate appears to be significantly reduced in the other home;
however, a missing sample in Stage 2 makes this data highly questionable.

The Pacific Energy Systems “Super 27" (uncertified version) has an increased creosote deposition
rate when compared with the Stage 1 woodstoves in both of the study homes.

The Osburn “Imperial 2000” had a decreased creosote deposition rate when compared with
conventional technology woodstoves in both of the study homes.

In each of the four study homes with the catalytic “add-on” retrofit devices installed, the
creosote deposition rate increased between 82% and 40.0%. However, the uncertainty associated with
the creosote sample collection procedure indicates that the reported increases may be questionable. If
this trend can be verified by laboratory tests, it raises additional safety questions about the use of
catalytic “add-on” devices.

In three of the four homes with integral catalytic woodstoves, creosote deposition rates as
compared with the conventional technology woodstoves appeared to be significantly decreased. In the
fourth home the creosote deposition rate appeared to be the same as the creosote deposition rate

observed with the conventional technology woodstove.

D. Wood Usage
With the exception of two homes with the Nu-Tec “add-on” device and the one home with the

“Imperial 2000” that had relatively high emissions, all other homes showed a decrease in wood use
after new woodheat technologies were installed in the Stage 2 sampling period. The Uni-Com catalytic
“add-on” damper showed an average reduction in wood usage (dry kg/HDD) of 17.4%, whereas the
integral catalytic and the low-emission non-catalytic woodstoves showed average reductions of 14.9%
and 13.9% respectively. Caution must be used in the interpretation of wood use data: since a number
of factors, eg. woodstove firebox size, overall efficiency, and operator fueling practices, influence

wood use figures.

E. Comparison of Results from Whitehorse Study with Other Field Studies and Laboratory Tests

Recent in-situ woodstove studies conducted by OMNI which are still under peer review have also
demonstrated a wide range of emission performance of certified stoves. It is expected that upon
completion of the peer reviews of the other field studies the Whitehorse Efficient Woodheat
Demonstration report results will be compared against studies conducted in the northeastern and
northwestern parts of the United States. This type of comparison study should give further insights
into significant factors influencing “real world” woodstove performance. Generally, emission rates of

certified stoves evaluated in this study were higher than Oregon certification levels. This result is
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not unexpected in that the Oregon certification process does not take into account all variables
encountered under “real world” conditions. In addition, many of the elevated emission rates
demonstrated in this study, e.g. those of the Blaze King “King” and PES “Super 27" stoves, can be

explained by identified problems with the emission control system or other design factors identified in

this study.

F. The Effect of Operator Practices on Woodstove Performance

Operator practices can clearly influence the performance, i.e., emission levels and overall
efficiency, of woodheat technologies. However, the data from this study indicates that the design and
quality of installation of a particular woodheat technology has a more significant bearing on overall
performance than operator practices, The design of a woodstove or catalytic retrofit device will
determine a general range of emission rate capabilities.  Proper installation and good operating
practices (e.g., using dry wood) will increase the probability of achieving the lowest possible emission

rates.

G. Fuel Effects—*“Firekilied” vs. “Seasoned” Wood
The “firekilled” and “seasoned” fuel used during the study did not show any statistically

significant differences in grams per hour emission rate performance as averaged over all technologies.
The “firekilled” fuel had a mean emission rate of 19.5 grams per hour, and the “seasoned” fuel had a
mean emission rate of 19.3 grams per hour. The “seasoned” fuel had a higher moisture content
(29.4%—dry basis) than the ¢“firekilled” (16.6%—dry basis) and the homeowners commented that this
fuel was less convenient to start fires with and did not seem to burn as cleanly. The “firekilled”
wood is approximately thirty (30) years old and has the same energy content on a dry basis as the
“seasoned” wood. Some homeowners also felt that the “seasoned” wood produced more creosote. The

creosote collection procedures did not allow this homeowner perception to be evaluated.

H. RECOMMENDATIONS FOR FURTHER ACTION

This study has provided new insights into the desirable performance characteristics and
limitations of several new woodheat technologies. The study has also raised some issues that suggest
further evaluation. Specifically, they are:

1. The matching of chimney systems to new woodheat technologies and the effect on overall
woodstove performance. The potential influence of this factor was best illustrated with the
differences in the emission performance of the low emission non-catalytic woodstoves and
the observed concentration of creosote deposits in the vented double wall flue pipe.

2. Emission control system durability in integral catalytic woodstoves. The emission control

system of typical integral catalytic woodstoves requires the interaction of the mechanical
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bypass, catalyst, and primary, secondary and (sometimes) tertiary air draft systems. A study
of the emission control system factors which result in consistent low emission performance
under both laboratory and in-situ conditions is essential in determining the long term
benefits of this technology classification.

An analysis of design factors which can reduce smoke spillage in the catalytic ‘“add-on”
retrofit devices. Every home in this study equipped with the retrofit devices experienced
some degree of smoke spillage. An evaluation of current designs and improved designs could
indicate a device that will safely and reliably reduce particulate emissions from numerous
conventional technology woodstove models.

A more detailed study of the operation and applicability of low emission non-catalytic
woodstoves in colder climates.  This classification of woodstoves has the potential of
reducing particulate emission rates; however, the chimney system, heating demand,
willingness of the operator to refuel more frequently, and heat retention characteristics of
the home where the device is installed all influence the overall effectiveness and
acceptability of the low emission non-catalytic woodstoves.  The development of more
specific criteria for installations of low emission non-catalytic woodstoves in colder climates
is suggested by this study.

Emission reduction potential of the sealed airspace double wall flue pipe. The total data set
collected on this type of flue pipe consisted of five sampling periods. A larger data set
would help to resolve the issue of particulate emission reduction potential of this type of
flue pipe.

Improved education programs for both consumers and dealers to ensure that new technology
woodstoves are properly installed, operated, and maintained. Sponsorship of these programs
should be both from the public, e.g. regulatory agencies, and the private sector, e.g.
manufacturers of woodstoves and trade organizations.

The requirement for random periodic inspections of certified woodstoves at the place of
manufacture in the event that a Canadian woodstove emission performance regulation is
adopted. This requirement would ensure that manufacturers do not implement changes in

design or materials without having the approval of the appropriate regulatory agency.
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I. CONTEXTE ET OBJECTIFS

Un ensemble imposant de donn&es obtenues lors d'essais en laboratoire
a démontré que les nouvelles techniques de chauffage au bois peuvent r&dui-
re grandement les émissions de fum€e et am€liorer l'efficacité globale de
ce type d'appareil de chauffage. Afin de déterminer leur efficacité&é dans
des conditions "réelles" (c.-3—-d. dans une maison), la ville de Whitehorse
a réalisé un projet de démonstration des nouvelles techniques de chauffage
au bois. Appuy&e par Energie, Mines et Ressources Canada et par le gouver-—
nement du Yukon, la ville a obtenu un financement pour ce projet, dans le
cadre des activités du Programme de démonstration dans les collectivités
€loignées (PDCE) et du Laboratoire canadien de recherche sur la combus-
tion. ILe Programme et le Laboratoire relé&vent tous deux d'Energie, Mines

et Ressources Canada.

Les techniques de chauffage au bois qui ont é&té E&tudifes dans ce
projet n'avaient pas fait 1'objet d'évaluation dans des conditions réelles
(dans des maisons). Cette &tude avait donc comme objectif global de d&ga-
ger des conclusions concrétes au sujet de 1l'efficacité des nouvelles
techniques de chauffage au bois, et on a cherché 3 déterminer dans quelle

mesure ces techniques :

1. Reduisent 1'impact négatif des &missions de combustion sur la
qualité de 1'air ambiant.

2. R&duisent les risques associés aux feux de cheminée et & 1l'utili-
sation du chauffage au bois dans les maisons.

3. Am&liorent le rendement &nerg&tique du chauffage au bois dans les

maisons.

L'étude a Et& expressément congue en vue des objectifs suivants :

1. Quantifier les émissions attribuables aux techniques classiques et

nouvelles de chauffage au bois dans les maisons (po€les a



=~

catalyseur intégré, po€les d catalyseur ajoutd, pofles sans
catalyseur 3 faible niveau d'émissions, et cheminSes a double
paroi)} dans des conditions réelles.

2. Mesurer le taux d'accumulation de la cr&osote dans les conduits

d'évacuation et les cheminSes coupl&s aux po€les testés.

3. Comparer les ré&sultats de cette &tude avec d'autres &tudes

réalis€es sur le terrain ou des essais effectués en laboratoire.

4. Evaluer dans quelle mesure le mode d'utilisation du po€le & bois,

dans une maison, influe sur son rendement.

5. Evaluer, en pourcentage, le temps pendant lequel les catalyseurs

ont fonctionné dans des conditions de chauffe, c'est-d-dire le
temps, en pourcentage, pendant lequel les températures a
1'intérieur du catalyseur &taient supérieures & 260 °C (500 °F).

6. Evaluer 1'effet, sur le rendement du po€le et les émissions de

particules, de l'utilisation des deux types de bois que 1'on peut
habituellement se procurer dans la r&gion de Whitehorse : bois
"déja brdlé" (c.-a—d. du bois provenant de foréts qui ont &té
incendiées par le passé&, soit principalement du pin tordu) et du
bois "s&ch&” (principalement de 1'épinette blanche et, dans deux
maisons, du pin tordu "s&ché").

L'6tude a consisté & recueillir des &chantillons d'émissions de
particules pendant neuf périodes d'une semaine, dans quatorze maisons de
Whitehorse qui &taient chauffées principalement au bois. Aprés quatre
périodes d'Schantillonnage d'une semaine réalisées sur les poéles a bois
classiques d&€ja en place dans les maisons (&tape 1), on a installé des
po€les utilisant des techniques nouvelles dans chaque maison testée, et on
a réalisé cing autres périodes d'&chantillonnage d'une semaine (&tape 2).
Voici les différentes techniques de chauffage au bois qui ont &t& &values

au cours de cette &tude :



Type de technique

Classique

Type de technique

Conduit 4d'évacuation

d double paroi

Po€le sans catalyseur

3 faibles é&missions

Poéles 3 catalyseur

ajouté

Po€les 3 catalyseur
intégré

Technique classique

Etape 1
Modéle de po€le Nombre de maisons
RSE "65" 5
"Step Top" Spin Drafts 4
Sears "Automatic" 2
Blaze King "King"” 2
Energy King "Princess" 1
Etape 2
Mod&le utilisant Nombre de maisons
de nouvelles techniques
James A. Ryder Manufacturing 2
(conduit scellg), et
Cheminge SEcurité Ltée
(conduit 3 aération)
Osburn "Imperial 2000" 2
Catalyseur d'appoint Nu-Tec 2
Registre catalytique Uni-Com 2
Blazer King "King" 2
Burning Log "Turbo 10" 2

Pacific Energy Systems "Super 27" 2
(modéle non homologué)



Tout au long de 1'6tude, on a ramoné les cheminées, et on a recueilli
et pesé la crdosote accumulée. On a pu ainsi comparer la créosote accumu-
1l8e lors de 1'6tape 1 et lors de l'étape 2. Dans le cadre de 1'&tude, on a
&galement &valug les effets, sur la combustion, du type de bois utilisé&
(bois "d&jad brllé" et bois "séché") qui est disponible dans la région de

Whitehorse.
II. RESULTATS ET CONCLUSIONS

Le tableau A r@sume le rendement des nouvelles techniques de chauffage
au bois é&valu€es dans cette &tude. Les ré&sultats sont pr&sent&s en cing
volets : les é&missions moyennes en grammes de particules par heure de
fonctionnement du po€le (g/h); la cote moyenne de combustion en kilogrammes
de bois utilisé (bois sec) par heure de fonctionnement (kg sec/h); la
consommation moyenne de bois en kilogrammes de bois utilisé (bois sec) par
degré-jour de chauffage (kg sec/DIC); le rendement global moyen exprimé en
pourcentage (%), lequel est un indicateur du rendement é&nerg&tique de la
technique; et enfin le rythme d'accumulation de la cr&osote en grammes de
créosote par degré-jour de chauffage (g/DJC). Le tableau 2 pr&sente une
ventilation plus détaill&e des niveauc d'émissions, pour les différentes
techniques. Cette &tude nous permet de dégager certaines conclusions que

nous pré&sentons dans les paragraphes suivants.

A. Po€les classiques

Pour les po€les de cette catégorie, on a enregistrg&, pour les
émissions de particules, une valeur moyenne de 21,8 grammes par heure, ce
qui se trouve dans la plage inférieure de la fourchette habituellement
enregistrée avec les poé€les classiques (soit de 20 & 60 g/h). Comme les
po€les classiques produisent habituellement moins d'émissions lorsqu'ils
fonctionnent & une cadence de combustion &levée, ce résultat n'est pas
surprenant, car la cadence de combustion moyenne (1,42 kg sec/h ) est
relativement &levEée & Whitehorse. Des cadences de combustion &levées se
traduisent gé&néralement par de faibles niveaux d'&mission, car la

tempSrature &levEe qui régne & l'intérieur du poéle assure une meilleure

combustion du bois et de ses gaz de combustion.



Tableau A
Projet de démonstration des techniques
efficaces de chauffage au bois 3 whitehorse

Sammaire des résultats

Technique Niveau moyen Cadence Consommation  Rendement Accumula-
d'émissions moyenne de moyenne global tion de
(g/h)1 combustion de bois moyen cr8osote
(kg sec/h)2 (kg sec/DJC)3 (%) (g/D3C)4
Poéles utilisant 21,8 1,42 1,45 49,8 1,16
une technique
classique
Conduit d'&vacuation
d double paroi aérée 32,8 1,33 1,26 46,8
Conduit d'évacuation 1,18
a double paroi scellée 22,9 1,46 1,43 47,3
Po€les 3 catalyseur
ajouté 16,2 1,40 1,29 55,3 0,81
Po€les sans catalyseur
d faibles émissions 14,3 1,08 1,03 48,2 0,43
Po€les 3 catalyseur
inté&gré 12,1 1,35 1,45 55,9 0,69
1. Niveau d'émissions - grammes de particules par heure de fonctionnement du poéle
(g/h)
2. Cadence de combustion kilogrammes de bois (bois sec) par heure de

fonctionnement du poéle (kg sec/h)

Consammation de bois - kilogrammes de bois (bois sec) utilisé par degré-jour de
chauffage (kg sec/DJC)

Accumulation de créosote - grammes de créosote par degré-jour de chauffage
(g/DJC)



Tableau B
Projet de d&monstration des techniques
efficaces de chauffage au bois 3 whitehorse
Sammaire des niveaux d'&missions enregistrés

Niveau d'émissions (g/h)

Type de techniques Modéle Moyenne Fourchette
Po€les utilisant une Tous les po€les 21,8 5,7-49,8
technique classique
Conduits d'évacuation Cheminées S&curité Ltée 32,8 26,4-40,5
d double paroi James A. Ryder Mnfg. 22,9 18,0-27,1
Poéles & catalyseur Catalyseur d'appoint 20,0 11,8-36,6
ajouté Nu-Tec

Registre catalytique 13,0 5,6-22,0

Uni—Com

Po€les sans catalyseur Osburn "Imperial 2000" 14,3 5,3-22,0
a faible émissions
Po€les a catalyseur Blaze King "King" 15,5 7,4-25,4
intégré Burning Log "Turbo 10" 9,0 4,3-15,4



C'est avec l'appareil classique RSF "65" que nous avons recueilli le
plus grand nombre de données; cet appareil a donn€ un niveau d'é&missions
compris entre 16,8 et 35,3 g/h dans les différentes maisons. On a é&valué
les facteurs (c.-d8-d. cadence de combustion, fr&quence de chargement du
combustible, densité de chargement du combustible, configuration de la che-
min€e) qui pourraient influencer le niveau d'émissions, mais aucun d'entre
eux ne contribue de fagon marquée & la variation des niveaux d'é&missions
moyens entre les différentes maisons. Méme si on ne peut exclure la facgon
dont ces poé€les sont utilis&s par les propriétaires, comme facteur contri-
buant 3 1'E6cart observé des niveaux d'émissions, il faudrait proc&der & une
inspection détaill&e de chaque po€le RSF "65" afin de déterminer si le
rendement de 1'appareil est fortement influencé par certains facteurs méca-
niques, p. ex. un thermostat qui fonctionne mal, un conduit d'alimentation
en air comburant qui serait bouch&, etc.

Les poBles simples 3 chargement par le dessus ont donn& quelques-uns
des plus faibles niveaux d'émission observés dans cette &tude, soit 6 3.
10 g/h. Tous ces po€les constituaient des sources premiéres de chauffage
et &taient alimentés & des cadences de combustion relativement &levées.
Cette constatation &taye la relation entre cadences de combustion &levées
et faibles niveaux d'émission. Méme si ces po€les peuvent produire des
niveaux d'émissions &levés, il semble qu'en raison des conditions climati-
ques de Whitehorse, ces po€les sont utilisés de maniére telle qu'ils

produisent des niveaux d'émission relativement faibles.

B. Rendement des po€les utilisant de nouvelles techniques

1. Conduit d'évacuation d double paroi

a. Conduit 3 aération - Cheminfes Sé&curité& Ltée

Trois jours aprés avoir installé la cheminé S&curité J double paroi
aérée dans une maison, on a constaté que la créosote avait presque
complétement bouch&é le conduit, ce qui a provoqué un grave probléme de
refoulement des fum@es. On n'a pas observé ce problé&me pendant 1l'Etape 1,
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ni aprés avoir remplacé le conduit & aération par un conduit & double
paroi scellée. Par conséquent, on a fait 1'hypothése que le conduit
d'évacuation 3 double paroi aér@e avait provoqué un effet de thermosiphon,
qui s'est traduit par un refroidissement rapide des gaz et la concentration
de créosote dans le conduit de fume. On a également observé 3 une autre
reprise l'accumulation de créosote dans le conduit d'&vacuation aéré qui
avait &t& installd dans une autre maison. Il y aurait lieu de faire des
analyses additionnelles, qui d&passent cependant le cadre du pré&sent
projet, afin de confirmer si l'accumulation rapide de cr&osote que 1l'on a
observ€e dans le conduit d'é&vacuation 3 double paroi a&r&e est attribuable,
de fagon g&nérale, aux conditions climatiques et aux techniques d'installa-

tion des pofles que 1'on retrouve dans la région de Whitehorse.

Dans les deux maisons ol ce type de conduits d'&vacuation a &t& ins-

tallé, on a &galement enregistré une augmentation des niveaux d'émission.

b.  Conduit scellé - James A. Ryder Manufacturing

En remplagant le conduit aéré par un conduit & double paroi scellée,
le probléme d'accumulation rapide et localisé de créosote, mentionn& au
paragraphe précédent, a pris fin. Les niveaux d'@&missions ont diminué par

-~

rapport 3 ceux qui avaient &t& enregistrés avec le conduit d'évacuation
aéré. Par rapport 3 l'&tape 1, la consommation de bois a diminu& de fagon
marquée dans la maison W0l, méme si les propriétaires de la maison ont
indiqué que le conduit Ryder n'a pas sembl& avoir eu un effet notable sur

le rendement du po€le.

2. PoBles sans catalyseur 3 faibles &missions

Bien que 1'é&valuation devait porter initialement sur deux modéles
différents de po€les a bois sans catalyseur 3 faibles é&missions, un seul
mod€le de ce genre a ét& &valué, soit le mod€le Osburn "Imperial 2000". On
a découvert & la fin de 1'étude que 1'autre modéle installé dans deux
maisons, le "Super 27" de Pacific Energy Systems (PES), &tait un mod&le non
homologué (c.-d-d. qu'il ne poss&dait pas 1'homologation de 1'Etat de

1'Oregon). Le vendeur de ce po€le 3 Whitehorse &tait sous 1'impression que



les po€les "Super 27" poss&daient 1'homologation de 1'Oregon.

Ce ré&sultat surprenant souligne la nécessité de mieux renseigner les
vendeurs et les consommateurs au sujet de l'identification des poéles homo-
logués. Par conséquent, les donn€es obtenues avec les deux po€les "Super
27" ont &té traités comme s'il s'agissait de po€les utilisant des techni-

ques classiques.

On a observé des différences importantes dans les niveaux d'@missions
des po€les "Imperial 2000" installés dans deux maisons différentes. Dans
la premiére maison, le niveau moyen d'é@missions &tait de 9,6 g/h, et dans
1l'autre maison, il é&tait de 19,0 g/h. Dans cette derniére maison, la
cheminge &tait compos€e de conduits de diamétre de 15 cm (6 po) et de 20 cm
(8 po), tandis que dans la premiére maison, la cheminée comportait un
conduit de 15 cm (6 po) de diamStre, d'une longueur de 6,9 m (22,6 pi). On
suppose que la chemin&e plus courte comportant des conduits de diamétres
différents a contribué & 1'augmentation du niveau d'émissions en donnant
lieu 3 un tirage insuffisant. I1 faudrait toutefois confirmer cette

hypothése en laboratoire.

Les propriétaires de maisons qui ont participé au projet et qui
utilisent des po€les sans catalyseur & faibles &missions se sont montrés
préoccupés de ce qu'il faut charger fréquemment le po€le (environ tous les
3 8 6 heures) lorsque la demande de chaleur est E&levée. Comme la combus-
tion est rapide, les propri&taires doivent parfois se lever en pleine nuit
pour charger leur po€le. Dans les maisons ou appartements bien isolés et
(ou) de petites dimensions, la chaleur dégag&e par un po€le sans catalyseur
ad faibles émissions semble suffisante pour répondre aux besoins en chauf-

fage que 1'on rencontre dans la ré&gion de Whitehorse.

3. Pofles 3 catalyseur ajouté

Dans le cas des po€les classiques munis d'un catalyseur ajout&, on a
enregistré un niveau moyen d'émissions de 16,2 g/h, soit 26 % de moins que
le niveau moyen d'émissions enregistré avec les po€les utilisant des

techniques classiques. L'adjonction des catalyseurs d'appoint s'est &gale-
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ment traduite par une augmentation du rendement global des poéles classi-
ques sur lesquels ils ont &té installds. Le rendement global moyen des
po€les i catalyseur ajout& a &té de 55,3 3. Ce type de technique a donc
démontré qu'elle pouvait ré&duire les émissions de particules attribuables
aux po€les classiques; toutefois, dans toutes les maisons qui ont utilisé&
ce type d'équipement, on a observé des refoulements de fum@e, allant de
modéré 3 grave, lorsque l'on ouvrait la porte du po€le afin de démarrer un
feu ou de charger 1'appareil. Dans une maison, on a observé un grave
refoulement de fumée attribuable & l'allumage spontané de gaz de combustion
non br1lés. La plupart des problémes de refoulement de fumSe &taient dus
au fait que le catalyseur d'appoint nuisait & 1'&coulement des gaz et des
fumées dans le conduit d'é&vacuation. De 1'avis des propriétaires de
maison, les problémes de refoulement de fumde annulent tout avantage que
peuvent procurer les catalyseurs d'appoint. Il semble que la gravité de ce
probléme peut dépendre de la conception du poéle classique sur lequel le
catalyseur d'appoint est installé&. En améliorant 1la conception des
catalyseurs d'appoint, on pourrait peut-étre ré&duire ou é&liminer les

problémes de refoulement de fumEe observ&s au cours de cette &tude.

4. Po€les & catalyseur inté&gré

Parmi les techniques &values au cours de 1'étape 2, ce sont les
po€les § catalyseur int&égré qui ont donné les plus faibles niveaux moyens
d'émissions de particules et les rendements globaux les plus &levés. En
effet, le niveau moyen d'émissions des po€les 3 catalyseur int&gré a &té de
12,1 g/h, soit 44 % de moins que le niveau moyen d'Emission enregistré& avec
les po€les classiques, lequel s'&tablissait & 21,8 g/h. Le rendement
global moyen des po€les 3 catalyseur intégré a &té de 55,9 %. Les proprié-
taires qui ont utilisé ce type de pofle se sont montrés généralement
satisfaits de leur puissance calorifique, de leur conception m&canique et
de la dur@e de combustion qu'ils procuraient. Les po€les 3 catalyseur
intégré ont permis de ré&duire les niveaux d'€mission sans pour autant
sacrifier la sécurité& ou la commodité que représentent de longues p&riodes

de combustion.
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Comme 1'indique plus en dé&tail la Section VI du présent rapport, on a
observé un certain nombre de problémes dans le systéme de régulation des
émissions des po€les "King", de Blaze King, é&valués dans 1'&tude. Ces
problémes semblent attribuables i une combinaison d'erreurs d'installation
et de contr8le de qualit& en usine. D'aprés les essais réalisés en labora-
toire sur les catalyseurs utilis&s dans ces po€les, il semble que les
niveaux d'émissions &levés observés au cours de l'€tude &taient attribu-
ables aux problémes supposés du systéme de ré&gulation des émissions. Le
fabricant des po€les "King" a indiqué qu'il avait dé€jad pris des mesures
correctives d la suite des conclusions de notre &tude. Malgré les problé-
mes observés avec les poé€les & catalyseur "King", les participants a
1'étude se sont dits trés satisfaits de la capacité calorifique et de la

durée de combustion de ces po€les.

L'inspection des poéles "Turbo 10" a révé€lé la présence d'un vide dans
les joints autour des catalyseurs, dans un des appareils. Toutefois, ce
vide n'a pas semblé avoir un effet important sur les niveaux d'émissions de

ce po€le au cours de 1'&tude.

Bien qu'il soit impossible de formuler une conclusion générale au
sujet des problémes d'installation et de fabrication découverts au cours de
1'étude, il n'en demeure pas moins que les consommateurs devraient s'infor-
mer au sujet de 1l'expérience des installateurs de po€les et de leur

capacité de déterminer et de r&gler les problémes de fabrication.

Méme si les deux po@les "King" de Blaze King ont enregistrd le plus
haut pourcentage (70,8 %) de chauffe du catalyseur, parmi tous les poéles
&valués au cours de l'étude, leur niveau moyen d'émissions &tait beaucoup
plus Elevé que le niveau indiqué sur le certificat de 1'Oregon - 15,5 g/h
au lieu de 1,6 g/h. Ce fait semble indiquer que les mesures de rendement
des catalyseurs ne sont peut-€tre pas un bon indicateur du niveau d'émis-
sions produit par un po€le lorsqu'il y a bris du systéme de régulation des
&missions dans les po€les & catalyseur. Cette constatation est &galement
Etay€e par des &tudes menSes par OMNI dans les régions du nord-est et du

nord-ouest des Etats-Unis.
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C. Accumulation de créosote

L'utilisation d'un conduit d'&vacuation & double paroi n'a pas semblé
modifier le rythme d'accumulation de créosote dans une maison. Dans
l'autre maison, le rythme d'accumulation de créosote semble avoir &té
ré&duit de facgon notable; toutefois, un &chantillon mangquant dans 1'é&tape 2

nous incite 3 douter fortement de ce ré&sultat.

Dans le cas du "Super 27" (version non homologuée) de Pacific Energy
Systems, on a enregistré& une augmentation du rythme d'accumulation de cré&o-

sote par rapport aux po€les de l'€Gtape 1, dans les deux maisons testées.

Pour ce qui est du po€le "Imperial 2000" d'Osburn, on a enregistré un
rythme moindre d'accumulation de créosote par rapport aux po€les classi-

ques, et ce, dans les deux maisons testées.

Dans chacune des quatre maisons &quip&es d'un poéle a catalyseur
ajout&, le rythme d'accumulation de cré&osote a augmenté& de 8,2 % & 40,0 %.
Toutefois, l'incertitude associée 3 la m&thode de collecte des &chantillons
de cré&osote jette un doute sur les augmentations enregistrées. Si ces
derniéres peuvent 8tre corroborées par des essais en laboratoire, on pourra
alors mettre en cause 1l'aspect sécurité€ des catalyseurs d'appoint.

Dans trois des quatre maisons &quip€es d'un po€le & catalyseur inté&-
gré, on a enregistré& une diminution appréciable des rythmes d'accumulation
de crBosote, par rapport aux pofles classiques. Dans la gquatriéme maison,
le rythme d'accumulation de créosote semble &tre demeur& au méme niveau que

le rythme enregistré avec le poéle classique.

D. Consommation de bois

A 1'exception des deux maisons &quip&es du catalyseur d'appoint Nu-Tec
et de la maison é&quip€e du poé€le "Imperial 2000" qui avait un niveau
d'émissions relativement &levé, on a enregistr& dans toutes les autres

maisons une diminution de la consommation de bois aprés 1l'installations des
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nouveaux &quipements dans 1'€tape 2. Dans le cas du registre catalytique
d'appoint Uni~Com, on a enregistré une réduction moyenne de la consommation
de bois (kg sec/DIC) de 17,4 % tandis que 1l'utilisation des po€les a cata-

=~

lyseur intégré et des poéles sans catalyseur a faibles é&missions s'est
traduite par une ré&duction moyenne de 14,9 % et 13,9 %, respectivement. On
doit toutefois faire preuve de prudence en interprétant ces donnges, car il

faut tenir compte d'un certain nombre de facteurs, &
la chambre de combustion, rendement global, habitudes de chargement des

savolr : dimensions de

utilisateurs.

E. Comparaison des résultats de 1'Stude de Whitehorse avec d'autres

&tudes sur le terrain et des essais en laboratoire

Les r&centes &tudes sur le chauffage au bois menées par OMNI et qui en
sont encore & l'&tape d'évaluation avant publication, indiquent, au
chapitre des niveaux d'émissions, une large fourchette de rendement pour
les po€les homologués. Lorsque 1l'6valuation pré&liminaire des autres &tudes
réalisées sur le terrain sera terminée, on prévoit que le rapport sur le
projet de démonstration de Whitehorse sera compar® aux résultats des Etudes
effectues dans le nord-est et le nord-ouest des Etats-Unis. Ce type de
comparaison devrait permettre de comprendre les facteurs importants qui
influent sur le rendement des po€les & bois dans des "conditions réelles".
En régle générale, les niveaux d'émissions des pof€les homologués &valués
dans la pr&sente &tude sont supérieurs aux niveaux indiqués sur les
certificats de 1'Oregon. Ce résultat n'est pas surprenant, car la m&éthode
d'homologation retenue par 1'Etat de 1'Oregon ne tient pas compte de toutes
les variables que 1'on rencontre dans les "conditions r&elles". En ocutre,
bon nombre des niveaux d'é&missions Elevés observés au cours de cette &tude,
notamment ceux enregistrés avec les pofles "King" de Blaze King et
"Super 27" de PES, sont explicables par des problémes que l'on a not&s avec
les systémes de régulation des €émissions, ou encore par d'autres problémes

relevEs au cours de l'étude.
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F. Effet des habitudes des utilisateurs sur le rendement des po€les a
bois

Les habitudes des utilisateurs ont manifestement une influence sur le
rendement de leur po€le, c'est-d-dire sur les niveaux d'émissions et sur le
rendement global. Toutefois, les donnSes obtenues au cours de cette &tude
semblent indiquer que la conception et la qualité de 1l'installation d'un
po€le donné ont plus d'importance sur le rendement global que les habitudes
de l'utilisateur. La conception d'un pofle ou d'un catalyseur d'appoint
joue un grand r8le dans les niveaux d'émissions imputables & 1'appareil.
Une installation appropriée et de bonnes habitudes d'utilisation (p. ex.,
consommer du bois s&ché&) : voild les deux facteurs qui permettent probable-

ment de ré&duire le plus possible les niveaux d'@&missions.

G. Effets du combustible : bois "déja br(lé" et bois s&ché&

Le type de combustible - bois "déja br(lé€" et bois s&ch& - utilisé au
cours de 1'étude n'a pas eu d'effet statistique important sur les niveaux
d'émissions, mesurés en grammes par heure, pour l'ensemble des différents
appareils. Pour le bois "dé€jd br(lé", on a enregistré un niveau moyen
d'émissions de 19,5 g/h; quant au bois s&ch&, on a enregistré un niveau
moyen d'&missions de 19,3 g/h. Le bois s&ch& avait une teneur en humidié&
supérieure (29,4 %, sur une base sé&che) & celle du bois "dé€ja brdlé"
(16,6 %, sur une base sé&che), et les propriétaires ont fait valoir que le
premier type de bois &tait moins commode pour démarrer la combustion et
qu'il ne semblait brller aussi proprement que 1'autre. Le bois "déja
br1l&" est vieux d'environ 30 ans et a le méme contenu &nergétique, sur une
base sé&che, que le bois s&ch&. Quelques propriétaires ont E&galement fait
valoir que le bois s&ché produisait plus de créosote. La m&thode de
collecte de cr&osote utilis€e au cours de cette étude ne nous a pas permis

de v&rifier cette hypothése.

ITT RECCMMANDATIONS

Cette &tude nous a permis de mieux comprendre les caracté&ristiques de

rendement désirables et les limites de plusieurs nouvelles techniques de
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chauffage au bois. Cette &tude a &galement soulevé quelques questions qui

devraient faire 1l'objet d'une &valuation plus poussée. Les recommandations

portent sur les points suivants :

1.

Le lien entre les cheminées et les nouveaux appareils de chauffage
au bois, et leur effet sur le rendement global des po€les.
L'effet possible de ce facteur a &té illustr&, de fagon manifeste,
par les différences observées dans les niveaux d'@missions des
po€les sans catalyseur 3 faibles émissions, et les concentrations
de créosote enregistrfes dans un conduit d'&vacuation & double

paroi aérée.

La durabilité des systémes de ré&gulation des &missions dans les
po&les 3 catalyseur intégré. Dans ce type de podle, le systéme de
r&gulation des émissions fait habituellement appel & 1'interaction
de plusieurs sous-systémes : dérivation mécanique, catalyseur,
systémes primaire, secondaire et (parfois) tertiaire de tirage
d'air. Il inporte d'étudier, autant en laboratoire que dans des
conditions réelles, les facteurs associ8s aux systémes de régula-
tion qui donnent systé&matiquement de piétres niveaux d'émissions.

Ainsi, on pourra déterminer les avantages & long terme de ce type

de technique.

I1 convient d'analyser les modifications conceptuelles qui
permettraient de réduire les refoulements de fumSe attribuables
aux catalyseurs d'appoint. On a observé&, au cours de 1'étude, des
refoulements de fum€e dans toutes les maisons &quipfes de tels
catalyseur. Il y aurait lieu d'évaluer la conception des cataly-
seurs actuels et d'apporter les améliorations qui s'imposent, afin
d'obtenir un dispositif qui r&duira, de fagon slre et fiable, les
émissions de particules dans de nombreux modéles de poles

classiques.

On pourrait étudier plus en détail le fonctionnement et 1l'utilisa-
bilité des po€les sans catalyseur 3 faibles émissions dans des

climats plus froid. Comme son nom l'indique, ce type de po€le
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peut ré&duire les niveaux d'émissions. Toutefois, le rendement
global et 1'acceptabilité de ce type d'appareil dépendent de plu-
sieurs facteurs : le type de cheminée, les besoins en chauffage,
1l'acceptation par 1l'utilisateur de charger 1l'appareil plus
fréquemment, ainsi que la masse thermique de la maison dans
laquelle 1'appareil est installég. La pré&sente &tude suggére
d'&laborer des critéres plus précis pour l'installation des poé€les

sans catalyseur d faibles &missions dans les régions froides.

La possibilit& de r&duire les é&missions grdce d l'emploi d'un
conduit d'évacuation & double paroi scellé&e. L'ensemble des
données recueillies pour ce type de conduit d'&vacuation porte sur
cing périodes d'é&chantillonnage. Un ensemble de donn€es plus
vaste permettrait de savoir si ce type de conduit d'&vacuation

permet vraiment de r&duire les Emissions de particules.

I1 y aurait lieu d'améliorer les programmes d'information des
consommateurs et des vendeurs, afin de s'assurer que les po€les
utilisant les nouvelles techniques soient installés, utilisés et
entretenus de maniére appropri€e. Le parrainage de ces programmes
devrait &tre assuré par le public (p. ex. les organismes de régle-
mentation) et par le secteur privé (p. ex. les fabricants de

poles 3 bois et les associations commerciales).

Si le Canada adopte une norme sur les niveaux d'émissions des poé-
les 3 bois, cette norme devrait pré&voir des inspections périodi-
que, en usine et sur une base al&atoire, des po€les & bois homolo-
guds. Cette exigence permettrait de s'assurer que les fabricants
n'apportent pas des modifications dans la conception ou les
matériaux des pofles sans avoir regu au pr&alable 1'approbation de

1'organisme de r&glementation approprié.
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and sampling periods 5, 6, and 7 in "home W10. Study participants in home WO1 felt that the stove
had better draft with the Security pipe; however, a rapid creosote buildup was observed in the lower
1.5 m (49 ft) of flue pipe. The creosote buildup also contributed to smoke spillage problems.
Occupants in home W10 did not notice any change in stove performance after the Security double wall
pipe installation.

The James A. Ryder double wall flue pipe was installed for sampling periods 7, 8, and 9 in home
W01 and sampling periods 8 and 9 in home W10. Study participants in either home could not detect

any change in stove performance after the installation of the James A. Ryder flue pipe.

B. Pacific Energy Systems “Super 27 (uncertified version)

The *“Super 27" was installed in homes W06 and W13. Study participants in home W06 felt that
the stove’s heat output was inadequate for their installation. According to the study participants in
home W06, the heat output was sufficient for outdoor temperatures above ~10°C (14°F), otherwise heat
output was insufficient. = The homeowners in home WO06 were unsatisfied with several design
characteristics of the stove also.  Comments that occupants in home W06 made regarding the
unsatisfactory characteristics of the “Super 27” included:

1.  Burntime is too short—stove would burn for four to six hours maximum between refuelings.

2. Some smoke spillage was observed when loading fuel.

3.  Firebox did not have sufficient room to contain ash/coalbed. Ash would spill when the fuel

loading door was opened.

4. Fuel length must be less than 30 cm (12 in).

5. Homeowner felt that fuel consumption was higher than with their Energy King “Princess”

conventional technology woodstove.

6. The cable connecting the draft control to the air intake was broken during the study and

the air intake was operated manually for 20 days while waiting for repair parts.

Occupants in home W13 were generally pleased with the performance of the “Super 27.” The
homeowner thought that the 30 cm (12 in) fuel length requirement was inconvenient, but heat output
and burn times between refuelings were sufficient. It should be noted that home W13 is a mobile
home with 70 m? (750 ft®) of floor area to heat versus 186 m? (2000 ft?) for home WO06. Study
participants in home W13 felt that fuel consumption was much lower than with the Sears “Automatic”
conventional technology woodstove. In home W13 the baffle assembly at the top of the firebox of the
“Super 27" detached after the stove installation and dropped into the firebox. Subsequent inspection
of the woodstove revealed incorrectly installed pins that hold the baffle assembly in place. The baffle
assemble was reinstalled with the pins correctly relocated. No additional mechanical problems were

reported after this repair was completed.
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C.  QOsburn “Imperial 2000”
The “Imperial 2000” was installed in homes W04 and W09. Occupants in home W04 were generally

pleased with the performance of the stove. The homeowners noted that 4 to 6 hours was the
maximum burn time under high heat demand conditions. The participants in home W04 were surprised
by the heating ability of the stove under most heating conditions; however, they thought the
woodstove was undersized for heating under the coldest winter conditions. When the stove was
initially tnstalled the participants felt that it was undersized for the home. The homeowners did note
that the performance in terms of heat output and burn time between refuelings of the “Imperial 2000"
was roughly equivalent to the conventional technology Sears “Automatic”; however, the “Imperial 2000”
appeared to use less fuel for an equivalent heat output.

Home WO09 felt that the heat output from the “Imperial 2000” was insufficient. The flue pipe
connected to the stove when it was first installed was 20 cm x 25 cm (8 in x 10 in) packed pipe,
which was later replaced with 15 cm (6 in) single wall pipe. The homeowners felt that the flue pipe
change had increased the heat output from the stove, but was still insufficient. The study participants

in home W09 felt that the 5-hour maximum burn time between fuelings was too short.

D. Nu-Tec Catalytic Retrofit
The Nu-Tec was installed in homes W02 (RSF “65”) and W12 (Fisher “Papa Bear”). The study

participants in home W02 experienced multiple episodes of smoke spillage and removed the Nu-Tec
after two sampling periods. In home W02 smoke spillage occurred from the stove door when opened
and from the Nu-Tec unit housing when the fuel had burned down to a glowing coalbed. The
homeowner was given instructions in creating sufficient draft prior to opening the stove door. Also,
the RSF bypass linkage was temporarily disconnected for approximately three days during sampling
period #5, leaving the bypass open. A horizontal run of chimney was also permanently eliminated.
These remedial actions did not eliminate the observed smoke spillage problem. The homeowner could
not detect any change in heat output or fuel consumption resulting from the installation of the Nu-Tec
and felt that more rapid creosote buildup occurred as a result of the Nu-Tec installation.

The participants in home W12 also experienced smoke spillage from the stove door when the door
was open. On three occasions after the installation of the Nu-Tec the family room of the home was
filled with smoke. On one of these occasions the homeowner had just lit a fire in a cold stove,
engaged the catalyst, and returned a short time later to observe smoke spillage from the Nu-Tec unit
housing and flue pipe fittings. It appeared that the homeowner did not allow sufficient time to
establish a good draft prior to engaging the catalyst in the Nu-Tec. The homeowner noted that it was
more difficult to establish an initial draft when lighting a cold stove with the Nu-Tec in place. On

two other occasions the homeowners found smoke throughout the home in the early morning hours.

OMNI ENVIRONMENTAL SERVICES, INC. - 82



According to the study participants the catalytic device was spontaneously “puffing” or blowing smoke
out the spin drafts of the stove. It is hypothesized this observed “puffing” was due to spontaneous
ignition of unburned combustion gases. This spontaneous “puffing” of smoke from add-on devices was
also reported in a field study being conducted by OMNI in the northeastern United States. The

homeowner could not detect any changes in stove heat output or fuel consumption after installation of

the Nu-Tec.

E. Uni-Com Catalvtic Damper
The Uni-Com was installed in homes W05 (Acorn “Ranger”) and W08 (RSF “65”). Home W05

occasionally observed smoke spillage from the stove door when fueling the stove. A smoke retainer
flap was installed just inside the stove door; however, the flap did not reduce the smoke spillage. The
homeowner could not detect any changes in stove heat output or fuel consumption after installation of
the Uni-Com. At the conclusion of the study the homeowner removed the Uni-Com, primarily because
of the smoke spillage problems.

Home W08 also occasionally observed smoke spillage from the stove door when fueling the stove
after the Uni-Com installation. A smoke retainer flap was installed just inside the stove door, and
the homeowner reported that the smoke spillage had been significantly reduced. The homeowner could
not detect any change in stove heat output or fuel consumption after the Uni-Com installation. The
homeowner noted that he would be pleased with the Uni-Com if it could be demonstrated that the unit

was reducing fuel consumption.

F. Blaze King “King”
Blaze King “King” integral catalytic woodstoves were installed in homes W07 and W11. Study

participants in home W07 were very pleased with the “King.” The homeowners felt that heat output
and burn times were sufficient and fuel consumption was much lower than with the conventional
technology “King.” The participant noted that it was sometimes difficult to establish an initial draft
when lighting a cold stove. The participant found that using a larger than normal amount of paper
and kindling when lighting a fire helped to warm the chimney and establish good draft conditions.

Study participants in home W11 were also very pleased with the “King’s” performance. Heat
output and burn times were sufficient and fuel consumption was lower than with their RSF “65.” This
homeowner also noted that it was difficult to establish an initial draft when lighting a cold stove.
The homeowner observed some smoke spillage occasionally when fueling the stove; however, it was

noted that the amount of smoke spillage was usually less than with their RSF “65” stove.
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G. Burning Log “Turbo 10”
The Burning Log “Turbo 10” was installed in homes W03 and W14. Home W03 was pleased with

the performance of the *“Turbo 10.” Heat output and the overnight burn times were sufficient. The
homeowner particularly liked the convection-type heat output from this stove. The homeowner felt
that the stove produced an even heating of the entire home, where previously the radiant heat from
the conventional technology Fisher “Grandma Bear” tended to overheat the basement where the
woodstove was installed. This homeowner also felt that the relatively warm winter in Whitehorse did
not give the stove a chance to prove itself under more typical heating conditions.

Study participants in home W14 were pleased with the heat output of the “Turbo 10”; however,
they felt that the maximum 8 hour burn time was not sufficient for their heating needs. Overall, the
homeowners in home W14 felt that the “Turbo 10” was a very good stove, conmsidering the relatively
small firebox. The homeowner noted that at a low burn setting creosote was deposited on the glass
door. The homeowner planned on replacing the “Turbo 10” at the conclusion of the study with the

original RSF “65,” primarily because of the longer burn time capability of the RSF.

VII. DISCUSSION OF NEW WOODHEAT TECHNOLOGY PERFORMANCE

Table 25 lists a summary of mean gram per hour particulate emission rates by woodstove model.
This table compares emission rates by stove model for conventional technology, double wall flue pipe,
low emission non-catalytics, catalytic retrofits, and integral catalytics. The table also lists mean
emission rates as a combined group for all models in each technology category. Table 26 presents
mean overall efficiency data for each technology model. Table 27 lists a summary of wood use for

each technology model.

A. Double Wall Flue Pipe
The double wall flue pipe performed in a similar manner in homes W01 and W10. The emission

rates ranged from 18.0 g/hr to 33.9 g/hr in home W01 and from 21.0 g/hr to 40.5 g/hr in home W10.
The following summarizes the mean emission rates in grams per hour for the two types of double

wall flue pipe in each home:

Home Flue Pipe System Mean Emission Rate (g/hr)
Wwo1 Security 31.0
James A. Ryder 22.1
W10 Security 30.7
James A. Ryder 241

Wood usage significantly decreased (37.1%) in home WO1 from Stage 1 to Stage 2, and slightly
decreased in home W10 (3.0%).
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TABLE 25

MEAN PARTICULATE EMISSION RATES BY WOODHEAT TECHNOLOGY

Mean Emission

Technology Model Rate (g/hr) o® NP
Conventional Technology RSF “65” 238 9.1 20
Woodstoves
STSD* 18.0 7.5 16
Sears “Automatic” 31.9 5.6 6
Blaze King “King" , 228 93 6
Energy King “Princess” 17.9 19 3
PES “Super 27" 18.7 6.3 10
(uncertified)
Double Wall Flue Pipe Security 32.8 57 5
James A. Ryder 22.9 36 5
Low Emission Non-Catalytic Osburn “Imperial 2000” 143 54 10
Woodstoves
Catalytic “Add-On” Retrofit Nu-Tec 20.0 89 6
Devices
Uni-Com 13.0 5.0 7
Integral Catalytic Woodstoves Blaze King “King” 15.5 6.6 9
Burning Log “Turbo 10" 9.0 32 10

a. Standard dewiation.
b. Number of data values used to calculate mean emission rates.
c. Step top, spin draft woodstoves; includes Fisher “Grandma Bear,” Fisher “Papa Bear,” Fisher

“Mama Bear,” and Acorn “Ranger.”
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TABLE 26

MEAN OVERALL EFFICIENCY BY WOODHEAT TECHNOLOGY

Mean Qverall
Technology Model Efficiency® o® N¢
Conventional Technology RSF “65” 46.4% 79 20
Woodstoves
STSD¢ 52.4% 6.0 16
Sears “Automatic” 44.2% 4.0 6
Blaze King “King" 53.2% 6.9 6
Energy King “Princess” 55.9% 3.5 3
PES “Super 27" 52.2% 43 10
(uncertified)
Double Wall Flue Pipe Security 46.8% 4.7 5
James A. Ryder 47.3% 5.5 5
Low Emission Non-Catalytic Osburn “Imperial 2000” 482% 5.6 10
Woodstoves
Catalytic “Add-On” Retrofit Nu-Tec 53.8% 59 6
Devices
Uni-Com 56.6% 49 7
Integral Catalytic Woodstoves Blaze King “King” 58.3% 6.3 9
Burning Log “Turbo 10” 53.8% 3.7 10

a.  Overall efficiencies calculated using a modified version of the Condar method.
b.  Standard dewviation.
c.  Number of values used to calculate mean overall efficiency.

d. Step top, spin draft woodstoves; includes Fisher “Grandma Bear,” Fisher “Papa Bear,” Fisher
“Mama Bear,” and Acorn “Ranger.”
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TABLE 27

MEAN WOOD USE BY WOODHEAT TECHNOLOGY

Mean Wood Use

Technology Model (dry ke/HDD?) N°
Conventional Techrology RSF “65" 1.59 20
Woodstoves
STSD® 1.44 16
Sears “Automatic” 1.87 6
Blaze King “King” 1.55 6
Energy King *Princess” 125 3
PES “Super 27" 0.93 10
(uncertified)
Double Wall Flue Pipe Security 1.26 5
James A. Ryder 143 5
Low Emission Non-Catalytic Osburn “Imperial 2000” 1.03 10
Woodstoves
Catalytic “Add-On” Retrofit Nu-Tec 132 6
Devices
Uni-Com 1.27 7
Integral Catalytic Woodstoves Blaze King “King” 1.88 9
Burning Log “Turbo 10” 1.01 10

a.  Dry kilogram of wood used per Heating Degree-Day (HDD).
b.  Number of values used to calculate mean wood use.

c. Step top, spin draft woodstoves; includes Fisher “Grandma Bear,” Fisher “Papa Bear,” Fisher
“Mama Bear,” and Acorn “Ranger.”
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Study participants in home WO1 reported that the Security system gave the RSF “65”
conventional technology woodstove better draft characteristics; however, increased creosote deposition
rates were observed. Participants in home W01 could not detect any change in stove performance with
the James A. Ryder double wall pipe. Study participants in home W10 could not detect any change in
stove performance with either of the double wall systems.

In both homes the Security flue pipe system increased the particulate emission rates relative to
the emission rate observed with the original single wall flue pipe in place. The James A. Ryder double
wall flue pipe decreased the emission rate in home W01, and did not significantly affect the observed

particulate emission rate in home W10,

B.  Osburn “Imperial 2000” .
The “Imperial 2000 had a mean emission rate of 143 g/hr and a mean overall efficiency of 48.2%

for the study.
The “Imperial 2000 emissions performance was significantly different in homes W04 and W09,

with mean emission rates of 9.6 g/hr and 19.0 g/hr, respectively. The study participants in home W04
seemed generally pleased with the operation of the woodstove, while the study participants in home
W09 were unsatisfied with the burn times between refuelings and heat output. The homeowners in
home W04 did feel that burn times were too short—a maximum burn time of 4 hours was achieved at a
heat output setting used on colder winter days. The study participants in home W04 also felt that the
heat outpur capability of the woodstove was not sufficient for very cold winter days. In spite of
these observations, the participants in home W04 felt that the “Imperial 2000 was a much better
woodstove than the Sears ‘“‘Automatic.”  Neither homeowner indicated any difficulties with the
operational controls or mechanical characteristics of the “Imperial 2000.”

Wood usage in home W04 was reduced by 36.8% from Stage 1 to Stage 2 but is partially
influenced by the differences in firebox size from the Sears “Automatic” (0.0821 m> [2.90 f’]) and the
Osburn “Imperial 2000” (0.0436 m’ [1.54 f’]). For home W09 wood usage actually increased by 9.0%
during Stage 2. This result parallels the observed increases in emission and decrease in overall
efficiency observed in Stage 2.

The chimney systems were significantly different in each of the homes with the “lmperial 2000.”
Home W04 had a chimney system consisting of 1.4 m (4.6 ft) of 15 cm single wall pipe and 5.5 m
(180 ft) of 15 cm (6 in) ID packed pipe, with two 90° elbows. The chimney system in home W09
consisted of 3.4 m (11.2 ft) of 20 cm (8 in) ID packed pipe; however, the lower 1.5 m (4.9 ft) of the
chimney was replaced by 15 cm (6 in) single wall pipe between sampling periods 5 and 6. The chimney
system in home W09 did not have any elbows. After the replacement of the lower portion of the
chimney in home W09 the homeowner reported increased heat output from the stove, but it still did

not satisfy the homeowner. It is hypothesized that the straight, short chimney with a larger diameter

OMNI ENVIRONMENTAL SERVICES, INC. - 83



in home W(Q9 probably contributed to higher emission rates by creating relatively poor draft conditions
as compared to home WO04. Poor draft conditions can contribute to reduced overall efficiency
performance and increased emissions.

The “Imperial 2000” had a small amount of creosote deposition relative to other stoves in the
study. Mean burn rates were significantly higher in home W04 than in home W(09. The mean overall
efficiency for the “Imperial 2000” was slightly lower than the mean overall efficiency observed for all
conventional technology woodstoves in the study.

The Oregon weighted particulate emission rate observed on the certification test of the “Imperial

20007 was 5.5 g/hr.?

C.  Nu-Tec Catalytic Retrofit
The Nu-Tec Catalytic Retrofit had a mean particulate emission rate of 16.2 g/hr and a mean

overall efficiency of 53.8% for the study.

The Nu-Tec installation on a RSF“65” conventional technology woodstove in home W02 caused
smoke spillage problems that resulted in the device being removed from the study after two sampling
periods. The smoke spillage problem in home WO2 resulted from the Nu-Tec causing an excessive flue
restriction that could not handle the volume of combustion gases under full loading conditions. As
described in Section VI, several attempts to mitigate the smoke spillage problems were not effective.

In home W12 the Nu-Tec installed on a Fisher “Papa Bear” reduced mean particulate emissions
from 253 g/hr in Srage 1 to 16.3 g/hr in Stage 2. Smoke spillage problems were also observed in this
home. The smoke spillage seemed to most commonly occur when fueling the stove. The most serious
smoke spillage problems occurred when the homeowner tried to start a fire in a cold stove. In this
situation, if an adequate draft was not established to warm the chimney, the smoke would exit from
the Nu-Tec unit housing into the house.

A creosote deposition evaluation in home W02 for the Nu-Tec was unavailable due to the short
time period that the device was in place.

In home W12 the emissions and burn rates were reduced and overall efficiency was increased;
however, in the homeowner’s opinion these benefits did not outweigh the potential safety hazards and
nuisance problems associated with the smoke spillage.

The mean overall efficiency observed for the Nu-Tec was slightly higher than the mean overall
efficiency observed for all conventional technology woodstoves.

The mean catalyst lightoff time percentage observed for the Nu-Tec was 354%. This percentage
was slightly lower than the man catalyst lightoff time percentage of 41.1% observed for all catalytic
retrofits.

The Nu-Tec did not demonstrate any relative decrease in wood usage in either homes W02 or
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W12. In fact, a slight increase in wood usage was demonstrated in home W02 (4.5%) between Stage 1
and the two sampling periods the Nu-Tec was operational in Stage 2.

As part of a study conducted by OMNI for the Pacific Northwest and Alaska Regional Biomass
Energy Program administered by the Bonneville Power Administration, the Nu-Tec was tested according
to Oregon Department of Environmental Quality protocol for woodstove emission certification tests.?
The Nu-Tec was mounted on a conventional technology woodstove with a firebox volume of 0.0676 m>

(239 ft’) manufactured by Scott Stove Works. The weighted particulate emission rate for this test
was 10.6 g/hr.

D. Uni-Com Catalytic Damper
The Uni-Com Catalytic Damper had a mean particulate emission rate of 13.0 g/hr and a mean

overall efficiency of 56.6% for the study.

The Uni-Com exhibited the potential for significant emissions reduction in both homes where the
device was installed. In home WO0S the mean particulate emission rate was reduced from 143 g/hr in
Stage 1 to 10.2 g/hr in Stage 2. In home W08 the mean particulate emission rate was reduced from
28.5 g/hr in Stage 1 to 150 g/r in Stage 2. In each home mean burn rate was reduced and mean
overall efficiency was increased. However, the creosote deposition rate was increased in each home.

The mean overall efficiency observed for the Uni-Com was significantly higher than the mean
overall efficiency observed for all conventional technology woodstoves in the study.

The mean catalyst lightoff time percentage for the Uni-Com was 45.0%, which was slightly higher
than the mean catalyst lightoff time percentage of 41.1% recorded on all catalytic “add-on” retrofit
devices.

Wood usage decrease in home W05 was 253% between Stage 1 and 2 and 9.6% for home WO0S.
This difference is probably influenced by the higher mean catalyst light-off achieved in home WO05 due
to higher average flue gas temperatures being generated by the Acorn “Ranger”.

Most of the homeowner’s comments on the performance of the Uni-Com related to the smoke
spillage problems associated with this device. Neither homeowner indicated any difficulties in the
mechanical operation of the Uni-Com catalyst bypass system

As a part of the study noted above conducted by OMNI and administered by the Bonneville Power
Administration, the Uni-Com was mounted on the Scott Stove Works conventional technology
woodstove and tested according to the Oregon Department of Environmental Quality protocol for
woodstove emission certification tests.'® The weighted particulate emission rate for this test was
3.4 g/hr.  This emission value is a result of very controlled fuel loading, burn cycle, and sampling
procedures, and is not intended to simulate in-situ residential emission performance.

In an in-situ study conducted by OMNI in Portland, Oregon, for the State of Oregon, Department

of Environmental Quality, the Uni-Com was mounted on an Earth Stove “Model 101” conventional
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technology woodstove with a firebox volume of 0.1480 m® (5.23 ft®). The Uni-Com was monitored for
four one-week sampling periods. In this test the mean particulate emission rate observed for the
Uni-Com was 17.4 g/hr.!! The Uni-Com used in the Portland study also exhibited smoke spillage
problems that were similar to those observed in Whitehorse. During three of the four sampling periods
in the Portland study a ceramic disk which acts as a heat sink was removed from the Uni-Com. This
action significantly reduced smoke spillage problems. The ceramic disk remained in place in the

Uni-Com devices in both Whitehorse homes.

E. Blaze King “King”
The “King” had a mean emission rate of 15.5 g/hr and a mean overall efficiency of 58.3% for the

study.

The mean particulate emission rates observed for the two homes with the “King” were virtually
identical: 153 g/hr in home W07 and 15.6 g/hr in home W11. The range of emission rates observed
was 7.4 g/hr to 254 g/br in home W07, and 113 g/hr to 22.0 g/hr in home WI1l. A sampling
equipment malfunction occurred in home W07 during sampling period 7 which resuited in the loss of
the emission rate data.

The mean catalyst lightoff time percentage for the “King” was 73.0%, which was higher than the
mean catalyst lightoff time percentage of 70.8% recorded for all integral catalytic woodstoves. The
homeowners did not indicate any problems with achieving catalyst lightoff.

Wood use decreased by 17.5% in home W07 between Stages 1 and 2 and 5.9% in home WI11.
However, the mean wood use for both homes in Stage 2, 1.88 kg/HDD, is the highest of all new
woodheat technologies. This average reflects the size of the Blaze King “King” firebox relative to
other woodstoves evaluated in this study.

Home WO7 showed an increase in particulate emission rates in each consecutive sampling period,

as follows:
Sampling Period Emission Rate (g/hr) Burn Rate {kg/hr)
5 7.4 1.72
6 7.5 1.62
8 210 1.85
9 254 1.48

Home W11 did not exhibit a similar increase in consecutive sampling periods, but rather
consistently elevated emission rates. An inspection of the stoves in homes W07 and W11 and
subsequent laboratory testing of the catalytic combustors revealed the following problems:

¢ premature failure of catalyst performance (homes W07 and W11)

® gaps in gaskets around catalysts (W07 and W11)
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e unseated or "tipped” catalyst (W11)

e misplaced catalyst access door (W11)

e warped combustor seat (W11)

Each of the above factors appeared to have significantly contributed to the measured elevated emission
rates.

Other problems identified in both homes were improperly set thermostats, bypass door weld gaps
and loose bypass door gaskets. It is believed that the improper setting of the bimetallic coil in the
thermostat may be a contributing factor to the premature failure of catalyst performance. However,
this hypothesis would have to be verified by laboratory simulation tests. While the loose bypass door
gaskets and weld gaps did not appear to contribute to the observed elevated emissions, they do
represent a potential emission control system problem, particularly if the gasket does not make contact
with the bypass door edges over time. It should be noted that the manufacturer of the Blaze King
“King” stoves has started to take corrective actions to‘ minimize or eliminate the above identified
problems.

Despite the identified problems, both homes were very pleased with the performance of the
“King”. In both homes the mean burn rate was decreased as compared to their conventional
technology woodstoves, and heat output and burn times were sufficient to satisfy the homeowners.

Each homeowner also noted that it was difficulat to establish an initial draft when lighting a
cold stove. Home W07 noted that using a larger than normal amount of newspaper and kindling helped
to warm the chimney and establish the initial draftt Home W11 reported some smoke spillage when
fueling the stove. This may be due to the home’s 18 cm (7 in) diameter chimney system (home W07
had a 20 cm [8 in] diameter chimney system, as recommended by the manufacturer). It should be
noted that the Canadian National Building Code allows a variation up to two (2) inches (either increase
or decrease) from the flue pipe diameter recommended by the woodstove manufacturer.

Neither homeowner reported any significant operational difficulties or perceived any design
problems with the “King”. The mean overall efficiency for the “King” was the highest mean overall
efficiency observed for woodstoves in the study. The creosote deposition rate was sigrxiﬁcan[ly
reduced in home W07 between Stages 1 and 2 but did not appear to change in home W11.

The Oregon weighted particulate emission rate for the certification test of the “King” is
1.6 g/hr?

F. Burning Log “Turbo 10"

The “Turbo 10” had a mean emission rate of 9.0 g/hr, which was the lowest measured mean

particulate emission rate observed for all woodstove models in the study. The mean overall efficiency

was 53.8%
The mean emission rates were 9.2 g/r in home W03, and 8.8 g/hr in home W14. The two “Turbo

10” stoves demonstrated consistent relatively low emission performance under the relatively severe heat
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demand conditions found in Whitehorse. An inspection of the catalyst in home W03 revealed a 1.0 cm
x 7.0 cm (039 in x 2.75 in) gap in the gasket material below the catalyst. Assuming the observed gap
occurred during the stage 2 sampling period, it did not appear to have any significant effect on the
emission performance of the stove. This may be indicative of an emission control system that is
“forgiving” when a partial failure of a gasket occurs. Further laboratory tests would have to verify
this qualitative observation.

The mean catalyst lightoff time percentage for the “Turbo 10” was 68.8%. Homes W03 and W14
had mean catalyst lightoff time percentages of 69.5% and 68.1%, respectively. This narrow range is
either a statistical artifact due to the small data set for this study, or an indication that the *“Turbo
10" design promotes consistent catalyst lightoff time percentages.

Both homes were pleased with the heat output of the woodstove. The study participants in home
W03 commented that the convective nature of the heat from the “Turbo 10” was more comfortable
than the radiant heat from their conventional stove. Wood use decreased 23.4% between Stage 1 and
Stage 2 in home W03, and by 12.8% in home W14. The “Turbo 10” had the lowest average wood use,
1.01 kg (dry)/HDD, of any of the new woodheat technologies evaluated.

The study participants in home W14 were not satisfied with the amount of burn time between
refuelings of the “Turbo 10.” An eight-hour burn was not sufficient, so the homeowner replaced the
“Turbo 10" with their RSF “65” at the conclusion of the study.

In both of the study homes mean burn rates were reduced as compared to the conventional
technology woodstoves. The mean overall efficiency for the “Turbo 10” was higher than the mean
overall efficiency observed for conventional technology woodstoves in the study. Creosote deposition
rate was significantly reduced in both homes that used the “Turbo 10” (refer to Table 19).

Neither home noted any major operational problems with the “Turbo 10.” Home W14 reported
that creosote would deposit on the glass door at a low burn setting, but would burn off under a
medium to high burn rate setting.

The Oregon weighted particulate emission rate for the certification test of the “Turbo 10” was

3.1 g/hr8

G. Comparison By Woodheat Technology—Summary

Table 28 lists a summary of the particulate emission rates by woodheat technology classification

n grams per hour, grams per kilogram, and grams per million Joule.

H. Fuel Type Comparison
In order to compare particulate emission data in a large data set that would be relatively

insensitive to woodheat technology changes and changes in woodstove operating procedures by the

study participants in individual sampling periods, overall mean gram per hour emission rates were
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TABLE 28

PERFORMANCE SUMMARY BY WOODHEAT TECHNOLOGY

MEAN OVERALL

MEAN EMISSION RATES EFFICIENCY

Technology g/hr g/kg 2/10%J (%)? NP
Conventional Technology

Woodstoves 21.8 16.3 1.7 49.8% 61
Vented Double Wall Flue Pipe 32.8 25.4 28 46.8% 5
Sealed Double Wall Flue Pipe 229 171 1.9 47.3% 5
Low Emission Non-Catalytic

Woodstoves 143 14.2 16 46.2% 10
Catalytic “Add-On”’ Retrofit

Devices 16.2 11.7 1.1 55.3% 13
Integral Catalytic

Woodstoves 12.1 9.1 0.8 55.9% 19

a.  Mean overall efficiency calculated using a modified version of the Condar method’.

b. Number of data values used to calculate mean emission rates and mean overall efficiencies.

OMNI ENVIRONMENTAL SERVICES, INC. - 94



calculated for the “firekilled” and “seasoned” fuel types. The following summarizes the particulate

emission rate mean, standard deviation, and number of data points for each fuel type:

Fuel Type Mean Emission Rate (g/hr) Standard Dewiation Number of Values
“Firekilled” 19.5 10.2 64
“Seasoned” 19.3 72 49

A student “t” statistical test on the above data set indicated that the probability is greater than
90% that the emission rates for the two fuel types are alike.

The homeowners indicated that the heat output from the “seasoned” fuel was less than the heat
output observed when burning the *“firckilled” fuel. The “seasoned” fuel had a higher average
moisture content than the “firekilled,” so the loss of latent heat by vaporization of the water in the
fuel represents a loss in heat output. The average fuel moisture contents of the “firekilled” and
“seasoned” fuels were 16.6% (dry basis) (¢ = 2.5 and N = 93) and 29.4% (dry basis) (¢ = 8.3 and
N = 50), respectively. The homeowners preferred using “firekilled” fuel primarily because the lower
moisture content helped when starting a fire in a woodstove. The “firekilled” wood is approximately
30 years old and has the same energy content on a dry basis as the “seasoned” wood. It appears that
pole lengths of wood should be cut into “firebox” lengths and split if they are to “season” within a
year under Whitehorse weather conditions.

Some homeowners also felt that the “seasoned” fuel produced more creosote. The creosote

collection procedures did not allow this homeowner perception to be evaluated.

1. Creosote Analysis

The creosote sample collection program in Stage 1 had a number of problems related to sample
identification and sample loss. In addition, there are inherent problems with accurate characterization
of creosote deposition rates under in-situ conditions due to the complexities of creosote deposition and
removal mechanisms. Therefore, caution should be used in the interpretation of the data related to
creosote deposition rates related to specific woodheat technologies.

The dynamics of creosote deposition and removal by pyrolysis is influenced by several factors.
The quantity of condensable material in the flue gas stream probably has the largest effect on
creosote deposition.  Other factors include chimney system length, size, and geometry; flue gas
temperature and velocity; and flow restrictions in the chimney. The removal of creosote by pyrolysis
i1s a very difficult factor to evaluate given the variation in burn rates between creosote collection
periods. The creosote deposition rate trends observed in the study include:

e  The double wall flue pipe system did not appear to change creosote deposition rates in home

W01. The creosote deposition rate appears to be significantly reduced in home W10,

however, a missing sample in Stage 2 makes this data highly questionable. No observation
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can be made between the Security and Ryder regarding creosote deposition rates due to the
creosote collection methods.

e  The Pacific Energy Systems “Super 27" (uncertified version) had an increased creosote
deposition rate when compared with the Stage 1 woodstoves in both of the study homes.

e  The Osburn “Imperial 20007 had a decreased creosote deposition rate when compared with
conventional technology woodstoves in both of the study homes.

e In each of the four study homes with the catalytic “add-on” retrofit devices installed, the
creosote deposition rate increased between 8.2% and 40.0%. However, the uncertainty
associated with the creosote sample collection procedure indicates that the reported
increases may be questionable. If this observation can be verified in laboratory tests, it
raises a safety issue associated with the operation of catalytic “add-on” devices.

e In three of the four homes with integral catalytic woodstoves, creosote deposition rates as
compared with the conventional technology woodstoves appeared to be significantly
decreased. In the fourth home the creosote deposition rate appeared to be the same as the

creosote deposition rate observed with the conventional technology woodstove.

K. Alternative Heat Use

There was no recorded measurement of alternative (backup) heat use in seven homes during the
Stage 1 and 2 emission sampling period. The other seven homes had used alternative heat on the
average of 3.2 hours per sampling week. The only consistent trend observed was a slight to moderate
increase in alternative heat use during the coldest sampling periods. These observations support that

woodstoves used in the study homes were the primary heat source.

L. Wood Usage
With the exception of two homes with the Nu-Tec “add-on” device and the one home with the

“Imperial 2000” that had relatively high emissions, all other homes showed a decrease in wood use
after new woodheat technologies were installed in the Stage 2 sampling period. The Uni-Com catalytic
“add-on” damper showed an average reduction in wood usage (dry kg/HDD) of 17.4%, whereas the
integral catalytic and the low-emission non-catalytic woodstoves showed average reductions of 14.9%
and 13.9%, respectively. Caution must be used in the interpretation of changes in wood use between
Stage 1 and Stage 2 since a number of factors, e.g, woodstove firebox size, overall efficiency, and

operator fueling practices, influence wood use figures.

IX. CONCLUSIONS
The climate in Whitehorse is well suited to evaluate in-situ woodstove use under high burn rates

and long periods of woodstove operation. The heating season in the Whitehorse area can be up to
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nine months long under sub-arctic conditions, so most woodstoves are subject to very heavy use much
of the time. This study observed several sampling periods during which the stoves were operational
100% of possible total operational time. In many other sampling periods the stoves were operational
over 90% of the time. The high amount of woodstove usage in this study allowed several new
woodheat technologies to be evaluated under high heat demand conditions.

Figures 8 through 12 illustrate the mean gram per hour particulate emission rates with associated
standard deviations observed for the individual woodheat technologies evaluated in the study. Figures
13 through 15 present mean particulate emission rates and associated standard deviations in grams per
hour, grams per kilogram, and grams per million Joule by classification of woodheat technology.

The conventional technology woodstoves evaluated in the study had a mean particulate emission
rate of 21.8 g/hr, which is considered at the low end of the range (typically 20 to 60 ghr) for
corivenfional technology woodstoves. Certain conventional technology woodstoves had very low
emission rates, so it appears that primarily stove design and possibly operation of the appliance can
significantly affect emissions rates. This was indicated by the individual conventional technology
woodstove mean particulate emission rate range of 9.4 g/hr to 353 g/hr. The design of the stove will
determine a general range of emission rate capabilities.  Proper installation and good operating
practices (e.g., using dry wood, not dampering down air intake, not overfilling the firebox) will
increase the probability of achieving the lowest possible emission rates.

The largest data set collected for a conventional technology woodstove was for the RSF “65,”
which had mean particulate emission rates for individual homes ranging from 16.8 g/hr to 353 g/hr.
An evaluation of factors, e.g. burn rates, average fuel loads, chimney system configuration, etc., that
could influence emission performance did not indicate any significant factor contributing to the
variation in mean emission rates between homes. Possibly, a detailed inspection of the RSF “65” stove
would provide information that could explain the observed variability in emission performance.

The Security double wall flue pipe system with the ventilated airspace increased emission rates in
both study homes. The probable cause for the measured increase in emission rates was due to the
more rapid condensation of flue gases in the vicinity of the sampling probe. The James A. Ryder
double wall flue pipe system with the sealed airspace decreased emission rates in onme study home and
did not change emission rates in the second study home. The homeowners with the double wall flue
pipe could not detect any significant improvements in stove performance.

The two new technology non-catalytic woodstoves (Osburn “Imperial 2000”) had a mean
particulate emission rate of 14.3 g/hr, which was 34.4% lower than the conventional technology
woodstove mean particulate emission rate of 21.8 g/hr. The mean overall efficiency of the low
emission non-catalytic woodstoves was 48.2%, which was slightly lower than the conventional
technology mean overall efficiency. The homeowners with the new technology non-catalytic

woodstoves indicated that burn duration times under high heat demand conditions were too short, ie.,
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Emission Rates: Integral Catalytic Woodstoves
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Emission Rates: Catalytic Add-On Retrofits
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approximately 3 to 5 hours. Since the low emission non-catalytic woodstoves evaluated in this study
had relatively small fireboxes, frequent refueling was necessary to maintain high heat output. This
frequent refueling pattern is common to Oregon certified non-catalytic stoves used in colder climates.
The shorter burn times required the homeowners to occasionally refuel the stoves during the night. In
the Whitehorse climate where the mean temperature is -19.4°C (-3°F) during the winter, the low
emission non-catalytic stoves may be inconvenient to operate in standard sized homes. In a smaller,
well-insulated home or apartment the heat from a new technology non-catalytic woodstove may be
adequate for heating demand needs.

An important factor to consider in the installation of the new technology non-catalytic
woodstoves is the chimney system. The study home that expressed the most satisfaction with the heat
output of the new technology non-catalytics had a chimney system that met installation
recommendations of the stove manufacturer. The study home that expressed the most dissatisfaction
with the new technology non-catalytics had a chimney system that may not have provided adequate
draft to optimize stove performance. While the data from this study is far from conclusive, it does
indicate that a chimney system that is matched to the stove and has a reasonable length to promote
good draft conditions is important in optimizing the performance of the new technology non-catalytic
woodstoves. |

The catalytic “add-on” retrofit devices that were installed on conventional technology woodstoves
had a mean particulate emission rate 162 g/hr, which was 26% lower than the mean emission rate
observed for the conventional technology woodstoves. The catalytic retrofits also significantly
increased the overall efficiency of the conventional technology woodstoves on which the devices were
installed. The mean overall efficiency for the catalytic retrofits was 55.3%, which was significantly
higher than the mean overall efficiency for the conventional technology woodstoves. This technology
classification has the potential for reducing particulate emissions from conventional technology
woodstoves. However, the observed smoke spillage associated with these devices is a potential safety
hazard.  Further design improvements in these devices may overcome the problem observed in this
study.

The mean catalyst lightoff time percentage for the catalytic retrofit devices was significantly
lower than the mean catalyst lightoff time percentage for the integral catalytic woodstoves. This is
not an unexpected result since catalytic stoves are designed to maximize catalytic combustion
conditions by providing an enriched fuel mixture, i.e., high in unburned hydrocarbons, with an adequate
supply of combustion air. The design of the conventional technology stove on which the catalytic
“add-on” retrofit device is installed is a primary factor which influences the overall performance of
the catalytic retrofit.  Conventional technology woodstoves that generate relatively high flue gas
temperatures (€.g., simple “box” type) appear to be more successful in maintaining catalyst lightoff

conditions than stoves which have relatively more heat transfer surface, e.g. the RSF “65™.
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The reactions of the homeowners that used the catalytic “add-on” retrofit devices ranged from
complete dissatisfaction to indifference. No homeowner reported any noticeable improvement in stove
heat output or perceived efficiency; although recorded data indicated improvement in each of these
areas. In the homeowners’ opinions, the smoke spillage and associated safety hazards generally
outweighed any benefit from the catalytic retrofit devices.

The integral catalytic woodstoves had the lowest particulate emission rates and highest overall
efficiencies of all of the Stage 2 woodheat technologies. The mean particulate emisson rate observed
for the integral catalytic woodstoves was 121 g/hr, which was 44% lower than the conventional
technology woodstove mean particulate emisison rate of 21.8 g/hr. The mean overall efficiency for the
integral catalytic woodstoves was 559%, which was relatively 12% higher than the mean overall
efficiency for the conventional technology woodstoves.

The mean catalyst lightoff time percentage for the integral catalytic woodstoves was 70.8%, which
indicates that the study participants were frequently able to achieve and maintain catalyst lightoff
conditions. Field observations indicated that it was easier for homeowners to achieve catalyst lightoff
with the integral catalytic woodstoves in comparison to the catalytic “add-on™ retrofit devices.
However, consistent catalyst lightoff may not be a good indicator of the emission performance of
catalytic stoves if there is a failure(s) in other parts of the emission control system, e.g. gaps in the
catalyst gasket.

The homeowners who operated the integral catalytic woodstoves were generally pleased with the
heat output, burn times, and mechanical design of the stoves. As a technology group, the integral
catalytic woodstoves exhibited the best potential for particulaie emission reductions without sacrificing
safety or convenience. The emission control systems problems revealed in the inspection of the Blaze
King “King” stove in August 1987 indicate a need for improvement in manufacturing quality assurance
procedures and better education for installers of new technology stoves. It should be noted that the
manufacturer of the Blaze King “King” stoves has already initiated corrective actions based on the
findings of this study.

The *“frekilled” and “seasoned” fuel used during the study did not show any statistically
significant differences in emission rate performance, The “seasoned” fuel had a higher moisture
content. Pole lengths of “seasoned” wood are difficult to dry and frequently are wet after 12 months
of drying. Therefore, pole lengths should be cut into “firebox” lengths and split to reduce the
moisture content. The homeowners commented that this fuel was less convenient to start fires with
and did not seem to burn as cleanly. Occasionally a mixture of “seasoned” and “firekilled” fuel was
used during sampling periods that had been designated for “seasoned” fuel only. The percentages of
fuel types burned in this report are based on estimates provided by the study participants. When

calculating the “seasoned” emission rates versus the “firekilled” emission rates, the individual
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particulate emission rates were included in the fuel type category that corresponded to the highest
percentage of fuel type used during that sampling period.

The creosote deposition rate data results are to be used with caution given the inherent problems
associated with the creosote collection procedure. The double wall flue pipe did not seem to affect
creosote deposition rates as compared to conventional technology woodstoves. The one model of low
emission non-catalytic woodstove used in this study, the Osburn “Imperial 2000,” had relatively lower
creosote deposition rates.  The catalytic retrofits all appeared to slightly increase the creosote
deposition rate; however, the increases in this category may be problematical due to creosote
collection methods. The integral catalytic woodstoves generally appeared to decrease creosote
deposition rates with the exception of one home where the observed creosote deposition rate appeared
to be the same as with the conventional technology woodstove.

One unexpected event was to discover at the end of this study that Pacific Energy Systems
“Super 27" stoves used in homes W06 and W13 were uncertified, i.e., not Oregon certified non-catalytic
stoves. The dealer supplying the stoves was under the impression the “Super 27” stoves were certified
even though they did not have an Oregon DEQ woodstove certification label. The safety listing label
did imply that an Oregon certified version of the “Super 27” was available from the manufacturer.
This situation indicates the need for both improved consumer and dealer education regarding the
identification of emission certified stoves. This unexpected result also points out the need to perform
a thorough inspection of each stove prior to a start of any in-field woodstove study. The Oregon
Department of Environmental Quality is presently investigating its authority to ensure stoves sold
outside of Oregon which have been certified under a specific model number meet -certification
specifications.!?

The study offered an opportunity to evaluate the potential safety benefits and problems
associated with the new woodheat technologies.  All of the catalytic “add-on” retrofit devices
evaluated in the study resulted in various degrees of smoke spillage, primarily during fuel loading
events.  This observation would indicate the potential for increased indoor ambient woodstove
emissions. Many of the new technology woodstove models evaluated in this study indicated the
potential for reducing creosote deposition. This observation would appear to be a safety benefit in
that the potential for flue fires may be reduced during a heating season with the new technology
woodstoves.

Although the observed particulate emission rates associated with the Stage 2 technology
woodstoves were generally higher than the certification test particulate emission rates, the potential
for significant particulate emission reductions has been demonstrated. Other recent in-situ woodstove
studies, which are still under peer review, have also demonstrated a wide range of emission
performance of certified stoves.!*!* It is expected that upon completion of the peer reviews the

Whitehorse Efficient Woodheat Demonstration report results will be compared against the studies
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conducted in the northeastern and northwestern parts of the United States. This type of comparison

study should give further insights into significant factors influencing ‘‘real-world” woodstove

performance.

X. RECOMMENDATIONS FOR FURTHER ACTION

This study has provided new insights into the desirable performance characteristics and
limitations of several new woodheat technologies. The study has also raised some issues that suggest
further evaluation. Specifically they are:

1. The matching of chimney systems to new woodheat technologies and the effect on overall
woodstove performance. The potential influence of this factor was best ilustrated with the
differences in the emission performance of the low-emission non-catalytic woodstoves and
the observed concentration of creosote deposits in the vented double wall flue pipe.

2.  Emission control system durability in integral catalytic woodstoves. The emission control
system of typical integral catalytic woodstoves requires the interaction of the mechanical
bypass, catalyst, and primary, secondary and (sometimes) tertiary air draft systems. A study
of the emission control system factors which result in consistently low emission performance
under both laboratory and in-situ conditions is essential in determining the long-term
benefits of this technology classification.

3. An analysis of design factors which can reduce smoke spillage in the catalytic ‘“add-on”
retrofit devices. Every home in this study equipped with the retrofit devices experienced
some degree of smoke spillage. An evaluation of current designs and improved designs could
indicate a device that will safely and reliably reduce particulate emissions from numerous
conventional technology woodstove models.

4. A more detailed study of the operation and applicability of low-emission non-catalytic
woodstoves in colder chmates.  This classification of woodstoves has the potential of
reducing particulate emission rates; however, the chimpey system, heating demand,
willingness of the operator to refuel more frequently, and heat retention characteristics of
the home where the device is installed all influence the overall effectiveness and
acceptablilty of the low-emission non-catalytic woodstoves. The development of more
specific criteria for installations of low-emission non-catalytic woodstoves in colder climates
1s suggested by this study.

5. Emmssion reduction potential of the sealed airspace double wall flue pipe. The total data set
collected in this type of flue pipe consisted of five sampling periods. A larger data set
would help to resolve the issue of particulate emission reduction poetential of this type of

flue pipe.
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Improved education programs for both consumers and dealers to ensure that mew technology

woodstoves are properly installed and maintained. Sponsorship of these programs should be

both from the public, e.g. regulatory agencies, and the private sector, e.g. manufacturers
woodstoves and trade organizations.

The requirement for random periodic inspections of certified woodstoves at the place
manufacture in the event that a Canadian woodstove emission performance regulation
adopted. This requirement would ensure that manufacturers do not implement changes

design or materials without having the approval of the appropriate regulatory agency.

of

of
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DATE:

TO:

FROM:

SUBJECT:

May 12, 1987
Vic Enns, EMR P
Carl Simonsﬁ OMNI Environmental Services

Evaluation of Wood Moisture Content on Particulate Emission and Overall
Efficiency Calculations

Delmhorst Moisture Meter Versus Oven-Drying Method for Measurement of
Fuel Moisture Content

During the Whitehorse study, OMNI used a Delmhorst Moisture Meter (Model
RC-1C) to evaluate fuel moisture content of logs (both "Firekilled" and
"seasoned") used in Stage 1 and 2 stoves. This instrument was selected
because it has been recognized as the industry standard for this type of
meter. According to the literature provided by the Delmhorst Instrument
company, the expected Delmhorst instrument accuracy (absolute units) is
as follows: 0.5 percent from 6 to 12 percent moisture content - dry
basis; within 1 percent from 12 to 20 percent ; and 2 percent from 20
percent to fiber saturation point (25 to 30 percent dry basis).

As part of our normal woodstove certification process, OMNI compares
Delmhorst measurements against oven-dry samples (using ASTM 201674
procedure) for each certification test. According to OMNI laboratory
personnel, over 95 percent of the Delmhorst and oven~dry moisture content
values are within 3 percent (relative difference) of each other.
Differences of greater than 3 percent (generally in the range of 5 to 10
percent) are due to wood containing a high percentage of knots. It is
recognized that the Delmhorst as used in certification tests is used over
a8 limited range of fuel moisture content values (19 to 25 percent dry

basis).

Table 1 summarizes the Delmhorst corrected meter readings for the wood
samples evaluated for moisture content in the Whitehorse study. This
table indicates that 74 percent of the samples were measured with a fuel
moisture content less than 25 percent (dry basis); 13 percent in the
range of 25.1 to 30.0 percent (dry basis) and 13 percent of the samples
in the range of 30.1 to 40.0 percent (dry basis).

Since receivi2§ the initial CCRL Delmhorst versus oven-dry moisture
content values,“ OMNI has investigated the potential impact on calculated
emission rates and overall efficiency values. Table 2 presents a
compilation of data comparing Delmhorst measurements (corrected for pin
type, ambient temperature and species) versus oven—dry values for wood
samples collected in Whitehorse. The first ten samples are from the
original data set from CCRL.

Loge A, B and C represent additional comparability moisture content data
that was performed by OMNI staff in Whitehorse. Three one-inch "slices"
were cut from each log to evaluate (1) the Delmhorst values as measured
directly on typical logs versus oven-dried values; and (2) the variation
in moisture content (based on oven-dried measurement technique) across
the log.

G
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Vic Enns/EMR from Carl Simons/OMNI
Evaluation of Wood Moisture Content
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May 12, 1987

Since Table 2 shows that the largest relative measured difference in fuel
moisture content was 34.7 percent (Home W-08, seasoned source) the
assumptions regarding the inaccuracy of the Delmhorst fuel moisture
values in Table 4 appear to be conservative. Therefore, relatively
accurate comparison of woodstove performance for both emissions and
overall efficiency can be calculated even with large uncertainties with
fuel moisture measurements.
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Table 1

SUMMARY OF CORRECTED FUEL MOISTURE VALUES
AS MEASURED WITH A DELMHORST MOISTURE METER

Fuel Moisture Content (Percent Dry Basis)

Home <25% 25.0%-30.0% 30.1%-40.0%
W-01 7 1 1
W-02 5 4 0
W-03 6 2 1
W-04 9 0 0
W-05 6 3 0
W-06 6 1 2
w-07 9 0] 0
W-08 6 2 1
w-09 7 0 2
W-10 7 | 0 2
w-11 5 0 4
W-12 7 2 0
W-13 7 - 2
w-14 7 1 1

Total
Samples 94 16 16
Percent 74 13 13




Table 2

COMPARISON OF CORRECTED DELMHORST MOISTURE METER
VERSUS OVEN-DRIED MEASUREMENTS
FOR "FIREKILLED™ AND "SEASONED" WOOD SAMPLES FROM WHITEHORSE

Delmhurst Meter Absolute
Home Species OMNI* CCRL“*~ Oven-Dried Difference®
W-14 Seasoned Spruce 27.0 26.7 31.5 -4.5 (-4.8)
W-15 Firekilled 15.7 18.7 17.3 -1.6  (+1.4)
Lodgepole Pine
W-01 Green 30.4 27.9 29.6 +0.8 (-1.7)
Lodgepole Pine
W-13 Seasoned 29.6 27.3 33.2 -3.6 (-5.9)
Lodgepole Pine )
W-08 Firekilled 21.6 20.4 13.4 +8.2 (+7.0)
Lodgepole Pine
W-08 Seasoned Spruce 29.0 26.7 40.9 -11.9 (-14.2)
W-11 Firekilled 15.1 13.6 13.8 +1.3  (-0.2)
Lodgepole Pine
W-10 Seasoned Spruce 22.8 17.1 18.6 +4.2  (-1.5)
W-12 Firekilled 17.7 15.8 16.1 +1.6 (-0.3)
Lodgepole Pine
w-13 Firekilled 23.1 21.0 21.1 +2.0 (-0.1)
Lodgepole Pine
Log A Firekilled 19.0 ————— 19.2 (slice 1) 0.2
Lodgepole Pine
Log A Firekilled 19.0 — 19.2 (slice 2) -0.2 .
Lodgepole Pine
Log A Firekilled 19.0 —— 19.5 (slice 3) ~0.5
Lodgepole Pine
Log B Seasoned Spruce 29.3 — 32.7 (slice 1) -3.4
Log B Seagoned Spruce 29.3 ———— 33.9 (slice 2) -3.6
Log B Seasoned Spruce 29.3 — 34.5 (slice 3) -4,2
Log C Seasoned Spruce 57.4 —— 43.5 (slice 1) +14.1
Log C Seasoned Spruce 57.4 ——— 44.6 (slice 2) +13.8
Log C Seasoned Spruce 57.4 —— 43.7 (slice 3) +13.7

1. The average of five measurements per log
2. As measured on coupon from log
3. Assumes Delmhorst measurement made at 23.9 degrees C (75 degrees F)

4. Absolute difference in moisture content percent between Delmhorst and
oven—dried values. CCRL values in parentheses.

NOTE: All measurements are dry basis



Table 3

COMPARISON OF MODIFIED CONDAR METHOD CALCULATED OVERALL EFFICIENCY
VERSUS OREGON STANDARD METHOD CALCULATED OVERALL EFFICIENCY

Modified Oregon Modified Condar
Condar Standard Versus Oregon
Wcodstove Burn Rate Overall Oversll Standard-Relative
Technology (Dry kg/hr) Efficiency Efficiency Percent Difference
Internal 0.60 81.32 76.9% +5.7%
Retrofit
Catalytic
Internal 2.39 68.9% 60.8% +13.3%
Retrofit
Catalytic
Low Emission 1.91 65.1% 65.8% -1.5%
New Technology
Low Emission 1.19 62.6% 68.5% -8.6%
New Technology
Integral 1.43 77.0% 72.9% +5.62
Catalytic
Integral 2.56 77.0% 73.1% +5.3%
Catalytic
Conventional 2.35 61.7% 59.47 +3.92
Technology
Conventional 0.77 57.6% 58.0% -0.7%
Technology

Modified Condar Versus Oregon Standard
Mean Relative Percent Difference 5.6%




Table 4 .

ANALYSIS OF THE IMPACT OF CHANGING FUEL MOISTURE CONTENT
ON BURN RATE, PARTICULATE EMISSIONS AND OVERALL EFFICIENCY CALCULATIONS

Home/Sample Fuel Moisture Burn Rate Emission Factors Overall
Code (Dry Basis) (kg-dry/hr) g/br &/ kg £/10°J Efficiency
29,22 * 1.42 14.9 10.5 0.9 53.0%
40.0Z 1.31 13.7 10.5 1.0 52.1%
W03-3 (+33.1%) (-7.72) (-8.0%) (0) (+11.12) (-1.9%)
50.0% 1.22 12.8 10.5 1.0 51.6%
(+71.22) (-14.1Z) (-14.1%) (0) (+11.1%) (-2.637)
21.17 =* 2.13 39.3 18.4 2.2 41.82
30.0% 1.98 36.6 18.4 2.2 41.1%
W04-3 (+42.1%) (~-7.0%) (-6.8%) (0) (0) (-1.7%)
40.02 1.84 34.0 18.4 2.2 40.6%
(+89.5%2) (-13.6%) (-13.5%) (0) (0) (-2.9%)
24,07 * 0.88 10.9 12.4 0.9 64.52
30.0% 0.84 10.4 12.4 0.9 64.1%
W09-3 (+25.02) (-4.52) (-4.62) (0) (0) (-0.6%)
40.0Z 0.78 9.7 12.4 0.9 63.52
(+66.7%) (-11.42) (-11.02) (0) (o) (-1.62)
20.07 * 1.49 25.2 16.9 1.5 53.9%
30.0% 1.38 23.2 16.9 1.5 53.2%
wi2-3 (+50.02) (-7.47) (-7.92) (0) () (-1.32)
40.07 1.28 21.6 16.9 1.5 52.62
(+100.02) (-14.,0%) (-14.37) (0) (0) (-2.42)

* As measured

Figures in parentheses are relative percent change as compared to
calculated values based on field-measured moisture values

@\.



APPENDIX B

CALCULATION PROCEDURES

OMNI ENVIRONMENTAL SERVICES, INC.



Calculation Procedures

Mass particulate emissions/ mass dry wood burned

= MP x SV
FR x SD (1 - [Z0,/20.921])

Mass particulate emissions/ heat output

= MP x SV
FR x SD x HC x EF (1 - [20,/20.92])

Mass particulate emissions/ time

= MP x SV x MDW
FR x SD x SP (1 - [20,/20.92])

Mass particles/ volume

= MP____
FR x SD
where:

MP = mass particulate emission (g)

SV = stoichiometric volume (1l/kg dry wood)

FR = sampling flow rate (l/minute)

SD = sampling duration (minutes)

02 = oxygen in flue gas (2 by volume)

HC = heat content of wood (J/kg wood)

EF = efficiency factor (2/100)

MDW = mass dry wood (kg)

SP = sampling period {(hours) - total period stove was in operation,
with flue temperature > 39°C.

Stoichiometric Volumes

Stoichiometric volumes have been calculated by species from the carbon,
hydrogen, oxygen, and nitrogen content of the wood. Table B-1 lists the
carbon, hydrogen, oxygen, nitrogen values, and heat content used for each
species. Entries in Table B-1 are from actual analyses of the wood fuel.
The true stoichiometric volumes were modified for stove technology types
due to the level of incomplete combustion (viz, the CO content of flue
gas) characteristic of each technology type. Table B-2 gives the esti-
mated flue gas CO and CO; concentrations characteristic of the different
technology types. Table B-3 lists the specific modified stoichiometric
volumes for the various used species and stove technology types used.

Efficiency Factor

Efficiency factors were determined using a modified version of the "Condar
Technique" (Handbook for Measuring Woodstove Emissions and Efficiency
Using the Condar Sampling System, S. G. Barnett, August 1, 1985). The
"Condar" Method was adapted to the AWES system by using the AWES g/kg

value. The efficiency factors are calculated from the emission factor
(g/kg), the average flue gas oxygen content, the average stack
temperature, and wood moisture. Attachment B-1 gives the procedures

followed to calculate efficiency factors with this technique.
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Table B-1

Elemental and Higher Heat Contents of Wood Fuel

Elemental Content (Z) Higher Heat Content
Species c, H, 0, N (Joules x 109/
kg dry wood)

1. Lodgepole Pine 49.84, 6.13, 43.42, 0.22 19.81
2. White Spruce 50.36, 6.09, 42.59, 0.33 20.16

Table B-2

Estimated Flue Gas CO and CO; Content by Stove Technology Type

Moles CO Moles CO»
Stove Technology Volume Z Moles CO + Moles CO; | Moles CO + Moles CO,
Cco o))
Catalytic 0.2 10.0 0.03 0.97
Add-on/Retrofit 0.8 10.0 0.11 0.84
Low Emission 1.3 10.0 0.17 0.83
Conventional 2.0 10.0 0.24 0.76
Table B-3

Calculated Stoichiometric Volumes by Wood Species and Stove Technology Types

Stoichiometric Volumes (liter/dry kg)

Species Catalytic Add-on/Retrofit Low Emission Conventional
1. Lodgepole Pine 4856 4705 4592 4460
2. Seasoned Spruce 4919 4767 4653 4520
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Attachment B-1
Making a Woodstove Efficiency Determination Using the Condar Emissions System

The overall efficiency of a woodstove is the product of cambustion efficiency
times heat transfer efficiency. These instructions will treat cambustion
efficiency first, then heat transfer efficiency and finally, overall
efficiency. If you are interested in the scientific background of these
procedures, write to Condar Campany.

Cambustion efficiency is easily determined by using the table below (for the
basic equation and its derivation, write to Condar Campany). Simply locate
your Condar emission factor on the table and read the corresponding cambustion
efficiency. The data base for emission factors above 20 g/kg is limited, so
corresponding cambustion efficiencies must be considered approximate.

COreUSTION EFTICIDNCY USING COMDAR EMISSIONS FACTORS
(VALUCS ABOVE 20 CN/XGC ARC AFPPROXIMATL, NAVING BLEN
DCRIVED FROM LIKITED DCD AND TVA DATA}
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Example: Condar emission factor = 5.0 gmw/kg
Carbustion efficiency fram table = 87.4%
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Usic the table belou do determine beat transter ceffgciency.  The values in
the table arc derived from typical harduood containing 6.5% hydrogen, 502
carbon, 20i moisturc. See the box below the table for an example.

. AVERAGL STACY TEMPERATURE (°F)

87.0 |{85.3]183.6}81.8|80.1(78.3
83.1181.2179.3477.3175.6{73.6[71.8169.9 [68.0

11 86.6 ]84.5)1 82.5)80.4{78.4]76.3174,3172.2{70.2]168.1 {66.1
12 86.2 |84.0181.7179.51{27.21764.9172.7170.6 {68.2165.9{63.6
13 85.8 |83.3)180.8)78.3175.8173.1170.7|68.1{65.7163.1160.6
14 85.3182.4179.6176.7[73.9]71.0168.2(65.3162.5]159.6156.17
15 84.6 {81.3]78.0]74.7)71.4}68.0]64.8]161.5]58.3]154.9(51.6
16 83.5179.6175.27171.8167.8{63.81 60.0]56.0]52.2148.1 [44.2
17 82.0[77.1] 72.3]67.4162.5]157.5}52.8)47.8 |43.2]38.1133.2
18 79.4 173.01 66.5160.0]53.5146.91 40.5(133.9[27.6]20.9 14.5

150 200 250 300 350 400 450 500 550 600 650
4 | 81.8 86.5185.2 83.9 [ 82.6(81.3]|80.1(78.72 {77.5[76.1 [74.9
S | 87.7]86.3]85.0]83.682.3]80.9|79.6]78.2 |76.975.5 |74.1
6 | 87.5 |86.1|84.7(83.3|81.9]80.3(179.0(77.5]76.274.7 |73.2
7 | 87.4 |85.9| 84.4 [82.9|81.4 [79.8] 78.4 | 76.8 | 75.3 | 73.7 |72.2
8 | 67.2 |85.6]| 84.0|82.480.8]79.1]77.6[75.9|74.3172.6171.0
9 76.6 | 74.8 | 73.2 | 71.3 | 69.6
10

86.8 | 84.9

AVERAGE OXYGEN PERCENT

*CORRECTIOXN FACTORS

(1) For Douglas Fir subtract 0.5
Tables Valucs are for 202 (moist basis) wood moisture.

(2)
Correction For Wood Of Different Wood Moisturc.
Scack Temp. Heat Transfer Correction
For Each 10X Difference In
Hood Hoisture
200 1.4
300 1.42%
400 1.52
500 1.52
600 1.6X

Add the vood moisture correction to your heat transfer X {f your wood is dryer
than 20Z soisture and subtract 1f your wood {s welter.

Exsaple: From A Douglas Fir Test Your test results show:
Average Stack Temperature = 400°
Average Oxygen = 13X
Average Wood Moisture = 257
Heat Trans{er Value From Table = 73.1
Fir Correction = -0.5

Wood Hoisture Correction = - .75
Your lcat Transfer X = 71.85

The values in the table are derived {rom typical hardvood containing 6.5%
hydrogen, 50% carbon. Hoisture concenc, 20Z.

1. Many @oisture meters give dry basis moisture readings. Ve are vorking

vith mofst basis moisturc here. To convert dry to moist basis use this

formula: d basi di
. . ry basis reading
Moist Rasis d = .

ols n81s reading (i + dry basis rcading)

OMNT ENVIRONMENTAL SERVICES, INC
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Quality Assurance

1.0 Quality Assurance -- Particulate Emission Levels

Particulate emission levels are being reported in four different formats.
These are: (1) mass particles/mass dry wood; (2) mass particles/heat output;
(3) mass particles/time of stove operation; and (4) mass particles/volume of
flue gas. Complete equations for the calculation of these parameters and for
the calculation of their associated uncertainties are presented in Attachment
C-1. Accuracy and precision estimates were made for all primary parameters
used to calculate the particulate emission values. The accuracy and precision
estimates were based on manufacturer’s specifications and from field and
laboratory experience. The accuracy and precision estimates are listed in
Table C-1. Standard propagation of error treatment of the data was used to
estimate the overall accuracy and precision associated with the final
calculated particulate levels. Attachment C-2 lists the calculations used for
other parameters used in the study, including mean flue temperature, catalyst

light-off, wood moisture content, and burn rate.

1.1 Accuracy

A conservative estimate (i.e., maximum probable bias) was made of the
systematic error for each primary parameter from which a propagated accuracy
value was determined. Propagated error values were calculated for every
emission data set. Accuracy is defined as a systematic bias, and the same
biases would manifest themselves throughout the entire study since the same
type of instrumentation was utilized at all homes, and, consequently, accuracy
would not be an issue in intra-study comparisons, e.g., comparing catalyst vs.

non-catalyst emission values.

The mass particles/volume of flue gas format had the lowest (best) relative
accuracy among the four methods of reporting particulate emission levels.
This was due simply to the fact that fewer parameters were necessary to calcu-
late the mass/volume value and that the oxygen content, which has a higher
uncertainty level associated with it, was not needed for the mass/volume

calculation, whereas it is needed to calculate the other three emission rates.

1.2 Precision

An estimate of the limit of error (1% confidence limit) was made for each

primary parameter from which a propagated precision value was determined. The

OMNI ENVIRONMENTAL SERVICES, INC - Cl



limit of error (X) is equal to 2.6 times the standard deviation (¢) for a
normal distribution. The limit of error was used in the estimation of the
precision (random error) of the primary parameters since it is conceptually
easier to estimate than a standard deviation. As with the accuracy estimates,
manufacturer’s specifications and field and laboratory experience were taken
into consideration in making the estimates. The precision estimates (A) for
each primary parameter are listed in Table C-1. After an overall precision
value was calculated by the standard propagation of error technique, the value
was divided by 2.6 to put it in the more meaningful standard deviation form.
The precision typically associated with the standard U.S. EPA Method 5

technique is generally recognized as being approximately 20Z.

1.3 Representativeness

Inherent in the design of the AWES/Data LOG’'r sampling approach is a high
degree of representativeness. By sampling for one minute out of thirty for a
week-long period, a long-term integrated sample is obtained. Moreover, by the
in situ sampling of the emissions under actual home use conditions, samples

representative of "real world” emissions were obtained.

OMNI ENVIRONMENTAL SERVICES, INC - C2



Attachment C-1

Calculations and Propagation of Errors - Particulate Data

Parameters -~ Particulate Data

1. MP Mass particles (total)
MF Mass particles on filter
MRMC Mass particles from methylene chloride rinse
MRM Mass particles from methanol rinse
MX Mass particles from XAD-2
MFB Mean mass particles in field blanks
2. sV Specific stoichiometric volume (corrected for stove type)
3. FR Sampler flow rate
4, SD Sampling duration
5. 20, Flue gas Op
6. HC Specific heat content
7. EF Efficiency factor
8. MDW Mass of wood, dry basis
9. SP Sampling period
1. Mass Particles (MP) = MF + MRMC + MRM + MX - MFB

AMP = AMF + AMRMC + AMRM + AMX + AMFB

2. Mass Particles [ Mass Dry Wood = MP x SV
FR x 8D x (1 - 20,/20.92)

Propagated error =

AMP sV + Asv MP
FR x SD x (1- 205/20.92) FR x SD x {1 - 20,/20.91)
L. — L
B ) ™
+ AFR MP x SV + ASD MP x SV
FR® x SD x (1 - 20,/20.92) FR x SD% x (1 - 20,/20.92)
- pa— —
+ A0y2 MP x SV

FR x SD x 20.97 x (1- 10,/20.92)2

3. Mass Particles |/ Heat Output = MP x SV
FR x SD x HC x EF x (1 - 20,/20.92)

Propagated Error =

g

AMP SV + Asv
FRxSDxHCxEFx(1-205/20.92) FRxSDxHCxEFx(1-202/20.92)

Ko

+ AFR MP x SV + ASD MP x SV
FszSDxHCxEFx(l-ZOZIZO.92) FRxSDZxHCxEFx(1-202/20.91)

OMNI ENVIRCNMENTAL SERVICES, INC - C3



+ AHC MP x SV + AEF MP x SV
FRxSDXHC“XEFx(1-20,/20.91) FRxSDxHCXEF4x(1-205/20.92)
L.

+ A0y MP x SV
FRxSDxHCxEFx20.9Ix(1-20,/20.92)%
-

4. Mass Particulate Emissions |/ Time Stove Operations (SP) =

MP x SV x MDW
FR x SD x SP x (1-202/20.92)

Propagated error =

AMP SV_x MDW + Asv MP x MDW
FR x SD x SP (1-20,/20.91) FR x SD x SP (1-10,/20.92)
b — I
+ AMDW MP x SV + AFR MP x SV x MDW
FR x SD x SP (1-20,/20.91) FRZ x SD x SP (1-10,/20.92)
+ ASD MP x SV x MDW + ASP MP x SV x MDW
FR x SDZ x SP (1-10,/20.91) FR x SD x SP% (1-105/20.92)
+ 00,1 MP x SV x MDW
FR x SD x SP x 20.9% (1-20,/20.92)%

5. Mass particles [/ volume = MP
FR x SD

Note: Standard temperature at which orifice mass flows are reported
is 20°C.

Propagated error = AMP 1 + AFR MP + ASD MP
FR x SD FRZ x SD FR x SD?

OMNI ENVIRONMENTAL SERVICES, INC - Cé4



Table C-1

Precision and Accuracy Estimates

Parameter Estimated Precision (X) Estimated Accuracy Comments
1. AMP Sum of a,b,c,d*, & e’ Sum of a,b,c,d* & e
a. AMF £ 1 mg + 0.1 mg
b. AMRMC t 2 mg +t 0.5 mg weighing errors
c. AMRM + 2 mg + 0.5 mg
d. AMX t 202 (relative)* + 501 (relative)* polar compounds,
surrogate
standards
e. AMFB t 26.0 mg £ 2.5 AMP for field
blanks
2. Asv 180 (constant) + 250 litres/kg range in
dry wood calculated
values
3. AFR + 0.2 litres/min. + 0.3 litres/min. field observa-
tions, wet basis
4. AsSD + 1.787 relative* + 1.78Z relativex 6 min. out of
336 min.
1 sec. out of
1 min.
5. A20, + 120, (absolute) + 220, (absolute) field data
6. AHC 1.0 x 10° + 1.0 x 10° range in measured
joules/kg (constant) joules/kg values
7. AEF * 0.03 (constant) +t 0.1 laboratory
experience
8. AMDB + 37 (absolute) + 57 (absolute) <257 moisture
+* 47 (absolute) +* 57 (absolute) 25-35% moisture
+ 152 (absolute) + 152 (absolute) > 357 moisture
Manf. specs &
field data
9. AsP + 0.3 (relative)* + 1.07 (relative)=* field data
10. Aindoor + 2°F (1.2°C) t 4°F (2.5°C) Manf. specs.
temp
11. Aflue & * 3°F (1.9°C) or 0.52 + 6°F (3.8°C) or 600°F threshold
catalyst (relative)* whichever 1.02 (relative)¥ for relative
temp is greater whichever is error, Manf.
greater specs
OMNI ENVIRONMENTAL SERVICES, INC - C5



Attachment C-2
Miscellaneous Parameters and Notes

1. Flue temp. (TCyp)

x + 5S.D. weekly (above 100°F)

2. Percent of time combustor is operational (TC>500°F) during stove use
(TC1>100°F).

3. MDW = MWW
(1+WDB)

MDW = Mass dry wood
MWW = Mass wet wood
WDB = Water content of wood, dry basis, as fractional percent

AMDW = AMWW 1 + AWDB MWW
(1+WDB) (l+WDB)2

4. Burn rate

Kg dry wood / hours that TC; > 100°F

OMNI ENVIRONMENTAL SERVICES, INC - Cb6
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APPENDIX D

SCHEMATICS OF NEW WOODHEAT TECHNOLOGIES
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Catalyst Performance: Blaze King "King" Model KEJ
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APPENDIX E

LABORATORY TEST DATA REPORTS:
BLAZE KING “KING” WITH CATALYST FROM HOMES W07 AND W11

AND

LETTER REGARDING CORRECTIVE ACTIONS BY BLAZE KING CANADA LTD.
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SUMMARY
Energy,

Inc., to perform emissions and efficiency testing on the two Matsushita

Mines and Resources Canada retained OMNI Environmental Services,

catalysts distributed by Technical Glass Products. These catalysts were
This
This

. installed in the Woodcutters Blaze King "King" woodstove (Model KEJ)
stove was identical to the stoves used in Whitehorse homes W07 and W1l.
appliance was tested in accordance with the Oregon Department of Environmental
Quality (DEQ) "Standard Method for Measuring the Emissions and Efficiency of
Woodstoves," dated June 8, 1984, and the Environmental Protection Agency (EPA)
40 CFR Part 60, Subpart AAA — Standard of Performance for Residential Wood
Heaters, as published for comment on Wednesday, February 19, 1987. Emissions
were measured using EPA Method 5G. The testing was performed August 13 and
19, 1987, at the OMNI Solid Fuels Testing Laboratory in Beaverton, Oregon.

Two test runs were completed, and efficiencies and particulate emissions

vere measured. Both runs were conducted using Technical Glass Products Model

F8 catalysts, manufactured by Matsushita Battery of Japan. Run 1 was
conducted using the catalyst from home W07 (OMNI code OMW0O7), and Run 2 using
the catalyst from home W1l (OMNI code OMW1l1) model. Heat outputs for rums 1
and 2 were 29,920 and 21,057 Btus per hour. Overall efficiencies were 66.1
and 70.1 percent, respectively. From EPA Method 5G, particulate emissions
were measured to be 11.8 and 10.8 grams per hour, respectively.

Primary air settings used for the test runs and the five minute start-up

procedure for each run are as shown below:

-

Run # _Thermostat Setting = Five-Mioute Start-Up Procedure
1 25/8 Door: ajar 2 minutes
Bypass: ajar 2 minutes

’ Primary air: set at full high for
4 minutes, then set at test setting

Fan: high for test
2 slightly under Door: ajar 1 minute
setting 2 Bypass: open for 1 minute

Primary air: set at full high for
4 minutes, then set to test setting
by 4.3 minutes

Fan: high for test

ENERGY, MINES, & RESOURCES PAGE - 1
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CATALYST DESCRIPTION {(Refer to ™Whitehorse Efficient Woodheat Demonstration"
Report, PS256)

Model: Technical Glass Products (Matsushita)
Model No.: 86-04 Model F§

Field No.: wo7

Size: oval, maximum dimensgions:

71/8 x 85/8 (outside can dimension)
67/8 x 83/8 (ceramic dimension)
2" thickness

Cells per in?; 16

Aging time or
Field Description: Whitehorse Project

Run: 1

Model: Technical Glass Products (Matsushita)
Model No.: 86-04 Model F8 )
Field No.: wll .

Size: oval, maximum dimensions:

71/8 x 85/8 (outside can dimension)
67/8 x 83/8 (ceramic dimension)
2" thickness

Cells per in?: 16

Aging time or - _
Field Description: Whitehorse Project

Run: 2

During the testing of these combustors, every attempt was made to ensure

that there was no leakage around the combustor or the bypass. Before and

after each test a check for leaks was performed by placing a 500-watt light in
the firebox and inspecting the critical seals for light leakage.
Prior to Run 1, the bypass gasket was replaced with a new one from a

Woodcutter's distributor. After the initial installation of the combustor

(OMW0O7) for Run 1 using one wrap of interam, it was determined that the

combustor would not seal as evidenced by large gaps between the interam and

the combustor cup lip. Therefore, two wraps of interam with additional pieces

on the right and left were used. This resulted in an initially tight fit.

ENERGY, MINES, & RESOURCES PAGE -~ 2
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But, after two hours of burning, another inspection was made and leakage was
observed. The combustor was then wrapped with a single wrap that overlapped
itself. Again, after two hours of burning, a leak check was performed and
this time, thefe was no leakage observed.

Test Run 1 was conducted attempting to achieve a 19,000 Btu/hr heat
output, which was representative of average heat output in homes W07 and W1ll.
However, due to changes in the reference marks on the air control knob from
the original certification test series, the setting produced 29,920 Btu/hr.
After the test, the combustor and bypass were again inspected for leakage. No
leakage was observed around the combustor. Unfortunately, though, the bypass
had been disengaged after the completion of the test and prior to imspection,
so it was impossible to verify if there was any leakage during the test. Some
leakage was observed after the bypass had been engaged and disengaged a few
times. However, this doesn't confirm any leakage during Run 1,

Prior to Run 2, the second combustor was installed again with various
amounte of interam. Several attempts were made to seal the combustor by
burning the stove and then inspecting it for leaks. Finally, a single wrap of
interam with a fhree-inch'piece overlapping the butt joint was used. After
burning for two hours and inspecting the seal, it was observed to be a tight
fit. Run 2 was conducted resulting in 21,057 Btu/hr.

Inspection of the unit after the test showed that the bypass was not
leaking. However, the combustor showed a pin head leakage of light at the
butt joint. ’

It should be noted that all inspections of the combustor and bypass
leakage were made by looking down through the flue collar. This allowed for a
thorough inspection of the bypass. However, due to the stove design, only the
back edge of the combustor could be inspected for leakage. The front edge is
inaccessible for visual observation.

The combustors were handled with extreme care. However, during one of
the installations or removals, the in-combustor thermocouple cracked off a
piece of the OMW1l combustor. One side of one cell was broken off
appraximately down hslfway through the combustor.

Summary Tables, reduced data results, and calorimeter room raw data

sheets are included for each run.

ENERGY, MINES, & RESOURCES PAGE - 3
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SUMMARY TABLE 1
Energy, Mines and Resources Canada
Project SE188-01
RESULTS
PARTICULATE HEAT
RUN EMISSION HEAT OVERALL COMBUSTION Z TRANSFER Z
g GM/HR QUTPUT** EFFICIENCY* EFFICIENCY EFFICIENCY
1 11.8 29,920 66.1 81.5 81.2
2 10.8 21,057 70.1 84.1 83.3
* Corrected for stove thermal mass .
** Btu per hour
ENERGY, MINES, & RESOURCES PAGE - 4
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SUMMARY TABLE 2
Energy, Mines and Resources Canada

Project SE188-01

FUEL ARD OPERATING PARAMETERS

BURN RATE
KG/HR FUEL H,0 Z (WET) TIME POUNDS
RUN ¢ (DRY) TEST LOAD HHV* (MIN) BURNED
1 2.34 18.03 8,765 260 27.3
2 1.56 18.37 8,765 410 28.7

* Higher heating value (Btu/1b) (assumed value)

ENERGY, MINES, & RESOURCES PAGE - 5
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SUMMARY TABLE 3
Energy, Mines and Resources Canada

Project SE188-01

CARBON MONCXIDE EMISSIONS

RUN # GRAMS CO/KG GRAMS CO/HOUR
1 79.17 A 185.45
2 57.94 90.11

ENERGY, MINES, & RESOURCES PAGE - 6



OMNI ENVIRONMENTAL SERVICES, INC,

SUMMARY TABLE 4
Energy. Mines and Resources Canada

Project SE188-01

FLUE GAS MEASUREMENTS

SE188-01

AIR/FUEL
DRAFT RATIO
IN. H,0 LB/LB

FLOW RATE
RUN TEMP EXCESS CHO
# °F B0 0,2 CO,Z _COF AIR I DSCE/MIN
1 257 12.62 7.90 12.28 1.07 55.73 8.82
2 210 10.09 10.25 10.09  0.61 92.60 7.47

ENERGY, MINES, & RESOURCES

~0.045 7.62
-0.035 9.85
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OMNI ENVIRONMENTAL SERVICES, INC. SE188-01

SUMMARY TABLE 5
Energy, Mines and Resources Canada

Project SE188-01

AVERAGE STOVE TEMPERATURES OVER TEST CICLE *

STOVE SURFACE COMBUSTOR
RUN # TOP BOTTOM LEFT RIGHT BACGK FIREBOX UPSTREAM WITHIN DOWNSTREAM
1 419 258 n/a 436 307 925 1,019 1,140 935
2 332 243 331 371 211 n/a 797 1,094 785

* All temperatures in degrees Fahrenheit

ENERGY, MINES, & RESOURCES PAGE - 8



ErPA METHOD 5G RESULTS

CLIENT ENERGY MINES AND RESOURCES CANADA
MODEL KEJ—-1101
FROJECT # SE188-1
RUN# 1
DATE 8-13-87
FILTER HOLDER H

FINAL

EFA METHOD 5G RESULTS

F I I I I I I IS I I I T I I AP I I I I I I FE A I IS IS I I I IS

PARTICULATE CONCENTRATION (DRY-STANDARD).. 0.0011 (GRAMS/DECF)
PARTICULATE EMISSION RATE. .. ... rcons .- ?.330 (GRAMS/HOUR)

ADJUSTED EMISSIONS. ...t c i it i iicnnnss ceeens 11.8 (GRAMS/HOUR)

B0 F I I NI I I IEIE T I I I T I T I AT I I I I I I I I I I I I
TUNNEL TEMFERATURE AVERAGE.......¢.... e 88 (DEGREES FAHRENHEIT)
AVERAGE DELTA P RUN DATA.....ucues ceveasan 0.040 (INCHES H20) ‘

(Vm) TOTAL SAMPLE VOLUME (METER CONDITIONS) 131.877 (CURIC FEET)

AVERAGE GAS METER TEMPERATURE. .. ecaneeens 83 (DEGREES FAHRENHEIT)
(vs)AVG. GAS VELOCITY IN DILUTION TUNNEL.. 13.48 (FEET/SECOND)

(Qsd) AVG. GAS FLOW RATE IN DILUTION TUNNEL 8771.03 (DSCFH)

(Vmstd) TOTAL SAMPLE VOL. (STD. CONDITIONS) 126.913 (DSCF)

(mn) TOTAL PARTICULATES. ..t i tevnsnananana 137.9 (MG)
AVERAGE DELTA Heovwwouwonn ceaanns cecomecenn 0.535 (INCHES H20)
260 (MINUTES)




TABLE 1

RESULTS OF EFFICIENCY TESTING ON THE ENERGY MINES AND RESOURCES CANADA
WOOD STOVE

RUN NUMBER 1 PROJECT NUMBER SE188-1 SERIAL NUMBER C1106

DATE OF TEST: 8-13-87 STOVE MODEL: KEJ-1101 FlNAL

AVERAGE EFFICIENCIES

Y Aa s 2 TR SRS 22 E Y S22 2SS RS SR N Ry YR I Y R R S LI R I S S YRR T Y
# COMBUSTION= 21 . S Z # HEAT TRANS.= 81 . 22 Z % (OVERALL= && . 1 Z

*
L2222 2 SR 222 Xt st 22222222 2222t 22222 2222 222 2222 22 L

EMISSIONS

LA 222 AR 22 Rl R Rl 2 22 22t s 2 R Rttt 2t 2 X L)}

# PARTICULATES: 0.000 (grams/Kg-wood) 0.000 (grams/hour) *
#+ CARBON MONOXIDE: 79.174 (grams/Kg—wood) 185.450 (grams/hour) *
B33 463 T3 262 T AT TSI ST T TSI I 332 3 ST B A3 I

P RS

TEST DATA

!

{ BURN RATEmsssssssscr s SiSrorSssaSomamsmSnm ) 6.30 (1b/hr-wet) 1
! BURN RATE=ssssccascacxzca > 2.34 (kg/hr-dry) {
{ BURN RATE e EEmEESTERCTERETS) 2.86 (kg/hr-wet) i
! FUEL MOISTURE w== wwm= > 18.03 (% Wet basis) t
! HEAT OUTPUTszssssssassacscas = =m> 29920.14 (Btu/hr) !
i FUEL HIBHER HEATING VALUE=cosasceocssssxsmcx) 8765.00 (Btu/lb-dry) !
! AVERAGE STACK FLOW RATE=snonsasssscscssasssaa) 8.82 (DSCF/minute w/HC) H
I AIR TO FUEL RATIO=cascsssscscszeeasszscasan) 7.62 (lb—~air/lb-fuel) f
{ AVERAGE EXCESS AlRawsssasssczmsaszacasaaszms) 55.73 (% Stoichiometric) '
I AVERAGE STACK TEMPERATUREsmcocmsxszmxrscecs) 2546.70 (Degrees F) d
| AVERAGE STACK MOISTURE mssscsassznazccaommms) 12.62 (% volume-wet w/HC) |
| AVERAGE (CO2=ssassssssrararczsacssccCEacKsEnT ) 12.28 (% volume—-dry w/HC) |
I AVERAGE (Z2cosscussssosrarsoaopcaszxaczzsaasSae) 7.90 (/% volume—-dry w/HC) |
[ AVERAGE (== asorsarmccscaScroEcRccECSScER=ERE ) 1.07 (%4 volume-dry w/HC) |
H f

1 => 27 11:42:51

o 67.84036 09-03-1987

OVERALL EFFICIENCY WITHOUT STOVE TEMPERATURE CHANGE= 66.2 %

AN
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TABLE 2A
TEST DATA LISTING

CLIENT: ENERGY MINES AND RESQURCES CANADA

PROJECT NUMBER: SE188-1

FUEL MOISTURE: 22
-3.30973E-03

BAROMETRIC PRESSUR
STOVE WEIGHT (1bs)}

E

(in Hg): 29.87
407

CHANGE IN STOVE TEMPERATURE(F): 26

FUEL COMPOSITION:
METHOD S RESULTS:

%

ZC= 51 H 7.3
MOISTURE= 12.92

RUN NUMBER: !

DATE OF TEST:

MODEL NUMBER: KEJ-1101
STACK STATIC PRESSURE(in Hg):

ROCOM TEMPERATURE
AMBIENT MOISTURE

(FY: 76
CONTENT (4):

FUEL HHV (BTU/1b): 8765

Z0= 41
GRAIN LOADING

(gr/scfl= O

1.9

8-13~E
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TABLE 2B PAGE 1
FIELD DATA

CLIENT: ENERGY MINES AND RESOURCES CANADA
RUN NUMBER: 1 DATE: B8-13-87

! Dry and HC free '
FT TIME WT. FUEL 7C0o2 “02 yAs] WT BLE DRY BLE TRACER
L e R T R e e T S Ry e e e e e s

1 0 27.30 10.30 11.50 0.25 111.0 232.0 100.0
2 10 24.20 15.90 4.90 3.91 158.0 293.0 100.0
3 20 22.20 17.10 4.20 2.77 158.0 296.0 100.0
4 30 20.40 12.40 8.70 0.72 154.0 271.0 100.0
] 40 19.50 ?.30 11.80 0.36 141.0 226.0 100.0
6 S0 18.30 10.20 10.90 0.55 143.0 249.0 100.0
7 60 16.40 15.90 4.70 2.69 154.0 280.0 100.0
8 70 14.20 17.20 3.30 3.45 135.0 296.0 100.0
9 80 12.50 15.40 5.50 1.357 152.0 268.0 100.0
10 {0 11.30 15.40 5.70 1.45 142.0 203.0 100.0
11 100 10.50 10.60 10.10 0. 31 133.0 200.0 100.0
12 110 9.80 13.20 7.30 0.77 133.0 222.0 100.0
13 120 8. 50 15.80 4.70 1.73 145.0 265.0 100.0
14 130 6.80 16.70 3.70 2.44 148.0 290.0 100.0
15 140 5.60 15.80 4.90 1.20 138.0 281.0 100.0
16 150 4.90 13.00 7.80 0.35 126.0 244.0 100.0
17 160 4.30 11.30 ?.40 0.36 125.0 235.0 100.0
18 170 4.00 .90 10.40 0.36 121.0 236.0 100.0
19 180 3.60 10.00 10.40 0.446 119.0 244.0 100.0
20 190 3.10 10. 60 ?.90 0.40 120.0 256.0 100.0
21 200 2.70 10.90 ?.60 0.40 118.0 261.0 100.0
22 210 2.20 10.00 10.00 1.52 117.0 266.0 100.0
23 220 1.80 10.50 10.10 0.46 118.0 265.0 100.0
24 230 1.30 11.00 9.60 0.19 118.0 269.0 100.0
25 240 0.90 11.10 °  @9.50 0.29 117.0 265.0 100.0
26 250 0.40 11.00 %.70 0.35 116.0 260.0 100.0
27 260 0.00 11.10 %.70 0.42 115.0 . 258.0 100.0

00,, Teadings haie been coreched due 4o oakbritins
bewng ok o 5102&'11[«7/@5 — s atchment.



TABLE 3 PAGE 1
CHO BALANCED TEST DATA

CLIENT: ENERGY MINES AND RESOURCES CANADA

RUN NUMEBER: 1 DATE: 8-13-87
FT FLOW RATE DRY BURN RATE STACKE MOISTURE STACK TEMF
(DSCFM w/HC) (LE/HOUR-CALCULATED} (ZVOLUME~w/HC) (F)
R Ry R e e e R e s RS s R S S S Rl
1 8.82 4.26 4.34 232.0
2 8.82 7.90 24,75 293.0
3 8.82 7.85 24.67 296.0
4 8.82 5.01 22.30 271.0
5 8.82 J.81 16.28 226.0
6 8.82 4.13 16.71 249.0
7 8.82 7.16 22.07 280.0
8 8.82 8.05 22.40 296.0
S 8.82 6.47 20.94 268.0
10 8.82 b6.47 17.45 203.0
11 8.82 3.97 13.17 200.0
12 8.82 5.16 12.53 222.0
13 8.82 6.55 17.38 265.0
14 8.82 7.23 18.44 290.0
15 8.82 6.33 13.19 281.0
16 8.82 4.89 8.95 244.0
17 8.82 4.25 8.84 235.0
18 8.82 3.58 7.35 236.0
19 8.82 3.72 6.42 244.0
20 8.82 3.94 6.39 256.0
21 8.82 4.05 5.56 261.0
22 8.82 4.20 5.08 2646.0
23 8.82 3.98 5.44 265.0
24 8.82 4.00 5.31 26%.0
25 8.82 4.09 5.11 265.0
26 8.82 4.13 4.94 260.0

27 8.82 4.25 4.69 258.0
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OMNT ENVIRORMENTAL SERYICES Imc.
CURRENT BATE/TIME IS 09-02-1967 /7 19:18:38

PROGRAM NAME 1S: REPI.EXE
DATA FILE MAME IS: SE1BE11.DAT

CLIENT: ENERGY MINES AND RESOURCES CANADA MODEL NO. KEJ-1101
PROJECT NO. SE188-01/#1 RUN NO. #1
DATE: AUG 13 1987 TECH: JS/DD/DC
FUEL MOIST (%) 22.00 CAT NO. OMWO7
FUEL CHARGE (LB) 27.3 COAL BED (LB) 6.7
TEST STARTED: AUS 13 1987 11:10:02 AN
=2 #TEST DATA (FORM 1) %*x
{2) i {12) {11} RA{1&) (19) {20) {21) {22) {23} (24)  (25) {28)  (27) {32) {33)
TIse W1 DIFF  Tin Tout TEWP T0P BOT  BACK  FBOX  LEFT RIBHT BEFCAT INCAT AFTCAT  FLUE  DRAFT
0 27.3 0.0 &9 10 75 339 282 82 817 362 431 801 840 698 395 -.040
10 24.2 3.1 &8 70 73 332 265 9 683 343 440 852 1257 943 461 -.055
20 222 2.0 10 1 17 423 270 i3 632 323 421 9% 3% 1Y S12 -.0533
30 20,4 1.8 70 1 n 477 270 352 643 324 422 985 1253 1145 5§12 -.055
4 19.5 0.9 70 11 n 471 269 320 615 319 394 789 998 937 428  -.045
5 183 .2 70 I} 77 418 267 293 624 304 310 750 940 828 423 -.045
60 164 1.9 70 11 n 406 252 300 730 320 387 1059 1273 1045 93 -.050
70 1.2 2.2 10 71 77 464 258 331 800 331 435 1319 1402 1133 528 -.050
80 12.3 1.7 67 10 i 499 254 349 832 in 454 1364 1386 1134 S8 -.030
% 1. L2 N 62 16 305 252 n 823 313 45 1333 1480 1092 430  -.045
100 10.5 0.8 38 &0 74 494 250 n 146 359 420 1366 1427 1032 466 -.040
110 9.8 0.7 &7 68 73 475 248 304 747 333 391 839 1093 993 41 -.040
120 8.5 1.3 &9 70 1L 446 244 297 8846 354 398 1281 1318 1025 480  -.045
130 &8 L7 &9 )4 n 474 244 326 1189 412 432 1352 1318 119 523 -.030
10 56 1.2 89 n n 4% 240 M 1228 446 460 1288 1290 1019 333 -.050
30 49 0.7 38 62 [ 491 242 348 1084 454 464 1088 1164 964 493 -.045
160 4.3 0.6 &0 63 73 443 244 326 1023 0 431 916 1062 870 457 -.040
170 4.0 0.3 47 89 73 409 246 306 1119 0 435 889 960 823 431 -.040
180 Y& 0.4 &9 10 74 mn 7 286 113 0 426 867 959 191 22 -.045
i 31 03 & 11 n 39 249 279 183 0 27 913 1017 814 426  -.045
00 2.7 0.4 89 n 7 359 253 29 U178 76 440 938 1003 820 427  ~.045
26 2.2 03 10 1 177 382 ol 281 1192 271 452 9435 983 814 439 -.045
20 1.8 0.4 &7 89 n 360 264 283 1162 386 438 926 987 811 435 -.045
0 LY S b1 4] 3b4 270 283 996 410 469 997 1027 807 441  -.045
240 0.9 0.4 &2 o4 74 362 276 268 970 434 481 979 1003 807 43 -.045
0 64 05 47 89 73 351 284 288 954 43% 483 939 972 192 430  -.045
20 0.0 0.4 &5 69 73 384 283 87 962 43 485 %2 961 784 439  -.045
V6 1 419 8 307 925 357 43 1019 1140 935 463 -.046
AVERAGE STARTING SURFACE TEMPERATURE (F): 333 fll TEMPERATURES IN F, WEIGHT IN LBS.
AVERASE ENDINE SURFACE TEMPERATURE (F): 371
TEMPERATURE DIFFERENCE (Te-Ts) .......... 3

AVE. CHAMMEL 5: (F) B83.1

AYE. CHANNEL 6: (F) 77.1

AVE. CHANNEL 8: (F)

42 Av6. CHANNEL 9: (F) 88.4

‘X'chf" ‘lﬂermaouﬂe. ot g:hd'm\n ‘ﬂqmuﬁh én#re/-ks.'l'

Aug:

o nmj 57{ cnd

¢ the fcﬁ' Swhace +c
’B(Om'nwg - 329 avq
Ending — 354 aiq

AT e, 1267 F

acrﬁu.a ternperatures pugst be reccdealsted b



mm—m CEENEEMAENS T oS
RUN # 3  CLIENT g2y minfse Lbsomc€S PROJECT # ggpg—( MODEL Kina
oAuA0A

BOOTH )

COAL BED CHARACTERISTICS
WEIGHT AT START: _(,.7]  (COQL , GLOWING , FLARING N )

TEST FUEL CONFIGURATION SKETCH (INDICATE VIEW ANGLE)

X ] 1 F Ngte: Tep vou iRl “"‘};‘P
- ’ 2 r flonsd Temowso,
{ 'ﬁ\qm’; - >
l; Wl
L | {

front uUlewd

START UP PROCEDURES: at
BY-PASS TIME OPEN,} i1, CLOSEDA2.06 i .
FUEL LOADING DOCR A.mza'i o0 .min_ FOR 2,06 MINUTES

PRIMARY AIR SET _fud "iawm FOR Yy.00 MINUTES
Then oldr Combvol Shew shga Sct To 4dest Seiljaa

SECONDARY ATR SET __ §iyed FOR __ wia MINUTES

TERTIARY ATR SET ﬁ.g;( PR . MOwTES - AJF s oY st

OTHER ‘D $ win blovier fureed To hinh from o0& postion ot hegning of ool

TEST SETTINGS: (SETTINGS MUST BE ACQURATE AND REPRCDUCIHLE)

PRIMARY AIR SEOCNDARY TERTIARY FAN
‘.‘.“a -"ﬁ “:a‘\
fived N

Primary ale st ot
2%

OMNI-SE. 005
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ManufacturerfHRY mMpsafEsouecss (AuAbA  Run No. _{ Model No. Kina

Date . %-97 Project No. SEi1%g- |

Date Time Camments’,

8-/5 87 |3y /{’/“V/ﬁz,q C(_%g‘d édgg Fre 7R YHeeunt

WS IS indies. S STOPPED pymp

Lﬁ%’ /‘/572’/?/Pé’/fﬁjﬂl/4 L/AS 3¢3.299 S

/Y 7 STHETEL Dcuﬂ/p MNETEL /(:ﬁo/mlq 563.387 o
, 4 S, e

23 ﬂm_,»&/ M! PC -‘-/é/ /oé__)

/'t-'7;‘\7 /.— 0’4'(“-/‘-"/ vl—O&

H'SP [ This vwn 1% G wed, Wiak bwfﬁ;"w

Sismulede run ® 39, SeoysS-{

AN LXK et d 4 wootuwe m\h\.‘ amo!n-; the

Sammple oX o Comedent cole X durl AW b Alse

The Co:\‘}k_s} \-..\te_g_d’ U_&.‘F gn:v\‘zﬁ %o \w o 155{'

QMNI-SE. 017
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CLIENT: ENGIGY NG54 fespmices  (ANDA

Tae

O
RUN #: ]

PROJECT: SE I66-|
BOOTH: |

DATE: 3.13-¥7

FUEL LOAD PREPARED BY: 1%

PRE-BURN FUEL
MOISTURE CONTENT (METER -- DRY BASIS)

Cal Value(1)=12%
Cal Value(2)=222

CALIBRATION:

Piece Length

1 g ft
2 ft

Actual Reading __1_;_5_20____
Actual Reading _ 2328

Readings

19.2€ 1925

3 ft

Length of cut pieces: éﬁ inches

FUEL TYPE AND AMOUNT:
CALCULATED LOAD WEIGHT: 10.j
FUEL PIECE LENGTH: 17%”

TEST FUEL

2X4 &

MOISTURE CONTENT (METER -— DRY BASIS)

4 X 4

ACTUAL LOAD WEIGHT: (2 X 4)

— 223 (4% 4)
223 Total

PIECE

2225 2/.50

READINGS
22. S0

2325
2
.zgizz'o 175

ExX
LO50
2/ O

K050
2Ys0

éi3«25‘
. 2
1=

OV mMNOW WM -

-

OVERALL TEST FUEL LOAD MOISTURE AVERAGE: 22,00

GRAVIMETRIC ANALYSIS — OVEN-DRIED FUEL SAMPLE

DIMENSIONS: X X = comf

DATE/TIME SAMPLE PLACED IN OVEN: / / AM PM
REMOVED : / [/ AM PM

INITIAL WEIGHT (I) -~ FINAL WEIGHT (F) = NET WEIGHT __

DRY BASIS MOISTURE I = g-I_;T—Fl X 100 =

DRY BASIS BY METER
WET BASIS MOISTURE % Q—;:——F-)- X 100 =
TEST FUEL LOAD DENSITY = gm/cmE

OMNI-SE.006



OMN] ENVIRONMENTAL SERVICES Inmc.
CURRENT DATE/TIME IS 09-03-1987 7 12:11:11

PROGRAM HAME 1S: REPL.EIE
DATA FILE NAME IS: SELB811.DAI

MODEL NO. KEJ-1101

PROJECT NO. SE188-01/#1 RUN NO. #1
DATE: AUG 13 1987 TECH: JSs/DDh/sDC
FUEL MOIST (%) 22.00 CAT NO. OMWO7
PRE BURN STARTED: AUS 13 1987 08:15:59 AN
#%2PRE BURN DATA#**
(2} N7 (12} (1) RA(IHY (19} (200 (21 {22) (23) (24} (295) {26} (27} (32 (33
TIE NT  DIFF Tin Tout TEWP 10 BOT  BACK  FBOX  LEFT RIGHT BEFCAT  INCAT AFTCAT  FLUE  DRAF
0 14,6 0.0 56 60 77 471 29% 397 594 0 476 1518 840 809 459  ~-.05
10 13.4 .2 5§ 38 75 430 %9 3464 659 ] 2 879 909 856 i -.04
20 12,4 1.0 64 1) 73 423 299 349 672 21t 397 1361 1065 945 438 -.04
30 11.3 1.1 87 89 77 463 29 349 679 257 3%0 1944 1587 1065 48 -.04
&0 9.5 1.8 58 &1 76 488 2% 365 738 324 437 1444 1538 1055 439  -.04
0 9.0 0.5 5 80 77 471 287 323 703 338 422 954 1234 941 383 -.04
8 8.9 01 55 58 75 423 284 285 641 318 385 833 823 132 326 -.03
70 8.8 0.1 60 82 74 33 276 241 589 290 44 539 b4 553 27713 -.03
80 8.5 0.3 64 6 75 285 267 224 719 282 343 684 742 560 338 -.03
90 14.6 6.1 85 67 73 270 262 242 492 317 361 1278 772 b6b 385 -.0%5
100 12.7 1.9 & 87 13 326 2683 264 532 2 3 1683 1466 1020 458 -.05
110 11.0 1.7 b4 58 73 413 264 310 647 348 9 1602 1349 1070 9 -.05
120 10.5 0.5 &7 89 3 424 248 312 598 358 440 1433 1001 848 406 -.04
130 10.0 0.5 &7 49 73 387 268 283 5719 328 381 1044 1087 840 380 -.04
140 8.8 1.4 &7 69 L] 401 264 281 703 M 368 1675 1324 947 4318  -.05
150 7.6 1.0 &7 89 73 435 261 293 814 335 410 1764 1223 1081 6B -.04
180 7.2 0.4 4B 70 74 402 260 297 834 362 437 854 914 749 410 -.04
170 6.9 0.3 68 70 74 342 262 289 822 364 43 819 870 14 By -0k
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OMNI

RS T A/

RUN # )  CLIENTUAEHOY MiUBs & RESUMAESPROTECT # sg (8% | MODEL Fina

DESCRIBE OR SKETCH AIR OR THERMOSTAT SETTINGS BELOW:
(SETTINGS MUST BE ACCURATE AND REPRODUCIBLE)

PRIMARY : SECONDARY : TERTIARY : FAN:
, foned b, O Hiqk
' bofn LT

:,,Zo " vt
Er< .

PRE-BURN SETTINGS AND ACTIVITIES

Erava 2y & P AT

ATR (THERMD) CHANGES | FAN REMOVE
SETTNG| FUEL | FUEL
TIME | PRIMARY SECDRY TERTRY |CHANGE . | -WTr. | RAKE COAL | COMMENT
Ak )
@3S Primory air Sattim
Chaneed fram ‘3/“ .
Zﬁ *
% LS
Y09 20
o 82
ﬂ@ 9““)50 Pr:ma alr Setha
o) Cram 24 T 20,
DN ~FPr=ery sir Satting Chanasd *

QMI-SE. 004




TABLE 1

RESULTS OF EFFICIENCY TESTING ON THE ENERGY MINES AND RESOURCES CANADA
WO0OD STOVE

RUN NUMEER 2 FROJECT NUMEBER SE188-1 SERIAL NUMBER C1106

DATE OF TEST: 8-19-87 STOVE MODEL: KEJ FINAL

AVERAGE EFFICIENCIES

LA 22T TR A2 S S e IR R N R R Y R Y e R IR SRR IR
* COMBUSTION= G4 . 1 % # HEAT TRANS.= 8 . 35 L+ 0OVERALL= 770 . 1 %

*
LA S22 222 ad2 2222222223222 22 22222232222 X222 2222222222222 2 222d22as2lsd L

EMISSIONS

a2 22T R S S e E I R NI R Y XIS R RIS ST Y
#* PARTICULATES: 0.000 (grams/Kg-wood) 0.000 (grams/hour) *
* CARBON MONOXIDE: 357.940 (grams/Kg-wood) 90.106 (grams/hour) *

22222222222 X222 22222 LLLISSISSSSS LSS SRS RSS2 SRS SRR Ss 222 2s s
N3 A0

TEST DATA

| S
! BURN RATE2 s orn s ar coas s asxeEErc e RIS NS TWMT ) 4,20 (1b/hr—wet) 4
! BURN RATEscezorscscezsscoscaceccasrczasceexn ) 1.56 (kg/hr-—dry) H
{ BURN RATE=sosscoersraanrrrsnarcoracsacacs=on=) 1.91 (kg /hr-wet) H
! FUEL MOISTURE c=crazacsscasscocozrxsccrcrsss) 18.37 (% Wet basis) i
! HEAT OUTPUT= az == zxnsso=szsczzazx) 210356.53 (Btu/hr) '
! FUEL HIGHER HEATING VALUEc=c=mcoscmczex==ax)  §76%5.00 (Btu/lb-dry) f
| AVERAGE STACK FLOW RATEssmczmasxazsssz=caxas) 7.47 (DSCF/minute w/HC) |
| AIR TO FUEL RATID=scxsccccecsscoccasscaazsss) 9.85 (1b-air/lb-fuel) z
! AVERAGE EXCESS AlRmsaxr=zacassxzmzammazazzzmn) 92.60 (%L Stoichiometric) t
| AVERAGE STACK TEMPERATUREc=sscsxmaczccczmses) 210.26 (Degrees F) !
| AVERAGE STACK MOISTURE s=mzxm=accormoszosamaumad 10.09 (%L volume-wet w/HC) !
! AVERAGE (COZsmrccerncxcosracsecCcacoSRaICocEIcE ) 10.09 (% wvol ume—-dry w/HC) !}
| AVERAGE (2»mocorzszsrasgczassIzccacazscozxz=Ez ) 10.25 (%4 volume-dry w/HC) 1
| AVERAGE COsm=mmcacazcsrsrzxscrcocccxcccoEcesz ) 0.61 (% volume-dry w/HC)
' '

1 ~> 42 11:47:37

0 71.104446 09-03-1987

OVERALL. EFFICIENCY WITHOUT STOVE TEMPERATURE CHANGE= 70.1 %



TABELE 2A
TEST DATA LISTING

CLIENT: ENERGY MINES AND RESOURCES CANADA

FROJECT NUMBER: SE188-1
FUEL MOISTURE: 22.5

=-2.57425E~-03

BAROMETRIC FRESSURE (in Hg): 29.92
STOVE WEIGHT (lbs): 407
CHANGE IN STOVE TEMPERATURE(F): 2

FUEL COMFOSITION:
METHDD 35 RESULTS:

“C= 51 H 7.3
% MOISTURE= 10.26

RUN NUMBER: 2 DATE OF TEST:

MODEL NUMEBER: KEJ
STACK STATIC PRESSURE(in Hg):

ROOM TEMFERATURE (F): 75
AMBIENT MOISTURE CONTENT (X): 1.4
FUEL HHV (ETU/1b): 8765
4“D= 41
GRAIN LOADING (gr/scf)= O

8-19-87



TABLE 2B PAGE 1
FIELD DATA

CLIENT: ENERGY MINES AND RESOURCES CANADA
RUN NUMBER:

]

DATE: 8-1%-87

: Dry and HC free :
T TIME WT. FUEL %»C02 %02 %CO WT BLE DRY HLE TRACER
B 2 T R s e R s R R e e S e e e e T SR s

1 O 28.70 6.70 13.80 0.21 109.0 182.0 100.0
2 10 27.50 6.40 14,00 0.32 125.0 202.0 100.0
3 20 26.80 6.80 13.70 0.72 130.0 188.0 100.0
4 30 25.70 9.20 11.50 0.935 130.0 212.0 100.0
S 40 24,40 9.20 11.70 0. 64 138.0 227.0 100.0
6 50 23.20 8.70 12.30 0.63 138.0 239.0 100.0
7 60 22.00 8.40 12.60 0.64 134.0 242.0 100.0
8 70 20.90 9.10 11.70 0.87 136.0 241.0 100.0
9 80 19.70 10.70 10.50 1.03 140.0 252.0 100.0
10 90 18.30 12.10 ?.00 1.02 131.0 261.0 100.0
R 11 100 16.90 13.00 8. 20 1.12 137.0 271.0 100.0
12 110 15.60 14,00 7.20 1.12 140.0 265.0 100.0
13 120 14.60 11.10 10.00 0.44 139.0 226.0 100.0
14 130 13.90 9.50 11.30 0.58 131.0 206.0 100.0
15 140 15.30 9.40 11.50 0.52 123.0 200.0 100.0
16 150 12.40 13.60 7.60 0.92 132.0 239.0 100.0
17 160 10.90 16.80 3.80 2.59 144.0 272.0 100.0
18 170 ?.30 16.70 3.90 3.35 145.0 248.0 100.0
19 180 8.50 12.80 8.50 0.32 132.0 206.0 100.0
20 190 8.10 8. %0 11.80 0.30 122.0 187.0 100.0
21 200 7.70 8.80 12.00 0.30 120.0 174.0 100.0
fadios 22 210 7.30 11.10 ?.70 0.58 121.0 189.0 100.0
23 220 6.70 12.00 8.80 0.50 122.0 216.0 100.90
24 230 S.80 13.60 7.00 0.51 126.0 231.0 100.0
25 240 4.90 14,30 6. 60 0.38 127.0 236.0 100.0
26 250 4.30 11.90 ?.20 0.32 119.0 203.0 100.0
27 260 4.10 7.80 12.80 0.05 109.0 169.0 100.0
28 270 3.90 7.80 12.80 0.17 108.0 159.0 100.0
29 280 3.80 6.60 13.40 0.15 97.0 155.0 100.0
30 290 3.50 10.30 10.60 0.328 100.0 179.0 100.0
31 300 3.10 11.30 9.30 0.446 110.0 196.0 100.0
32 310 2.60 11.10 8.80 0.37 117.0 212.0 100.0
33 320 2.30 10.60 ?.80 0.31 111.0 213.0 100.0
34 330 2.00 ?.90 10.70 0.30 106.0 203.0 100.0
35 340 1.70 ?.10 11.30 0.30 103.0 188.0 100.0
36 350 1.50 8.70 11.80 0.30 100.0 180.0 100.0
37 360 1.30 8.50 12.00 0.34 98.0 178.0 100.0
38 370 1.10 8.80 11.70 0.44 98.0 182.0 100.0
39 380 0.90 ?.40 11.10 0.47 100.0 194.0 100.0
40 390 0.60 ?.30 11.10 0.49 101.0 198.0 100.0
41 400 0.30 ?.70 11.00 0.42 103.0 201.0 100.0

42 410 0.00 ?.00 11.50 0.37 103.0 199.0 100.0



CLIENT:

PT

Ea E X 2 S A e s e R S S s E EES R SRR R RS S A RS SR SRR RS R R R LSRR E Sl E Rl Sl S

VONCASH U -

31
32
33
34
35
36
37
38
39
40
41
42

TABLE 3

CHO BALANCED TEST DATA

ENERGY MINES AND RESOURCES CANADA
RUN NUMEBRER: 2 DATE:

FLOW RATE
(DSCFM w/HC)

7.47
7.47
7.47
7.47
7.47
7.47
7.47
7.47
7.47
7.47
7.47
7.47
7.47
7.47
7.47
7.47
7.47
7.47
7.47
7.47
7.47
7.47
7.47
7.47
7.47
7.47
7.47
7.47
7.47
7.47
7.47
7.47
7.47
7.47
7.47
7.47
7.47
7.47
7.47
7.47
7.47
7.47

DRY BURN RATE
(LB/HOUR-CALCULATED)

2.04
1.97
2.34
3.26
3.17
3.05
2.96
3.22
3.92
4,30
4,64
4.94
3.71
3.20
3.17
4,72
6.28
6.60
4,22
2.83
2.84
3. 68
3.91
4.33
4,67
3.89
2.33
2.40
1.80
3.37
3.61
3.26
3.25
3.10
2.79
2.70
2.646
2.81
3.00
3.08
3.14
2.83

STACK MOISTURE
(AVOLUME-w/HC)

6.18
11.32
153.75
13.27
16.96
16.56
14.27
15.38
17.30
12.09
14.94
16.88
17.56
13.96
10.354
13.34
19.13
20.53
14.45
10.59
10.26
10.12

?.57
10.75
11.03

8.84

6.66

6.73

4.02

3.83

5.98

7.77

5.68

4.53

4.26

3.80

3.39

3.24

3.28

3.28

3.78

.86

FAGE 1

B-19-87

STACK TEMP
F)

182.0
202.0
198.0
212.0Q
227.0
239.0
242.0
241.0
252.0
261.0
271.0
263.0
226.0
206.0
200.0
239.0
272.0
248.0
206.0
187.0
174.0
189.0
216.0
231.0
236.0
203.0
169.0
159.0
155.0
179.0
196.0
212.0
213.0
203.0
188.0
180.0
178.0
182.0
194.0
198.0
201.0
199.0



EPA METHOD 56 RESULTS

CLIENT

MODEL

FROGJECT #
RUNS® 2

DATE B8-19-87

FILTER HOLDER B

KEJ—-1101
gElBB—

EFA METHOD 56 RESULTS

ENERGY MINES AND RESOURCES CANADA

FINAL

(232232223222 T 2222222222222 2222222222222 22t S

PARTICULATE CONCENTRATION (DRY-STANDARD).. 0.0010
PARTICULATE EMISSION RATE..cccevecncencnsca 8.592
ADJUSTED EMISSIONS. s cccecneccccocrcncacass 10.8

(GRAMS/DSCF)
(GRAMS/HOUR)
(GRAMS/HOUR)

A2 RS2 R222 2 X2 22 22222222222 2222222322222 22222222322 sy

TUNNEL TEMPERATURE AVERAGE. .. cecccccccccen 90
AVERAGE DELTA P RUN DATA...ccccescceccasnses 0.036

(Vm) TOTAL SAMPLE VOLUME (METER CONDITIONS) 210.881
AVERAGE GAS METER TEMPERATURE...ccccenseces 86
(ve)AVG. GAS VELOCITY IN DILUTION TUNNEL.. 12.80
(Bsd) AVG. GAS FLOW RATE IN DILUTION TUNNEL B8316.49

(Vmstd)TOTAL SAMPLE VOL. (STD. CONDITIONS) 201.906
(mn) TOTAL PARTICULATES. . cccccececcvcacces 208.6
AVERAGE DELTA H.vecewaccoccsscncensscnnanes 0.535
TOTAL TIME OF TEST..ececancenccccccsnacaans 410

(DEGREES FAHRENHEIT)
(INCHES H20)

(CUBIC FEET)
(DEGREES FAHRENHEIT)
(FEET/SECOND)
(DSCFH)

(DSCF)

NCHES H20)
INUTES)

I=X



O8N1 DWVIRONMENTAL SERVICES Inc. PROGRAM NAME 1S: REP1.EXE

CURRENT DATE/TINE 1S 09-02-1987 / 19:22117 DATA FILE WAXE ISs SE18812.0AT
CLIENT: ENERGY MINES RESOURCES CANADA MODEL NO. KEJ-1101
PROJECT NO. SE1688-01/2 o RUN NO. 2 o
DATE: AUG 19 1987 TECH:

FUEL MOIST (%) 22.%0 CAT NO. OMW11

FUEL CHARGE (LB) 28.7 COAL BED (LB) 6.5

TEST STARTED:s AUE 19 1987 09:02:53 AN
#2xTEST DATA (FORM 1) %xa

{2) T 12 (15 RMe) 119y (200 @en o 2a, 23 24 (23 (26)  (27) {32) (33)
TIBE WT  DIFF  Tin Tout TEWP T0¢ BOT  BACK FBOI* LEFT  RIGHT BEFCAT  INCAT AFTCAT  FLUE  DRAFT
0 28.7 0.0 9 80 T4 405 rell 29 0 39 i1 69 1131 839 I -.030
10 2.5 L2 &) 68 74 310 249 205 0 285 307 367 183 &4 352 -.035
20 26,8 0.7 &8 69 k] 271 M 193 0 261 268 332 161 604 33 -.035
30 25.7 L1 b8 89 ] 289 yi) 184 0 260 303 613 942 688 338 -.035
0 2.4 1.3 48 89 15 261 237 184 0 m 338 678 1013 769 370 -.040
% 2.2 1.2 o &9 16 28 235 193 0 282 47 710 1037 190 30 -.040
60 22.0 1.2 &9 10 16 310 232 203 0 287 W 683 1052 807 413 -.040
70 209 L1 89 10 n 324 229 205 0 282 340 458 1029 804 409  -.040
80 19.7 1.2 & ] 16 340 228 206 0 282 343 675 1080 848 24 -.045
90 18.3 1.4 &3 63 4 348 9 212 0 287 368 15 1181 913 42 -.045
100 16.9 1.4 &7 9 t] 396 232 3 0 301 413 865 1217 94 s -.040
1190 15.6 1.3 &9 10 18 417 233 234 0 313 442 904 1480 1067 493 -.045
120 14,6 1.0 bb 89 n 442 237 24 0 33 400 900 1481 1040 40  -.040
130 13.9 0.7 = & 1L 424 239 230 0 3ot 366 806 1380 522 432 -.040
140 13.3 0.6 bb 81 L] 391 241 U 0 290 pL 779 1308 839 39 -.035
150 12.4 0.9 ¢8 89 nN 348 23 210 0 290 339 926 139 909 417 -.040
160 10.9 1.5 8 10 16 401 246 223 0 33 402 138 1583 1099 481  -.045
170 9.3 1.6 &9 14 n 448 248 245 0 3% 470 1392 1566 1098 301 -.045
ig0 6.5 0.8 b0 63 16 445 ol 247 0 351 #3133 1498 1000 834 -.040
190 8.1 0.4 &2 #4 74 419 248 234 0 329 9 g4y 1335 874 N -0
00 7.7 0.4 &b 68 14 388 24 219 0 33 315 749 1218 79 - 33 -.030
210 7.3 0.4 48 89 18 3 241 205 0 sl 358 761 1280 8 B -.030
220 67 0.6 48 69 18 342 237 199 0 304 381 131 1014 m 392 -.030
230 5.8 0.9 &8 10 16 330 233 204 0 330 424 921 1223 8448 414 -.035
20 49 0.9 &9 10 16 3% 232 224 0 360 465 9%9 1299 931 52  -.035
20 A3 06 N 11 77 373 233 ¥yl 0 310 466 305 1204 867 425 -.030
0 41 0.2 b0 63 16 35 238 m 0 W 417 185 1076 718 26 -.030
70 39 0.2 @ 63 14 32 239 209 0 326 374 7S 1038 651 333 -.025
280 38 0.1 bb 68 L) 293 238 193 0 306 M3 624 278 3% Wy -.023
29 L3 0.3 87 69 3 n 234 183 0 298 n 663 075 624 32 -.020
0 31 0.4 47 69 ] 266 230 182 0 313 340 136 892 63 U -0
30 2.6 0.5 48 13 n 712 3 191 0 368 318 831 908 683 I3 -.020
20 2.3 0.3 11 n 264 238 209 0 416 388 831 931 694 4 -.020
2.0 03 & 83 n % 24 219 0 24 387 194 910 679 61 -.030
M 17 03 W b1 3 288 ol 219 10 417 375 15 892 636 8 -0
30 1.y 0.2 87 69 14 281 260 24 0 407 359 n3 876 632 4 -.030
W 1.3 0.2 82 63 n 274 264 210 0 397 pLY) 891 870 622 B3I -.025
30 L.l 0.2 bl 63 n 267 263 198 0 385 I3 686 873 628 Uy -.025
| 0.9 0.2 & 68 L] 267 263 198 703 383 7 703 8535 633 49 -.025
390 0.6 0.3 & 70 n 268 287 200 0 B3] 342 n1 877 1] 3B -.025
00 03 0.3 S8 61 13 271 269 202 0 395 348 Iri 866 646 3 -.030
410 0.0 0.3 &2 b1 76 m 75 209 3 399 363 24 827 29 30 -.030
AVG: T 5 23 211 39 33 m 791 1094 783 8 -.033
AVERAGE STARTING SURFACE TEMPERATURE (F): 302 ML TEWPERATURES IN F, WEIGHT IN LBS.
AVERAGE ENDING SURFACE TEMPERATURE  (F)s 304
TENPERATURE DIFFERENCE (Te-Ts) .......... 2

AVE. CHANMEL 5: (F) B6.4 AVE. CHARNEL 6: (F) B4.b AVE. CHAMNEL 8: (F) 74.3 AVE. CHANNEL 9: (F) 90.3

¥ T.¢. Mmal&nction
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RN § 2 e £ M R, (i PROTECT # SE/88-/ MDEL __KET

BOOTH /

CQCAL BED CHARACTERISTICS
WEIGHT AT START: (.5 (coaL » GLOWING \/, FLARING )

TEST FUEL CONFIGURATION SKETCH (INDICATE VIEW ANGLE)

- SIDE VIEW

s |

BACK &3 I FRONT
X X
START UP PROCEIXJRES:

BY-PASS TIME OPEN v~ , cLosen @ Imin.
FUEL LOADING DOCR ATAR 1o load  FOR | MINUTES

MINUTES

PRIMARY AIR SET 'ah POR e
ﬁﬁ X m__&c__é.{:mmﬁ D€ aC  Gogpor 20asc.
FR MN.#A.

SECCNDARY AIR SET /X ED

TERTIARY AIR SET N A, FOR WNV.A- MINUTES
OMER __ (afalel finy & £27% at S omein,
TEST SEITINGS: (SETTINGS MUST BEE ACCURATE AND REPRODUCIELE)

FRIMARY AIR SEQCNDARY TERTIARY FAN

Frx€ed N.A. //,‘j/,

set slightly v
the # Sefﬁr\g

CMNI-SE. 005



Manmufacturer

FON NOTES — TEST POBRM 2

.M e, Rn No. 2 Model No. KLET

Date K-/9-£7 Project No. SE/B8- /

Date

§-19-811/950

51787

/952

QL 52 nin, 4 Aakd Lk cond

moagz__;ém__&_m%__&__

nlel  ecacx  Te Conls  zeert

Lloching Tk pu enlel  Atslleng
L o gl  Cran galE.  S.P.

f-19-17

2/7¢

%fm%amm,ﬁw
st zoteld  Hove Lkl Ll Ao

M/Mm‘c%wwm

y 22293 W!. FH & wao o

L e 74,'44 al /W. $.0.

CMNI-SE. 017
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BN FOTES — mmz

Manuf acturer ZHQ CAMLM, . Rm No. 2 'Pbdel ro. KNG

Date S’(/Q\Of?jr Project No. :’flg-ggl

Date

Time

Coments CATAYST # W=l

oo

0300

/30" /50 &ad o Topaf” But Joind”

eAD TADERS damaz TOLWARR DS THE
Rorim of 1o/ 1" TO Apoed 85 — 90 ™

UM RE T SEA] LM SIAReTE

Ll 73 A b [ 2 LMIE LA AT H

cm/m/ A SMAY B XVE. @KQE

/g 7 could bE SEEL wHWEL)

JQ ZQ@ F20m. TP oF CHAY a3

CHiANET AHS é/zgg CAULIWED oK)
awa 00 CE/ aBre 745

7S PROVE- aHS [MSEERTIED.

C&@Q IS _Apolrr & THE DiI7H

AFE TRE_CE/.

SNOTHER, CA D /S ANTED oL,

HE Lovtom. S/ oF

ON) TR A/EXT CEL2VER. Femn

A TSI Clp. 78 A J)/?UW

oF 7, T CL . SzF

OMNI-SE.017



o T |
AT Tar
CLIENT: EM/Q RON #: 2
PROJECT:  SE/ 88 -/ DATE: SD
BOOTH: / -

PRE-BURN FUEL

MOISTURE CONTENT (METER — DRY BASIS)
CALIBRATION: Cal Value(l)=12% Actual Reading 2.3 %
Cal Value(2)=228% Actual Reading 22.0 %

Plece  Length Readings

1 J ft 285 23235 _2375
2 ft
3 ft

Length of cut pieces: 5 inches

OV~ WM e
X
TN
S
wh
ko
L
t‘o
\

fo

OVERALL TEST FUEL LOAD MOISTURE AVERAGE: 2 2.5 3

GRAVIMETRIC ANALYSIS — OVEN-DRIED FUEL SAMPLE

DIMENSIONS: x x = cm?

DATE/TIME SAMPLE PLACED IN OVEX: / 7/ A M
REMOVED: / / AM PM

INITIAL WEIGHT (I) - FINAL WEIGHT (F) = NET WEIGHT

DRY BASIS MOISTURE & = I;F’ x 100 =

DRY BASIS BY METER

WET BASIS MJISTURE § = 11_;_15)_ x 100 =

TEST FUEL LOAD DENSITY = gm/cm?

QMNI-SE.006



OMN] ENVIRDNMENTAL SERVICES Inc,
CURRENT DATE/TIME IS 09-03-1987 / 12109312

PROGRAN NAKE 1St REPI.EXE

DATA FILE NAME 19: SE18812,DAT

CLIENT: ENERGY MINES AND RESOURCES CANADA

MODEL NO. KEJ-1101

PROJECT NO. SE188-01/2

RUN NO. 2

DATE: AUG 19 1987

TECH:

- e > . - — -

FUEL MOIST (X)) 22.5

CAT NO. OMW1i11l

——

PRE BURN STARTED: AUS 19 1987 07:09:16 AN
###PRE BURN DATA###

{2) ¥ (12)  {11) RR(18) 19y (200 (21) (22}  (23) 24)  (29) {26) (27) (32) {33)

TIE W1 DIFF Tin Tout TEWP ToP BOT  BACK  FBOX  LEFT  RIGHT BEFCAT INCAT AFTCAT  FLUE  DRAFT
0 15.1 0.0 &9 70 78 448 186 I 1190 503 4835 0 1301 1040 677 -.045
10 14,1 1.0 & 84 71 466 202 328 1048 437 434 0 1498 1042 310 -~.030
20 133 06 F7 &1 L] 414 219 279 846 387 359 0 941 5 418 -.033
0 2.1 L& & 68 76 346 226 233 398 383 357 0 1003 11 412 -.045
40 1.5 0.6 &9 70 77 39 230 234 863 346 316 0 1189 794 394 -.035
30 109 0.6 &l b4 J{) 3 233 21 626 327 297 0 1081 121 33 -.030
60 10.3 0.6 42 63 L) 313 234 214 683 328 294 0 1161 ™ 382 -.030
70 9.4 0.9 & 68 ] 313 236 214 583 32 291 0 919 717 380 ~.033
80 85 0.9 &8 10 76 344 24 25 1284 321 296 0 16 991 390 -.035
%9 7.8 0.7 & 10 78 385 244 220 133 324 304 0 1503 951 401 -.030
100 7.1 0.7 &9 14! n 389 247 221 671 318 304 0 1080 849 607  -.040
1o &4 0.7 % 60 4 405 231 224 496 319 R} 0 113 839 3 -.030



-

FON NOTES ~— PREBORN
RN # 2 aIenr £ /M. K.

DESCRIBE OR SKETCH AIR OR THERMOSTAT SETTINGS BELOW:
(SETTINGS MUST BE ACCURATE AND REPRODUCIBLE)

L W]

PROJECT # SE/88-] MOEL _ KET

PRIMARY : SPOONDARY ; TERTIARY : FAN:
WARN, "
? .
& Fixep N.A - High
* Q.
set slight!
vnder hg-. ﬂ:’z
maek |
FPRE~-BURN SETTINGS AND ACTIVITIES
AIR (THERMD) CHANGES FAN REMOVE
SETING FUEL )

TIME | PRIMARY SECDRY TERTRY |CHANGE -WT. | RAKE COAJ. | COMMENT
626 -
@ﬂ" —

67 —

75" -

@7 —

oMy =0 e




Prepared for:

Prepared by:

TEST DATA REPORT

Woodcutter®s Manufacturing

Blaze King

Woodcutter's Mfg.
Route 4, 3301 E. Isaacs
Walla Walla. WA 99362

OMNI Environmental Services, Inc.

-10950 SW Fifth Street, Suite 160

Beaverton, OR 97005

August 25, 1987

SE045-10



OMNI ENVIRONMENTAL SERVICES, INC. SEQ45-10

SUMMARY
Woodcutter's Mfg. retained OMNI Environmental Services, Inc., to perform
emissions and efficiency testing on the Blaze King "King" woodstove. This

appliance was tested in accordance with the Oregon Department of Environmental
Quality (DEQ) "Standard Method for Measuring the Emissions and Efficiency of
Woodstoves,™ dated June 8, 1984, and the Environmental Protection Agency (EPA)
40 CFR Part 60, Subpart AAA — Standard of Performance for Residential Wood
Heaters, as published for comment on Wednesday, February 19, 1987. Enmissions
were measured using the EPA Method 5G. The testing was performed August 14,
21, 24, and 25, 1987, at the OMNI Solid Fuels Testing Laboratory in Beaverton,
Oregon.

Four test runs were completed, and efficiencies and particulate emissions
were measured. Heat outputs for runs 2, 3, 4, and 6 were 14062, 17836, 34802,
and 10890 Btus per hour. Overall efficiencies were 68.1, 66.9, 63.9, and 61.9
percent, respectively. From EPA Method 5G, particulate emissions were
measured to be 11.8, 9.4, 16.6, and 18.6 grams per hour, respectively.

Primary air settings used for the test runs and the five minute start-up

procedure for each run are as shown below:

Run # Air Control Lever Setting Five-Minute Start-Up Procedure

2 Low Door: ajar for 1 minute.
Bypass: open for 1 minute.
Primary Air: full high for 4 minutes, then
set to test setting.
Fan: off for 5 minutes, then set to high
for test.

3 1 3/4 Door: ajar for 1.5 minutes.
Bypass: sealed closed.
Primary Air: full high for 4.5 minutes,
then set to test setting.
Fan: high for test.

4 Full High Door: ajar for 2 minutes.
Bypass: closed for test.
Primary Air: full high for test.
Fan: high for test.

6 1.25 Door: ajar for 2 minutes.
Bypass: closed for test.
Primary Air: full high for 4.75 minutes,
then set to test setting.
Fan: high for test.

WOODCUTTER'S MFG. BLAZE KING "KING" PAGE - 1



OMNI ENVIRONMENTAL SERVICES, INC. SEQ45~10

Catalyst Description:

Manufacturer: Matsushita Battery
Distributor: Technical Glass Products

Model: 86-04

Field No.: wo7

Size: oval, maximum dimensions 71/8 x 85/8' 2" thickness
Cells/in?: 16

Aging time, field source: Whitehorse project

Six test runs were attempted using the OMWO7 combustor that was retrieved
from home W07 in Whitehorse, Canada. This combustor is a Matsushita product
distributed by Technical Glass Products and canned by Woodcutter's
Manufacturing of Canada specifically for Canadian-manufactured Blaze King
"King" woodstoves. Test runs 1 and 5 were terminated shortly after the test
started due to poor starts as a result of relatively cool coalbeds and stove
surface temperatures.

Run 1 was considered a poor start because the temperature downstream of
the combustor decreased from 524° F to 282° F by 40 minutes. This occurred
even though the temperature within the combustor was 880° F after the five
minute startup period. In conjunction with this the stack gas oxygen levels
rose from 14.7 percent to 17.6 percent indicating that the fire was going out.

Run 5 was considered a poor start because the temperature within the
combustor was only 438° F after the five minute startup. Like run 1, the
axygen levels were increasing, and the combustor temperatures were decreasing,
indicating that the fire was not ignited well enocugh to sustain a burn
throughout the test. In addition, the average stove surface temperatures at
the beginning of the test were well below the average stove surface
temperatures of the original certification test at a similar heat output.

Test runs 1 and 2 were conducted with the combustor and bypass in the
same configuration as the previous EMR test. The combustor and the bypass
damper door were inspected for leaks before and after the runs using a 500~
watt light. The inspections showed no light leskage around the combustor or
the bypass. After run 2, the combustor was removed so that other testing

could be conducted.

WOODCUTTER'S MFG. BLAZE KING "KING" PAGE ~ 2



OMNI ENVIRONMENTAL SERVICES, INC. SE045-10

Prior to rum 3, the bypass was sealed tight with stove cement to ensure
that no gas leakage would occur. The combustor was reinstalled using two
wraps of interam provided by Woodcutter's. After burning the unit for 2
hours, the combustor and bypass were inspected for leakage using the 500-watt
light. There was no leakage observed arcund the bypass. However, there was
leakage observed around the combustor. Further inspection revealed that the
interam had not uniformly expanded, creating gaps through which light could
leak. The combustor was removed and reinstalled with one wrap of new interam
that overlapped itself. After burning the unit for two hours and performing a
light leak test, no leaks were observed. Test rumns 3, 4, 5, and 6 were then
conducted. Before and after each test run, the bypass and combustor were
inspected for light lesks. Light leakage was not observed during any of these
inspections.

It should be noted that each inspection was conducted using a 500-watt
light placed in the firebox. The combustor and bypass were then inspected by
darkening the room and looking down through the flue collar. From this view
it was possible to imspect all of the bypass damper door seals and the back
and side edges of the combustor. It was impossible to inspect the front edge
of the combustor. Combustion gas leaks were considered to be present if light
could be observed through the areas in which the bypass or combustor make
contact with their respective seals in the stove.

Summary Tables, reduced data results, and calorimeter room raw data

sheets are included for each run.

WOODCUTTER'S MFG. BLAZE KING "KING" : PAGE - 3



OMNI ENVIRONMENTAL SERVICES, INC. SE045-10

SUMMARY TABLE 1
Woodcutter's Mfg. Blaze King "King"

Project SE045-10

RESULTS
PARTICULATE HEAT
RUN EMISSION HEAT OVERALL COMBUSTION % TRANSFER %
£ GM/HR OUTPUT** EFFICIENCY* EFFICIENCY EFFICIENCY
2 11.8 14062 68.1 82.5 82.6
3 9.4 17836 66.9 84.3 79.4
4 16.6 34802 63.9 79.0 80.8
6 18.6 10890 61.9 75.2 82.3

Oregon Weighted particulate emission over 4 test runs (2, 3, 4, and 6): 14.6

grams per hour.
Oregon Weighted overall efficiency: 64.9%.

* Corrected for stove thermal mass

** Btu per hour

WOODCUTTER'S MFG. BLAZE KING "KING"™ PAGE - 4



OMNI ENVIRONMENTAL SERVICES, INC.

SUMMARY TABLE 2
Woodcutter's Mfg. Blaze King "King"

Project SE045-10

FUEL AND OPERATING PARAMETERS

SE045~10

BURN RATE FUEL H,0 Z(WET) TIME POUNDS

RUN # KG/HR (DRY) TEST LOAD HHV* (MIN) BURNED

2 1.07 17.86 8765 630 30.1

3 1.38 17.53 8765 490  30.1

4 2.82 16.67 8765 230 28.6

6 0.91 16.67 8765 730 29.3

* Higher heating value (Btu/lb) (assumed value used)
PAGE - 5
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OMNI ENVIRONMENTAL SERVICES, INC. SE045-10

SUMMARY TABLE 3
Woodcutter's Mfg. Blaze King "King"

Project SE045-10

CARBON MONMOXIDE EMISSIONS

RUN # GRAMS CO/KG GRAMS CO/HOUR
2 86.83 92.73
3 72.51 99.97
4 106.40 300.08
6 207.90 189.24

WOODCUTTER'S MFG. BLAZE KING "KING" PAGE - 6



OMNI ENVIRONMENTAL SERVICES, INC.

RUN TEMP
4 °F  H02

2 172 8.37
3 200 10.14
w
4 2953 12.13

6 132 8.88

SUMMARY TABLE 4

Woodcutter's Mfg. Blaze King "King"

92

12.23

12.23

7.55

14.05

Project SE045-10

FLUE GAS MEASUREMENTS

SE045-10

WOODCUTTER'S MFG. BLAZE KING "KING"

FLOW RATE AIR/FUEL
EXCESS CHO DRAFT  RATIO
_C0,2 _COZ AIR I DSCF/MIN IN. H,0 _LB/LB
8.07 0.76 133.13 6.20 -.025 11.95
8.08 0.61 132.63 8.24 -.030 12.35
12.48 1.52  47.23 9.97 -.045 7.09
5.86 1.55 184.63 6.18 -.015 13.92
PAGE - 7



OMNI ENVIRONMENTAL SERVICES, INC.

SUMMARY TABLE 5
Woodcutter's Mfg. Blaze King "King"

Project SE045-10

AVERAGE STOVE TEMPERATURES OVER TEST CYCLE *

SEQ45~10

RUN # TOP
2 274
3 356
4 489
6 220

STOVE SURFACE COMBUSTOR

BOTTOM LEFT RIGHT BACK FIREBOX UPSTREAM WITHIN DOWNSTREAM

192 253 313 189 508 555 827 627

263 343 363 204 N/A N/A 1035 709

335 488 499 279 N/A 1088 1256 N/A

197 238 257 141 N/A 441 682 N/A

* All temperatures in degrees Fahrenheit

PAGE - 8
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EFA METHOD SG RESULTS

CLIENT WOODCUTTERS
MODEL KING
FROJECT # SE04T5S-10
RUN# 2
DATE 8-14-87
FILTER HOLDER B

EPA METHOD SG RESULTS

9606 36 H I I I I IS I I I I I I I I I I T I I I I I I I TEIE I I T I I I I I IE I I I I I I I I I I
FARTICULATE CONCENTRATION (DRY-STANDARD).. 0.0011 (GRAMS/DSCF)

PARTICULATE EMISSION RATE. . ccvcenrrecavans 9.478 (GRAMS/HOUR)

ADJUSTED EMISSIONS. cevacececacssssonncasnsas 11.8 (GRAMS/HOUR)

36336 36 W3 6 H 633 I I 66 I I I I I I I I I I I I I I I I I I I U I I I I I I U I I3
TUNNEL TEMPERATURE AVERAGE. .....cccceaneas 81 (DEGREES FAHRENHEIT)
AVERAGE DELTA P RUN DATA. . i cccccienccnsasss 0.038 (INCHES H20)

(Vm) TOTAL SAMPLE VOLUME (METER CONDITIONS) 324.224 (CUBIC FEET)

AVERAGE GAS METER TEMPERATURE...... seerone 87 (DEGREES FAHRENHEIT)
(vs)AVG. BGAS VELOCITY IN DILUTION TUNNEL.. 13.06 (FEET/SECOND)

(Qsd)AVG. GAS FLOW RATE IN DILUTION TUNNEL 86035.43 (DSCFH)
(Vmstd) TOTAL SAMPLE VOL. (STD. CONDITIONS) 3I09.504 (DSCF)

(mn) TOTAL PARTICULATES. . ..sceiweeeans e Z40.9 (MG)
AVERAGE DELTA H......... cssasacens seenoaaas 0.55 (INCHES H20)
TOTAL TIME OF TEST...eeevcannnnanss ceecenae 630 (MINUTES)
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TABLE 1 F/N’ql‘

RESULTS OF EFFICIENCY TESTING ON THE WOODCUTTERS WOOD STOVE
RUN NUMBER 2 FPROJECT NUMBER SEQ045-10 SERIAL NUMEBER C1106

DATE OF TEST: 8-14-87 STAOVE MODEL: KING

AVERAGE EFFICIENCIES

(2222222222222 22 2222222222222 322 2222222222222 2222222222222 2222222222222 22 2222 2]

#+ COMBUSTION= 82 . 5 Z # HEAT TRANS.= 82 . & % % QOVERALL= &8. 1 T *
222 g e e T e e R IR R e e e S e e SIS e L 2]

EMISSIONS

I e e e e Y e R R e RS
* PARTICULATES: 0.000- (grams/Kg-wood) 0.000 (grams/hour) *

* CARBON MONOXIDE: 86.827 (grams/Kg-wood) 92.731 (grams/hour) »*
L2222 2222222222 222X A2 222222 22 2 2L s 2R 22 2 22222222 o X2l s 2 20

TEST DATA

{ BURN RATE===m=z==zz=nz=z= = > 2.87 (lb/hr-wet) !
! BURN RATE===x=zza=zz=== = mzza=) 1.07 (kg/hr-dry) '
i BURN RATE = oo oo s e s s s s oo s E R T EEN =W > 1.30 (kg/hr—wet) H
¢t FUEL MOISTURE ====z====== = =mEmr=En) 17.86 (7% Wet basis) H
+ HEAT OUTPUTs=asc=== == z==o=zs=x> 14062.14 (Btu/hr) H
i FUEL HIGHER HEATING VALUEzmz=zz=mzzazzozzzma) 8765.00 (Btu/lb-dry) '
! AVERAGE STACK FLOW RATE=====n=zzcxzasz=cozz=x) 6.20 (DSCF/minute w/HC) :
{ AIR TO FUEL RATIO===zas=zzsaszssasssrsaznzzzsx) 11.95 (lb-air/lb—-fuel) H
i AVERAGE EXCESS AIR = ===) 133.13 (% Stoichiometric) {
! AVERAGE STACK TEMPERATURE====mszzsamzzzxum==) 171.58 (Degrees F) !
! AVERAGE STACK MOISTURE moz=azcxsszmazz==zz==) 8.37 (% volume—wet w/HC) !
{ AVERAGE CO2=zr=morroacsrsr=saIaTR=SISTTSTTE > 8.07 (% volume-—dry w/HC) |
! AVERAGE O l====szmcsccsrr=ssorrss==ITcTOaI=IT=DR D 12.23 (% volume-dry w/HC) ¢
! AVERAGE (CO====zx==c=azc-macsccs==nsxzncz===zx > 0.76 (% volume-dry w/HC) |
H H
1 -> 64 00:142: 46
O 70.19813 08-19-1987

OVERALL EFFICIENCY WITHOUT STOVE TEMPERATURE CHANGE= 48.2 %



"v( R 2

CLIENT: WOODCUTTERS

FROJECT NUMBER: SE04S-10
FUEL MOISTURE: 21,78
-1.83873E-0Z

TAELE 2A
TEST DATA LISTING

BEAROMETRIC FRESSURE (in Hg): 29.84
STOVE WEIGHT (1lbs): 4607

CHANGE IN STOVE TEMFERATURE(F): 320
FUEL COMFOSITION: 7“C= Si YH 7.3

METHOD S RESULTS: %4 MOISTURE= 8.49

RUN NUMEER:

MODEL NUMEER: KING
STACK. STATIC FPRESSURE (1n Hag)

ROOM TEMFERATURE

DATE OF

(F): 74

AMBIENT MOQISTURE CONTENT (%)

FUEL HHV
%0=

GRAIN LOADING

(BTU/1b):
41

8765

(gr/scf)= 0

TEST:

.

..
[y
.

8-14-8



TAELE 2E PAGE 1
( FIELD DATA

+J

CLIENT: WOODCUTTERS RUN NUMBER: DATE: 8-14-87

' Dry and HC 4ree H
=T TIME WT. FUEL pAR RN YQ2 ~CO WT BLE DRY EBELE TRACER

LR 2 S S 22 R 2 R E R R S S RS N S A RS S R SRR R RS S R R A RS SRR SRRl LSl

1 0 20,10 4,80 14.70 1.33 8.0 135.0 100.0
2 10 28.9¢0 7.90 12.50 1.00 129.0 173.0 100.0
3 20 z28.10 7.80 12.60 0.91 131.90 174.0 100.0
4 Z0 27.00 9.40 11.00 1.44 140.0 185.0 100.0
5 40 25.80 Q.70 11.10 .87 141.0 195.0 100.0
1) 20 24,80 ?.30 11.40 Q.60 139.Q 202.0 100.0
7 60 2Z.80 7.60 13.10 0.77 133.0 189.0 100.0
8 70 2%, 20 6.00 14.50 1.09 128.0 185.0 100.0
Q 80 22.50 5.80 14.50 1.47 127.0 174.0 100.0
10 Q0 21.40 11.20 Q.60 1.41 141.0 198.0 100.0
11 100 20.00 14.50 6.40 1.325 147.0 24,0 100.0
2 110 19.00 10.20 10.80 0.61 129.0 206.0 100.0
= 120 18.40 S.50 15.10 0,30 125.0 178.0 100.0
14 130 18.10 z.80 16.50 0.42 117.0 156.0 100.0
S 140 17.90 Z.10 16.80 0.932 111.0 151.0 100.0
16 150 17.60 6.40 12.20 2.26 109.0 155.0 100.0
17 160 16.80 11.30 .50 1.61 127.0 187.0 100.0
18 170 15.10 16.60 4.00 Z.90 140.0 251.0 100.0
19 180 13.00 16.70 3.40 6.38 149.0 232.0 100.0
s ran i 2 190 12.00 14,60 b6.60 0.98 139.0 201.0 100.0
21 200 11.40 11.50 ?.40 0.25 132.0 192. 100.0
22 210 10.90 9.00 11.60 0.33 123.0 178.0 100.0
22 220 10.60 7.70 12.90 0,29 117.0 170.0 100.0
24 230 10.40 6.90 13. 60 0.22 113.0 157.0 100.0
25 240 10.20 6.70 Z.90 0.22 106.0 148.0 100.0
26 250 10.00 6.90 13.50 0.48 102.0 146.0 100.0
27 260 9.80 Q.60 11.20 0.58 101.0 155.0 100.0
28 270 9.20 10.80 9.30 0.61 118.0 173.0 100.0
29 280 8.70 10.50 9.90 0.32 115.0 184.0 100.0
30 290 8.3%0 10.40 10.40 0.21 111.0 176.0 100.0
31 300 8.10 7.60 1Z.30 0.09 107.0 149.0 100.0
3 310 7.90 6.40 14,20 0.11 10Z.0 140.0 100.0
32 J20 7.80 9.90 14, 60 0.16 100.0 134.0 100.0
4 330 7.70 6.00 14,40 0.44 Q7.0 134.0 100.0
S 340 7.40 7.90 12.50 1.13 Q6.0 145.0 100.0
T6 350 7.20 8.90 11.70 0.81 ?7.0 155.0 - 100.0
37 360 6.80 ?.50 11.40 0.39 100.0 165.0 100.0
8 370 6.50 ?.50 11.40 0.3S 105.0 172.0 100.0
X9 380 6.10 .70 11.30 0.37 106.0 175.0 100.0
40 390 S.80 10.00 11.00 0.28 109.0 174.0 100.0
41 400 9.50 9.90 11.50 0.19 106.0 166.0 100.0
42 410 5.20 8.40 12.60 0.12 104.0 194.0 100.0
43 420 S5.10 6.60 14.10 0.09 99.0 144.0 100.0
44 430 4,90 S.80 14.20 0.1Z ?7.0 141.0 100.0
S 440 4,80 6.70 13.80 0.30 96.0 150.0 100.0
446 450 4,60 7.80 13.10 0.25 Q7.0 159.0 100.0
47 4560 4,70 8.30 12.60 0,28 9.0 167.0 100.0
48 470 4.10 8.5S0 12.40 0.2 100.0 172.0 100.0
49 480 3.80 8.80 12,20 0.29 100.0 176.0 100.0

~ S0 490 I.50 8.50 12.50 0.29 103.0 179.0 100.0



TABLE 2R FAGE 2
( FIELD DATA

CLIENT: WOODCUTTERS RUN NUMEBER: 2 DATE: 8-14-87
H Dry and HL free H

FT TIME WT. FUEL yAN S A2 7CQO WT HLE DRY RLE TRACER

L R L L e T R R N I ST RN RSS2 2 8

51 SO0 I.20 8.60 12,20 0.32 9.0 180.0 100,00
sS2 S10 3.00 7.70 12,10 0,26 9.0 174,00 100.0
53 S20 2.80 7.20 13. 60 0.33 98.0 168.0 100.0
sS4 S30 2.60 7 .00 13,70 0,37 2.0 166.0 100.0
55 540 2.40 6.40 14.7Z0 0.40 99.0 163.0 100.0
S6 5350 2.20 &65.20 14,40 0,55 100.0 164.0 100.0
S7 S60 2.00 &.40 14,20 0.75 9.0 165.0 100.0
SB sS70 1.80 65.10 14,350 0,932 98.0 168.0 100.0
59 380 1.60 5.90 15.00 1.09 9.0 168.0 100.0
&0 590 1.40 $.40 15.00 1.28 Q9.0 168.0 100.0
61 &£00 1.10 5.20 1S5. 00 1.42 100, 0 167.0 100.0
62 610 0.80 5.80 14,320 1.67 100.0 169.0 100.0Q
& 620 0,20 8.10 12. 60 0.44 9.0 181.0 100,0
64 &30 0. 00 7.90 12.70 0.42 ?8.0 186.0 100,0

o R



.

TABELE = FAGE 1

CHO EALANCED TEST DATA

CLIENT: WOODCUTTERS RUN NUMBER: 2 DATE: 8-14-87
F1 FLOW RATE DRY EBURN RATE STACE MOISTURE STACK TEMF
(DSCFM w/HC) (LB/HOUR-CALCULATED) (ZVOLUME~w/HC) (F)
L2 R R S22 2 S SR SR 2R SR R R R R R E R R R RN S P A AT LR RIS A SRR L S SR R E R R L SR L R R LRl SR
1 &6.20 1.40 4,94 135.0
2 &, 20 2.232 1Z2.96 17Z.0
s 65.20 2.25 14.86 174.0
4 6.20 2.88 19.24 185. 0
S .2 2.81 19.50 195.0
& 6,20 2.69 18.12 202.0
7 6,20 2.22 15.35 189.0
8 65.20 1.90 1X.09 185.0
9 65.20 1.96 13.02 174.0
10 6.20 Z.43 19.40 198.0
11 65.20 4,24 22.02 234.0
12 6.20 2.90 17.99 206.0
1= 6.20 1.46 12.01 178.0
14 6.20 0,98 Q.66 196.0
S 6.20 0.90 7.84 181.0
16 6.20 2.2 7.08 S5.0
17 &.20 3.53 12.57 187.0
18 65.20 5.67 17.12 251.0
19 &.20 6.50 23.43 232.0
20 6.20 4,19 18.15 201.0
21 65.20 3.05 14.75 192.0
22 &.20 2.36 11.18 178.0
23 6.20 2.02 ?.16 170.0
24 &.20 1.76 8.26 157.0
25 6.20 1.73 6.48 148.0
26 &.20 1.84 S.49 146.0
27 6.20 2.68 4,92 195.0
28 6.20 2.80 ?.35 175.0
2 6.20 2.68 7.97 184.0
30 6.20 2.77 &.94 176.0
3 &£.20 1.99 6.72 149.0
32 &6.20 1.61 5.97 140.0
X2 6.20 1.47 S.44 134.0
34 &.20 1.59 4.75 134.0
X5 &.20 2.37 4,12 145.0
36 6.20 2.54 3.98 $5.0
3 6,20 2.60 4.731 165.0
38 6.20 2.59 S5.Z22 172.0
39 6.20 2.67 2.90 175.0
40 6.20 2.71 &6.40 174.0
41 6,20 2.35 5.82 166.0
2 6.20 2.24 95.72 154.0
Z &L£.20 1.48 4,84 144.0
44 6,20 1.49 4,49 141.0
S &6.20 1.74 .94 150.0
44 &6£.20 2.11 2.82 159.0
47 6.20 2.25 3.99 167.0
43 &£.20 2.7 4,01 173.0
49 6.20 2.41 2.90 176.0

S0 6.20 2.7 4.55 179.0

Lo



TABLE 3 PAGE 2
CHO BALANCED TEST DATA

CLIENT: WOODCUTTERS RUN NUMBER: 2 DATE: 8-14-87
FT FLOW RATE DRY BURN RATE STACH MOISTURE STACK TEMF
{DSCFM w/HC) (LBE/HOUR~-CALCULLATED) (ZAVOLUME-w/HC) (F)
e R e R e s e R L R e R S S S R e S SRS 2
51 6.20 2.35 .52 180.0
Sz 6.20 2,06 Z.74 174.0
SZ 6.20 2.02 .73 168.0
54 6.20 1.90 4.03 166.0
S5 6.20 1.76 4.14 163.0
56 6.20 1.75 4.34 164.0
57 6.20 1.89 4.07 165.0
S8 6.20 1.89 3.73 168.0
S9 6.20 1.78 3.96 168.0
60 6.20 1.80 2.96 168.0
61 6.20 1.75 4,23 167.0
&2 6. 20 1.98 4.16 169.0
63 6.20 2.21 3.48 181.0

&4 6.20 2.12 3.06 186.0



OMR] ENVIRCKMENTAL SEEVICES Inc.
CURRENT DATE/TINE IS 08-74-1987 / 15:16:17

PHOEAM NAME 1S: REP:.EXE

[ATA FILE NAME [S: SLO4S102.0aT

> 4 - " T % Y = A 4 e e S P B e " ——

CLIENT: WOODCUTTERS MODEL NO. KING
FROJECT NO. SE045-10/2 RUN NO. 2
DATE: AUG 14 1987 TECH: JS/SuwsDC
FUEL MOIST (%) 21.75 CAT NO. OMWO7
FUEL CHARGE (LB) 30.1 COAL BED (LB) 7.2
TEST STARTED: AUE 14 1967 12:45:27 PN
*xxTEST DATA (FORM 1) %%%
{2} T (12} (1t} REilg)  {19) {200 {21} {22} {23) {24} {28) {26} iN {32) {33)
TINE W1 DIFF  Tin Tout  TENP ToP 30T  BAlK  FEOX  LEFT  RIGHT BEFCAT  INCTAT RFTCAT  FLUE  DRAFT
¢ 0.4 0.0 &7 68 3 205 203 164 427 235 N 0 417 382 197 -.025
10 28.9 1.2 4 67 i3 196 202 17 371 233 258 0 ¥ 9 60 -.030
20 28.1 0.8 46 61 13 197,200 169 351 227 248 0 673 483 259 -.030
N 0.0 L bb ¢7 IE 202 19 173 387 230 248 6 §3: 588 280 -.03)
4 725.6 1.2 et &7 13 230 198 B4 363 229 24 ¢ (27 693 312 .03
50 4.8 1.0 &b &8 73 283 197 164 403 212 213 0 0 135 332 -.033
&0 23.8 1.0 &7 68 IL) 286 198 179 04 233 279 0 793 698 248 -.030
¢ 3.2 0.6 &7 68 i) 283 197 153 399 227 238 9 123 637 316 -.030
g8 22.3 0.7 & 68 T4 261 196 185 458 22¢ 248 0 0 381 280 -.030
99 21,4 LI & €1 73 242 194 1€0 147 217 37 636 1200 713 312 -.03%
100 20.0 1.4 & 68 74 273 194 196 L1 230 290 g8s 1291 951 ;g -.040
110 19.0 1.0 &7 68 14 412 192 236 452 250 334 T8I 1146 m 03 -033
120 18.4 0.6 47 69 T4 410 194 230 433 247 31 B2 882 718 350 -.033
130 18.1 0.3 4B 69 73 343 193 209 407 231 286 474 633 576 285 -.025
140 17.9 0.2 &7 89 715 280 192 186 584 216 59 456 4388 463 40 -.025
130 17.6 0.3 &7 68 74 234 189 168 410 207 244 490 70 442 28 -.025
160 16.8 0.8 &4 LY} 74 21 187 163 458 213 294 134 920 622 2710 -.030
170 15.1 1.7 &b 68 74 280 185 189 518 118 366 1077 1549 1004 St -.040
180 3.0 2.1 &7 68 14 392 1Bb 231 574 282 420 1070 1474 1G4 M -.040
190 1.0 1.0 o8 b9 75 432 188 23 331 302 402 1034 1437 968 382 -.0335
200 1.4 0.6 68 10 74 432 192 232 529 294 318 8 1337 919 347 -.033
210 10.9 0.3 &9 10 76 422 193 244 510 283 35 668 1174 8N 359 -.035
20 10.6 0.5 69 70 7b 388 192 228 428 268 332 559 1000 744 3L -.025
230 10.4 0.2 &9 n L 360 192 218 475 261 319 517 917 674 06 -.025
40 10.2 0.2 68 69 T8 322 191 201 436 250 300 476 837 599 270 -,025
25¢ 10.0 0.2 &8 &9 15 281 188 184 437 233 283 425 744 538 255 -.020
260 9.8 0.2 48 89 13 287 185 189 443 31 287 442 173 373 27 -.020
210 9.2 0.6 &7 69 n 260 185 179 529 239 328 312 802 629 9 -.023
280 8.7 0.5 o7 69 73 27 164 182 381 263 n 393 849 877 292 -.025
290 8.3 0.4 o8 69 73 283 185 198 583 273 381 358 876 6563 282 -.025
3 8.1 0.2 5B 69 15 292 189 200 531 272 370 557 E93 602 77 =023
310 7.9 0.2 &6 ¢9 73 280 192 154 489 251 5 483 782 544 143 -.025
320 1.8 0.1 &8 &9 13 2635 192 {86 450 244 i 447 688 498 233 -.020
30 1.7 ¢l 6B £9 73 245 191 176 428 231 01 497 630 465 24 -.020
A0 1.4 0.3 b7 69 7 230 189 167 450 225 305 419 647 481 226 -.020
I 1.2 0.2 8] 66 13 223 187 163 495 22 32 466 668 <18 42 -.020
60 6.8 0.4 87 68 74 229 185 168 s 237 33 3 120 Sel 47 -.020
30 6.5 0.3 &7 68 7 24 183 176 963 255 351 535 752 592 283 -.020
80 &1 0.4 47 48 14 258 184 186 STE 267 366 S44 813 829 286 -.020
330 5.8 0.3 &7 68 T4 276 185 i93 371 212 39 569 89§ 672 85 -.020
00 5.5 0.3 &7 68 1L 292 187 198 S50 213 370 363 929 £12 289 -.023
40 52 0.3 &7 69 73 300 190 197 524 267 335 537 944 638 7 =023
420 5.1 0.1 &7 &9 13 292 192 191 485 253 33 483 810 74 46 -.025
30 49 0.2 87 68 75 213 193 185 460 42 312 433 688 520 251 -.020
40 4.8 6.1 &7 &8 74 252 152 178 447 234 303 422 682 Sit 257 -.020
50 46 0.2 &7 68 74 243 190 172 902 224 307 46 132 4 i -0
460 4.3 0.5 &t 68 T4 244 189 174 538 241 318 495 770 584 1 -.020
470 4.1 0.2 &6 &7 3 233 169 178 37 252 i 325 755 569 296 -.02
480 3.8 0.3 8 ¢8 3 287 189 18! 58! 264 S X 543 7€7 612 295 -.020



OMK EXVIRONMENTAL SERVICES Inc.

CURKENT DATE/TIME 1S 03-24-1987 / 15:18:3%

PROGRAM NAME [S: REPS.EXE

DATA FILE KAKZ {S: 5£045102.0

TEST STARTED: AU6 14 1987 12:48:27 PH

*x#TEST DATA

(FORM 1) %xx»

(2 N7 {12) (11)  RM{16} (1%} (20} 2l {22} {23} {24 (25 {265 (27} 132} (33

TINE W1 DIFF  Tin Tout  TENP 10F BOT  BACK  FEDL  LEFT  FISHT BEFCAT  INCAT AFTCAT  FLUE  DRAF
49 3.3 0.3 b6 68 73 263 19¢ 167 628 274 35 544 7E6 624 301 -.02
560 .2 0.3 67 68 73 265 191 169 63t z88 345 S48 788 28 321 - 02
S0 3.0 0.2 8b 68 73 270 193 153 621 293 333 528 180 612 317 -.02
520 2.8 6.2 66 68 13 168 195 1§2 626 290 322 503 155 59z -0
30 2.6 0.2 87 8 74 263 196 190 625 2e7 313 483 737 <ih 294 -2
40 .4 0.2 66 68 il 257 197 187 P 267 I64 471 7¢1 52 84 -.02
330 2.2 0.2 b6 67 73 247 198 162 354 278 293 41 681 542 9 -.02
560 2.6 0.2 48 67 73 240 1517 178 SED 274 28¢€ 448 687 5 286 -.02
70 1.8 0.2 b8é 67 73 238 197 176 Sk 27 2864 445 697 St7 85 -.02
%0 L6 0.2 bb 67 72 237 198 174 o4 156 275 428 656 357 271 -.02
990 L4 0.2 Bé 67 n 230 197 171 532 262 274 42 bds 547 77 -0
&0 1.1 0.3 63 b6 i 223 198 166 263 260 n 520 637 g4t 671 -.02
610 0.8 0.3 83 L1 72 213 198 1 628 3 270 463 60 55 276 -.02
620 .3 0.5 &5 b6 2 235 199 17 £92 8¢ 293 342 748 604 298 -.02
630 0.0 0.3 &5 67 72 243 209 1£2 867 302 306 538 750 018 3 .02

AVE: 74 274 192 189 508 253 313 355 827 627 88 -.02

AVERAGE STARTING SURFACE TEMPERATLRE (F): 217 ALL TEMPERATURES IN F, WEIBHT IN LSS,

AVERAGE ENDING SURFACE TEMPERATURE  (F): 247

TEMPERATURE DIFFERENCE (Te-Ts) .......... 30

AVE. CHANNEL Z: (F) B4.7 AVE. CHANNEL 6: (F)} T7t.4 AVE. CHANNEL 8: (F) 38.1 AVG. CHANREL 9: {F! 30.9



OMNI

|
RON NOTES — TEST _—u.!

RN # _Z CLIENT _wondcuthrs PROJECT # stoyC:io  MIDEL _ p:ae
~l

B@I‘H_t_______

QAL BED (HARACTERISTICS

WEIGHT AT START: 7,2 (COOC™ |, GLOWING . FLARING

TEST FUEL OONFIGURATION SKETCH (INDICATE VIEW ANGLE)

T
SIS

Side View

START UP PROCEDURES:
BY-PASS TIME OPEN _ 09© » CLOSED | min .

FUEL LOADING DOCR AJAR __ g0 FR | MINUTES
PRIMARY ATR SET __ witah, FOR 4 MINUTES
SBOONDARY AIR SET _ £ixed FOR __N)A MINUTES
TERTIARY ATR SET __ £ ced FOR __NJIf MINUTES

OTHER _ fon o fr | & S enin then Set ot r\isk R

TEST SETTINGS: (SETTINGS MUST BE ACCURATE AND REPRCDUCIBLE)

PRIMARY AIR SECONDARY TERTIARY

FAN

ftmd Fivmd

12} isk

OMNI-SE. 005



RON NOTES — TEST FORM 2

Manufacturer /{/poo/ca,ffy Rn No. & Model No. Aiv
Datg//7/97 Project NoSCO¥S-/D

Date Time Caments

B-14-37 11505 | This st (2 o ow burn, woe ore truine o duplicate

Yun % ¥/ g€oyj-L.

we uhil be HLON meihod o m.ﬂ_‘ﬂkﬁh].%_m_"i&_
will be Jromxna the Sampls ot o constwd rmte of

AN .6 Wwe wil) glsg be usian Jitubion tunmel Methed

$G,




. 0!

CLIENT: o cuaters RUN §: 2
PROJECT: <grus-10 DATE: . 14.%7
FUEL LOAD PREPARED BY: K

BOOTH: }

PRE~BURN FUEL
MOISTURE CONTENT (METER -- DRY BASIS)
CALIBRATION: Cal Value(1)=12Z Actual Reading [2.8Q
Cal Value(2)=222  Actual Reading _ 2§.7§

Piece Length Readings
; . o s M- Zoso
g t
3 ft
Length of cut pieces: 2 inches
TEST FUEL
FUEL TYPE AND AMOUNT: 2X 4 o 4 X 4
CALCULATED LOAD WEIGHT: 2106.¢ ACTUAL LOAD WEIGHT: & (2 X 4)
FUEL PIECE LENGTH: 12 0. ) (4 X 4)

Total
MOISTURE CONTENT (METER -- DRY BASIS)

PIECE READ INGS

:

-

OVERALL TEST FUEL LOAD MOISTURE AVERAGE: o%/.7 Y

GRAVIMETRIC ANALYSIS — OVEN-DRIED FUEL SAMPLE

DIMENSIONS: X X = coE
DATE/TIME SAMPLE PLACED IN OVEN: / /7 AM  PM
REMOVED : /7 AM  PM

INITIAL WEIGHT (I) - FINAL WEIGHT (F) = NET WEIGHT
(I - F)

DRY BASIS MOISTURE I = - X 100 =

DRY BASIS BY METER

(I - F)

WET BASIS MOISTURE Z = = X 100 =

TEST FUEL LOAD DENSITY = gm/cmE

OMNI-SE.006



P

OMNT ENVIRGNMENTAL SERVICES Inc. PROGRAM NANE 1S: FEPI.EXE

CURKERT DATE/TIME IS 0B-24-1987 / 1S:14:78 TATA FILE NAME [S: SEO45102..
CLIENT: WOODCUTTERS MODEL NO. KING
PROJECT NO. SE045-10/2 RUN NO. 2

DATE: AUG 14 1987 TECH: JS/SW/DC
FUEL MOIST «(Z) 21.73 CAT NO. OMWO7

PRE BURN STARTED: AYG 14 1987 (1:15:41 AN
*%%PRE BURN DATA¥*x%*

{2) W (12} (11} EM(16) (19} {200 (21) {22) (231 {24)  {29) {250 (27) {32) {3
TINE W7 DIFF  Tin Tout  TEMP 0P BaT  BACK  FBOX LEFT  RIGHT EEFCAT  INCAT AFTCAT  FLUE DRAJ

0 12,8 0.0 b8 b7 72 5% 207 295 401 297 318 0 1092 893 411 - 04
10 10.9 .5 6 68 3 359 208 253 456 336 392 ¢ 139 1024 413 -0
20 10,3 06 7 of 73 403 214 262 487 323 378 0 11359 879 33 -0
¢ 9.9 0.4 53 69 74 379 213 242 470 294 337 0 910 713 33 =01
4 .6 0.3 67 89 74 347 23 225 463 275 322 0 955 673 524 =02
50 6.9 6.7 87 65 I 338 213 2 489 272 318 Y 1142 775 2 -
6¢ 8.7 0.2 47 b€ I 333 21t 208 433 241 2% ( 714 606 265 -.02
0 ES 0.2 &7 68 74 281 209 194 403 245 2% ¢ 532 439 59 -.02
gt 7.4 .1 67 68 74 142 208 182 45 240 251 ¢ 49¢ §28 21e -2
%0 730 0. 67 68 73 212 204 170 528 237 277 ¢ L 386 201 -.



RON NOTES —

RN # 7, QUIENT CSowelee Fen

L ]
mncr#f_@_ﬁf_j/»%m. B Sy

i
T™

DESCRIBE OR SKETCH AIR OR THERMOSTAT SETTINGS BELOW:
(SETTINGS MUST BE ACCURATE AND REPRCDUCIBLE)

PRIMARY : SECONDARY :

TERTIARY :

FAN:

/

vl

PRE-BURN SETTINGS AND ACTIVITIES

ATR (THERMD) CHANGES FAN REMOVE
SETTNG FUEL
TIME FRIMARY SECDRY TFRTRY |CHANGE —WT. RAKF COAL COVMENT
@Yo + 0]
% ¥ .9 16t

@ 70

Q=61 004



.

FINAL

EFfA METHOD SG RESULTS

CLIENT WOODCUTTERS
MODEL KEJ
FROJECT # SE045-10
RUN# 3
DATE 8-21-87
FILTER HOLDER E

EFA METHOD SG RESULTS

I I TSI I I I TN I I I I F I I I I I I I I IR
FARTICULATE CONCENTRATION (DRY-STANDARD).. ©0.0008 (GRAMS/DSCF)

FARTICULATE EMISSION RATE..... cceacasncces 7.234 (GRAMS/HOUR)

ADJUSTED EMISSIONS. c i i ittt c it it eeneanse .e 9.4 (GRAMS/HOUR)

e s TR R Y R R R R A R S RS R ST S el
TUNNEL TEMPERATURE AVERAGE. ... ...ccvereans 95 (DEGREES FAHRENHEIT)
AVERAGE DELTA F RUN DATA. ...t cneeannnas 0.041 (INCHES H20)

(Vm) TOTAL SAMPLE VOLUME (METER CONDITIONS) 267.036 (CURIC FEET)

AVERAGE GAS METER TEMFERATURE...... seesaas 94 (DEGREES FAHRENHEIT)
(vs)AVG. GAS VELOCITY IN DILUTION TUNNEL.. 13.76 (FEET/SECOND)

(Qsd)AVG. GAS FLOW RATE IN DILUTION TUNNEL 8900.29 (DSCFH)
(Vmstd) TOTAL SAMFLE VOL. (STD. CONDITIONS) 253.570 (DSCF)

(mn) TOTAL PARTICULATES. ...ttt iicnnnans 2046.1 (MG
AVERAGE DELTA H.......... csesnesacrceosannon 0.621672 (INCHES HZM)

TOTAL TIME OF TEST. . ieineneacncnnnncnnnnss 490 (MINUTES)



TABLE 1

RESULTS OF EFFICIENCY TESTING ON THE WOODCUTTERS WOOD STOVE
RUN NUMBER 3 PROJECT NUMBER SEQ45-10 SERIAL NUMERER C1106

DATE OF TEST: 8-21-87 STOVE MODEL: KEJ FlNAL

AVERAGE EFFICIENCIES

FIIEI I I 2T I I I I IE I I I I IE I I I I I I T I I T I I I I I I I I3 I I SIS 2 TS
#+ COMBUSTION= 84 . = % * HEAT TRANS.= 7 <. 4 Z # OVERALLe &&H . P %

*
LA ISR S22 22 2222 2222 SR s 2 s s AR R R sl sd ol g

EMISSIONS

Al sl S 22222 2222 22222222 22222222 222 22 o2 il anssd s Sy

* PARTICULATES: 0.000 (grams/Kg-wood) 0.000 (grams/hour) »
* CARBON MONOXIDE: 72.506 (grams/kKg-wood) 99.972 (grams/hour) »
Rt LT O L s

TEST DATA

H
I BURN RATE = > 3.69 (l1b/hr—wet) i
{ BURN RATE > 1.38 (kg/hr-=dry) i
| BURN RATE== mamsmszsscasamaanns=e) 1.67 (kg/hr-wet) '
I FUEL MOISTURE = ==) 17.53 (7. Wet basis) t
! HEAT OUTPUT== zoxzscunnozansca) 17836.37 (Btu/hr) $
! FUEL HIGHER HEATING VALUE b > 8763.00 (Btu/lb-dry) {
! AVERAGE STACK FLOW RATEsoaszsscssczzzzzaans) 8.24 (DSCF/minute w/HC) }
! AIR TO FUEL RATIOssszaszxwscacscsxzscscasssn) 12.35 (1b—air/lb-fuel) :
! AVERAGE EXCESS AIR TESRTTARTE ) 132.63 (X Stoichiometric) {
I AVERAGE STACK TEMPERATURES=zazcaczasszszssaa) 199.58 (Degrees F) !
! AVERAGE STACK MOISTURE ssasasscrocsrcasssas) 10.14 (% volume-wet w/HC) !
! AVERAGE C(OZ== cEm= OCECEEZCEERRCECEH®IE ) 8.08 (% volume-dry w/HC) |
! AVERAGE (ZcrasacsranassassstsarassIsountSneEs) 12.23 (%4 volume-dry w/HC) |
| AVERAGE COxomcasarmsr raastrcEoCrInEIaEE S Sns ) 0.61 (4 volume-dry w/HC) 1
{ {

1 -> 30 16:03: 26

(o] 68. 64561 09-02-1987

OVERALL EFFICIENCY WITHOUT STOVE TEMPERATURE CHANGE= 67.0 %



TARBLE 2A
TEST DATA LISTING

CLIENT: WOODCUTTERS RUN NUMBRER: 3 DATE OF TEST: 68-21-87
PROJECT NUMBER: SEQ45-10 MODEL NUMBER: KEJ

FUEL MOISTURE: 21.25 STACK STATIC PRESSURE(in Hg):—.002206%
BAROMETRIC PRESSURE (in Hg): 30.06 ROOM TEMPERATURE (F): 76

STOVE WEIGHT (lbs): 407 AMBIENT MOISTURE CONTENT (%Z): 1.8

CHANGE IN STOVE TEMPERATURE (F): 10 FUEL HHV (BHTU/1b): B765

FUEL COMFOSITION: %C= 51 ZH 7.3 70= 41

METHOD S RESULTS: % MOISTURE= 10.27 GRAIN LOADING (gr/scf)= O



TABLE 2R PABGE 1
FIELD DATA

CLIENT: WOODCUTTERS RUN NUMBER: X DATE: B8-21-87
1 Dry and HC free H

FT TIME WT. FUEL ZC02 %02 %C0 WT BLB DRY BLB TRACER
B O Y T T e s e R e TR T SRR T T L

1 o 30.10 7.00 13.20 0.42 109.0 214.0 100.0
2 10 28.00 9.50 10.30 1.31 143.0 239.0 100.0
3 20 26.60 9.60 10.50 0.75 142.0 243.0 100.0
4 30 25.40 8.30 11.90 0.54 139.0 230.0 100.0
S 40 24.40 7.50 13.00 0.43 139.0 219.0 100.0
6 50 23.40 6.70 13.70 0.63 132.0 210.0 100.0
7 60 22.40 10.50 10.40 0.67 140.0 217.0 100.0
8 70 21.40 10.50 10.40 0.67 140.0 217.0 100.0
9 80 19.70 11.60 9.40 0.95 146.0 244.0 100.0
10 90 18. 60 9.00 11.70 0.51 138.0 220.0 100.0
11 100 18.00 4.70 15.80 0.24 129.0 188.0 100.0
12 110 17.70 3.20 16.90 0.23 127.0 172.0 100.0
13 120 17.30 5.90 14.40 1.15 126.0 186.0 100.0
14 130 16.50 ?.60 10.90 0. 66 130.0 195.0 100.0
15 140 14,90 12.60 7.40 .22 147.0 244.0 100.0
16 150 13.00 13.50 7.20 I.11 147.0 . 262.0 100.0
17 160 11.50 12.40 8. 60 2.28 141.0 208.0 100.0
18 170 10.80 11.00 ?.90 0.51 136.0 197.0 100.0
19 180 10.60 6.20 14.20 0.14 120.0 180.0 100.0
20 190 10.40 4.30 16.00 0.13 110.0 162.0 100.0
ot 21 200 10.40 3.50 16.50 0.11 108.0 161.0 100.0
22 210 10.10 7.00 13.60 0.50 109.0 176.0 100.0
23 220 ?.70 8.60 12.00 0.47 114.0 195.0 100.0
24 230 ?.10 .10 11.10 0.53 120.0 206.0 100.0
25 240 8. 40 ?.60 11.10 0.53 123.0 216.0 100.0
26 250 7.70 10.30 10.70 0.48 128.0 219.0 100.0
27 260 7.00 10.30 10.90 0.42 127.0 210.0 100.0
28 270 6.60 ?.30 11.90 0.19 127.0 183.0 100.0
29 280 6.20 8. 60 12.40 0.05 117.0 175.0 100.0
30 290 6.00 5.50 14,90 0.12 108.0 163.0 100.0
31 300 5.90 4.10 15.90 0.18 101.0 163.0 100.0
32 310 5.60 8.80 12.20 0.43 103.0 178.0 100.0
33 320 5.20 ?.10 11.60 0.48 107.0 191.0 100.0
34 330 4.70 ?.20 11.30 0.50 105.0 199.0 100.0
35 340 4.30 8.80 11.70 0.51 112.0 207.0 100.0
36 350 3.90 8.30 12.20 0.49 110.0 204.0 100.0
37 360 3.60 8.20 12.30 0.49 108.0 200.0 100.0
38 370 3.30 7.80 12.80 0.49 105.0 195.0 100.0
39 380 3.10 7.80 12.90 0.44 104.0 193.0 100.0
40 390 2.80 7.20 13.20 0.51 103.0 190.0 100.0
41 400 2.50 7.60 13.20 0.54 104.0 190.0 100.0
42 410 2.20 7.30 13.40 0.46 103.0 191.0 100.0
43 420 2.00 7.70 13.20 0.43 105.0 190.0 100.0
44 430 1.70 7.70 13.20 0.53 102.0 190.0 100.0
45 440 1.40 7.70 13.10 0.54 102.0 190.0 100.0
46 450 1.10 7.30 13.50 0.45 103.0 189.0 100.0
47 460 0.90 7.50 13.30 0.48 102.0 189.0 100.0
48 470 0.60 7.80 13.10 0.50 102.0 193.0 100.0
49 480 0.30 7.90 13.00 0.49 104.90 192.0 100.0

S0 490 0.00 7.70 13.20 0.51 10Z.0 194.0 100.0



TABLE 3 PAGE 1
CHO BALANCED TEST DATA

(
CLIENT: WOODCUTTERS RUN NUMEER: = DATE: 8-21-87
PT FLOW RATE DRY BURN RATE STACK MOISTURE STACK TEMP
(DSCFM w/HEC) (LE/HOUR-CALCULATED) (%LVOLUME~w/HC) (F)
YT SRS 2 2 8.3 ****‘l****************l********************{***********************1
1 8.24 2.36 5.06 214.0
2 8.24 3.56 19.80 239.0
= 8.24 3.39 19.04 243.0
4 .24 2.87 17.65 230.0
5 8.24 2.65 18.02 219.0
6 B.24 2.46 14.50 210.0
7 8.24 3.95 18.68 217.0
8 8.24 3.95 18. 68 217.0
9 8.24 4.50 21.59 244.0
10 8.24 3.28 17.41 220.0
11 8.24 1.59 13.79 188.0
12 8.24 0.90 13.42 172.0
13 8.24 2.45 12.48 186.0
14 8.24 3.49 14,03 195.0
15 8.24 5.71 22.27 244.0
16 8.24 6.17 21.70 262.0
17 8.24 5.48 19.57 208.0
18 8.24 4.03 17.06 197.0
19 8.24 2.00 ‘ 10.17 180.0
20 8.24 1.30 7.31 162.0
o 21 B8.24 0.89 65.73% 161.0
22 B8.24 2.56 6.48 176.0
23 8.24 3.09 7.41 195.0
24 8.24 3.14 9.23 206.0
25 8.24 3.50 10.10 216.0
26 8.24 3.81 12.23 219.0
27 8.24 3.86 12.08 210.0
28 8.24 3.39 13.03 183.0
29 8.24 3.00 9.21 175.0
30 8.24 1.75 b6.66 163.0
31 8.24 1.14 4.7% 163.0
= 8.24 3.29 4,68 178.0
33 8.24 3.30 5.32 191.0
34 8.24 3.27 4.44 199.0
35 8.24 3.14 6.28 207.0
36 8.24 2.96 5.75 204,0
37 8.24 2.93 5.28 200.0
3 8.24 2.83 4.59 ~195.0
39 8.24 2.84 4,39 193.0
40 8.24 2.56 4,23 190.0
41 8.24 2.87 4.50 190.0
42 8.24 2.68 4.19 191.0
43 8.24 2.88 4.78 190.0
44 8.24 2.94 3.97 190.0
35 8.24 2.90 3.97 190.0
44 8.24 2.72 4,27 189.0
47 8.24 2.80 4.00 189.0
428 8. 24 2.95 ' 3.85 193.0
49 8.24 2.98 4,43 192.0

S0 8.24 2.92 4.08 194.0



0M] ENVIRONMENTAL SERVICES Inc. PROGAAN NAME 1S: REP{.EIE

CURRENT DATE/TIME {5 09-02-1987 7 14:41:17 DATA FILE NAME [S: SE045103.04T
CLIENT: WOODCUTTERS MODEL NO. KEJ-1101
PROJECT NO. SEO045-10/3 RUN NO. 3

DATE: AUG6 21 1987 TECH: DD

FUEL MOIST (%) 21.235 CAT NO. OMWO7

FUEL CHARGE (LB) 30.1 €o0AL BED (LB) 6.0

TEST STARTED: AUS 21 1987 10:20:29 PH
+##TEST DATA (FORM 1) x%x

{2) T 42y (1) e (49 {20)  (21) 122) {23) (20 (25)* 26) (27} {32} {33)
TIEE NT  DIFF  Tin Tout TEW Toe BOT  BAKX FBOX% LEFT  RIGHT BEFCAT” INCAT AFTCAT  FLUE  DRAFT

0 301 0.0 82 63 75 306 75 185 0 337 383 1043 883 661 339 -.033
10 28.0 2.1 &3 64 16 32 290 199 0 2 348 1056 1073 - 771 389 -.040
20 2.6 1.4 o 83 71 348 m 209 0 349 3% 17388 113 818 408 -.040
30 5.4 1.2 o 83 71 387 294 213 0 340 32 173 1033 781 391 .00
W 244 1.0 A 3% n 310 289 213 0 326 344 659 1067 749 3B -.035
W 234 1.0 0N 2 71 359 219 204 0 303 7 588 1020 713 b6 -.035
0 224 10 & st 16 352 274 200 839 9 2 0 1010 107 362 -.033
70 24.4 1.0 88 3 16 361 264 201 0 316 ™ 784 1240 808 400 -.033
80 19.7 1.7 48 0 75 430 58 219 0 339 389 478 I3 934 451  -.040
90 8.6 1.1 48 0 T3 451 25 229 0 345 39 812 1334 7 43 -.040

100 18.0 0.6 48 %0 T3 468 251 23 0 320 355 1224 1208 808 382 -.035
1o 12.7 0.3 48 0 73 413 247 216 0 292 319 0 870 636 338 -.030
120 1.3 04 4] 49 73 33 241 190 1684 265 293 0 128 S76 3 -.030
130 16.5 0.8 5% 56 15 298 235 - 119 0 276 333 304 947 426 33 -.040
10 149 e 5 &0 S 344 232 189 0 307 400 805 1421 908 410 -
150 13.0 L9 &l 62 16 438 23 217 0 9 468 828 1507 1003 N -0
160 (1.5 1.5 38 80 14 497 257 244 0 369 490 1485 1316 982 45 -.033
170 10.8 0.7 %2 N 8 497 244 243 0 k74 438 929 1356 93 421 -.035
18 106 0.2 X 3 8 476 13 238 0 3% 393 9%7 1428 A 393 -.030
190 10.4 0.2 ¥ 2 18 427 241 221 0 311 358 1848 1039 61§ 347 -.025
200 10.4 0.0 49 ]| 78 237 198 0 20 1335 193 543 298 -.025
210 10.1 0.3 &9 3l 78 318 233 184 0 3 317 18N 799 piy) 310 -.025
20 9.7 0.4 48 b n il 228 17 0 278 I 176 838 396 3 -0
230 9.1 0.6 & X n 300 221 181 0 by 362 1M5 y37 671 49 -.025
0 8.4 0.7 48 0 n 32 23 It 0 383 in 1358 996 728 3 -.030
S0 1.7 0.7 47 0 n 350 238 244 0 408 378 1288 1183 195 393 -.030
w0 7.0 0.7 4B X n 409 243 226 0 411 I L6 1288 33 B -0
7710 6.6 0.4 48 30 78 432 238 228 1189 395 0 1169 1420 798 313 -.030
280 62 0.4 48 St 3 1“7 54 o] 0 310 8 13514 817 0 -9
N 60 0.2 62 83 3 4t 249 213 0 319 7 1184 126 g -0
00 3.9 01 & 64 L 182 244 201 0 316 297 700 880 7 % -.020
310 5.6 0.3 & 68 73 330 L) 188 0 33 293 1048 892 &04 3y -.020
20 3.2 0.4 48 69 76 310 239 184 0 342 5 1N 87d 628 % -0
30 47 0.3 48 70 n 310 24U 188 0 387 337 1108 309 636 339 -.023
# 43 0.4 8l 64 n 319 2351 194 0 390 351 1M 913 674 ug -.023
I O3y 0.4 &2 64 3 326 eyl 202 11%2 398 38 1132 13 670 IV -.025
W 3 0.3 & 89 76 3 268 208 0 39 381 1093 912 bod 51 =025
70 L3 0.3 &2 83 n 328 276 203 0 39 3109 §07 534 3% -.029
B 31 0.2 & 62 7 38 280 203 0 386 3 11 884 o] 9 -0
3 2.8 0.3 &7 o8 18 318 283 202 0 319 336 1091 891 8335 = -,025
8 2.3 0.3 &9 0 n 313 289 200 0 I 33 g8 893 632 3B -.023
40 2.2 0.3 & &3 76 310 292 198 0 349 %2 881 890 629 I -0
20 2.0 0.2 &3 64 S 304 294 196 0 350 381 M 876 p24 35 -.023
30 1.7 03 & 89 16 305 298 193 0 330 389 23 830 616 32 -.028
Ho 1.4 0.3 & 68 n 302 300 192 0 343 39 682 849 618 32 -.025
15 1.1 03 S8 61 T4 301 360 199 491 343 393 691 807 604 39 -.025
0 0.9 0.2 87 68 16 293 303 187 0 339 394 103 813 9 38 -.023
70 0.6 0.3 & 70 17 292 307 168 0 AL} 397 705 8135 602 331 -.025



oMMl ENVIRONMENTAL SERVICES Inc,
CURRENT DATE/TIME IS 09-02-1987 / 16:43:53

PROSRAN MANE IS: REPI.EIE
DATA FILE NAME IS: SE045103.DAT

CLIENT: WOODCUTTERS

MODEL NO. KEJ-1101

PROJECT NO. SE045-10/3

RUN NO. 3

- — -

DATE: AUG 21 1987

TECH: DD

- —

FUEL MOIST (X) 21.2S5

CAT NO. OMWO7

FUEL CHARGE (LB) 30.1

COAL BED (LB) 6.0

TEST STARTED: AUE 21 1987 10:20:29 PN

+8#TEST DATA
T (12) (11} RA(1&)  (19) (20)

(FORM 1) =ss

21y 22y (23)
BACK  FBOI¥ LEFT

(24) (29 260 M 32 33
RIGHT BEFCATA IMCAT AFTCAT  FLIE  DRAFT

2

(2)

TIEE WT  DIFF Tin Tout TEWP T0P 7
0.
0.

3 03 08 62 T4 294 i
490 6 03 & 65 Pb] 296 314

~O

188 698 346
168 638 344

3N 698 821 609 I -025
393 0 834 blé 38 -.025

MG 1 356 263

204 953 343

363 1035 1035 709 8 -.029

AVERAGE STARTING SURFACE TEWPERATURE (F): 297
AVERAGE ENDINE SURFACE TERPERATURE (F): 307
TEXPERATURE DIFFERENCE (Te-Ts) ...esvee.. 10

AVE, CHAMMEL 5: (F) 93.9 AVE. CHANNEL 6: (F) 90

X T1.C. mallunction

AVE. CHANNEL 8: (F)

ALL TEMPERATURES IN F, MEIGHY IN LBS.

3.3 Av6, CHANNEL 9: (F) 95.2



. N ROTES — TEST SE——— Ty
RN ¢ S QBN _ 7 Jondoutloes  PROTECT # 4ipyS-AOMDEL __KET
poors __{

COAL BED CHARACTERISTICS /
WEIGHT AT START: ___ (0OQL _Y , GLOWING ___, FLARING ___)

TEST FUEL, CONFIGURATION SKETCH (INDICATE VIEW ANGLE)

feon] Jar S)DE E

L1
FUEL LOADING DOCR AJAR . ()  FR - /. LAAD k
mm?%&:&?&g_@ §eds ki,

oer _ CAT = ¥l (@ S Mua.
TEST SETTINGS: (SETTINGS MIST BE AOCURATE AND REPRCDUCIELE)
PRIMARY AIR SECONDARY TERTIARY FAN

<

QMNI-SE. 005



RON NOTES — TEST FORN 2

Manufacturer 4 bodr (o Lo Rm No. £ Model No. KET
Date f‘oZ/f/7 Project No. _ Q45 - /O

Caments

Date
8:[&\ )‘a

Time
(Y

1904

leo o AH Shaeled Qe Magn é‘f’

MNI-SE.017



........

RN NOTES — TEST FORN 2

Mamufacturer L()OO,DCUﬂTZﬂ;S Rmn No. _D _ Model No. BQQ
pate _§/20(%7

Project No. 5EO‘-{5 /D

Time

Conments

0748

CATAST 22 OW - 407 /S WSTHIED,

Date
5lagkz

NOTE. . CE//S CLIPIED O 7OP SidlE (5/1@ |

WAkLE 7T YeobE. /5 WSELIR) 7D

A Drp74 APl & THE CIlS/ZE

SR CHL o0 702 TowARhs Feon] SNk .

Bofom . Y CENE spuk CHippr))

70 Wheds 7HE NK. oF CoOANT

'7/ /S /w/zgz.b

S CENS oN e@fma@_g, ) /6425_7_7:2:0_/}: ‘

CHAST GAHIT /S AP D ONVER.

exeald 2 0&15&_,@&35 preot

& 7 of) TV AR S . THE JF7

e HAS AV BXTRA S STEO 0F

GCASHKIT o) THA O /. 7D LHE -

LT 90Uy Esdl SAE 75 S/l

(il

Do i Va2,

549
//4.;_” U /M /// £ é//é/
7%

ﬂu‘/;; 0 R, A_IA/._ 3% /25 4.'/,

A 47k, ancs.017



CLIENT: Mcaﬁﬁﬁﬁ ~ KiNg RON #:
PROJECT:S EQ Y= - /0 DATE:
B — CAIAYST # oM -wo7

GRS YA |

3
)

PRE-BURN FUEL
MOISTURE CONTENT (METER — DRY BASIS)
CALTBRATION: Cal Value(1l)=12%8 Actual Reading /2. <A
Cal Value(2)=22% Actual Reading A5

Piece Length Readings

Length of cut pieces: inches

FUEL TYPE AND AMOUNT: 2x4 4 x4
CALOOLATED LOAD WEIGHT: . ACTUAL LQAD WEIGHT:

MOISTURE CONTENT (METER — DRY BASIS)

PIECE READINGS

2008 UL Qso
2025

25 Bk

QUOWNOU & WM M

[

OVERALL ‘TEST FUEL LOAD MOISTURE AVERAGE: o2/ ./

FUEL PIECE LENGTH: e 20,/ (4 x4)

Y =0,/ Total

(2 x 4)

GRAVIMETRIC ANALYSIS — OVEN-DRIED FUEL SAMPLE

DRY BASIS MOISTURE § = SI—;ﬂ- x 100
DRY BASIS BY METER

WET BASIS MOISTURE & = (—I-I}—F-’— x 100

L]

TEST FUEL LQOAD DENSITY = gm/cm?

DIMENSIONS: x X = cm?

DATE/TIME SAMPLE PLACED IN OVEN: / / AM PM
REMOVED: /7 AM PM

INITIAL WEIGHT (I) - FINAL WEIGHT (F) = NET WEIGHT ____

CoMNI-SE. 006



R ey

FINAL

EFA METHOD 56 RESULTS

CLIENT WOODCUTTERS
MODEL KEJ
FROJECT # SE045~10
RUN# 4
DATE 8-24-87
FILTER HOLDER A

EPA METHOD S5G RESULTS

I I I I I I I I I I I I I I I I I I I I I I I I I I I WS I3 I I I I Ik

FPARTICULATE CONCENTRATION (DRY-STANDARD).. ©0.0017 (GRAMS/DSCF)
PARTICULATE EMISSION RATE. . v . cveonns ceness 14.380 (GRAMS/HOUR)

ADJUSTED EMISSIONS. . e tccvenasesscnss esson 16.6 (GRAMS/HOUR)

LT E TR T 2T R e e R R R R S R R A R S R S L
TUNNEL. TEMPERATURE AVERAGE. ¢ ccveereonansse 114 (DEGREES FAHRENHEIT)
AVERAGE DELTA P RUN DATA....... seassenasas 0.040 (INCHES H20)

(Vm) TOTAL SAMPLE VOLUME (METER CONDITIONS) 118.451 (CUBIC FEET)

AVERAGE GAS METER TEMFERATURE............. 97 (DEGREES FAHRENHEIT)
(vs)AVG. GAS VELOCITY IN DILUTION TUNNEL.. 17.76 (FEET/SECOND)

(@sd) AVG. GAS FLOW RATE IN DILUTION TUNNEL 8598.89 (DSCFH)

(Vmstd) TOTAL SAMPLE VOL. (STD. CONDITIONS) 111.640 (DSCF)

{mn) TOTAL FARTICULATES. . ... ..ccvcesns cee- 186.7 (MG)
AVERAGE DELTA H......ccnucecunscnn e canaean 0.535 (INCHES H20)
TOTAL TIME OF TEST ..ot cvienanscoarsse ceeene 270 (MINUTES)



B i dan oL

TABRLE 1

RESULTS OF EFFICIENCY TESTING ON THE WOODCUTTERS WOOD STOVE

RUN NUMEBER 4 FPROJECT NUMEER SE045-10 SERIAL NUMBER C1106

DATE OF TEST: 8-24-87 STOVE MODEL: KEJ

AVERAGE EFFICIENCIES

a2 T EL 2R PSS S R I R e Y R R R R S R s R R L
* COMBUSTION= 79 . O Z # HEAT TRANS.= S8C . & % # OVERALL= &FJ o 2

*
LA 2222222 X A SRR 2 RS2 22 2222 22222222 2 2 XXX 22X 22 e sl R

EMISSIONS

La 222222222 22222222 2222 2222222222 2R 22 X R R R R a2 X d el h ol

# PARTICULATES: 0.000 (grams/Kg-wood) 0.000 (grams/hour) *
* CARBON MONOXIDE: 106.404 (grams/Kg-wood) 300.075 (grams/hour) *
B33 B3I HEHE I I HE I FE I I I I I I I I B I I I ISR

TEST DATA

BURN RATEmsaaasnommassm e s s on oo EISscISERESIT S RTI > 7.46 (1b/hr—wet)

BURN RATE = == ==c=xo=) 2.82 (kg/br-dry)

BURN RATE = S CACHARNERCRIRBRTRTIZR > 3.38 (kg/hr-wet)?

FUEL MOISTURE s=asrmacczasossncsescozosacooex 16.67 (4 Wet basis)
HEAT QUTPU Teassartsc o s arassSISrnaInGoaIBT SRR > 3I4801.91 (Btu/hr)

FUEL HIGHER HEATING VALUE==corazsanzcozmcz==) 87635.00 (Btu/lb-~dry)
AVERAGE STACK FLOW RATE==aaxzzazxazusazsczam) 9.97 (DSCF/minute w/HC)

AIR TO FUEL RATIOmc=mnazzcazcoms = =) 7.09 (lb—air/lb-fuel)
AVERAGE EXCESS AIR =Smoo= Q== ) 47.23 (%L Stoichiometric)
AVERAGE STACK TEMPERATURE==rcarcz=zczzorzaxas) 293.38 (Degrees F)

12.13 (% volume-wet w/HC)
12.48 (Z volume-dry w/HC)
7.55 (% volume—dry w/HC)
1.52 (% volume—-dry w/HC)

AVERAGE STACK MOISTURE msccszazmnzzszoozmsssss )

AVERAGE (O 2-mmosocor crorm et C R SR SE R
AVERAGE (2=oasossrrocosnmSsascpsoaxnzommosonEDSTs >

AVERAGE ((OxmeaxnccomaszxsSosscoscoooooesonseS )

CT wm TR au T se W ea ®E en TE ew = ew wm e
= ve ve em ew ee ow e we ev e es e o= ee

24 16:11:44

1 =>
09-02-1987

0 66.01031
OVERALL EFFICIENCY WITHOUT STOVE TEMPERATURE CHANGE= 63.7 %



TABLE 2A
TEST DATA LISTING

CLIENT: WOODCUTTERS RUN NUMEER: 4 DATE OF TEST: B-24-87
FROJECT NUMBER: SE045-10 MODEL NUMBER: KEJ

FUEL MOISTURE: 20 STACK STATIC PRESSURE(in Hg):
~3.3097SE-03 )

BAROMETRIC PRESSURE (in Hg): 30.03 ROCOM TEMPERATURE (F): 77

STOVE WEIGHT (lbs): 407 AMBIENT MOISTURE CONTENT (%): 1.9

CHANGE IN STOVE TEMPERATURE (F): -55 FUEL HHV (BTU/1b): 8765

FUEL COMPOSITION: %C= Si %H 7.3 %0= 41

METHOD S RESULTS: % MOISTURE= 12.46 GRAIN LOADING (gr/scfl= O



TABLE 2B FAGE 1
FIELD DATA

(
CLIENT: WOODCUTTERS RUN NUMBER: 4 DATE: 8-24-87
| Dry and HUC free :

FT TIME WT. FUEL ~.COo2 702 “CO WT BLB DRY BLE TRACER

B O R E R e e s e P TR T ]
1 0 28.60 14,00 6.50 0.41 138.0 307.0 100.0
2 10 25.30 17.10 2.80 6.92 162.0 334.0 100.0
3 20 22.30 17.80 2.70 S.90 165.0 335.0 100.0
4 30 19.70 17.70 3.20 J.46 156.0 343.0 100.0
S 40 17.10 17.80 3.00 4.16 157.0 346.0 100.0
6 50 14,60 17.00 3. 60 3.31 156.0 339.0 100.0
7 &0 12.50 16.60 4.40 2.28 149.0 329.0 100.0
8 70 10.60 16.50 4.20 2.02 156.0 326.0 100.0
Q 80 8.70 16.70 3.80 1.99 154.0 329.0 100.0
10 {0 7.10 15.70 4.90 1.03 153.0 326.0 100.0
11 100 5.90 14.70 6.00  0.34 151.0 321.0 100.0
12 110 4.90 13,20 7.60 0.46 144.0 318.0 100.0
13 120 4,20 10.60 Q.90 0.27 142.0 291.0 100.0
14 130 3.80 10.10 10,350 0.29 134.0 290.0 100.0
S 140 3.40 10.00 10.60 0.37 127.0 269.0 100.0
16 130 3.00. 10.30 10.40 0.44 128.0 261.0 100.0
17 160 2.60 10.10 10.50 0.36 130.0 238.0 100.0
18 170 2.20 .50 11.20 0.58 126.0 252.0 100.0
19 180 1.80 ?.30 11.40 0.65 126.0 250.0 100.0
20 190 1.50 ?.20 11.60 0.72 122.0 245.0 100.0

R K 23 200 1.10 ?.30 11.30 0.62 124.0 247.0 100.0 .

22 210 0.80 ?.00 11.40 0.49 132.0 241.0 100.0
23 220 . 0.40 8.90 11.90 0. 60 120.0 238.0 100.0

24 230 0.00 .30 11.50 0.74 120.0 246.0 100.0



TABLE 3 PAGE 1
CHO BALANCED TEST DATA

CLIENT: WOODCUTTERS RUN NUMBER: 4 DATE: 8-24-87
FT FLOW RATE DRY BURN RATE STACK MOISTURE STACK TEMP
(DSCFM w/HC) (LB/HOUR-CALCULATED) (7ZVOLUME~w/HC) (F)
B e Ry e R R e X e R e S S SIS RS2 S SIS ST 2 22 STy 2y
1 .97 6.01 ?.97 307.0
2 9.97 10.84 21.62 334.0
3 ?.97 10.72 23.65 335.0
4 ?.97 9.38 17.59 343.0
S ?.97 ?.80 18.15 346.0
é .97 8.91 17.68 339.0
7 ?.97 8.27 14.44 329.0
8 ?.97 7.95 17.94 326.0
9 .97 7.93 16.67 329.0
10 ?.97 6.96 16.14 326.0
11 ?.97 6.29 15.09 321.0
12 ?.97 S.68 12.30 318.0
13 - 9.97 4.37 12.01 291.0
14 ?.97 4.22 8.81 290.0
15 .97 4.24 6.88 269.0
16 .97 4.45 7.40 261.0
17 ?.97 4,27 8.14 258.0
18 9.97 4,22 6.97 252.0
19 9.97 4.19 7.02 250.0
20 .97 4.24 5.94 245.0
21 9.97 4.12 6.48 247.0
22 ?.97 3.82 9.24 241.0
23 9.97 4.04 S5.55 238.0

24 .97 4.30 3.33 246.0



DMl ENVIRONMENTAL SERVICES Inc.
CURRENT DATE/TIME IS 09-02-1987 / 16:45:50

PROGRAM NANE IS: REPI.EXE
BATA FILE NAME IS: SE04S104.DAT

CLIENT: WOODCUTTERS

MODEL NO. KEJ-1101

PROJECT NO. SE0435-10/4

-nwa

RUN NO. 4

DATE: AUG 25 1987

TECH: DD

FUEL MOIST (%) 20.00

CAT NO. OMWO7

FUEL CHARGE (LB) 28.6

COAL BED (LB) 5.7

TEST STARTED: AUE 25 1987 02:03:43 AN

#2%TEST DATA (FORM 1)#as .
{2) (122 U R (19 (200 (21) 15;) {23) (240 (29) (28) (2# {32) {33)
T W1 DIFF Tin Tout TEW T0P BOT  BACX  FBOXI  LEFT RIGHT BEFCAT INCAT AFTCAT  FLUE  DRAFT
0 286.6 0.0 58 62 n 436 316 293 1044 335 S07 1044 1149 1183 488  -.045
10 25.3 33 % &3 T8 472 335 295 0 476 7 1232 13 0 S25  -.033
20 2.3 30 0% 62 18 04 34 298 0 442 467 1402 1538 UM My -.033
30 19.7 2.6 59 &2 18 542 33 310 0 474 a1 1390 1578 1148 58  -.033
# 17.1 2.6 5 62 18 n 326 324 0 492 489 1474 1821 1178 392 -.033
0 Mée 2.5 H 63 18 587 m I3 0 501 504 1490 1571 1188 996 -.055
0 125 2.1 59 83 18 610 310 33 0 300 S13 1482 IST7 1leA 8y -.059
70 108 19 0% 83 9 620 305 324 0 499 39 151 1800 1149 ey -.0%0
80 8.7 1.9 W 63 N A 303 316 0 302 S46 1311 1624 1143 393 -.030
9% 2.1 L& 59 63 N 630 305 in 0 509 9 1485 1613 1168 ¥ -.030
100 5.9 1.2 B 83 n 6135 3 i 0 in 562 13%¢ 159 11 %2 -0
1o 49 L0 59 63 19 384 320 313 0 319 552 1276 1398 1118 341 -.050
120 4.2 0.7 % 82 T8 339 35 300 0 316 $32 1081 1 1082 S8 -.0%0
130 3.8 0.4 58 82 T8 485 337 281 0 506 514 1023 1082 0 486  -.043
140 34 04 & &1 n 441 bl 262 0 97 456 945 1038 0 45 -.045
150 3.0 04 W & 16 4135 333 230 0 494 487 24 995 1347 48  -.043
160 2.6 0.4 80 62 ] 400 3N 43 0 488 483 975 1005 2084 418 -.045
170 2.2 0.4 &3 68 78 3%0 362 23 0 474 480 879 984 8 2 -.040
180 1.8 04 W 60 76 383 362 233 0 473 73 867 989 0 26 -.040
1% 1.3 0.3 &3 635 T3 381 358 0 466 466 843 3 17 418 -.040
200 1.1 0.4 48 10 n 376 3% 224 822 459 463 822 95 un 416 -.040
200 0.8 0.3 38 &2 n 368 354 22 0 468 453 834 919 14©7 409  -.040
20 0.4 0.4 54 b3 ] 383 3t Frsd 620 455 470 820 24 1318 408 -.040
30 0.0 0.4 & 68 76 340 346 29 0 436 mn 822 %0 1914 410 -.040
AVE: n 489 335 Py ) 873 488 99 1088 1256  13M % -0

AVERAGE STARTING SURFACE TEWPERATIRE (F): 421
AVERAGE ENDING SURFACE TEWPERATURE (F): 366
TERPERATURE DIFFERENCE (Te-T8) sieveeeea.=38

AVE. CHAOEL 53 (F) 97.3 Av6. CHANMEL §: (F) 101 AVE. CHANMEL 8: (F) 37.3 AVS. CHAXNEL ®: (F) 113.4

AL TEWPERATIRES IN £, NEIGHT IN L3S,

¥ Atter anLa,(ﬁsl: Uurnocoupfe) ot '&ﬂclld’imﬁ frofvfj

¥ Fivebex -bhermoCoup’e) malfunchionmn

3J



’n ¢ 7 e _Wooo cfiers  PROECT # SECYS/0 MDRL _ A ET

BOOTH /
QOAL BED CHARACTERISTICS

WEIGHT AT START: &.7 (0OL , GOWING *~~, FLARING = )

TEST FUEL OONFIGURATION SKETCH (INDICATE VIEW ANGLE)

Sibe view

e BB rror

START UP PROCEDURES:

BY-PASS TIME OPEN , aocsm v .
FUEL, LOADING DOOR AXAR 7% Joso  FOR 2 MINUTES
PRIMARY AIR SET fuad[?ﬁm T2st  MINOTES
SECCNDARY AIR SET _ F/Xx£D FR___MNA- MINUTES
TERTIARY AIR SET M. A. | FR A A- MINUTES
OMER  A.A -
TEST SETTINGS: (SETTINGS MUST BE ACCURATE AND REPRODUCTELE)

PRIMARY ATR SBOONDARY TERTIARY FAN

Full ng/l)
Frxep M. A. High




e I |

. ]
QUIENT: _ Z ol /72 RON #:
PROJECT: __ Qi p /S 70 DATE: _f-29-47
BOOTH: 7

PRE-BURN FUEL

MOISTURE OONTENT (METER — DRY BASIS)
CALIBRATICON: Cal Value(1)=12% Actual Reading
Cal Value(2)=22% Actual Reading

Plece Length Readings

1 /0 £t 22.57 220 222
2 ft

3 ft

FUEL TYPE AND AMOUNT: 2x4 4x4 ©
CALOULATED LOAD WEIGHT: 70-/ ACIUAL LOAD WEIGHT: —— (2 x 4)
FUEL PIECE LENGTH: /& < . (4 x &)
%%,g Total

MOISTURE QCNTENT (METER — DRY BASIS)

PIECE READINGS

1 /9.0 2.0 20

2 20.0 ~J0.0 /925

3 57.? 22.0 20.0

4 ;O _%L 22‘0

5 ;ZE <
7 6 .0 20.0 J

7

8

9

10

OVERALL TEST FUEL LOAD MOULSTURE AVERAGE: 20.0Q

GRAVIMETRIC ANALYSIS - OVEN-DRIED FUEL SAMPLE

DIMENSIONS: x x = an?

DATE/TIME SAMPLE PLACED IN OVEN: / / AM PM
REMOVED: /__/ AM M

INITIAL WEIGHT (I) - FINAL WEIGHT (F) = NET WEIGHT

DRY BASIS MOISTURE § = LI—;—F’ x 100
DRY BASIS BY METER

WET BASIS MOISTURE § = (i-;.—f-)- x 100

TEST FUEL LOAD DENSITY = gm/cm?

aMNI-SE. 006



OMN] EWVIRONMENTAL SERVICES Inc. PROGRAN NANE IS: REPI.EXE

CURRENT DATE/TIME IS 09-02-1987 /7 16:48:38 DATA FILE WANE IS: SEO45104,DAT
CLIENT: WOODCUTTERS MODEL NO. KEJ-1101
PROJECT NO. SEO45-10/4 RUN NO. 4

DATE: AUG 25 1987 TECH: DD

FUEL MOIST (%) 20.00 CAT NO. OMWO7

PRE BURN STARTED: AUG 25 1987 12:24:21 MM
*%#2#PRE BURN DATA*#®x

{21 W a2 (11)  RN(1&) (19) (200 (21) (22) {23) (24 (29 (26} (2N {32 {33)
TIKE WU  DIFF  Tin Tout TEMP 0P BOT  BACX  FBOX  LEFY RIGHT BEFCAT  INCAT AFTCAT  FLUE  DRAFT
0 166 0.0 32 H B S64 214 389 1195 332 310 0 1383 2 600 -.030
10 i5.4 1.2 57 61 79 385 28 3% 1222 429 4235 0 1563 1051 g -, 040
0 118 36 37 61 76 332 234 29 10273 484 414 0 1473 1052 -0
3 10.0 1.8 37 3 78 532 14 29 1025 464 414 0 Hun3 1082 3T =045
40 8.0 2.0 38 81 76 i 244 309 1366 314 483 0 1595 1088 533 -.043
0 &1 190N 62 77 337 261 323 1123 344 318 0 1251 1080 43 -.043
0 8.1 -2.0 b3 78 482 30 303 972 318 310 0 1160 0 503 -.0%
0 69 12 0N 62 18 463 304 291 1049 335 499 ¢ U9 1206 509 -.045
80 6.0 0.9 38 62 77 456 316 293 1044 333 507 0 1149 1183 468 -.043



e

RON NOTES — PREBURN

L B

mm#_?_’_a.mvr D/pocefTlews  PROTECT # SUY5°A0 MODEL L&eT ~

DESCRIBE OR SKETCH AIR OR THERMOSTAT SETTINGS BELOW:
(SETTINGS MUST BE ACCURATE AND REPRODUCIBLE)

PRIMARY :

SBOONDARY :

TERTIARY: FAN:

Fu// ///jﬁ

F7XeD

MNA. ”"%

PRE~-BURN SETTINGS AND ACTIVITIES

AIR (THERMD) CHANGES | FAN

TIME | PRIMARY SECDRY TFRTRY |CHANGE

~WT. RAKE COAL | OOMMENT

1334

Q=51 004




FINAL

EFA METHOD SG RESULTS

CLIENT WOODCUTTERS
MODEL KEJ
FROJECT # SEQ4S-10
RUN# 6
DATE 8-25-87
FILTER HOLDER FE

EF6 METHOD SG RESULTS

b2 a2 2L 22 LIS R 22222t S22 LSS AL SIS ER ST RS 2 L RS L

FARTICULATE CONCENTRATION (DRY-STANDARD).. Q.0020 (GRAMS/DSCF)
FARTICULATE EMISSION RATE. ... ccucaueas eas. 16.439 (GRAMS/HOUR?

ADJUSTED EMISSIONS. . ccneeescssnanccnacnsnes 18.6 (GRAMS/HOUR)

LA 222 22T ST R R T R I SRR Y R S e
TUNNEL TEMPERATURE AVERAGE......... ceeaann 86 (DEGREES FAHRENHEIT)
AVERAGE DELTA P RUN DATA...veeeses. cessaaa 0.0Z6 (INCHES H20)
(Vm)TOTAL SAMFLE VOLUME (METER CONDITIONS) 374.646 (CUBIC FEET)

AVERAGE GAS METER TEMPERATURE. ..cccccaoasn 91 (DEGREES FAHRENHEIT)
(vs)AVG. GAS VELOCITY IN DILUTION TUNNEL.. 12.73 (FEET/SECOND) '

(0sd)AVG. GAS FLOW RATE IN DILUTION TUNNEL 8369.21 (DSCFH)
(Vmstd) TOTAL SAMPLE VOL. (STD. CONDITIONS) 357.230 (DSCF)

——— . e o e s o . S e e L S S i o i . A

(mn) TOTAL FARTICULATES. .t i cc it cenecnnens 701.7 (MG)
AVERAGE DELTA Huutueevoronnnonaannossencans 0.55 (INCHES H20)
TOTAL TIME OF TESTeweeeaieancnnrosaaneans 770 (MINUTES)



RESULTS OF EFFICIENCY TESTING ON THE WOODCUTTERS WOOD STOVE

RUN NUMBER & FROJECT NUMBER SE045-10 SERIAL NUMBER C1106

DATE OF TEST: 8-25-87 STOVE MODEL: KEJ

e o i i . i . S i 4 S~ S . o . o W P W i i it Sl i . o ol 2 S o Y, S S S e, S . i W T . Y~ . . i i o S o Tk S . S . S . Y o S, o S D S o

AVERAGE EFFICIENCIES

a2 A2 RS el s s ez S SR eI SR S T TR Ry S S S S R T S S S RS RS S S IT
* COMBUSTION= 75 . 2 Z * HEAT TRANS.s 2. = Z % OVERALL= &1 o P

* .
FE 3 36 I 6 It 3 I I I I I Fe S I I I I IS T I I H IS I T S HH I I I ISP H I I AN IR

EMISSIONS

R L L T T Yy T e e e e
#* PARTICULATES: 0.000 (grams/Kg-wood) 0.000 (grams/hour) *

# CARBON MONOXIDE: 207.895 (grams/Kg-wood) 189.244 (grams/hour) *
e TR S 22T TS R e YR TSRS SR s S SR s s s T

TEST DATA

! BURN RATE= === sSScazszmanm ) 2.41 (1b/hr-wet) !
! BURN RATE= ====m) 0.91 (kg/hr-=dry)} !
! BURN RATE=== == = = soamI=Smomx ) 1.09 (kg/hr-wet) {
! FUEL MOISTURE ===ccassscesccsccescaccsazmes) 16.67 (% Wet basis) !
¢! HEAT OUTPUT=e= == ===c=w===)> 10889.74 (Btu/hr) !
{ FUEL HIGHER HEATING VALUE= =xzaz=c=) . 8765.00 (Btu/lb-dry} H
! AVERAGE STACK FLOW RATEm=moam ====) 6.18 (DSCF/minute w/HC) :
! AIR TO FUEL RATIO=c=zas=sazaco = 13.92 (lb—-air/lb-fuel) !
! AVERAGE EXCESS AlR==xmz=m == > 184.63 (% Stoichiometric) H
! AVERAGE STACK TEMPERATURE==c=s = =as > 132.02 (Degrees F) !
{ AVERAGE STACK MOISTURE ===assazanaczazazm==s) B8.88 (7 volume-wet w/HC) |
! AVERAGE (CZ=cocmescroacrormccceoSc oo EnsSmEs ) S.86 (7 volume-dry w/HC) !
! AVERAGE (02==w===zssanzassscacx > 14.05 (%4 volume—dry w/HC) !
! AVERAGE COs=sromzacssczzaz=szox =) 1.35 (% volume—dry w/HC) |
H '
1 -> 74 16:25:27
) 62.32538 09-02-1987

OVERALL EFFICIENCY WITHOUT STOVE TEMPERATURE CHANGE= &1.7

%




CLIENT: WOODCUTTER

FROJECT NUMBER: SE
FUEL MOISTURE: 20
-1.10323E-03

=]

045-10

BAROMETRIC FRESSURE (in Hqg):

STOVE WEIGHT (lbs)

s 407

TABLE 2A
TEST DATA LISTING

30.04

CHANGE IN STOVE TEMPERATURE(F):

FUEL COMPOSITION:
METHOD 5 RESULTS:

ZC= 31
% MOISTURE=

Q

-3

ZH

7
7.3

RUN NUMBER: &

MODEL NUMBER: KEJ
STACK STATIC PRESSURE(in Hg):

ROOM TEMPERATURE (F): 73
AMBIENT MOISTURE CONTENT (%4):
FUEL HHV (BTU/1b): 8745

%0= 41

GRAIN LOADING (gr/scf)= O

DATE OF TEST:

1.6

8-~25-87



TABLE 2B PAGE 1
FIELD DATA

CLIENT: WOODCUTTERS RUN NUMBER: 6 DATE: B-25-87

' Dry and HC free H
FUEL. Zcaz %202 %CO WT BLB DRY BLB TRACER

PT TIME WT.
*******i*i***********i*****************i*************i************************i
1 O 29.30 7.80 13.30 0.11 105.0 154.0 100.0
2 10 28.40 6.30 14.50 0.4% 124.0 166.0 100.0
3 20 Z28.10 3.70 16.60 0.33 117.0 148.0 100.0
4 30 27.90 2.80 17.30 0.55 110.0 130.0 100.0
S 40 27.80 2.20 17.80 0.55 104.0 121.0 100.0
6 SO 27.70 2.20 17.80 0.72 103.0 114.0 100.0
7 &0 27.60 2.60 17.40 1.24 101.0 112.0 100.0
8 70 27.20 4.60 15.30 2.48 106.0 115.0 100.0
? 80 26.80 7.30 12.80 2.54 111.0 121.0 100.0
10 90 26.20 8.50 11.90 2.15 121.0 131.0 100.0
11 100 25.40 7.90 12.40 2.25 128.0 142.0 100.0
12 110 24,60 6.70 13.20 2.58 128.0 144.0 100.0
13 120 23.90 6.40 13.40 2.78 124.0 141.0 100.0
14 130 23.20 5.70 14.10 2.58 125.0 140.0 100.0
15 140 22.50 5.90 13.80 2.79 125.0 140.0 100.0
16 150 21.90 6.00 13.80 2.92 126.0 141.0 100.0
17 160 21.10 6.10 13.70 3.02 126.0 141.0 100.0
18 170 20.40 5.90 13.90 2.93 125.0 141.0 100.0
19 180 19.70 6.00 13.80 2.96 126.0 140.0 100.0
20 190 19.00 6.10 13.80 2.90 127.0 142.0 100.0
21 200 18.20 7.00 13.20 2.34 128.0 144_.0 100.0
22 210 17.40 7.50 12.90 2.02 129.0 149.0 100.0
23 220 16.60 §.10 12.50 1.82 128.0 154.0 100.0
24 230 15.90 8.00 12.70 1.14 129.0 154.0 100.0
25 240 15.40 6.10 14.40 0.68 125.0 142.0 100.0
26 250 15.10 4.20 15.80 0.69 117.0 131.0 100.0
27 260 14.90 3.80 16.00 1.09 112.0 126.0 100.0
28 270 14.60 4.00 15.70 1.66 108.0 121.0 100.0
29 280 14,30 5.80 14,30 1.88 109.0 122.0 100.0
30 290 13.80 6.70 13.50 2.26 112.0 128.0 100.0
31 300 13.30 7.40 12.90 2.20 116.0 130.0 100.0
32 310 12.70 7.70 12.70 2.37 117.0 136.0 100.0
33 320 12.00 8. 30 12.20 2.41 121.0 139.0 100.0
34 330 11.40 8.10 12.20 1.45 116.0 138.0 100.0
35 340 10.90 7.20 13.00 0.93 112.0 135.0 100.0
36 350 10.70 6.00 14.30 0.67 109.0 128.0 100.0
37 360 10. 40 4.70 15.40 0.66 105.0 123.0 100.0
38 I70 10.30 3.90 16.10 0.80 102.0 116.0 100.0
39 380 10.10 3.60 18.50 1.13 98.0 113.0 100.0
40 390 10.00 4.10 15.%0 1.85 95.0 114.0 100.0
41 400 ?.70 4.40 15.20 2.05 ?3. 115.0 100.0
42 410 9.60 4.70 15.00 2.09 95.0 115.0 100.0
43 420 9.40 4.70 15.10 1.85 ?4.0 117.0 100.0
44 430 9.10 4.90 14.%0 1.93 5.0 118.0 100.0
45 440 8.90 5. 40 14.50 2.04 99.0 124.0 100.0
46 450 8. 60 S5.10 14.70 2.20 101.0 126.0 100.0
47 460 8.20 5.10 14.70 2.29 101.0 130.0 100.0
48 470 7.90 5.30 14.30 2.18 103.0 132.0 100.0
49 480 7.50 5. 50 14,40 2.12 105.0 135.0 100.0

S0 490 7.10 6.40 13.80 1.78 107.90 137.0 100.0



TABLE 2B PAGE 2
FIELD DATA

CLIENT: WOODCUTTERS RUN NUMBER: 6 DATE: 8-25-87
H Dry and HC free :

PT TIME WT. FUEL 7C0o2 %02 “ZCo WT BLB DRY BLB TRACER
P I Y R Y Y Y e Ry T Yy e ST T S T T R Y

51 S00 6.80 6.10 14.00 1.78 107.0 135.0 100.0
52 S10 &.50 6.10 14.10 1.468 106.0 137.90 100.0
33 3520 6.10 6.20 13.90 1.66 106.0 137.0 100.0
sS4 530 5.60 6.70 13.70 1.67 109.0 138.0 100.0
85 sS40 S5.20 6.70 13.80 1.53 109.0 142.0 100.0
Sé 550 4.80 6.90 13.60 1.48 111.0 143.0 100.0
57 560 4.20 ?.00 12.00 1.02 115.0 149.0 100.0
58 570 3.70 8.20 12.80 0.72 112.0 146.0 100.0
59 580 3.40 6.70 14.00 0.42 110.0 135.0 100.0
&0 590 3.20 S5.40 15.10 0.41 102.0 126.0 100.0
61 600 3.10 5.10 15.30 0.61 ?7.0 121.0 100.0
62 610 2.90 &.00 14.30 1.46 ?7.0 121.0 100.0
63 620 2.60 7.80 12.80 1.34 103.0 129.0 100.0
64 630 2.20 8.20 12.30 1.31 108.0 133.0 100.0
&5 640 1.80 8.50 12.10 1.13 113.0 140.0 100.0
66 650 1.30 8.50 12.10 0.84 111.0 142.0 100.0
&7 660 1.00 6.80 13.70 0.57 106.0 134.0 100.0
&8 &70 0.90 S5.350 15.00 0.34 100.0 125.0 100.0
69 680 0.70 4.00 16.30 0.38 ?4.0 118.0 100.0
70 690 0.70 3.30 16.80 0.53 89.0 114.0 100.0
ooy 71 700 0.60 4.60 15.20 1.82 88.0 116.0 100.0
72 710 0.30 6.50 13.80 1.65 92.0 120.0 100.0
73 720 0.10 6.90 13.30 1.62 ?4.0 124.0 100.0

74 730 0.00 6.90 13.30 1.38 93.0 127.0 100.0



CLIENT:

FT

*****************‘l'***************I*{***l**************ll**************

VDN U B U~

S0

WOODCUTTERS

FLOW RATE
(DSCFM w/HC)

6.18
6.18
6.18
6.18
6.18
6.18
6.18
6.18
6.18
6.18
6.18
6.18
6.18
6.18
6.18
6.18
6.18
6.18
6.18
6.18
6.18
6.18
6.18
6.18
6.18
6.18
6.18
6.18
6.18
6.18
6.18
6.18
6.18
6.18
6.18
6.18
6.18
6.18
6.18
6.18
6.18
6.18
6.18
6.18
6.18
6.18
6.18
6.18
6.18
6.18

TABLE 3

CHO BALANCED TEST DATA

RUN NUMBER: 6 DATE:

DRY BURN RATE
(LB/HOUR-CALCULATED)

2.11
1.78
0.91
0.72
0.53
0.61
0.94
1.96
2.72
2.94
2.81
2.53
2.52
2.26
2.37
2.47
2.54
2.45
2.49
2.52
2.59
2.64
2.76 -
2.48
1.74
1.11
1.12
1.40
2.07
2.48
2.66
2.84
3.03
2.52
2.05
1.65
1.26
1.08
1.78
1.47
1.64
1.76
1.69
1.77
1.98
1.94
1.98
1.98
2.04
2.21

STACK MOISTURE
(ALVOLUME-w/HC)

6.20
12.44
10.30

8.59

7.17

7.17

6.73

7.96

9.24
12.46
15.09
14,95
13.34
13.81
13.81
14,22
14.22
13.77
14.25
14.63
15.02
15.31
14.66
15.14
13.74
10.93

9.38

8.31

8.58

9.30
10.60
10.74
12.17
10.31

7.04
. 8.35

7.37

6.83

5.96

5.23

4.77

5.20

4.90

5.08

5.77

6.19

6.04

6.48

6.92

7.41

PAGE 1

8-25-87

STACK, TEMP
(F)
e ST S

154.0
166.0
148.0
130.0
121.0
114.0
112.0
115.0
121.0
131.0
142.0
146.0
141.0
140.0
140.0
141.0
141.0
141.0
140.0
142.0
144,0
149.0
154.0
134.0
142.0
131.0
126.0
121.0
122.0
128.0
130.0
136.0
139.0
138.0
135.0
128.0
123.0
116.0
113.0
114.0
115.0
115.0
117.0
118.0
124.0
126.0
130.0
132.0
135.0
137.0



TABLE 3 PAGE 2
CHO BALANCED TEST DATA

CLIENT: WOODCUTTERS RUN NUMBER: 6 DATE: 8-25-87
PT FLOW RATE DRY EBURN RATE STACK MOISTURE STACK TEMP
(DSCFM w/HC) (LB/HOUR-CALCULATED) (ZVOLUME-w/HC) (F)
B Y Y TR Yy N R e IS S TR T TR T TR S X LR Y T L R ST
o1 6.18 2.10 7.4%9 135.0
52 6.18 2.09 7.12 137.0
S3 65.18 2.13 7.12 137.0
S4 6.18 2.29 7.98 138.0
55 6.18 2.26 7.83 142.0
S6 6.18 2.29 8.42 143.0
57 6.18 2.76 ?.34 149.0
=12/ 6.18 2.44 8.63 146.0
59 6.18 1.84 8. 40 135.0
60 6.18 1.45 &.45 126.0
61 6.18 1.43 S5.42 121.0
62 6.18 2.00 35.42 121.0
63 6.18 2.49 6.60 129.0
64 &£.18 2.54 7.86 133.0
65 65.18 2.57 ?.19 140.0
66 4.18 2.435 8.45 142.0
&7 6.18 1.87 7.24 124.0
68 6.18 1.44 35.98 125.0
&9 65.18 1.01 4.86 118.0
70 6.18 0.84 4,01 114.0
iy 71 6.18 1.65 . 3.74 116.0
72 6.18 2.20 4.37 120.0
73 6.18 2.26 4.63 124.0

74 $.18 2.16 4.30 127.0



OMN] ENVIRONKENTAL SERVICES Inc. FUOGRAN NAME 1S: REPI.EXE

CURKENT TATE/TINE 1€ OB-T8-19EF 7 13:21:13 DATA FILE NAME IS: SE045106.!
CUTENT: TwooDCUTTERS T  opeL No. kE3
FROJECT NO. SEoas_ioswe TTTTTTTTTTTRUN no. we
SATEs AUG 3o Yeay | TTTTTTTTTTTTTTTTTTTTTSedw:  asssp
FUEL moTST (o me [ TTTTTTTTTTTTTTTTTTTTTTTCAY No. omWo7
FUEL CHARGE (LB) 29.3 TTTTTTTT"Coal BED (uB) 6

TEST STpATED: AUG 39 1967 £1:50:31 AM
»%x%xTEST DATA (FORM 1) xxx

2 L1l 112} (11)  RM{1&)  (19) €26 (21 122) (z: (24) 123 {265 (27} {32) 2
TINE W7 DIFF Tin Tout  TEMP 0P 507 BACK FBOX'X LEFT  RIBGHT BEFCAT  INCAT AFTCAT - FLUE bAs

9 293 0.0 97 59 I} 294 1€9 18c ¢ 334 352 6717 32 0 04 -.C
16 284 0.9 i 63 72 306 191 192 3 362 303 526 923 { 303 -l
20 8.1 0.0 &b &7 IN 284 192 184 0 160 258 42¢ £09 0 %3 -0
30 27.9 0.2 6t &7 74 244 152 168 0 228 28 353 22 0 24 -0
0 7.8 0L 87 68 74 11 187 154 0 208 03 31 349 ¢ 198 -.0
S0 277 0.: bb b? 74 185 166 14i 0 191 128 283 311 ¢ g -.0
60 27.6 0.1 b0 &7 L} 163 {84 £30 0 177 173 276 29 0 164 -.0
70 7.2 0.4 bb 67 73 15 182 122 0 171 164 287 31 0 183 -0
80 Z6.B 0.4 6 &1 74 144 181 11 0 179 167 212 354 0 176 -.0
g6 6.2 L6 bb &7 7% 149 182 119 353 195 178 NH] 407 0 185 -.¢
100 25.4 0B &b 7 73 15 183 123 0 21¢é 194 484 484 0 205 -.0
1o 246 J.E  ob b7 73 170 183 131 0 225 203 410 456 ¢ A3 -0
120 3.9 9.7 &b &7 73 177 1B& 134 0 226 209 404 4 0 214 -0
130 2.2 0.7 6b 67 73 181 188 13 423 223 212 423 463 0 26 -0
140 22.5 0.7 b6 87 13 183 189 138 0 224 217 430 469 0 248 -0
10 21.§ 0.6 b6 67 73 83 191 135 ¢ 222 22 444 475 0 215 -0
160 21.1 0.8 b6 67 13 187 194 133 0 223 225 448 87 ¢ 20 -0
178 20.4 0.7  6b b7 73 189 196 i3 ¢ 223 230 48 494 0 28 -.0
180 19.7 0.7 b 67 2 192 198 133 0 226 234 443 301 0 221 -0
190 19.0 6.7  bb b7 13 193 201 134 0 227 240 445 514 0 25 -0
200 18.2 0.8  bb 67 73 196 204 {3 0 231 249 471 58 ] 233 -0
206 17.4 0.8 bé &7 73 218 207 128 0 234 258 492 997 0 259 -0
226 a6 0.8 bé b7 3 249 209 144 9 234 2b3 312 1082 0 76 -0
230 15.9 0.7 &b 6] 13 280 21 iS 530 227 271 530 1096 Y 286 -0
240 154 0.5 66 67 73 298 23 133 0 235 27! §95 957 0 29 -0
250 15.) 0.3 &b 67 73 279 213 150 0 226 266 426 136 ¢ 42 -0
260 14,9 0.2 bb &7 3 25 24 143 0 218 2351 391 630 0 21 -0
270 146 0.3 b6 61 13 225 211 136 ¢ 210 243 369 303 0 210 -0
80 14.3 0.3 65 b7 73 203 207 132 0 205 247 390 433 0 200 -0
290 1.8 0.5 3 67 72 188 202 128 419 1 267 419 429 0 211 -0
300 133 0.5 63 &b 72 183 197 127 0 218 286 434 a5 0 A7 ¢ -0
M0 12,7 6.6 63 1 72 1Eb 192 129 0 228 307 476 498 0 29 -0
320 12,0 0.7 5 tb 72 182 189 132 0 23 327 534 336 0 238 -.0
330 1.4 0.6 b5 56 n 214 i87 138 S5l 245 342 331 B2€ 0 58 -0
340 10.9 0.5 3 67 72 238 183 143 ¢ 243 3% 334 900 ¢ 261 -.0
350 10,7 0.7 66 61 72 232 185 145 0 239 34 502 66b ¢ 251 -0
60 16,4 0.3 kb 61 72 25 184 j44 0 231 306 457 776 0 237 -0
376 10.3 0.1 bb 67 72 238 183 141 0 223 288 4 670 9 222 -0
380 10.1 .2 &3 bb 72 218 181 136 0 214 273 393 540 ¢ 209 -.0
390 10,0 9.1 63 bb 72 159 178 130 0 266 264 393 449 0 208 -0
400 5.7 0.2 &3 kb 11 185 175 126 0 203 204 406 420 0 200 -0
0 9.6 0.1 &5 66 71 178 172 123 G 202 263 405 24 0 0 -0
420 .4 0.2 o4 63 71 175 170 122 0 203 269 414 35 0 22 -0
30 9.1 6.2 of bS 7 173 169 123 0 204 273 i18 77 0 203 -0
40 8.9 4.7 63 bb i2 179 168 128 ¢ 219 288 433 468 0 212 -0
450 8.6 0.0 &b 6€ 74 184 175 IM | 21S 252 435 322 0 20 -0
40 8.2 9.4 ¢ e 73 169 174 133 0 247 293 435 892 0 221 -.0.
70 7.8 .3 6B 69 76 157 180 13¢ c 17 294 428 639 0 234 -0
80 7.5 0.4 G 89 76 205 183 139 | 219 295 457 787 0 4 -0



OMNT ENVIRONMENTAL SERVICES Inc.
CURRENT DRTE/TIME IS 08-26-1987 / 12:23:53

PRIGRAN NAME 1S: REFI.EXE

DATA FICE NAME IS: SE045104.DA7

CLIENT: WOODCUTTERS MODEL NO. KEJ

FROJECT NO. SEO0AS-1CQ/#6 RUN NO. #6

DATE: AUG 30 1987 TECH: JS/SD

FUEL MOIST (%) 20 CAT NO. OMWO7

FUEL CHARGE (LB) 29.3 COAL BED (LB) &

TEST STARTED: AUE 30 1967 0f:50:51 AM

*x%TEST DATA (FORM 1) ¥x*
(2} af (12} (11} RM(1éy i19) (23) {21} (22} (23j {24; 125) {26} (27} (32) (13)

TiME W7 BIFF Tin Tout  TEWP T0P BOT  BACK FBOX* LEFT  RIGHT EBEFCAT  INCAT G&FTCAT% FLUE DRAFT
90 1.4 0.4 82 &5 77 219 192 143 0 228 302 473 8190 0 246 -.015
50¢ 5.8 0.3 62 64 74 226 158 143 ¢ 227 298 466 881 0 250 -.020
540 6.5 0.3 b6 67 74 234 204 144 ] 229 295 863 907 0 252 -.026
520 6.1 0.4 66 67 74 240 205 144 0 228 293 §62 973 0 285 -.020
536 5.6 0.5 &b 67 74 247 A3 145 0 234 289 471 q7g 0 25% - 02¢
540 5.2 0.4 bé 67 74 255 216 148 0 234 263 464 1601 9 264 -, 025
s 4.8 0.4 b8 &7 73 263 218 148 0 236 277 447 1050 0 287 -.020
560 4.2 0.6 b &7 73 273 220 156 0 24 274 501 1084 0 275 -.020
570 3.7 0.5 b6 67 73 288 222 155 0 264 2 s27 1164 ] 283 -.020
580 3.4 0.3 &b 67 73 300 223 156 0 267 267 495 1044 ¢ n -.020
39 3.2 0.2 &b b7 73 296 224 155 0 267 256 438 862 ¢ 252 -.020
¢ 3.1 0.1 66 67 73 266 22% 149 ¢ 263 4S 4035 751 ¢ 238 - 019
bl 2.9 0.2 65 67 73 242 3 143 ] 282 236 399 742 ¢ 225 - 018
620 2.6 0.3 45 b6 72 228 Z18 139 0 277 I 433 767 1] 229 -, 615
630 2.2 0.4 4S5 67 72 222 25 140 0 301 245 477 850 0 ‘238 -.0§5
640 1.E 0.4 b6 &7 72 229 213 145 0 318 253 5190 953 0 258 -.029
830 1.3 0.5 b8 ¢7 72 250 214 152 0 330 262 525 999 0 278 -.020
660 1.0 0.3 b6 &7 12 272 211 158 0 319 259 514 1017 ¢ 260 -.0z0
670 0.9 0.1 64 67 73 278 212 158 ¢ 303 251 §67 915 0 249 -.015
£36 0.7 0.2 bk 67 72 263 212 193 0 282 237 404 741 i} 229 -.015
690 0.7 0.0 46 67 72 243 210 146 0 266 226 389 639 0 216 -.015
700 0.6 0.1 b6 67 72 219 206 133 0 254 215 361 59 0 207 ~.015
710 0.3 6.3 85 b6 72 204 203 134 0 266 215 394 682 0 208 -.01%
720 0.1 9.2 &5 86 72 197 204 133 0 268 222 428 674 ] 215 -.015
7300 0.0 0.1 65 66 72 197 203 135 0 303 230 52 729 0 222 - 019

AV 73 220 197 141 455 238 257 441 482 0 23t -.017

AVERAGE STARTING SURFACE TEMPERATURE (F): 271
AVERAGE ENDING SURFACE TEMPERATURE (F): 214
TEMPERATURE DIFFERENCE (Te-Ts) .......... -57

AVE. CHANNEL 5 (F)  90.9 AVE. CHANNEL &: (F) 83.6 AVE. CHANNEL 8: (F} 77,

¥ T.¢. Palfrction

ML TEMPERATURES IN F, WEIGHT IN LBS.

AVE. CHARNEL 9: iF)

8

5.7



W <=

RKIN NOTES — TEST omsaasasmsess Ty

RUN # & QIENT wondcatiars PROJECT # 504§ 10 MDEL __ [€ o
BOOTH |

QDAL BED CHARACTERISTICS L
WEIGHT AT START: @0 (0oCL , GLOWING . FLARING )

TEST FUEL OONFIGURATICN SKETCH (INDICATE VIEW ANGLE)

SI\DE VIEW

BACK o o ) FRONT
START UP PROCEDURES: e
BY-PASS TIME OPEN , CLOSED )
FUEL LOADING DOCR AR 70 /oap  FOR 2 MINUTES
PRIMARY AIR SET S/ High PR _ 4. 75~  vNUTES

hvt _down Lo Test SQM{
smnmmssré«?y/ FR H 7. MINUTES
TERTIARY ATR ST LA, rre AA. MINUTES
TEST SETTINGS: (SETTINGS MUST BE ACCURATE AND REPRODUCIELE)

PRIMARY AIR SEOONDARY TERTTARY FAN

MNI~-SE.005



TR T A

RON NOTES — TEST FORM 2

Mamufacturer 5000 Cuwters Run No. & Model No. ki r\g
Date &-26 -1

Project No. Sg0ys-10

Date

Time

& 25 -

OMNI-SE.017



FUEL DATA e —————

CLIENT: _w00d ¢antiers RUN #: __ &
PROJECT: 3€O4§-1D DATE: _Q.2€.917
BOOTH: l FUEL LOAD PREPARED BY: __ \ _

PRE-BURN FUEL
MOISTURE CONTENT (METER — DRY BASIS)
CALIBRATION: Cal Value(1)=12% Actual Reading _ j2.00
Cal Value(2)=22% Actual Reading _ 22.1S

Piece Length Readings
1 8 ft 2o.00 14.7¢ 19.25
2 ft
3 ft
Length of cut pieces: &" inches
TEST FUEL
FUEL TYPE AND AMOUNT: 2X 4 (o] 4 X 4

CALCULATED LOAD WEIGHT: _30.6 " ACTUAL LOAD WEIGHT: (o) (2 X 4)

FUEL PIECE LENGTH: 2% 6 (4 X 4)
29.3 Total

MOISTURE CONTENT (METER — DRY BASIS)

PIECE READINGS

OCVEBNOUHLH WM

[

OVERALL TEST FUEL LOAD MOISTURE AVERAGE: _1.(J. 00

GRAVIMETRIC ANALYSIS — OVEN-DRIED FUEL SAMPLE

DIMENSIONS: X X = cmt
DATE/TIME SAMPLE PLACED IN OVEN: / [/ AM PM
REMOVED: / /7 AM PM

INITIAL WEIGHT (I) — FINAL WEIGHT (F) = NET WEIGHT

DRY BASIS MOISTURE T = S-I—;rﬂ X 100
DRY BASIS BY METER

WET BASIS MOISTURE I = -(-;—'I'—F—) X 100

TEST FUEL LOAD DENSITY = gn/cm3




OMK] ENVIRONMENTAL SERVICES Inc.
CURRENT DATE/TIME 15 08-Z6-19€7 7 13:19:30

.....

PRIGRAM NAME [S: REPI1.EXE
[ATA FILE NAME 1S: SE04S106.DAT

CLIENT: WOODCUTTERS MODEL NO. KEJ
PROJECT NO. SEOC45-10/%#6 RUN NO. #6
DATE: AUG 30 1987 TECH: JS/SD
FUEL MOIST (Z) 20 CAT NO. OMWO7
PRE BURN STARTED: AU6 10 1987 12:29:70 AN
*%%PRE BURN DATA*x»
{2) W {12) {11}  RMU18) €19 {20} (21) 122) (23) {24)  {23) {25) (21 {32) {33)
TIME WT  LIFF  Tin Tout TEWP T0p BOT  BACK  FBOX  LEFT RIGHT BEFCAT INCAT AFTCAT  FLUE  DRAFT
0 9.4 -9.4 5b 37 B! 303 208 193 591 293 318 0 104 6. .297 -.023
0 87 07 S3 53 81 307 208 196 693 298 319 ¢ 122t 0 311 -.025
0 8.2 0.3 50 2 8o 368 207 195 887 29 - 29 0 152 0 33 ~.025
0 1.7 05 & 3t 9 133 209 - 201 749 212 295 0 143 0 33 -.025
g0 7.5 0.2 48 3 19 410 204 197 S8 264 279 0 1107 0 312 -.025
9 7.3 0.2 48 0 79 383 20 169 877 253 263 0 836 0 30 -.020
1 7.1 0.2 46 0 T 283 196 171 473 Ly 250 0 396 0 26 -.020
110 69 0.2 W7 49 17 265 193 168 81 271 219 0 712 ] 281 -.020
120 6.4 0.5 W7 49 73 269 193 178 0 318 3% 689 870 0 39 -.035



RON NOTES —

RUN # ¢ CLIENT vwqodCuHers

DESCRIBE OR SKETCH ATR OR THERMOSTAT SETTINGS BELOW:

DNl

SRR T o

PROJECT # gfqoyS-10 MDEL g e
=

(SETTINGS MUST BE ACCURATE AND REPRCDUCIBLE)

PRIMARY :

SBEOONDARY :

TERTIARY :

FAN:

1

/—0

g
%
3

~2

L

3

£;xed

2, Batween ¥ + | S
' [ J

N/A

ON H:ak

PRE-BURN SETTINGS AND ACTIVITIES

AIR (THERMD) CHANGES

TIME | PRIMARY SECDRY TERTRY

FAN
SETING
CHANGE

RAKE QQAL

@O | Prirory orr Serting

D50 | Priwary aur Settingy from
35 ™ LRSS

-~

OMNI-SE.004




Canada Ltd.

1290 COMMERCIAL WAY, PENTICTON, B.C. V2A 3HS5
(604) 493-7101

September 23, 1987

WOODCUTTERS MFG., INC.
3301 E. Isaacs

WALLA WALLA, Washington
99362

Attention: Mr., Larry Canaday

Re: Stove Assembly Procedures in effect September 9, 1987

Dear Larry:

In reply to previous communication regarding procedures used by
Blaze King Canada Ltd.:

1) Thermostats are set as per drawings, as per U.S. models
which meet Omni testing for Oregon emission.

2) By pass door rope is cemented in position using furnace
cement supplied by Woodcutters Mfg., Walla Walla, Washington.

3) Combustors will be shipped in original box inside the stove
to be installed on site, all points north.

4) Quality control is in effect to monitor welding of by pass
door corners.

We trust the above information will prove adequate.

Yours truly,
BLAZE KING CANADA LTD.

Richard Till
Production Supervisor

A

ag <t g Iés
RECEIVED G078 133



APPENDIX F

PROJECT PARTICIPANT PROFILES

OMNI ENVIRONMENTAL SERVICES, INC.



WHITEHORSE EFFICIENT WOODHEAT DEMONSTRATION

Project Participant Profile

HOME CODE: W01

HOME TYPE: Newer Single Family Custom FLOOR AREA: 183 square meters
Split Level (1965 square feet)

HEATING SYSTEM

PRIMARY HEAT SOURCE: Wood SECONDARY HEAT SOURCE: 0il

ESTIMATED CORDS OF WOOD BURNED PER YEAR: 7
WOODSTOVE LOCATION: Unfinished Basement
CHIMNEY SYSTEM DESCRIPTION:
18 cm (7 inches) single wall from flue collar to ceiling thimble (1.7 meters {5.6 feet])

18 ¢cm by 23 cm (7 inches by 9 inches) packed pipe from ceiling to exit (4.0 meters [13.1 feet]
within walls of house, 0.8 meters [2.6 feet] outside)

STAGE 1 - CONVENTIONAL TECHNOLOGY WOODSTOVE: RSF "65"

AGE: 4years FIREBOX VOLUME: 0.1348 cubic meters
(4.76 cubic feet)

STAGE 2 - NEW TECHNOLOGY: Double Wall Flue Pipe*
TECHNOLOGY TYPE: N/A FIREBOX VOLUME: N/A

PARTICIPANT COMMENTS

Participant felt that the Security system produced better draft for the stove; however, heavy
creosote accumulation caused a hazard and contributed to smoke spilage problems. The James
A. Ryder Chimney System did not have any noticeable effect on the stove performance.
Participant felt that the stove performed in a similar manner as with the original single wall
system in place.

GENERAL COMMENTS

* Used two different styles of double wall pipe during the study. Replaced the single wall with
Security 18 cm (7 inch) vented double wall pipe on January 14, 1987.

Replaced Security pipe with James A. Ryder 18 cm (7 inch) air-insulated double wall pipe on
February 25, 1987.

Observed heavy creosote buildup in the Security system, less creosote buildup with the James A.
Ryder system.

OMNI ENVIRONMENTAL SERVICES, INC. - F1



WHITEHORSE EFFICIENT WOODHEAT DEMONSTRATION

Project Participant Profile
HOME CODE: W02
HOME TYPE: Newer Single Family Tract FLOOR AREA: 204 square meters
Two Story (2200 square feet)
HEATING SYSTEM
PRIMARY HEAT SOURCE: Wood SECONDARY HEAT SOURCE: Oil

ESTIMATED CORDS OF WOOD BURNED PER YEAR: 7-8
WOODSTOVE LOCATION: Basement Family Room
CHIMNEY SYSTEM DESCRIPTION:
18 cm (7 inches) single wall from flue collar to insulated cleanout tee (0.8 meters [2.6 feet])

18 cm by 23 cm (7 inches by 9 inches) packed pipe from cleanout tee to exit (5.2 meters [17.1
feet] within walls of house, 0.9 meters [3.0 feet] outside)

STAGE 1 - CONVENTIONAL TECHNOLOGY WOODSTOVE: RSF "65"

AGE: 5years FIREBOX VOLUME: 0.1348 cubic meters
(4.76 cubic feet)

STAGE 2 - NEW TECHNOLOGY: Nu-Tec Catalytic Retrofit
TECHNOLOGY TYPE: Catalytic "Add-On" Retrofit FIREBOX VOLUME: N/A

PARTICIPANT COMMENTS

Participant could not detect any change in heat output or fuel consumption resulting from the
installation of the catalytic retrofit.

Participant feels that the Nu-Tec caused more rapid creosote buildup.

Smoke spillage occurred from stove door when loading stove, from unit housing at low burn.

Participant was alarmed by the catalyst temperature - up to 525° C (975° F).

Smoke spillage was the primary factor in the decision to remove the catalytic retrofit.

Liquid creosote dripped from cleanout tee when "seasoned" fuel was burned.

GENERAL COMMENTS

Nu-Tec catalytic retrofit installed January 15, 1987. Smoke spillage problem observed
immediately after installation. Attempted to alleviate problem by eliminating a horizontal run in
the chimney (February 9, 1987) and experimentation with an outside source of primary air for
the woodstove.

Nu-Tec catalytic retrofit removed February 25, 1987.

OMNI ENVIRONMENTAL SERVICES, INC. - F2



WHITEHORSE EFFICIENT WOODHEAT DEMONSTRATION

Project Participant Profile

HOME CODE: W03

HOME TYPE: Newer Single Family Custom FLOOR AREA: 297 square meters
Two Story (3200 square feet)

HEATING SYSTEM

PRIMARY HEAT SOURCE: Wood SECONDARY HEAT SOURCE: Oil

ESTIMATED CORDS OF WOOD BURNED PER YEAR: 6

WOODSTOVE LOCATION: Basement Family Room

CHIMNEY SYSTEM DESCRIPTION:
Stage 1: 20 cm (8 inches) single wall from flue collar to wall thimble (1.5 meters [4.9 feet])
Stage 2: 15 cm (6 inches) single wall from flue collar to wall thimble (1.5 meters [4.9 feet])

20 cm by 25 cm (8 inches by 10 inches) packed pipe from wall thimble to exit (53 meters
(17.4 feet] outside)

STAGE 1 - CONVENTIONAL TECHNOLOGY WOODSTOVE: Fisher "Grandma Bear"

AGE: 4years FIREBOX VOLUME: 0.0997 cubic meters
(3.52 cubic feet)

STAGE 2 - NEW TECHNOLOGY: Burning Log "Turbo 10"

TECHNOLOGY TYPE: Integral Catalytic FIREBOX VOLUME: 0.0651 cubic meters
(2.30 cubic feet)

PARTICIPANT COMMENTS

Had problems with smoke in home due to leaking connnections in the new 20 cm (6 inch)
chimney. Connections refitted February 4, 1987.

Generally, participant felt that the stove was efficient with adequate heat output and burn
times.

Stove did not provide enough heat output on onme occasion when the outdoor temperature was
-30°C (-22°F) and the house had cooled because the stove had been allowed to go out for
chimney sweeping.

Participant felt that the relatively warm winter did not give the stove a chance to prove itself.

GENERAL COMMENTS

Burning Log "Turbo 10" and 15 cm (6 inch) single wall chimney from flue collar to wall thimble

installed January 28, 1987.
Leaking connection 15 cm (6 inch) chimney repaired February 4, 1987.

OMNI ENVIRONMENTAL SERVICES, INC. - F3



WHITEHORSE EFFICIENT WOODHEAT DEMONSTRATION

Project Particapant Profile

HOME CODE: W04

HOME TYPE: Newer Single Family Custom FLLOOR AREA: 177 square meters
Two Story (1900 square feet)

HEATING SYSTEM

PRIMARY HEAT SOURCE: Wood SECONDARY HEAT SOURCE: Oil
ESTIMATED CORDS OF WOOD BURNED PER YEAR: 11
WOODSTOVE LOCATION: Basement Family Room
CHIMNEY SYSTEM DESCRIPTION: o
15 cm {6 inch) single wall from flue collar to wall thimble (1.4 meters [4.6 feet])

15 cm by 20 cm (6 inches by 8 inches) packed pipe from wall thimble to exit (5.5 meters [18.0
feet] outside)

STAGE 1- CONVENTIONAL TECHNOLOGY WOODSTOVE: Sears "Automatic"

AGE: 4years FIREBOX VOLUME: 0.0821 cubic meters
{2.90 cubic feet)

STAGE 2 - NEW TECHNOLOGY: Osburn "Imperial 2000”

TECHNOLOGY TYPE: Low Emission Non-Catalytic FIREBOX VOLUME: 0.0436 cubic meters
(1.54 cubic feet)

PARTICIPANT COMMENTS

Participant feels that heat output from the Osburn is adequate for warmer winter days,
inadequate for colder days.

Stove will not burn overnight, maximum burn time four hours.

Even though the heat output was occasionally imadequate, home owner was surprised by the
heating ability of the stove; originally the participant thought that the stove was too small.

Participant feels that "firekilled" fuel provides more heat output than "seasoned" fuel.

GENERAL COMMENTS

Osburn "Imperial 2000" installed January 16, 1987.

OMNI ENVIRONMENTAL SERVICES, INC. - F4



WHITEHORSE EFFICIENT WOODHEAT DEMONSTRATION

Project Participant Profile
HOME CODE: W05
HOME TYPE: Older Single Family Custom FLOOR AREA: 242 square meters
Two Story(2600 square feet)
HEATING SYSTEM
PRIMARY HEAT SOURCE: Wood SECONDARY HEAT SOURCE: Oil

ESTIMATED CORDS OF WOOD BURNED PER YEAR: 6
WOODSTOVE LOCATION: Basement Shop
CHIMNEY SYSTEM DESCRIPTION:
15 cm (6 inches) single wall from flue collar to wall thimble (1.5 meters [4.9 feet])

15 cm by 20 cm (6 inches by 8 inches) packed pipe from wall thimble to exit (5.0 meters [16.4
feet] outside)

STAGE 1 - CONVENTIONAL TECHNOLOGY WOODSTOVE: Acorn "Ranger”

AGE: 7years FIREBOX VOLUME: 0.1510 cubic meters
(5.33 cubic feet)

STAGE 2 - NEW TECHNOLOGY: Uni-Com Catalytic Damper
TECHNOLOGY TYPE: Catalytic "Add-On" Retrofit FIREBOX VOLUME: N/A

PARTICIPANT COMMENTS

Participant did not detect any improvement in stove performance after installation of the Uni-
Com.

Smoke spillage usually occurred while loading the stove.

Installation of a smoke retainer flap did not improve the smoke spillage situation.

"Seasoned" fuel did not produce sufficient heat output; heat output was much lower than with
"firekilled".

GENERAIL COMMENTS

Uni-Com Catalytic Damper installed January 16, 1987.

Smoke retainer flap installed in stove March 12, 1987.

Participant removed Uni-Com at the conclusion of the study, primarily because of smoke spillage
problems.
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WHITEHORSE EFFICIENT WOODHEAT DEMONSTRATION

Project Participant Profile

HOME CODE: W06

HOME TYPE: Newer Single Family Custom FLOOR AREA: 186 square meters
Two Story (2000 square feet)

HEATING SYSTEM

PRIMARY HEAT SOURCE: Wood SECONDARY HEAT SOURCE: Oil
ESTIMATED CORDS OF WOOD BURNED PER YEAR: 5
WOODSTOVE LOCATION: Basement Family Room
CHIMNEY SYSTEM DESCRIPTION:
Stage 1: 20 cm (8 inches) single wall from flue collar to wall thimble (1.5 meters [4.9 feet])
Stage 2: 15 cm (6 inches) single wall from flue collar to wall thimble (1.5 ﬁnctcrs [4.9 feet])

20 c¢cm by 25 cm (8 inches by 10 inches) packed pipe from wall thimble to exit (5.4 meters [17.7
feet] outside)

STAGE 1 - CONVENTIONAL TECHNOLOGY WOODSTOVE: Energy King "Princess”

AGE: 5years FIREBOX VOLUME: 0.0906 cubic meters
(3.20 cubic feet)

STAGE 2 - CONVENTIONAL TECHNOLOGY: Pacific Energy Systems "Super 27"

FIREBOX VOLUME: 0.0490 cubic meters
(1.73 cubic feet)

PARTICIPANT COMMENTS

Participant feels that stove is adequate to -10°C (14°F), otherwise does not provide adequate
heat output. Stove is also slow to heat house and does not burn overnight - 4 hours burn time
at medium setting,

Some smoke spillage when loading fuel.

Insufficient room for ash/coalbed. Ashes spill when stove door is opened.

Fuel must be less than 30 cm (12 inches) long to be able to fill firebox.

Participant feels that fuel consumption was higher with the PES stove than with the Energy
King stove.

GENERAL COMMENTS

Pacific Energy Systems "Super 27" installed January 16, 1987,
Draft control linkage broken March 1, 1987. Removed side convection shield from stove and
operated draft control manually (without linkage) until linkage repaired March 20, 1987.
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WHITEHORSE EFFICIENT WOODHEAT DEMONSTRATION

Project Participant Profile

HOME CODE: W07

HOME TYPE: Newer Single Family Custom FLOOR AREA: 195 square meters
Two Story (2100 square feet)

HEATING SYSTEM

PRIMARY HEAT SOURCE: Wood SECONDARY HEAT SOURCE: Electric
Baseboard

ESTIMATED CORDS OF WOOD BURNED PER YEAR: 7
WOODSTOVE LOCATION: Basement Family Room
CHIMNEY SYSTEM DESCRIPTION:
20 cm (8") single wall from flue collar to wall thimble (1.5 meters [4.9 feet])

20 cm by 25 cm (8" by 10") packed pipe from wall thimble to exit (5.2 meters [17.1 feet]
outside)

STAGE 1 - CONVENTIVONAL TECHNOLOGY WOODSTOVE: Blaze King "King" Non-Catalytic

AGE: 3years FIREBOX VOLUME: 0.1274 cubic meters
(4.50 cubic feet)

STAGE 2 - NEW TECHNOLOGY: Blaze King "King"

TECHNOLOGY TYPE: Integral Catalytic FIREBOX VOLUME: 0.1221 cubic meters
(4.31 cubic feet)

PARTICIPANT COMMENTS

Participant was very pleased with the performance of this stove.

Participant noted that it was hard to establish a good draft when lighting a fire with a cold
chimney. Draft improved after the chimney was warm.

Fan made a "vibration-type" noise occasionally.

Participant feels that stove uses much less fuel than the conventional technology "King."

Catalytic "King" is more difficult to load because of the secondary air tubes in the firebox.

GENERAL COMMENTS

Blaze King "King" installed January 23, 1987.

Participant used outside source of primary combustion air on both conventional and new
technology woodstoves.
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WHITEHORSE EFFICIENT WOODHEAT DEMONSTRATION

Project Participant Profile

HOME CODE: W08

HOME TYPE: Newer Single Family Custom ‘FLOOR AREA: 204 square meters
Two Story (2200 square feet)

HEATING SYSTEM

PRIMARY HEAT SOURCE: Wood SECONDARY HEAT SOURCE: Oil

ESTIMATED CORDS OF WOOD BURNED PER YEAR: 6-7
WOODSTOVE LOCATION: Unfinished Basement
CHIMNEY SYSTEM DESCRIPTION:
18 cm (7") single wall from flue collar to wall thimble (1.7 meters [5.6 feet])
18 cm by 23 cm (7" by 9") packed pipe from wall thimble to exit (5.5 meters [18.0 feet] outside)
STAGE 1 - CONVENTIONAL TECHNOLOGY WOODSTOVE: RSF "65" ‘

AGE: 4 years FIREBOX VOLUME: 0.1348 cubic meters
(4.76 cubic feet)

STAGE 2 - NEW TECHNOLOGY: Uni-Com Catalytic Damper
TECHNOLOGY TYPE: Catalytic "Add-On" Retrofit FIREBOX VOLUME: N/A

PARTICIPANT COMMENTS

Participant could not discern any change in stove performance after installation of catalytic
retrofit.

Participant experienced smoke spillage while fueling stove. Smoke spillage seemed more severe
when using “seasoned" fuel. Installation of a smoke retainer flap in the firebox significantly
reduced smoke spillage.

GENERAL COMMENTS

Uni-Com Catalytic Damper installed January 20, 1987.
Smoke retainer flap installed February 9, 1987.
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WHITEHORSE EFFICIENT WOODHEAT DEMONSTRATION

Project Participant Profile

HOME CODE: W09

HOME TYPE: Newer Single Family Custom FLOOR AREA: 167 square meters
Single Story (1800 square feet)

HEATING SYSTEM

PRIMARY HEAT SOURCE: Wood SECONDARY HEAT SOURCE: Oil

ESTIMATED CORDS OF WOOD BURNED PER YEAR: 7
WOODSTOVE LOCATION: Main Floor Living Room
CHIMNEY SYSTEM DESCRIPTION:

Initial: 20 cm by 25 cm (8" by 10") packed pipe from flue collar to ceiling thimble (1.5 meters
[4.9 feet])

Final: 15 cm (6") single wall from flue collar to ceiling thimble (1.5 meters [4.9 feet])

20 cm by 25 cm (8" by 10") packed pipe from ceiling thimble to exit (0.9 meters [3.0 feet] in
attic, 1.0 meters [3.3 feet] outside)—®6 feet total

STAGE 1 - CONVENTIONAL TECHNOLOGY WOODSTOVE: Energy King "King"
AGE: 4years FIREBOX VOLUME: 0.1274 cubic meters
(4.50 cubic feet)
STAGE 2 - NEW TECHNOLOGY: Osburn "Imperial 2000

TECHNOLOGY TYPE: Low Emission Non-Catalytic FIREBOX VOLUME: 0.0436 cubic meters
(1.54 cubic feet)

PARTICIPANT COMMENTS

Participant feels that stove is inadequate in this application. Burn time is too short (5 hour
burn maximum) and heat output is low.

Chimney change resulted in higher heat output, but heat output still insufficient.

GENERAL COMMENTS

Osburn "Imperial 2000" installed January 28, 1987.

Indoor portion of chimney system changed from 20 cm by 25 cm (8" by 10"} packed pipe to
15 cm (6") single wall February 19, 1987.
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WHITEHORSE EFFICIENT WOODHEAT DEMONSTRATION

Project Participant Profile

HOME CODE: W10

HOME TYPE: Newer Single Family Custom FLOOR AREA: 174 square meters

Two Story (1867 square feet)
HEATING SYSTEM
PRIMARY HEAT SOURCE: Wood SECONDARY HEAT SOURCE: Oil

ESTIMATED CORDS OF WOOD BURNED PER YEAR: 6
WOODSTOVE LOCATION: Unfinished Basement
CHIMNEY SYSTEM DESCRIPTION:
15 cm (6") single wall from flue collar to wall thimble (1.8 meters {5.9 feet])

15 cm by 20 cm (6" by 8") packed pipe from wall thimble to exit (3.0 meters [9.8 feet] within
walls of house, 1.7 meters [5.6 feet] outside)

STAGE 1 - CONVENTIONAL TECHNOLOGY WOODSTOVE: Fisher "Mama Bear"

AGE: 5 years FIREBOX VOLUME: 0.0773 cubic meters
(273 cubic feet)

STAGE 2 - NEW TECHNOLOGY: Double Wall Flue Pipe*

TECHNOLOGY TYPE: N/A FIREBOX VOLUME: N/A

PARTICIPANT COMMENTS

Participant did not notice any change in stove performance with either of the double wall
chimney systems.

GENERAL COMMENTS

*Used two different styles of double wall pipe during study.
Replaced the single wall with Security 15 cm (6") vented double wall pipe on February 3, 1987.

Replaced Security pipe with 15 cm (6") James A. Ryder air-insulated sealed double wall pipe on
March 20, 1987,
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WHITEHORSE EFFICIENT WOODHEAT DEMONSTRATION

Project Participant Profile

HOME CODE: W11

HOME TYPE: Newer Single Family Custom FLOOR AREA: 204 square meters
Two Story (2200 square feet)

HEATING SYSTEM

PRIMARY HEAT SOURCE: Wood SECONDARY HEAT SOURCE: Oil

ESTIMATED CORDS OF WOOD BURNED PER YEAR: 4
WOODSTOVE LOCATION: Unfinished Basement
CHIMNEY SYSTEM DESCRIPTION:

18 cm (7") single wall from flue collar to wall thimble (1.7 meters [5.6 feet])

18 cm by 23 cm (7" by 9") packed pipe from wall thimble to exit (5.3 meters [17.4 feet] outside)
STAGE 1 - CONVENTIONAL TECHNOLOGY WOODSTOVE: RSF "65"

AGE: 5years FIREBOX VOLUME: 0.1348 cubic meters

(4.76 cubic feet)

STAGE 2 - NEW TECHNOLOGY: Blaze King "King"

TECHNOLOGY TYPE: Integral Catalytic FIREBOX VOLUME: 0.1221 cubic meters
(4.31 cubic feet)

PARTICIPANT COMMENTS

Participant observed some smoke spillage when lighting a fire with the stove cold -- difficult to
establish initial draft.

Participant pleased with the performance of the "King".

GENERAL COMMENTS

Blaze King "King" installed January 29, 1987.
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WHITEHORSE EFFICIENT WOODHEAT DEMONSTRATION

Project Participant Profile

HOME CODE: W12

HOME TYPE: Newer Single Family Custom FLOOR AREA: 274 square meters
Two Story (2950 square feet)

HEATING SYSTEM

PRIMARY HEAT SOURCE: Wood SECONDARY HEAT SOURCE: Electric
Baseboard

ESTIMATED CORDS OF WOOD BURNED PER YEAR: 6 1/2

WOODSTOVE LOCATION: Basement Family Room

CHIMNEY SYSTEM DESCRIPTION: "
15 cm (6") single wall from flue collar to wall thimble (1.5 meters [4.9 feet])
15 c¢cm by 20 cm (6" by 8") packed pipe from wall thimble to exit (4.7 meters [15.4 feet] framed
in wood on outside wall of house, 0.8 meter [2.6 feet] outside), additional 0.8 meter (2.5 feet)
added to top of chimney February 21, 1987.

STAGE 1 - CONVENTIONAL TECHNOLOGY WOODSTOVE: Fisher "Papa Bear"

AGE: 7 years FIREBOX VOLUME: 0.1039 cubic meter
(3.67 cubic feet)

STAGE 2 - CONVENTIONAL TECHNOLOGY: Nu-Tec Catalytic Retrofit

TECHNOLOGY TYPE: Catalytic "Add-On" Retrofit FIREBOX VOLUME: N/A

PARTICIPANT COMMENTS

Participant observed smoke spillage when lighting or fueling stove. Very difficult to establish
draft when lighting the fire with a cold stove.

Participant could not detect any improvement in stove efficiency after installation of the Nu-
Tec.

Home was filled with smoke on three occasions after installation of the Nu-Tec.

GENERAL COMMENTS

Nu-Tec Catalytic Retrofit installed February 5, 1987.

Home had a leaky chimney system which contributed to the incidents when smoke filled the
home. Stove cement was used to help seal chimney after each chimney sweeping.
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WHITEHORSE EFFICIENT WOODHEAT DEMONSTRATION

Project Participant Profile

HOME CODE: W13

HOME TYPE: Mobile Home FLOOR AREA: 70 square meters
(750 square feet)

HEATING SYSTEM

PRIMARY HEAT SOURCE: Wood SECONDARY HEAT SOURCE: 0il
ESTIMATED CORDS OF WOOD BURNED PER YEAR: 6
WOODSTOVE LOCATION: Entrance Foyer Add-On to Mobile Home
CHIMNEY SYSTEM DESCRIPTION:

15 cm (6") single wall from flue collar to wall thimble (1.5 meters [4.9 feet])

15 cm by 20 cm (6" by 8") packed pipe from wall thimble to exit (0.9 meters [3.0 feet] outside)
STAGE 1 - CONVENTIONAL TECHNOLOGY WOODSTOVE: Search "Automatic"

AGE: 3years FIREBOX VOLUME: 0.0821 cubic meters
(2.90 cubic feet)

STAGE 2 - CONVENTIONAL TECHNOLOGY: Pacific Energy Systems "Super 27"

FIREBOX VOLUME: 0.0490 cubic meters
(1.73 cubic feet)

PARTICIPANT COMMENTS

PES "27" was installed facing the wrong direction. Participant would have preferred the stove
to be rotated 90° from the current installation.

Participant did not like the 30 cm (12") fuel length requirement for the PES.

Participant was generally pleased with the overall performance of the new technology stove and
felt that fuel consumption was lower than with the Sears stove.

GENERAI COMMENTS

Pacific Energy Systems "Super 27" installed January 20, 1987.

Participant widened doorway from entrance foyer to mobile home April 2, 1987; resulted in more
heat transfer into mobile home.
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WHITEHORSE EFFICIENT WOODHEAT DEMONSTRATION

Project Participant Profile
HOME CODE: W14
HOME TYPE: Newer Single Family Custom FLOOR AREA: 223 square meters
Two Story (2400 square feet)
HEATING SYSTEM
PRIMARY HEAT SOURCE: Wood SECONDARY HEAT SOURCE: Oil

ESTIMATED CORDS OF WOOD BURNED PER YEAR: 6
WOODSTOVE LOCATION: Basement Family Room
CHIMNEY SYSTEM DESCRIPTION:
18 cm (7") single wall from flue collar to cleanout tee (0.9 meters [3.0 feet])
20 cm (8") single wall from cleanout tee to ceiling thimble (0.8 meters [2.6 feet])

20 cm by 25 cm (8" by 10") packed pipe from wall thimble to exit (4.4 meters [14.4 feet] within
walls of house, 0.6 meters [2.0 feet] outside)

STAGE 1 - CONVENTIONAL TECHNOLOGY WOODSTOVE: RSF "65"

AGE: 5 years FIREBOX VOLUME: 0.1348 cubic meters
(4.76 cubic feet)

STAGE 2 - NEW TECHNOLOGY: Burning Log "Turbo 10"

TECHNOLOGY TYPE: Integral Catalytic FIREBOX VOLUME: 0.0651 cubic meters
(2.30 cubic feet)

PARTICIPANT COMMENTS

Participant felt that heat output of the Turbo 10 was adequate, however burn time was too
short (8 hours maximum).

Observed creosote deposition on glass door on low burn setting, seasoned wood also caused
increased creosote deposition on the glass door.

Participant plans on replacing the Turbo 10 with the RSF "65" at the conclusion of the study,
primarily because of short burn times with the Turbo 10.

GENERAL COMMENTS

Burning Log "Turbo 10" installed February 5, 1987.
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