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EXECUTIVE SUMMARY 

L BACKGROUND AND OBJECTIVES 

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 Community 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. 

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 m 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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Technology Type 
Conventional 

Technology Type 
Double Wall Flue Pipe 

Low Emission Non-Catalytic 
Woodstoves 

Catalytic "Add-on" Retrofit 
Devices 

Integral Catalytic 
Woodstoves 

Conventional 

Woodstove Models 
RSF "65" 
"Step Top" Spin Drafts 
Sears "Automatic" 
Blaze King "King" 
Energy King "Princess" 

New Technology Models 
James A. Ryder Manufacturing (sealed) 

and Security Chimneys, Ltd. (vented) 

Osburn "Imperial 2000" 

Nu-Tee Catalytic Retrofit 
Uni-Com Catalytic Damper 

Blaze King "King" 
Burning Log "Turbo 10" 

Pacific Energy Systems "Super 27" 
(uncertified version) 

Number of Homes 
5 
4 
2 
2 
1 

Number of Homes 
2 

2 

2 
2 

2 
2 

2 

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 "frrekilled" 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 (glhr); mean burn rate in kilograms of wood used (dry basis) per hour of 

stove operation (dry kglhr); 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 energy 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 20-60 g!hr) for conventional 

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

OMNI ENVIRONMENTAL SERVICES, INC.- iv 



0 
a:: 
~ 

~ 
::0 
0 

~ 
tr1 

~ 
(I) 

tr1 
::0 
;:5 

@ 
z 
0 
< 

Table A 

Whitehorse Efficient Woodheat Technology Demonstration Project 

Summary of Woodheat Technology Performance 

Mean Emission Mean Burn Mean Wood Use Mean Overall 
Technology Rate (glhr)1 Rate (dry kg!hr)2 (dry kg!HDD)3 Efficiency (%) 

Conventional Technology Woodstoves 21.8 1.42 1.45 49.8 

Vented Double-Wall Flue Pipe 32.8 133 1.26 46.8 
Sealed Double-Wall Flue Pipe 22.9 1.46 1.43 473 

Catalytic "Add-On" Devices 16.2 1.40 1.29 553 

Low-Emission Non-Catalytic Woodstoves 143 1.08 1.03 48.2 

Integral Catalytic W oodstoves 12.1 135 1.45 55.9 

1. Emission Rate-grams of particulate per hour of stove operation (glhr) 

2. Burn Rate-kilograms of wood (dry basis) per hour of stove operation (dry kglhr) 

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) 

Creosote 
Deposition (g!HDD)4 

1.16 

1.18 

0.81 

0.43 

0.69 



Table B 

Whitehorse Efficient Woodheat Technology Demonstration Project 

Summary of Wood heat Technology Emission Performance 

Emission Rate (gthr) 
Technology Tvoe Technology Model Mean Range 

Conventional Technology Stoves All Stoves 21.8 5.7-49.8 

Double Wall Flue Pipe Security Chimneys, Ltd. 32.8 26.4-40.5 
James A. Ryder Manufacturing 22.9 18.o-27.1 

Catalytic "Add-on" Retrofit Nu-Tee Catalytic Retrofit . 20.0 11.8-36.6 
Devices Uni-Com Catalytic Damper 13.0 5.6-22.0 

Low Emission Non-Catalytic Osburn "lmperial2000" 14.3 5.3-22.2 
Woodstoves 

Integral Catalytic Blaze King "King" 15.5 7.4-25.4 
Woodstoves Burning Log "Turbo 10" 9.0 4.3-15.4 
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high burn rate conditions, this result is not unexpected since the average burn rate (1.42 dry kglhr) is 

relatively high in Whitehorse. Higher burn rates will generally result in lower emissions due to 

increased ftrebox 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 glhr. 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 signilicant 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, i.e. 6 to 10 glhr, 

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 

1. Double Wall Flue Pipe 

a. Vented Type-Security Chimneys, Ltd. 

Within three days after the installation of the vented Security double wall flue pipe m 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 WOI 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 originally 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 (i.e. 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 glbr and in 

the other home the rate was 19.0 glbr. The home with the highest emission rate had a relatively 

short (3.4 m [11.1 ft.}) chimney system with a mix of 15 em (6 in) and 20 em (8 in) diameter pipe 

while the other home had a 6.9 m (22.6 ft) run of 15 em (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 ftre 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 beneftt from the catalytic retroftt 
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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 55.9%. 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 fmdings 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 Ievel-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 Tl" (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 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 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-Corn 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, e.g. 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-"Firekilled" vs. "Seasoned" Wood 

The "frrekilled" 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 "frrekilled" (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 "frrekilled" 

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. 

ill. 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. 

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 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. 

5. 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. 

6. 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. 

7. 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. 

OMNI ENVIRONMENTAL SERVICES, INC.- xii 



I. CCNI'EXTE ET <l3JOCTIFS 

Un ensemble ilnposant de donnees obtenues lors d'essais en laboratoire 

a demontre que les nouvelles techniques de chauffage au bois peuvent rectui­

re grandement les emissions de fUIII€e et arneliorer l'efficacite globale de 

ce type d'appareil de chauffage. Afin de determiner leur efficacite dans 

des conditions "reelles" (c.-~-d. dans une maison), la ville de Whitehorse 

a realise un projet de demonstration des nouvelles techniques de chauffage 

au bois. Appuyee par £nergie, Mines et Ressources canada et par le gouver­

nernent du Yukon, la ville a obtenu un financement pour ce projet, dans le 

cadre des activites du Prograrrme de demonstration dans les collectivites 

eloignees ( POCE) et du Laboratoire canadien de recherche sur la ccmbus­

tion. Le Prograrrme et le Laboratoire relevent tous deux d' £nergie, Mines 

et Ressources canada. 

Les techniques de chauffage au bois qui ont ete etudiees dans ce 

projet n'avaient pas fait l'objet d'evaluation dans des conditions reelles 

(dans des maisons). Cette etude avait done comme objectif global de dega­

ger des conclusions concretes au sujet de l'efficacite des nouvelles 

techniques de chauffage au bois, et on a cherche ~ determiner dans quelle 

mesure ces techniques : 

1. Reduisent 1' impact negatif des emissions de ccmbustion sur la 

qualite de l'air ambiant. 

2. ~duisent les risques associes aux feux de cheminee et ~ l'utili­

sation du chauffage au bois dans les maisons. 

3. Ameliorent le rendernent energetique du chauffage au bois dans les 

rnaisons. 

L'etude a ete expressernent conque en vue des objectifs suivants 

1. Quantifier les emissions attribuables aux techniques classiques et 

nouvelles de chauffage au bois dans les rnaisons (poeles ~ 
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catalyseur integre, poeles a catalyseur ajoute, poeles sans 

catalyseur a faible niveau d 'emissions, et cheminees a double 

paroi) dans des conditions reelles. 

2. Mesurer le taux d 'accumulation de la creosote dans les con::luits 

d'evacuation et les cheminees couples aux poeles testes. 

3. Comparer les resultats de cette etude avec d'autres etudes 

realisees sur le terrain ou des essais effectues en laboratoire. 

4. £valuer dans quelle rnesure le mode d'utilisation du poele a bois, 

dans une maison, influe sur son rendement. 

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

ont fonctionne dans des conditions de chauffe, c'est-a-dire le 

temps, en pourcentage, pendant lequel les temperatures a 

l'interieur du catalyseur etaient superieures a 260 °C (500 °F). 

6. ~valuer 1 'effet, sur le rendernent du poele et les emissions de 

particules, de l'utilisation des deux types de bois que l'on peut 

habituellernent se procurer dans la region de Whitehorse : bois 

"deja brule" (c.-a-d. du bois provenant de forets qui ont ete 

incendiees par le passe, soit principalernent du pin tordu) et du 

bois "seche" (principalernent de 1 'epinette blanche et, dans deux 

rnaisons, du pin tordu "seche"). 

L'etude a consiste a recueillir des echantillons d'emissions de 

particules pendant neuf periodes d 'une sernaine, dans quatorze maisons de 

Whitehorse qui etaient chauffees principalement au bois. Apres quatre 

periodes d 'ikhantillonnage d 'une sernaine realisees sur les poeles a oois 

classiques deja en place dans les rnaisons (etape 1), on a installe des 

poeles utilisant des techniques nouvelles dans chaque maison testee, et on 

a realise cinq autres periodes d 'echantillonnage d 'une semaine (etape 2). 

Voici les differentes techniques de chauffage au oois qui ont ete evaluees 

au cours de cette etude : 



Type de technique 

Classique 

Type de technique 

Conduit d'evacuation 

a double paroi 

Peele sans catalyseur 

a faibles emissions 

Poeles a catalyseur 

ajoute 

Boeles a catalyseur 

integre 

Technique classique 

- 3 -

Etape 1 

ModEHe de pOOle 

RSF n65" 

nstep Topn Spin Drafts 

Sears "Autanatic" 

Blaze King "King" 

Energy King n Princess" 

Etape 2 

Mod~le utilisant 

de nouvelles techniques 

James A. Ryder Manufacturing 

(conduit scelle), et 

Cheminee securite Ltee 

(conduit a aeration) 

Osburn "Imperial 2000" 

Catalyseur d'appoint Nu-Tec 

Registre catalytique Uni-corn 

Blazer King "King" 

Burning L:::xJ nTurbo 10" 

Nombre de maisons 

5 

4 

2 

2 

1 

Nombre de maisons 

2 

2 

2 

2 

2 

2 

Pacific Energy Systems "Super 27" 

(modele non homologue) 

2 
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Tout au long de l'etude, on a rarnone les cheminees, et on a recueilli 

et pese la creosote accumulee. On a pu ainsi comparer la creosote accumu­

lee lors de l'etape 1 et lors de l'etape 2. Dans le cadre de l'etude, on a 

egalement evalue les effets, sur la canbustion, du type de bois utilise 

(bois "deja brGle" et bois "seche") qui est disponible dans la region de 

Whitehorse. 

II. RJ:'.sULTATS ET cc.:H:IlJSICNS 

Le tableau A resume le rendement des nouvelles techniques de chauffage 

au bois evaluees dans cette etude. Les resultats sont presentes en cinq 

volets : les emissions moyennes en grarrrnes de particules par heure de 

fonctionnement du poele (g/h); la cote moyenne de combustion en kilogramrnes 

de bois utilise (bois sec) par heure de fonctionnement (kg sec/h); la 

consommation moyenne de bois en kilogrammes de bois utilise (bois sec) par 

degre-jour de chauffage (kg sec/DJC); le rendement global moyen exprime en 

pourcentage (%) , lequel est un indicateur du rendement energetique de la 

technique; et enfin le rythme d'accumulation de la creosote en grammes de 

creosote par degre-jour de chauffage (g/DJC). Le tableau 2 presente une 

ventilation plus detaillee des ni veauc d 'emissions 1 pour les differentes 

techniques. Cette etude nous permet de degager certaines conclusions que 

nous presentons dans les paragraphes suivants. 

A. Poeles classigues 

Pour les poeles de cette categorie1 on a enregistre1 pour les 

emissions de particules, une valeur moyenne de 21 18 grammes par heure, oe 

qui se trouve dans la plage inferieure de la fourchette habituellement 

enregistree avec les poeles classiques (soit de 20 a 60 g/h). Carme les 

poeles classiques produisent habituellement moins d 'emissions lorsqu' ils 

fonctionnent a une cadence de canbustion elevee, ce resultat n'est pas 

surprenant 1 car la cadence de combustion moyenne ( 1, 42 kg sec/ h est 

relativement elevee a Whitehorse. I:Bs cadences de combustion elevees se 

traduisent generalement par de faibles niveaux d'emission, car la 

temperature elevee qui regne a 1' interieur du poele assure une meilleure 

combustion du bois et de ses gaz de combustion. 
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Tableau A 
Projet de demJnstration des techniques 

efficaces de chauffage au bois il \liritehorse 

Saunaire des resuJ.tats 

Technique Niveau myen Cadence Consornnation Renderrent Accumula-
d'~missions rnoyenne de rnoyenne global tion de 

(gjh)l canbustion de bois moyen creosote 
(kg secjh)2 (kg sec/DJC)3 (%) (g/DJC)4 

Poeles utilisant 21,8 1,42 1,45 49,8 1,16 
une technique 
classique 

Conduit d'evacuation 
~ double paroi aeree 32,8 1,33 1,26 46,8 
Conduit d'evacuation 1,18 
~ double paroi scellee 22,9 1,46 1,43 47,3 

Poeles ~ catalyseur 
ajoute 16,2 1,40 1,29 55,3 0,81 

Poeles sans catalyseur 
~ faibles emissions 14,3 1,08 1,03 48,2 0,43 

Poeles ~ catalyseur 
integre 12,1 1,35 1,45 55,9 0,69 

1. Niveau d'emissions - grammes de particules par heure de fonctionnement du poele 
(g/h) 

2. Cadence de canbustion kilograrnnes de bois (bois sec) par heure de 
fonctionnement du poele (kg sec/h) 

3. Consommation de bois - kilogrammes de bois (bois sec) utilise par degr~-jour de 
chauffage (kg sec/DJC) 

4. Accumulation de creosote - grarrmes de creosote par degre-jour de chauffage 
(g/DJC) 
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Tableau B 
Projet de darvnstraticn des techniques 

efficaces de chauffage au bois ~ Wlitehorse 

Scmnaire des niveaux d 'anissions enregistres 

Niveau d'emissions (g/h) 
Type de techniques 

Poeles utilisant une 
technique classique 

Conduits d'evacuation 
a double paroi 

Poeles a catalyseur 
ajoute 

Poeles sans catalyseur 
a faible emissions 

Po§les a catalyseur 
integre 

Mod~le 

Tous les poeles 

Cheminees securite Ltee 
Jaroos A. Ryder Mnfg. 

Catalyseur d'appoint 
Nu-Tec 

Registre catalytique 
Uni-corn 

Osburn "Imperial 2000" 

Blaze King "King" 
Burning Log "Turbo 10" 

Moyenne Fourchette · 

21,8 5,7-49,8 

32,8 26,4-40,5 
22,9 18,0-27,1 

20,0 11,8-36,6 

13,0 5,6-22,0 

14,3 5,3-22,0 

15,5 7,4-25,4 
9,0 4,3-15,4 
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C'est avec 1 'appareil classique RSF "65" que nous avons recueilli le 

plus grand nanbre de donnees; cet appareil a donne un niveau d'emissions 

compris entre 16,8 et 35,3 g/h dans les differentes maisons. On a evalue 

les facteurs (c.-a-d. cadence de canbustion, frequence de chargement du 

combustible, densite de chargement du combustible, configuration de la che­

minee) qui pourraient influencer le niveau d'emissions, mais aucun d'entre 

eux ne contribue de fac;on marquee a la variation des niveaux d'emissions 

moyens entre les differentes maisons. Meme si on ne peut exclure la fac;on 

dont ces poeles sont utilises par les proprietaires, comme facteur contri­

buant a l'ecart observe des niveaux d'emissions, il faudrait proceder a une 

inspection detaillee de chaque poele RSF "65" afin de determiner si le 

rendement de l'appareil est fortement influence par certains facteurs meca­

niques, p. ex. un thermostat qui fonctionne mal, un conduit d'alimentation 

en air comburant qui serait bouche, etc. 

Les poeles simples a chargernent par le dessus ont donne quelques-uns 

des plus faibles niveaux d 'emission observes dans cette etude, soi t 6 a 

10 g/h. Tous ces poeles constituaient des sources premieres de chauffage 

et etaient alirnentes a des cadences de combustion relativement elevees. 

Cette constatation etaye la relation entre cadences de combustion elevees 

et faibles niveaux d'emission. Herne si ces poeles peuvent produire des 

niveaux d'emissions eleves, il semble qu'en raison des conditions climati­

ques de Whitehorse, ces poe les sont utilises de maniere te lle qu' ils 

produisent des niveaux d'emission relativement faibles. 

B. Rendement des poeles utilisant de nouvelles techniques 

1. Conduit d'evacuation a double paroi 

a. Conduit a aeration - Cheminees Securite Ltee 

Trois jours apres avoir installe la chemine securite a double paroi 

aeree dans une maison, on a constate que la creosote avait presque 

completement bouche le conduit, ce qui a provoque un grave probleme de 

refoulement des fumees. On n • a pas observe ce probleme pendant 1 • etape 1, 
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ni apres avoir remplace le conduit a aeration par un conduit a double 

paroi scellee. Par consequent, on a fait 1 'hypothese que le conduit 

d'evacuation a double paroi aeree avait provoque un effet de thermosiphon, 

qui s'est traduit par un refroidissement rapide des gaz et la concentration 

de creosote dans le conduit de furnee. en a egalernent observe a une autre 

reprise 1 'accumulation de creosote dans le conduit d 'evacuation aere qui 

avait ete installe dans une autre maison. Il y aurait lieu de faire des 

analyses additionnelles, qui depassent cependant le cadre du present 

projet, afin de confirmer si l'accumulation rapide de creosote que l'on a 

observee dans le conduit d'evacuation a double paroi aeree est attribuable, 

de fa90n generale, aux conditions climatiques et aux techniques d'installa­

tion des poeles que l'on retrouve dans la region de Whitehorse. 

Dans les deux maisons oa ce type de conduits d'evacuation a ete ins­

talle, on a egalement enregistre une augmentation des niveaux d'emission. 

b. Conduit scelle - James A. Ryder Hanufacturing 

En rempla9ant le conduit aere par un conduit a double paroi scellee, 

le probleme d' accumulation rap ide et localise de creosote, rnentionne au 

paragraphe precedent, a pris fin. Les niveaux d'emissions ont diminue par 

rapport a ceux qui avaient ete enregistres avec le conduit d 'evacuation 

aere • Par rapport a 1 I etape 11 la COnscmnatiOn de boiS a diminUe de fa90n 

marquee dans la maison WOl, meme si les proprietaires de la maison ont 

indique que le conduit Ryder n'a pas semble avoir eu un effet notable sur 

le rendement du poele. 

2. Poeles sans catalyseur a faibles emissions 

Bien que 1 'evaluation devait porter initialement sur deux modeles 

differents de poeles a bois sans catalyseur a faibles emissions, un seul 

modele de ce genre a ete evalue, soit le modele Osburn "Imperial 2000". On 

a decouvert a la fin de 1 'etude que 1 'autre modele installe dans deux 

maisons, le "Super 27" de Pacific Energy Systems (PES), etait un modele non 

hanologue (c.-a-d. qu'il ne possectait pas l'homologation de l'!:;tat de 

l'Oregon). Le vendeur de ce poele a Whitehorse etait sous l'impression que 
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les poeles "Super 27" possedaient !'homologation de l'Oregon. 

Ce resultat surprenant souligne la necessite de mieux renseigner les 

vendeurs et les consommateurs au sujet de !'identification des poeles homo­

logues. Par consequent, les donnees obtenues avec les deux poeles "Super 

27" ont ete traites comme s'il s'agissait de poeles utilisant des techni­

ques classiques. 

On a observe des differences Unportantes dans les niveaux d'emissions 

des poeles "Imperial 2000" installes dans deux maisons differentes. Dans 

la premiere maison, le niveau moyen d'emissions etait de 9,6 g/h, et dans 

l'autre maison, il etait de 19,0 g/h. Dans cette demiere maison, la 

cheminee etait composee de conduits de diarnetre de 15 em (6 po) et de 20 em 

( 8 po), tandis que dans la premiere maison, la cheminee comportai t un 

conduit de 15 em (6 po) de diarnetre, d'une longueur de 6,9 m (22,6 pi). On 

suppose que la cheminee plus courte comportant des conduits de diametres 

differents a contribue a 1' augmentation du niveau d 'emissions en donnant 

lieu a un tirage insuffisant. Il faudrait toutefois confirmer cette 

hypothese en laboratoire. 

Les proprietaires de maisons qui ont participe au projet et qui 

utilisent des poeles sans catalyseur a faibles emissions se sont montres 

preoccupes de ce qu'il faut charger frequemment le poele (environ tous les 

3 a 6 heures) lorsque la demande de chaleur est elevee. Carrne la canbus­

tion est rapide, les proprietaires doivent parfois se lever en pleine nuit 

pour charger leur poele. Dans les maisons ou appartements bien isoles et 

(ou) de petites dimensions, la chaleur degagee par un poele sans catalyseur 

a faibles emissions semble suffisante pour repondre aux besoins en chauf­

fage que l'on rencontre dans la region de Whitehorse. 

3. Foeles a catalyseur ajoute 

Dans le cas des poeles classiques munis d'un catalyseur ajoute, on a 

enregistre un niveau moyen d'emissions de 16,2 g/h, soit 26 % de moins que 

le niveau moyen d'emissions enregistre avec les po§les utilisant des 

techniques classiques. L'adjonction des catalyseurs d'appoint s'est egale-
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ment traduite par une augmentation du rendement global des poeles classi­

ques sur lesquels ils ont ~t~ installes. I.e rendement global rroyen des 

poeles a catalyseur ajout~ a ~te de 55,3 %. Ce type de technique a done 

d~rrontr~ qu'elle pouvait r~uire les ~missions de particules attribuables 

aux poeles classiques: toutefois, dans toutes les maisons qui ont utilis~ 

ce type d '~quipement, on a observ~ des refoulements de f~, allant de 

moder~ a grave, lorsque l'on ouvrait laporte du poele afin de d~marrer un 

feu ou de charger l'appareil. Dans une maison, on a observe un grave 

refoulement de fumee attribuable a l'allumage spontane de gaz de combustion 

non brOles. La plupart des problemes de refoulement de fumee ~taient dus 

au fait que le catalyseur d'appoint nuisait a l'~coulement d~s gaz et des 

fumees dans le conduit d ·~vacuation. ~ 1 'avis des propri~taires de 

maison, les problernes de refouiement de fumee annulent tout avantage que 

peuvent procurer les catalyseurs d'appoint. Il semble que la gravite de ce 

probleme peut dependre de la conception du poele classique sur lequel le 

catalyseur d'appoint est install~. En arneliorant la conception des 

catalyseurs d'appoint, on pourrait peut-etre r~uire ou eliminer les 

problemes de refoulement de fumee observ~s au cours de cette ~tude. 

4. Pbeles a catalyseur integr~ 

Parmi les techniques ~valuees au cours de 1 'etape 2, ce sont les 

poeles a catalyseur integr~ qui ont donn~ les plus faibles niveaux moyens 

d '~missions de particules et les rendements globaux les plus ~leves. En 

effet, le niveau moyen d'~missions des poeles a catalyseur integre a ete de 

12,1 gjh, soit 44 %de rroins que le niveau moyen d'emission enregistr~ avec 

les poeles classiques, lequel s'etablissait a 21,8 gjh. I.e rendement 

global moyen des poeles a catalyseur integr~ a ~t~ de 55,9 %. Les proprie­

taires qui ont utilise ce type de poele se sont montr~s g~neralernent 

satisfaits de leur puissance calorifique, de leur conception mecanique et 

de la dur~e de ccrnbUStiOn quI ilS procuraient • LeS poeleS a CatalySeUr 

integr~ ont permis de r~uire les niveaux d 'emission sans pour autant 

sacrifier la securite ou la commodite que repr~sentent de longues periodes 

de combustion. 
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Cornme l'indique plus en detail la Section VI du present rapport, on a 

observe un certain nanbre de problemes dans le systeme de regulation des 

emissions des po(Hes "King", de Blaze King, evalues dans 1 'etude. Ces 

problernes semblent attribuables a une combinaison d'erreurs d'installation 

et de oontrole de qualite en usine. D'apres les essais realises en labora­

toire sur les catalyseurs utilises dans ces poeles, il semble que les 

niveaux d 'emissions eleves observes au cours de 1 'etude etaient attribu­

ables aux problemes supposes du systeme de regulation des emissions. I.e 

fabricant des poeles "King" a indique qu' il avait deja pris des mesures 

correctives a la suite des conclusions de notre etude. Malgre les proble­

mes observes avec les poeles a catalyseur "King", les participants a 

1 'etude se sont dits tres satisfaits de la capacite calorifique et de la 

duree de combustion de ces poeles. 

L'inspection des poeles "Turbo 10" a revele la presence d'un vide dans 

les joints autour des catalyseurs, dans un des appareils. Toutefois, ce 

vide n'a pas semble avoir un effet Unportant sur les niveaux d'emissions de 

ce poele au cours de l'etude. 

Bien qu' il soi t impossible de formuler une conclusion generale au 

sujet des problemes d'installation et de fabrication deoouverts au cours de 

!'etude, il n'en demeure pas moins que les consommateurs devraient s'infor­

mer au sujet de !'experience des installateurs de poeles et de leur 

capacite de determiner et de regler les problemes de fabrication. 

Heme si les deux poeles "King" de Blaze King ont enregistre le plus 

haut pourcentage (70,8 %) de chauffe du catalyseur, parmi tous les poeles 

evalues au oours de l'etude, leur niveau moyen d'emissions etait beaucoup 

plus eleve que le niveau indique sur le certificat de !'Oregon - 15,5 g/h 

au lieu de 1, 6 g/h. Ce fait semble indiquer que les mesures de rendernent 

des catalyseurs ne sont peut-etre pas un bon indicateur du niveau d'emis­

sions produit par un poele lorsqu'il y a bris du systeme de regulation des 

emissions dans les po@les a catalyseur. Cette constatation est egalement 

etayee par des etudes menees par Cl1NI dans les regions du nord-est et du 

nord-ouest des Etats-Unis. 
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c. Accumulation de creosote 

L'utilisation d'un conduit d'evacuation a double paroi n'a pas semble 

m::xiifier le rythme d 'accumulation de creosote dans une maison. cans 
l 'autre maison, le rythme d'accumulation de creosote semble avoir ete 

reduit de fa9on notable; toutefois, un echantillon manquant dans l'etape 2 

nous incite a douter fortement de ce resultat. 

Dans le cas du "Super 27" (version non hcmologuee) de Pacific Energy 

Systems, on a enregistre une augmentation du rythme d'accumulation de creo­

sote par rapport aux poeles de l'etape l, dans les deux maisons testees. 

Pour ce qui est du poele "Imperial 2000" d'Osbum, on a enregistre un 

rythme rroindre d' accumulation de creosote par rapport aux poeles classi­

ques, et ce, dans les deux maisons testees. 

Dans chacune des quatre maisons equipees d 'un poele a catalyseur 

ajoute, le rythme d'accumulation de creosote a augmente de 8,2 % a 40,0 %. 

Toutefois, !'incertitude associee ala methode de collecte des echantillons 

de creosote jette un doute sur les augmentations enregistrees. Si ces 

dernieres peuvent etre corroborees par des essais en laboratoire, on pourra 

alors mettre en cause l'aspect securite des catalyseurs d'appoint. 

Dans trois des quatre maisons equipees d'un poele a catalyseur inte­

gre, on a enregistre une diminution appreciable des rythmes d'accumulation 

de creosote, par rapport aux poeles classiques. Dans la quatrieme maison, 

le rythme d'accumulation de creosote semble etre demeure au meme niveau que 

le rythme enregistre avec le poele classique. 

D. Consommation de bois 

A !'exception des deux maisons equipees du catalyseur d'appoint Nu-Tec 

et de la maison equipee du poele "Imperial 2000" qui avait un niveau 

d'emissions relativement eleve, on a enregistre dans toutes les autres 

maisons une diminution de la consommation de bois apres !'installations des 
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nouveaux equiperrents dans 1 'etape 2. Dans le cas du registre catalytique 

d'appoint Uni-corn, on a enregistre une reduction moyenne de la consommation 

de bois (kg sec/DJC) de 17,4 % tandis que !'utilisation des poeles a cata­

lyseur integre et des poeles sans catalyseur a faibles emissions s 'est 

traduite par une reduction moyenne de 14,9 % et 13,9 %, respectivement. On 

doit toutefois faire preuve de prudence en interpretant ces donnees, car il 

faut tenir compte d'un certain nombre de facteurs, a savoir : dimensions de 

la chambre de combustion, rendernent global, habitudes de chargerrent des 

utilisateurs. 

E. eanparaison des resultats de 1 'etude de Whitehorse avec d' autres 

etudes sur le terrain et des essais en laboratoire 

Les recentes etudes sur le chauffage au bois rnenees par OMNI et qui en 

sont encore a l'etape d'evaluation avant publication, indiquent, au 

chapitre des niveaux d'emissions, une large fourchette de rendernent pour 

les poeles homologues. Lorsque !'evaluation preliminaire des autres etudes 

realisees sur le terrain sera terminee, on prevoit que le rapport sur le 

projet de demonstration de Whitehorse sera compare aux resultats des etudes 

effectuees dans le nord-est et le nord-ouest des E:tats-Unis. Ce type de 

comparaison devrait perrnettre de comprendre les facteurs importants qui 

influent sur le rendement des poeles a bois dans des "conditions reelles". 

En r~le generale, les niveaux d 'emissions des poeles homologues evalues 

dans la presente etude sont superieurs aux niveaux indiques sur les 

certificats de l'Oregon. Ce resultat n'est pas surprenant, car la methode 

d'homologation retenue par l'£tat de l'Oregon ne tient pas compte de toutes 

les variables que 1 'on rencontre dans les "conditions reelles". En outre, 

bon nombre des niveaux d'emissions eleves observes au cours de cette etude, 

notarrment ceux enregistres avec les poeles "King" de Blaze King et 

"Super 27" de PES, sont explicables par des problemes que l'on a notes avec 

les systemes de regulation des emissions, ou encore par d'autres problemes 

releves au cours de !'etude. 
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F. Effet des habitudes des utilisateurs sur le rendement des pOOles a 

bois 

Les habitudes des utilisateurs ont manifesternent une influence sur le 

rendernent de leur poele, c'est-a-dire sur les niveaux d'emissions et sur le 

rendement global. Toutefois, les do~es obtenues au cours de cette etude 

semblent indiquer que la conception et la qualite de 1' installation d 'un 

poele do~ ont plus d'importance sur le rendement global que les habitudes 

de l'utilisateur. La conception d'un pdHe ou d'un catalyseur d'appoint 

jCJUe Un grand role dans leS niVeaUX d I emiSSiOns impUtableS a 1 I appare il. 

Une installation appropriee et de bonnes habitudes d 'utilisation (p. ex., 

consommer du bois seche) : voila les deux facteurs qui permettent probable­

ment de reduire le plus possible les niveaux d'emissions. 

G. Effets du combustible bois "deja brGle" et bois seche 

Le type de canbustible - bois "deja brGle" et bois seche - utilise au 

cours de !'etude n'a pas eu d'effet statistique important sur les niveaux 

d'emissions, mesures en grarnmes par heure, pour !'ensemble des differents 

appareils. Pour le bois "deja brGle", on a enregistre un niveau moyen 

d 'emissions de 19,5 g/h; quant au bois seche, on a enregistre un ni veau 

moyen d'emissions de 19,3 gjh. Le bois seche avait une teneur en humidie 

superieure (29,4 %, sur une base seche) a celle du bois "deja brGle" 

(16,6 %, sur une base seche), et les proprietaires ont fait valoir que le 

premier type de bois etait rroins corrm:::>de pour demarrer la canbustion et 

qu' il ne semblait brGler aussi proprement que 1 'autre. Le bois "deja 

brGle" est vieux d'environ 30 ans et a le meme contenu energetique, sur une 

base seche' que le bois seche. QJelques proprietaires ont egalement fait 

valoir que le bois seche produisait plus de creosote. La methode de 

collecte de creosote utilisee au cours de cette etude ne nous a pas permis 

de verifier cette hypothese. 

III RECCMMMID\TICNS 

Cette etude nous a permis de mieux comprendre les caracteristiques de 

rendernent desirables et les limites de plusieurs nouvelles techniques de 
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chauffage au bois. Cette etude a egalernent souleve quelques questions qui 

devraient faire l'objet d'une evaluation plus poussee. Les recommandations 

portent sur les points suivants : 

1. Le lien entre les cheminees et les nouveaux appareils de chauffage 

au bois, et leur effet sur le renderent global des poeles. 

L'effet possible de ce facteur a ete illustre, de fa9on manifeste, 

par les differences observees dans les niveaux d 'emissions des 

poeles sans catalyseur a faibles emissions, et les concentrations 

de creosote enregistrees dans un conduit d 'evacuation a double 

paroi aeree. 

2. La durabilite des systemes de regulation des emissions dans les 

poeles a catalyseur integre. Dans ce type de poele, le systeme de 

regulation des emissions fait habituellement appel a l'interaction 

de plusieurs sous-systemes derivation rrecanique, catalyseur, 

systemes primaire, secondaire et (parfois) tertiaire de tirage 

d'air. Il importe d'etudier, autant en laboratoire que dans des 

conditions reelles, les facteurs associes aux systemes de regula­

tion qui donnent systematiquement de pietres niveaux d'emissions. 

Ainsi, on pourra determiner les avantages a long terme de ce type 

de technique. 

3. Il convient d 'analyser les modifications conceptuelles qui 

permettraient de reduire les refoulernents de furree attribuables 

aux catalyseurs d'appoint. On a observe, au cours de l'etude, des 

refoulements de ft1In8e dans toutes les maisons equipees de tels 

catalyseur. Il y aurait lieu d'evaluer la conception des cataly­

seurs actuels et d'apporter les ameliorations qui s'imposent, afin 

d'obtenir un dispositif qui reduira, de fa9on sure et fiable, les 

emissions de particules dans de nambreux modeles de poeles 

classiques. 

4. On pourrait etudier plus en detail le fonctionnement et l'utilisa­

bilite des poeles sans catalyseur a faibles emissions dans des 

climats plus froid. Ccm:ne son nan 1' indique, ce type de poele 
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peut reduire les niveaux d 'emissions. Toutefois, le rendement 

global et l'acceptabilit~ de ce type d'appareil dependent de plu­

sieurs facteurs : le type d& cheminee, les besoins en chauffage, 

l' acceptation par l'utilisateur de charger 1' appareil plus 

frequerrrnent, ainsi que la masse thermique de la maison dans 

laquelle 1' appareil est install~. La pr~sente etude suggere 

d'~laborer des criteres plus pr~cis pour l'installation des poeles 

sans catalyseur a faibles ~missions dans les regions froides. 

5. La possibilit~ de reduire les emissions grace a l'efll)loi d 'un 

conduit d ·~vacuation a double paroi scell~e. L'ensemble des 

donnees recueillies pour ce type de conduit d'evacuation porte sur 

cinq periodes d '~chantillonnage. Un ensemble de donn~es plus 

vaste permettrait de savoir si ce type de conduit d 'evacuation 

permet vraiment de reduire les emissions de particules. 

6. Il Y aurait lieU d I ameliorer leS prCXJrarrnteS d I information deS 

conscrcrnateurs et des vendeurs, afin de s 'assurer que les poeles 

utilisant les nouvelles techniques soient installes, utilises et 

entretenus de maniere appropriee. Le parrainage de ces programmes 

devrait etre assure par le public (p. ex. les organismes de regie­

mentation) et par le secteur priv~ (p. ex. les fabricants de 

poeles a bois et les associations commerciales). 

7. Si le canada adopte une norme sur les niveaux d'emissions des poe­

les ~ bois, cette norme devrait prevoir des inspections periodi­

que, en usine et sur une base aleatoire, des poeles a bois homolo­

gu~s. Cette exigence permettrait de s'assurer que les fabricants 

n'apportent pas des modifications dans la conception ou les 

materiaux des poeles sans avoir reyu au prealable l'approbation de 

l'organisme de reglementation approprie. 
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L BACKGROUND 

The city of Whitehorse, Yukon Territory, Canada, is located in the south-central part of the 

Yukon Territory (latitude 60°43'N., longitude 135°03'W.) at an elevation of 670 meters (2200 feet) . The 

city is situated in the Yukon River valley and surrounded by mountainous terrain. Mean total 

precipitation is 26.03 em (10.25 in) per year, and daily mean temperatures are 21°C (70°F) in the 

summer and -24°C (-ll0 F) in the winter.1 The city has a population of 17,250 as determined by the 

1986 census. 2 

The climate 1s continental sub-arctic; however, the city is located 150 km (94 miles) from the 

Gulf of Alaska. Whitehorse is frequently near the boundary between arctic continental and maritime 

continental air masses. There are frequent periods when a cold continental airmass is well established 

over the region. During such periods, ground-based temperature inversions resulting in air stagnation 

conditions often occur.3 This study was conducted during the period from November to April. During 

this time the normal heating degree-day accumulation is 5,302.8. For the 1986-1987 heating season 

(this study) the heating degree-day accumulation was 4,999.9. All heating degree-day data used in this 

study is based on the Celsius scale . . 

Wood is a very popular source of heat in Whitehorse because of its relatively low cost and 

availability. Woodheat in this area is generally less expensive per unit of heat output than fuel oil or 

electricity. Most of the south-central portion of the Yukon Territory is thickly forested, which · 

provides a good source of firewood. Much of the firewood consumed in Whitehorse is from an area 

north of the city that experienced a very large forest fire in 1958.4 

The city has no heavy industry and emissions of air pollutants are considered to be primarily 

from mobile and domestic sources. Based on studies conducted by Environment Canada, total 

suspended particulate (TSP) concentrations are generally highest m the Riverdale subdivision. 

Riverdale is a suburb to the south of Whitehorse that is surrounded on three sides by steep forested 

slopes and by the Yukon River on the fourth side. The stable air masses coupled with temperature 

inversions and the topographic setting of the Riverdale subdivision create conditions very favorable to 

trapping woodstove emissions. Monitoring programs have observed TSP concentrations in Riverdale as 

high as 589 micrograms per cubic meter (J'glm3) for a 24-hour time period.3 Meteorological analysis 

suggests that Canadian 24 hour acceptable TSP air quality objective level of 120 J'g/m3 will be 

exceeded on one day in three during the heating season.4 

Wood is a significant residential heating fuel source in Canada. However, health hazards 

associated with residential wood combustion by-products can be significant. The Canadian Combustion 

Research Laboratory of Energy, Mines and Resources Canada has researched the effects of woodheating 

in Canada and has helped governmental agencies implement education programs designed to increase 

public awareness of efficient wood burning practices. The City of Whitehorse has implemented a 

by-law which enforces no-burn hours when weather conditions indicate an impending inversion. Along 
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with the regulatory program, the City of Whitehorse also has implemented an education program on 

how to properly operate woodstoves. 

Previous studies on the effects of woodheating in the Whitehorse area have included monitoring 

of TSP and polynuclear aromatic hydrocarbon (PAH) concentrations1.3.4.S, surveys of private homes 

regarding wood fuel use6, and a study which researched epidemiological effects of woodsmoke in the 

Riverdale subdivision. 2 

Extensive laboratory data on new residential woodheat technologies has indicated the potential 

for reducing particulate emissions. New technological developments designed to reduce emissions 

include the use of a catalyst (as either an integral part of the woodstove or a retrofit device) and the 

use of more advanced air draft and baffling systems. In an effort to determine the effectiveness of 

the new technologies, the City of Whitehorse, supported by Energy, Mines and Resources Canada and 

the Government of the Yukon, secured funding under the Remote Community Demonstration Program 

and the Canadian Combustion Research Laboratory, both of Energy, Mines and Resources Canada to 

conduct an "in-home" demonstration of the performance of the new residential woodheat technologies. 

ll. STUDY OBJECTIVES 

This study was designed to focus on the performance of s,everal types of new woodheating 

technology in fourteen Whitehorse homes. The technologies evaluated in this study had been tested 

under laboratory conditions; however, they had not been evaluated under "in-home" Canadian 

conditions. The general goal of the study was to reach meaningful conclusions regarding the 

effectiveness of each new woodheat technology at: 

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

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

3. Improving the energy efficiency of residential woodheating. 

The study was specifically designed to achieve the following objectives: 

1. To quantify the emission characteristics of both conventional and new residential woodheat 

technologies (integrated catalytic woodstoves, catalytic "add-on" retrofit devices, and low 

emission non-catalytic woodstoves) under "in-home" Canadian conditions. (While the original 

objective was to have twelve homes with installed new woodheat technologies, it was 

discovered at the end of the study that two homes had uncertified versions of what were 

believed to be Oregon-certified low-emission non-catalytic stoves. Stove performance data 

collected from these homes was treated as conventional technology woodstove information.) 

2. To evaluate the effects on woodstove performance of replacing single wall flue pipe with 

double wall flue pipe. Two homes would have the existing single wall flue pipe portion of 

the interior chimney replaced with double wall flue pipe. 
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3. To measure the creosote build-up in flue pipes and chimneys of the test stoves. 

4. To compare results from this study with other available field studies or laboratory tests. 

5. To evaluate the impact of "in home" woodburning habits on woodstove performance. 

6. To evaluate the percentage of time that catalysts were at "lightoff" conditions. 

7. To evaluate the effect on woodstove performance and particulate emissions of using the two 

types of wood commonly available in the Whitehorse area-"firekilled" (lodgepole pine) and 

"seasoned" (predominantly white spruce, two homes used "seasoned" lodgepole pine). 

ill. SAMPLING EQUIPMENT DESCRIPTION 

In response to the necessity of evaluating particulate emissions and wood use data under in-situ 

conditions, OMNI has developed the AWES/Data LOG'r sampling system. Figure 1 shows a schematic 

of the AWES/Data LOG'r system. For the non-catalytic technology (conventional technology, low 

emission non-catalytics, and double-wall flue pipe) a single AWES unit was used to sample at a point 

30 em (1 ft) downstream of the stove's flue collar. For the catalytic technology (integral catalytic 

woodstoves and catalytic retrofit devices) two AWES units simultaneously sampling were used to obtain 

particulate emission samples before and after the catalyst. Figure 2 shows a schematic of the dual 

AWES/Data LOG'r system used for catalytic technology performance assessments. 

A. Data LOG'r Description 

The Data LOG'r is a multi-channel programmable microprocessor/controller with the capability of 

processing both digital and analog signals. The unit has data storage capacity of 32 kilobytes on a 

field-replaceable non-volatile memory data cartridge. As presently programmed, cartridge capacity 

allows up to 30 days of continuous operation between servicing in most field project applications. The 

Data LOG'r was programmed to record and store the following information: 

• Starting date, time, and unit serial number for data recording periods; 

• Daily date and time, recorded at midnight, and a continuous time record in 5 minute 

intervals; 

• Flue gas and, where applicable, in-catalyst and before-catalyst temperatures, averaged over 

5-minute intervals (non-catalyst technology) or 15-minute intervals (catalyst technology). 

• Room temperature, outdoor temperature (in two study homes), and Data LOG'r ambient 

temperature in 15 minute intervals; 

• Record of alternate home heating status (on or off) by use of a temperature sensor; 

• Wood weights and coalbed condition recorded as the woodstoves were fueled; 

• Oxygen measurements when the AWES unit was sampling; 

• Home AC power status, measured at 5 minute intervals. 
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An attached electronic scale/woodbasket unit supplies to the Data LOG'r an analog voltage output 

that is linearly proportional to the weight placed in the wood holder. Scale readings were recorded by 

having the participant use an attached keypad in a prescribed sequence. The five button keypad also 

allows the participant to record the coalbed conditions at each time of stove fueling. 

The Data LOG'r was programmed to activate the AWES unit (two AWES units in the case of the 

catalytic technology) at a specific date and time. Sampling intervals were one minute on per half 

hour for seven day sampling periods, commencing on Sundays at midnight. 

B. Automated Woodstove Emission Sampler {AWES) Description 

The AWES sampler was specifically designed for sampling residential woodstove particulate 

emissions. As programmed in this study it is capable of sampling woodstove emissions for periods up 

to one week in length. Sample flow is maintained by a critical flow orifice, so no adjustment is 

required during operation. Sample start and stop times, dates, and frequency (minutes on and minutes 

off) are programmable and controlled by the OMNI Data LOG'r. The sampler (two samplers in the 

case of catalytic technology) was installed prior to a scheduled start time, left unattended, and 

removed for sample processing at the end of the sampling period. 

The AWES unit draws flue gases through a 1.0 em C% in) stainless steel probe, 1.0 em C% in) 

Teflon line, and heated U.S. EPA Method-S type filter for collection of particulate matter, followed by 

a sorbent resin (XAD-2) trap for semi-volatile hydrocarbons. Water vapor is removed by a silica gel 

trap. Flue gas oxygen concentrations, which are used in conjunction with wood use data to determine 

flue gas volume, were measured by an electrochemical cell. The oxygen cell used in the AWES unit is 

manufactured by Catalyst Research (Model #472062). The AWES uses a critical orifice (Millipore 

#XX5000002) to maintain a nominal sampling rate of 1.0 liters per minute (0.035 cfm). Each AWES 

critical orifice is calibrated to determine the exact sampling rate. 

C. Probe Placement 

The Data LOG'r system uses several external sensors which generate analog voltages that are 

processed by the Data LOG'r microprocessor. Solid state temperature sensors (National Semiconductor 

LM334) were used to monitor Data LOG'r box temperature (SS#1), room temperature (SS#2), outdoor 

temperature (SS#3), and auxiliary heating system status (SS#4). The room temperature sensor was 

placed on a wall approximately 3.0 m (10 ft) from the stove and approximately 1.2 m (4 ft) above floor 

level. The auxiliary heat status sensor was placed in the nearest furnace duct or electric baseboard 

heater. 

Type "K" ground-isolated stainless steel sheathed thermocouples (Pyrocom l.K-27-5-U) were used 

to monitor various flue gas temperatures. In the case of non-catalytic technology, one thermocouple 

was placed 30 em (1 ft) downstream of the woodstove's flue collar in the center of the flue gas 

OMNI ENVIRONMENTAL SERVICES, INC. - 6 



stream. In the case of the catalytic "add-on" retrofit devices, the before-catalyst thermocouple 

(TC#3) was placed at the base of the catalytic retrofit housing, the in-catalyst (TC#2) thermocouple 

was placed as closely as possible to the top of the catalyst while allowing for catalyst movement, and 

the downstream (flue collar) thermocouple (TC#1) was placed 30 em (1 ft) downstream of the catalytic 

retrofit housing. All thermocouples were placed in the center of the flue gas stream. In the case of 

the integral catalytic woodstoves, the before-catalyst thermocouple (TC#3) was placed in the center of 

the firebox just upstream of the secondary air intake, the in-catalyst thermocouple (TC#2) was 

inserted into the center of the catalyst substrate, and the after-catalyst thermocouple (TC#1) was 

placed 30 em (1ft) downstream of the woodstove's flue collar in the center of the flue gas stream. 

With the exception of the firebox AWES probes used in the integral catalytic woodstoves, all 

stainless steel probes used for sampling were 38 em (15 in) long and 1.0 em (% in) 00. The probes 

were inserted 8 em (3 in) into the gas stream. 

The before-catalyst AWES probes used in the Burning Log "Turbo 10" integral catalytic 

woodstoves were 52 em (21)5/8 in) long and inserted 22 em (85!8 in) into the firebox. The tip of the 

probes were located in the center of the firebox just before the secondary air intake. 

The before-catalyst probe used in the Blaze King "King" integral catalytic woodstove was 66 em 

(26 in) long and inserted 36 em (14 in) into the firebox. The tip of the probe was located m the 

center of the firebox just before the secondary air intake. 

The AWES units returned exhaust gas to the stack via a 0.6 em et4 in) Teflon line and a 38 em 

(15 in) stainless steel probe inserted approximately 38 em (15 in) downstream of the flue collar 

sampling probe. In installations where two AWES units were used, exhaust gas was returned to the 

stack via a common 0.6 em ct/4 in) Teflon line and 38 em (15 in) stainless steel probe. 

IV. TECHNICAL APPROACH 

A. General Study Design 

Emission and other performance data was collected on the conventional technology woodstoves 

prior to the installation of the new technology woodstoves, catalytic retrofit devices, or double-wall 

flue pipe. During Stage 1, four one-week sampling periods were completed in each of the fourteen 

homes participating in the study. Creosote samples were collected and particulate emission rates, burn 

rates, and efficiency of the conventional technology woodstoves were determined during Stage 1. 

After the completion of Stage 1 sampling, the new woodheat technologies were installed in the 

fourteen homes. During Stage 2 five one-week sampling periods were completed. During the five 

sampling periods, creosote samples were collected and data was obtained on particulate emission rates 

(both before-catalyst and after-catalyst), burn rates, and overall woodstove efficiencies. 
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B. Home Selection 

The City of Whitehorse, Energy, Mines and Resources Canada. and OMNI cooperated in the 

selection of homes for the study. OMNI provided a set of preferred selection criteria for the homes 

participating in the study. In cooperation with OMNI, representatives of the City of Whitehorse and 

Energy, Mines and Resources Canada conducted interviews of potential participants. Fourteen homes 

were selected which best met the selection criteria. Requirements for parricipation in the study 

included: 

1. Currently heat with a conventional technology woodstove. Single wall flue ptpe was 

preferred, and the woodstove was required to be in an installation that met local safety 

codes. 

2. Wood was used as a primary source of heat in the home. 

3. Participant was able to provide reasonable access to the home for servicing sampling 

equipment, chimney sweeping, and technology changes prior to Stage 2. 

4. Floor area in the vicinity of the woodstove installation would accommodate the OMNI 

sampling equipment (temperature sensors, power cords, thermocouples, woodbasket/scale unit, 

and AWES/Data LOG'r). 

5. Participant was willing to try the new technology and to cooperate with the study 

requirements, specifically, equipment servicing calls, contracted chimney sweeping, use of the 

Data LOG'r scale/keypad unit, use of "seasoned" and "frrekilled" fuel during prescribed 

periods, and maintenance of a log book of unusual events. 

6. Participant was willing to participate in the organization and training sessions conducted by 

the City of Whitehorse, Energy, Mines and Resources Canada, and OMNI. 

7. The existing woodstoves evaluated in Stage 1 were representative of the stove models most 

commonly used in Whitehorse. 

Of the fourteen homes chosen to participate in the study, seven were located in the Riverdale 

subdivision, and seven were located in the Porter Creek subdivision. The Riverdale subdivision is a 

suburb to the south of Whitehorse where the highest TSP levels are generally observed.3 The Porter 

Creek subdivision is a suburb located north of Whitehorse. Porter Creek is on a bluff west of the 

Yukon River and generally does not experience as severe air stagnation and elevated TSP episodes as 

other parts of the city. 

C. Technology Selection 

The new technology devices were selected by the City of Whitehorse and Energy, Mines and 

Resources Canada with assistance from OMNI. All new technology woodstoves (both catalytic and non­

catalytic) used in this study were certified to meet the State of Oregon 1988 woodstove emission 
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standards and Canadian safety standards. A preference in selecting stoves was also given to 

woodstoves manufactured in Canada. The new woodheat technologies and double wall flue pipe used in 

Stage 2 of the study included: 

1. Double Wall Flue Pipe: 

a. Security (ventilated airspace) 

b. James A. Ryder (sealed airspace) 

2. Low Emission Non-Catalytic Woodstoves: 

a. Osburn "Imperial 2000" 

3. Catalytic "Add-on" Retrofit Devices: 

a. Nu-Tee Catalytic Retrofit 

b. Uni-Com Catalytic Damper 

4. Integral Catalytic Woodstoves: 

a. Blaze King "King" 

b. Burning Log "Turbo 10" 

The Oregon certified version of Pacific Energy System's "Super 27" low emission non-catalytic 

woodstove was also selected to be used in Stage 2. As discussed in more detail in Section VI, it was 

discovered at the end of the study that the PES "Super 27" stoves (two homes) used in Stage 2 were 

not Oregon certified versions of the "Super 27". Therefore, the PES "Super 27" stoves used in this 

study are considered conventional technology woodstoves. 

At the conclusion of sampling period 3 in Stage 1 of the study an evaluation of the burn rates, 

heating requirements, and fueling frequency for each conventional technology woodstove in each home 

was completed. A determination of the most appropriate assignment of each new woodheat technology 

in each participating home was made based on heating requirements, fueling habits of the participants, 

and compatibility with the existing woodstove installation and/or chimney system dimensions. 

D. Training of Study Participants 

After the interview and selection process was completed and the fourteen participants were 

identified, a meeting was conducted in Whitehorse by the City of Whitehorse, Energy, Mines and 

Resources Canada, and OMNI Environmental Services, Inc. Participants were given a general overview 

of the study objectives, study design, and participation requirements. 

During the initial installation of the instrumentation study participants were instructed by field 

staff in the proper use of the OMNI Data LOG'r scale/keypad unit and provided with an 

instruction/log booklet. 

After installation of the Stage 2 new technology, participants were given instructions by OMNI 

field staff on the safe and proper operation of their new woodheat technology devices. Participants 
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using catalytic technology were briefly instructed on the theory of catalytic combustion and how to 

achieve and maintain catalytic light-off conditions. A schedule was also provided as to when to 

switch from "frrekilled" to "seasoned" fuels. Participants using catalytic add-on devices on the RSF 

"65s" were instructed to leave the bypass damper in the "open" position to increase the probability of 

catalyst light-off conditions by increasing the flue gas temperatures. Study participants were also 

given instruction booklets provided by the manufacturers of each new woodheat technology. 

Field staff continued to monitor the operation of the new woodheat technologies during 

equipment service calls and provided on an as-needed basis additional advice on the proper operation 

of the new woodstoves and catalytic retrofit devices. 

The homes with the double wall flue pipe required little training because no additional changes 

were made to their existing conventional technology stoves. 

The low emission non-catalytic stoves generally required smaller fuel loads and had shorter burn 

times than the participant's conventional technology woodstoves. Some alteration of previous fueling 

habits was necessary in the operation of the low emission non-catalytic woodstoves due to the smaller 

fireboxes. 

The catalytic "add-on" retrofit devices required more instruction time than other new woodheat 

technologies. All participants with catalytic retrofit devices were given additional instruction in 

establishing an adequate draft condition prior to opening the stove door in order to reduce smoke 

spillage. Also, additional instruction was given on how to achieve and maintain catalyst lightoff 

conditions. 

The participants with the integral catalytic woodstoves were briefly instructed in the theory of 

catalytic operation and operating the controls on their new woodstove. No additional training was 

necessary after the initial training session. 

E. Sampling Regime 

The emission sampling equipment was installed by OMNI personnel in each of the study homes 

between November 19, 1986, and November 29, 1986. During this time period the chimneys were swept 

just prior to the installation of the instrumentation. Woodpile moisture and dimension measurements 

were recorded. All wood moisture measurements were performed using a Delmhorsr moisture meter 

(Model #RC-1C) . Appendix A contains information regarding the accuracy of the Delmhorst meter 

readings over a wide range of fuel moisture contents and its impact on emission and efficiency 

calculations. The participants were given instructions on the operation of the Data LOG'r 

keypad/scale unit and provided with a log book for recording unusual events. 

During Stage 1 four one-week sampling periods were completed. Field staff visited each study 

home to service the sampling equipment at the start and end of each sampling period. At the start of 

each sampling period, the AWES unit was installed; leak checks were performed; thermocouples, the 
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woodbasket/scale unit, and the oxygen cell were calibrated; the Data LOG'r was programmed with the 

proper sampling interval and start/stop times; and wood moisture measurements were performed on the 

fuel in the home's storage area. At the end of each sampling period, end-of-sampling-period 

calibrations and leak checks were performed; the AWES unit, sampling line, and sampling probe were 

removed; and wood moisture measurements were performed on the fuel in the home's storage area. 

The Data LOG'rs were programmed to activate the AWES units for one minute per half hour for 

seven days. The participating homes were separated into two sampling groups. Group A consisted of 

homes W01 through W07, and Group B consisted of homes W08 through W14. Emission sampling m 

Group A and Group B homes occurred on alternate weeks. For example, during the week while Group 

A woodstove emissions were being sampled, field personnel removed, serviced, and reinstalled the 

AWES units and sampling probes in the Group B homes. All sampling periods commenced on Mondays 

at 0000 hours. Ian Matthews and Karen Larson were responsible for maintaining and calibrating all 

sampling and data logging equipment. 

All new woodheat technologies used in Stage 2 were installed by a licensed installer according to 

local code. Additional instrumentation (consisting of two additional thermocouples and a second AWES 

unit) was installed m the homes using the catalytic-equipped technologies. The additional 

instrumentation enabled catalyst ligbtoff activity w be evaluated and a before-catalyst emission sample 

to be collected. For each participating home, five one-week integrated particulate emission samples 

were collected during Stage 2 sampling. 

At the conclusion of Stage 2 sampling all instrumentation was removed from each home. Final 

woodpile dimension and moisture measurements were recorded between April4 and April13, 1987. 

F. Creosote Collection Procedure 

Chimney sweeping and creosote sample collection was performed under a contract between a local 

sweeping service and the City of Whitehorse. Veenhof's Chimney Sweeping Service was initially 

contracted for the sweeping and collected creosote samples through February 20, 1987. After February 

20, 1987, the chimney sweeping/creosote sampling was performed by Lawrence T. Vano. 

The sweeps collected the creosote in a plastic bag which was weighed on a triple beam balance 

by OMNl field staff. 

Chimneys were swept at the start of the study prior to sampling, monthly or on an as-needed 

basis during the Stage 1 sampling periods, just pnor to the installation of the Stage 2 new woodheat 

technologies, monthly or on an as-needed basis during the Stage 2 sampling periods, and at the end of 

the study. 
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G. Fuel 

Two types of wood fuel available in the Whitehorse area were evaluated for potential differences 

in particulate emission rates and heating characteristics during both Stage 1 and Stage 2. The two 

classifications of wood types that were used are commonly referred to as "firekilled" and "seasoned." 

The "frrekilled" wood was cut from a large area north of Whitehorse that burned in 1958. The 

"frrekilled" species was predominantly lodgepole pine. 

The "seasoned" fuel was cut from local forests and allowed to season for at least one year. The 

species of the majority of "seasoned" fuel in the study was white spruce. In homes W01 and W13 

"seasoned" lodgepole pine that had been cut by the participants was used instead of white spruce. 

The "frrekilled" fuel was used during sampling periods 1, 2, 5, 6, and 7. The "seasoned" fuel was 

used during sampling periods 3, 4, 8, and 9. Several participants burned a mixture of "firekilled" and 

"seasoned" fuel during the sampling periods that had been designated for "seasoned" fuel only due to 

difficulties in maintaining a frre with only "seasoned" wood. 

H. Laboratory Procedures 

Each AWES unit was cleaned and prepared with a new ftlter and a XAD-2 sorbent resin cartridge 

prior to field installation. After each sampling period the stainless steel sampling probe, Teflon 

sampling line, and AWES unit were removed from the study home and transported to a laboratory for 

processing. Prior to transporting the AWES unit the sample intake port, sampling line, and sampling 

probe were sealed. The components of the AWES samplers were processed as follows: 

1. Filters: Glass fiber ftlters were removed from the AWES filter housings and placed in petri 

dishes. The petri dishes were sealed and shipped to OMNI's Oregon laboratory for 

desiccation and gravimetric analysis for particulate catch. 

2. XAD-2 Sorbent Resin: Sorbent resin cartridges were capped and shipped to OMNI's Oregon 

laboratory. In the OMNI laboratory the cartridges were extracted in the Soxhlet extractor 

with dichloromethane for 24 hours. The extraction solvent was transferred to a tared glass 

beaker. The solvent was evaporated in an ambient arr dryer, the beaker and residue 

desiccated, and the extractable residue weight determined. 

3. AWES Hardware: All hardware which was in the sample stream (stainless steel probe, Teflon 

sampling line, glass filter housing, and all Teflon, glass, and stainless steel fittings) through 

the base of the sorbent resin cartridge was rinsed with dichloromethane and methanol 

solvents. The solvents were placed in 500 ml glass jars which were capped, sealed, and 

shipped to OMNI's Oregon laboratory. In the OMNI laboratory the solvents were placed in 

tared glass beakers. The solvents were evaporated in an ambient air dryer, desiccated, and 

weighed to determine the residue fraction weight. 
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After cleaning, the AWES units were reassembled for field use. The intake port, sampling probe, 

and sampling line were sealed for transportation to the study home, and unsealed immediately prior to 

installation. 

I. Data Processing and Quality Control Procedures 

Data flies stored in the Data LOG'r memory cartridges were downloaded in the field with a 

portable computer onto floppy disks at the conclusion of each sampling period. The flies were 

transferred to OMNI's Oregon office from Whitehorse via computer modem. Each data flle was 

reviewed immediately to check for proper equipment operation. Data LOG'r flies were used in 

conjunction with the AWES particulate sample and wood moisture data to calculate particulate emission 

rates, catalyst lightoff times (when applicable), stove operation time, overall thermal efficiency, and 

burn rates. 

The Data LOG'r data ftles, log books, and records maintained by field staff were frequently 

reviewed to ensure sample integrity. Any parameter or calibration objective that did not meet OMNI's 

in-house quality control criteria was flagged and noted. The emission rate calculations that 

incorporated a flagged quality assurance parameter were carefully reviewed and are footnoted in · the 

data tables. 

Particulate emiSSIOn rate data is presented with associated precision and accuracy figures. Each 

individual measurement that is used in the emission calculations has some degree of uncertainty 

associated with it, and these uncertainties are propagated to determine the precision and accuracy 

attached to each calculated particulate emission rate. Appendix B lists the calculation procedures used 

for particulate emission rate determinations. Appendix C summarizes the criteria used in the precision 

and accuracy calculations. 

Two field blank samples were collected with the AWES units in Whitehorse to evaluate potential 

particulate contamination of the AWES fittings and sampling lines. An additional five field blank 

samples were also evaluated in the Portland area using identical sampling equipment. The field blank 

AWES units were prepared according to normal sampling protocols, transported to a study home, leak 

checked, left unattended for one week without being programmed to sample, leak checked, and 

transported back to the Whitehorse laboratory for sample processing. The mean particulate catch from 

the field blanks (22.5 mg; u: 10.0; range 7.2-35.5 mg) was subtracted from the total particulate catch 

for each emission sample. The mean field blank value is 7.1% of the average total AWES particulate 

catch for all sampling periods. 

The creosote gravimetric data was compiled for each project stage and normalized using heating 

degree-day data collected by the Canadian weather service station at the Whitehorse airport. 
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V. WOODHEAT TEOINOLOGY DESCRIPI10N 

A. Conventional Technology Woodstoves (Stage 1) 

Several models of existing conventional technology woodstoves were evaluated in the study. The 

following briefly describes the characteristics of each type of conventional technology woodstove 

evaluated in the study: 

1. RSF Energy Limited "Model 65": 

This woodstove model is extremely popular in the Whitehorse community and throughout Canada 

because of its high heat output capability, long burn times, and large firebox (the usable firebox 

volume is 0.1348 m3 {4.76 tt-3]) . The ftrebox is constructed of welded steel plate. The "65" primary 

air intake is thermostatically controlled. The primary combustion air enters the ftrebox on both sides 

near the top of the ftrebox. The air flow is directed down toward the fuel and out of the fuebox 

through a rectangular opening at the lower rear of the ftrebox. Secondary air enters the stream at 

the rear of the ftrebox via a heat exchanger. The flue gas is routed up the rear of the stove and out 

the 17.8 em (7 in) top-exit flue collar. The "65" also has a bypass mechanism. In the bypass mode 

flue gas is routed to the top rear of the fuebox, through the bypass door, and directly out the flue 

collar, bypassing the secondary air system. 

2. Fisher "Papa Bear," "Mama Bear," and "Grandma Bear," and Acorn "Ranger": 

Each of these stoves uses a similar design. The usable fuebox volumes are 0.1039 m3 (3.67 ft3), 

0.0773 m3 (2.73 ft 3), 0.0997 m3 (3.52 ft3), and 0.1510 m3 (5.33 ft3) respectively. Each stove model is 

constructed of welded steel plate. Each of these stoves uses two spin draft mechanisms mounted on 

the fuel loading door to control the primary air intake and has a step top design style. The primary 

combustion air enters each stove at the front of the ftrebox and is directed through the firebox and 

directly out the flue collar. The "Ranger" has an integral electric fan that is installed in the top of 

the firebox. The "Ranger" and "Grandma Bear" have top-exit flue collars, and the "Papa Bear" and 

"Mama Bear" use rear-exit flue collars. The "Marna Bear", "Papa Bear" and "Ranger" have 15.2 em (6 

in) diameter flue collars, and the "Grandma Bear" has a 20.3 em (8 in) diameter flue collar. 

3. Sears "Automatic": 

The "Automatic" has a usable firebox volume of 0.0821 m3 (2.90 ft3) . The inner firebox is 

constructed of welded steel plate. The fuel loading door is on the right side of the stove. The 

primary combustion air enters the firebox through a thermostatically controlled flap located at the 

lower right of the front stove wall. The primary air enters the ftrebox through a grate that forms 

the bottom of the fuebox. The air travels through the combustion zone and out the 15.2 em (6 in) 

diameter rear-exit flue collar. The "Automatic" firebox is surrounded by a sheet metal housing that 
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has a screen vent at the front of the stove. A thermostatically controlled electric fan is mounted on 

the rear of the stove and directs convection aii between the inner firebox and the sheet metal shell. 

4. Pacific Energy Systems "Super 27" (uncertified version; Stage 2 only): 

The "Super 27" has a usable firebox volume of 0.0490 m3 (1.73 ft3) and is constructed of welded 

steel plate. A 35.6 em x 32.1 em (14 in x 1.1?18 in) baffle plate manifold forms the top of the firebox. 

The manufacturer recommends the use of 35 em (14 in) logs. 

Primary combustion air enters the stove through two openings on the underside of the firebox. 

The primary air entering the 6.4 em (21/2 in) diameter opening is routed through a manifold to 

channels in both front corners of the fuebox and then to a manifold above the door. The air enters 

the firebox through a 34.0 em x 1.6 em (13% in x 518 in) opening above the glass door, washing the 

door as it enters. The primary air which enters the stove through a 2.5 em (1 in) diameter pipe is 

routed to a manifold just inside and level with the firebox entrance. Both primary air intake ports 

are regulated by one wedge-shaped slide plate with one elliptical opening in it. Both "Super 27" 

woodstoves in the study were equipped with factory-installed electric fans. 

5. Blaze King "King" (non-catalytic), Energy King "King" (non-catalytic), Energy King "Princess": 

The Blaze King "King" and the Energy King "King" are virtually identical woodstoves. The 

"Princess" is a smaller version of the "King." Each of the three stove models are constructed of 

welded steel plate. The usable fuebox volume of the "King" is 0.1274 m3 (4.50 ft3), and the usable 

fuebox volume of the "Princess" is 0.0906 m3 (3.20 ft3). The primary combustion air intake on each 

of these stoves is thermostatically controlled. Primary combustion air enters the fuebox through a 

rectangular opening located at the base of the back wall. The air flow is directed through the firebox 

and out of a hole in a plate located at the top of the fuebox. The flow is then routed between the 

plate and the top of the stove and out the 20.3 em (8 in) diameter top-exit flue collar. 

B. New Woodheat Technology (Stage 2) 

1. Double Wall Flue Pipe: 

Two styles of double wall flue ptpe were used in the study. The original objective of the study 

was to install sealed double wall flue pipe. However, due to a misunderstanding with a local supplier 

of flue pipe, vented double wall pipe was initially installed in two homes. The fust style evaluated in 

each of the two study homes was manufactured by Security Chimneys Ltd., and had rectangular vents 

in the outer wall at either end of each 76 em (30 in) section of pipe. The second style of flue pipe 

used in the study was manufactured by James A. Ryder Manufacturing and had a dead air space 

between the pipe walls. The double-wall pipe replaced single wall systems that were in place between 

the stove flue collar and the wall or ceiling thimble. 
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2. Low Emission Non-Catalytic Woodstoves: 

One model of a low emission non-catalytic woodstove was evaluated in the study. The following 

stove model was used in the study: 

Osburn "Imperial 2000" (Manufactured by Osburn Industries): 

The "Imperial 2000" bad the smallest usable firebox volume of the woodstoves evaluated in this 

study-0.0436 m3 (1.54 ft3) . The stove has a steel inner firebox which is surrounded by a 1.3 em 

(1/2 in) ceramic insulation blanket on the sides, rear, and bottom. The inner assembly is enclosed by 

a steel outer firebox which is shielded by a sheet metal convection air jacket on the sides and rear. 

The top of the firebox is a baffle with a 48.3 em x 4.4 em (19 in x 1314 in) opening at the front of 

the firebox for exiting flue gas. 

Primary combustion air enters through two 3.2 em x 12.1 em (11/4 in x 43/4 in) slots in the rear 

of the pedestal base. The primary air travels through a 15.2 em (6 in) diameter hole in the outer 

firebox to a 15.2 em x 5.1 em (2 in x 6 in) duct in the space between the inner and outer fireboxes. 

The duct acts as a manifold and directs the air to both the sides and rear of the stove. The side air 

goes up two risers to the top of the stove, across and above the door, and enters the firebox flowing 

down the inside face of the glass, serving as an air wash. The rear air flows along the bottom of the 

stove, up the back, and enters the firebox through a 45.7 em x 1.3 em (18 in x 1/ 2 in) opening at the 

top rear. 

The pnmary combustion air is controlled by a 7.6 em (3 in) diameter slide gate. By-products of 

combustion exit the firebox by traveling toward the front of the firebox, around the baffle plate, and 

out the 15.2 em (6 in) diameter top-exit flue collar. 

The "Imperial 2000" stoves used in the study were equipped with factory-installed electric fans. 

Because of its relatively small firebox, logs bad to be cut into 35 em (14 in) lengths. A schematic of 

the cross-sectional area of this stove is included in Appendix D. 

3. Catalytic "Add-on" Retrofits: 

Two models of catalytic retrofits were monitored in the study. The catalytic retrofits evaluated 

in this study included: 

a. Nu-Tec Catalytic Retrofit (Manufactured by NU-TEC Incorporated): 

The Nu-Tec is a stack add-on style of catalytic retrofit. The device is designed to be mounted 

directly on the flue collar of the woodstove and substituted for a section of stovepipe. The base and 

top of the unit have 20.3 em (8 in) mounting collars. The cast iron unit housing is 20.3 em (8 in) in 

diameter and 15.2 em (6 in) long. 
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The Nu-Tec uses an Applied Energy Systems Model No. 54152020 catalyst measuring 13.7 em . 
(5.4 in) in diameter by 3.8 em (1.5 in) thick, and contains 3.1 cells per square centimeter (20 cells per 

square inch). The catalyst is mounted in a cast iron holder that rotates 90 degrees on a pivot point 

located in the center of the unit housing. In the engaged position the catalyst is perpendicular to the 

flow and all flue gas is routed through it. In the bypass position the catalyst is parallel to the flow 

and the flue gas is routed around the catalyst. A schematic of this device is in Appendix D. 

b. Uni-Corn Catalytic Damper (Manufactured by Dominion Manufacturing, Inc.) : 

The Uni-Corn is also a stack add-on style of catalytic retrofit. The base and top of the unit 

have 20.3 em (8 in) mounting collars. The steel unit housing measures 28.6 em (11 1
/ 4 in) in diameter 

by 27.0 em (loS/8 in) long. The Uni-Corn contained a Corning Glass Model 6000 catalyst measuring 

14.4 em (5.66 in) in diameter by 7.6 em (3 in) thick, and contains 2.5 cells per square centimeter (16 

cells per square inch). 

The catalyst action 1s controlled by a lever which raises and lowers the catalyst in the unit 

housing. In the engaged position the catalyst seats in the bottom of the unit housing and flue gas is 

routed through it. In the bypass position the control lever linkage lifts the catalyst from the seat 

into the afterburner assembly housing. The afterburner assembly consists of a 14.6 em (53/ 4 in) 

diameter by 1.9 em e14 in) ceramic disk supported by a steel casing. The ceramic disk acts as a heat 

sink and helps to retain heat in the vicinity of the catalyst. In the bypass mode flue gas is routed 

around the underside of the catalyst. There is a bypass lever stop welded to the unit housing that 

allows the catalyst to be placed in a partially bypassed position. In this position the catalyst does not 

quite seat in the base of the unit, and flue gas is routed both through and around the catalyst. A 

schematic of this device is in Appendix D. 

4. Integral Catalytic Woodstoves: 

Two models of integral catalytic woodstoves were monitored m the study. The integral catalytic 

woodstoves which were evaluated include: 

a. Blaze King "King" (Manufactured by Blaze King, Canada, Ltd.): 

The Blaze King "King" was the largest integral catalytic woodstove evaluated in the study. The 

"King" has a usable firebox volume of 0.1274 m3 ( 4.50 ft3). The stove is constructed of welded steel 

plate and could accommodate firewood up to 56 em (22 in) in length. 

Primary and secondary combustion air enter the unit through two 3.8 em x 2.5 em (11/2 in x 

1 in) rectangular openings located at the rear bottom of the unit. The primary air is routed to the 

top of the rear stove wall and is restricted by a flap which is thermostatically controlled with a 

bimetallic coil. The primary air flows downward and enters the firebox via a 11.4 em x 3.8 em 
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(41/2 in x 11/2 in) rectangular opening located at the center of the rear firebox wall, 5.1 em (2 in) 

above the hearth. Secondary air is diverted from the intake into two 2.9 em (11/8 in) OD tubes which 

enter the firebox and extend to the top center directly below the catalyst assembly. The secondary 

air exits in a 0.6 em (1/4 in) airspace between two oval steel plates. The plates have a short 

diameter of 5.1 em (2 in) and a long diameter of 10.2 em (4 in). 

A tertiary air intake is located at the front of the left side of the stove. Tertiary air enters 

the unit through a 1.6 em (5;8 in) ID tube and is routed to a location directly above the catalyst. 

The tertiary air enters the gas stream through two 1.0 (J;g in) diameter holes cut into the intake 

tube. 

The oval-shaped catalyst used in the stove was manufactured by Matsushita Battery Co. of Japan 

(distributed by Technical Glass Products) with a long diameter of 21.9 em (85!8 in), a short diameter 

of 18.1 em (71/8 in), and a thickness of 5.1 em (2 in). The catalyst contains 2.5 cells per square 

centimeter (16 cells per square inch). 

When the fuel loading door is unlatched the bypass damper door may be opened. In the bypass 

position flue gas exits through the 22.9 em x 152 em (9 in x 6 in) bypass opening located at the top 

rear of the firebox and out the 20.3 em (8 in) top-exit flue collar. When the fuel loading door is 

closed, the bypass door is closed automatically by a spring-loaded push rod. In the engaged position 

flue gas is routed to the top center of the fiiebox where it is mixed with secondary combustion air, 

passes through the catalyst, is mixed with tertiary air, and exits out the 20.3 em (8 in) diameter top­

exit flue collar. 

Convection ali is drawn into two convection air manifolds by two electric fans located on the 

bottom of the rear stove wall. The convection air travels from the manifold up the rear wall of the 

stove and to a duct located between the top of the fiiebox and the top of the stove. The convection 

air exits through two 11.4 em x 4.4 em (41; 2 in x 13; 4 in) openings located at both top corners of the 

front of the stove. A schematic of this stove is found in Appendix D. 

b. Burning Log "Turbo 10" (Manufactured by Burning Log Fireplace Specialists, Ltd.): 

The "Turbo 10" has a usable fiiebox volume of 0.0651 m3 (2.30 ft3). The plate steel fiiebox has 

a sheet metal jacket on the top and rear of the stove and a thin steel framework that supports six 

20.0 em x 20.0 em (77;8 in x 77;8 in) ceramic tiles on either side. The manufacturer's instructions 

indicate that the stove will accommodate log lengths up to 46 em (18 in). 

Primary combustion air enters the unit in each lower front corner through the primary ali 

manifolds. The primary air is then routed to a channel above the fuel loading door where it washes 

the glass door as it is introduced into the fiiebox. Primary air is regulated by a rectangular damper 

flap located in the channel above the door that is thermostatically controlled by a bimetallic coil. 
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Secondary combustion air enters at the lower rear corners of the firebox on the rear stove wall . . 
The secondary air is conducted via a 3.5 em (13;g in) OD U-shaped tube. The two legs of the "U" 

run along either side of the frrebox and converge just in front of the catalysts, which are mounted 

vertically at the top front of the frrebox. The secondary air exits the tube through two slots cut in 

the U-shaped tube. The two slots measure 7.6 em x 1.3 em and 12.7 em x 1.3 em (5 in x 1!2 in and 

7 in x 1!2 in). 

Two Corning Model 6000 rectangular-shaped catalysts are used in the "Turbo 10." The catalysts 

each measure 17.8 em (7 in) long by 5.4 em (21/8 in) wide by 5.1 em (2 in) deep. The catalysts are 

mounted with the long axis horizontal alongside each other at the top front of the firebox between 

the top of the firebox and the top of the stove. 

In the catalyst bypass mode, flue gas exits the firebox via a 15.6 em (61/8 in) diameter opening 

located at the top rear center of the firebox and in line with the 15.2 em (6 in) flue collar. In the 

engaged mode, the flue gas is routed toward the top front of the firebox where secondary air is 

introduced. The gas then is routed through the catalyst and directly out the flue collar. A schematic 

of this stove is found in Appendix D. 

VI. RESULTS 

A. General Notes 

Tables 1-A through 14-B provide stove operation information, particulate ermss10n rates, and 

estimated overall efficiency for each home in the study. The following are notes that pertain to the 

data presented in the tables: 

• Data presented in the tables was compiled during the days that the AWES units were 

sampling. Sampling periods for homes W01 through W07 and homes W08 through W14 

occurred on alternate weeks. 

• Occasional sensor malfunctions resulted in some lost data. Missing data is indicated by the 

absence of data in the tables for the sampling period during which the malfunction occurred. 

• Fuel moisture contents presented are on a dry basis. 

• Overall thermal efficiencies were calculated using a modified version of an overall efficiency 

calculation method developed for the Condar sampling system? 

The overall data recovery rate for this project was 92.8%. This value was derived by assigning 

one point to each emission sample (either before-catalyst or after-catalyst) and each wood weight/flue 

temperature data set for individual sampling periods. There were a total of 279 data points possible 

for the study (153 possible emission samples and 126 possible wood weight/flue temperature data sets). 

A total of 20 data points were lost due to sensor malfunctions. 
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Stove Model Sampling 
(Technology Type) Period 

1 

RSF "65" 
(Conventional) 2 

4 

witl1 Security 5 
Vented Double-Wall 

Flue Pipe 
6 

with 7 
James A. Ryder 

Air-Insulated 
Double-Wall 8 

Flue Pipe 

9 

Heating 
Sampling Degree 

Dates Days1 

24/11/86-
30/11/86 193.3 

08/12/86-
14/12186 131.5 

05/01187-
11/01/87 141.1 

02/02/87-
08/02/87 161.1 

16/02/87-
22/02/87 148.6 

02/03/87-
08/03/87 301.2 

16/03/87-
22/03/87 165.3 

30/03/87-
05/04/87 119.9 

HOME CODE: W01 

Alternative Stove Catalyst Fuel Average 
Heat Use Operation Operation Fuel Moisture Fuel Use Burn Rate Overall 
(Hours) (%)b (%)c Typed (%db) (dry kg) (dry kg!hr) Efficiency 

0.0 96.9% N/A 100% FKLP 16.8 314.9 1.93 45.6% 

0.0 87.8% N/A 100% FKLP 14.5 194.1 1.32 45.1% 

50% SLP 48.0 
2.2 97.9% N/A 50% FKLP 13.9 206.9 1.26 41.2% ! 

N/A 100.0% N/A 100% FKLP 13.5 256.9 1.53 47.4% 

0.0 94.8% N/A 100% FKLP 15.2 251.3 1.58 48.0% 

9.5 99.0% N/A 100% FKLP 15.8 357.4 2.15 55.7% 

75% SLP 15.6 
13.1 50.7% N/A 25% FKLP 12.6 95.7 1.12 43.9% 

9.4 49.0% N/A 100% SLP 15.6 65.3 0.79 46.9% 

Fueling, Burn Rate, and Efficiency Data 

Table 1A 
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Stove Model 
(Technology Type) 

RSF "65" 
(Conventional) 

with 
Security Vented 

Double-Wall 
Flue Pipe 

with 
James A. Ryder 

Air-Insulated 
Double-Wall 

Flue Pipe 

Sampling Sampling 
Period Dates 

24/11/86-
1 30/11/86 

08/12/86-
2 14/12/86 

05/01/87-
4 11/01/87 

02/02/87-
5 08/02/87 

16/02/87-
6 22/02/87 

02/03/87-
7 08/03/87 

16/03/87-
8 22/03/87 

30/03/87-
9 05/04/87 

HOME CODE: W01 

Grams per Hr Grams per Kg Grams per 106 1 

Emission {P} Emission {P} Emission 
Rate [A)e Rate [A)e Rate 

{±127} {±5.2} 
49.8 ·, [±16.6) 25.8 [;±8.0) 28 

{±9.2} {±5.8} 
30.4 [±11.8] 23.1 [:1-.B.S] 2.6 

{±8.6} {±5.7} 
25.8 [±11.2] 20.5 [±8.5] 25 

{±8.7} {±4.5} 
33.9 [±11.5] 222 [±7.0] 24 

{±8.1} {±4.2} 
28.1 [±10.3) 17.8 [H>.l) 1.9 

{H>.O} {±2.2} 
22.9 (±7.2] 10.7 (±3.1} 1.0 

{±9.4} {±7.1} 
25.5 [±11.7) 22.7 [±9.9] 2.6 

{±6.4} {±6.9} 
18.0 [±8.0) 227 [:1:9.6] 2.4 

Particulate Emission Rate Data 
Table 18 

{P} 
[Af 

{±0.6} 
(±0.9) 

{±0.7} 
[±1.0] 

{±0.7} 
[±1.1] 

{±0.5} 
[±0.8) 

{±0.5} 
[±0.7] 

{±0.2} 
[±0.3) 

{±0.9} 
[±1.2) 

{±0.8} 
(±1.1] 

-- . .. . 

Grams per m3 

Concen- {P} 
tration [A)c 

{±0.22} 
1.74 (±0.29) 

{ ±0.14} 
1.00 [±0.15] 

{±0.12} 
0.77 [±0.13] 

{±0.16} 
1.32 (±0.20] 

{ ±0.12} 
0.90 [±0.14) 

{±0.11} 
0.77 [±0.12] 

{±0.18} 
0.92 (±0.20) 

{±0.16} 
0.88 (±0.17) 

·--
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Stove Model Sampling 
(Technology Type) Period 

1 

RSF "65" 2(f) 

(Conventional) 

3 

4 

with Nu-Tec 5 
(Catalytic 
"Add-on• 
Retrofit) 6 

8 
RSF "65" 

(Conventional) 
9 

Heating 
Sampling Degree 

Dates Oays8 

24/11/8&-
30/11/86 193.3 

12/12/8&-
15/12/86 75.9 

22/12/8&-
28/12/86 183.2 

05/01/87-
11/01/87 141.1 

02/02187-
08/02/'07 161.1 

16/02187-
22/02/87 148.6 

16/03/'07-
22/03!87 165.3 

30/03/'ifl-
05104/'ifl 119.9 

HOME CODE: W02 

Alternative Stove Catalyst 
Heat Use Operation Operation Fuel 
(Hours) (%)b (%)c Typed 

37.7 97.4% N/A 100% FKLP 

2.1 99.9% N/A 100% FKLP 

7.9 100.0% N/A 100% ss 

50% ss 
9.5 100.0% N/A 50% FKLP 

21 100.0% 12.2% 100% FKLP 

27 99.7% 6.7% 100% FKLP 

95%SS 
29 94.5% N/A 5% FKLP 

1.7 98.5% N/A 100% ss 

Fueling, Burn Rate, and Efficiency Data 

Table2A 

Fuel Average 
Moisture Fuel Usc Burn Rate OveraU 
(%db) (dry kg) (dry kgjhr) Efficiency 

17.2 236.6 1.45 48.2% 

19.8 77.9 1.29 59.1% 

28.9 245.5 1.46 56.6% 

41.8 
15.1 150.9 0.90 53.7%(i) 

18.0 2027 1.21 42.9% 

21.8 144.7 0.86 (g) 

33.0 
17.5 118.7 0.75 41.9% 

24.1 929 0.56 50.2% 
- - - ----- - -- -- - -- ------ - L_ _ _ ______ __ -
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Stove Model Sampling 
(Technology Type) Period 

1 

RSF "65" 2(f) 
(Conventional) 

3 

4(i) 

with Nu-Tcc 5 
(Catalytic 
"Add-on" 
Retrofit) 

6 

RSF "65" 8 
(Conventional) 

9 

Sampling Sampling 
Dates Location 

24/11/86- Flue 
30/11/86 Collar 

12/12/86- Flue 
15/12/86 Collar 

22/12/86- Flue 
28/12/86 Collar 

05/01/87- Flue 
11/01!87 Collar 

Before 
02/02/87- Catalyst 
08/02/87 

After 
Catalyst 

16/02/87- Before 
22/02/87 Catalyst 

16/03/87- Flue 
22!03/87- Collar 

30/03/87- Flue 
05!04!87- Collar 

HOME CODE: W02 

Grams per Hr Grams per Kg Grams per 106 J 

Emission 
Rate 

28.9 

17.2 

17.3 

11.5 

50.3 

36.6 

38.5 

17.7 

13.1 

{P} Emission {P} Emission 
(Af Rate [Ale Rate 

{±7.4} {±4.0} 
(:±9.31 20.0 (±6.0) 2.1 

{±4.8} {±3.0} 
(±6.0) 13.3 (±4.31 1.1 

{±5.2} {±2.9} 
(±6.31 11.8 (±4.01 1.0 

{±3.8} {±3.5} 
(±4.7) 12.8 [±5.0) 1.2 

{±12.0} {±7.7} 
[±16.5) 41.7 [±12.7) 5.3 

{±10.0} {±6.7} 
(±13.5) 30.3 [±10.5) 3.6 

{±10.0} {:±9.2} 
[±13.9) 44.5 [±15.1] 5.4 

{±6.5} {±7.4} 
(±B.8) 23.6 (±11.31 2.8 

{±4.3} {±6.4} 
[±5.81 23.3 (:±9.91 2.3 

Particulate Emission Rate Data 
T~hlt:> ?R 

{P} 
(Ale 

{±0.5} 
(±0.7) 

{±0.3} 
(±0.4 I 

{±0.3} 
(±0.4 I 

{±0.3} 
(±0.51 

{±1.1} 
[±1.7] 

{±0.9} 
(±1.3) 

{±1.2} 
[±1.9) 

{±0.9} 
(±1.4) 

{±0.7} 
(±1.01 

Grams per m3 

Percent 
Concen- {P} Emissions 
tration (A)e Reductionh 

{±0.14} 
1.18 (±0.161 N/A 

{±0.11} 
0.79 (±0.13) N/A 

{±0.09} 
0.59 [±0.09) N/A 

{~0.09} 
0.56 [±0.10) N/A 

{ ±0.31 } 
2.76 [±0.46 J 

27.2% 
{±0.20} 

1.55 (±0.271 

{±0.23} 
2.09 [±0.33] N/A(g) 

{±0.11} 
0.71 [~{).131 N/A 

{±0.13} 
0.87 (±0.16] N/A 
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Stove Model 
(Technology Type) 

Fisher 
"Grandma Bear" 
(Conventional) 

Burning Log 
"Turbo 10" 
(Integral 
Catalytic) 

Sampling 
Period 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Heating 
Sampling Degree 

Dates Days1 

24/11/86-
30/11/86 193.3 

08/12/86-
14/12/86 131.5 

22/12/86-
28/12/86 183.2 

05/01187-
11/01/87 141.1 

02/02/87-
08/02/87 161.1 

16/02/87-
22/02/87 148.6 

02/03/87-
08/03/87 .301.2 

16/03/87-
22/03/87 165.3 

30/03/87-
05/04/87 119.9 

HOME CODE: W03 

Alternative Stove Catalyst 
Heat Use Operation Operation Fuel 
(Hours) (%)b (%)c Typed 

0.0 100.0% N/A 100% FKLP 

0.0 100.0% N/A 100% FKLP 

99%SS 
0.0 99.6% N/A 1% FKLP 

50%SS 
0.0 99.3% N/A 50% FKLP 

0.0 99.6% 77.2% 100% FKLP 

0.0 99.1% 66.6% 100% FKLP 

0.0 100.0% 82.6% 100% FKLP 

80% ss 
0.0 100.0% 68.2% 20% FKLP 

0.0 90.3% 53.0% 100% ss 

Fueling, Burn Rate, and Efficiency Data 

Table3A 

Fuel Average 
Moisture Fuel Use Burn Rate Overall 
(%db) (dry kg) (dry kg!hr) Efliciency 

15.4 198.7 1.18 62.5% 
' 

14.3 174.7 1.04 57.3% 

40.4 
17.3 218.4 1.31 50.8%(j) 

40.1 
14.6 239.7 1.44 54.8% 

16.0 164.9 0.99 54.7% 

15.2 175.3 1.05 53.4% 

17.6 213.4 1.27 60.5% 

32.7 
13.6 185.8 1.11 57.7% 

30.7 130.0 0.86 51.2% 
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Stove Model 
I (Technology Type) 

Fisher 
"Grandma Bear" 
(Conventional) 

Burning Log 
"Turbo 10" 
gntegTal 

talytic) 

Sampling 
Period 

1 

2 

JU) 

4 

5 

6 

7 

8 

9 

Sampling Sampling 
Dates Location 

24/11/86- Flue 
30/11/86 Collar 

08/12/S(r Flue 
14/12/86 Collar 

22/12/S(r Flue 
28/12/86 Collar 

05/01/87- Flue 
11/01/87 Collar 

Before 
02102187- Catalyst 
08/02187 

After 
Catalyst 

Before 
16/02187- Catalyst 
22!02187 

After 
Catalyst 

Before 
02!03/87- Catalyst 
08/03/87 

After 
Catalyst 

Before 
16/03/87- Catalyst 
22/03/87 

After 
Catalyst 

Before 
30/03/87- Catalyst 
05!04!87 

After 
Catalyst 

HOME CODE: W03 

Grams per Hr Grams per Kg Grams per 106 J Grams per m3 

Percent 
Emission {P} Emission {P} Emission {P} Con ceo- {P} Emissions 

Rate (A)e Rate (A)e Rate !Ar tration (A)e Reductionh 

{±1.6} {±1.1} {±0.1} {±0.07} 
5.7 [±1.6) 4.8 [±1.3) 0.4 (±0.1) 0.39 (±0.06) N/A 

{±2.6} {±2.0} {±0.2} {±0.08} 
8.6 (±2.9) 8.3 (±2.6) 0.7 (±0.2) 0.48 (±0.07) N/A 

{±4.2} {±2.4} {±0.3} {±0.08} I 

13.3 (±4.7) 10.2 (±3.1) 1.0 (±0.3) 0.55 (±0.07) N/A 

{±3.3} {±1.9} {±0.2} {±0.07} 
10.1 (±3.7) 7.0 [±2.4 ) 0.6 [±0.2) 0.41 [±0.07] N/A 

{±<>.1} {±4.8} {±0.6} {±0.21} 
25.8 [±7.7) 26.2 (±7.2) 29 [±0.9) 1.85 (±0.28) 

66.7% 
{±2.3} {±1.9} {±0.2} {±0.08} 

8.6 (±2.6) 8.7 (±2.4] 0.8 (±0.2] 0.56 (±0.08] 

{±5.6} {±4.2} {±0.5} {±0.17} 
227 (±7.1) 21.6 [±<>.3) 23 (±0.7] 1.42 (±0.22] 

53.7% 
{±3.1} {±2.4} {±0.2} {±0.09} 

10.5 (±3.7) 9.9 (±3.3] 0.9 (±0.3] 0.58 (±0.10] 

{±3.4} {±2.1} {±0.2} {±0.13} 
15.3 (±4.0] 12.1 (±2.9) 1.1 [±0.3] 1.13 (±0.16] 

59.5% 
{±1.8} {±1.2} {±0.1} {±0.07} 

6.2 (±1.9) 4.9 (±1.4] 0.4 (±0.1] 0.41 [±0.02) 

{±4.8} {±3.3} {±0.4} {±0.15} 
20.1 (±<>.OJ 18.2 [±5.0] 1.8 (±0.5] 1.29 (±0.19] 

55.2% 
{±2.5} {±1.8} {±0.2} {±0.09} 

9.0 [±2.9] 8.1 [±2.4] 0.7 (±0.2] 0.55 [±0.09) 

{±4.0} {±3.6} {±0.4} { ±0.15} 
16.2 [±5.0] 18.9 (±5.4] 1.9 (±0.6) 1.22 (±0.18) 

26.5% 
{±3.3} {±3.1} {±0.3} { ±0.10} 

l1 .9 (±3.9) 13.9 [±4.3) 1.3 (±0.4) 0.76 [±0.11 I 

Particulate Emission Rate Data ,._.._._ "'"' 
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Stove Model 
(Technology Type) 

Sears • Automatic" 
(Conventional) 

Osburn 
"Imperial2000" 
(Low Emission 
Non-Catalytic) 

Sampling 
Period 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Heating 
Sampling Degree 

Dates Days' 

24/11186-
30/11/86 193.3 

08/12/86-
14/12/86 131.5 

22112/8&-
28112/86 183.2 

05/01187-
11/01187 141.1 

02102firl-
08102187 161.1 

16/0W-
22I02fir1 148.6 

02/03187-
08/03187 301.2 

16/03187-
22/03187 165.3 

30/03187-
05104/87 119.9 

HOME CODE: W04 

Alternative Stove Catalyst 
Heat Use Operation Operation Fuel 
(Hours) (%)b (%)c Typed 

0.0 100.0% N/A 100% FKLP 

0.0 98.5% N/A 100% FKLP 

90%SS 
0.0 100.0% N/A 10% FKLP 

50%SS 
0.0 99.7% N/A 50% FKLP 

0.7 100.0% N/A 100% FK.LP 

0.4 100.0% N/A 100% FKLP 

23.9 100.0% N/A 100% FKLP 

50%SS 
1.0 100.0% N/A 50% FKLP 

50%SS 
1.1 100.0% N/A 50% FK.LP 

-·· -- ·· · -

Fueling, Burn Rate, and Efficiency Data 

Table 4A 

Fuel Average 
Moisture Fuel Use Burn Rate Overall 
(%db) (dry kg) (dry kg!br) Efficiency 

16.6 319.6 1.90 41.7% 

15.8 207.2 1.25 41.9% 

30.2 
11.7 336.6 201 39.8% I 

25.4 
18.3 313.6 1.87 44.9% 

127 216.3 1.29 53.8% 

15.3 181.0 1.08 49.3% 

13.8 254.3 1.51 51.0% 

31.9 
15.6 200.7 1.20 45.8% 

16.2 
16.2 185.9 1.11 54.6% 

------··-~ 
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Slove Model 
(Technology Type) 

Sears "Automatic" 
( Conventiona I) 

Osburn 
"Imperial 2000" 
(Low-Emission 
Non-Catalytic) 

Sampling Sampling 
Period Dates 

24/11/86-
1 30/11/86 

08/12/86-
2 14/12/86 

22/12/86-
3 28/12/86 

05/01/87-
4 11/01/87 

02/02/87-
5 08/02/87 

16/02/87-
6 22/02/87 

02/03/87-
7 08/03/87 

16/03/87-
8 22/03/87 

30/03/87-
9 05104/87 

L___ 

HOME CODE: W04 

Grams per Hr Grams per Kg Grams per 106 J 

Emission {P} Emission {P} Emission 
Rate 

40.7 

29.2 

35.7 

26.3 

10.5 

9.2 

5.3 

128 

10.3 

[A)e Rate (A)e Rate 

{±10.4} {±4.3} 
(±13.2) 21.4 (±6.5] 2.6 

{±8.0} {±5.2} 
[±10.7) 23.3 (±8.0) 2.8 

{±10.2} {±4.1} 
[±12.8] 17.8 (±6.0) 2.2 

{±7.7} {±3.4} 
(:!:9.5) 14.1 (±4.8) 1.6 

{±2.9} {±1.8} 
[±3.5] 8.1 [±2.5] 0.8 

{±2.7} {±2.1} 
[±3.3) 8.5 (±2.8) 0.9 

{±2.2} {±1.3} 
[±2.1) 3.5 (±1.3) 0.3 

{±3.5} {±2.3} 
(±4.1) 10.7 (±3.2) 1.2 

{±2.9} {±2.1} 
(±3.5) 9.3 (±3.0) 0.9 

Particulate Emission Rate Data 
T:::ahlo LU:l 

{P} 
(A)e 

{ ±0.6} 
(±0.8) 

{±0.7} 
[±1.0] 

{ ±0.6} 
[±0.8) 

{±0.4} 
(±0.6) 

{ ±0.2} 
[±0.3] 

{±0.2} 
(±0.3) 

{±0.1} 
[±0.1) 

{±0.3} 
(±0.4] 

{ ±0.2} 
[±0.3) 

Grams per m3 

Concen- {P} 
!ration (A)e 

{ ±0.14} 
1.24 (±0.17] 

{±0.15} 
1.18 (±0.19) 

{±0.11} 
0.82 (iD.ll) 

{±0.09} 
0.67 [±0.10) 

{±0.10} 
0.66 [±0.12] 

{ ±0.09} 
0.54 (±0.10) 

{±0.06} 
0.22 (±0.05) 

{±0.09} 
0.67 (±0.10) 

{±0.10} 
0.67 (±0.12) 
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Stove Model Sampling 
(Technology Type) Period 

1 

Acorn "Ranger" 2 
(Conventional) 

3 

4 

5 

6 
with Uni-Com 

(Catalytic 
"Add-on" 7 
Retrofit) 

8 

9 

Heating 
Sampling Degree 

Dates Days a 

24/11/86-
30/11/86 193.3 

08/12/86-
14/12./86 131.5 

22/12/86-
28/12/86 183.2 

05/01/87-
11/01/87 141.1 

02/02/87-
08/02/87 161.1 

16/02/87-
22/02/87 148.6 

02/03/87-
08/03/87 301.2 

16/03/87-
22/03/87 165.3 

30/03/87-
05/04/87 119.9 

HOME CODE: WOS 

Alternative Stove Catalyst 
Heat Use Operation Operation Fuel 
(Hours) (%)b (%)c Typed 

50% A<LP 
0.0 91.3% N/A 50% SLP 

0.0 78.0% N/A 100% A<LP 

90%SS 
0.0 72.6% N/A 10% A<LP 

50%SS 
0.0 79.1% N/A 50% A<LP 

0.0 64.4% 35.7% 100% A<LP 

0.0 34.4% 48.1% 100% A<LP 

0.0 920% 69.5% 100% FKLP 

95%SS 
0.0 59.1% 53.9% 5% A<LP 

0.0 31.5% 41.8% 100% A<LP 

Fueling, Burn Rate, and Efficiency Data 

Table SA 

Fuel Average 
Moisture Fuel Use Burn Rate Overall 
(%db) (dry kg) (dry kglhr) Efficiency 

17.9 
19.2 255.8 1.67 55.7% 

16.1 208.4 1.59 42.8% 

43.4 
13.7 200.0 1.64 55.7% 

30.7 
13.6 229.5 1.73 44.4% 

13.8 179.2 1.66 64.2%0) 

14.6 84.9 1.47 58.6% 

14.4 266.9 1.73 (g) 

32.4 
14.4 135.9 1.37 59.5% 

28.3 53.8 1.02 (g) 
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Stove Model Sampling 
(Technology Type) Period 

1 

Acorn "Ranger" 2 
(Conventional) 

3 

4 

5 

with 
Uni-Com 6 
{Catalytic 
"Add-on" 
Retrofit) 

8 

9 

Sampling Sampling 
Dates Location 

24/11/86- Flue 
30/11/86 Collar 

08/12/86- Flue 
14/12/86 Collar 

22/12/86- Flue 
27/12/86 Collar 

05/01!87- Flue 
11/01/87 Collar 

Before 
02/02/87- Catalyst 
08/02/87 

After 
Ca ta lys tU) 

Before 
16/02/87- Catalyst 
22/02/87 

After 
Catalyst 

Before 
16/03/87- Catalyst 
22/03/87 

After 
Catalyst 

30/03/87- Before 
05/04/87 Catalyst 

HOME CODE: W05 

Grams per Hr Grams per Kg Grams per 106 J 

Emission 
Rate 

10.9 

14.1 

13.4 

18.7 

16.8 

5.6 

16.5 

14.1 

21.3 

11.1 

9.5 

{P} Emission {P} Emission 
fAr Rate (Ale Rate 

{±3.6} {±1.8 } 
[±3.8] 6.5 [±2.1 I 0.6 

{±6.2} {±3.4} 
(±6.4] 8.9 {±3.8) 1.0 

{±4.5} {±2.1} 
[±4.3) 8.1 (±2.21 0.7 

{±7.4} {±3.7} 
[±8.41 10.8 [±4.61 1.2 

{±4.3} {±2.1} 
[±4.6) 10.1 (±2.61 0.8 

{±2.9} {±1.6} 
[±2.2] 3.4 [±1.2] 0.3 

{±6.7} {±4.0} 
(±6.71 11.2 [±4.3] 1.0 

{±5.4} {±3.2} 
[±4.8] 9.6 (±3.11 0.8 

{±6.4} {±3.8} 
[±7.51 15.6 (±5.2] 1.5 

{±3.6} {±2.2} 
[±3.41 8.1 [±2.3) 0.7 

{H.O} {±3.4} 
(±3.6) 9.3 [±3.3 ) 0.8 

Particulate Emission Rate Data 
Table 58 

{P} 
[Ale 

{±0.2} 
{±0.21 

{ ±0.4} 
[±<>.5) 

{±D.2} 
[±<>.21 

{±{}.4} 
[±<>.51 

{±<>.2} 
{±<>.21 

{±<>.1} 
[±<>.1} 

{±{}.4} 
[±<>.4 I 

{±<>.3} 
[±<>.3 I 

{±<>.4} 
[±<>.5] 

{ ±{).2} 
[±<>.2] 

{±{).3} 
[±<l.31 

Grams per m3 

Percent 
Concen- {P} Emissions 
tration [Ale Reductionh 

{±0.08} 
0.40 [±0.071 N/A 

{ ±{).08} 
0.30 (±D.051 N/A 

{±D.09} 
0.53 [±{).07) N!A 

{±D.09} 
0.41 [±D.081 N/A 

{±<>.13} 
0.88 [±<>.13] 

66.7% 
{±<>.08} 

0.20 {±D.04] 

{±D.17} 
0.62 [±D.14] 

14.5% 
{±D.15} 

0.59 (±D.101 

{±D.15} 
0.92 [±{).171 

47.9% 
{±D.lO} 

0.53 [±0.081 

(±0.16} 
0.57 [±0.121 N/A(g) 
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Stove Model Sampling 
1 (Technology Type) Period 

1 

Energy King 2 
"Princess" 

(Conventional) 
3 

4 

5 

6 
Pacific Energy 

Systems 
7 

(Low Emission 
Non-Catalytic) 

8 

9 

Heating 
Sampling Degree 

Dates Days a 

24/11/86-
30/11/86 193.3 

08/11)86-
14/12/86 131.5 

22112/86-
28/11)86 183.2 

05/01/87-
11/01!87 141.1 

02102187-
08/02187 161.1 

16/02!87-
22102!87 148.6 

02/03!87-
08/03/87 301.2 

16/03/87-
22!03/87 165.3 

30/03!87-
05/04!87 119.9 

HOME CODE: W06 

Alternative Stove Catalyst Fuel Average 
Heat Use Operation Operation Fuel Moisture Fuel Use Burn Rate Overall 
(Hours) (%)b (%)c Typed (%db) (dry kg) (dry kg/hr) Efficiency 

0.0 100.0% N/A 100% FKLP 16.2 195.2 1.16 53.1% 

1.8 99.9% N/A 100% FKLP 21.8 193.6 1.06 (g) 

3.0 99.6% N/A 100% ss 29.5 205.5 1.23 54.8% 

0.6 100.0% N/A 100% ss 19.8 219.6 1.31 59.9% 

0.7 99.3% N/A 100% FKLP 16.6 184.7 1.11 57.0%(j) 

1.7 88.8% N/A 100% FKLP 16.5 114.2 0.77 46.3%Ul 

6.6 100.0% N/A 100% FKLP 19.4 190.9 1.14 59.4% 

90%SS 40.1 
1.8 95.1% N/A 10% FKLP 222 106.1 0.66 54.0% 

0.4 72.1% N/A 100% ss 37.9 73.5 0.61 55.5% 

Fueling, Burn Rate, and Efficiency Data 

Table 6A 
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Stove Model 
(Technology Type) 

Energy King 
"Princess" 

( Conventiona I) 

Pacific Energy 
Systems 

(Low Emission 
Non-Catalytic) 

L_ 
~-

Sampling Sampling 
Period Dates 

24/11/86-
1 30/11/86 

22/12/86-
3 28/12/86 

05/01/87-
4 11/01/87 

02/02/87-
sa> 08/02/87 

16/02/87-
6(j) 22/02/87 

02/03/87-
7 08/03/87 

16/03/87-
8 22/03/87 

30/03/87-
9 05/04/87 

HOME CODE: W06 

Grams per Hr Grams per Kg Grams per 106 J 

Emission 
Rate 

19.2 

18.8 

15.7 

19.1 

20.9 

16.1 

12.6 

10.0 

{P} Emission {P} Emission 
[A)e Rate (A)e Rate 

{±4.6} {±3.1} 
[±5.8) 16.5 [±4.6) 1.6 

{±4.4} {±2.8} 
[±5.41 15.3 [±4.1) 1.4 

{±3.8} {±2.3} 
(±4.8] 12.0 [±3.4) 1.0 

{±4.3} {±3.0} 
(±5.41 17.2 [±4.51 1.5 

{±5.4} {±5.6} 
[±7.1] 27.4 [±8.71 3.0 

{±4.0} {±2.7} 
[±5.11 14.1 [±4.1) 1.2 

{±3.7} {±3.9} 
[±4.6) 18.9 [:±.o.l I 1.7 

{±3.0} {±3.5} 
[±3.4) 16.5 (±4.9) 1.5 

Particulate Emission Rate Data 
Table6B 

{P} 
[A)e 

{±D.3} 
[±D. 5I 

{ ±{).3} 
I ±D.4 I 

{ ±D.2} 
[±D.3I 

{±0.3} 
[±0.41 

{±D.7} 
[±1.0] 

{±0.3} 
[ ±{).4] 

{ ±{).4} 
[±0.6) 

{±0.3} 
[±D.5} 

Grams per m3 

Conce.n- {P} 
tratioo (A)e 

{±D.14} 
1.22 [:±.D.l81 

{ :±.{1.15} 
1.26 [±0.19] i 

{±D.l5} 
1.13 (±0.20) 

{±D.l6} 
1.43 (±D.201 

{±D.18} 
1.53 [±D.23 I 

{±0.16} 
1.21 [±0.22} 

{±0.17} 
1.28 {±0.23) 

{ ±0.15} 
1.10 [±0.17) 
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Stove Model Sampling 
(Technology Type) Period 

1 

Blaze King "King" 2 
(Conventional) 

3 

4 

5 

Blaze King "King" 6 
(Integral 
Catalytic) 

8 

9(k) 

Heating 
Sampling Degree 

Dates Daysa 

24/11/86-
30/11/86 193.3 

08/12/86-
14/12/86 131.5 

22/12/86-
28/12/86 183.2 

05/0li87-
11/01!87 141.1 

02/02/87-
08/02/87 161.1 

16/02/87-
22/02/87 148.6 

16/03/87-
22/03/87 165.3 

30/03/87-
05/04/87 73.0 

HOME CODE: W07 

Alternative Stove Catalyst 
Heat Usc Operation Operation Fuel 
(Hours) (%)b (%)c Typed 

0.0 92.2% N/A 100% FKLP 

0.0 81.7% N/A 100% FKLP 

80%SS 
0.0 95.7% N/A 20% FKLP 

50%SS 
0.0 84.6% N/A 50% FKLP 

0.0 98.2% 84.5% 100% FKLP 

0.0 94.0% 87.2% 100% FKLP 

80% ss 
0.0 100.0% 79.2% 20% FKLP 

60%SS 
0.0 90.2% 58.6% 40% FKLP 

Fueling, Burn Rate, and Efficiency Data 

Table7A 

Fuel Average 
Moisture Fuel Use Burn Rate Overall 
(%db) (dry kg) (dry kg!hr) Efficiency 

15.5 352.4 2.28 (g) 

20.1 257.6 1.88 51.6% 

21.2 
18.7 341.0 212 57.0% 

21.2 
19.1 364.9 257 42 7%0) 

15.2 283.2 1.72 64.2% 

17.0 256.5 1.62 69.9% 

32.7 
13.6 309.9 1.85 57.0% 

327 
20.8 159.6 1.48 51.1% 
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Stove Model Sampling 
(Technology Type) Period 

2 

Blaze King "King" 
(Conventional) 3 

4(j) 

5 

6 

Blaze King "King" 
(Integral 
Catalytic) 

8 

9(k) 

Sampling Sampling 
Dates Location 

08/12/86- Flue 
14/12/86 Collar 

22/12/86- Flue 
28/12/86 Collar 

05/01/87- Flue 
11/01/87 Collar 

Before 
02!02!87- Catalyst 
08/02!87 

After 
Catalyst 

Before 
16/02/87- Catalyst 
22!02!87 

After 
Catalyst 

Before 
16/03/87- Catalyst 
22/03/87 

After 
Catalyst 

Before 
30/03/87- Catalyst 
05/04/87 

After 
Catalyst 

HOME CODE: W07 

Grams per Hr Grams per Kg Grams per 106 J 

Emission 
Rate 

32.8 

21.5 

35.0 

28.1 

7.4 

25.0 

7.5 

35.9 

21.0 

27.3 

25.4 

{P} Emission {P} Emission 
[A)c Rate (A)c Rate 

{±7.5} {±3.0} 
[±9.0) 17.5 (±4.4) 1.7 

{±5.1} {±1.9} 
(±6.1) 10.1 (±26) . 0.9 

{±10.3} {±3.3} 
[±12.6) 13.6 (±4.6) 1.6 

{±6.3} {±28} 
[±7.9] 16.4 [±4.2) 1.4 

{±28} {±1.4} 
[±26] 4.3 [±1.4 J 0.3 

{±5.4} {±2.5} 
[±6.3] 15.4 [±3.5) 1.3 

{±3.3} {±1.8} 
[±3.6) 4.6 [±21] 0.4 

{±.8.3} {±3.4} 
[±10.0) 19.4 [±5.0) 1.7 

{±5.9} {±2.6} 
[±7.0) 11.4 [±3.6) 1.0 

{±7.5} {±4.0} 
[±.8.6) 18.4 [±5.4 I 1.7 

{±9.0} { ±5.1} 
[±10.6) 17.2 (±6.8] 1.7 

Particulate Emission Rate Data 
Table 7B 

{P} 
[A]e 

{±0.3} 
(±0.5) 

{±0.2} 
(±0.2) 

{±0.4} 
[±0.6) 

{±0.3} 
(±0.4] 

{±0.1} 
[±0.1] 

{±0.2} 
[±0.3) 

{±0.1} 
[±0.2] 

{±0.3} 
[±0.5) 

{±0.2} 
[±0.3) 

{±0.4} 
(±0.5) 

{±0.5} 
[±0.7) 

Grams per m3 

Percent 
Concen- {P} Emissions 
tration (A)e Reductionh 

{~D.I8} 
1.58 [±0.22) N/A 

{±0.13} 
0.99 (±0.15) N/A 

{ ±0.11} 
0.72 (±0.12] N/A 

{±0.16} 
1.44 {±0.22} 

73.7% 
{±0.05} 

0.22 [~D.04) 

{ ±{).15} 
1.41 [±0.18] 

70.0% 
{±0.07} 

0.22 [±0.06] 

{±0.20} 
1.68 (±0.26) 

41.5% 
{±0.09} 

0.64 (±0.10) 

{±0.17} 
1.15 (±0.18] 

7.0% 
{ ±0.14} 

0.70 (±0.13) 
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Stove Model Sampling 
(Technology Type) Period 

1 

RSF "65" 2 
(Conventional) 

3 

4 

5 

6 
with Uni-Corn 

(Catalytic 
"Add-on" ?(f) 

Retrofit) 

8 

9 

Heating 
Sampling Degree 

Dates Days1 

01/12/86-
07/12186 190.6 

15/12/86-
21/12186 150.7 

29/12/86-
04/01/87 160.7 

12/01!87-
18/01/87 238.9 

09/02187-
15/02187 197.1 

23/02187-
01/03/87 199.2 

09/03/87-
12103/87 128.3 

23/03/87-
29/03/87 127.3 

06/04/87-
12104/87 127.2 

HOME CODE: W08 

Alternative Stove Catalyst Fuel Average 
Heat Use Operation Operation Fuel Moisture Fuel Use Burn Rate Overall 
(Hours) (%)b (%)c Typed (%db) (dry kg) (dry kglhr) Efficiency 

1.9 98.7% N/A 100% FKLP 16.9 273.1 1.65 (g) 

1.0 78.1% N/A 100% FKLP 20.4 197.3 1.50 50.9% 

1.7 76.0% N/A 100% ss 19.9 166.0 1.30 37.0%0) ' 

3.0 99.8% N/A 100% ss 32.4 317.7 1.90 44.0% 

0.9 97.6% 18.9% 100% FKLP 19.6 190.8 1.16 (g) 

5.3 73.7% 39.6% 100% FK.LP 15.8 167.0 1.58 57.1% 

2.2 64.6% 59.9% 100% FK.LP 16.4 94.5 1.78 56.0% 

2.6 45.5% 36.4% 100% ss 27.0 98.8 1.29 50.8% 

1.9 46.3% 46.5% 100% ss 26.1 84.8 1.09 50.2% 
-

Fueling, Burn Rate, and Efficiency Data 

Table SA 
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Stove Model 
(Technology Type) 

RSF "65" 
(Conventional) 

with Uni-Corn 
(Catalytic 
Add-on• 
Retrofit) 

Sampling 
Period 

2 

3(j) 

4 

5 

6 

7(f) 

8 

9 

Sampling Sampling 
Dates Location 

15/12/86- Flue 
21/12/86 Collar 

29/12/ffl- Flue 
04/01/ffl Collar 

12/01/ffl- Flue 
18/01/ffl Collar 

09/02/ffl- Before 
15/02/'ifl Catalyst 

Before 
23/02/ffl- Catalyst 
01/03/ffl 

After 
Catalyst 

Before 
09/03/ffl- Catalyst 
12/03/ffl 

After 
Catalyst 

Before 
23/03/ffl- Catalyst 
29/03/ffl 

After 
Catalyst 

Before 
06/04/ffl- Catalyst 
12/04/ffl 

After 
Catalyst 

-

HOME CODE: W08 

Grams per Hr Grams per Kg Grams per 1o6 J 

Emission {P} Emission {P} Emission 
Rate (A]e Rate [A]e Rate 

{±7.2} {±4.0} 
22.5 [±8.8] 15.0 (±5.5] 1.5 

{±11.4} {±7.5} 
31.3 [±15.3] 24.1 [±11.2] 3.2 

{±10.4} {±4.6} 
31.7 [±13.5] 16.7 [±6.8] 1.9 

{±7.3} {±5.0} 
26.1 [±9.6] 22.4 [±7.7] 2.2 

{±5.3} {±2.9} 
15.9 [±5.9] 10.1 [±3.5) 0.9 

{±4.5} {±2.4} 
13.4 [±4.5) 8.5 [±2. 7) 0.7 

{±11.3} {±5.3} 
36.1 [±12.1] 20.3 [±6.3] 2.2 

{±5.8} {±3.0} 
10.0 [±3.8] 5.6 (±2.0] 0.5 

{±10.3} {±6.6} 
31.2 [±12.1] 24.1 (±8.9] 2.7 

{±5.8} {±3.9} 
14.6 [±5.8] 11.3 [±4.2] 1.1 

{±8.2} {±6.1} 
28.7 [±9.7] 26.3 (±8.3] 2.8 

{±7.1} {±5.4} 
22.0 [±8.2] 20.2 [±7.1} 2.0 

__...L.. .. ___ 

Particulate Emission Rate Data 
Table 88 

{P} 
[AjC 

{±0.4} 
(±0.6] 

{±1.1} 
[±1.6) 

{±0.6} 
[±0.8] 

{±0.5} 
[±0.8] 

{±0.3} 
[±0.3] 

{±0.2} 
(±0.3) 

{±0.6} 
(±0.7) 

{±0.3} 
[±0.2) 

{±0.8} 
(±1.1] 

{±0.4} 
(±0.4] 

{±0.7} 
(±0.9] 

{±0.6} 
(±0.7] 

Grams per m3 

Percent 
Concen- {P} Emissions 
tration (A]e Reductionh 

{±0.11} 
0.68 [±0.11] N/A 

{±0.12} 
0.75 [±0.14] N/A 

{±0.10} 
0.66 [±0.12] N/A 

{±0.15} 
1.13 [±0.19] N/A(g) 

{±0.11} 
0.56 (±0.11] 

15.7% 
{±0.08} 

0.43 [±0.06] 

{±0.20} 
1.15 (±0.17) 

72.3% 
{±0.13} 

0.30 (±0.06] 

{±0.17} 
1.01 [±0.16) 

53.2% 
{±0.10} 

0.45 (±0.07] 

{±0.19} 
1.32 {±0.19) 

23.3% 
{±0.18} 

1.01 (±0.18] 
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Stove Model 
(Technology Type) 

Energy King ''King" 
(Conventional) 

Osburn 
"Imperial2000" 
(Low Emission 
Non-Catalytic) 

Sampling 
Period 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Heating 
Sampling Degree 

Dates Days3 

01/12/86-
07/12/86 190.6 

15/12/86-
21!12/86 150.7 

29/12/86-
04/01/87 160.7 

12/01/87-
18/01/87 238.9 

09/02/87" 
15/02/87 197.1 

23/02/87-
28/02/87 162.9 

09/03/87-
15/03/87 201.1 

23/03/87-
29/03/87 127.3 

06/04/87-
12/04/87 127.2 

HOME CODE: W09 

Alternative Stove Catalyst Fuel Average 
Heat Use Operation Operation Fuel Moisture Fuel Use Burn Rate Overall 
(Hours) (%)b (%)c Typed (%db) (dry kg) (dry kg!hr) Efficiency 

0.0 96.9% N/A 100% FKLP 18.0 151.8 0.93 529% ' 
I 

0.0 85.8% N/A 100% FKLP 17.2 100.2 0.70 51.4% 

0.0 98.0% N/A 100% ss 23.8 144.5 0.88 63.5% 

0.0 96.2% N/A 100% ss 33.8 195.0 1.46 (g) 

0.0 97.4% N/A 100% FKLP 15.9 165.0 1.01 37.6%(j) 

0.0 95.8% N/A 100% FKLP 19.0 115.5 0.84 53.6% 

0.0 92.1% N/A 100% FKLP 17.7 141.2 0.91 48.5% 

0.0 75.9% N/A 100% ss 21.5 135.4 1.06 46.2% 

0.0 83.8% N/A 100% ss 328 120.2 0.85 41.1% 

Fueling, Burn Rate, and Ef1iciency Data 

Table9A 
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Stove Model 
(Technology Type) 

Energy King "King" 
(Conventional) 

Osburn 
"Imperial 2000" 
(Low Emission 
Non-Catalytic) 

Sampling Sampling 
Period Dates 

01/12/86-
1 07/12/86 

15/12/86-
2 21/12/86 

29/12/86-
3 04/01/87 

09/02187-
5G) 15/02187 

23/02187-
6 2B/02/87 

09/03187-
7 15/03/87 

23/03/87-
8 29/03/87 

06/04/87-
9 12/04/87 

HOME CODE: W09 

Grams per Hr Grams per Kg Grams per 106 J 

Emission 
Rate 

18.2 

17.7 

11.3 

19.4 

18.3 

17.1 

17.9 

22.2 

{P} Emission {P} Emission 
(A]e Rate (A]e Rate 

{±4.5} {±3.7} 
[±5.8] 19.5 [±5.8] 1.9 

{±4.2} {±4.6} 
(±5.5] 25.4 [±7.3] 2.5 

{±2.5} {±2.2} 
[±3.2) 12.8 [±3.4] 1.0 

{±6.2} {±5.2} 
(±8.0] 19.2 [±7.5] 26 

{±4.5} {±4.2} 
(±5.9) 21.8 (±6.5) 21 

{±4.3} {±3.7} 
[±5.4] 18.7 (±5.5] 1.9 

{±5.6} {±4.3} 
(±6.9) 16.8 (±6.1] 1.8 

{±6.7} {±6.4} 
(±8.8] 26.0 [±9.7] 3.1 

Particulate Emission Rate Data 
Table 9B 

{P} 
(A]e 

{±{).4} 
[±D.6) 

{ ±{).5} 
[±D.8] 

{ ±{).2} 
[±0.3) 

{±D.7} 
[±1.1] 

{±D.4} 
(±0.7] 

{±0.4} 
[±D.6] 

{±0.5} 
[±0.7) 

{±0.8} 
[±1.2] 

Grams per m3 

Concen- {P} 
lration (AJC 

{ ±{).17} 
1.45 [±D.24J 

{±D.24} 
2.06 [±0.34) 

{±0.20} 
1.62 [±0.29) 

{±0.7} 
0.66 [±1.1) 

{±0.26} 
1.92 (±0.36] 

{±0.16} 
1.2B [±0.20] 

{±0.13} 
0.80 [±0.14) 

{±0.15} 
1.08 [±0.18) 
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Stove Model Sampling 
(Technology Type) Period 

1 

Fisher "Mama Bear" 2 
(Conventional) 

3 

4(f) 

5 

w11.h Security 
Vented Double-Wall 6 

Flue Pipe 

7 

wil.h 
James A. Ryder 8 

Air-Insulated 
Double-Wall 

Flue Pipe 9 

Heating 
Sampling Degree 

Dates Daysa 

01/12/86-
07/12/86 190.6 

15/12/86-
21/12/86 150.7 

29/12/86-
04/01187 160.7 

19/01/87-
22/01/87 88.1 

09/02/87-
15102/87 197.1 

13/02/87-
28/02/87 162.9 

09/03/87-
15/03/87 201.1 

13/03/87-
29/03/87 127.3 

06/04/87-
12/04/87 127.2 

HOME CODE: W10 

Alternative Stove Catalyst 
Heat Use Operation Operation Fuel 
(Hours) (%)b (%)c Typed 

0.2 99.2% N/A 100% FKLP 

7.6 59.4% N/A 100% FKLP 

1.1 54.6% N/A 100% ss 

0.2 92.8% N/A 100% ss 

0.4 98.3% N/A 100% FKLP 

0.3 97.8% N/A 100% FKLP 

0.7 98.0% N/A 100% FKLP 

1.0 58.4% N/A 100% ss 

0.1 53.9% N/A 100% ss 
-- -------~-

Fueling, Burn Rate, and Efficiency Oat~ 

Table 10A 

Fuel Average 
Moisture Fuel Use Burn Rate Overall 
(%db) (dry kg) (dry kglbr) Efficiency 

18.3 212.9 1.28 52.5% 

16.0 114.3 1.15 56.2% 

17.5 132.4 1.44 54.3% 

31.6 117.5 1.49 38.8% 

16.5 223.6 1.36 49.7% 

16.7 153.1 1.09 50.2% 

18.7 181.5 1.10 38.6% 

21.7 181.5 1.85 48.7% 

37.8 128.6 1.42 41.1% 
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Stove Model 
(Technology Type) 

Fisher "Mama Bear" 
(Conventional) 

with 
Security Vented 

Double-Wall 
Flue Pipe 

with 
James A Ryder 

Air-Insulated 
Double-Wall 

Flue Pipe 

Sampling Sampt'ing 
Period Dates 

01/12/86-
1 07/12/86 

15/12/86-
2 21/12/86 

29/12/86-
3 04/01187 

19/01/87-
4(1) 22/01!87 

09/02/87-
5 15/02/87 

23/02/87-
6 28/02/87 

09/03/87-
7 15/03/87 

23/03/87-
8 29/03/87 

06/04/87-
9 12/04/87 

HOME CODE: W1 0 

Grams per Hr Grams per Kg Grams per 1<fi J 

Emission 
Rate 

28.6 

16.5 

225 

24.6 

34.9 

26.4 

40.5 

27.1 

21.0 

{P} Emission {P} Emission 
(Ale Rate [Ale Rate 

{±6.2} {±3.7} 
(±7.8) 224 (±5.6) 22 

{±4.3} {±3.0} 
[±4.7) 14.4 [±3.8) 1.3 

·. {±5.8} {±3.2} 
[±6.4) 15.6 [±4.1) 1.4 

{±8.4} {±4.7} 
(±4.7} 16.5 [±6.9} 2.1 

{±9.2} { ±5.4} 
(±124} 25.8 [±8.6} 2.6 

{±7.8} {±5.9} 
(±10.0) 24.3 [±8.7) 2.4 

{±13.7} {±10.5} 
(±20.1) 36.7 (±17.4) 4.8 

{±10.1} {±4.7} 
[±11.4] 14.6 [±5.9] 1.5 

{±10.0} {±5.8} 
[±10.6] 14.8 [±6.8] 1.8 
-. L___. _ _____ ---- ---

Particulate Emission Rate Data 
TahiA 10R 

{P} 
(Ale 

{ ±0.4} 
[±0.61 

{ ±0.3} 
(±0.4 I 

{ ±0.3} 
[±0.4 I 

{±0.6} 
(±0.91 

{±0.6} 
[±0.91 

{±0.6} 
[±0.9] 

{±1.5} 
(±2.4] 

{±0.5} 
(±0.6] 

{±0.7} 
[±0.9] 

Grams per m3 

Conccn- {P} 
tration (Ale 

{ ±0.21} 
2.02 (±0.28] 

{±0.13} ! 

1.01 [±0.13 I 

{±0.14} 
1.09 [±0.131 

{±0.09} 
0.57 (±0.09) 

{±0.15} 
] .31 (±0.19) 

{±0.14} 
1.07 (±0.16) 

{±0.11} 
0.97 (±0.14] 

{±0.11} 
0.54 [±0.09] 

{±0.12} 
0.48 [±0.09) 



0 

~ 
tT1 

~ 
~ 
0 

~ 
tT1 

~ 
(/) 

tT1 
~ 

~ 
(') 

1;1 
z 
0 

8 

-- --

Stove Model Sampling 
(Technology Type) Period 

1 

RSF "65" 2 
( CDnventional) 

3 

4 

5 

6 

Blaze King "King" 7 
(Integral 
Catalytic) 

8 

9 
-

Heating 
Sampling Degree 

Dates Days3 

01/12/86-
07/12/86 190.6 

15/12/86-
21/12/86 150.7 

29/12/86-
04/01!87 160.7 

12/01!87-
18/01/87 238.9 

09/02/87-
15/02/87 197.1 

23/02/87-
28/02/87 162.9 

09/03/87-
15/03!87 201.1 

23/03/87-
29/03/87 127.3 • 

06/04/87-
12/04/87 127.2 

l_ ___ -- - -

HOME CODE: W11 

Alternative Stove Catalyst 
Heat Use Operation Operation Fuel 
(Hours) (%)b (%)c Typed 

0.0 86.3% N/A 100% FKLP 

0.0 76.6% N/A 100% FKLP 

0.0 72.5% N/A 100% ss 

0.0 91.6% N/A 100% ss 

0.0 91.4% 85.0% 100% FKLP 

0.0 89.1% 77.7% 100% FKLP 

0.3 84.7% 69.5% 100% FKLP 

95%SS 
0.0 72.7% 58.7% 5% FKLP 

0.0 51.2% 57.2% 100% ss 

Fueling, Burn Rate, and Efficiency Data 

Table 11A 

Fuel Average 
Moisture Fuel Use Burn Rate Overall 
(%db) (dry kg) (dry kg!hr) Efficiency 

17.0 344.0 2.37 58.7% 

17.8 259.2 2.02 48.3% 

30.8 246.5 2.02 44.0% 

32.8 400.2 2.60 53.5% 

15.3 278.8 1.84 63.4% 

18.3 245.1 1.91 57.7% 

17.8 233.8 1.64 56.6% 

46.1 
16.4 180.1 1.48 52.8% 

36.1 145.5 1.69 52.2% 
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Stove Model 
(Technology Type) 

RSF "65" 
(Conventional) 

Blaze King "King" 
gotegral 

ta!Ytic) 

Sampling 
Period 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Sampling Sampling 
Dates Location 

01/12/86- Aue 
fJ'l/12/86 Collar 

15/12/86- Auc 
21/12/86 Collar 

29/12/86- Aue 
04/01/87 Collar 

12/01/87- Aue 
18/01/87 Collar 

Before 
09/02187- Catalyst 
15/02187 

After 
Catalyst 

Before 
23/02/87- Catalyst 
28/02/87 

After 
Catalyst 

Before 
09/03/87- Catalyst 
15/03/87 

After 
Catalyst 

Before 
23/03/87- Catalyst<1> 
29/03/87 

After 
Catalyst 

Before 
06/04/87- Catalyst 
12/04/87 

After 
Catalyst 

HOME CODE: W11 

Grams per Hr Grams per Kg 

Emission {P} Emission {P} 
Rate [Aje Rate {A)e 

{±4.0} {±1.4} 
10.5 [±3.7) 4.4 {±1.5] 

{±5.5} {±2.4} 
14.1 [±5.4] 7.0 [±2.5) 

{±8.0} {±3.3} 
23.6 (±8.9) 11.7 [±4.1) 

{±5.5} {±1.7} 
18.9 (±5.7] 7.2 (±2.0] 

{±12.7} {±5.2} 
57.1 [±16.1) 31.1 [±8.1] 

{±3.9} {±1.7} 
13.1 (±4.4) 7.1 (±2.2] 

{±8.7} {±3.5} 
37.6 [±10.7] 19.6 . [±5.2] 

{±6.5} {±2.8} 
22.0 (±7.2] 11.5 (±3.5) 

{:!:9.8} {±4.5} 
43.8 [±12.3] 26.6 [±6.9] 

{±4.0} {±2.1} 
11.3 [±4.1) 6.9 (±2.3) 

{±11.2} {±5.2} 
326 [±14.1) 20.0 [±7.7) 

{±4.8} {±2.6} 
120 [±4.8) 8.1 [±2.9) 

{ :!:9.0} {±3.9} 
27.1 [:!:9.8) 16.0 (±5.0) 

{±7.3} {±3.3} 
19.4 (±7.3] 11.5 (±3.8) 

Particulate Emission Rate Data 
Table 118 

Grams per 1o6 J Grams per m3 

Percent 
Emission {P} Concen- {P} Emissions 

Rate (A)e tration [A)e Reductionh 

{±0.1} {±0.07} 
0.4 {±0.1) 0.29 [±0.05) N/A 

{±0.3} {±0.07} 
0.7 (±0.3) 0.30 (±0.04) N/A 

{±0.4} {±0.09} 
1.3 (±0.5) 0.51 (±0.08) N/A 

{±0.2} {±0.08} 
0.7 [±0.2) 0.48 [±O.fJ7] N/A 

{±0.6} {±0.33} 
3.1 [±0.9) 290 (±0.46] 

77.1% 
{±0.1} {±O.fJ7} 

0.6 [±0.2) 0.43 [±O.fJ7) 

{±0.4} {±0.18} 
1.8 [±0.5) 1.57 [±0.23) 

41.5% 
{±0.3} {±0.11} 

1.0 (±0.3) 0.66 (±0.10) 

{±0.5} {±0.21} 
2.8 [±0.8] 1.96 [±0.26) 

74.2% 
{±0.2} {±0.08} 

0.6 [±0.2) 0.37 (±0.07) 

{±0.6} {±0.19} 
20 [±0.8] 1.06 [±0.2.4) 

63.2% 
{±0.3} {±0.08} 

0.8 {±0.3) 0.35 (±0.06) 

{±0.4} {±0.14} 
1.5 (±0.5) 0.88 {±0.14) 

28.4% 
{±0.3} { ±0.11} 

1.1 {±0.4) 0.54 (±0.08) 
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Stove Model Sampling 
(Technology Type) Period 

1 

Fisher "Papa Bear" 2 
(Conventional) 

3 

4 

5 

6 
with Nu-Tec 

(Catalytic 
"Add-on" 7 
Retrofit) 

8 

9 

Heating 
Sampling Degree 

Dates Da~ 

01112/86-
08/12/86 190.6 

1.5/12/86-
21112/86 1.50.7 

19/12186-
04101187 160.7 

12(11187-
18/01187 238.9 

(1} /0'1/87-
1.510'1/87 197.1 

2310'1/87-
1.810'1/87 162.9 

(1}/00/87-
15/00187 201.1 

23/03187-
19103187 127.3 

06104187-
12(14187 127.2 

--

HOME CODE: W12 

Alternative Stove Catalyst 
Heat Use Operation Operation Fuel 
(Hours) (%)b (%)C Typed 

0.0 98.3% N/A 100%FKLP 

0.0 95.6% N/A 100%FKLP 

0.0 92.6% N/A 100%FKLP 

0.0 96.7% N/A 100% FKLP 

0.0 97.5% 60.6% 100%FKLP 

0.0 79.3% 51.3% 100% FKLP 

0.0 95.7% 42.4% 100% FKLP 

95%SS 
0.0 58.3% 46.8% 5%FKLP 

0.0 62.6% 28.0% 100% FKLP 

Fueling, Bum Rate, and Efficiency Data 

Table 12-A 

Fuel Average 
Moisture Fuel Use Burn Rate Over aD 
(%db) (dry kg) (dry k!Y'br) Efficiency 

12.1 301.5 1.76 55.2% 

13.7 230.8 1.44 55.2% 

20.0 231.8 1.49 49.6%0> 

18.1 295.0 1.82 52.9% 

18.7 298.5 1.82 53.9% 

1.5.3 203.5 1.78 57.5% 

13.9 233.5 1.45 57.5%0> 

43.2 
13.5 137.0 1.40 52.0% 

12.5 118.5 1.13 58.9% 
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Stove Model 
(Technology Type} 

Fisher "Papa Bear" 
(Conventional) 

with Nu-Tec 
{Catalytic 
Add-on" 
Retrofit) 

Sampling 
Period 

1 

2 

3<i) 

4 

5 

6 

7 

8 

9 

Sampling Sampling 
Dates Location 

Ol/12186- Flue 
08/12186 CoUar 

15/12/86- Flue 
21J12186 Collar 

19!12186- flue 
04/0l/87 Collar 

12/01/87- flue 
18/01/87 Collar 

Before 
(1} /0'118 7. Catalyst 
15/02187 

After 
Catalyst 

Before 
23/02/87- Catalyst 
'1.8/02/87 

After 
Catalyst 

Before 
W/03/87- Catalyst 
15/03/87 

After 
Catalyst<i> 

Before 
23!1)3/87- Catalyst 
19/03/87 

After 
Catalyst 

Before 
OM>4!87- Catalyst 
12/04/87 

After 
Catalyst 

HOME CODE: W12 

Grams per Hr Grams per Kg 

Emission {P} Emission { P} 
Rate {A)c Rate {A)e 

{ ±{).2} { ±2.7} 
'lfJ. 7 {±7.7) 15.1 [±4.0] 

{±5.0} {±2.7} 
203 {±{).1) 14.1 (±4.0) 

{ ±{).4} {±3.4} 
24.7 [±.8.1] 16.6 [±5.0) 

{ ±{).9} {±2.9} 
19.4 (±.8.5) 16.2 [±4.3] 

{±9.0} {±3.9} 
36.0 {±11.7) 19.7 [±{).0) 

{±5.4} {±2.3} 
22.3 [±6.3) 12.2 [±3.2) 

{±5.2} ·{ ±2.4} 
15.8 (±53] 8.8 (±2.8) 

{ ±4.1} {±1.8} 
15.2 (±4.4) 8S [±2.3] 

{±7.9} {±4.2} 
34.7 [±10.2] 23.9 (±6.4] 

{±3.8} { ±2.0} 
16.0 [±4.6] 11.0 [±2.9) 

{ ±.8 .6} {±4.4} 
'1.8.2 (±9.9) 20.1 (±6.2} 

{±5S} { ±2.9} 
17.8 (±5.9) 12.7 (±3.6) 

{±5.4} {±3.9} 
19.0 (±{).3) 16.9 (±5.2) 

{±3.3} { ±2.4} 
11.8 {±3.7) 10.4 {±3.1) 

Particulate Emission Rate Data 
Table 128 

Grams per 1!1i J Grams per m3 

Percent 
Emission {P} Concen- {P} Emissions 

Rate {A)e tration {A)e Reductionb 

{±<l3} {±<l.15} 
1.4 [±<J.4) 130 {±<l.19) N/A 

{±<l3} {±<l.l4} 
13 (±{).4] 1.11 (±0.17) N/A 

{±<l.4} {±0.13} 
1.7 [±<l.5) 1.04 (±0.16) N/A 

{±<l3} { ±{).15} 
1.5 [±<l.4) 130 [±<l.19) N/A 

{ ±{).5} {±0.16} 
2.1 [±<l.7) 130 (±<l.21) 

38.1% 
{ ±{).2} { ±0.11} 

1.1 {±<l3) 0.90 (±0.12) 

{ ±{).3} {±<l.ll} 
0.9 (±0.3] OS5 [±O.W] 

3.8% 
{ ±<l.2} {±<l.ll} 

0.7 (±<l.2) 0.69 [±<l.lO) 

{ ±{).5} {±0.20} 
2.6 (±Q.8) 1.87 [±0.'1.8] 

53.9% 
{±0.2} {±Q.13} 

1.0 (±Q3] 1.02 [±{).16) 

{±{).5} {±{).21} 
2.1 [±{).7) 1.40 (±0.25) 

36.9% 
{±<l3} { ±{).14} 

1.2 (±0.4] 0.91 (±{).14] 

{±0.4} {:W.16} 
1.6 (±0.5} 1.06 (±0.17] 

37.9% 
{±0.2} {±0.11} 

0.9 {±0.3) 0.70 (±{).11] 
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Stove Model Sampling 
(Technology Type) Period 

Sears "Automatic" 2 
( Conventiona I) 

3 

5 

6 
Pacific Energy 

Systems 
7 

(Low Emission 
Non-Catalytic) 

8 

9 

Heating 
Sampling Degree 

Dates Days• 

15112/86-
21/12!86 150.7 

29/12/86-
04/01!87 160.7 

09 !02/'ir7-
15!02187 197.1 

23/02/'ir7-
28/02/'ir7 1629 

09/03!87-
15/03!87 201.1 

23/03!87-
29/03/87 127.3 

06/04!87-
12/04/87 127.2 

HOME CODE: W13 

Alternative Stove Catalyst 
Heat Use Operation Operation Fuel 
(Hours) (%)b <%r Typed 

0.3 97.5% N/A 100% Fl<.LP 

0.0 99.8% N/A 100% SLP 

0.1 100.0% N/A 100% Fl<.LP 

0.4 99.4% N/A 100% Fl<.LP 

4.3 100.0% N/A 100% Fl<.LP 

80% SLP 
0.7 97.6% N/A 20% Fl<.LP 

0.0 93.1% N/A 100% SLP 

Fueling, Burn Rate, and Efficiency Data 

Table 13A 

Fuel Average I 

Moisture Fuel Usc Burn Rate Overall 
(%db) (dry kg) (dry kglhr) Efficiency 

20.6 258.7 1.85 45.6% 

26.8 289.3 1.74 51.1% 

16.1 216.7 1.29 47.6% 

15.7 1926 1.35 53.4% 

19.1 199.5 1.19 48.2% 

19.6 
18.1 146.4 0.89 49.8% 

18.6 139.0 0.89 50.9% 
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Stove Model 
(Technology Type) 

Sears "Automatic" 
(Conventional) 

Pacific Energy 
Systems 

(Low Emission 
Non-Catalytic) 

Sampling Sampling 
Period Dates 

15/12/86-
2 21/12/86 

29/12/86-
3 04/01/87 

09/02/87-
5 15/02/87 

23/02/87-
6 28/02/87 

09/03/87-
7 15/03/87 

23/03/87-
8 29/03/87 

06/04/87-
9 12/04/87 

-- - ------ - - ---

HOME CODE: W13 

Grams per Hr Grams per Kg Grams per 106 J Grams per m3 

Emission {P} Emission {P} Emission {P} Conccn- {P} 
Rate [A)e Rate [A)e Rate [A)e !ration (A)e 

{±10.2} {±4.6} {±0.5} {±0.12} 
33.0 [±12.5] 17.9 [ ±<i.4 I 2.0 [±0.71 0.80 [±0.12) 

{±7.5} {±3.5} . { :±.{).4} {±0.13} 
26.7 [±9.2) 15.4 (±5.0] 1.5 (±0.5) 0.92 [±0.16) 

{±8.5} {±5.2} {±0.6} {:Hl.20} 
33.2 (±11.4) 25.7 [±8.2] 2.7 (±0.9) 1.62 (±0.28] 

{±4.7} {±2.8} {±0.3} {±0.10} 
16.4 [±5.6] 12.2 (±3.9) 1.2 (±0.4] 0.68 [±0.10) 

{±<i.1} {±4.1} {±0.5} {±0.15} 
22.9 [±7.7] 19.3 [±6.1) 2.0 (±0.7J 1.18 [±0.19) 

{±4.9} {±4.5} {±0.5} {±0.16} 
17.5 [±<i.5] 19.6 [±<i.8] 2.0 [±0.7] 1.08 [±0.20] 

{±4.8} {±4.3} {±0.5} {±0.12} 
17.8 [±<i.l] 20.0 [±<i.4] 1.9 [±0.7] 0.98 (±0.14] 

- ----- - -- - -- L_ _ _ -- - - ~-- --- -----

Particulate Emission Rate Data 
T<>ohl"' -4'>" 



0 
~ 
~ 

~ 
0 

~ 

~ 
(/) 

['I1 
:;d 
;::; 
() 

J}1 
z 
0 

8:. 

Stove Model Sampling 
(Technology Type) Period 

1 

RSF "65" 2 
(Conventional) 

3(1) 

4 

5 

6 
Durning Log 
"Turbo 10" 
(Integral 7 
Catalytic) 

8 

9 

Heating 
Sampling Degree 

Dates Days3 

01/12186-
07/12186 190.6 

15/12186-
21/12186 150.7 

05/01/87-
08/01/87 71.0 

12101/87-
18/01/87 238.9 

09/02187-
15/02187 197.1 

23/02187-
28/03/87 162.9 

09/03/87-
15/03/87 201.1 

23/03/87-
29/03/87 127.3 

06/04/87-
12104/87 127.2 

HOME CODE: W14 

Alternative Stove Catalyst Fuel Average 
Heat Use Operation Operation Fuel Moisture Fuel Use Burn Rate • Overall 
(Hours) (%)b (%)' Typed (%db) (dry kg) (dry kg!hr) Efficiency 

2.3 98.0% N/A 100% FKLP 17.7 190.1 1.16 44.7% 

1.0 96.8% N/A 100% FKLP 19.0 174.7 1.07 39.9% I 

0.1 99.6% N/A 100% ss 22.7 59.2 1.04 28.1%U) 

1.0 100.0% N/A 100% ss 26.3 286.7 1.71 37.2% 

5.3 94.5% 78.8% 100% FKLP 17.3 188.5 1.19 54.5% 

6.5 61.1% 68.8% 100% FKLP 15.7 75.4 0.86 50.0% 

5.7 62.9% 76.2% 100% FKLP 15.6 115.7 1.09 56.1% 

1.4 92.1% 57.3% 100% ss 22.1 166.1 1.07 48.9% 

3.3 60.5% 59.6% 100% ss 33.6 87.0 0.86 50.8% 
- --- ---- - -- ---·--L-~--------- ~---------~ 

Fueling, Burn Rate, and Efficiency Data 

Table 14A 
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Stove Model Sampling 
(Technology Type) Period 

1 

RSF"65" 2 
(Conventional) 

3(fJ) 

4 

5 

6 

Burning Log 
"Turbo 10" 
gntegral 7 

talytic) 

8 

9 

Sampling Sampling 
Dates Location 

01/12/86- Flue 
08/12/86 Collar 

15/12/86- Flue 
21/12/86 Collar 

05/01/87- Flue 
08/01187 Collar 

12/01/87- Flue 
18/01/87 Collar 

Before 
W/02187- Catalyst 
15/02/87 

After 
Catalyst 

Before 
23/02/87- Catalyst 
28/02/87 

After 
Catalyst 

Before 
09/03/87- Catalyst 
15/03187 

After 
Catalyst 

Before 
23/03187- Catalyst 
29/03187 

After 
Catalyst 

Before 
06/04/87- Catalyst 
12/04187 

After 
Catalyst 

HOME CODE: W14 

Grams per Hr Grams per Kg 

Emission {P} Emission {P} 
Rate (Ale Rate (A)e 

{±7.2} {±5.1} 
24.7 [±9.41 21.4 [±7.7] 

{±8.6} {±6.7} 
25.7 [±11.61 23.9 [±10.21 

{±13.4} {±11.3} 
326 {±18.8] 31.4 (±17.41 

{±9.7} {±4.7} 
28.0 (±123] 16.4 (±6.8] 

{±6.7} {±4.3} 
30.2 (±8.6] 25.4 [±6.7] 

{±2.1} {±1.5} 
6.2 (±2.2] 5.2 [±1.7) 

{±5.7} . {±5.3} 
222 [±7.2] 25.9 (±7.81 

{±3.3} {±3.2} 
10.0 (±3.71 11 .7 (±4.01 

{±3.0} {±2.3} 
9.4 [±3.21 8.6 [±2.8] 

{±1.8} {±1.5} 
4.3 (±1.4] 3.9 [±1.2] 

{±11.3} {±8.2} 
47.8 [±15.2) 44.5 (±13.21 

{±4.0} {±2.9} 
15.4 [±4.7] 14.3 [±4.11 

{±7.0} {±6.6} 
25.9 (±8.91 30.3 (±9.7} 

{±2.6} {±2.6} 
8.2 I :Tl.o I 9.6 (±2.8) 

Particulate Emission Rate Data 
Table 148 

Grams per 1o6 J Grams per m3 

Percent 
Emission {P} Concen- {P} Emissions 

Rate (Aje tration (Af Reductionh 

{ :±.{).6} {:±.{).14} 
2.4 [:±.{).9] 1.01 [:±.{).16] N/A 

{:±.{).9} {:±.{).12} 
3.0 (±1.4] 0.83 (:±.{).14) N/A 

{±2.1} { :i{)JO I 
5.5 (±3.2] 0.68 (:±.{).10] N/A 

{:±.{).7} { :±.{).10} 
22 (±1.0] 0.61 I :±.{).11 I N/A 

{:±.{).5} {:±.{).23} 
28 [:±.{).81 213 [:±.{).32] 

79.5% 
{:±.{).1} { :±.{).07 I 

0.5 (:±.{).2] 0.33 {:±.{).06] 

{:±.{).7} { :±.{).24} 
29 [±1.01 1.77 (:±.{).30] 

55.0% 
{ :±.{).3} { :±.{).13} 

1.2 [:±.{).4 I 0.68 I :±.{).13 I 
{±0.2} { :±.{).13} 

0.8 (:±.{).3 I 0.64 [:±.{).13] 
54.3% 

{:±.{).1} {:±.{).07} 
0.3 [:±.{).1] 0.24 (:±.{).04 I 

{±1.3} {:±.{).26} 
6.5 (±2.11 248 (:±.{).361 

67.8% 
{ :±.{).3} {:±.{).10} 

1.5 [:±.{).4 I 0.79 {:±.{).101 

{±1.0} { :±.{).18} 
4.1 [±1.41 1.45 [:±.{).21 1 

68.3% 
{ :±.{).3} {f.{) .I 0} 

0.9 l :±.{).3 I 0.54 (±0.08] 



Footnotes For Tables 1-A Through 14---B 

a. Heating degree days as recorded at Whitehorse Airport; total beating degree days for sampling 

period. 

b. Percentage of total possible operating hours during sampling period stove is operational; based on 

stack temperature greater than 38"C (lOO"F). 

c. Percentage of stove operation time catalyst active, based on in-catalyst temperature greater than 

d. "FKLP" = Frrekilled Lodgepole Pine; "SLP" = Seasoned Lodgepole Pine; "SS" = Seasoned Spruce. 

e. Estimated precision and accuracy based on total propagation of uncertainties of individual 

measurements used in the emissions calculations. 

f. Sampling period less than seven days. 

g. Data not available due to equipment malfunction. 

h. Percent elillssJon reduction based on grams per hour data; i.e. 1 - ((after-catalyst gthr) divided 

by (before-catalyst glbr)). (Note: Most catalytic stoves are designed to "feed" an enriched fuel 

combustion mixture to the catalyst. Therefore, interpretation of catalyst performance based on 

this data may be misleading.) 

1. These values are the upper limit of estimated particulate emission rates due to estimation of 

particulate content in partial loss of AWES hardware methanol solvent rinse. 

j. Ambient oxygen (Ov value greater than 20.9% ± 2.0% absolute at fmal calibration. Therefore, 

calculated emissions (glbr, glkg, g/1cfJ) and overall efficiency therefore have a potentially higher 

degree of associated uncertainty than noted by the precision and accuracy values. Concentration 

(glm3) uncertainty is unaffected since 0 2 values are not used in this calculation. 

k. Equipment malfunction during sampling period; actual sampling days 3/30, 3/31, 4/1, and 4/5. 

I. Before-catalyst sampler started one day late; actual sampling dates 3/24-3/29. 
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---·---------------· 
Table 15 summarizes the mean particulate emission rates in grams per hour for each stage in 

each home. The student "t" statistical test was applied to the emission rate data to determine if 

there was a statistically significant difference in the mean emission rates between Stage 1 and Stage 

2. A low probability indicates that the two mean emission rates are statistically different, and a high 

probability indicates that the two mean emission rates are statistically alike. 

Table 16 summarizes the mean burn rate data by home for each stage, and Table 17 summarizes 

the mean overall efficiency data of the individual woodheat technologies used in each home during 

each stage. As in the case of the Table 15 data, the student "t" statistical test was applied to the 

means of the data. 

Table 18 lists wood use in kilograms (dry) per heating degree-day (HDD). The heating degree­

days used in these calculations have been adjusted to reflect actual stove operation hours. 

Table 19 summarizes the creosote accumulation data collected during the study. For purposes of 

comparing the creosote accumulation data the weight of creosote was normalized by using heating 

degree-day data. Due to the inherent difficulties associated with the collection and quantification of 

creosote mass, this data has a high level of uncertainty associated with it. Therefore, caution needs 

to be exercised in the interpretation of the creosote deposition rate data. 

Table 20 lists the mean catalyst lightoff time percentage and the mean emission rate for those 

homes that used catalytic technology in Stage 2. Catalyst lightoff figures reflect the percentage of 

time that the catalyst was at lightoff conditions while the stove was in operation. Catalyst lightoff 

conditions were defmed as when the catalyst temperature is greater than 260°C (500°F). (Note: The 

decision to use in-catalyst temperature greater the 260°C [500°F] as an indicator of catalyst light-off 

performance was based on a correlation analysis of two catalyst light-off assessment mt:thodologies 

versus after-catalyst emission rates [grams per hour]. This analysis indicated that usmg an in-catalyst 

threshold temperature of 260°C (500°F] to indicate catalyst light-off performance appeared to better 

correlate with after-catalyst emission data than the method based on a positive difference between 

in-catalyst and inlet temperatures [C!.T method). However, in several individual cases [i.e., per home 

basis], both methods did not correlate [i.e., r > -0.7] with after-catalyst emissions. ll would appear 

that catalyst light-off is not a reliable indicator of stove emission performance when there is a 

failure[s] in the emission control system of catalytic stoves.) The table also lists overall mean 

catalyst lightoff time percentages for each Stage 2 catalytic technology by model and by technology 

classification. 
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TABLE 15 

MEAN GRAMS PER HOUR PARTICUlATE EMissiON RATES 

Home Code Stage Technology lL!!!: _L ~ ProbabiliOC 

W01 1 RSF "65" 353 12.7 3 1G-20% 
2d Double Wall Flue Pipe 25.7 5.9 5 

W02 1 RSF "65" 17.6 6.1 6 < 10% 
2c w/ Nu-Tec 36.6 0.0 1 

W03 1 F"lsher "Grandma Bear" 9.4 3.2 4 > 90% 
2 Burning Log "Turbo 10" 9.2 2.1 5 

W04 1 Sears "Automatic" 33.0 6.5 4 < 10% 
2 Osburn "lmperial2000" 9.6 2.7 5 

W05 1 Acorn "Ranger" 14.3 5.0 4 2G-30% 
2 w/ Uni-Corn 10.2 4.3 3 

W06 1 Energy King "Princess" 17.9 1.9 3 4G-50% 
2 PES "Super 27" (uncertified) 15.7 4.5 5 

W07 1 Blaze King "King" (Conv.) 29.8 7.2 3 < 10% 
2 Blaze King "King" (Cat.) 15.3 9.3 4 

W08 1 RSF "65" 28.5 5.2 3 < 10% 
2 w/ Uni-Com 15.0 5.1 4 

W09 1 Energy King "King" (Conv.) 15.7 3.8 3 lG-20% 
2 Osburn "Imperial2000" 19.0 2.0 5 

W10 1 Fisher "Mama Bear" 23.1 5.0 4 Bo-90% 
2d Double Wall Flue Pipe 30.0 5.0 5 

Wll 1 RSF "65" 16.8 5.7 4 7G-80% 
2 Blaze King "King" (Cat.) 15.6 4.8 5 

W12 1 Fisher "Papa Bear" 25.3 3.8 4 < 10% 
2 w/ Nu-Tec 16.6 5.0 5 

W13 1 Sears "Automatic" 29.9 4.5 2 1G-20% 
2 PES "Super 27" (uncertified) 21.6 7.0 5 

W14 1 RSF "65" 27.8 3.5 4 < 10% 
2 Burning Log "Turbo 10" 8.8 43 5 

a. Standard deviation. 
b. Number of data values used to calculate mean glhr emission rate. 
c. Probability of mean emission rates for Stages 1 and 2 being statistically alike. 
d. Double wall flue pipe emission rate is an overall mean of both Security and James A. Ryder flue 

pipe data set. 
e. Stage 2 data values include only sampling periods with Nu-Tec installed. 
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TABLE 16 

MEAN BURN RATFS 

Mean Burn 
Home Code Stage Technology Rate (Dry kg!hr) _L_ J:L Probabilitf 

WOl 1 RSF "65" 1.50 0.37 3 80-90% 
2d Double Wall Flue Pipe 1.43 0.51 5 

W02 1 RSF "65" 1.07 0.38 6 > 90% 
2e w/ Nu-Tec 1.04 0.25 2 

W03 1 Fisher "Grandma Bear" 1.24 0.17 4 1D-20% 
2 Burning Log "Turbo 10" 1.06 0.15 5 

W04 1 Sears "Automatic" 1.76 0.34 4 < 10% 
2 Osburn "Imperial 2000" 1.24 0.17 5 

W05 1 Acorn "Ranger" 1.66 0.06 4 1D-20% 
2 w/ Uni-Com 1.45 0.28 5 

W06 1 Energy King "Princess" 1.19 0.11 4 < 10% 
2 PES "Super 27" (uncertified) 0.86 0.25 5 

W07 1 Blaze King "King" (Conv.) 2.21 0.29 4 < 10% 
2 Blaze King "King" (Cat.) 1.67 0.16 4 

W08 1 RSF "65" 1.59 0.25 4 20-30% 
2 w/ Uni-Com 1.38 0.29 5 

W09 1 Energy King "King" (Conv.) 0.99 0.33 4 7G-80% 
2 Osburn "Imperial 2000" 0.93 0.10 5 

WlO 1 FJSher "Mama Bear" 1.34 0.16 4 > 90% 
2d Double Wall Flue Pipe 1.36 0.31 5 

Wll 1 RSF "65" 2.25 0.28 4 < 10% 
2 Blaze King "King" (Cat.) 1.71 0.17 5 

W12 1 FJSher "Papa Bear" 1.63 0.19 4 5o-60% 
2 w/ Nu-Tec 1.52 0.29 5 

W13 1 Sears "Automatic" 1.80 0.08 2 < 10% 
2 PES "Super 27" (uncertified) 1.12 0.22 5 

W14 1 RSF "65" 1.25 031 4 1G-20% 
2 Burning Log "Turbo 10" 1.01 0.15 5 

a. Standard Deviation 
b. Number of data values used to calculate mean burn rates 
c. Probability of mean burn rates for stages 1 and 2 being statistically alike. 
d. Double wall flue pipe burn rate is an overall mean of both Security and James A. Ryder flue pipe 

data set. 
e. Stage 2 data values include only sampling periods with Nu-Tee installed. 
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TABLE 17 

MEAN OVERAlL EFFICIENCY 
Mean 

Home Code Stage Technology Overall Efficiencf _L ~ Probabilitf 

W01 1 RSF "65" 44.0% 2.4 3 > 90% 
2e Double Wall Flue Pipe 48.4% 4.4 5 

W02 1 RSF "65" 51.6% 62 6 20-30% 
zc w/ Nu-Tec 429% 0 1 

W03 1 Fisher "Grandma Bear,. 56.4% 4.9 4 70-80% 
2 Burning Log "Turbo 10" 55.5% 3.7 5 

W04 1 Sears "Automatic" 42.1% 2.1 4 < 10% 
2 Osburn "Imperial 2000" 50.9% 3.6 5 

W05 1 Acorn "Ranger" 49.7% 7.0 4 < 10% 
2 w/ Uni-Corn 60.8% 3.0 3 

W06 1 Energy King "Princess" 55.9% 3.5 3 60-70% 
2 PES "Super 27" (uncertified) 54.4% 5.0 5 

W07 1 Blaze King "King" (Conv.) 50.4% 7.2 3 10-20% 
2 Blaze King "IGng" (Cat.) 60.6% 8.2 4 

W08 1 RSF "65" 44.0% 7.0 3 < 10% 
2 w/ Uni-Corn 53.5% 3.5 4 

W09 1 Energy IGng "King" (Conv.) 55.9% 6.6 3 < 10% 
2 Osburn "lmperial2000" 45.4% 63 5 

W10 1 Fisher "Mama Bear" 50.5% 7.9 4 30-40% 
ze Double Wall Flue Pipe 45.7% 4.8 5 

Wll 1 RSF "65" 51.1% 6.4 4 10-20% 
2 Blaze King "King" 56.5% 4.5 5 

W12 1 rJSher "Papa Bear" 52.5% 2.3 4 10-20% 
2 w/ Nu-Tec 56.0% 2.9 5 

W13 1 Sears "Automatic" 48.4% 3.9 2 so-60% 
2 PES "Super 27" (uncertified) 50.0% 23 5 

W14 1 RSF "65" 37.5% 7.0 4 < 10% 
2 Burning Log "Turbo 10" 52.1% 3.1 5 

a. Mean overall efficiency calculated using a modified version of the Condar method. 
b. Standard deviation. 
c. Number of data values used to calculate mean efficiency. 
d. Probability of mean overall efficiencies for stages 1 and 2 being statistically alike. 
e. Double wall flue pipe overall efficiency is an overall mean of both Security and 1 ames A. Ryder 

flue pipe data set. 
f. Stage 2 data values include only sampling periods with Nu-Tec installed. 
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---------·--------------· 
TABLE 18 

WOOD USE ANALYSIS 

Dry kg Wood Net Change in 
Home Code Technology Stage Use/HDD8 Wood Use(%) 

W01 RSF "65" 1 2.21 -37.1 
Double Wall Flue Pipe 2 1.39 

WCY2 RSF "65" 1 1.09 +4.5 
w/ Nu-Tec 2 1.14 

W03 Fisher "Grandma Bear" 1 1.28 -23.4 
Burning Log "Turbo 10" 2 0.98 

W04 Sears "Automatic" 1 1.82 -36.8 
Osburn "Imperial 2000" 2 1.15 

wos Acorn "Ranger" 1 1.71 -253 
w/ Uni-Corn 2 1.27 

W06 Energy King "Princess" 1 1.25 -39.8 
PES "Super 27" (uncertified) 2 0.75 

W07 Blaze King "King" (Conv.) 1 2.26 - 17.5 
Blaze King "King" (Cat.) 2 1.86 

W08 RSF "65" 1 1.42 -9.6 
w/ Uni-Corn 2 1.28 

W09 Energy King "King" (Conv.) 1 0.84 +9.0 
Osburn "Imperial2000" 2 0.91 

WlO Fisher "Mama Bear" 1 1.30 -3.0 
Double Wall Flue Pipe 2 1.26 

Wll RSF "65" 1 2.04 -5.9 
Blaze King "King" 2 1.91 

W12 Fisher "Papa Bear" 1 1.50 0.0 
w/ Nu-Tec 2 1.50 

W13 Sears "Automatic" 1 1.92 -42.0 
PES "Super 27" (uncertified) 2 1.11 

W14 RSF "65" 1 1.19 -12.8 
Burning Log "Turbo 10" 2 1.03 

a. kg (dry) of wood use per Heating Degree-Day (HDD). Heating Degree-Days adjusted to actual 
stove operation time. 
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TABLE 19 

CREOSOTE ANALYSIS 

Home Code Technology Stage Grams/HDD8 

W01 RSF "65" 1 1.48 
Double Wall Aue Pipe 2 1.48 

W02 RSF "65" 1 0.59 
w/ Nu-Tec 2 0.71 

W03 Fisher "Grandma Bear" 1 0.91 
Burning Log "Turbo 10" 2 0.67 

W04 Sears "Automatic" 1 0.58 
Osburn "lmperial2000" 2 037 

W05 Acorn "Ranger" 1 0.40 
w/ Uni-Com 2 0.56 

W06 Energy King "Princess" 1 1.60 
PES "Super 27" (uncertified) 2 2.17 

W07 Blaze King "King" (Conv.) 1 1.48 
Blaze King "King" (Cat.) 2 1.11 

W08 RSF "65" 1 0.85 
w/ Uni-Com 2 0.92 

W09 Energy King "King" (Conv.) 1 1.28 
Osburn "lmperial2000" 2 0.49 

WlO Fisher "Mama Bear" 1 2.98 
Double Wall Aue Pipe 2 0.87 

Wll RSF "65" 1 0.51 
Blaze King "King" 2 0.52 

W12 Fisher "Papa Bear" 1 0.81 
w/ Nu-Tec 2 1.04 

Wl3 Sears "Automatic" 1 0.26 
PES "Super 27" (uncertified) 2 1.22 

W14 RSF "65" 1 1.56 
Burning Log "Turbo 10" 2 0.65 

a. Grams creosote collected per heating degree-day; measured during creosote deposition period. 
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TABLE20 

MEAN CATALYST UGHfOFFTIME PERCENTAGES 

Catalytic "Add-On" Retrofit Devices: 

Home Code Technology 

RSF "65"/Nu-Tec 
Acorn "Ranger"!Uni-Com 
RSF "65"/Uni-Com 

Mean Catalyst 
Lightoff Percentagea 

W02 
W05 
W08 
W12 FISher "Papa Bear"/Nu-Tec 

9.4% 
49.8% 
403% 
45.8% 

Integral Catalytic W oodstoves: 

Home Code 

Technology 

W03 
W07 
Wll 
W14 

Technology 

Burning Log "Turbo 10" 
Blaze King "King" 
Blaze King "King" 
Burning Log "Turbo 10" 

All Catalytic "Add-On" Retrofit Devices 
All Integral Catalytic W oodstoves 

Mean Catalyst 
Lightoff Percentagea 

Mean Lightoff 
Percentages3 

41.1% 
70.8% 

69.5% 
77.3% 
69.6% 
68.1% 

Mean Emission 
Rate (g!hr)b 

16.2 
12.1 

Mean Emission 
Rate (g!hrt 

36.6 
10.2 
15.0 
16.6 

Mean Emission 
Rate (g!hr)b 

9.2 
153 
15.6 
8.8 

Percent Emission 
Reductionc 

37.8 
55.9 

a. Catalyst lightoff time percentage is the percentage of total stove operation time that the catalyst 
temperature is greater than 260°C (500°F). 

b. Particulate emission rate data presented without precision and accuracy figures. 

c. Percent emission reduction based on grams per hour data, i.e. [(after-catalyst gthr) divided by 
(before-catalyst g!hr)] x 100. 
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B. Discussion of Data 

Home W01 

Stage 1: RSF "65" 

Stage 2: Double Wall Flue Pipe 

The overall mean particulate emission rate in home W01 was reduced from 353 g!br to 25.7 glhr 

after installation of the double wall flue pipe. The particulate emission rate observed m sampling 

period 1 was the highest observed in the home at 49.8 gfhr, a figure which significantly affects the 

mean Stage 1 emission rate. The mean emission rate for Stage 1 with sampling period 1 removed is 

28.1 gfhr, therefore the removal of sampling period 1 from the Stage 1 data results in the Stage 1 and 

Stage 2 mean emission rates being statistically the same. A high burn rate (1.93 kgfhr) was observed 

in sampling period 1, which may have contributed to a higher emission rate. 

The Security double waH flue pipe system with the ventilated airspace had a mean emission rate 

of 31.0 gfhr, while the James A. Ryder double wall flue pipe system with the sealed airspace had a 

mean emission rate of 22.1 glhr. The double wall flue pipe with the vented airspace generates 

convection along the pipe surfaces in the airspace. The convection promotes heat transfer from the 

flue to the room, allowing closer flue-pipe-to-wall clearances. 

Within three days after the installation of the vented Security double wall flue pipe, 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. The vented pipe was frequently swept until it was 

replaced with the sealed double wall Ryder flue pipe on the 25th of February. After the installation 

of the sealed double wall flue pipe, it was observed that only a very light coating of creosote formed 

inside the flue pipe portion of the chimney system. It was therefore hypothesized that the vented 

double wall pipe caused a thermosiphon effect resulting in a rapid cooling of flue gases and a 

concentration of creosote in the vented flue pipe. Additional analysis which is beyond the scope of 

this project would be needed to confirm if the observed rapid creosote buildup 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 pipe did not appear to significantly affect the observed burn rate in this home. 

The Stage 1 mean burn rate was 1.50 kgfhr, and the Stage 2 mean burn rate was 1.43 kg/hr. The 

homeowner noted that the woodstove's draft was improved with the Security system; however, no 

change was noted in the heat output of the woodstove. 

The double wall pipe slightly increased the overall efficiency of the woodstove from 44.0% to 

48.4%. The decrease in overall efficiencies during sampling periods 8 and 9 is probably due to the 

increase in the number of cold-to-cold burn cycles. While a statistical comparison indicates that the 

increased efficiency is not statistically significant, the data in Table 18 indicates a 37.1% decrease in 
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wood use (dry kg) per heating degree-day in Stage 2. This observed decrease in wood usage als< 

parallels the observed decrease in burn rates in Stage 2. 

The creosote accumulation rate measured with the double wall pipe in place was identical to thai 

with the single wall in place (1.48 gtHDD in both Stage 1 and Stage 2). The homeowner observed 

more creosote deposition after installation of the Security double wall pipe; however, the perceived 

change may have been a result of a relocation of creosote deposition areas due to the change in heat 

transfer characteristics of the chimney system. 

Alternate heat use appeared to slightly increase during the coldest measured sampling period ( #7) 

and towards the end of the heating season (sampling periods 8 and 9) when woodstove operation time 

decreased. 

Home W02 

Stage 1: RSF "65" 

Stage 2: Nu-Tec Catalytic Retrofit 

An incomplete data set was obtained for the Stage 2 technology in home W02. Immediately after 

the initial installation of the Nu-Tee Catalytic Retrofit, home W02 reported excessive smoke spillage 

from the stove door and from the catalytic retrofit housing when fueling the stove. Smoke spillage 

from the unit housing was reduced after two days as the machine oil burned off the hou..c;ing of the 

Nu-Tec; however, the smoke spillage from the scove door during fueling events continued. The smoke 

spillage was caused by the catalytic retrofit device acting as a flue restriction. The mean particulate 

gram per hour emissions were 17.6 (Stage 1) and 36.6 glhr (Stage 2). The increased emission rate on 

Stage 2 is due to decreased combustion efficiency coupled with the catalyst by-pass being kept in the 

open position during most of the sampling period. Wood use also slightly increased during the period 

that the retrofit device was installed. 

The Nu-Tee was monitored during sampling periods 5 and 6; however, particulate emission data 

was only obtained during sampling period 5 due to an equipment malfunction during sampling period 6. 

The particulate emission rate measured during sampling period 5 was 36.6 glhr, which was significantly 

higher than particulate emission rates observed with the same catalytic retrofit model in home W12. 

The catalyst lightoff time percentages for sampling periods 5 and 6 were 12.2% and 6.7%, 

respectively, with a mean catalyst lightoff time percentage of 9.4%. These values were the lowest 

mean catalyst lightoff time percentages observed in the study. An analysis of catalyst and flue gas 

temperatures revealed that the bypass mechanism was kept in the "open" position (i.e., catalyst not 

engaged) the majority of time during sampling period 5. This observation was a result of the study 

participants trying to minimize smoke spillage during fuel loading events. While the catalyst was 

engaged the majority of time during sampling period 6, there was no noticeable improvement in 

catalyst light-off time. 
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Attempts to bring in additional outside combustion air via an ~pen basement window near the 

stove and an outside air duct connected to the stove were not effective in reducing the observed 

smoke spillage problems. It appeared that none of the attempted mitigation measures were effective in 

reducing the flue restriction problems caused by the "add-on" device. 

At the request of the study participants the catalytic retrofit device was removed at the end of 

sampling period 6. 

Sampling continued in the home after the removal of the catalytic retrofit. The data from 

sampling periods 7, 8, and 9 provided additional baseline data on the RSF "65" conventional technology 

woodstove. Alternative heat use was the greatest (37 hours) during sampling period #1, which had the 

highest measured heating degree-days. 

Home W03 

Stage 1: Fisher "Grandma Bear" 

Stage 2: Burning Log "Turbo 10" 

The mean particulate gram per hour emission rates observed in home W03 were similar for 

Stage 1 and Stage 2-9.4 g!hr and 9.2 g!hr, respectively. The Stage 1 conventional technology 

woodstove had a mean particulate emission rate that is considered very low for a conventional 

technology woodstove. 

The mean Stage 2 burn rate of 1.06 kg!hr was significantly lower than the mean Stage 1 burn 

rate of 1.24 kg!h.r. This observation is probably a result of the differences in firebox size between 

the Fisher "Grandma Bear" (0.0997 m3 [3.52 ft3]) and the Burning Log "Turbo 10" (0.0651 m3 

[2.3 ft3]). Wood use also decreased 23.4% from 1.28 dry kg!HDD (Stage I) to 0.98 dry kg!HDD 

(Stage 2). However, as in the case with burn rates, the observed difference in wood use is also being 

influenced by differences in firebox size. 

An inspection of the catalysts and the fiberglass-like gasket below the catalyst was conducted by 

representatives of Energy, Mines and Resources Canada and Griffith's Heating on September 24, 1987. 

Both catalysts (Corning Model 6000-serial numbers 904809 and 9048231) appeared to be in good 

condition. It was observed, however, that catalyst gasketing material had shrunk to approximately 0.5 

em (0.19 in) below the center support bracket, creating a 1.0 em x 7.0 em (0.39 in x 2.75 in) gap 

(refer to Figure 3). The gasket material melted to a glass-like substance. Assuming the observed 

gasket gap occurred during the Stage 2 sampling period, it did not appear to have any noticeable 

effect on the emission performance of the stove since homes W03 and W14 had mean emission rates of 

9.2 g/hr and 8.8 g!hr, respectively. The differences in mean emission rates between the two homes is 

considered statistically insignificant given the associated accuracy of the sampling method. 

The catalyst light off time percentages ranged from 53.1% to 82.6%, with a mean lightoff 

percentage of 69.5%. The 53.1% figure was recorded during sampling period 9 and was probably lower 
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than other sampling periods due to warmer weather at this time. The lowest burn rate as averaged 

over the AWES sampling period of 0.86 kg!hr was also observed during sampling period 9. 

The overall efficiency was slightly reduced from 56.4% to 55.5% in Stage 2; however, statistical 

analysis suggests that the difference is probably insignificant. The creosote deposition rate decreased 

from 0.91 g(HDD (Stage 1) to 0.67 g/HDD (Stage 2). There was no measured use of alternative heat 

during the sampling periods. 

Home W04 

Stage 1: Sears "Automatic" 

Stage 2: Osburn "Imperial 2000" 

Home W04 exhibited one of the largest relative particulate emission rate reductions after 

installation of the Stage 2 technology observed in this study. Stage 2 particulate emission rates 

ranged from 5.3 glhr to 12.8 g!hr. 

In addition to the lower particulate emission rates, the mean burn rate was significantly reduced 

from 1.76 kg/hr (Stage 1) to 1.24 kg!hr (Stage 2). Observed creosote deposition rates were reduced 

from 0.58 g!HDD (Stage 1) to 0.37 g/HDD (Stage 2). The mean overall efficiency in Stage 2 (50.9%) 

was significantly higher than in Stage 1 ( 42.1% ). 

While the homeowner indicated that burn the time between refuelings was not long enough to 

satisfy heating demand needs during the coldest periods, the new technology woodstove was an 

improvement over the conventional technology stove in that they used less wood per refueling. This 

observation is supported by an observed 36.8% decrease in wood usage per heating degree-day in Stage 

2. 

The only substantial use of alternative heat use (23.9 hours) was during sampling period 7 which 

had the highest number of heating degree-days. This observation would support the study participant's 

comment that the "Imperial 2000" stove could not meet heating demand needs during the coldest 

measured period. 

Home W05 

Stage 1: Acorn "Ranger" 

Stage 2: Uni-Corn Catalytic Damper 

The mean particulate emission rates were reduced from 14.3 g/hr (Stage 1) to 10.2 g!hr (Stage 2) 

in home W05. The mean gram per hour emission rate from the Stage 1 conventional technology 

woodstove was at the low end of the range for conventional technology woodstoves. The low 

conventional technology emission rate reflects good combustion conditions due to the relatively high 

burn rate (1.66 kg/hr) maintained during Stage 1. 

The mean burn rate also was reduced from 1.66 kglhr (Stage 1) to 1.45 kglhr (Stage 2). 

Creosote deposition was higher in Stage 2 (0.40 g/HDD in Stage 1, 0.56 g/HDD in Stage 2), although 
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the uncertainty associated with the creosote collection method indicates that this difference may b· 

inaccurate. Calculated overall efficiency did significantly improve from 49.7% (Stage 1) to 60.8o/. 

(Stage 2). Wood usage decreased 253% per heating degree-day during Stage 2. 

Catalyst lightoff time percentages ranged from 35.7% to 69.5% with a mean lightoff percentage ol 

49.8%. This homeowner achieved one of the highest percentages of catalyst lightoff time in the 

catalytic retrofit technology classification and also had the lowest mean emission rate for catalytic 

retrofits observed in the study. 

After installation of the Uni-Corn Catalytic Damper the homeowner experienced smoke spillage 

problems when fueling the stove arid did not feel that the catalytic retrofit improved the performance 

of the stove. Several mitigation measures were tried to reduce or eliminate the smoke spillage 

problem. Longer smoke flaps were added to the Acorn "Ranger." Basement windows were opened 

during fueling events to improve draft conditions. Prior to opening the door of the stove, the burn 

rate was increased to improve draft conditions. While these measures partially mitigated the smoke 

spillage problem, they did not completely eliminate the problem. Relative to home W02, the observed 

smoke spillage problems in home W05 were not as severe. The Uni-Com was removed at the 

conclusion of the study at the request of the study participant. 

Home W06 

Stage 1: Energy King "Princess" 

Stage 2: Pacific Energy Systems "Super 27" (uncertified version) 

Mean particulate emission rates were reduced from 17.9 gfhr (Stage 1) to 15.7 gfhr (Stage 2). 

Statistical analysis indicates that there is a 40% to 50% chance that the rates are different. The mean 

burn rate was significantly reduced from 1.19 kg!hr (Stage 1) to 0.86 kglhr (Stage 2), but this may be 

an artifact of differences in the fuebox size rather than improved overall efficiency. Wood use 

decreased from 1.25 kg (dry)IHDD (Stage 1) to 0.75 kg (dry)!HDD (Stage 2)-a decrease of 39.5%. 

However, this observed decreased in wood usage is believed to be primarily influenced by differences 

in firebox size. 

Overall efficiency was slightly reduced from 55.9% in Stage 1 to 54.4% in Stage 2; however, 

statistical analysis indicates that the reduction is not statistically significant. Observed creosote 

deposition significantly increased from 1.67 g/HDD (Stage 1) to 2.17 g/HDD (Stage 2). A substantial 

increase in the creosote deposition rate was also observed in home W13 which also had the "Super 27" 

installed. As previously noted, caution should be used in the interpretation of this creosote deposition 

rate data. The "Super 27" was removed from home W06 at the end of study because of the 

homeowner's dissatisfaction with the heat output and frequent refuelings required. 

The only noticeable increase in alternative heat usage occurred during the coldest observed 

sampling period (7). However, even during this time period total usage represented only less than 
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seven hours during a week. Therefore it appears, despite homeowner complaints about frequent 

refuelings, the stove did satisfy most of the heat demand requirements during the study period. 

An inspection of the Pacific Energy Systems (PES) "Super 27" stove used in home W06 was 

conducted on August 5, 1987. It was discovered that the stove used was an uncertified (i.e., not 

Oregon certified) version of the "Super 27." The stove did not contain the secondary air combustion 

system as required in the certified version. There was no Oregon certification label on the stove, but 

the safety listing label indicated that an Oregon certified version was available from Pacific Energy 

Systems. The stove dealer that supplied the PES stoves to the study was under the impression that 

the "Super 27" stoves used in the study were Oregon certified. 

Since the "Super 27" used in home W06 was uncertified, the data is being treated as conventional 

technology stove performance information. 

HomeW07 

Stage 1: Blaze King "King" (non-catalytic) 

Stage 2: Blaze King "King" (integral catalytic) 

Mean particulate emission rates were significantly reduced from 29.8 glhr (Stage 1) to 15.3 glhr 

(Stage 2). The emission rates in the first two sampling periods of Stage 2 were significantly lower 

than the emission rates in the final two sampling periods of Stage 2. This is probably indicative of a 

progressive problem with the woodstove's emission control system as discussed in more detail below. 

Mean burn rate was significantly reduced from 2.21 kglhr (Stage 1) to 1.67 kglhr (Stage 2), and 

mean overall efficiency was significantly improved from 50.4% to 60.6%. Wood usage decreased from 

2.26 kg/HDD (Stage 1) to 1.86 kg/HDD (Stage 2)-a decrease of 17.5%. 

The catalyst lightoff time percentage ranged from 58.6% to 87.2%, with a mean lightoff percentage 

of 77 3%. However, catalyst lightoff time is not a good indicator of emission performance when there 

is a failure(s) of the emission control system of the stove. The 58.6% catalyst lightoff time percentage 

figure was recorded in sampling period 9 where warmer weather may have influenced the homeowner's 

operation of the stove. The lowest burn rate observed in this home (1.48 kglhr) was recorded also 

during sampling period 9. 

The observed creosote deposition was also significantly reduced from 1.48 g!HDD (Stage 1) to 

1.11 g/HDD (Stage 2). There was no recorded use of alternative heating during the sampling periods. 

An inspection of the Blaze King "King" catalytic stove used in home W07 was conducted on 

August 4, 1987. Present during the inspection were representatives from OMNI Environmental 

Services, Inc., Woodcutters Manufacturing, Inc. (manufacturer of the Blaze King stoves), and Griffith's 

Heating & Service Ltd. (installers of the stove). A detailed inspection of the entire emission control 

system was conducted which included the catalyst, the bypass damper mechanism, the thermostat 

control system, the primary, secondary and tertiary air supply systems, and all gaskets. 

OMNI ENVIRONMENTAL SERVICES, INC.- 62 



After removal of the flue pipe the bypass door assembly was inspected. Approximately 5.1 em 

(2 in) of creosote and ash had built up behind the bypass door. However, the creosote-like material 

did not appear to be interfering with the operation of the bypass door mechanism. Using a 250-watt 

flood light, a light leak check was conducted to determine if light was leaking around the bypass 

damper door gaskets. No light leakage was observed. The bypass door was then carefully opened to 

inspect the condition of the gaskets used to form a seal around the bypass door. An impression was 

observed on all four sides of the bypass door gasket, indicating the door was sealing against the 

gasket. The color of the gasket in the impression area was white, indicating that combustion gases 

were not escaping by the gasketing material. However, it was discovered that the front edge of the 

gasket (i.e., gasket closest to the catalyst) was loose. No ash or other material was found on the 

bottom edge of the loose gasket. However, the loose gasket is considered a potential problem in that 

combustion gases could ultimately escape around the bypass damper door gaskets, if they are not 

properly sealed. Figure 4 shows the location of the loose gasket. 

An inspection of the welds on the bypass damper door was also conducted. Two weld gaps, each 

approximately 0.238 em e132 in) in length were observed. Figure 5 shows the location of the weld 

gaps. An inspection of the gasket material in the vicinity of the weld gaps did not reveal any 

indication of the escape of combustion gases through the weld gaps. 

The thermostat assembly was removed from the stove and inspected. It was discovered that a set 

screw which determines the amount of tension on the bimetallic thermostat coil was improperly set 

according to drawings approved as part of the Oregon stove certification process. As shown in 

Figure 6, the set screw should be 180° from the stop (View CC) when the top surface of the air 

intake flipper is flush with the thermostat housing (View AA). As shown in View CC of Figure 6, the 

set screw was approximately 90° from the "stop" position when the air intake flipper was flush with 

the top of the thermostat housing. The effect of this improper screw set point was to allow a higher 

heat output than could be achieved under certification specifications. The incremental increase in heat 

output could not be determined within the scope of this study. 

The next part of the emission control system that was inspected was the catalyst. The secondary 

au tube assembly was carefully removed so that a light leak check of the Inter am TM gasket around 

the catalyst could be conducted. Due to the design of the Blaze King "King" it was possible only to 

light leak check the back edge (nearest the catalyst access flap) of the gasket around the catalyst. 

No light leakage was observed. A small amount of gray ash on the bottom face (facing the firebox) 

was observed, but there appeared to be no blockage of the catalyst cells. 

The catalyst was carefully removed to observe the condition of the Interam TM gasket around the 

front and sides of the catalyst. A 2.54 em (1 in) x 0.32 em ct/8 in) gap was observed on the front 

side of the catalyst. It appeared that the Interam TM gasket had not been overlapped at this point 

and most likely had been "butt" (flush end-to-end) seamed. Thermal expansion tests conducted by 
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OMNI with InteramTM gasket material indicates it will expand to fill voids, creating gaps where butt 

seams are located. It is therefore hypothesized that a butt seam created the observed gap. An 

inspection of the color and materials deposited on the metallic ring that welds the ceramic catalyst 

confirmed that combustion gases were escaping through the observed gap in the gasket. 

A smaller diagonal "hairline" gasket gap was also discovered on the side of the catalyst where 

the Interam TM gasket had been overlapped. Again, discoloration of the metallic ring around the 

catalyst confirmed the escape of combustion gases at this location. 

Upon removal of the catalyst from the stove it was discovered that the catalyst was 

manufactured by Matsushita Battery Company of Japan (distributed by Technical Glass Products, Model 

Number 86-D4 F8). This was an unexpected fmding, since the City of Whitehorse had requested 

Corning "Long Life" catalysts be installed in each of the Blaze King "King" stoves. The Technical 

Glass Products (TGP) catalyst was shipped to OMNI's laboratory for further testing. The TGP catalyst 

was replaced by a Corning "Long Life" catalyst. 

The catalyst removed from the stove in home W07 was tested in accordance with the Oregon 

Department of Environmental Quality (DEQ) "Standard Methods for Measuring the Emission and 

Efficiency of Woodstoves," dated June 8, 1984, and the Environmental Protection Agency (EPA) 40CFR 

Part 60, Subpart AAA-Standard of Performance for Residential Woo? Heaters as published for 

comment on Wednesday, February 19, 1987. Stove emissions were measured using the Dilution Tunnel 

Method (EPA Method 5G). The testing was performed between August 13 and 25, 1987, at OMNI's 

Solid Fuels Testing Laboratory in Beaverton, Oregon. Detailed test results are found in Appendix E of 

this report. 

The initial objective of the laboratory testing was to evaluate the performance of the TGP 

catalyst under a heat output condition that simulated average heat output conditions as determined 

from the data from homes W07 and W11. Based on an analysis of burn rates (kg [dry}lhr), the higher 

heating value of the "frrekilled" and "seasoned" fuels used in Whitehorse, and the average overall 

efficiency of the Blaze King "King" stoves, it was determined the average heat output was 19,000 Btu 

per hour. 

At the request and sponsorship of Woodcutters Manufacturing, Inc., four additional laboratory 

tests were added to cover the full range of heat outputs from the Blaze King "King" stove. The 

request for additional tests from Woodcutters was approved by the City of Whitehorse and Energy, 

Mines and Resources Canada with the provision that all data collected would be included in this 

report. 

Table 21 shows a summary of the results from five test runs on the catalytic combustor from 

home W07. Using a frequency distribution of burn rates (heat outputs) from home W07, a weighted 

emission rate was calculated from the data in Table 21. The home W07 weighted emission rate is 

10.1 g!hr. The mean emission rate for Stage 2 in home W07 was 15.3 g!hr, and the Oregon 
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TABLE 21 

EMISSION PERFORMANCE-BLAZE KING "'KING" WITH CATALYST FROM HOME WfJ7 

Particulate Burn Rate Heat Output Overall 
Emissions (g(hr) (kg [dryl/hr) (Btu/hr) Efficiency (%) 

18.6 0.91 10,890 61.9 

11.8 1.07 14,062 68.1 

9.4 1.38 17,836 66.9 

11.8 2.34 29,920 66.1 

16.6 2.82 34,802 63.9 

Estimated weighted particulate emission rate for heat output distribution in home W07: 10.1 glhr. 
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certification weighted emission rate for the Blaze King "King" was 1.6 gfhr. This data implies tha 

approximately 70% of the elevated emission rates in sampling periods 8 and 9 could be attributed tc 

catalyst performance while the remaining 30% to factors such as combustion gas leakage around 

catalyst gaskets and possibly operator practices, e.g., frequency of use of bypass damper and 

maintenance of catalyst light-off conditions. However, the improper setting of the bimetallic coil 

thermostat may have contn1mted to premature reduction in catalyst performance due to overheating. 

It is impossible to determine the sequence of emission control system failure leading to the marked 

increase in emission rates between sampling periods 6 and 8. 

Table 22 shows a frequency distribution of in-catalyst temperatures during the study. According 

to a representative of the catalyst distributor, extended in-catalyst temperature exposures exceeding 

871°C (1600°F) are viewed as an undesirable condition8. Table 22 indicates 46.2 hours of in-catalyst 

temperatures exceeding 871°C (1600°F) during the study. 

It appears no single contributing factor has resulted in the elevated emission rates observed in 

home W07. Discussions with the manufacturer have indicated a number of actions have been initiated 

to correct the manufacturing problems observed. A summary of the corrective actions is listed in a 

copy of a letter to Larry Canaday dated September 23, 1987, found at the end of Appendix E. 

Home W08 

Stage 1: RSF "65" 

Stage 2: Uni-Corn Catalytic Damper 

Mean gram per hour particulate emission rates were significantly reduced from 28.5 gfhr (Stage 1) 

to 15.0 g/hr (Stage 2) after installation of the new woodheat technology. Mean burn rate was also 

significantly reduced from 1.59 kg!hr (Stage 1) to 1.38 kg!hr (Stage 2) . Mean overall efficiency was 

increased from 44.0% to 53.5%. Wood usage decreased from 1.42 kg ( dry)/HDD (Stage 1) to 1.28 kg 

( dry)/HDD (Stage 2)-a 9.6% reduction. 

The observed creosote deposition increased from 0.85 g!HDD (Stage 1) to 0.92 g!HDD (Stage 2); 

however, the uncertainty associated with the creosote collection method indicates that the difference 

between the Stage 1 and Stage 2 creosote deposition data may be misleading. 

Catalyst lightoff time percentages ranged from 18.9% to 59.9%, with a mean lightoff percentage of 

40.3%. This home had one of the lower mean catalyst lightoff time percentages for the homes with 

the catalytic retrofits. Although the catalytic retrofit did reduce emissions and burn rates and 

increased overall efficiency, the mean catalyst lightoff time percentage for home W08 was slightly 

lower than the mean light off percentage of 41.1% for all catalytic retrofits. 

Some smoke spillage was experienced; however, the installation of a smoke retainer flap near the 

stove door reduced the smoke spillage problem. Alternative heat use increased slightly during the 

coldest measured sampling period (6). 
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TABLE22 

IN-CAT AL YSf TEMPERA TIJRE FREQUENCY DISTRIBUTION-HOME Wrfl 

File W07.TCD 

F'O Date/Time 9/1/87 12:58 

Data collected: 01/30/87 1755 to 04/07/87 1430 

TC * 2 <Catalyst Temperature> 
~* based on "15 minute" aver~ges <high and low values not included> •~ 

Avg Temp 
<deg. F> 

100 - 199 
200 - 299 
300 - 399 
400 - 499 
500 - 599 
600 - 699 
700 - 799 
800 - 899 
900 - 999 

1000 - 1099 
1100 - 1199 
1200 - 1299 
1300 1399 
1400 - 1499 
1500 1599 
1600 - 1699 
1700 - 1799 

1800+ 

Hours 
Total 

54.0 
70.5 
70.7 
70.2 
77.7 

100.0 
12•). (l 
151.2 
177.7 
171.2 
136.0 
91.7 
59.5 
38.0 
39.0 
3(J. 5 
14.2 
1.5 

Frequency 
(/.) 

3.7 
4.8 
4.8 
4.8 
5.3 
6.8 
e. 1 

10.3 
12. 1 
11.6 
9.2 
6.2 
4.0 
2.6 
2.6 
2.1 
1. 0 
0.1 

Cumulative Frequency 
( /.) 

3.7 
8.4 

13.2 
18.(1 
23.3 
30.1 
38.2 
48.5 
60.5 
72.2 
81.4 
87.6 
91.6 
94.2 
96.9 
98.9 
99.9 

100.0 

-------------------------------------------------------------------------------
Total Number of Points 

<"15 minute" averages>: 5896 
Mean Average Temperature: 883 degrees F <SD= 374 degrees F> 
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Home W09 

Stage 1: Energy King "King" (non-catalytic) 

Stage 2: Osburn "Imperial 2000" 

The Stage 1 conventional technology woodstove had a mean emission rate of 15.7 gfhr, which is 

relatively low for a conventional technology woodstove. The Stage 2 woodstove had a mean emission 

rate of 19.0 g/hr, which is significantly higher than the mean emission rate of 9.6 gfhr for the same 

stove model in home W04. 

Mean burn rate was slightly decreased from 0.99 kgfhr (Stage 1) to 0.93 kg!hr (Stage 2), a 

difference which is probably insignificant. Overall efficiency decreased from 55.9% (Stage 1) to 45.4% 

(Stage 2). The relatively high overall efficiency in Stage 1 is due to the high heat transfer efficiency 

component of the overall efficiency calculation. Wood usage increased from 0.84 kg (dry)!HDD 

(Stage 1) to 0.91 kg (dry)!HDD (Stage 2)-an increase of 9.0%. The observed creosote deposition was 

significantly decreased from 1.28 g!HDD (Stage 1) to 0.49 g!HDD (Stage 2). 

The homeowner indicated that the heat output from the Stage 2 woodstove was insufficient. 

Prior to sampling period 6, the flue pipe diameter was reduced from 20.3 em (8 in) to 15.2 em (6 in). 

The original packed flue pipe was replaced with single wall flue pipe from the flue collar to the 

ceiling thimble. According to the homeowners, heat output was improved; however, no change in 

emission rates or overall efficiency was discernable after the chimney system change. The homeowner 

indicated that although the heat output had been improved it was still insufficient to fulfill heating 

demand needs. Alternative heat use indicates no use of supplementary heat during the measured 

sampling period of Stage 2. 

An inspection of the "Imperial 2000" stove in home W09 was conducted on August 4, 1987. All 

accessible sections of the emission control system were inspected. It was observed that the air inlet 

slider opening (source of primary and secondary air) in the full closed position was 0.635 em (0.25 in). 

According to certification drawings, the minimum opening in the full closed position should be 1.11 em 

(0.437 in). The air inlet slider opening in the full open position was 5.87 em (2.31 in) as compared to 

certification requirements of 6.35 em (2.5 in). The baffle plate just above the secondary air intake 

was warped in the center section, slightly reducing the cross sectional area where exiting combustion 

gases enter the flue collar. An inspection of the identical stove model in home W04 on August 5, 1987 

found the same conditions regarding air inlet slider openings and warped baffle. However, as indicated 

in Table 15 the mean gram per hour emission rate for home W09 was 19.0 versus 9.6 for W04-an 

increase of 98%. The only significant difference that could be determined between the two homes is 

the configuration of the chimney system. A detailed description of each chimney system is found in 

Appendix F. 

It is hypothesized that the type of chimney system used in home W09 may be a contributing 

factor to the observed elevated emission rates. The relatively short length 3.4 m (11.2 ft) of the 
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chimney coupled with the mismatching of a 15 em (6 in) diameter flue pipe with 20 em (8 in) packed 

pipe may be resulting in relatively poor draft conditions and thereby influencing the combustion 

efficiency of the stove. The manufacturer of the stove recommends a uniform run of 15 em (6 in) 

diameter pipe. Independent testing of the Osburn "Imperial 2000" under laboratory test conditions 

would be needed to confirm if the chimney configuration in home W09 is a major factor influencing 

emission performance. It was beyond the scope of this study to determine the performance of 

certified non-catalytic stoves with different chimney configurations. 

Home W10 

Stage 1: Fisher "Mama Bear" 

Stage 2: Double Wall Flue Pipe 

The mean particulate emission rate with the Security double wall flue pipe system with the 

vented airspace was 30.7 g!hr. The mean emission rate with the James A. Ryder double wall flue pipe 

system with the sealed airspace was 24.1 g!hr. The mean emission rate in Stage 1 was 23.1 g!hr. 

Overall mean efficiency was slightly decreased from 50.5% (Stage 1) to 45.7% (Stage 2); however, 

statistical analysis indicates that there is a 30% to 40% probability that the means are statistically the 

same. 

The mean burn rate observed in Stages 1 and 2 does not differ significantly-1.34 kg!hr m 

Stage 1, 1.36 kg/hr in Stage 2. Wood usage decreased from 130 kg (dry)/HDD (Stage 1) to 1.26 kg 

(dry)/HDD (Stage 2)-a decrease of 3.0%. The observed creosote deposition appears to be significantly 

lower with the double wall flue pipe in place; however, a missing creosote sample in the Stage 2 

creosote data set makes the Stage 2 figure highly questionable, even though the creosote data was 

normalized. 

The homeowner did not observe the kind of rapid creosote buildup observed in home WOl with 

the vented double wall flue pipe. However, it was observed that the lower half of the vented flue 

pipe became "cherry" red on February 16, 1987. Upon removal of the flue pipe, the homeowner 

reported burning creosote in a section of the vented flue pipe. According to the homeowner be bad 

never experienced this problem with the single wall pipe used in Stage 1 or after the vented double 

wall pipe was replaced with sealed double wall pipe in Stage 2. 

There was a slight increase (7.6 hours) of alternative beat use in sampling period 2 as compared 

to all other periods. However, this was not the coldest sampling period measured and the reason for 

this increase cannot be explained. 

Home Wll 

Stage 1: RSF "65" 

Stage 2: Blaze King "King" 
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....... ------------------
The mean particulate emission rates decreased from 16.8 glhr (Stage 1) to 15.6 glhr (Stage 2); 

however, statistical comparison of the mean emission rates indicates that the rates have a 70% to 80% 

probability that they are not different. 

Mean burn rate was significantly reduced from 2.25 kglhr (Stage 1) to 1.71 kglhr (Stage 2), and 

overall efficiency was slightly improved from 51.1% (Stage 1) to 56.5% (Stage 2). Wood use decreased 

from 2.04 kg (dry)/HDD (Stage 1) to 1.91 kg (dry)!HDD (Stage 2)-a decrease of 5.9%. The lower 

efficiency observed for the RSF "65" in sampling periods 2 and 3 is probably due to more cold-to-cold 

burn cycles (i.e., less stove use) during these periods. The observed creosote deposition did not 

significantly change in Stages 1 (0.51 g!HDD) and 2 (0.52 g!HDD). 

Catalyst lightoff time percentages ranged from 57.2% to 85.0% with a mean lightoff percentage of 

69.6%. The lower catalyst lightoff time percentages observed in this home occurred during sampling 

periods recorded during relatively warm weather. The mean catalyst lightoff time percentage in home 

Wll was close to the 73.2% mean catalyst lightoff time percentage for all integral catalytic woodstoves 

in the study. There was no recorded use of alternative heat during the sampling periods. 

An inspection of the Blaze King "King" catalytic woodstove used in home Wll was conducted on 

August 5, 1987. Present during the inspection were representatives from OMNI Environmental 

Services, Inc., Woodcutters Manufacturing, Inc., and Griffith's Heating & Service Ltd. As in the case 

with the stove in home W07, a detailed inspection of the entire emission control system was 

conducted. 

There was approximately 5.1 em (2 in) of creosote and ash built up behind the bypass door. This 

material did not appear to be interfering with the operation of the bypass door mechanism. However, 

the catalyst access flap (rectangular piece of sheet metal) was found wedged behind the bypass door 

hinge. Discussion with one of the homeowners indicated that the bypass lever mechanism was difficult 

to operate in the beginning of the study, but it was attributed to "breaking in" a new stove. 

Unfortunately, the problem with the bypass lever was never reported to the field technicians. It is 

hypothesized that the catalyst access flap was jarred loose during the movement of the stove from the 

dealer to home Wll. The catalyst access flap is held by two small tabs. It appeared that the tabs 

were not bent at the correct angle to ensure that the catalyst access flap was securely fastened. 

With the catalyst access flap missing, combustion gases were directly vented to the flue pipe 

rather than passing through the heat exchanger of the stove. This observation could partially explain 

the differences in mean overall efficiency between home Wll (56.5%) and home W07 (60.6%), where the 

catalyst access flap was properly installed. A light leak check of the bypass door gasket did not show 

any light leakage. The bypass door was opened to inspect the condition of the gasket. An impression 

was observed on all four sides of the bypass door gasket indicating the door was sealing against the 

gasket. The color of the gasket in the impression area was white indicating that combustion gases 

were not escaping by the gasket. However, as found with the Blaze King "King" stove in home W07, 
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the front edge (i.e., edge nearest catalyst) of the gasket was loose. It appeared the adhesive 

(according to the manufacturer-high temperature silicone adhesive) had been vaporized. 

Two weld gaps approximately 0.238 em e;32 in) in length were found in the bypass door corners. 

However, a close inspection of the gasket in the vicinity of the weld gaps did not reveal any 

indication of the escape of combustion gases through the weld gaps. 

The thermostat assembly was removed from the stove and inspected. As found in the stove in 

home W07, the set screw which controls the amount of tension on the thermostat bimetallic coil was 

not set in the position as specified in the Oregon emission certification drawings. The set screw 

position was identical to that found on the stove in home W07. 

An inspection of the catalyst gasket revealed that the catalyst was not properly positioned in the 

catalyst combustor seat. The catalyst was "tipped" so that the right side (side nearest bypass lever) 

of catalyst was approximately 1.58 em (S;g in) below the combustor seat. A light leak test confirmed 

that the catalyst was not properly seated, and that the InteramTM gasket around the catalyst was not 

properly sealed. An inspection of the color and material deposited on the metallic ring ("can") that 

holds the ceramic catalyst confirmed that combustion gases were escaping by the catalyst. It is 

hypothesized that the unseating of the catalyst occurred during the movement of the stove from the 

stove dealer's warehouse to home Wll, smce OMNI staff verified that the catalyst was properly seated 

in the dealer's warehouse prior to installation. 

The catalyst in the stove was also manufactured by Matsushita Battery Company of Japan 

(distributed by Technical Glass Products [TGP]-model 86-04 F8). This catalyst was also shipped to 

OMNI's Beaverton, Oregon laboratory for further testing. 

An attempt was made to replace the TGP catalyst with a Corning "Long Life" catalyst However, 

the combustor holder seat was 0.48 em e;16 in) too small to hold the replacement catalyst. A check 

of the certification drawings confirmed that the combustor holder was undersized for a standard size 

replacement catalyst. The stove manufacturer claims the combustor seat was most likely warped due 

to a "hot spot" being created by the misaligned catalyst and represents an anomalous situation. The 

undersized or warped catalytic combustor sent represents a potential problem to the consumer desiring 

to replace a catalyst, since the combustor holder is welded into the stove. Without replacing or 

modifying the combustor holder, the consumer would have to special order a custom sized catalyst to 

fit into their particular stove. 

The catalyst removed from the stove was tested in accordance with the methods used to evaluate 

the catalyst in the Blaze King "King" stove in home W07. The testing was performed on August 19, 

1987, at OMNI's Solid Fuels Testing Laboratory in Beaverton, Oregon. Detailed test results are found 

in Appendix E of the report. 

A single test was performed on the catalyst from home Wll. Table 23 shows a summary of the 

results of the test. For purposes of comparison, the laboratory test results from the catalysts used in 
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TABLE 23 

EMISSION PERFORMANCE-BLAZE KlNG "KlNG" WITH CATALYST FROM HOME Wll 

Particulate 
Emissions (g/hr) 

10.8 

Burn Rate 
(kg [dry]fhr) 

1.56 

Heat Output 
(Btu/hr) 

21,057 

Overall 
Efficiency (%) 

70.1 
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homes W07 and Wll, and the original certification test results, are shown in Figure 7. Without 

completing a full heat output range of tests, it is not possible to determine the performance curve for 

the catalyst in home W11. However, the single test value of 10.8 glhr at a heat output of 

21,057 Btu/hr indicates a significant decrease in catalyst performance. 

Table 24 shows a frequency distribution of in-catalyst temperatures. This table also shows 28.5 

hours of in-catalyst temperatures exceeding 87l"C (1600°F). As previously discussed, this is viewed as 

an undesirable situation by the catalyst distributor (Technical Glass Products) and may be a 

contributing factor to a decrease in catalyst performance. While a premature decrease in catalyst 

performance is probably a significant contributing factor to the elevated emission rates observed in 

home Wll, the unseated catalyst must also be considered a significant contributing factor. The 

consistent measured elevated emission rates for all of the Stage 2 sampling periods would tend to 

support this hypothesis as compared to the pattern observed in home W07 (i.e., only last two sampling 

periods having significantly elevated emission rates) . 

Home W12 

Stage 1: Fisher "Papa Bear" 

Stage 2: Nu-Tee Catalytic Retrofit 

Mean particulate emission rates were significantly reduced from 25.3 glhr (Stage 1) to 16.6 glhr 

(Stage 2). The mean burn rate was reduced from 1.63 kglhr (Stage 1) to 1.52 kglhr (Stage 2) and 

mean overall efficiency was increased from 52.5% (Stage 1) to 56.0% (Stage 2). 

During sampling period 6 the before-catalyst emission rate was 15.8 glhr, and the after-catalyst 

emission rate was 15.2 glhr. Review of the data set for each sampling location during sampling period 

6 did not indicate any anomalies that would influence the emission calculations. This relatively small 

emission rate reduction difference may be due to the operator learning to operate the Nu-Tee. 

Catalyst lightoff time percentages ranged from 28.0% to 60.6%, with a mean catalyst lightoff time 

percentage of 45.8%. The lower catalyst lightoff time percentages were recorded during sampling 

periods 8 and 9 when the weather was relatively warm. For some undetermined reason, there was no 

demonstrated change in wood use between Stage 1 and Stage 2, despite the decrease in burn rate and 

increase in overall efficiency. 

Observed creosote deposition increased from 0.81 g!HDD (Stage 1) to 1.04 g!HDD (Stage 2). 

The homeowner experienced problems with smoke spillage after the catalytic retrofit installation; 

however, the data indicates that the device was effective at increasing overall efficiency while 

reducing both particulate emissions. 

Smoke spillage was observed from the chimney system connections, the Nu-Tee unit housing, and 

the stove door when refueling. The chimney connections were sealed with stove cement, which 

eliminated this source of smoke spillage. The homeowner observed that the smoke spillage from the 
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TABLE24 

IN-CATALYST TEMPERATURE FREQUENCY DISTRIBUTION-HOME Wll 

r- ; }p W11.TCD 

PO D.o>te/Time 9 / 1 / 8 7 1 3 :11 

D~t~ co)]pcted; 0:/02/8} 170 5 to 04/13/87 1415 

CCa~alyst Temperature) 
•• based on "15 minLtte" averc.ges <high and low values not inclL<ded> •·* 

Avg Temp 
<deg. F > 

100 199 
200 - 299 
3<)(1 - 399 
40(1 - 499 
50(1 - 599 
60(1 - 699 
7(10 - 799 
8(1(1 - 899 
9 (>(1 - 999 

1000 - 1099 
11 (H) - 1199 
1200 - 1299 
1300 - 1399 
1400 - 1499 
150(1 - 1599 
1600 - 1699 
1700 1799 

1800+ 

HoLtrs 
Total 

187.7 
101.5 
74.2 
59.0 
70.7 
88.0 

114.2 
137.0 
134.0 
112.7 
91.0 
66.0 
42.7 
35.(1 
29.5 
21.7 
6.0 
0.8 

Frequency 
(/.) 

13.7 
7.4 
5.4 
4.3 
c:" ..., 

-'•"-
6.4 
8.3 

10.0 
9.8 
8.2 
6.6 
4.8 
3.1 
2.6 ..., .., ......... 
1.6 
0.4 
0.1 

Cumulative Frequency 
(/.) 

13.7 
21.1 
26.5 
3(1. 8 
36.0 
42.4 
50.7 
60.7 
70.4 
78.7 
85 .. 3 
90. 1 
93.2 
95.8 
97.9 
99.5 
99.9 

100.0 

-------------------------------------------------------------------------------
Total Number of Points 

1"15 minute" averages>: 5488 
Mean Average Temperature: 755 degrees F (SD~ 418 degrees F> 
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Nu-Tee unit housing occurred when a fire had been lit in a cold stove and adequate draft had no 

been establiShed prior to engaging the catalyst. Despite efforts to improve draft conditions prior tc 

fuel loading, e.g. setting high air draft setting prior to loading, no effective technique could be 

developed for reducing the smoke spillage from the stove door during fuel loading events. 

Home W13 

Stage 1: Sears "Automatic" 

Stage 2: Pacific Energy Systems "Super 27" (uncertified version) 

The mean particulate emission rates were significantly reduced 29.9 g/hr (Stage 1) to 21.6 glhr 

(Stage 2). The Stage 2 technology had a mean particulate emission rate that was lower than the Stage 

1 conventional technology; however, the Stage 2 mean particulate emission rate was comparable to 

several conventional technology stoves evaluated in this study. Sampling period 5 (the first sampling 

period completed with the "Super 27") produced an emission rate of 33.2 glhr, which was the highest 

observed in any sampling period in this home. This observation could indicate that during this 

sampling period the homeowner was still learning to operate the new woodstove. The pins that hold 

the baffle assembly in place on the "Super 27" were mounted incorrectly, which caused the baffle 

plate to detach and fall into the firebox; however, this problem was corrected by the homeowner prior 

to the start of sampling period 5. If sampling period 5 is not included, the mean particulate emission 

rate for Stage 2 IS 18.7 g!hr, which is significantly lower than the Stage 1 mean gram per hour 

emission rate, and is similar to the 15.7 g!hr mean emission rate observed on the same stove model in 

home W06. 

Mean burn rate was significantly decreased from 1.80 kglhr (Stage 1) to 1.12 kg!hr (Stage 2). 

The observed creosote deposition increased from 0.26 kg/HDD (Stage 1) to 1.22 kg/HDD (Stage 2). A 

similar creosote deposition rate increase was observed for the "Super 27" in home W06. 

Mean overall efficiency was slightly increased from 48.4% (Stage 1) to 50.0% (Stage 2); however, 

statistical comparison indicates that this increase is probably not significant. There was a significant 

decrease in wood use between Stage 1 (1.92 kg [dry]!HDD) and Stage 2 (1.11 kg [dry]/HDD). However, 

a significant contributing factor to the difference in wood use rates is attributable to differences in 

firebox size between the Sears "Automatic" and the PES "Super 27." 

The only noticeable increase in alternative heat usage occurred during the coldest observed 

sampling period (7). 

An inspection of the Pacific Energy Systems (PES) "Super 27" stove used in home Wl3 was 

conducted on August 5, 1987. As found with the woodstove in home W06, it was discovered the 

"Super 27" in home W13 was an uncertified model. The same type of safety listing label was found on 
£ 

the stove indicating an "Oregon certified" version was available from the manufacturer. 

HomeW14 

Stage 1: RSF "65" 
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Stage 2: Burning Log "Turbo 10" 

The mean particulate emission rate was reduced from 27.8 g!hr in Stage 1 to 8.8 glhr in Stage 2. 

The mean burn rate was significantly reduced from 1.25 kglhr (Stage 1) to 1.01 kglhr (Stage 2) 

and mean overall efficiency was increased from 37.5% (Stage 1) to 52.1% (Stage 2). Wood use 

decreased from 1.19 kg (dry)/HDD (Stage 1) to 1.03 kg (dry)/HDD (Stage 2). 

Catalyst lightoff time percentages ranged from 57.3% to 78.8%, with a mean tightoff percentage of 

68.1 %. The relatively narrow range of catalyst tightoff time percentages indicates that the "Turbo 10" 

performed in a consistent fashion in this home. The mean catalyst lightoff time percentage was 

slightly lower than the overaU mean of 70.8% for all integral catalytics; however, it was virtually 

identical to the mean catalyst tightoff time percentage of 69.5% recorded on the "Turbo 10" in home 

W03. The observed creosote deposition was significantly reduced from 1.56 g!HDD (Stage 1) to 

0.65 g!HDD (Stage 2). 

The homeowner was satisfied with the heat output from the Stage 2 stove; however, the 8-hour 

burn time between refuelings was not sufficient to meet the homeowner's fueling needs. The 

conventional technology stove was reinstalled at the conclusion of the study at the request of the 

homeowner. 

An inspection of the catalysts and the gasket below the catalyst was conducted by a 

repr~sentative of Energy, Mines and Resources Canada and Griffith's Heating & Service Ltd. on 

September 24, 1987. A single strip of gasketing material was located in front of the lower support 

bracket and was not friction fitted as in the case of the "Turbo 10" in home W03. The gasket and 

both of the catalysts appeared to be in good condition, i.e. no visible gaps. The catalysts were 

manufactured by Corning (Model 6000-serial numbers 9048110 and 9048358) and were replaced by new 

Corning catalysts. 

VII. STUDY PARTICIPANf COMMENTS REGARDING NEW WOODHEAT TECHNOLOGIES 

One of the primary study objectives was to observe the operation of the new technology devices 

under "in home" conditions. The study participants provided feedback on the characteristics of the 

devices which helped with an overall evaluation of each of the new woodheat technologies. At the 

conclusion of the study exit interviews were conducted with each homeowner. Appendix F lists a 

profile of each study home, including Stage 1 and Stage 2 woodstove systems, home characteristics, 

and participant comments. The participant comments and observations regarding the operation of the 

new technology devices are summarized as follows: 

A. Double Wall Flue Pipe 

The double wall flue pipe was installed m homes W01 (RSF "65") and WIO (Fisher "Mama Bear"). 

The vented Security pipe was installed first and monitored for sampling periods 5 and 6 in home W01 
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and sampling periods 5, 6, and 7 in ·home WlO. Study participants in home WOl felt that the stove 

had better draft with the Security pipe; however, a rapid creosote buildup was observed in the lower 

1.5 m (4.9 ft) of flue pipe. The creosote buildup also contributed to smoke spillage problems. 

Occupants in home WlO 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 WlO. 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 m 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 W06 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. Burn time 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 em (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 em (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 m2 (750 ft2) of floor area to heat versus 186 m2 (2000 ft2) for home W06. 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. Osburn "Imperial2000" 

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 installed 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 W09 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 em x 25 em (8 in x 10 in) packed pipe, 

which was later replaced with 15 em (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-Tee 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-Tee 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. 
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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 "puffmg" was due to spontaneous 

ignition of unburned combustion gases. This spontaneous "puffmg" 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-Corn Catalvtic Damper 

The Uni-Corn 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-Corn. At the conclusion of the study the homeowner removed the Uni-Corn, 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-Corn 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-Corn installation. The 

homeowner noted that he would be pleased with the U ni-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 Wll. 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 Wll 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, considering 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. 

Vlll. DISCUSSION OF NEW WOODHEAT TECHNOWGY 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 WOl and W10. The emission 

rates ranged from 18.0 g!hr to 33.9 glhr in home W01 and from 21.0 g!hr to 40.5 glhr 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 (Q/hr} 

W01 Security 31.0 

James A. Ryder 22.1 

W10 Security 30.7 

James A. Ryder 24.1 

Wood usage significantly decreased (37.1%) in home W01 from Stage 1 to Stage 2, and slightly 

decreased in home W10 (3.0%). 
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TABLE25 

MEAN PARTICUlATE EMISSION RATES BY WOODHEATTECHNOLOGY 

Mean Emission 
Technology Model Rate (glhr) _L ~ 

Conventional Technology RSF "65" 23.8 9.1 20 
Woodstoves 

STSDC 18.0 75 16 

Sears "Automatic" 31.9 5.6 6 

Blaze King "King" 22.8 9.3 6 

Energy King "Princess" 17.9 1.9 3 

PES "Super 27" 18.7 63 10 
(uncertified) 

Double Wall Flue Pipe Security 32.8 5.7 5 

James A. Ryder 22.9 3.6 5 

Low Emission Non-Catalytic Osburn "Imperial 2000" 143 5.4 10 
Woodstoves 

Catalytic "Add-On" Retrofit Nu-Tec 20.0 8.9 6 
Devices 

Uni-Com 13.0 5.0 7 

Integral Catalytic W oodstoves Blaze King "King" 15.5 6.6 9 

Burning Log "Turbo 10" 9.0 3.2 10 

a. Standard deviation. 

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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TABLE26 

MEAN OVERALL EFFlCIENCY BY WOOD HEAT TECHNOLOGY 

Mean Overall 
Technology Model Efficiencf (Tb _!f. 

Conventional Technology RSF "65" 46.4% 7.9 20 
Woodstoves 

STSDd 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% 4.3 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" 48.2% 5.6 10 
Woodstoves 

Catalytic "Add-On" Retrofit Nu-Tec 53.8% 5.9 6 
Devices 

Uni-Com 56.6% 4.9 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 deviation. 

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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TABLE27 

MEAN WOOD USE BY WOOD HEAT TECHNOLOGY 

Technology 

Conventional Technology 
Woodstoves 

Double Wall Flue Pipe 

Low Emission Non-Catalytic 
Woodstoves 

Catalytic "Add-On" Retrofit 
Devices 

Integral Catalytic Woodstoves 

Model 

RSF "65" 

STSDC 

Sears "Automatic" 

Blaze King "King" 

Energy King "Princess" 

PES "Super 27" 
(uncertified) 

Security 

James A. Ryder 

Osburn "Imperial2000" 

Nu-Tec 

Uni-Com 

Blaze King "King" 

Burning Log "Turbo 10" 

a. Dry kilogram of wood used per Heating Degree-Day (HOD). 

b. Number of values used to calculate mean wood use. 

Mean Wood Use 
(dry kg/HDD8

) 

1.59 

1.44 

1.87 

1.55 

1.25 

0.93 

1.26 

1.43 

1.03 

132 

1.27 

1.88 

1.01 

~ 

20 

16 

6 

6 

3 

10 

5 

5 

10 

6 

7 

9 

10 

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 m home WOl reported that the Security system gave the RSF "6Y' 

conventional technology woodstove better draft characteristics; however, increased creosote deposition 

rates were observed. Participants in home WOl 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 glbr 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 glbr and 19.0 glbr, 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 output 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 m3 [2.90 ft3]) and the 

Osburn "Imperial 2000" (0.0436 m3 (1.54 fill). 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 "Imperial 2000." 

Home W04 had a chimney system consisting of 1.4 m ( 4.6 ft) of 15 em single wall pipe and 5.5 m 

(18.0 ft) of 15 em (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 em (8 in) ID packed pipe; however, the lower 1.5 m ( 4.9 ft) of the 

chimney was replaced by 15 em (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 
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in home W09 probably contributed to higher emiSS10n rates by creating relatively poor draft conditions 

as compared to home W04. 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 W09. 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 

2000" was 5.5 gthr.9 

C. Nu-Tee Catalytic Retrofit 

The Nu-Tee 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-Tee 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 W02 resulted from the Nu-Tee 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 25.3 g!hr in Stage 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-Tee unit housing into the house. 

A creosote deposition evaluation in home W02 for the Nu-Tee 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 light off time percentage observed for the Nu-Tee was 35.4%. This percentage 

was slightly lower than the man catalyst lightoff time percentage of 41.1% observed for all catalytic 

retrofits. 

The Nu-Tee did not demonstrate any relative decrease m 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-Tee 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-Tee was tested according 

to Oregon Department of Environmental Quality protocol for woodstove emission certification tests.9 

The Nu-Tec was mounted on a conventional technology woodstove with a ftrebox volume of 0.0676 m3 

(2.39 ft3) manufactured by Scott Stove Works. The weighted particulate emission rate for this test 

was 10.6 g!hr. 

D. Uni-Corn Catalytic Damper 

The Uni-Corn 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-Corn exhibited the potential for significant emissions reduction in both homes where the 

device was installed. In home W05 the mean particulate emission rate was reduced from 14.3 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 15.0 g!hr 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 U ni-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-Corn 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 25.3% between Stage 1 and 2 and 9.6% for home W08. 

This difference is probably influenced by the higher mean catalyst light-off achieved in home W05 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-Corn related to the smoke 

spillage problems associated with this device. Neither homeowner indicated any difficulties in the 

mechanical operation of the U ni-Com catalyst bypass system 

As a part of the study noted above conducted by OMNI and administered by the Bonneville Power 

Administration, the Uni-Corn 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.10 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-Corn was mounted on an Earth Stove "Model 101" conventional 
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technology woodstove with a firebox volume of 0.1480 m3 (5.23 ft3). The Uni-Corn was monitored for 

four one-week sampling periods. In this test the mean particulate emission rate observed for the 

Uni-Corn was 17.4 glhr. 11 The Uni-Corn 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-Corn. This 

action significantly reduced smoke spillage problems. 

Uni-Corn devices in both Whitehorse homes. 

E. Blaze King "King" 

The ceramic disk remained in place in the 

The "King" had a mean emission rate of 15.5 glbr 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: 15.3 glhr in home W07 and 15.6 glhr in home W11. The range of emission rates observed 

was 7.4 glhr to 25.4 gfhr in home W07, and 11.3 glhr to 22.0 gfhr in home Wll. A sampling 

equipment malfunction occurred in home W07 during sampling period 7 which resulted 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 W11. 

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 W07 showed an increase in particulate emission rates in each consecutive sampling period, 

as follows: 

Sampling Period 

5 

6 

8 

9 

Emission Rate (glhr) 

7.4 

7.5 

21.0 

25.4 

Burn Rate (kg/hr) 

1.72 

1.62 

1.85 

1.48 

Home Wll 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 Wll and 

subsequent laboratory testing of the catalytic combustors revealed the following problems: 

• premature failure of catalyst performance (homes W07 and Wll) 

• gaps in gaskets around catalysts (W07 and W11) 
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• unseated or "tipped" catalyst (Wll) 

• misplaced catalyst access door (Wll) 

• warped combustor seat (WU) 

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 draft. Home Wll reported some smoke spillage when 

fueling the stove. This may be due to the home's 18 em (7 in) diameter chimney system (home W07 

had a 20 em [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 significantly 

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" ts 

1.6 glhr.9 

F. Burning Log "Turbo 10" 

The "Turbo 10" had a mean emission rate of 9.0 glhr, 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 glhr in home W03, and 8.8 glhr 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 em 

x 7.0 em (0.39 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 m 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 glhr.8 

G. Comparison Bv Woodheat Technolo~Summary 

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

in 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 

OMNI ENVIRONMENTAL SERVICES, INC.- 93 



TABLE28 

PERFORMANCE SUMMARY BY WOODHEAT TECHNOLOGY 

Technology 

Conventional Technology 
Woodstoves 

Vented Double Wall Flue Pipe 

Sealed Double Wall Flue Pipe 

Low Emission Non-Catalytic 
Woodstoves 

Catalytic "Add-On" Retrofit 
Devices 

Integral Catalytic 
Woodstoves 

MEAN EMISSION RATES 
~ ~ g/1061 

21.8 16.3 1.7 

32.8 25.4 2.8 

22.9 17.1 1.9 

143 14.2 1.6 

16.2 11.7 1.1 

12.1 9.1 0.8 

a. Mean overall efficiency calculated using a modified version of the Condar method7. 

MEAN OVERALL 
EFFICIENCY 
(%)a _1{> 

49.8% 61 

46.8% 5 

47.3% 5 

46.2% 10 

55.3% 13 

55.9% 19 

b. Number of data values used to calculate mean emission rates and mean overall efficiencies. 
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calculated for the "frrekilled" 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 (glhr) Standard Deviation Number of Values 

"Frrekilled" 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 "frrekilled" fuel. The "seasoned" fuel had a higher average 

moisture content than the "frrekilled," 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) (u = 2.5 and N = 93) and 29.4% (dry basis) (u = 8.3 and 

N = 50), respectively. The homeowners preferred using "frrekilled" fuel primarily because the lower 

moisture content helped when starting a frre in a woodstove. The "frrekilled" 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. 

I. 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 

is 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: 

• 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. 

• 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. 

• 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 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. 

• 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-Corn 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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rune 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 glhr, which is considered at the low end of the range (typically 20 to 60 glhr) for 

conventional 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 glhr to 353 glhr. 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 glhr to 35.3 glhr. 

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 m 

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 one 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 glhr, which was 34.4% lower than the conventional technology 

woodstove mean particulate emission rate of 21.8 glhr. 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, i.e., 
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approximately 3 to 5 hours. Since the low emission non-catalytic woodstoves evaluated in this study 

had relatively small ftreboxes, 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" retroftt devices that were installed on conventional technology woodstoves 

had a mean particulate emission rate 16.2 g!hr, which was 26% lower than the mean emission rate 

observed for the conventional technology woodstoves. The catalytic retroftts 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 

classiftcation 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 retroftt 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" retroftt device is installed is a primary factor which influences the overall performance of 

the catalytic retroftt. Conventional technology woodstoves that generate relatively high flue gas 

temperatures (e.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 12.1 glhr, which was 44% lower than the conventional 

technology woodstove mean particulate emisison rate of 21.8 glhr. The mean overall efficiency for the 

integral catalytic woodstoves was 55.9%, 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 particulate 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 

fmdings of this study. 

The "frrekilled" 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 frres with 

and did not seem to burn as cleanly. Occasionally a mixture of "seasoned" and "frrekilled" 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 "frrekilled" 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.12 

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 errusswn 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.l3·14 It is expected that upon completion of the peer reviews the 

Whitehorse Efficient W oodheat 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 ACI10N 

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 

bypass, catalyst, and primary, secondary and (sometimes) tertiary air draft systems. A study 

of the enuss10n 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 climates. This classification of woodstoves has the potential of 

reducing particulate enusswn 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 

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 

is suggested by this study. 

5. Emission 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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6. Improved education programs for both consumers and dealers to ensure that new 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 of 

woodstoves and trade organizations. 

7. The requirement for random periodic inspections of certified woodstoves at the place of 

manufacture in the event that a Canadian woodstove emission performance regulation lS 

adopted. This requirement would ensure that manufacturers do not implement changes m 

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

TO: 

FROM: 

SUBJECT: 

1. 

May 12. 1987 

Vic Enns. EMR 
1 

Carl Sio1ons(tbMNI 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-lC) 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 De1mhorst 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). 1 

As part of our normal woodstove certification process. OMNI compares 
Delmhorst measurements against oven-dry samples (using ASTM 2016-;74 
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 
a 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 receivi~g the initial CCRL Delmhorst versus oven-dry moisture 
content values. OHNI 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. 

Logs 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. 



Vic Enns/EMR from Carl Simons/OMNI 
Evaluation of Wood Moisture Content 
Page 3 
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 Dr~ 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 



Taole 2 

COMPARISON OF CORRECTED DELMHORST MOISTURE METER 
VERSUS OVEN-DRIED MEASUREMENTS 

FOR "FIREKILLED" AND "SEASONED" WOOD SAMPLES FROM WHITEHORSE 

Delmhurst Meter Absolute 
Home Species OMNII CCRL2•3 Oven-Dried Difference4 

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) -o.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 Seasoned 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 Hodified Condar 
Condar Standard Versus Oregon 

\~ood$tove Burn Rate Overall Overall Standard-Relative 
Technology (Dry kg/hr) Efficiency Efficiency Percent Difference 

Internal 0.60 81.3% 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 .6% 
Catalytic 

Integral 2.56 77.0% 73.1% +5.3% 
Catalytic 

Conventional 2.35 61.7% 59.4% +3 .9% 
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-d ry/hr) E,/hr ~ s/10°J Efficiency 

29.2% * 1.42 14.9 10.5 0.9 53.0% 

40.0% 1.31 13.7 10.5 1.0 52.1% 
W03-3 (+33.1%) (-7.7%) (-8.0%) (0) (+11.1%) (-1. 9%) 

50.0% 1.22 12.8 10.5 1.0 51.6% 
(+71.2%) (-14.1%) ( -14.1%) (0) (+11.1%) (-2.6%) 

21.1% * 2.13 39.3 18.4 2.2 41.8% 

30.0% 1.98 36.6 18.4 2.2 41.1% 
W04-3 (+42.1%) (-7.0%) (-6.8%) (0) (0) (-1.7%) 

40.0% 1.84 34.0 18.4 2.2 40.6% 
(+89.5%) (-13.6%) (-13.5%) (0) (0) (-2.9%) 

24.0% * 0.88 10.9 12.4 0.9 64.5% 

30.0% 0.84 10.4 12.4 0.9 64.1% 
W09-3 (+25.0%) (-4.5%) (-4.6%) (0) (0) (-0.6%) 

40.0% 0. 78 9.7 12.4 0.9 63.5% 
(+66.7%) (-11.4%) (-11.0%) (0) (0) (-1.6%) 

20.0% * 1.49 25.2 16.9 1.5 53.9% 

30.0% 1.38 23.2 16.9 1.5 53.2% 
W12-3 (+50.0%) (-7.4%) (-7.9%) (0) (0) ( -1.3%) 

40.0% 1.28 21.6 16.9 1.5 52.6% 
(+100.0%) (-14.0%) (-14.3%) (0) (0) (-2.4%) 

* As measured 

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

~\ 
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Calculation Procedures 

1. Mass particulate emissions/ mass dry wood burned 

MP x SV 
FR x SD (1- (%0 2/20.9%]) 

2. Mass particulate emissions/ heat output 

MP x SV 
FR x SD x HC x EF (1- (%0 2/20.9%]) 

3. Mass particulate emissions/ time 

MP X sv X MDW 
FR x SD x SP (1 - [%0 2/20.9%]) 

4. Mass particles/ volume 

MP 
FR x SD 

where: 

MP mass particulate emission (g) 
SV 3 stoichiometric volume (1/kg dry wood) 
FR sampling flow rate (1/minute) 
SD = sampling duration (minutes) 
02 = oxygen in flue gas (% by volume) 
HC = heat content of wood (J/kg wood) 
EF = efficiency factor (%/100) 
MDW a mass dry wood (kg) 
SP ~ sampling period (hours) - total period stove was in operation, 

with flue temperature > 39°C. 

5. 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 COz 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. 

6. 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 (%) Higher Heat Content 
Species c. H, 0, N (Joules x 106/ 

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 C02 Content by Stove Technology Type 

Moles CO Moles C02 
Stove Technology Volume Z Moles CO + Moles C02 Moles CO + Moles co 2 

co C02 

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 

M:Uci.Ig a WCOlst:ove Efficiency Detenninatim Using the Ccniar Bn.issicns Systan 

The overall efficiency of a wcxxlstove is the prcduct of carbustion efficiency 
times heat transfer efficiency. These instructions will treat carbustion 
efficiency first, then heat transfer efficiency and finally, overall 
efficiency. If you are interested in the scientific backgroorrl of these 
procedures, write to C(){')jjar Ccrrpany. 

Carbustion efficieocy is easily determined by using the table belcw (for the 
basic equation and its derivation, write to Condar Carpany). Sirrply locate 
your Condar emission factor on the table and read the corresponding carbustion 
efficiency. The data base for emission factors above 20 g/kg is limited, so 
corresporrling carbustion efficiencies rrust be considered appraxirrate. 

Exarrple: 

COt•IWSl'l 0Jr Ul' J Cl DfCY US UC COHOA" UU S.S IONS rACTOAS 
fVJJ..UCS ~ 20 0\.IXC Afl!t APriiOJ:JAAT'C. KAVJNC &UN 

O£JUvt:D rJIIOft LJHlnlJ Ot:Q AHO TVA MTA.)-

( ..... 
c- l~w ( ..... roo ... 

ltUII~ CINvS1. IISSt• COIUIUSt. IUS\101 CD!'\IUSt. IISSf• COftMl. IIS11011'C~1. 
U(IOI (f(l(l(<t UCIW. tf.fKttW:t ract• UftCU<f f£::11:1111 (fl t(J(C"t UCICP. (ffiCJ(I(t 
~ ttl wu ,ttl """ cu 

"''" Ill """ "' -------- -~·-;;:~-;;~---.. ~. 1-----
t.l ..... 11.1 n.u Jt.) lt.<l 
t.l tt.ll Ll II... If.! M.~ n.1 n.lf II n." 
t.l tl.H ).l U.tt1 lf.l M.U l).l 1).Jt 11.) "·"' ... 11.lt ).( "·": •••• H.ll n.t 11.11 n "·'" t.l "·'" ).) ..... I If.) H.ll ll.) 1).01 ll.) 41.11 ... , ..... ) .. ... ., I IU ...11 1).6 U.tl ll ... ,. 
t.l f4.U u ... »' lt.) ..... IU lUI 11.) "·" ... n.ta l.t ll.Ui .... N.tl I). I !(.!1 n ••••• ... tl.~ l.t .. .. , tt.t lt.ll n.t 1t.U !<.) ,,,., 

I tl.ll • lL"j II "·" .. 14.)) 1) "'·" 1.1 f4.tl ... n.n II. I N.» .... 7t.tl 1).) ... , 
1.1 ... ., l.l lLII 11.1 Jt.l) U.1 J4.ll ll 41.11 
1.1 14.1! l.l n.u, 11.1 lt.ll ll.l H.l't 11.1 &l.tl 
1.1 "·" •. e n.ll 11.1 lt.1l U.4 JC.It 11 d." 
1.) tl.H 6.1 

ILitl 
ll.l lt.ll ll.l 14.01 11.1 ,._,, 

'·' "·" ... n.k "·' 11.11 u., ll.t) 11 &4.]1 
1.1 ll.U •. I 11.11 11.1 ,._,. l&.t n ... M.l U.f) 
1.1 ll.ll ... ... It ll.t lt.ft U.l !I.! I n U.ll 
l.t ,_,. '·' 14.&1 11.1' rt .• , "·' 71 .. 11 :rt.l &l.IJ 

I 11.11 ) II.)] II lt.~ II ll.:.t 10 .,_ .. 
1.1 

tl.ltl 
1.1 II. It 11.1 11.4l U.l II ... 

1.1 11.11 1.1 ... 1) II. I 11.!1 11.1 ll.lt 
).1 q.oo l.l H. I! 17.1 11.1& 11.1 1].:10 
I.e ..... I.e lLtt 11.1 lt.ll U.4 11.11 
).) "--11 1.1 ., ... ll.l lt.t:l 11.1 11.11 
1 •• .. ... l.l IL!l u .• 1J.t4 II.& 11.01 
1.1 11.11 1.1 IUf 11.1 JJ.tt 11.1 n.n 
1.1 ..... 1.1 n.tt 11.1 n.n 11.1 )).tl 
M ..... l.f ILn ll.f II.U "·' n.u 

l tl.ll I ILll ll ll.ll II n.n 
l.l ... )) 1.1 11.11 ll.l 11.11 .... n.» 
l.1 tl.l< 1.1 ll.tl ll.l n.11 lt.t n.u 
l.l ,._., 1.1 tl.r.. II. I 11.11 ll.l n.» 
1.1 ruo ... 11.n n.t n.u 11.4 )).1' 
l.) n.n 0.) 11 ... IU ll.tt If.) n.lt 
u n.u ... 11.11 II. I ,,_,. II.& 1).11 
l.l "·" 1.1 11.1:. ILl ''-" lt.l n.tz 
l.l· n.~ ... I ).II 11.1 JL)t 11.1 lt.'l 
l.t tf.ll ... 11.11 II. t ''·" lt.f Jt.IC 
• r..~ t ..... " 

,,_., It ll.ll 
<.1 "·" u 11.11 14.1 ,,_, 11'.1 11.U 

'·' tU u ll.ll 14.1 ,.,_)1 tf.l' ,._,, 
•.1 "·' u .•.. ,, ·U.S J4.1t lt.J 11.4.1 
<.1 tt.l< '·' tt.31 U.t 74.11 11.4 11.11 
<.) tt.l4 '·' 11.]1 ... , ll." 11.1 11.10 ... ..... '·' ll.lJ .... n.tt If.& 11.11 
<.7 tl.l t.l II.U U.l n.11 Jt.l li.U ... "-' t.t ..... 14.1 

n.•:l n.t ll ... 
4.1 tl.11 '·' lt.tl 14.1 n ... 11.1' n.nl , 11.11 .. to.t1 n ll.:IO ,. 

lt.Ui 

Condar emission factor = 5.0 gm/kg 
Combustion efficiency from table= 87.4% 
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... 
w 
u 
c:. 
w 
c.. 

U!;c the t:.blc· \,.,).,..,do dc.·tcrmine lu•.ll tl.tot:..lcr c•llic1cncy. 1'hc: v"},,..~. in 
the t.,bl<' arc <1.-riv.-d {rom typic:~l h"rdvoPd cont:~ininr. 6.!>2 hydroccn. ~0:: 
carbon. 101 moisture. S<-r th<' hoY. hc:lo"' the t.,bl·· f<H "" cx.-.mplc. 

L. 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

150 700 

87.8 86.5 
87.7 86.) 
87.~ 86. I 
87.1. 85.9 
87.1 85.6 
87.0 85.3 
86.8 84.9 
86.6 84.5 
86.2 84.0 
85.8 83.3 
85.3 82.4 
84.6 81.3 
83.5 79.6 
82.0 77. 1 
79.L. 73.0 

AVERAGE STACI: TI:HI'ERATURI: (•r) 

750 300 350 1.00 L.'.JO 500 - -------· 

8~.1 83.9 81.6 81.3 80. I 78.7 
85.0 8).6 82.3 80.9 79.6 7tL 7 
81..7 83.3 81.9 80.3 79.0 77 .'.J 
8J..L. 81.9 8l.Lc 79.8 78.L. 76.8 
8Lc.O 82.L. 80.8 79.1 77.6 75.9 
83.6 81.8 80.1 78.3 76.6 74.8 
83.1 81.2 79.3 77.3 75.6 73.6 
82.5 80.4 78.4 76.3 74.3 72.2 
81.7 79.5 77.2 7L.. 9 72.7 70.6 
80.8 78.3 75.8 73. 1 70.7 68.1 
79.6 76.7 73.9 71.0 68.2 65.3 
78.0 74.7 71.4 68.0 64.8 61.5 
75.7 71.8 67.8 63.8 60.0 56.0 
72.3 67.4 62.5 57.5 52.8 47.8 
66.5 60.0 53.5 46.9 40.5 33.9 

•CORRECTIO~ FACTORS 
(1) For Douglas Fir subtract 0.5% 

550 600 

77.5 76.1 
76.9 75.~ 

76.1 7L..7 
75.3 73.7 
71..3 72.6 
73.2 71.3 
71.8 69.9 
70.2 68.1 
68.2 65.9 
65.7 63. 1 
62.5 59.6 
58.3 54.9 
52.2 48. 1 
L.3.2 38. 1 
27.6 20.9 

(2) Tables Values are for 20% (moist basis) vood moisture. 

Correction for ~ood Of Different ~ood Hoisture. 

Stack Temp. 

200 
300 
400 
500 
600 

Heat Transfer Correction 
For Each 10% Difference In 
~ood Hoiswre 

1.4% 
1.4% 
1.5% 
1.5% 
1.6% 

650 

71..9 
71.. I 
7).1 

.~ 
71.0 
69.6 
68.0 
66.1 
63.6 
60.6 
56.7 
51.6 
44.2 
33.2 
14.5 

Add the vood .oisture correction to your heat transfer % if you~ vood is dryer 
than 20% .oisture and subtract if your vood is ve~ter. 

Exaaple: From A Douglas Fir Yest Your test results shov: 

Average Stack Temperature - 4oo• 
Aver~ge Oxygen • 13% · 
Avera&~ ~ood Hoisture • 25% 
Heat Transfer Value From Table • 
fir Correction • 
Uood Hoisture Correction • 

Your llcat Trotns(er % • 

73. I 
-0.5 
- .75 
71.65 

The values in the t3ble arc derived {rom typical hardvood containin& 6.5% 
hydrog~n. 50% carbon. Hoisturc content. 20%. 

I. Many moisture aeters give dry basis moisture readings. Uc are vorking 
'-'ith moist basis 1Do1sturc here. To convct·t dry to moist basis usc this 
forlliUla: 

. . dry basi~ rcadinr. Hoist n~~l~ rcad1ng « (I d 
• ry basis rcadin&) 

OMNI ENVIRONMENTAL SERVICES, INC - B4 



APPENDIX C 

QUALITY ASSURANCE AND PROPAGATION OF ERROR CALCUlATIONS 

OMNI ENVIRONMENTAL SERVICES, INC. 



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 fr0m 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 (lZ confidence limit) was made for each 

primary parameter from which a propagated precision value was determined. The 
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limit of error (.A) is equal to 2.6 times the standard deviation (u) 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 20%. 

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. 
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Attachment C-1 

Calculations and Propagation of Errors - Particulate Data 

Parameters - Particulate Data 

1. MP Mass particles (total) 
MF Mass particles on filter 
MR.MC 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. zo2 Flue gas 02 
6. HC Specific heat content 
7. EF Efficiency factor 
8. MDW Mass of wood, dry basis 
9. SP Sampling period 

Mass Particles (MP) • MF + MRMC + MRM + MX 
+ ffi.mMC + ffi1RM + ill1x ill1P too' 

MFB 
+ too'B 

2. Mass Particles I Mass Dry Wood • ------~MP~~x~SV~------------------­
FR x SD x (1 - %02120.9%) 

Propagated error • 

SV 
FR x SD x (1- ro2 Jzo.o:> ] 

+ !J.sv 
[ fl< :-SD x ( 1 - zo2/20.9%)] 

+ MP x SV .l 
FRZ x SD x (1 - %02/20.9%2J 

+ !J.SD 
[ 

MP x SV J 
FR x sol x (1 - zo2120.9%) 

+ !J.o2z [ MP x sv J 
FR X SD x 20.9% x (1- %0zl20.9%) 2 

3. Mass Particles I Heat Output • MP x SV 
FR x SD x HC x EF x (1 - %0zl20.9%) 

Propagated Error • 

ill1P[ sv J 
l:RxSDxHCxEFx(1-%0zl20.9%~ 

+ !J.sv[ MP J 
l:RxSDxHCxEFx(1-%0z/20.9%~ 

+ !J.FR [ MP x SV J + !J.SD [ MP x SV J 
l:R2xsDxHCxEFx(1-%02120.9%2J l:Rxsn2xHCxEFx(1-%0zl20.9%~ 
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+ illlc [ MP x SV J + l1EF [ MP x SV J 
~RxSDxHCZxEFx(l-%0z/20.9%2J ~xSDxHCxEFZx(l-%0z/20.9%2J 

+ l1o2z [ MP x sv J 
~xSDxHCxEFx20.9%x(1-%0z/20.9%)~ 

4. Mass Particulate Emissions I Time Stove Operations (SP) -

MP x SV x MDW 
FR x SD x SP x (1-%0zl20.9%) 

Propagated error • 

+ l1MDW [ MP x SV J + 
~R x SD x SP (l-%0zi20.9%2J 

l1FR [ MP x SV x MDW J 
~RZ x SD x SP (1-%0zi20.9%2J 

+ l1SD [ MP x SV x MDW J + 6SP [ MP x SV x MDW J 
~R x SDZ x SP (1-%0z/20.9%2J ~ x SD x gpZ (1-%0z/20.9%2J 

+ 60z% [ MP x SV x MDW J 
~R x SD x SP x 20.9% (1-%0zi20.9%):J 

5. Mass particles I volume MP 
FR x SD 

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

Propagated error - l1MP 
[ 

1 ]+ l1FR[ MP ]+ FR x SD FRZ x SD 
l1SD 
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Parameter 

l. LlMP 
a. ill1F 
b. LlliRMC 
c. ill1RM 
d. LlliX 

e. ill1FB 

2. D.sv 

3. b.FR 

4. t:lSD 

5. 6zo 2 

6. t:lHC 

7. ilEF 

8. 6MDB 

9. t:lSP 

10. b.indoor 
temp 

11. t:lflue & 
catalyst 
temp 

Table C-1 

Precision and Accuracy Estimates 

Estimated Precision (A) 

Sum of a,b,c,d*, & e 
± 1 mg 
± 2 mg 
± 2 mg 
± 20% (relative)* 

± 26.0 mg 

180 (constant) 

± 0.2 litres/min. 

+ 1.78% relative* 

± 1%02 (absolute) 

1.0 X 10 6 

joules/kg (constant) 

± 0.03 (constant) 

± 3% (absolute) 
± 4% (absolute) 
± 15% (absolute) 

± 0.3% (relative)* 

± 2°F (l.2°C) 

± 3°F (1.9°C) or 0.5% 
(relative)* whichever 
is greater 

Estimated Accuracy 

Sum of a,b,c,d* & e 
± 0.1 mg 
± 0.5 mg 
± 0.5 mg 
± 50% (relative)* 

± 2.5 

± 250 lit res /kg 
dry wood 

± 0.3 litres/min. 

+ 1.78% relative* 

± 2%02 (absolute) 

± 1. 0 X 10 6 

joules/kg 

± 0.1 

± 5% (absolute) 
± 5% (absolute) 
± 15% (absolute) 

± 1.0% (relative)* 

± 6°F (3.8°C) or 
1.0% (relative)* 
whichever is 
greater 

Comments 

weighing errors 

polar compounds, 
surrogate 
standards 
b.MP for field 
blanks 

range in 
calculated 
values 

field observa­
tions, wet basis 

6 min. out of 
336 min. 
1 sec. out of 
1 min. 

field data 

range in measured 
values 

laboratory 
experience 

<25% moisture 
25-35% moisture 
> 35% moisture 
Manf. specs & 
field data 

field data 

Manf. specs. 

600°F threshold 
for relative 
error, Manf. 
specs 
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Attachment C-2 

Miscellaneous Parameters and Notes 

1. Flue temp. (TC1) 

x ± S.D. weekly (above 100°F) 

2. Percent of time combustor is operational (TC2>500°F) during stove use 
(TC1>l00°F). 

3. MDW MWW 
(l+WDB) 

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

+ ilWDB 

4. Burn rate 

Kg dry wood I hours that TC1 > 100°F 

OMNI ENVIRONMENTAL SERVICES, INC - C6 



q-: 
FRONT 

. COMBUSTION 

n 
AIR SUPPLY 

,, 
II ,I 

'I 
II 
li 

1/ 

II 
II 

11 

II 
,, 

PRODUCTS OF 
COMBUSTION 

y/ SECONDARY 
COMBUSTION 

AIR SUPPLY 

~ 

'COMBUSTION AIR ENTERS 
THROUGH A s· DIA. HOl-E 
IN THE PEDESTAL BASI: 

OSBURN IMPERIAL 2000 

COMBUSTION AIR FLOW 

t 



r 
~; 

CATALYTIC 
COMBUSTOR 

COMBUSTOR 
BRACKET 

SIDE VIEW-CUT AWAY 

AFTER BURNER 
SUPPORT 

AFTERBURNER RADIATION SHIELD 

HEX HEAD BOLT 

COMBUSTOR BRACKET 

COMBUSTOR 
MOUNT 

~\ 

\ 

T BRACKET 

U FASTENER 

DAMPER I 
CONTROL~ 

ARM .II 
DAMPER CONTROL ARM 

(BY PASS 'POSITION 

~~~~~~~~~jfr~CASTIRON TAPERED - SLIDE DAMPER 

FLUE COLL 
LINKAGE FLAME ARRESTOR 

<TURBULATOR) 

FLOW OF FLUE GASES 

UNI-COM CATALYTIC DAMPER 

TOP -VIEW-CUT AWAY 

BY PASS/LIGHT OFF POSITION 
r-~--+---...1..-.,. <CATALYST AGAINST 

AFTERBURNER) 
~..,/ . 

I :: ~PARTIAL BY PASS 

\\ _:):7)LNORMAL RUN POSITON 
<ALL GASES PASS 

-----r--' THROUGH COMBUSTOR) 



~ Rolol,ng ll yPOH Mecl'lon11m 

~ Conl,nuoul Seol,ng EdQe 

TM 

~~.~ 
Open Posilion 

' t t t 
~;I;;;;I;;;II;I:;II;I~J 
n .... ~ 

Clo,cd Posilion 

NU-TEC CATALYTIC CONVERTOR RETROFIT 



SMOKE COLLAR 

FIREBRICK 

THERMOSTAT ROO 

BY PASS DOOR 

SECONDARY AIR PIPE 

BLOWER INTAKE TUBE 

- BLOWER SWITCH 

BLAZE KING CATALYTIC FREESTANDING STOVE CUT AWAY VIEW 



CATALYTIC DEVICE 

PRIMARY f'IR INTAKE 
COOL AIR 

AFTER BURNER CHAMBER 

Y PASS CONTROL PLATE 

SECONDARY AIR INTAKE 

I 

: i 
i 

METAL HEAT SCREEN 

BURNING LOG TURBO 10 COMBUSTION AIR FLOW DIAGRAM 



SS3 

SS2 _ 
ROOM 

SS1 

t ME/v01Y 

EXHAUST RETURN I J 
I 

THERMOCOUPLE 1 

""-' 

CAATRJDGE 

~ 2. PROGRAM.AaE ~11-iERtiO-
0 U T --t---::>"'1t---­ ...... ET 

OOORS 

~ 

SS4 
AUX. 

HEAT 
SCURCE 

S/:FTW AAE TOCOJ='t.E 2 STOVE 
3. AUX. BAffiRY CAT.AJ... YST 

PN)\ ----\1-
4. FNLURE Al.N'it-1 I 

PVIY1P CCNTRQ 
I I XAD. 

Data LOG'r TM-~ 

WOOD SCALE 
KEY 
PAD 

<YJFD: g 

AWES 

Figure 1 

AWES/Data LOG'r System 

l 
l 

WOOD STOVE 



SSI 
SS2 _j 

ROOM 

l M8.01Y 

CAAT1'03E 
2. ~~OGR .... WA.IJt[ 

r---\ &OJTWAA( 

3. I>JJX. 8A 1TEJ1Y 
P/>0<. 

) 

~. FAI..l.J£ .v.RM 1----"tl 

L 
ss• 
AUX. 

HEAT 
:~ 

l~ 
Oala LOG'r l~ I 

WOOD SCALE 
KEY 
PAD 

'-"TT--

li GEl. 

eRa~ 

AWES 

INLET 

HEATED 
CHAMBER 

~ 

JI 

XAO 

] 
SIUCA 

GE!. 

CHO!~ 

AWES 

Figure 2 

INL-ET 

HE A TEO 
CHAMBER 

Dual AWES/Data LOG'r System 

r-----1 

EXHAUST RETURN I J 
TC 1 

$ 

TC 2 

TC 3 

i 
! ~ 

l 

I 1 
[~ 

+--

WOOD STOVE 



DISTRIBUTOR 

BOTTOM SEALING EDGE 

I -~ ' • 

~OTE- NO BOTTOM 
SEALING EDGE 

ONE OF 3 SCREWS 
INTO ONE OF 3 
_,......, S SHOWN 

//////// ///'////' ////////////////////// 

/§ l J I EJ I I _l I I I I §.~ 
I I ' I I I I I I I / 

v CATALYST CATALYST v 
v l I I l I I I Jttllll v 

l I I 1 I I I I I 
v 

v -- ~] ~ 
v / / / / / / / / L L L L / / / / / / /'1\./ / / / / / / / / L L / -/ 7 1 / -/ / / / / 

vf-E-SIDE 

' BAFFLE 
\ 

CATALYTIC COMBUSTOR 
SCJiEMATIC-TURBO 10 

AGURE 3 

SIDE ... l/ 

-v 

CM (HOME W03 ONLY)· 

HOME W03-GASKET B ONLY 

HOME W14-GASKET A & C ONLY 



::I: .... 
(!) 
z 
w _. 
w 
a: 
i= z 
w 
w 
(!) 
0 
w 
.... z 
0 
a: 
u. 
.... 
w 
:::.:::: 
en 
ct: 
C) 

w 
en 
0 g 

C) 
z -:::.:: 
w 
~ _. 
al 
I .... 

w or:t :::.:: 
en w 
< a: 
C) ::l 

a: S2 
0 u.. 
0 
0 
en 
en 
ct: a. 
>-
al 



APPENDIX D 

SCHEMATICS OF NEW WOODHEAT TECHNOWGIES 

OMNI ENVIRONMENTAL SERVICES, INC. 
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APPENDIXE 

lABORATORY TEST DATA REPORTS: 
BLAZE KING "KING" WlTII CATALYST FROM HOMES W(JJ AND Wll 

AND 

LEI I ER REGARDING CORRECTIVE ACfiONS BY BLAZE KING CANADA LTD. 

OMNI ENVIRONMENTAL SERVICES, INC. 
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in accordance with referenced standards and professional 
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operator practices as well as atmospheric conditions can 
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OMNI ENVIRONMENTAL SERVICES. INC. SE188-01 

Energy, Mines and Resources Canada retained OMNI Environmental Services, 

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

catalysts distributed by Technical Glass Products. These catalysts were 

installed in ~he Woodcutters Blaze King "King" woodstove (Model KEJ) This 

stave was identical to the stoves used in Whitehorse homes W07 and W11. 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. 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 

were 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 OMW07). and Run 2 using 

the catalyst from home W11 (OHNI code OHW11) model. Heat outputs for runs 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: 

Ibm f 

1 

2 

'!'beniOStat: Set:t:iDg 

slightly under 
setting 2 

ENERGY • MINES • & RESOURCES 

FiYe-lfi.Dute Start-up Procedure 

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 

Door: ajar 1 minute 
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 

PAGE - 1 
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OMNI ENVIRONMENTAL SERVICES, INC. SE188-01 

CATALYST DESCRIPTION (Refer to "Whitehorse Efficient Woodheat Demonstration" 
Report. PS256) 

Model: 
Model No.: 
Field No.: 
Size: 

Cells per in2 : 
Aging time or 
Field Description: 
Run: 

Model: 
Model No.: 
Field No.: 
Size: 

Technical Glass Products (Matsushita) 
86-04 Model F8 
W07 
oval, maximum dimensions: 

71/8 X 85/8 (outside can dimension) 

67/8 X 83/8 (ceramic dimension) 

2" thickness 

16 

Whitehorse Project 
1 

Technical Glass Products (Matsushita) 
86-04 Model F8 
Wll 
oval, maximum dimensions: 

71/8 X 85/8 (outside can dimension) 

67/8 X 83/8 (ceramic dimension) 

2" thickness 

Cells per in2: 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 

(OMW07) for Run 1 using one wrap of interam, it was determined that the 

combustor would not seal as evidenced by large gsps 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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OMNI ENVIRONMENTAL SERVICES. INC. SE188-01 

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. there was no leakage observed. 

Test Run 1 was conducted attempting to achieve a 19.000 Btu/br beat 

output. which was representative of average beat output in homes W07 and Wll. 

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 inspection. 

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 

amounts 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 three-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 OMWll combustor. One side of one cell was broken off 

approximately down halfway 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 % TRANSFER% 
L GM/HR OUTPUT** 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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OMNI ENVIRONMENTAL SERVICES. INC. SE188-01 

SUMMARY TABLE 2 

Energy. Mines and Resources Canada 

RUN I 

1 

2 

BURN RATE 
KG/HR 
(DRY) 

2.34 

1.56 

Project SE188-01 

FUEL H2o %(WET) 
TEST LOAD 

18.03 

18.37 

* Higher beating value (Btu/lb) (assumed value) 

ENERGY • MINES • & RESOURCES 

TIME POUNDS 
HHV* (MIN) BURNED 

8.765 260 27.3 

8,765 410 28.7 

PAGE - 5 
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OMNI ENVIRONMENTAL SERVICES. INC. 

SUMMARY TABLE 3 

Energy. Mines and Resources Canada 

RUN I 

1 

2 

ENERGY • MINES • & RESOURCES 

Project SE188-01 

CARBON MONOXIDE EMISSIONS 

GRAMS CO/KG 

79.17 

57.94 

GRAMS CO/HOUR 

185.45 

90.11 

SE188-01 

PAGE - 6 
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OMNI ENVIRONMENTAL SERVICES. INC. 

SUMMARY TABLE 4 

Energy. Mines and Resources Canada 

Project SE188-01 

FLOW RATE 
EXCESS CHO RUN TEMP 

..L Op _!!20% ..22!_ Co2;_ CO% AIR % DSCF /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 

SE188-01 

AIR/FUEL 
DRAFT RATIO 

IN. H2£ LB/LB 

-0.045 7.62 

-0.035 9.85 

PAGE - 7 
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OMNI ENVIRONMENTAL SERVICES. INC. SE188-01 

SUMMARY TABLE 5 

Energy. Mines and Resources Canada 

Project SE188-01 

AVERAGE Sl'OVE THMPERA1'URES OVER TEST CYCLE * 

STOVE SURF ACE COMBUSTOR 
RUN # TOP BOTTOM LEFT RIGHT BAa< FIREBOX UPSTREAM WITHIN Da.JNSTREAM 

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 



( 

( 

( 

EPA METHOD 5G RESULTS 

CLIENT 
MODEL 

PROJECT # 
RUN# 
DATE 

FILTER HOLDER 

ENERGY MINES 
I<EJ-1101 
SE188-1 

AND RESOURCES CANADA 

1 
8-13-87 
8 

EPA METHOD ~G RESULTS 
FINAL 

************************************************************************ 
PARTICULATE CONCENTRATION <DRY-STANDARD> •. 0.0011 <GRAMS/DSCF> 
PARTICULATE EMISSION RATE................. 9.530 <GRAMS/HOUR> 
ADJUSTED EMISSIONS........................ 11.8 <GRAMS/HOUR> 
************************************************************************ 
TUNNEL TEMPERATURE AVERAGE •.••.••••••••.•. 

AVERAGE DELTA P RUN DATA ••.•.•••••••••••.. 

<Vm>TOTAL SAMPLE VOLUME <METER CONDITIONS> 
AVERAGE GAS METER TEMPERATURE .••.•••••••.• 
<vs>AVG. GAS VELOCITY IN DILUTION TUNNEL •. 
(Qsd>AVG. GAS FLOW RATE IN DILUTION TUNNEL 
<Vmstd>TOTAL SAMPLE VOL. <STD. CONDITIONS> 

<mn) TOTAL PARTICULATES ••.•.•••••••••••••• 
AVERAGE DELTA H •••••••••••..•.•••••••••••• 
TOTAL TIME OF TEST ••..•.••..•••••••••••••• 

88 <DEGREES FAHRENHEIT> 

0.040 <INCHES H20> 

131.877 
83 

13.48 
8771.03 
126.913 

<CUBIC FEET> 
<DEGREES FAHRENHEIT> 
<FEET/SECOND> 
<DSCFH> 
<DSCF> 

137.9 <MG> 
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-110~ FINAL 

AVERAGE EFFICIENCIES 

******************************************************************************* * COMBUSTION• a 1. 5 % * HEAT TRANS.• a 1. 2 % * OVERALL• 66- 1 % 

* 
******************************************************************************* 

EMISSIONS 

******************************************************************************* 
* PARTICULATES: 0.000 <gr~m&/Kg-wood> 0.000 <grams/hour> * 
*CARBON MONOXIDE: 79.174 <grams/Kg-wood> 185.450 <grams/hour> * 
******************************************************************************* 

TEST DATA 

BURN RATE••--•••••••••••••••••--••••••••~••> 
BURN RATE•••••=•••cacaac:caaccwca---asacac:) 
BURN RATE•••a.••••••••••••••••--•••••=•--••> 
FUEL MOISTURE ----••••--•••=•------••••••••> 

I HEAT OUTPUT--••-a•••••acaamacaca=-a--aa=a•a) 
I FUEL HIGHER HEATING VALUE--•••••--•••••••••> 
I AVERAGE STACK FLOW RATE••••=•••••••••••••••> 
I AIR TO FUEL RATIO•=•••••••=•=••••••--••••••> 
I AVERAGE EXCESS AIR--•••••••~•••••a=-••-----> 
I AVERAGE STACK TEMPERATURE••=a=•••••••••••••> 
I AVERAGE STACK MOISTURE ••••=•••••••~=•••--•> 
I AVERAGE C02••••••••••••••=•••••••=•smc•=•••> 
I AVERAGE 02ocaaaaaaaaa=accc2acca=s~=z=s•==•> 
I AVERAGE CO••••••••aa=•=••====~-=~•e===•===•> 
I 

6.30 <lb/hr-wet> 
2.34 (kQ/hr-dry> 
2.86 <kg/hr-wet> 

18.03 <1. Wet basis> 
29920.14 <Btu/hr) 
876~.00 <Btu/lb-dry> 

8.82 <DSCF/minute w/HC> 
7.62 <lb-air/lb-~uel> 

~~.73 <1. Stoichiometric) 
2~6.70 <Degrees F> 

12.62 <1. volume-wet w/HC> 
12.28 (% volume-dry w/HC> 
7.90 (% volume-dry w/HC> 
1.07 <% volume-dry w/HC> 

1 -> 27 11:42:~1 
0 67.84036 09-03-1987 

OVERALL EFFICIENCY WITHOUT STOVE TEMPERATURE CHANGE• 66.2 1. 
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TABLE 2A 
TEST DATA LISTING 

CLIENT: ENERGY MINES AND RESOURCES CANADA 
RUN NUMBER: 1 DATE OF TEST: 8-13-E 

PROJECT NUMBER: SE188-1 
FUEL MOISTURE: 22 
-3.30975E-03 
BAROMETRIC PRESSURE lin Hg>: 29.87 
STOVE WEIGHT Clbs>: 407 
CHANGE IN STOVE TEMPERATURE<F>: 26 
FUEL COMPOSITION: /.C= 51 /.H 7.3 
METHOD 5 RESULTS: I. MOISTURE= 12.92 

MODEL NUMBER: KEJ-1101 
STACK STATIC PRESSURECin Hg>: 

ROOM TEMPERATURE <F>: 76 
AMBIENT MOISTURE CONTENT 1/.): 
FUEL HHV <BTU/lb>: 8765 

/.0= 41 
GRAIN LOADING Cgr/scf>~ 0 

1.9 
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TABLE 2B PAGE 1 
FIELD DATA 

CLIENT: ENERGY MINES AND RESOURCES CANADA 
RUN NUMBER: DATE: 8-13-87 

Dry and HC free 
PT TIME WT. FUEL 'l.C02 1.02 'l.CO WT BLB DRY BLB TRACER 
******************************************************************************* 

1 0 27.30 
2 10 24.20 
3 20 22.20 
4 30 20.40 
5 40 19.50 
6 50 18.30 
7 60 16.40 
8 70 14.20 
9 80 12.50 
10 90 11.30 
11 100 10.50 
12 110 9.80 
13 120 8.50 
14 130 6.80 
15 140 !5.60 
16 150 4.90 
17 160 4.30 
18 170 4.00 
19 180 3.60 
20 190 3.10 
21 200 2.70 
22 210 2.20 
23 220 1.80 
24 230 1.30 
2!5 240 0.90 
26 250 0.40 
27 260 o.oo 

10.30 11.50 0.25 111.0 232.0 
15.90 4.90 3.91 158.0 293.0 
17. 10 4.20 2.77 158.0 296.0 
12.40 8.70 0.72 154.0 271.0 
9.30 11.80 0.!56 141.0 226.0 

10.20 10.90 0.55 143.0 249.0 
1!5.90 4.70 2.69 154.0 280.0 
17.20 3.50 3.45 155.0 296.0 
15.40 5.50 1. !57 152.0 268.0 
15.40 5.70 1.45 142.0 203.0 
10.60 10.10 0.31 133.0 200.0 
13.20 7.50 0.77 133.0 222.0 
1!5.80 4.70 1. 73 145.0 265.0 
16.70 3.70 2.44 148.0 290.0 
15.80 4.90 1. 20 138.0 281.0 
13.00 7.80 0.35 126.0 244.0 
11.30 9.40 0.36 125.0 235.0 
9.90 10.40 0.36 121.0 236.0 

10.00 10.40 0.46 119.0 244.0 
10.60 9.90 0.40 120.0 256.0 
10.90 9.60 0.40 118.0 261.0 
10.00 10.00 1.52 117.0 266.0 
10.50 10. 10 0.46 118.0 265.0 
11.00 9.60 0.19 118.0 269.0 
11.10 9.!50 0.29 117.0 265.0 
11.00 9.70 0.35 116.0 260.0 
11. 10 9.70 0.42 115.0 258.0 

htuJL ~ &WeCti'_J due .J-o tJtt.lt"brilicins 
.9*!- a filch menf . 

17{ ~ptCJ·f c;iJdnS -

100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 



TABLE 3 PAGE 1 
CHO BALANCED TEST DATA 

( CLIENT: ENERGY MINES AND RESOURCES CANADA 
RUN NUMBER: 1 DATE: 8-13-87 

PT FLOW RATE DRY BURN RATE STACK MOISTURE STACK TEMP 
<DSCFM w/HC> <LEI/HOUR-CALCULATED> (/.VOLUME-w/HC> <F> 

**************************************************~**************************** 

8.82 4.26 4.34 232.0 
2 8.82 7.90 24.75 293.0 
..,. _, 8.82 7.85 24.67 296.0 
4 8.82 5.01 22.30 271.0 
5 8.82 3.81 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 
9 8.82 6.47 20.94 268.0 
10 8.82 6.47 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 18.46 290.0 
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 5.08 266.0 ' 23 8.82 3.98 5.44 265.0 
24 8.82 4.00 5.31 269.0 
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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OMI EWVIRUIIOTAl 5£RYJCES Inc. PROSRAII HAft£ IS: REP1.fiE 

CURREIT DATEITU£ IS 09~2-1987 I 19t18:~ DATA FILE IAftE IS: SE18811.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. OMW07 

FUEL CHARGE <LB> 27.3 COAL BED <LB> 6.7 

TEST STARTED: AU6 13 1987 11:10:02 All 

***TEST DATA <FORM 1>*** 

(2) MT 112l Ull Rft116l U9l !20J (2J) 122J !231 !241 !251 !261 127J 
Tl~ IT DIFF Tin Tout TEftP TOP BOT BACK FBOI LEFT Rl6HT BEFCAT INCAT AFTCAT -----

0 27.3 o.o 69 70 75 339 262 282 817 362 431 801 860 698 
10 24.2 3.1 68 70 75 332 265 297 685 343 440 852 1257 943 
20 22.2 2.0 70 71 77 423 270 315 632 323 421 966 1335 1137 
30 20.4 1.8 70 71 77 477 270 332 645 324 422 98S 1253 1145 
40 19.5 0.9 70 71 77 471 269 320 615 319 394 789 998 917 
so 18.3 1.2 70 71 77 418 267 293 624 304 370 750 940 828 
60 16.4 t.9 10 11 n 406 262 300 rso 320 387 tOSli 1273 to4s 
70 14.2 2.2 70 71 77 464 258 331 BOO 351 435 1319 1402 1153 
80 12.5 1.7 67 70 77 499 254 349 832 372 454 1364 1386 1131 
90 11.3 1.2 59 62 76 50S 252 347 823 373 445 1333 1480 1092 

100 10.5 0.8 S8 60 74 49, 250 327 746 359 420 1166 1427 1037 
110 9.8 0.7 67 68 75 475 248 304 747 333 391 839 1093 993 
120 8.5 1.3 69 70 76 446 244 297 886 354 399 1281 1318 1025 
130 6.8 1.7 69 71 77 474 241 326 1169 412 432 1352 1376 1129 
140 5.6 1.2 69 71 77 496 240 347 1228 446 460 1288 1290 1079 
ISO 4.9 0.7 S8 62 76 491 242 348 1084 456 464 1098 1166 964 
160 4.3 0.6 60 63 75 443 244 326 1023 0 451 976 1062 870 
170 4.0 0.3 67 69 75 409 246 306 1119 0 435 869 960 823 
180 3.6 0.4 69 70 76 l12 247 286 1156 0 426 867 959 791 
190 3.1 o.s 69 71 77 359 249 279 1183 0 427 915 1017 814 
200 2.7 0.4 69 71 77 359 2S3 279 1176 76 440 938 1005 820 
210 2.2 0.5 70 71 77 362 259 281 1192 271 452 945 983 814 
220 1.a o.4 67 69 n 360 264 283 1162 386 458 926 997 811 
230 1.3 0.5 57 61 75 361 270 293 996 410 469 997 1027 807 
240 0.9 0.4 62 64 74 362 276 288 970 436 481 979 1003 807 
250 0.4 0.5 67 69 75 361 284 288 954 436 485 939 972 792 
260 o.o 0.4 65 69 75 36t 283 287 962 436 486 932 961 784 
----------------------------------------------------AV&s 76 419 ~ 307 925 357 436 1019 1140 935 

1321 (33) 
FLUE DRAFT 

395 -.040 
461 -.oss 
s12 -.oss 
512 -.os5 
428 -.045 
423 -.045 
493 -.oso 
528 -.050 
529 -.050 
490 -.045 
466 -.040 
441 -.040 
480 -.045 
523 -.050 
533 -.050 
493 -.()45 
457 -.040 
431 -. ()40 
422 -.045 
426 -.()45 
427 -.045 
439 -.045 
435 -.045 
441 -.045 
445 -.045 
430 -.()45 
439 -.045 

463 -.046 

AYERMIE STMTJ. SURFACE TEJPERATlft ffl t 335 
AYERA6E EJIJJJB Sli!FAC£ TEJIPERAT!fi£ ffl: 371 
TEftPERATURE 8JFFEREICE (Tt-TIJ •••••••••• 36 

AU TDfERATURES ,. F I IIEISHT •• us. 

AYG. CHMIEL 5: CFJ 83.1 AYG. CHANNa 6: (f) 77.1 AYS. CHAIIMEL 8: CFI 42 AYS. CHAMila 9: IFI 88.4 

-tl,eyrwoa~e.. r1of- Cnc.~·''"'j -lhr-oL<jh -bl.ftre,- ~sf. 
Avj· ~innirlj ~ 01d~ :;J.Lr~ +m.;xrtvlw~s fXiisl- be 

~-l!.. ~ r~n- ..sl.lY-FtU.e. -te- : 
13't~mnt~ - 32'1 ~'-Jj 
fnJ,;;j - 351 ~5 

61 svf~.~ -t- J.k o F 
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OMNI .... ____ ,., 

BCXJm _ __:__ __ 

<:X:lAL BED 01ARACIERISI'I CS 
WEIGl'l' AT Sl'ARI': h.1 (CXXL _, CUWIN.:; __ , FLARJN:; ~) 

TEST "fUEL CCNFIGJRATICN SKETCH (IIDICATE VIEW MG..E) 

Jl~~ T., ~ ""\~ .. I(Jf.'f:, Tap 

yo..._.. flo.."'~" ~~d. 

srARr UP PRCX::EI:URES: "'t 
BY-PA$ TIME OPEN.-t 00 rhill I a,cmD)C.Ob »-;"'. 
FmL LOADIN; IX:X:R AJAR{If oo .nzin FCR _ '_.l:a.;,C>O;.;;;._ __ MIN.1lm 

ffiiMARY AIR ~ £"~ h.~~ FCR 'i.oo Ml::N1I':m 
'1k.c.ft G.J.- ~t,.,\ =++w ssa~ .5!:\ 1"• jyt ~ 

'· 
SEOHlARY AIR ~ rt:r.u1 PCR !i.ll~ MINJTES 

'rnRTIARY AIR SEr 
nx".;;l 

PCR 'U/f4" MINJTES - .J..,;p. .1",.4, o.,- sl~. 
~~tlu 

OIHm 'O:l ~ 'f'IO\:~ bl~ :fw:r.t.f '1"b h.:~ fa- c! pM-.'tiO" o.l b~ o(' 1U/' 
'1'iST SETI'IN3S: (SETI'llGS MET BE AallRATE AID REPIQXOBI'.E) 

FRIMt\RY AIR SPONlARY 'Im1'IARY FAN 

,J ~ ~·..4 ~ \\'~" 
I .;~ ... ~ ~ 

I r \Jl 
.......--, 

fM""'N~ .. ,~ ~.t .. t 

~~~ 

G1NI-SE.005 
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OMN/ _____ ,., 

M.:del lb. ~, '>~ 

Date ~· 1~ · ~1 Project lb • .2t1~~- f 

Date 

( 
//..: 

To 

so 

( 

CMIT-SE.Ol7 
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FUEL DATA 
· DMNI 

,.., 

O..IENT: ~y r11~t l..£5®11t.f;5 fYIAJIIDA 
PROJECT: S.~ 1~~1_ 

RUN H: I 
-~--.,..-

DATE: ~ ·/!.·~7 

BOOTH: FUEL LOAD PREPARED BY:-~=-~---

CALIBRATION: 

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

Cal Value(1}=12% Actual Reading lZ.SO --:..:::s.a..;:::-.., ... ,----
Cal Value(2)=22% Actual Reading --=ZJ..., . ..._?5.;::..__ 

Piece 
1 
2 
3 

Length 
_s_ ft 

ft 
ft 

Readings 
&c.t5 ,,.7~ 

Length of cut pieces: 6~ inches 

TEST FUEL 

19.15 

FUEL TYPE AND AMOUNT: 2 X 4 0 4 X 4 __..h'------:: 
CALOJI..Anm LOAD WEIGHr: 30. 1 AcrtJAL LOAD WEIGHT: -.11!:::@::.,___ 
FUEL PIECE LENGTH: 17\" .a.J. 3 

21-3 
MOISTURE CONTENT (METER -- DRY BASIS} 

PIECE 

1 
2 
3 
4 
s 
6 
7 
8 
9 

10 

~::z..u 
~-E 

llJ. 75 
:!i~,Q 

JQ.·a .7,5 

READINGS 

~/.SO 

fi 7. 
0 

~ 

.:z:z.so 
~3.o 
-so .so 
,:;z.J.o 
JO.so 
<il.tj..SO 

OVERALL TEST FUEL LOAD MOISTURE AVERAGE: l').,QO 

GRAVIMETRIC ANALYSIS - OVEN-DRIED FUEL SAMPLE 

DIMENSIONS: X X = cmE 
DATE/TIME SAMPLE PLACED IN OVEN: / / --- AM PM 

REMOVED: -/-/- AM PI-I 
INITIAL WEIGHT (I) - FINAL WEIGHT (F) = NET WEIGHT 

DRY BASIS MOISTURE % = (I - F) 
F 

DRY BASIS BY METER ----

WET BASIS MOISTURE % = 

TEST FUEL LOAD DENSITY = 

(I - F) 
F 

X 100 = 

X 100 = 

gm/cmE 

(2 X 4) 
(4 X 4) 
Total 

OMNI-SE.006 



Oflll ENYIROHl'IEWTAl SERVICES Inc. PR06RAft NAftE IS: REP1.EIE 

CURRENT DATE/TlftE IS 09-o3-1987 I 12:11:11 DATA FILE NAftE IS: SE18B11.DA1 

-------------------------------------------------------------------------------------------------------------------------------
CLIENT: ENERGY MINES AND RESOURCES CANADA HODEL NO. KEJ-1101 
-------------------------------------------------------------------------------------------------------------------------------
PROJECT NO. SE188-0t/•1 RUN NO. #1 
-------------------------------------------------------------------------------------------------------------------------------
DATE: AUG 13 1987 TECH: JS/DD/DC 
-------------------------------------------------------------------------------------------------------------------------------FUEL MOIST ('%) 22.00 CAT NO. OMW07 
-------------------------------------------------------------------------------------------------------------------------------
PR£ BURN STARTED: AU6 13 1987 08:15:59 Aft 

***PRE BURN DATA*** 
(2} IH (12} (11) Rft 1161 (19) (201 121) 1221 1231 1241 (25) 1261 <271 <321 (33 

Tift£ Ill DIFF Tin Tout TEJIP TOP BOT BACK FBOI LEFT RIGHT BEFCAT INCAT AfT CAT FLUE Of!AF --------------------------------------------- ---------0 14.6 0.0 56 60 71 471 296 397 694 0 476 1518 860 809 459 -.05 
10 13.4 1.2 55 58 75 430 299 364 659 0 421 879 909 856 441 -.04 
20 12.4 1.0 64 66 75 423 m 349 672 211 397 1361 1065 945 438 -.04 
30 11.3 1.1 67 69 77 463 294 349 679 257 3~ 1944 1587 1065 468 -.04 
40 9.5 1.8 58 61 76 489 2~ 365 736 324 437 1444 1538 1055 439 -.04 
50 9.0 0.5 56 60 n 471 287 323 703 338 422 954 1234 941 383 -.04 
60 8.9 0.1 55 58 75 423 284 285 641 318 385 633 8~ 732 326 -.03 
70 8.8 0.1 60 62 74 l36 276 241 589 m 344 539 641 553 273 -.03 
BO 8.5 0.3 6-4 66 75 186 267 224 719 282 343 b84 742 560 338 -.03 
90 14.6 -6.1 65 67 73 270 262 242 492 317 361 1278 772 666 385 -.05 

100 12.7 1.9 66 67 73 326 263 264 532 322 371 1683 1466 1020 458 -.OS· 
110 11.0 1. 7 66 68 73 413 264 310 641 348 429 1602 1349 1070 499 -.OS 
120 10.5 0.5 67 69 73 424 268 312 598 358 440 1453 1001 848 406 -.04· 
130 10.0 0.5 67 69 73 387 266 285 579 329 381 1044 1087 840 380 -.04' 

( 140 8.6 1.4 67 69 74 401 264 281 703 311 368 1675 1324 947 438 -.05• 
150 7.6 1.0 67 69 73 435 261 293 814 336 410 1764 1223 1061 465 -. 04~ 
160 7.2 0.4 68 70 74 402 260 297 834 362 437 854 914 769 410 -.04' 
170 6.9 0.3 68 70 74 362 262 289 822 364 436 819 870 714 389 -.041 
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OMNI _____ ,., 

DESCRIBE OR SKEIQ-1 AIR OR 'rnERM)STAT SE"ITIN::S BELeW: 
(SE"''J''N;S MJST BE ACCURATE AN) REPRCIJUCIBLE) 

PRIMARY: SEXXHlARY: TERTIARY: FAN: 

ttJ::sr;;. 

''*' /1. ~ r:J-Tf 4 ur ..P4-c,.... 
• 6/<... . 

AIR ('IHERMJ) awms FAN ADD REMJVE 
SETlN3 FUEL FUEL 

TIME PR1MARY SEX:DRY 'l'l::Jd'RY OWl}E -+WI'. -wr. RAKE CCW.. cx:MMENr 

1(;)30 
..:./. 
1\ 

{0)3'5 Pl":~~ o.~r ~:~ 

c.~ f...o- t ... , .. ~ 

z.'q, 
v 1.~ 

. ~'10 ,, 
_u ~.2 

(o) ~:~-:: ....... " ~ho p.,.,_,'j ~cr sefti(?. 
c;.~ ~"""' 2 ...... tb z. • 

(ci)"S' - ~---> .... ~-tt~ c.~ .Y 

M"" a.,.. e.. e ~ 
rr 

CM.JI -SE. 004 



TABLE 1 

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

RUN NUMBER 2 PROJECT NUMBER SE188-1 SERIAL NUMBER C1106 

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

AVERAGE EFFICIENCIES 

******************************************************************************* 
* COMBUSTION= 84- 1 X * HEAT TRANS. • 83- 3 X * OVERALL= 70- 1 Y. 

* 
******************************************************************************* 

EMISSIONS 

******************************************************************************* * PARTICULATES: 0.000 Cgr~ms/Kg-wood> 0.000 <grams/hour> * 
*CARBON MONOXIDE: 57.940 <grams/Kg-wood> 90.106 (grams/hour> * 
******************************************************************************* 

TEST DATA 

BURN RATE=m•==••=•===•••••••••••••==~=••••=> 
BURN RATE=====•====•••=oacmccccc•cccazcccaa) 

I BURN RATE••••cecccacaaaca:2DD&D&Dcaaaac=••=> 
l FUEL MOISTURE caoc•••=••••••Rcc••••==c•z•••> 
S HEAT OUTPUT••••=•==•••=••==•=••========••••> 
l FUEL HIGHER HEATING VALUE==•======•===•==••> 
I AVERAGE STACK FLOW RATE••••=••••=•==•==••••> 
I AIR TO FUEL RATIO••••••••caaaca.a••==••=•==> 
S AVERAGE EXCESS AIR••••=•••=•=••••••=•===•••> 
I AVERAGE STACK TEMPERATURE••-•=•••======•~c=> 
I AVERAGE STACK MOISTURE •••xa::aaeaaaa•=•a••> 
I AVERAGE C02o••=••==•=-•••=••=••===•===-••=•> 
I AVERAGE 02•••==••••=••-=•=•••••=•=•===••=•=> 
I AVERAGE CO••••=•=••=••••••-••===••=-=••=••=> 
I 

1 -> 42 
0 71.10446 

4.20 Ub/hr-wet> 
1. 56 <kg/hr-dry> 
1.91 <kg/hr-wet> 

18.37 <X Wet basis> 
21056.53 <Btu/hr> 
8765.00 <Btu/lb-dry> 

7.47 <DSCF/minute w/HC> 
9.85 <lb-air/lb-fuel> 

92.60 <X Stoichiometric> 
210.26 <Degrees F> 

10.09 <X volume-wet w/HC> 
10.09 <X volume-dry w/HC> 
10.25 <Y. volume-dry w/HC> 
0.61 <% volume-dry w/HC> 

11&47&37 
09-03-1987 

OVERALL EFFICIENCY WITHOUT STOVE TEMPERATURE CHANGE• 70.1% 

: 



TABLE 2A 
TEST DATA LISTING 

CLIENT& ENERGY MINES AND RESOURCES CANADA 
RUN NUMBER: 2 DATE OF TEST: 8-19-87 

PROJECT NUMBER: SE188-1 
FUEL MOISTURE: 22.5 
-2.57425E-03 
BAROMETRIC PRESSURE <in Hg>: 29.92 
STOVE WEIGHT <lbs>: 407 
CHANGE IN STOVE TEHPERATURE<F>: 2 
FUEL COMPOSITION: 'Y.C"" 51 'Y.H 7.3 
METHOD 5 RESULTS: 'Y. MOISTURE= 10.26 

HODEL NUMBER: KEJ 
STACK STATIC PRESSURE<in Hg>: 

ROOM TEMPERATURE <F > : 75 
AMBIENT MOISTURE CONTENT (/.): 
FUEL HHV <BTU/lb>: 8765 

%0= 41 
GRAIN LOADING <gr/sc~)z 0 

1. 4 



TABLE 2B PAGE 1 
FIELD DATA 

( CLIENT: ENERGY MINES AND RESOURCES CANADA 
RUN NUMBER: 2 DATE: 8-19-87 

Dry and HC free 
PT TIME WT. FUEL /.C02 1.02 'l.CO WT BLB DRY BLB TRACER 
******************************************************************************* 

1 0 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 0.72 130.0 198.0 100.0 
4 30 25.70 9.20 11.50 0.95 130.0 212.0 100.0 
5 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 9.00 1.02 131.0 261.0 100.0 
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 13.30 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 9.30 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 8.90 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 

~""' ... ~ 22 210 7.30 11.10 9.70 0.58 121.0 189.0 100.0 
23 220 6.70 12.00 8.80 0.50 122.0 216.0 100.0 
24 230 5.80 13.60 7.00 0.:51 126.0 231.0 100.0 
25 240 4.90 14.30 6.60 0.58 127.0 236.0 100.0 
26 250 4.30 11.90 9.20 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 o. 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 0.38 100.0 179.0 100.0 
31 300 3.10 11.30 9.30 0.46 110.0 196.0 100.0 
32 310 2.60 11.10 8.80 0.37 117.0 212.0 100.0 
33 320 2.30 10.60 9.80 0.31 111.0 213.0 100.0 
34 330 2.00 9.90 10.70 0.30 106.0 203.0 100.0 
35 340 1. 70 9.10 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 9.40 11. 10 0.47 100.0 194.0 100.0 
40 390 0.60 9.50 11.10 0.49 101.0 198.0 100.0 
41 400 0.30 9.70 11.00 0.42 103.0 201.0 100.0 
42 410 0.00 9.00 11.50 0.37 103.0 199.0 100.0 



TABLE 3 PAGE 1 
CHO BALANCED TEST DATA 

( 
CLIENT: ENERGY MINES AND RESOURCES CANADA 

RUN NUMBER: '2 DATE: 8-19-87 

PT FLOW RATE DRY BURN RATE STACI< MOISTURE STACK TEMP 
\DSCFM w/HC> <LB/HOUR-CALCULATEO> C/.VOLLJME-w/HC) <F) 

***********************************•******************************************* 

7.47 2.04 6. 18 182.0 
2 7.47 1.97 11.32 202.0 
3 7.47 2.34 13.75 198.0 
4 7.47 3.26 13.27 212.0 
5 7.47 3.17 16.96 227.0 
6 7.47 3.05 16.56 239.0 
7 7.47 2.96 14.27 242.0 
8 7.47 3.22 15.38 241.0 
9 7.47 3.92 17.30 252.0 
10 7.47 4.30 12.09 261.0 
11 7.47 4.64 14.94 271.0 
12 7.47 4.94 16.88 265.0 
13 7.47 3.71 17.56 226.0 
14 7.47 3.20 13.96 206.0 
15 7.47 3.17 10.54 200.0 
16 7.47 4.72 13.34 239.0 
17 7.47 6.28 19. 13 272.0 
18 7.47 6.60 20.53 248.0 
19 7.47 4.22 14.45 206.0 
20 7.47 2.83 10.59 187.0 

;«:::-( ~-»~< 
21 7.47 2.84 10.26 174.0 
22 7.47 3.68 10.12 189.0 
23 7.47 3.91 9.57 216.0 
24 7.47 4.33 10.75 231.0 
25 7.47 4.67 11.03 236.0 
26 7.47 3.89 8.84 203.0 
27 7.47 2.33 6.66 169.0 
28 7.47 2.40 6.73 159.0 
29 7.47 1.80 4.02 155.0 
30 7.47 3.37 3.83 179.0 
31 7.47 3.61 5.98 196.0 
32 7.47 3.26 7.77 212.0 
33 7.47 3.25 5.68 213.0 
34 7.47 3.10 4.53 203.0 
35 7.47 2.79 4.26 188.0 
36 7.47 2.70 3.80 180.0 
37 7.47 2.66 3.39 178.0 
38 7.47 2.81 3.24 182.0 
39 7.47 3.00 3.28 194.0 
40 7.47 3.08 3.38 198.0 
41 7.47 3.14 3.78 201.0 
42 7.47 2.83 3.86 199.0 



EPA METHOD SG RESULTS 

CLIENT ENERGY MINES AND RESOURCES CANADA 
MODEL KEJ-1101 

PROJECT * SE188-1 
RUNtt 2 
DATE 8-19-87 FINAL FILTER HOLDER B 

EPA METHOD 5G RESULTS 

************************************************************************ 
PARTICULATE CONCENTRATION <DRY-STANDARD> •• 0.0010 <GRAMS/DSCF> 
PARTICULATE EMISSION RATE................. 8.592 <GRAMS/HOUR> 
ADJUSTED EMISSIONS........................ 10.8 <GRAMS/HOUR> 
************************************************************************ 
TUNNEL TEMPERATURE AVERAGE •••••••••••••••• 

AVERAGE DELTA P RUN DATA •••••••••••••••••• 

<Vm>TOTAL SAMPLE VOLUME <METER CONDITIONS> 
AVERAGE GAS METER TEMPERATURE ••••••••••••• 
<vs>AVG. GAS VELOCITY IN DILUTION TUNNEL •• 
<O&d>AVG. GAS FLOW RATE IN DILUTION TUNNEL 
<Vm&td>TOTAL SAMPLE VOL. <STD. CONDITIONS> 

<mn> TOTAL PARTICULATES ••••••••••••••••••• 
AVERAGE DELTA H ••••••••••••••••••••••••••• 
TOTAL TIME OF TEST •••••••••••••••••••••••• 

.. 

90 <DEGREES FAHRENHEIT> 

0.036 <INCHES H20> 

210.881 
86 

12.80 
8316.49 
201.906 

<CUBIC FEET> 
<DEGREES FAHRENHEIT> 
<FEET/SECOND> 
<DSCFH> 
<DSCF> 

208.6 <MG> 
0.55 <INCHES H20> 

410 <MINUTES> 



01911 EWIROJUIEXTAl SERVICES IlK. PROGRM liME IS: REP1.EIE 

Cli!ROO DATEITU£ IS 09-f2-1987 I t9:22t 17 DATA FILE MAftE ISs SE18812.DAT 

------ ---------------------------
CLIENT: ENERGY tUNES RESOURCES CANADA MODEL NO. KEJ-1101 
--------------------------------------------------------------------------------------------------------------------PROJECT NO. SE188-01/2 RUN NO. 2 
------------------------------------------------------------------------------------------------------------------------DATE: AUG 19 1987 TECH: 
--------------------------------------------------------------------------------------------------------------FUEL MOIST (1) 22.~0 CAT NO. OMW11 
---------------- ------------------------------------------------
FUEL CHARGE <LB> 28.7 COAL BED <LB> 6.5 
----------------------------------------------------------------------------TEST STARTEJ)s AUG 19 1987 09:02:53 Aft 

***TEST DATA <FORt1 1)*** 
(2) WT (12J uu RIICl61 (19) (20) (21) 12211t 1231 1241 125) 1261 127) fl2l 1331 

Tlt£ WT DIFF TiD Tout m• TOP BOT BACK FBOI LEFT RIGHT IEFCAT IIICAT AfTCAT FLUE OR AFT ---------------
0 28.7 0.0 57 60 74 405 251 224 0 319 311 696 1131 839 374 -.030 

10 27.5 1.2 67 68 74 310 249 205 0 285 307 567 783 634 352 -.035 
20 26.8 0.7 68 69 75 271 2« 193 0 261 288 532 761 604 333 -.035 
30 25.7 1.1 68 69 75 249 240 184 0 260 305 613 942 688 338 -.035 
40 24.4 1.3 68 69 75 261 237 184 0 272 338 678 1013 769 370 -.040 
50 23.2 1.2 68 " 76 286 235 193 0 282 347 710 1037 790 390 -.040 
60 22.0 1.2 69 70 76 310 232 203 0 287 347 685 1052 807 413 -.040 
70 20.9 1.1 69 70 n 324 229 205 0 282 340 658 1029 806 409 -.040 
80 19.7 1.2 63 66 76 340 228 206 0 282 343 675 1080 848 424 -.045 
90 18.3 1.4 63 65 74 368 229 212 0 287 368 775 1161 913 442 -.045 

100 16.9 1.4 67 69 75 396 232 223 0 301 413 865 1277 974 466 -.040 
118 15.6 1.3 69 70 76 417 235 234 0 315 442 904 1490 1067 493 -.045 
120 14.6 1.0 66 69 n 442 237 241 0 313 400 900 1481 1040 440 -.040 
130 13.9 0.7 58 60 74 424 239 230 0 301 366 806 1360 922 432 -.040 
HO 13.3 0.6 66 67 75 391 241 217 0 290 344 779 1306 859 396 -.035 
150 12.4 0.9 68 69 75 368 243 210 0 290 339 926 1396 909 417 -.040 
160 10.9 1.5 68 70 76 401 246 223 0 313 402 1368 1583 1099 481 -.045 
170 9.1 1.6 69 11 n 448 248 245 0 350 470 1392 1566 1098 501 -.045 
180 8.5 0.8 60 63 76 445 250 247 0 351 443 1353 1498 1000 454 -.040 
190 8.1 0.4 ' 62 64 74 419 248 234 0 329 397 849 1m 874 399 -.035 
200 7.7 0.4 66 68 74 386 246 219 0 313 375 749 1218 790 363 -.030 
210 7.3 0.4 68 69 76 357 241 205 0 297 358 761 1280 844 385 -.030 
220 6.7 0.6 68 " 76 342 237 199 0 304 381 7rt 1014 m 392 -.030 
230 5.8 0.9 68 70 76 330 233 204 0 330 424 921 1223 848 414 -.035 
240 4.9 0.9 69 70 76 356 232 221 0 360 465 969 1299 931 452 -.035 
2SO 4.3 0.6 70 7l n m 235 229 0 370 466 905 1204 867 425 -.030 
260 4.1 0.2 60 63 76 352 238 222 0 347 417 785 1076 718 326 -.030 
270 3.9 0.2 62 63 74 321 239 209 0 326 r14 715 1038 661 m -.025 
280 3.8 0.1 66 68 74 293 238 193 0 306 343 624 878 590 303 -.025 
290 3.5 0.3 67 69 75 271 234 183 0 298 337 663 875 624 3l2 -.020 
300 3.1 0.4 67 69 75 266 230 182 0 315 360 736 892 658 345 -.020 
310 2.6 0.5 68 69 75 272 231 191 0 368 378 831 908 683 m -.020 
320 2.3 0.3 69 7l n 284 238 209 0 416 388 831 931 694 384 -.020 
·330 2.0 0.3 60 63 n 290 246 219 0 424 387 796 910 679 361 -.030 
340 1.7 0.3 59 61 75 288 25l 219 10 417 375 757 892 656 348 -.030 
350 1.5 0.2 67 69 76 281 260 214 0 407 359 713 876 632 3« -.030 
360 1.3 0.2 62 65 n 274 264 210 0 397 347 691 870 622 333 -.025 
370 1.1 0.2 61 63 74 267 263 198 0 385 337 686 873 628 343 -.025 
380 0.9 0.2 67 68 75 267 265 191 703 385 337 703 865 633 349 -.025 
390 0.6 0.3 69 70 n 268 267 200 0 391 342 711 en 641 355 -.025 
400 0.3 0.3 58 61 75 271 269 202 0 395 348 727 866 646 357 -.030 
410 0.0 0.3 62 61 76 2n 275 209 3 399 363 724 827 629 360 -.030 ----------------------

AY6: 75 332 243 211 239 331 371 797 1094 785 388 -.033 

--------------
AYERA6E START116 SURFACE TEJIIPERATUR£ CFJ: 302 ALL TEJIP£RATI.ItES t• F, IIEI6HT II US. 
AYERASE EMOINS SURFACE TEifiRATURE If )I 304 
TEftPERATORE DIFFERENCE (Tt-Tsl •••••••••• 2 

AYS. CHANHEL 5: (fl 86.4 AY6. CHAiftCEl 6: CF I 84.6 AY6. CHAIINEL 8: (fl 74.3 AYS. CHANNEL 9: CFI 90.3 

-¥ T. [. YhA\ ~t'\c,h On 



( 
OMNf 

JDil !Dim - lfllS1' 

RON# 2 aDm 

OCOIH I 

£. M. I<. {{yw/a_ PROm:'T # Sc /~tJ-I MDEL --L};'...;..;c;;;,....;;...T __ 

CXY\L BED OIARACTERISTICS 
WEIGfl' AT STARTz (p, s- (ax:L _. ~ ~ F1.J>JUN; _) 

~FUEL aH'ICDR.ATICN SXEIUI (IWICATE VIDl AN:LE) 

SIDE VtEW 

BACt' FRONT 

STARr UP PlnO:l!UJR&S 1 
BY-PASS TIME CI'EN ~ , CLOOFD @ I Mi,.,. • 
PUPL LOADI!G IXXR AJAR To locyt, FCR _ ___,_ __ ~ 

( ~ A1R tmr Full H;1k FeR ~ MIN1l'ES • 

~ ~~ :Wti,_ "53 ~ff~ 'Uei" .:10--. 

SPO:mARr Am ser FixE b FeR AI . .11- • MIN'J'm) 

'IER'.l'I.ARY AIR SEr _.-,IV...;...:.,;. A~. __ FCR _...;.#_.A_~ __ ~ 

PRIK\R!' AIR SPXl:NlARY 'l'ER1'IARY FAN 

~ 

(:t Ft'xeD N.A. lliJh 

-~ • &"+ sli9k+l~ u::j 
+kt ~z. s~ftiY19 

<MIT-SE.OOS 



( 
' 

Date £-/9 -t17 Project N:>. SC/88' I 

Date Time Q:mnents 

( 

s.o. 

·­. .. 

CMU-SE.Ol7 



: ... , . 

( . ::2/ .;.· ._ · . ... .. .. :...< ·.:. ·-

... Kll!S - · ·~·~ 2 

lotmufacb.lrer [ f1 R ~a.~ . Run N:>. "L M:rlel N:>. 1{,' tJSJ 
rate a!J-DfYl Project N:>. ;J'f../W-o\ r . I 

( 

C'.HNI-SE.017 



I 
I, 

" . · .. OMNI J 
RlN #: 2 
DATE: -"""!.5'"'D~-

PRE-BURN FUEl.. 
MllsruRE a:::NrENr (ME'I'ER - DRY BASIS) 

CALIBRATIOO: cal Value(1)c12\ h:tual Reading 12. '3 ~ 
cal Value(2)c22\ h:tual Reading 2 2. 0 1l/ 

Piece 
---r-

2 
3 

LeDgth of cut pieces: 

TEST FUEL 
fmL 'l"iPE AID »>XlNN's 2 X 4 f2f 4 X 4 0 
CALOT.Nml L(W) MKJUm 3D. 1 ACIDAL LCW> WEIGn': f1 
FmL m LEN:;rH: 11.s-" ;z.e. 7 

:(8.7 
MliS'lURE <:nmm' (ME'l'ffi - DRY BASIS) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

22.0 
22.2S 

2 2. zs­
:2..:1.2s­
.J; . .> 
.2j.? 

22.7~ 
:2.3. () 

22.z? 
~s.s-

'· 0 ;z_ z. 7.)-

fNI!R1U.. '1ml' roPL LOAD KIISIURE AVI!RN2.: .2 2. S'" .:J 

DIMENSICNS: X X = en, 
DM'F/TIME SAMPLE PL.1tCm IN <::1Jm: I I -- AM J:M 

~~ --~---~--- AM J:M 
INITIAL WEI em' (I) - FlRIL WEIGfl' (F) = NET WEIGi'l' 

DRY BASIS MnS'IURE ' • ~I - F) 
F 

X100 = 

DRY BASIS BY ~ 

(I - F) 
WF:r BASIS M:lisruRE \ = F X 100 = 

TEST FUEL I..OAD DENSIT'l = gmlanl 

(2 X 4) 
(4 X 4) 
Total 

01NI-SE.006 



ONIJ r.vrRDWWTAL SERVICES lac. PROGRM NAI'IE 1St REPI.EIE 

CURRENT DATE/TI~ IS 09-G3-1987 I J2a09t12 DATA Fll£ MAllE IS: S£18812.DAT 

--------------------------------------------------------------------------------------------------------------------------------CLIENT: ENERGY HINES AND RESOURCES CANADA HODEL NO. KEJ-1101 

PROJECT NO. SE188-01/2 RUN NO. 2 

DATE: AUG 19 1987 TECH: 

FUEL HOIST <%> 22.5 CAT NO. OHW11 

PRE ~N STARTED: AU6 19 1987 07:09:16 Aft 

***PRE BURN DATA*** 
C2J liT CJ2) (JlJ Rft(16) (19) (20) (21) (22) (23) (24) (25) (26) (27) 132) (33) 

TINE 1fT Dlff Tin Tout TEI!fl TOP BOT BACK FBOI lEfT RI6KT BEFCAT INCAT AFTCAT FLUE DRAFT --------- ---------------- --------
0 15.1 0.0 69 70 78 468 1&& m 11'10 505 485 o 1301 1040 677 -.045 

10 14.1 1.0 60 64 77 466 202 328 1048 457 434 0 1494 1042 510 -.030 
20 13.5 0.6 57 61 15 414 219 279 646 387 359 0 961 153 418 -.035 
30 12.1 1.4 67 68 76 346 226 255 598 363 337 0 1003 717 412 -.045 
40 u.s 0.6 69 70 77 329 230 236 663 346 316 0 tl89 794 394 -.035 
50 10.9 0.6 61 64 76 324 233 221 626 327 297 0 1061 727 353 -.030 
60 10.3 0.6 62 63 74 313 234 214 683 328 294 0 1161 731 362 -.030 
70 9.4 0.9 67 68 75 315 236 214 583 321 291 0 919 717 380 -.035 eo e.5 o.9 68 10 76 344 240 215 1284 321 296 0 1654 991 390 -.035 
90 7.8 0.7 69 70 76 385 244 220 i336 324 306 0 1503 961 401 -.030 

JOO 7.1 0.7 69 71 n 389 247 221 671 318 306 o 1oeo 849 607 -.040 
J10 6.4 0.7 57 60 14 405 251 224 696 319 311 0 1131 839 374 -.030 



( 
\ 

( 

/ 

( 
" .. .. 

RUN ~ ::L CLI:ENl' --=e::;..·:..._M....;..;:_. R_..;_. __ PROJE:T # 5£188·/ MDEL _.._..K ..... C.~T~-

DESCRIBE <F SKE10-J AIR 00 ~AT SETI'IN3S BEU:l'J: 
(SE'JTI~ MJST BE ACCURATE A1'D REPRCIXJCIBLE) 

TERTIARY: 

~ 

a~ FixeP /11.11, 

• . 
~et- sl~+ly ~ Urldc.t"" tloi 2 

triA&.( • 

AIR ('llJEEwO) OWQ:S FAN ADD REMJVE 
SETim FUEL FUEL 

TIME PRIMARY SECDRY '1'£R'J'RY ~.N:;E -+WI'. -wr. 

' ' 

@.2.~ ' 
I 

@52 
'(?[p7 
@7~ 
@9f 

1 

FAN: 

.. 
H19h 

.. 

'RA}(E CCW. a::M'1ENJ' 

-v" 
! 

-~ 

_v-

~ -- ....---

I 



( 

( 

( ' 

TEST DATA REPORT 

Woodcutter's Manufacturing 

Prepared for: Woodcutter's Mfg. 
Route 4. 3301 E. Isaacs 
Walla Walla. WA 99362 

Prepared by: OMNI Environmental Services. Inc. 
-10950 SW Fifth Street. Suite 160 
Beaverton. OR 97005 

August 25. 1987 

SE045-10 

Blaze King 

.... _ .. ,_ 
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OMNI ENVIRONMENTAL SERVICES. INC. SE045-10 

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. Emissions 

were measured using the EPA Method SG. 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 SG, 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 aa shown below: 

3 

4 

6 

Air Control Lever Setting Five-Minute Start-up Procedure 

Low Door: ajar for 1 minute. 

Full High 

1.25 

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. 

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. 

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

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 
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OMNI ENVIRONMENTAL SERVICES, INC. 

Catalyst Description: 

Manufacturer: 
Distributor: 
Model: 
Field No.: 
Size: 
Cells/in2: 

Matsushita Battery 
Technical Glass Products 
86-04 
W07 
oval, maximum dimensions 71/ 8 X 85/8 , 2" thickness 
16 

Aging time, field source: Whitehorse project 

SE045-10 

Six test runs were attempted using the OMW07 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 vas 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 

oxygen levels were increasing, and the combustor temperatures were decreasing, 

indicating that the fire was not ignited well enough 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 leakage around the combustor or 

the bypass. After run 2, the combustor was removed so that other testing 

could be conducted. 

WOODCUITER' S MFG. BLAZE KING "KING" PAGE - 2 
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OMNI ENVIRONMENTAL SERVICES. INC. SE045-10 

Prior to run 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 around 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 runs 3. 4. 5. and 6 were then 

conducted. Before and after each test run. the bypass and combustor were 

inspected for light leaks. 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 inspect 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 
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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% 
..L 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 
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SUMMARY TABLE 2 

Woodcutter's Mfg. Blaze King "King" 

Project SE045-10 

BURN RATE FUEL H
1
o %(WET) TIME POUNDS 

RUN I KG/HR (DRY) TES 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/1b) (assumed value used) 

( 

WOODCU'ITER' S MFG. BLAZE KING "KING" PAGE - 5 
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OMNI ENVIRONMENTAL SERVICES. INC. 

RUN I 

2 

3 

4 

6 

SUMMARY TABLE 3 

Woodcutter's Mfg. Blaze King "King" 

Project SE045-10 

CARBOH MO!IlDDE EMISSIONS 

GRAMS CO/KG 

86.83 

72.51 

106.40 

207.90 

GRAMS CO/HOUR 

92.73 

99.97 

300.08 

189.24 

WOODCUTTER'S MFG. BLAZE KING "KING" 

SE045-10 

PAGE - 6 
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SUMMARY TABLE 4 

Woodcutter's Mfg. Blaze King "King" 

Project SE045-10 

FLUE GAS KEAStJREH.B:RTS 

FLOW RATE AIR/FUEL 
RUN TEMP EXCESS CHO DRAFT RATIO 
.L OF ...!!20% ...Qz!.. .£22!. CO% AIR % DSCF/MIN IN. HzO LB/LB 

2 172 8.37 12.23 8.07 0.76 133.13 6.20 -.025 11.95 

3 200 10.14 12.23 8.08 0.61 132.63 8.24 -.030 12.35 
4t-

4 29$3 12.13 7.55 12.48 1.52 47.23 9.97 -.045 7.09 

6 132 8.88 14.05 5.86 1.55 184.63 6.18 -.015 13.92 

( 

WOODCUTTER'S MFG. BLAZE KING "KING" PAGE - 7 
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SUMMARY TABLE 5 

Woodcutter's Mfg. Blaze King "King" 

Project SE045-10 

AVERAGE S70VB TBHPERAroRES OVER TEST CYa.E * 
STOVE SURF ACE COMBUSTOR 

RUN I TOP BOTTOM LEFT RIGHT BAa< FIREBOX UPSTREAM WITHIN DOWNSTREAM 

2 274 192 253 313 189 508 555 827 627 

3 356 263 343 363 204 N/A N/A 1035 709 

4 489 335 488 499 279 N/A 1088 1256 N/A 

6 220 197 238 257 141 N/A 441 682 N/A 

( 

* All temperatures in degrees Fahrenheit 

( 

WOODCUTTER'S MFG. BLAZE KING "KING" PAGE - 8 
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EPA METHOD 5G RESULTS 

CLIENT WOODCUTTERS 
MODEL KING 

PROJECT # SE045-10 
RUN# 2 
DATE 8-14-87 

FILTER HOLDER B 

EPA METHOD 5G RESULTS 

************************************************************************ 
PARTICULATE CONCENTRATION <DRY-STANDARD>.. 0. 0011 <GRAMS/DSCF> 
PARTICULATE EMISSION RATE................. 9.478 <GRAMS/HOUR> 
ADJUSTED EMISSIONS........................ 11.8 <GRAMS/HOUR> 
************************************************************************ 

TUNNEL TEMPERATURE AVERAGE •••••••••••••••• 81 <DEGREES FAHRENHEIT> 

AVERAGE DELTA P RUN DATA •••••••••••••••••• 0.038 <INCHES H20> 

<Vm>TOTAL SAMPLE VOLUME <METER CONDITIONS> 324.224 <CUBIC FEET> 
AVERAGE GAS METER TEMPERATURE............. 87 <DEGREES FAHRENHEIT> 
<vs>AVG. GAS VELOCITY IN DILUTION TUNNEL.. 13.06 <FEET/SECOND> 
CQsd>AVG. GAS FLOW RATE IN DILUTION TUNNEL 8605.43 CDSCFH> 
<Vmstd>TOTAL SAMPLE VOL. <STD. CONDITIONS> 309.504 <DSCF> 

<mn> TOTAL PARTICULATES •••••••••••..•••..• 
AVERAGE DELTA H •..•••••••••••.•.•.•.•••.•• 
TOTAL TIME OF TEST ••••.•.•.•.••••.•••.•.•. 

340.9 <MG> 
0.55 <INCHES H20> 
630 <MINUTES> 



TABLE 1 F*Jtv 
-------------------------------------------------------------~~--------------
RESULTS OF EFFICIENCY TESTING ON THE WOODCUTTERS WOOD STOVE 

RUN NUMBER 2 PROJECT NUMBER SE045-10 SERIAL NUMBER C1106 

DATE OF TEST: 8-14-87 STOVE HODEL: KING 

AVERAGE EFFICIENCIES 

*******************************+*********************************************** 
* COMBUSTION= 82- 5 'l. * HEAT TRANS.= 82- 6 % * OVERALL= 68- 1 % * 
******************************************************************************* 

EMISSIONS 

******************************************************************************* 
* PARTICULATES: 0.000- <grams/Kg-wood) 0.000 <grams/hour> * 
*CARBON MONOXIDE: 86.827 <grams/Kg-wood> 92.731 <grams/hour> * 
******************************************************************************* 

TEST DATA 

BURN RATE•==-==========•z••••=••=•=•=••====> 
BURN RATE=•=•==•=======•======•••=====••===> 
BURN RATE••========•===••=•=====••==••s==••> 
FUEL MOISTURE =====•===•==••=•=•=•••=====••> 
HEAT OUTPUT•=•===•••===•••=•=•••==•••=•==••> 
FUEL HIGHER HEATING VALUE====•==•=•=•======> 
AVERAGE STACK FLOW RATE=======•===•••••==••> 
AIR TO FUEL RATIO•=====•=••==•=••••••===•••> 
AVERAGE EXCESS AIR••••=••==•==••••••====•==> 
AVERAGE STACK TEMPERATURE•••=•••••••=••••=•> 
AVERAGE STACK MOISTURE ••==•==•••••••======> 
AVERAGE C02=z====•====••••====D=•=••=======> 
AVERAGE 02================•=z===•==-=•=====> 
AVERAGE CO==============•======•===••======> 

2. 87 <lb/hr-wet> 
1.07 (kg/hr-dry> 
1.30 (kg/hr-wet> 

17.86 <% Wet b~sis) 
14062.14 <Btu/hr> 
8765.00 <Btu/lb-dry> 

6.20 <DSCF/minute w/HC) 
11.95 <lb-~ir/lb-fuel) 

133.13 <%Stoichiometric) 
171.58 <Degrees F> 

8.37 <% volume-wet w/HC> 
8.07 (% volume-dry w/HC> 

12.23 <% volume-dry w/HC> 
0.76 <%volume-dry w/HC) 

-------------------------------------------------------------------------------
1 -> 64 00:42:46 
0 70.19815 08-19-1987 

OVERALL EFFICIENCY WITHOUT STOVE TEMPERATURE CHANGE= 68.2 % 



( TABLE 2A 
TEST DATA LISTING 

CLIENT: WOODCUTTERS RUN NUMBER: ~ DATE OF TEST: 8-14-8 

PROJECT NUM8ER: SE045-10 
FUEL MOISTURE: 21.75 
-1.83875E-03 
BAROMETRIC PRESSURE l1n Hgl: 29.84 
STOVE WEIGHT <lbs>: 407 
CHANGE IN STOVE TEMPERATURE<Fl: 30 
FUEL COMPOSITION: /.C= 51 /.H 7.3 
METHOD 5 RESULTS: % MOISTURE= 8.49 

MODEL NUMBER: KING 
STACK STATIC PRESSURE<in Hgl: 

ROOM TEMPERATURE <Fl: 74 
AMBIENT MOISTURE CONTENT <%>: 
FUEL HHV <BTU/lb): 8765 

%0= 41 
GRAIN LOADING <gr/scfl= 0 

1.6 
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CLIENT: WOODCUTTERS 

F'T TIME WT. FUEL 

TABLE 2B 
FIELD DATA 

RUN NUMBER: 2 

Drv cmd HC free 
!.CO WT BLB 

PAGE 1 

DATE: 8-14-87 

DRY BLB TRACER 
*************************************•***************************************** 

1 
2 

4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

I) 

10 
20 
30 
40 
50 
60 
70 
80 
90 
1 (H) 

110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
470 
480 
490 

30. 10 
28.90 
28. 10 
27.00 
25.80 
24.80 
23.80 
23. 2(> 
22. 5(> 
21.40 
20.00 
19.00 
18.40 
18.10 
17.90 
17.60 
16.80 
15.10 
13.00 
12.00 
11.40 
10.90 
10.60 
10.40 
10.20 
10.00 
9.80 
9.20 
8.70 
8.3(1 
8.10 
7.90 
7.80 
7.70 
7.40 
7.20 
6.80 
6.50 
6.10 
5.80 
5.50 
5.20 
5. 10 
4.90 
4.80 
4.60 
4.30 
4. 10 
3.80 
3.50 

4.80 
7.90 
7.80 
9.40 
9.70 
9.50 
7.60 
6.00 
5.80 

11.20 
14.50 
10.20 
5.50 
3.80 
3. 1 (I 
6.40 

11.30 
16.60 
16.70 
14.60 
11. 50 
9.00 
7.70 
6.90 
6.70 
6.90 
9.60 

10.80 
10.50 
10.40 
7.60 
6.40 
5.90 
6.00 
7.90 
8.90 
9.50 
9.50 
9.70 

10.00 
9.50 
8.40 
6.60 
5.80 
6.70 
7.80 
8.30 
8.50 
8.80 
8.50 

14.70 
12.50 
12.60 
11.00 
11. 10 
11.40 
13. 10 
14.50 
14.50 
9.60 
6.40 

10.80 
15.10 
16.50 
16.80 
13.20 
9.50 
4.00 
3.40 
6.60 
9.40 

11.60 
12.90 
13.60 
13.90 
13.50 
11.20 
9.30 
9.90 

10.40 
13.30 
14.20 
14.60 
14.40 
12.50 
11.70 
11.40 
11.40 
11.30 
11.00 
11.50 
12.60 
14.10 
14.90 
13.80 
13.10 
12.60 
12.40 
12.20 
12.50 

1. 33 
1 . (l(l 
0.91 
1. 44 
0.83 
0.60 
0.77 
1.09 
1. 47 
1. 41 
1. 35 
0.61 
o. 3(1 

0.42 
0.93 
2.26 
1. 61 
3.90 
6.38 
0.98 
0.25 
0.33 
0.29 
0.23 
0.22 
0.48 
0.58 
0.61 
0.32 
0.31 
0.09 
o. 11 
0.16 
0.44 
1. 13 
0.81 
0.39 
0.35 
0.37 
0.28 
o. 19 
0.12 
0.09 
o. 13 
0.30 
0.25 
0.28 
0.28 
0.29 
0.29 

98.0 
129.0 
131.0 
140.(1 
141.0 
139.0 
133.0 
128.0 
127.0 
141.0 
147.0 
139.0 
125.0 
117.0 
111.0 
109.0 
127.0 
140.0 
149.0 
139.0 
132.0 
123.0 
117.0 
113.0 
106.0 
102.0 
101.0 
118.0 
115.0 
111.0 
107.0 
103.0 
100.0 
97.0 
96.0 
97.0 

100.(1 
105.(1 
106.0 
109.0 
106.0 
104.0 
99.0 
97.0 
96.0 
97.0 
99.0 

100.0 
100.0 
1 o:: .. (l 

135 .. (> 

173.0 
174.0 
185.0 
195.0 
202.(1 
189.0 
185.0 
174.0 
198.0 
234.0 
206.0 
178.0 
156.0 
151.0 
155.0 
187.0 
251.0 
232.0 
201.0 
192.0 
178.0 
170.0 
157.0 
148.0 
146.0 
155.0 
175.0 
184.0 
176.0 
149.0 
140.0 
134.0 
134.0 
145.0 
155.0 
165.(1 
172.0 
175.(1 
174.0 
166.0 
154.0 
144.0 
141.0 
150.0 
159.(1 
167.0 
173.0 
176.0 
179.0 

100.0 
1 (H). 0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
10(1. 0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 



( 

CLIENT: WOODCUTTERS 

F'T TIME WT. FUEL 

51 500 3.20 
e--. 510 3.00 -.).<.. 

e..,. _,._ ... 52(> 2.80 
54 530 2.60 
55 540 2.40 
56 55 c) 2.20 
57 560 2.00 
58 570 1. 80 
59 580 1. 60 
60 590 1. 40 
61 600 1. 10 
62 610 0.80 
63 620 0.30 
64 63(> 0.1)0 

... _ .. y .. ·.·-~.-»:-:>-:·~·~ 

( 

TABLE 28 
FIELD DATA 

RUN NUMBER: 2 

Dry and HC free 
~co2 ~02 ~co 

8. 6(> 12.30 0.32 
7.70 13. 10 0.26 
7.30 13. 6(> 0.33 
7. (H) 13.70 o.::.? 
6.40 14. 3(> 0.40 
6.20 14.40 ().55 
6.40 14.20 0.75 
6.10 14.50 (>. 93 
5.50 15.00 1. 09 
5.40 15. (H) 1. 28 
5.20 15.00 1. 42 
5.80 14.30 1. 67 
8.10 12.60 0.44 
7.90 12.70 0. 42 

WT [4L8 

99.0 
99.0 
98.0 
99.0 
99.0 

100.0 
99.0 
98.0 
99.0 
99.0 

100.0 
100.0 
99.0 
98.0 

PAGE 2 

DiHE: 8-14-87 

DRY l~L8 TRACER 

180.0 100.0 
174.0 100.0 
168.0 100.0 
166.0 100.0 
163.0 100.0 
164.0 100.0 
165.0 100.0 
168.0 100.0 
168.0 100.0 
168.0 100.0 
167.0 100.0 
169.0 100.0 
181.0 l(H). (l 

186.0 100.0 



( 

- ;..~··4':_. . .Jtt.· . . ··.·~>;; 

( 

CLIENT: WOODCUTTERS 

F'l 

'""' 
. .:;. 

4 
"' ,_J 

6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 ..,,., ........ 
23 
24 
,.,C" 
,_,_J 

26 
27 
28 
29 
30 
31 
""'""' .._ ... ,.: 

33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

FLOW RATE 
(OSCFM w/HC> 

6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 

TABLE 3 PAGE 1 
CHO BALANCED TEST DATA 

RUN NUMBER: 2 DATE: 8-14-87 

DRY E«URN RPITE 
<LB/HOUR-CALCULATED> 

1. 40 
..., ~~ 
.I- • ._ • ._ 

2.25 
2.88 
2.81 
2.69 
? ,.,""!' -. ""-'-' 

1. 90 
1.96 
3.43 
4.24 
2.90 
1. 46 
0.98 
0.90 
2.24 
~ ~..,.. 
.._, • ._)._J 

5.67 
6.50 
4. 19 
3.05 
2.36 
2.02 
1. 76 
1. 73 
1.84 
2.68 
2.80 
2.68 
2.77 
1.99 
1. 61 
1.47 
1. 59 
2.37 
2.54 
2.60 
2.59 
2.67 
2.71 
2.55 
2.24 
1. 68 
1. 49 
1. 74 
2. 11 ,., ,.,C' 
L•4....J 

2.30 
2.41 
2.34 

STACf MOISTURE 
<'l.VOLLJME-w/HC> 

4.94 
1 : .. 96 
14.86 
19.24 
19.50 
18. 12 
15.35 
13.09 
13.02 
19.40 
22.02 
17.99 
12.01 
9.66 
7.84 
7.08 

12.57 
17.13 
23.43 
18.15 
14.75 
11. 18 
9. 16 
8.26 
6.48 
5.49 
4.92 
9.35 
7.97 
6.94 
6.72 
5.97 
5.44 
4.75 
4.12 
3.98 
4.31 
"'" ..,..,. 
..J. ~·· ... :0 

5.50 
6.40 
5.82 
5.72 
4.84 
4.49 
3.94 
3.83 
3.99 
4.01 
3.90 
4.55 

STACK TEMP 
<F> 

135.0 
173.0 
174.0 
185.0 
195.0 
202.0 
189.0 
185.0 
174.0 
198.0 
234.0 
206.0 
178.0 
156.0 
151.0 
155.(1 
187.0 
251.0 
232.0 
201.0 
192.0 
178.0 
170.0 
157.0 
148.0 
146.0 
155.0 
175.0 
184.0 
176.0 
149.0 
140.0 
134.0 
134.0 
145.0 
155.0 
165.0 
172.0 
175.0 
174.0 
166.0 
154.0 
144.0 
141.0 
150.0 
!59.0 
167.0 
173.0 
176.0 
179.0 



( 

CLIENT: WOODCUTTERS 

F'T 

51 
C'"'> 

'"'"'-
5~. 

54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 

FLOvJ RATE 
IDSCFM w/HC> 

6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 

TABLE 3 PAGE 2 
CHO BALANCED TEST DATA 

RUN NUMBER: 2 DATE: 8-14-87 

DRY BURN RATE 
<LB/HOUR-CALCULATED> 

..., ~C" 

... - ..:·._s 

2.06 
2. ()2 
1. 90 
1. 76 
1. 75 
1.89 
1. 89 
1. 78 
1.80 
1. 75 
1.98 
2.21 
2.12 

STACK MOISTURE 
1/.VOLUME-w/HC> 

~ r::.-., 
.:.•. -14 

3.74 
3.73 
4.03 
4.14 
4.34 
4.07 
3.73 
3.96 
3.96 
4.23 
4.16 
3.48 
3.06 

STACK TEMF' 
IF) 

180.0 
174.0 
168.0 
166.0 
163.0 
164.0 
165.0 
168.0 
168.0 
168.0 
167.0 
169.0 
181.0 
186.0 



011NI EMYIRONf!EHTAL SEF:YICES Inc. PP.OERAI1 ~E I~: REP!.EIE 

CURRENT Ot\TE!Tl~ IS 08-74-1~97 i 15:16:17 &ATH riLE MA~ IS: SE045102.&AT 

-------------------------------------·------------------------------------------------------------------------------------------
CLIENT: WOODCUTTERS MODEL NO. I<ING 
--------------------------------------------------------------------------------------------------------------------------------
PROJECT NO. SE045-10/2 RUN NO. 2 
--------------------------------------------------------------------------------------------------------------------------------
DATE: AUG 14 1987 TECH: JS/SW/DC 
--------------------------------------------------------------------------------------------------------------------------------
FUEL MOIST co 21.75 CAT NO. OMW07 
--------------------------------------------------------------------------------------------------------------------------------
FUEL CHARGE <LB> 30.1 COAL BED <LB > 7.2 
--------------------------------------------------------------------------------------------------------------------------------
TEST STARTED: AUS 14 1967 11:45:27 rft 

***TEST DATA <FORM 1}*** 

!21 liT !121 (J!) Rl!!161 (19) i201 !2!l <221 <231 !241 1:51 i261 i271 (321 !331 
TI~ liT DIFF Tin Tout TEIIP TOP SCT BACk FEOI LEFT RIGHT BEFCAT !NCAT AFWIT FLUE DRAFT 
--------------------------------------------------------------------------------------------------------------------------------

0 30.1 0.0 bi 66 73 205 203 1b6 427 ')•&" 
-~.J 274 0 417 382 197 -.025 

10 28.9 1.2 66 67 ·~ /., 196 202 171 3i1 235 258 0 v 449 260 -.030 
20 28.1 o.e 66 67 73 197 .200 169 351 227 246 0 673 483 259 -.030 
30 27.0 1. i o6 e7 73 202 199 173 367 230 248 6 93! 588 260 -.030 
40 25.e 1.2 bt. 67 73 230 198 !84 383 229 2t4 Q €44 695 312 -.030 
so 24.8 1.0 66 b8 n 263 197 !~4 403 232 273 0 0 735 332 -.035 
60 23.8 1.0 67 68 74 286 !99 199 404 233 270 0 793 696 324 -.030 
70 23.2 0.6 67 68 i4 283 197 t's 399 227 258 0 p· .:> 637 310 -.030 
€-3 22.5 0.7 67 bS 74 261 196 185 4C>8 220 248 0 0 581 280 -.030 
90 21.4 1.1 66 67 73 242 194 l€0 447 217 257 63b 12·j0 7ll 312 -.035 

100 20.0 1.4 66 68 74 275 194 196 466 230 290 985 1291 951 378 .-.040 
110 19.0 1.0 67 68 74 412 192 236 462 250 334 743 1166 971 403 -.035 
120 18.4 0.6 67 69 74 410 194 230 433 247 314 582 892 778 350 -.035 
130 18.1 0.3 68 69 75 343 193 209 407 231 286 474 633 576 283 -.025 
140 17.9 0.2 67 69 75 280 192 186 384 216 259 456 486 463 240 -.025 
150 17.6 0.3 67 b8 74 234 189 168 410 201 246 490 470 442 228 -.025 
160 16.8 0.8 66 67 74 211 187 163 458 215 298 736 920 622 270 -.030 
170 15.1 l. 7 66 68 74 280 ISS 199 518 238 366 1077 1349 1004 354 -.040 
180 13.0 2.1 67 68 74 392 186 231 SH 282 420 1070 1474 1041 416 -.040 
190 12.0 1.0 68 69 iS 432 188 250 551 302 402 1034 1437 966 ru -.035 
200 11.4 0.6 68 70 76 432 192 252 529 296 378 909 1397 919 347 -.035 
210 10.9 0.5 t9 70 76 422 193 244 510 283 355 668 1174 871 359 -.035 
220 10.6 0.3 69 iO 76 388 192 228 488 2b5 332 559 1000 744 311 -.025 
2:!0 10.4 0.2 69 7u 76 360 192 216 473 261 319 517 917 674 306 -.025 
240 10.2 0.2 b8 69 7b 322 191 2Vl 456 250 300 476 837 599 270 -.025 
250 10.0 0.2 68 69 75 281 188 184 437 233 283 425 744 538 255 -.020 
260 9.8 0.2 68 69 75 267 186 190 463 231 287 442 775 573 2~7 ·.020 
270 9.2 0.6 67 69 7: 260 185 179 520 239 329 512 802 620 299 -.025 
280 8.7 0.5 67 69 75 277 184 1q2 581 263 375 593 869 677 292 -.025 
290 8.3 0.4 68 69 75 285 186 198 583 273 381 599 876 665 282 -.025 
300 8.1 0.2 68 69 75 292 189 200 531 272 370 557 693 602 277 -.025 
310 7.9 0.2 66 69 75 280 192 194 489 257 337 483 760 544 245 -.025 
320 7.8 0.1 68 69 75 265 192 1e6 460 244 317 442 686 496 233 -.020 
330 7.7 C. I 66 t9 75 245 191 176 4Z8 231 301 407 630 465 224 -.020 
~0 7.4 0.3 6i 69 75 230 199 167 460 2'&" 305 419 647 481 226 -.020 ... 
350 7.2 0.2 67 66 75 223 !97 165 495 226 322 466 688 5!8 242 -.020 
360 6.8 0.4 67 68 74 229 185 168 522 237 339 ~V9 720 Sot 241 -.020 
370 6.5 0.3 67 69 74 241 183 176 563 255 351 535 752 592 263 -.020 
380 6.1 0.4 67 b8 74 258 184 186 576 267 366 544 813 629 284 -.020 
390 5.8 0.3 b7 68 74 276 185 i93 571 272 3o9 569 896 672 285 -.020 
400 5.5 0.3 67 68 74 292 187 199 560 273 370 563 929 672 289 -.C25 
410 5.2 0.3 67 69 75 300 190 !97 524 267 355 537 944 638 267 -.025 
420 5.1 0.1 67 b9 75 292 192 191 485 255 331 485 810 574 246 -.025 
430 4.9 0.2 67 68 75 273 193 !83 460 242 :m 433 68e 520 251 -.020 
440 4.8 0.1 67 68 74 252 192 176 4:7 234 303 432 692 511 257 -.020 
450 4.6 0.2 67 68 74 243 190 172 502 234 307 466 732 5« 275 -.020 
460 4.3 0.3 6e 68 74 246 189 !i4 538 241 318 495 770 584 2U -.020 
470 4.1 0.2 b6 67 73 253 !99 178 SS7 252 332 525 755 SS9 290 -.020 
490 3.8 0.3 66 68 73 21"7 ,J. tel? 181 59! 264 343 543 7f7 612 295 -.020 
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O"NI ENVIROHPIEHTAL SERVICES Inc. 

CURRENT DATEiTIME IS 08-24-1987 I 15:18:56 

CLIENT: WOODCUTTERS 

PROJECT NO. SE045-10/2 

[•ATE: AUG 14 1987 

FUEL MOIST <I.> 21. 75 

FUEL CHARGE < LB) 30. 1 

TEST STARTED: AUG 14 1987 12:48:27 P~ 

PROGR~~ HA~E !5: REP!.EIE 

DATA F!L£ NA~: iS: SE045!02.D 

HODEL NO. kiNG 

RUN NO. 2 

TECH: JS/SW/DC 

CAT NO. OMW07 

COAL BED <LB> 7.2 

***TEST DATA <FORM 1l*** 

<2! liT !12! !lll RP!i16l i19l (20) i2l) i22l i23l (2~) i25J (261 i27i i32l 
iii!£ liT DIFF Tin Tout TEK? TOt BOT BACK FE01 LEFT F.ISHT BEFCAT INCAT AFTCAI FLUE 

~9() 3.5 0.3 66 68 73 ~·-.. !)~ !90 187 628 274 350 SH 7£:6 624 301 -.02 
500 3.2 0.3 67 68 73 269 191 190 636 288 345 548 788 t28 321 -.02 
510 3.0 0.2 6iJ 68 73 270 193 1c;~ 

'" 621 293 335 528 78(1 ',~ OH! 317 -.02 
520 2.8 0.2 66 68 73 268 195 192 626 290 322 505 755 592 2].) -.02 
530 2.6 0.2 67 68 74 263 196 190 625 287 313 ~83 737 ~76 294 -.02 
540 2.4 0.2 66 68 ~ .. 257 197 187 t7~ 26: 304 471 7('1 556 284 -.02 lw v'oJ 

550 2.2 0.2 66 67 73 247 198 182 564 278 295 4!1 681 542 269 -.02 
560 2.0 0.2 66 67 73 240 197 172 sen 2H 2BE 448 687 5~ 286 -.02 
570 1.8 0.2 66 67 73 ?7P 10~ 176 566 .,~, 284 445 697 567 285 -. 02· .......... • I d . 
580 1.6 0.2 66 '7 b. 72 237 196 174 ~5~ 266 279 428 656 557 271 -.02' 
Sl/0 1.4 0.2 66 67 72 "'J,-{1 

~--· 
197 171 552 262 274 428 6·E 547 272 -. 02· 

600 1.1 0.3 65 66 72 ??" ~~J 198 166 ~63 260 270 420 6<"~ .,;I 54! 267 -.02· 
610 0.8 0.3 65 66 72 218 198 166 6?;; 

~" 259 270 ~63 660 551 276 -. 021 
620 0.3 0.5 65 66 72 226 199 !75 69: 289 'l0"' J..,.J 542 748 604 298 -.02: 
630 0.0 0.3 65 67 72 243 200 !£2 667 302 306 538 750 618 313 -.02: 

-------------------------------------------------------------------------------------------------------------------------------· 
AV6: 74 274 192 189 SOB 253 313 555 827 627 288 -.02: 

---------------------------------------~--------------------------------------------------------------------------------------AVERAGE STARTING SURFACE TEKP£RATL~E !Fl: 217 
AVERAGE ENDING SURFACE TE"P£RATURE iF!: 247 
T£nPERATUR£ DIFFERENCE !Te-Tsl •...•••.•• 30 

AV6. CHANNEL 5: !Fl 86.7 AV6. CHANNEL 6: !Fl 76.4 

All TEHP£RAiURES IN F, WEISHT IN LBS. 

HV6. CHANNEL 8: !F! 18.1 AVG. CHANNEl 9: iF~ 80.9 
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. OMNI 
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RUN# ~ # Sto'4C·IO MI>EL __.t ..... ·~~9.----

cx:lAL BED OlARACI'ERISTI CS 
WEIGlfl' AT SI'ART: 7 .z (<XXL~, CUJoliN:; __ , FLAR.IN:; __ ) 

TEST FUFL a::NFIGJRATICN SKEl'CH (nDICATE VIEW Al'G..E) 

START UP PRCX:EIURES: 
BY-PASS TIME OPEN OQ 
FUrL LOADIID IXX:R AJKR. 

, a.a>ED I '"":" • 
00 ~ --'---- MIWrES 

FCR --H~-- MINJTES 

TERTIARY AIR SET __ £.1...l.J; twe:dO~:..-. __ FCR _....:1J.=....&..I ,~..~6 __ MIN.J'I'ES 

OIHER =fn.o oir .fo< r .t $" ""'in th4n S!."t a..t di!)L... • 

TEST SE.Tl'IlGS: (SErl'IroS M.JST BE 1£0JRATE AID REPRCIXJCIBLE) 

FAN 

<M'IT-SE.OOS 



OMNI 
( -----Ttl 

M:mufacturer t/oodaM!~ Rlm tb. _z. __ 
DatfZ'f/'ii'? Project NoS/30 tf.5 -I 0 

Mxlel tb. ~ 

Date Tine Q:mnents 

~- 1'/· ~7 I ~·.0'"{ Th~ ~t , -~ o.. lo...., b""""" '-l4. o.t't. tr""r""'- "fl.. ~~.U~I .. ·<...a.tL ..... 

't"U.r-.. .. 1/J ~(.()&/ 1-l 

\J'- W\\t ~-~:"'o.,. f't\ct_~~ &4 'Mcu~~-tC. ()"'t~ o..,.}. ~t. 
.I 

\,o.): 1\ be. ~- ..... ~~ ~-- ~ -I) b. 0..~ 0.. ~!.~ ('t>.. tt. () f -
~ rt b \o..H. u;J\\) a..\sa .... ~ ~\ ~" o:h .• .tiOI" h ...... ~, Ml.~~ 

~Gt 

( 

( 
"· CMti-SE.017 
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DMNI 
P'1JRL DATA _____ , .. 

CLIENT: WooO (.y.,t\!.cS RUN II :_-;? __ _ 
PROJECT: S.(.c'-IS'"·IO 
BOOTH: 

DATE: 1S· l'i·iJ 
FUEL LOAD PREPARED BY: -.G.""+---

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

CALIBRATION: Cal Value(1)=12% Actual Reading ll.ti<:l 
Cal Value(2)=22% Actual Reading t1.2s= 

Piece 
1 
2 
3 

Length 
....!._ ft 

ft 
ft 

Length of cut piecec: 

Readings 

zc. 00 ~ <). .5D 

7 inches 

TEST FUEL 
FUEL TYPE AND AMOUNT: 2 X 4 (i1 4 X 4 -~'--
CALCOLATBD LOAD WIGHT: ~0.1 ACTUAL LOAD WEIGHT: fJ 
FUEL PIECE LENGTH: 17" 30.1 

30 I 
MOISTURE CONTENT (METER -- DRY BASIS) 

PIECE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

,,.QQ 
u.so 
zz. Z,S" 
Z\,25" 
Z2 0() 

ZZ.Stl 

READINGS 

19.00 
2.'22(" 
Z.Z.SD 
2 z S)Q 

tl. .00 
zz.oo 

l<t.-x­
zz.g) 
zz.so 
2%.00 
u.zs: 
~Zt)Q 

OVERALL TEST FUEL LOAD MOISTURE AVERAGE: ;l_j, 7</ 
I 

GRAVIMETRIC ANALYSIS OVEN-DRIED FUEL SAMPLE 

DIMENSIONS: X X = 
DATE/TIME SAMPLE PLACED IN OVEN: I I 

REMOVED: -~-~-
INITIAL WEIGHT (I) - FINAL WEIGHT(F-) -

DRY BASIS MOISTURE % = (I - F) 
F 

DRY BASIS BY METER ----

WET BASIS MOISTURE % = 

TEST FUEL LOAD DENSITY = 

(I - F) 
F 

X 100 = 

X 100 = 

----gm/cmE 

cmE 
AM PM 
AM PN 

= NET WEIGHT 

(2 X 4) 
(4 X 4) 
Total 

OMNI-SE.006 
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OMNl ENVIRON"ENTAl SERVICES Inc. 
CUilRHiT DATE/TIIlE IS OB-2H9B7 I 15: !4:38 

CLIENT: WOODCUTTERS 

PROJECT NO. SE045-10/2 

DATE: AUG 14 1987 

FUEL HOIST <%> 21.75 

PRE BUfiN STARTED: AUG 14 !987 11:15:41 All 

***PRE BURN DATA*** 

PROGRA" HAllE IS: F.EPl.ElE 
CATA FILE NA~ IS: S£045102. 

MODEL NO. KING 

RUN NO. 2 

TECH: JS/SW/DC 

CAT NO. ONW07 

<2l liT <l2l !l1J Rll!16l !19! \20! !2li (22! !231 !~41 !251 !261 !27l 132} !3: 
Till£ W1 OIFF Tin Tout TEIIP TOP BuT BACK FBOX LEFT R!SHT BEFCAT INCAT kFTCAT FLUE DRM 

0 l2.E 0.0 66 67 12 25i 207 2~5 401 297 318 0 1092 893 411 -. (JI 
JO !0.9 !.9 66 68 J.j 359 208 253 ~96 336 392 0 1357 1024 410 -.o: 
20 !0.3 0.6 '7 o. 68 i3 403 211 262 487 323 37S 0 1159 879 393 -. 0~ 
30 9.9 0.4 68 69 74 ~~q 

~~. 213 242 47() 294 3:7 0 910 715 331 -.0~ 
4() 9.r;, 0.3 67 ·q o. 74 347 213 225 463 275 322 (• 955 675 324 -. 0~ 
50 8.9 0.7 67 69 74 ~-c: 

:,~. 213 221 489 .,.? -'· 3!6 ~~ 1142 775 312 -. 04 
60 8.7 0.2 67 6S 74 333 21! 206 4"-,J~ U1 2Q' .o c 714 606 265 -.02 
?0 6.5 0.2 67 68 74 281 209 194 403 245 27~ 0 "'•? ..... 489 359 -.02 
80 7.4 1.1 67 68 74 242 208 185 456 240 21il 0 499 428 218 -.(2 
90 ~ . 0.1 67 68 73 ~12 204 170 428 23i 2i7 Q m 386 201 -.02 J.,;, 
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. OMNI 
RDN lC1m - PRBtlORf 

RUN# _2 <LIEN!' CJU#~ ... i<:"'-.) ~ # .5~oll') .... /~a, 

DESCRIBE OR SKEitli AIR OR 'I'HE:RM:6'TAT SE'I"'''1'GS BEU::W: 
(SETI'IN:;S M.JST BE ACCURATE A1'D REPRCDUCIBLE) 

PRI:MARY: SEXXNJARY: TERTIARY: 

I 

AIR ('J:Hm.D) OiAN3ES FAN 1100 REMJVE 
SE'I'I'N3 FUEL FUEL 

TIME PRn1ARY SECDRY 'J'F:RTRY (Wl}r,F, +WI'. -wr. 
I 

{a)'IO 
I oJ 

t<i> 70 I 

I 

FAN: 

RAKF ccw ... <X:f.lMENJ' 

" I 
'J ,. . ~ ,~, 

.. 

·- ______ __: _________ ·- -----------·-----------
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EPA METHOD 5G RESULTS 

CLIENT WOODCUTTERS 
MODEL I<EJ 

PROJECT # SE045-10 
RUN# 3 
DATE 8-21-87 

FILTER HOLDER B 

EPA METHOD 5G RESULTS 

FINAL 

******************************************************************~***** 
PARTICULATE CONCENTRATION <DRY-STANDARD> •• 0.0008 <GRAMS/DSCF> 
PARTICULATE EMISSION RATE................. 7.234 <GRAMS/HOUR> 
ADJUSTED EMISSIONS........................ 9.4 <GRAMS/HOUR> 
**~·***********************************************•********************* 

TUNNEL TEMPERATURE AVERAGE .............•.. 

AVERAGE DELTA P RUN DATA •...•....••.•.••.. 

<Vm>TOTAL SAMPLE VOLUME <METER CONDITIONS> 
AVERAGE GAS METER TEMPERATURE .•.•••••..•.• 
<vs>AVG. GAS VELOCITY IN DILUTION TUNNEL .. 
<Osd>AVG. GAS FLOW RATE IN DILUTION TUNNEL 
<Vmstd)TOTAL SAMPLE VOL. <STD. CONDITIONS> 

95 

0.041 

267.036 
94 

13.76 
8900.29 
253. 57<) 

<DEGREES FAHRENHEIT> 

( INCHES H20 > 

<CUBIC FEET> 
<DEGREES FAHRENHEIT> 
<FEET/SECOND> 
<DSCFH> 
<DSCF> 

<mn) TOTAL PARTICULATES................... 206. 1 <MG) 
AVERAGE DELTA H •.•.•.....•....••........•. 0.621632 <INCHES H20> 
TOTAL TIME OF TEST........................ 490 <MINUTES> 



TABLE 1 

RESULTS OF EFFICIENCY TESTING ON THE WOODCUTTERS WOOD STOVE 

RUN NUMBER 3 PROJECT NUMBER SE045-10 SERIAL NUMBER C1106 

DATE OF TEST: 8-21-87 STOVE MODEL: I<EJ FINAL 

AVERAGE EFFICIENCIES 

******************************************************************************* 
* COMBUSTION::a E34. 3 % * HEAT TRANS.• 79- 4 % * OVERALL• 66- 9 % 

* 
******************************************************************************* 

EMISSIONS 

******************************************************************************* * PARTICULATES: 0.000 <gr~ms/Kg-wood> 0.000 <gr~ms/hour> * 
* CARBON MONOXIDEs 72.506 <grams/Kg-wood> 99.972 <grams/hour> * 
******************************************************************************* 

TEST DATA 

-------------------------------------------------------------------------------' I BURN RATE•••--•••••=---•--=::a•=••-••••=••=••> 
I BURN RATE=•••••••••=•••••••••••c••••--••=--> 
I BURN RATE::a•••••••••••••••=••••••--•••••••••> 
I FUEL MOISTURE •••••••--••-----=--•••••=-•••> 
I HEAT OUTPUT••::a••••-=•••••::a••••••••••m••••••> 
I FUEL HIGHER HEATING VALUE•--•••••••a•=•••••> 
l AVERAGE STACK FLOW RATE•••••••=••••••::a•--••> 
I AIR TO FUEL RATIO•••--••--••=•=-•=•••••••••> 
I AVERAGE EXCESS AIR••••••--•=--•••••••=•----> 
I AVERAGE STACK TEMPERATURE••••••••••••-=••--> 
l AVERAGE STACK MOISTURE •••••••=••=•=•••••••> 
I AVERAGE C02•••=•--••••••••••-•••==•••••••••> 
I AVERAGE 02••••=•••-•••••••==••••~•••••==•••> 
l AVERAGE CO=••••••••••a•••••=••••••••••••aa•) 
I 

3.69 
1.38 
1.67 

17.:53 
17836.37 
87~.00 

8.24 
12.35 

132.63 
199.:58 
10.14 
8.08 

12.23 
0.61 

I 

<lb/hr-wet> I 
<ko/hr-dry> I 
(kg/hr-wet> I 
<Y. Wet basts> I 
<Btu/hr> I 
<Btu/lb-dry> I 
<DSCF/minute wiHC> 
Ub-air/lb-fuel > 
<X Stoichioaetric> 
<Degree~ F> 
<% volume-wet wiHC> 
<% volume-dry w/HC> 
(% volume-dry w/HC) 
(% volume-dry w/HC> 

-------------------------------------------------------------------------------
1 -> 50 
0 68.64561 

OVERALL EFFICIENCY WITHOUT STOVE TEMPERATURE CHANGE• 67.0 % 

16:03:26 
M-02-1987 



TABLE 2A 
TEST DATA LISTING 

CLIENT: WOODCUTTERS 

PROJECT NUMBER: SE04S-10 
FUEL MOISTURE: 21.25 
BAROMETRIC PRESSURE <in Hg>: 30.06 
STOVE WEIGHT <lbs>: 407 
CHANGE IN STOVE TEMPERATURE<F>: 10 
FUEL COMPOSITION: 'Y.C= 51 'Y.H 7.3 
METHOD S RESULTS: 'Y. MOISTURE= 10.27 

RUN NUMBER: 3 DATE OF TESTt 8-21-87 

MODEL NUMBER: KEJ 
STACK STATIC PRESSURE<in Hg>s-.0022065 
ROOM TEMPERATURE <F>: 76 
AMBIENT MOISTURE CONTENT <X>: 1.8 
FUEL HHV <BTU/lb>: 8765 

'Y.O= 41 
GRAIN LOADING <gr/scf>= 0 



TABLE 28 PAGE 1 
FIELD DATA 

CLIENT: WOODCUTTERS RUN NUMBER, 3 DATE: 8-21-87 

I Dry and HC free 
PT TIME WT. FUEL X C02 X02 xco WT BLB DRY BLB TRACER 
******************************************************************************* 

1 0 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.SO 0.75 142.0 243.0 100.0 
4 30 25.40 8.30 11.90 0.54 139.0 230.0 100.0 
5 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 9.60 10.90 0.66 130.0 195.0 100.0 
15 140 14.90 12.60 7.40 3.22 147.0 244.0 100.0 
16 150 13.00 13.50 7.20 3.11 147.0 262.0 100.0 
17 160 11.50 12.40 8.60 2.28 141.0 208.0 100.0 
18 170 10.80 11.00 9.90 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 

A-#,'!-=-·· 21 200 10.40 3.50 16.50 o. 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 9.70 8.60 12.00 0.47 114.0 195.0 100.0 
24 230 9.10 9.10 11.10 0.53 120.0 206.0 100.0 
25 240 8.40 9.60 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 9.30 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 S.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 9.10 11.60 0.48 107.0 191.0 100.0 
34 330 4.70 9.20 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 O.S4 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 0.49 104.0 192.0 100.0 
50 490 0.00 7.70 13.20 0.51 103.0 194.0 100.0 



TABLE 3 PAGE 1 

CHO BALANCED TEST DATA 

CLIENT: WOODCUTTERS RUN NUMBER: ~ DATE: 8-21-87 -· 
PT FLOW RATE DRY BURN RATE STACK MOISTURE STACI< TEMP 

<DSCFM w/HC> <LB/HOUR-CALCULATED> <'l.VOLUME-w/HC> <F> 
******************************************************************************' 

1 8.24 2.36 5.06 214.0 

2 8.24 3.56 19.80 239.0 

3 8.24 3.39 19.04 243.0 

4 8.24 2.87 17.65 230.0 

5 8.24 2.65 18.02 219.0 

6 8.24 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 

,,....~....-v,. 21 8.24 0.89 6.73 161.0 
( . 22 8.24 2.56 6.48 176.0 

23 8.24 3.09 7.41 1~.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 17~.0 

30 8.24 1. 75 6.66 163.0 

31 8.24 1.14 4.73 163.0 

32 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 

38 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 

45 8.24 2.90 3.97 190.0 

46 8.24 2.72 4.27 189.0 

47 8.24 2.80 4.00 189.0 

48 8.24 2.95 3.85 193.0 

49 8.24 2.98 4.43 192.0 

so 8.24 2.92 4.08 194.0 



01111 ElfYIROIUIDITAI. SERVICES Inc. PRtlSRAft MAPlE IS: REP I. EIE 

CURRENT DATE/Tift£ IS 09-G2-t987 I l6:41:17 DATA FILE NAftE IS: SEG45103.DAT 

--------------------------------------------------------------------------------------------------------------------------------CLIENT: WOODCUTTERS MODEL NO. KEJ-1101 
--------------------------------------------------------------------------------------------------------------------------------PROJECT NO. SE04S-10/3 RUN NO. 3 
-------------------------------------------------------------------------------------------------------------------------------DATE: AUG 21 1987 TECH: DD ---------------------------------------------------------------
FUEL HOIST (%) 21.25 CAT NO. Ot1W07 
--------------- ----- ------- ------------
FUEL CHARGE <LB> 30.1 COAL BED <LB> 6.0 --------------------- --------- ------
TEST STARTED: AU6 21 1987 10:20:29 Ptl 

•••TEST DATA <FORt1 1>••* 

121 liT (12) (11) Rtl116l (19) (20) l21J 122)* 1231 1241 (25) ;f 1261 127) 1321 133) 
TillE IT DlFF Tin Tout TEIIP TOP BOT BACl FBOX lEFT RJ6HT BEFCAT INCAT AFTCAT FLI£ DRAFT ---------------- -------

0 30.1 o.o 62 63 75 306 275 186 0 m 383 1043 883 661 359 -.035 
10 28.0 2.1 63 64 76 322 290 199 0 35.2 368 1056 1073 . 771 389 -.040 
20 26.6 1.4 M 65 n 348 297 209 0 349 358 1738 1133 818 408 -.040 
30 25.4 1.2 64 65 n 367 294 215 0 340 352 1739 1053 761 391 -.040 
.0 24.4 1.0 54 56 n 370 289 213 0 326 344 659 1067 749 385 -.035 
so 23.4 1.0 so 52 n 359 279 204 0 305 327 998 1020 713 306 -.035 
60 22.4 1.0 49 51 76 352 274 200 639 297 324 0 1010 707 302 -.035 
70 21.4 1.0 4t so 76 361 264 201 0 316 3S4 784 1240 808 -400 -.035 
80 19.7 1.7 48 so 75 430 258 219 0 339 389 678 1354 934 451 -.040 
90 18.6 1.1 48 so 75 461 255 229 0 345 396 812 1334 m 443 -.040 

100 18.0 0.6 48 50 75 468 251 232 0 320 355 1224 1208 808 382 -.035 
110 17.7 0.3 48 so 75 413 247 216 0 292 319 0 870 636 338 -.030 
120 17.3 0.4 47 49 75 333 241 190 168-4 265 293. 0 728 576 3tl -.030 
130 16.5 0.8 55 56 75 299 235 179 0 276 m 904 947 626 328 -.040 
140 14.9 1.6 59 60 75 346 232 189 0 307 400 805 1421 908 410 -.035 
150 13.0 1.9 61 62 76 438 23l 217 0 3l9 468 828 1S07 1003 4Jff -.040 
160 u.s 1.5 58 60 79 497 237 244 0 369 490 1465 1516 982 455 -.035 
170 10.8 0.1 52 55 78 497 241 245 0 351 438 929 1556 936 421 -.035 
180 10.6 0.2 so 53 78 476 243 238 0 336 395 947 1428 834 393 -.030 
190 10.4 0.2 so 52 78 427 241 221 0 311 3S8 1848 1039 671 347 -.025 
200 10.4 0.0 49 51 78 350 237 198 0 284 321 1335 795 545 298 -.025 
210 10.1 0.3 49 51 78 311 233 184 0 213 317 1671 799 559 310 -.025 
220 9.7 0.4 48 50 n 293 228 tn 0 278 m n6 ~ 596 322 -.025 
230 9.1 0.6 47 so n 300 217 181 0 322 362 1415 957 671 349 -.025 
240 8.4 0.7 48 50 n 322 231 197 0 m m 1359 996 725 371 -.030 
250 7.7 0.7 47 so n 360 238 214 0 408 378 1261 1153 795 393 -.030 
260 7.0 0.7 48 50 n 409 245 226 0 411 375 1161 1261 m l88 -.030 
270 6.6 0.4 48 so 78 432 251 228 1169 3, 360 1169 1420 798 m -.030 
280 6.2 0.4 48 51 13 447 254 225 0 370 340 

'~ 
1514 817 fJ -.o~ 

290 6.0 0.2 62 63 13 441 249 215 0 339 319 1184 726 -.o 
300 5.9 0.1 65 66 74 l82 244 201 0 316 297 700 880 597 299 -.020 
310 5.6 0.3 67 68 75 330 241 188 0 315 295 1048 892 604 313 -.020 
320 5.2 0.4 68 69 76 310 239 184 0 342 315 1150 878 628 330 -.025 
no 4.7 o.s 68 70 n 310 244 188 0 367 337 1108 909 656 339 -.025 
340 4.3 0.4 61 64 n 319 251 196 0 390 351 1144 915 674 348 -.025 
350 3.9 0.4 62 64 75 326 259 202 1132 399 356 1132 913 670 355 -.025 
360 3.6 0.3 67 69 76 329 268 205 0 399 361 1095 912 664 351 -.025 
370 3.3 0.3 62 65 n 328 276 205 0 395 359 1059 907 654 336 -.025 
380 3.1 0.2 60 62 75 325 280 203 0 386 359 1116 886 640 339 -.025 
390 2.8 0.3 67 68 76 318 285 202 0 379 356 1091 891 635 333 -.025 
400 2.5 0.3 69 70 n 313 289 200 0 375 353 888 895 6ll 336 -.025 
410 2.2 0.3 60 6l 76 310 292 .,. 0 369 352 881 890 629 l34 -.025 
420 2.0 0.2 6l 64 75 308 294 196 0 360 361 747 876 624 m -.025 
430 1. 7 0.3 67 69 76 305 298 193 0 3SO 389 723 8SO 616 326 -.025 
440 I. 4 0.3 66 68 n 302 300 192 0 343 395 682 849 616 332 -.025 
450 1.1 0.3 58 61 74 301 300 190 691 343 393 691 807 606 329 -.025 
460 0.9 0.2 67 68 76 295 303 187 0 339 394 703 813 599 328 -.0~ 
470 0.6 0.3 69 70 17 292 307 188 0 341 397 705 815 602 331 -.025 



OI'IU DVIRO!mEIT Al SERY ICES lilt. PROSRM IAJ£ IS: REPI.EIE 

MR£MT DATE/TIIlE IS 09~2-1987 I 16:43:55 DATA FJL£ NAI£ IS: SE045103.DAT 

--------------------------------------------------------------------------------------------------------------------------------CLIENT: WOODCUTTERS HODEL NO. KEJ-1101 
PROJECT NO. SE045-10/3 RUN NO. 3 
--------------------------------------------------------------------------------------------------------------------------------DATE: AUG 21 1987 TECH: DD 

FUEL HOIST <X> 21.25 CAT NO. OHW07 
--------------------------------------------------------------------------------------------------------------------------------FUEL CHARGE (LB> 30.1 COAL BED <LB) 6.0 --------------------------------------- -------------------
TEST STARTED: AUG 21 1987 10:20:29 P1l 

•••TEST DATA <FORH 1)*** 
(2J liT U21 UlJ Rl'lll61 (19) (20) (2J) (221 (231 (241 (251 rtf (261 (271 (321 (331 

Tlll£ liT Dlff Tin Tout TEI!P TOP JOT BACt FBOI~ LEFT RJ6tfl BEFCA IICAT AFTCAT nl£ DRifl ------------------- ----- -------------
480 0.3 0.3 59 62 76 294 3JJ 188 698 346 395 698 821 60' l31 -.025 
490 0.0 0.3 63 6S 75 296 314 188 658 344 393 0 834 616 329 -.025 ----------------- -------------------------------------

AY6: 76 356 263 204 953 343 363 1035 1035 709 l60 -.029 

--------------------- -------------------------------------
AYERAGE STARTIWS SURFACE ID!PERATURE ff): m 
AYERASE ENDIIfG SURfACE TEIIPERATUR£ (f): 307 
TEftPERATURE DIFFEREifCE fTt-T&J •••••••••• 10 

AYS. CHAHHEl 5: (FJ 93.9 AV6. CIWIMEI. 6: ff) 90 

All TEI!PERAT\JRES IN F, IIEI6KT 11 LBS. 

AVG. 0Wif£L 8: <FI 37.3 AYS. CHAMIIE\. 9: (FJ 95. 2 
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Mmufacturer U}~~ Run NJ. :? M:xiel No. KCJ 

Date £-;21-17 Project No. ~OAfS -;o 

Date Time Q:mnents 

s-~~\ \il ~~~ lbO ""-~ A f.l s~ Q ~ _ ~ ,. b ~. 
I I I 

( 

Qt1NI -SE. 017 
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Mmutact:urer (J) 0 o)J G uttyy?s Run NJ. ~ M:del NJ. 1<i tlg 
Dite 8/d-o/?; 7 Project lb. SE 0<-{5 -10 

r 1 

O::mnents 
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PUlL ll107l . OMNI J 
a.nm, WorlJJ9/}tfte-s - f<it£1 
mmx::Tu ,Eo 45-" / 
BCX:JI'H: 

RDN #: 3 
DATE: --~"~---..~¥-) 

PRE-BURN FUEL 
M:liS'IURE a:::NI'ENI' (METER - DRY BASIS) 

CALIBRATirn: Cal Value(l)=l2% .Actual Reading /02.50 
Cal Value(2) =22% .Actual Reading ;;;t..;;;) ,]..5 

Piece -r-
2 
3 

Length 
ft 
ft 
ft 

Length of OJt pieces: 

Readings 

inches 

FUrL 'lYPE AID NOJNI'& 2 X F F 4 X 4 k 
~ UW) MBIQll"s 3o. I AC'lUAL LOAD WE!Gfl': ----::::----;- (2 X 4) 
FUrL m LENmi: 17.~ 3o , 1 (4 x 4) 

3o.i Total 
MliS'IORE <XNl'EN1' (~- DRY BASIS) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

OVERAtL TEST FOFL LOAD M:1IS'IURE AVFI.r/GE: ;; I . I j; 

GRAVIMEmiC ANALYSIS - OVEN-DRIED FUEL SAMPLE 

DnfENSICNS: X X = an1 

DATF/TIME SAMPLE FLN::FD IN O!Jm: I I AM PM 
REMJVID: -~-~- - .AM PM 

INITIAL WEIGn' (I) - FINAL wEffi.rr(F) _ = NET WEIGn' 

DRY BASIS MJISlURE t = (I - F) 
F 

DRY BASIS BY l-eiER ---

WEI' BASIS M:l!SIURE % = 

TEST FUEL LOAD DENSIT'i = 

(I - F) 
F 

X 100 = 

X 100 = 

0-1NI-SE.006 



( 

( 
.;:.-._ ... ~. 

F\NAL 

EPA METHOD 5G RESULTS 

CLIENT WOODCUTTERS 
MODEL KEJ 

PROJECT # SE045-10 
RUN# 4 
DATE 8-24-87 

FILTER HOLDER A 

EPA METHOD 5G RESULTS 

************************************************************************ 
PARTICULATE CONCENTRATION <DRY-STANDARD> .• 
PARTICULATE EMISSION RATE •.•••••.••••....• 
ADJUSTED EMISSIONS ..•...•...•••..•••.••.•• 

0.0017 <GRAMS/DSCF> 
14.380 <GRAMS/HOUR> 

16.6 <GRAMS/HOUR> 
************************************************************************ 

TUNNEL TEMPERATURE AVERAGE ••••.•••••••.... 

AVERAGE DELTA P RUN DATA •.•..•.••••••..... 

<Vm>TOTAL SAMPLE VOLUME <METER CONDITIONS> 
AVERAGE GAS METER TEMPERATURE ..•....•.•... 
<vs>AVG. GAS VELOCITY IN DILUTION TUNNEL •• 
<Osd>AVG. GAS FLOW RATE IN DILUTION TUNNEL 
<Vmstd>TOTAL SAMPLE VOL. <STD. CONDITIONS> 

<mn) TOTAL PARTICULATES •..••••.•.•..•••••• 
AVERAGE DELTA H ...........•••.......•••••• 
TOTAL TIME OF TEST .........•..•....••.••.• 

114 <DEGREES FAHRENHEIT> 

0.040 <INCHES H20> 

118.451 
97 

13.76 
8598.89 
111.640 

<CUBIC FEET> 
<DEGREES FAHRENHEIT> 
<FEET/SECOND> 
<DSCFH> 
<DSCF> 

186.7 <MG> 
0.55 <INCHES H20> 
230 <MINUTES> 



TABLE 1 

RESULTS OF EFFICIENCY TESTING ON THE WOODCUTTERS WOOD STOVE 

RUN NUMBER 4 PROJECT NUMBER SE045-10 SERIAL NUMBER Cl106 
FINAL 

DATE OF TEST: 8-24-87 STOVE MODEL: I<EJ 

AVERAGE EFFICIENCIES 

******************************************************************************~ 
* COMBUSTION= 79- 0 'Y. * HEAT TRANS. a E30- S 'Y. * OVERALL-= 6 ::S - 9 

* 
******************************************************************************* 

EMISSIONS 

******************************************************************************* 
* PARTICULATES& 0.000 <grams/Kg-wood> 0.000 <grama/hour) * 
* CARBON MONOXIDE: 106.404 <grams/Kg-wood> 300.075 <grams/hour> * 
******************************************************************************* 

TEST DATA 

BURN RATE=mma=•=~a•=====•==•=•~==•==•===•==> 
I BURN RATE=====•==••==========-=•=•-=-=-===•-=•> 
I BURN RATE•••-=•=c=====•===•••••=•=••==•===m> 
I FUEL MOISTURE ••ac•~==••==••==-••-=••==•=••> 
I HEAT OUTPUT••••••a====•c•====•••=••====•===> 
I FUEL HISHER HEATINS VALUE••-=c=••c••=c-=-==a> 
I AVERASE STACK FLOW RATE===--••=•aaaa====•=•> 
I AIR TO FUEL RATIO•-=•=•=•=•=c=•==•=•====•-=c=> 

AVERASE EXCESS AIR==a•m•==a===•••=•=====•=•> 
AVERAGE STACK TEMPERATURE=m==========-==•==> 
AVERASE STACK MOISTURE •=====••=2=•=•======> 
AVERAGE C02=•===a===e==•==•s============-==> 
AVERAGE 02==~=============•==•==x==c=======> 
AVERAGE CO===m=====•=~=====a=c=c=======•=-==> 

1 -> 24 
0 66.01031 

7.46 
2.82 
3.38 

16.67 
34801.91 
8765.00 

9.97 
7.09 

47.23 
293.38 

12.13 
12.48 
7.55 
1.52 

(1 b/hr-wet) 
<kg/hr-dry> 
<kg/hr-wet> 
<X Wet bilsis> 
<Btu/hr> 
<Btu/lb-dry> 
<DSCF/minute w/HC> 
<1 b-ai r I 1 b-fuel ) 
<'Y. Stoichiometric> 
<Degretta F> 
<7. volume-wet w/HC> 
('Y. volume-dry w/HC> 
<'Y. volume-dry w/HC> 
<7. volume-dry w/HC> 

16z11:44 
09-02-1987 

OVERALL EFFICIENCY WITHOUT STOVE TEMPERATURE CHANGE= 63.7 'Y. 



TABLE 2A 
TEST DATA LISTING 

CLIENT: WOODCUTTERS RUN NUMBER: 4 DATE OF TEST: 8-24-87 

PROJECT NUMBER: SE045-10 
FUEL MOISTURE: 20 
-3.30975E-03 
BAROMETRIC PRESSURE <in Hg>: 30.03 
STOVE WEIGHT <lbs>: 407 
CHANGE IN STOVE TEMPERATURE<F>: -55 
FUEL COMPOSITIONz XC= 51 Y.H 7.3 
METHOD 5 RESULTS: Y. MOISTURE= 12.46 

MODEL NUMBER: I<EJ 
STACK STATIC PRESSURE<in HQ>: 

ROOM TEMPERATURE <F>: 77 
AMBIENT MOISTURE CONTENT <Y.>: 
FUEL HHV <BTU/lb>: 8765 

7.0= 41 
GRAIN LOADING <gr/scf>= 0 

1. 9 



TABLE 2B PAGE 1 

( 
FIELD DATA 

CLIENT: WOODCUTTERS RUN NUMBER: 4 DATE: 8-24-87 

Dry and HC free 
PT TIME WT. FUEL /.C02 /.02 /.CO WT BLB DRY BLB TRACER 
******************************************************************************i 

1 0 28.60 14.00 6.90 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 5.90 165.0 335.0 100.0 
4 30 19.70 17.70 3.20 3.46 156.0 343.0 100.0 
5 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 60 12.50 16.60 4.40 2.28 149.0 329.0 100.0 
8 70 10.60 16.50 4.20 2.02 1:56.0 326.0 100.0 
9 80 8.70 16.70 3.80 1.99 154.0 329.0 100.0 
10 90 7.10 15.70 4.90 1.03 1:53.0 326.0 100.0 
11 100 5.90 14.70 6.00 0.54 151.0 321.0 100.0 
12 110 4.90 13.20 7.60 0.46 144.0 318.0 100.0 
13 120 4.20 10.60 9.90 0.27 142.0 291.0 100.0 
14 130 3.80 10.10 10.50 0.29 134.0 290.0 100.0 
15 140 3.40 10.00 10.60 0.37 127.0 269.0 100.0 
16 150 3.00. 10.30 10.40 0.44 128.0 261.0 100.0 
17 160 2.60 10.10 10.50 0.36 130.0 258.0 100.0 
18 170 2.20 9.50 11.20 0.58 126.0 252.0 100.0 
19 180 1.80 9.30 11.40 0.65 126.0 250.0 100.0 
20 190 1.50 9.20 11.60 0.72 122.0 245.0 100.0 

,,,..;..·.·~'»;~ ........ ~ . 21 200 1.10 9.30 11.30 0.62 124.0 247.0 100.0 
. ( 

22 210 0.80 9.00 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 o.oo 9.30 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 

PT FLOW RATE DRY BURN RATE STACI< MOISTURE STACK TEMP 
<DSCFM w/HC> <LB/HOUR-CALCULATED> <'l.VOLUME-w/HC) <F> 

******************************************************************************* 

1 9.97 6.01 9.97 307.0 
2 9.97 10.84 21.62 334.0 
3 9.97 10.72 23.6:5 33:5.0 
4 9.97 9.38 17.59 343.0 
5 9.97 9.80 18.15 346.0 
6 9.97 8.91 17.68 339.0 
7 9.97 8.27 14.44 329.0 
8 9.97 7.95 17.94 326.0 
9 9.97 7.93 16.67 329.0 
10 9.97 6.96 16.14 326.0 
11 9.97 6.29 15.09 321.0 
12 9.97 5.68 12.30 318.0 
13 9.97 4.37 12.01 291.0 
14 9.97 4.22 8.81 290.0 
15 9.97 4.24 6.88 269.0 
16 9.97 4.45 7.40 261.0 
17 9.97 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 9.97 4.24 5.94 245.0 

.... ,.-;-:•. 21 9.97 4.12 6.48 247.0 
22 9.97 3.82 9.24 241.0 
23 9.97 4.04 5.55 238.0 
24 9.97 4.30 :5.35 246.0 



01111 EHYIROtOIOOAL SERVIC£5 Inc. PROGIWI lME IS: IEP l.EI£ 

CURREMT IIATE/Tfl£ IS 09-G2·1987 I 16:45:50 lATA Fll£ NME 1St SE045104.DAT 

CLIENT: WOODCUTTERS MODEL NO. KEJ-1101 
--------------------------------------------------------------------------------------------------------------------------------PROJECT NO. SE045-10/4 RUN NO. 4 
-----------------------------------------------------------------------------------------------------------------------------DATE: AUG 25 1987 TECH: DD -------------------- ---------------------------
FUEL MOIST (X) 20.00 CAT NO. OMW07 --------------------------
FUEL CHARGE <LB) 28.6 COAL BED <LB) 5.7 --------------------------------------------------------
TEST STARTED: All& 25 1987 02:03:43 All 

(2) 1fT (12) 
TlftE 1fT JIFf Tia 

0 28.6 0.0 58 
10 25.3 3.3 59 
20 22.3 3.0 59 
30 19.7 2.6 59 
40 17.1 2.6 59 
50 14.6 2.5 59 
60 12.5 2.1 59 
70 10.6 1.9 59 
80 8.7 1.9 59 
90 7.1 1.6 59 

100 5.9 1.2 59 
110 4.9 1.0 59 
120 4.2 0.7 59 
130 3.8 0.4 58 
140 3.4 0.4 57 
150 3.0 0.4 57 
160 2.6 0.4 60 
170 2.2 0.4 " 
180 1.8 0.4 57 
190 1.5 0.3 6l 
200 1.1 0.4 &8 
210 0.8 0.3 58 
220 0.4 0.4 56 
230 o.o 0.4 66 

***TEST DATA <FOR" 1)*** 
(JU 11ft 116J u9, 120, 12u ~ 123J f24l 125, 1261 n# 1321 
Tout TEftP TOP BOT lACK FBOI UFT RJSHT BEftAT IIICAT trTCAT fll( 

62 
6l 
62 
62 
62 
6l 
63 
63 
63 
63 
6l 
6l 
62 
62 
61 
60 
62 
68 
60 

" 70 
62 
59 
&8 

n 
78 
78 
78 
78 
78 
78 
1'9 
79 
1'9 
19 
79 
78 
78 
n 
76 
75 
78 
76 
75 
n 
n 
75 
76 

456 
472 
504 
542 
571 
587 
610 
620 
630 
630 
615 
586 
539 
486 
441 
415 
400 
390 
385 
381 
376 
368 
363 
360 

316 
335 
341 
336 
326 
317 
310 
305 
303 
305 
311 
320 
329 
337 
347 
353 
359 
362 
362 
358 
356 
354 
351 
346 

-------- ------
293 1044 535 507 1044 1149 
295 o 476 4n 1252 1334 
298 0 w 467 J402 1538 
110 o 474 4n 1390 1578 
324 0 492 489 J474 1627 
333 0 501 504 1490 1571 
331 o soo 513 1482 15n 
324 0 499 529 151 1600 
316 0 502 546 1,1 1 1624 
317 0 509 559 1465 1613 
317 0 517 562 1394 1596 
313 0 519 552 1276 1398 
300 0 516 532 1081 1138 
281 0 506 514 1023 1082 
262 o 4n 4% 9~ 1038 
250 0 494 487 924 995 
243 0 488 w 925 1005 
236 0 476 490 81'9 984 
233 0 4, 473 867 989 
229 0 466 466 843 973 
224 122 459 463 822 m 
222 0 468 463 834 919 
222 820 455 470 820 924 
219 0 436 471 122 9SO 

1183 
0 

2150 
1148 
UJI 
uae 
Jl64 
1165 
1163 
1168 
1153 
JUS 
1062 

0 • 1347 
2084 • • tn6 
1127 
1497 
1378 
1914 

488 
525 
,.3 
568 
592 
596 
583 
599 
593 
590 
582 
561 
518 
486 
459 

- 448 
431 
432 
426 
418 
416 
409 
408 
410 

---------------------------AYS: n 489 335 21'9 m 488 499 toes 1256 1364 503 

(ll) 
DRAfT 

-.045 
-.055 
-.055 
-.055 
-.055 
-.oss 
-.055 
-.050 
-.~ 
-.050 
-.~ 
-.050 
-.050 
-.045 
-.045 
-.045 
-.045 
-.040 
-.040 
-.040 
-.040 
-.040 
-.040 
-.040 

-.047 

AVERAGE STARTIIG SlRFAC£ TEliP£RATLIE IFh 421 
AYE.RASE EIIDI•s SURfACE TEIFERATlll£ Cfh 366 
TERP£RATUR£ DlFfEREliC£ Ht-Tsl •••••••••• -55 

AU TEJIP£RAT1JI£S II f, IIEl&KT ll US. 

AY&. OWGn 5s (ft f7.3 AY&. OWIIEL. 6: (f) 101 AY6. CHANCa 8: ff) 37.3 AY6. CHMJ€1. t: (f) U3.4 



.. Khti$ - lfBS!I 
.MNI ..1 

( 
RDN I 'f a,nm Wooo C0tkttS ~ 1 SEo¥s-J~ M:mL _,L;,K=-=C,:;...\T=---

BCXmi I 

CX::W:. BED OiARAC'IERISTICS 
WEIGJT AT START: 0: 7 (CXXL _, <LCWIN3 __:::_, FLARIN:; / ) 

'lES"l' FOEL a:NFIOORAT.ICN SKE'lQi (IK>I~ VIEW ANLE) 

FRo~ 

S'mRl' UP PROC:E1XIRES I 
BY-FA$ TIME OPEN , Q.CQD V' . 
Fl:Jm, LCW>DG IXXR AlAR 7(? /940 FeR:::::--_ -_r?--:: __ MINJl"ES 

SPD:mARY AIR SF!!' EixeJ> 

'l'ER'l'IARY AIR SF!!' tJ, A. FCR N.A-· 
omm .A · 

PRIJoSMY AIR SEO:NlARY 'l'ER'l'IARY FAN 

Fvll H,rh 

Fixc.D #,tJ. fi/;J, 

CMNI-SE.OOS 



( 

( 

OMNI ______ J 
RON#: r 
DATE: --::-f-'-... ,.2-y~--n~ 

PRE-BURN F'UFL 
MllsruRE a:NI'ENl' (MF:rrn - DRY BASIS) 

CALIBRATIOO: cal Value ( 1) =12% Acb.lal Reading 
cal Value(2)=22% Acb.lal Reading----

' ./ 

. Piece 
1 
2 
3 

Length 
__LfL ft 

ft 
ft 

Length of cut pieces: "-7'' inches 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

j'f,tJ 
.;< o. 6 
f;_ii!,C o.o 
~ 

omw.L 'l'ES'l' FmL LOAD MliSlURE AV'FlW.;E: 2-(), 0 Q 

GRAVIMETRIC ANILYSIS - CWEN-DRIID roEL SAMPLE 

D~Ia-5: X X = an3 

DATF/TDfE SAMPLE fL1a£::ED IN CNF.N: I I --- AM 1M 
REMJIIID: -~-~- AM 1M 

INITIAL WEIGfl' (I) - PnW.. WEIGfl'(F) = NET WEIGfl' _ 

DRY BASIS MliSl'URE % = (I - F) 
F 

DRY BASIS BY ME'l'.EX ---

WET BASIS MJIS'IURE \ = 

TEST FUEL I..OAD DENSI'IY = 

(I - F) 
F 

X 100 = 

X 100 = 

gm/an' 

CMNI-SE.006 



Ofllll EWIROIUI£JlTAL SERVICES Inc. PIO&RM MNIE IS: REPI.EIE 
CURRENT DATE/TIRE IS Oi-Gl-1987 I 16:48:38 DATA FILE MARE lS1 SE045104.DAT 

----------------------------------------------------------------------------------------- --------
CLIENT: WOODCUTTERS MODEL NO. KEJ-1101 
------------------------------------------------------------------------------------------------------PROJECT NO. SE045-10/4 RUN NO. 4 
------------------------------------------------------------------------------------------------------------------------------DATE: AUG 25 1987 TECH: DD 
----------------------------------------------------------------------------------------------------------------------------FUEL MOIST <X> 20.00 CAT NO. OMW07 -----------------------------------------------------------
PRE BURN STARTED: AU& 25 1987 12:24:21 Aft 

***PRE BURN DATA*** 
(21 MT (121 Ull RftH61 (19) (20) (21) 1221 1231 (24) 1251 1261 127) (321 (33) 

TillE VT DIFF Tin Tout TEIIP TOP BOT BAa FBOI LEFT Rl6KT BEFCAT IIICAT AFTCAT FLI£ DRAfT --------- ------
0 16.6 o.o 52 54 86 584 214 389 1195 532 510 0 1363 1121 600 -.050 

10 15.4 1.2 57 61 79 565 221 336 1222 429 425 0 1563 lOSt 494 -.040 
20 11.8 3.6 57 61 76 552 234 296 1025 466 414 0 1475 1052 537 -.040 
30 10.0 1.8 57 61 76 552 234 296 1025 466 414 0 1475 1052 537 -.045 
40 8.0 2.0 58 61 76 Sl7 244 309 1366 514 485 0 1595 1088 553 -.045 
50 6.1 1. 9 59 62 n 537 261 323 1123 564 518 0 1251 1090 545 -.045 
60 8.1 -2.0 59 63 79 462 290 303 'fn 518 510 0 1160 0 503 -.050 
70 6.9 1.2 59 62 79 463 304 297 1049 535 499 0 1199 1206 509 -.045 
80 6.0 0.9 58 62 n 456 316 293 10« 535 507 0 1149 1183 488 -.045 



( 

I 

( 

DESOUBE ~ SKE1U-J AIR OR 'I"HERM:6'TAT SET'I'1.N3S BEU:.W: 
(SE'I'T'IJIGS M.Jsr BE ACOJAATE ANJ REPRClXJCIBLE} 

f'RIMARY: SEXXN:lARY: TEXI'I.ARY: 

Fv I I If, jlt 

Ft~eD }/.11~ 

. 

- AIR ('l1DM:>) aw.ms F.AN N:D RElUJE 
SETim FUEL FUEL 

TIME PRJ:MARY SEX:DRY 'J'FRJ 'RY ~.N:;E +WI'. -wr. 

I I 
+1$- ...... 

.: 

FAN: 

.. 

#~ 

RAKF: cu.\L <lM'1ENr 



( 

FINAL 

EPA METHOD 58 RESULTS 

CLIENT WOODCUTTERS 
MODEL I<EJ 

PROJECT # SE045-10 
RUN# 6 
DATE 8-25-87 

FILTER HOLDER B 

EPA METHOD 5G RESULTS 

************************************************************************ 
PARTICULATE CONCENTRATION <DRY-STANDARD> .• 0.0020 <GRAMS/DSCF> 
PARTICULATE EMISSION RATE................. 16.439 <GRAMS/HOUR> 
ADJUSTED EMISSIONS........................ 18.6 <GRAMS/HOUR> 
************************************************************************ 

TUNNEL TEMPERATURE AVERAGE •••.•..••••.•••• 86 <DEGREES FAHRENHEIT> 

AVERAGE DELTA P RUN DATA ••••••••••••••.••• 0.036 CINCHES H20> 

<Vm>TOTAL SAMPLE VOLUME <METER CONDITIONS> 374.646 <CUBIC FEET> 
AVERAGE GAS METER TEMPERATURE............. 91 <DEGREES FAHRENHEIT> 
<vs>AVG. GAS VELOCITY IN DILUTION TUNNEL.. 12.73 <FEET/SECOND> 
(Qsd>AVG. GAS FLOW RATE IN DILUTION TUNNEL 8369.21 <DSCFH> 
<Vmstd>TOTAL SAMPLE VOL. <STD. CONDITIONS> 357.230 <DSCF> 

<mn) TOTAL PARTICULATES •..••••..•..•..•.•• 
AVERAGE DELTA H ••..•....•.••.•.•....•..•.. 
TOTAL TIME OF TEST ••.•••.•.•........•..•.. 

701.7 <MG> 
0.55 <INCHES H20> 

730 <MINUTES> 



TABLE 1 

RESULTS OF EFFICIENCY TESTING ON THE WOODCUTTERS WOOD STOVE 

RUN NUMBER 6 PROJECT NUMBER SE045-10 SERIAL NUMBER Cll06 

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

AVERAGE EFFICIENCIES 

******************************************************************************* 
* COMBUSTION= 75- 2 /. * HEAT TRANS.= 82- 3 /. * OVERALL= 61 - 9 

* 
******************************************************************************* 

EMISSIONS 

******************************************************************************* * PARTICULATES: 0.000 <grams/Kg-wood) 0.000 <grams/hour> * 
* CARBON MONOXIDE: 207.895 <gram5/Kg-wood> 189.244 <grams/hour> * 
******************************************************************************* 

TEST DATA 

BURN RATE••m•=====•==••••••==•=•===••=•==•=> 
BURN RATE•=====•••--•=••=••--=••s•========c> 
BURN RATE••••••csa••••••••••=••••==•===•=••> 
FUEL MOISTURE s••==••••••••••=•••=•=•=•==•=> 
HEAT OUTPUT==•=====•==•=••za•=•m====•=••==•> 
FUEL HIGHER HEATING VALUE•=•==•••=•=•••===~>. 
AVERAGE STACK FLOW RATE•••=•••=•=•=••=-===•> 
AIR TO FUEL RATIO===••==•=•==•o=••••=•••a••> 
AVERAGE EXCESS AIR••==c•===••••••••--•a====> 
AVERAGE STACK TEMPERATURE••=•••••=•=•=••=ac> 
AVERAGE STACK MOISTURE ===•==•••====a=••===> 
AVERAGE C02==•=•===•=•===============•c=••=> 
AVERAGE 02==-===•••====•======•=••==•=•==•=> 
AVERAGE CO•=•c=~•a=•===z=•=====•=•••m==•--•> 

2.41 
0.91 
1.09 

16.67 
10889.74 
876!5.00 

6.18 
13.92 

184.63 
132.03 

8.88 
5.86 

14.05 
1. !55 

<lb/hr-wet> 
<kg/hr-dry> 
<kg/hr-wet> 
<7. Wet basis) 
<Btu/hr> 
<Btu/lb-dry> 
<DSCF/minute w/HC> 
<lb-air/lb-fuel > 
<X Stoichiometric) 
<DegrtHts F> 
<X volume-wet w/HC) 
<'1. volume-dry w/HC> 
(/. volume-dry w/HC> 
<X volume-dry w/HC> 

1 -> 74 16:25:27 
0 62.32538 09-02-1987 

OVERALL EFFICIENCY WITHOUT STOVE TEMPERATURE CHANGE= 61.7 /. 

. . 



TABLE 2A 
TEST DATA LISTING 

CLIENT: WOODCUTTERS RUN NUMBER: 6 DATE OF TEST: 8-25-87 

PROJECT NUMBER: SE045-10 
FUEL MOISTURE: 20 
-1.10325E-03 
BAROMETRIC PRESSURE (in Hg>: 30.04 
STOVE WEIGHT <lbs>: 407 
CHANGE IN STOVE TEMPERATURE<F>: -57 
FUEL COMPOSITION: XC= 51 XH 7.3 
METHOD 5 RESULTSt X MOISTURE= 9 

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

ROOM TEMPERATURE <F>: 73 
AMBIENT MOISTURE CONTENT 
FUEL HHV <BTU/lb>: 8765 

XO• 41 
GRAIN LOADING <gr/scf>= 0 

(X,) : 1. 6 



TABLE 2B PAGE 1 

FIELD DATA 

CLIENT: WOODCUTTERS RUN NUMBER: 6 DATE: 8-25-87 

Dry and HC free 

PT TII'lE WT. FUEL /.C02 /.02 /.CO WT BLB DRY BLB TRACER 

******************************************************************************i 

1 0 29.30 7.80 13.30 0.11 105.0 154.0 100.0 

2 10 28.40 6.30 14.50 0.45 124.0 166.0 100.0 

3 20 28.10 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 

5 40 27.80 2.20 17.80 0.55 104.0 121.0 100.0 

6 50 27.70 2.20 17.80 0.72 103.0 114.0 100.0 

7 60 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 

9 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 2.58 128.0 146.0 100.0 

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 

17 166 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 lOO.O 

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 6.10 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 0.95 112.0 135.0 100.0 

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 

38 370 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 15.50 1. 85 95.0 114.0 100.0 

41 400 9.70 4.40 15.20 2.05 93.0 115.0 100.0 

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 94.0 117.0 100.0 

44 430 9.10 4.90 14.90 1.93 95.0 118.0 100.0 

45 440 8.90 5.40 14.50 2.04 99.0 124.0 100.0 

46 450 8.60 5.10 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 14.50 2.18 103.0 132.0 100.0 

49 480 7.50 5.50 14.40 2. 12 105.0 135.0 100.0 

50 490 7.10 6.40 13.80 1. 78 107.0 137.0 100.0 



TABLE 2B PAGE 2 
FIELD DATA 

CLIENT: WOODCUTTERS RUN NUMBER: 6 DATE: 8-25-87 

Dry and HC free 
PT TIME WT. FUEL /.C02 /.02 /.CO WT BLB DRY BLB TRACER 
******************************************************************************* 

51 500 6.80 6. 10 14.00 1. 78 107.0 135.0 100.0 
52 510 6.50 6. 10 14. 10 1. 68 106.0 137.0 100.0 
53 520 6.10 6.30 13.90 1. 66 106.0 137.0 100.0 
54 530 5.60 6.70 13.70 1. 67 109.0 138.0 100.0 
55 540 5.20 6.70 13.80 1.53 109.0 142.0 100.0 
56 550 4.80 6.90 13.60 1.48 111.0 143.0 100.0 
57 560 4.20 9.00 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 
60 590 3.20 5.40 15. 10 0.41 102.0 126.0 100.0 
61 600 3.10 5.10 15.30 0.61 97.0 121.0 100.0 
62 610 2.90 6.00 14.30 1. 46 97.0 121.0 100.0 
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 
65 640 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 
67 660 1.00 6.80 13.70 0.57 106.0 134.0 100.0 
68 670 0.90 :5.50 1:5.00 0.34 100.0 125.0 100.0 
69 680 0.70 4.00 16.30 0.38 94.0 118.0 100.0 
70 690 0.70 3.30 16.80 0.:53 89.0 114.0 100.0 

~.~ •. ·..,;.:OS 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 94.0 124.0 100.0 
74 730 o.oo 6.90 13.30 1.38 93.0 127.0 100.0 



TABLE 3 PAGE 1 

CHO BALANCED TEST DATA 

CLIENT: WOODCUTTERS RUN NUMBER: 6 DATE: 8-25-87 

PT FLOW RATE DRY BURN RATE STACK MOISTURE STACI< TEMP 

<DSCFM w/HC> <LB/HOUR-CALCULATED> (/.VOLUME-w/HC> <F> 

****************************************************************************** 

1 6.18 2.11 6.20 154.0 

2 6.18 1. 78 12.44 166.0 

3 6.18 0.91 10.30 148.0 

4 6. 18 0.72 8.59 130.0 

5 6.18 0.53 7.17 121.0 

6 6.18 0.61 7.17 114.0 

7 6.18 0.94 6.73 112.0 

8 6. 18 1.96 7.96 115.0 

9 6.18 2.72 9.24 121.0 

10 6.18 2.94 12.46 131.0 

11 6.18 2.81 15.09 142.0 

12 6.18 2.53 14.95 146.0 

13 6.18 2.52 13.34 141.0 

14 6.18 2.26 13.81 140.0 

15 6.18 2.37 13.81 140.0 

16 6. 18 2.47 14.22 141.0 

17 6.18 2.54 14.22 141.0 

18 6.18 2.45 13.77 141.0 

19 6.18 2.49 14.25 140.0 

20 6.18 2.52 14.63 142.0 

(~:~:· ':-7' .. ..,... <·-:·~~: -:··:. 21 6.18 2.59 15.02 144.0 

(, 22 6. 18 2.64 15.31 149.0 

23 6.18 2.76 14.66 15.4.0 

24 6. 18 2.48 15.14 1!54.0 

25 6.18 1. 74 13.74 142.0 

26 6.18 1. 11 10.93 131.0 

27 6.18 1.12 9.38 126.0 

28 6.18 1.40 8.31 121.0 

29 6.18 2.07 8.58 122.0 

30 6.18 2.48 9.30 128.0 

31 6.18 2.66 10.60 130.0 

32 6.18 2.84 10.74 136.0 

33 6.18 3.03 12.17 139.0 

34 6.18 2.52 10.31 138.0 

35 6.18 2.05 9.04 135.0 

36 6.18 1.65 . 8.35 128.0 

37 6.18 1. 26 7.37 123.0 

38 6.18 1.08 6.83 116.0 

39 6.18 1. 78 5.96 113.0 

40 6. 18 1.47 5.23 114.0 

41 6.18 1.64 4.77 115.0 

42 6.18 1. 76 5.20 11!5.0 

43 6.18 1.69 4.90 117.0 

44 6.18 1. 77 5.08 118.0 

45 6.18 1.98 5.77 124.0 

46 6.18 1.94 6. 19 126.0 

47 6.18 1.98 6.04 130.0 

48 6. 18 1.98 6.48 132.0 

49 6.18 2.04 6.92 135.0 

50 6.18 2.21 7.41 137.0 



TABLE 3 PAGE 2 
CHO BALANCED TEST DATA 

CLIENT: WOODCUTTERS RUN NUMBER: 6 DATE: 8-25-87 

PT FLOW RATE DRY BURN RATE STACK MOISTURE STACK TEMP 
<DSCFM w/HC> <LB/HOUR-CALCULATED> <I.VOLUME-w/HC> < F > 

******************************************************************************* 

51 6.18 2.10 7.49 135.0 
52 6. 18 2.09 7. 12 137.0 
53 6. 18 2.13 7.12 137.0 
54 6. 18 2.29 7.98 138.0 
55 6.18 2.26 7.83 142.0 
56 6. 18 2.29 8.42 143.0 
57 6.18 2.76 9.54 149.0 
58 6.18 2.44 8.63 146.0 
59 6.18 1.84 8.40 135.0 
60 6. 18 1.45 6.45 126.0 
61 6.18 1. 43 5.42 121.0 
62 6.18 2.00 5.42 121.0 
63 6.18 2.49 6.60 129.0 
64 6. 18 2.54 7.86 133.0 
65 6.18 2.57 9.19 140.0 
66 6.18 2.45 8.45 142.0 
67 6.18 1.87 7.24 134.0 
68 6.18 1.44 5.98 125.0 
69 6.18 1.01 4.86 118.0 
70 6.18 0.84 4.01 114.0 

..... ·.V: ... ~ 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 6.18 2.16 4.30 127.0 
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01'1111 ESV!RO!I~ElHAL SERVICE~ Inc. 

CU~REIIT TIA!Ei'I~E I~ 0E-:6-l9E? i 13:21:13 

FR06F.A1'1 NA~ IS: P.EP1.EIE 

GHTA FILE NAKE IS: SE045106.l 

------------------------------------------------------------------------------------------------------------------------------
CLIENT: WOODCUTTERS HODEL NO. KEJ 
-----------------------------------------------------------------------------------------------------------··------------------

NO. SE045-10/#6 RUN NO. #6 PROJECT 
------------------------------------------------------------------------------------------------------------------------------
DATE: AUG 30 1987 TECH: JS/SD 
-----------------------------------------------------------------------------------------·------------------------------------
FUEL MOIST (/.) 20 CAT NO. OMW07 

----------------------------------------------------------------------·-------------------------------------------------------
FUEL CHARGE <LB> 29.3 COAL BED <LB> 6 
------------------------------------------------------------------------------------------------------------------------------
TEST Si ?~.TED: AUG }) 1987 0:50~51 API 

***TEST DATA <FORM 1>*** 

~ 2! WT (i2l (Jll RH!16l !19) (20l !2!l i72l ¥.. (23l (24J \25l (26) <27l !32J c 
T!K£ IIi D!FF T:n To:.tt TEPIP TOP BOT BACK FSOX LEFi ~IGHT EEFCAT !NCAT AFTCAi * FLUE DR~ 

------------------------------------------------------------------------------------------------------------------------------
0 ~Q • 0.0 57 <Q 71 2~4 189 186 (' 33~ 352 677 9~" 0 304 -.c .... .:- J • .., .. 

10 28.4 o.q 64 65 72 306 191 i92 0 302 303 526 955 0 303 -.c 
20 28.! o.: 66 b? i3 284 192 184 0 260 258 42\' 609 0 263 -.0 

30 27.9 •). 7 bt 67 74 246 192 168 0 2~8 225 .... 422 0 224 -.0 ,)..,,l 

40 27.8 0.1 67 68 74 211 187 1 c. 0 208 205 31! 349 (! 198 -.0 
J~ 

50 ~- - o.: 66 67 74 185 1E6 Hi 0 191 188 283 311 0 180 -.0 
d. I 

60 27.6 0.1 66 67 H 163 !84 !30 0 177 173 
., .. 294 0 164 -.0 
·"' 0 

70 27.2 0.4 66 67 73 151 182 122 0 171 164 287 311 0 163 -.0 
so ~6.8 0.4 66 67 74 146 !81 118 0 179 167 312 35-4 0 170 -.0 
9~ 26.2 0.6 66 67 7~ 149 182 119 355 195 !78 3~5 407 0 185 -.0 

!00 25.4 (·.E 66 t.7 i3 157 163 125 0 216 194 484 484 0 205 -.0 
110 24.6 O.E 66 67 73 170 185 131 0 225 203 410 ~66 0 213 -.0 
120 23.9 0.7 1;6 67 73 177 186 !34 0 226 209 4b4 464 0 214 -.0 
130 23.2 0.7 66 67 73 181 188 136 423 225 212 423 463 0 216 -.0 
140 22.5 0.7 66 67 73 183 189 136 0 224 217 430 469 0 214 -.0 
150 21.9 0.6 66 67 73 185 191 135 0 222 221 444 479 0 215 -.0 
160 2!.1 0.8 bb 67 73 187 194 135 0 223 225 448 487 0 220 -.0 
170 20.4 0.7 66 67 73 189 196 135 0 223 230 446 494 0 218 -.0 
180 19.7 0.7 66 67 n 192 198 133 0 226 234 H3 501 0 221 -.0 
190 !9.0 0.7 66 67 73 193 201 134 0 227 240 H5 514 0 223 -.0 
200 18.2 0.8 bb 67 73 196 204 ~34 0 231 249 471 65~ 0 233 -.0 

210 17.4 0.8 66 67 73 218 207 136 0 234 258 492 997 0 259 -.0 
220 16.6 0.8 66 67 73 248 209 144 0 234 265 512 !082 0 276 -.o: 
230 15.9 0.7 66 67 73 280 211 !50 530 2!7 271 530 1096 0 28b -.0 
240 15.4 0.5 66 67 73 298 213 !53 0 235 27! ~96 957 0 269 -.o: 
250 15.1 0.3 66 67 73 279 215 ISO 0 226 260 426 736 0 242 -.o: 
260 14.9 0.2 66 67 73 254 214 145 0 218 251 39! 630 0 227 -.o: 
270 14.6 0.3 66 67 73 225 211 138 0 210 243 369 505 0 210 -.0 
280 14.3 0.3 65 67 73 203 207 132 0 205 247 390 438 0 207 -.0 
290 13.8 0.5 65 67 72 188 202 128 419 211 267 419 4~11 0 211 -.0 J.. 

300 13.3 0.5 65 66 i2 183 !97 127 0 218 286 454 456 0 217 -.0 
310 12.7 0.6 65 66 72 166 192 129 0 228 307 476 ~98 0 229 -.0 
320 12.0 0.7 65 66 72 192 189 137 0 236 327 536 536 0 238 -.0 
330 11.4 O.b 65 66 72 214 i87 138 551 245 342 551 s2e 0 258 -.0 
340 10.9 (•.5 65 67 72 238 185 143 () 243 336 536 900 0 261 -.0 
350 10.7 0.2 66 67 72 252 185 145 0 239 324 502 666 0 251 -.0 
360 lC•. 4 0.3 b6 67 72 251 1£4 144 0 231 306 457 776 0 237 -.0 
370 10.3 0.1 66 67 72 238 183 141 0 223 288 41S 670 0 222 -.0 
380 10.! 0 -, 65 66 72 218 131 136 0 214 273 393 540 0 209 -.0 .. 
390 10.0 0.1 65 66 72 199 !78 130 0 206 264 395 449 0 205 -.0 
400 9.7 o.: 65 66 71 185 m 126 0 203 264 406 420 0 200 -.0 
410 9.6 0.1 65 66 71 178 1 • ., 1"1' 0 202 265 409 424 0 200 -.0 '• ... 
420 9.4 0.2 64 65 71 175 17(1 122 0 203 269 414 4cr 0 202 -.0 J,J 

430 9.1 o.: 64 65 71 175 169 123 0 204 275 HS 4?7 0 203 -.0 
440 8.~ t...• • .:. 65 66 /i.. :79 168 126 0 210 i88 4:3 468 0 212 -.0 
450 8.6 0.3 66 6E 74 184 17G 130 0 215 292 435 522 0 220 -.0: 
460 8.2 0.4 67 c8 75 1~0 !74 ~~ 0 217 293 C6 602 0 227 -.0. . .:.)..) 
470 - c; 0.3 68 69 76 m !80 136 0 217 294 ca 680 0 234 -.0: '·. 
480 - c 0.4 bE 69 76 2{15 185 1:9 0 219 295 457 757 ~ 241 -.0' 

.I • ~~ 



0"~1 ENV!?.ONMfNTMl SERVICES Inc. PRQ6RA" NAM£ IS: REFl.EIE 

CURRENT DATEiTJME IS OB-26-1987 i 1?:23:53 DATA F!~E NAME IS: SE045!06.DA1 

( 

CLIENT: WOODCUTTERS HODEL NO. t<EJ 

PROJECT NO. SE045-10/#6 RUN NO. #6 

DATE: AUG 30 1987 TECH: JS/SD 

FUEL MOIST (/.) 20 CAT NO. OMW07 

FUEL CHARGE <LB> 29.3 COAL BED <LB> 6 

!EST STARTED: AU6 30 !987 01:50:5I A" 

***TEST DATA <FORM 1) *** 

i2l iiT (12) (11! Rl'!i 161 il9l !201 (2ll i22J (23j i24: ;zsl !261 !27) (321 !331 
TI!1E IF DIFF Tin Tout TEI'!P TOP BOT BACK FBOJ* LEFT RJ6P.T BEFCAT INCAT <iFTCAT* FLUE DRAF: 
--------------------------------------------------------------------------------------------------------------------------------

490 7.! 0.4 62 65 77 2IS I92 143 (I 228 302 47-,.:J 810 0 246 -.015 
soc 6.8 0.3 62 64 74 226 198 143 0 227 298 466 88i 0 250 -.020 
5!) e.s 0.3 66 67 74 234 204 144 0 229 295 463 907 0 252 -.020 
520 6.1 0.4 66 67 74 240 209 I44 0 228 293 462 925 0 255 -.020 
530 5.6 0.5 66 67 74 247 2I3 145 0 231 289 471 978 0 259 -.02C 
5~0 5.2 0.4 66 67 74 255 216 146 0 234 263 464 K01 0 264 -.025 
~5{1 4.8 0.4 66 67 73 263 218 146 0 236 277 467 1050 0 267 -.020 
560 4.2 0.6 66 67 73 273 220 ISO 0 246 274 501 IOS4 0 275 -.020 
570 3.7 0.5 66 67 73 288 222 I 55 0 264 272 527 1164 0 283 -.020 
58() 3.4 0.3 66 67 73 300 223 ISS 0 267 267 495 1046 0 27I -.020 
590 ~ ? 

-'·~ 0.2 66 67 73 290 224 ISS 0 267 256 438 862 0 Z52 -.020 
beG 3.1 0.1 66 67 73 266 224 149 11 ~65 245 405 757 0 231 -.015 

( 61v ') 0 0.2 65 67 T3 242 22I 143 0 262 236 399 742 0 225 -.01!; Lo • 

620 2.6 0.3 65 66 72 228 218 139 0 277 236 433 767 0 229 -.015 
630 2.2 0.4 65 67 72 222 215 I40 0 301 245 477 850 0 238 -.015 
640 l.E 0.4 66 67 72 229 213 145 0 318 253 510 953 0 258 -.020 
650 !.3 0.5 66 67 72 250 211 152 0 330 262 525 999 0 271 -.020 
660 1.0 0.3 66 67 72 272 211 158 0 3I9 259 5I4 1017 0 260 -.OlO 
670 0.9 0.1 66 67 1-. .,) 278 212 !58 0 303 251 467 915 0 249 -.015 
tSO 0.7 0.2 66 67 72 263 2I2 I 53 0 282 237 404 741 0 229 -.015 
690 0.7 0.0 66 67 72 243 210 146 0 266 226 369 639 0 216 -.015 
700 0.6 0.1 66 67 72 219 206 !31 0 254 21~ 361 659 0 207 -.015 
710 0.3 0.3 65 66 72 204 203 134 0 266 215 394 682 0 208 -.015 
720 0.1 0.2 65 66 72 197 201 133 0 288 222 428 674 0 215 -.015 
730 0.0 0.1 65 66 72 197 203 135 0 303 230 452 729 0 222 -.015 

--------------------------------------------------------------------------------------------------------------------------------
HY6: 73 220 197 14I 455 238 257 441 682 0 231 -.017 

--------------------------------------------------------------------------------------------------------------------------------HVERASE STARTING SURFACE TE~ERATURE !FI: 271 All TEI1PERATURES IN F, MEISHT IN LBS. 
AVERAGE ENDING SURFACE TEftPERATURE IFJ: 214 
TEftPERATURE DIFFERENCE !Te-Tsl •••••••••• -57 

tWG. CHANNEL !i: IF! 90.9 AV6. CHANNEL 6: IFI 83.6 AVS. CHANNEL 8: If) 77.~ ~IJ6. CHHii~EL 9: iF> 85.7 

* T.C-· 
t'hA I h,rxJiD'1 

l. 
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t~. OMNI ~ ....... ·""· _____ ,, 
CLIENT: ~S¢'>tE-Y"S RUN I: 6 

DATE: -g---. 2-5-.-~-7'""'" PROJECT: ~~0 'i $'". I C 
BOOTH: FUEL LOAD PREPARED BY:--'"~""----

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

CALIBRATION: Cal Value(l)=l2% Actual Reading il..09 
Cal Value(2)=22% Actual Reading 2,Z..7S' 

Piece 
1 
2 
3 

Length 
_L ft 

ft 
ft 

Readings 
eo.~ t9.7~ 

Length of cut pieces: ..;:~::.. .. __ inches 

TEST FUEL 
FUEL TYPE AND AMOUNT: 2 X 4 9 4 X 4 ~6:...-_ 
CAI.aJI..AD:D LOAD 1lEIGB1': 3e>.& . ACWAL LOAD WEIGHT: -~0 __ (2 X 4) 
FUEL PIECE LENGTH: 11,. b (4 X 4) 

MOISTURE CONTENT (METER - DRY BASIS) 

PIECE 

1 
2 
3 
4 
s 
6 
7 
8 
9 

10 

READINGS 

u.so 
rCf.@ 
11,'59 
l'f.Zi' 
2,().00 

fCI no 

£2.2f 
\9.7 
,q,p 
19.5( 
20.'NL 
19.9? 

g,.J Total 

OVERALL TEST FUEL LOAD MOISTURE AVERAGE: JQ. 00 

GRAVIMETRIC ANALYSIS - OVEN-DRIED FUEL SAMPLE 

DIMENSIONS: X X = cmE 
DATE/TIME SAMPLE PLACED IN OVEN: I I --- AM PM 

REMOVED: I I AM PM 
INITIAL WEIGHT (I) - FINAL WEIGHT (F) = NET WEIGHT 

DRY BASIS MOISTURE % = (I - F) X 100 = 
F 

DRY BASIS BY METER----

WET BASIS MOISTURE % = 

TEST FUEL LOAD DENSITY = 

(I - F) 
I X 100 = 

gm/cm3 ___ , 



OMNI ENY!RO~MEHTAL SERVICES Inc. PRu6RAM NAME IS: REP1.EIE 

CURRENT DATE/TIHE IS 08-26-1987 I 13:19:30 DATA FILE NA~ IS: SE045106.DAT 

CLIENT: WOODCUTTERS HODEL NO. KEJ 

PROJECT NO. SE045-10/#6 RUN NO. #6 
--------------------------------------------------------------------------------------------------------------------------------DATE: AUG 30 1987 TECH: JS/SD 

FUEL HOIST <%> 20 CAT NO. OHW07 

PRE BURN STARTED: AU6 30 1987 12:29:20 A" 

***PRE BURN DATA*** 
(2) liT !121 !111 RIH161 !19) (20) <211 1221 !231 1241 1251 1261 t271 1321 (33) 

TI~ liT HFF Tin Tout TEI!P TOP BOT SACK FBOI LEFT Rl6HT PEFCAT INC AT AFT CAT FlUE DRAfT -----------------------------------------------------------------------
40 9.4 -9.4 56 57 81 303 208 195 591 293 318 0 !046 ~- .297 -.025 
so 8.7 0.7 53 55 81 307 208 196 693 298 319 G 1221 0 311 -.025 
60 8.2 0.5 50 52 80 368 207 196 887 279 . 299 0 1626 0 330 -.025 
70 7.7 0.5 49 51 79 411 205 201 749 272 295 0 1434 0 m -.025 
80 7.5 0.2 48 50 79 410 204 197 586 264 279 0 1107 0 312 -.025 
90 7.3 0.2 48 ~ 79 363 201 169 4n 255 265 0 836 0 280 -.020 

100 7.1 0.2 46 50 n 283 196 171 473 242 250 0 596 0 266 -.020 
110 6.9 0.2 47 49 n 265 195 168 581 271 279 0 712 0 291 -.020 
120 6.4 0.5 47 49 73 269 193 176 0 318 334 689 870 0 319 -.035 

/ 
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Blaze Kjng® canada Ltd. 

1290 COMMERCIAL WAY, PENTICfON, B.C. V2A 3H5 
(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 
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WIDTEHORSE EFFICIENT WOOD HEAT DEMONSTRATION 

Project Participant Profile 

HOME CODE: W01 

HOME TYPE: Newer Single Family Custom 
Split Level 

HEATING SYSTEM 

PRIMARY HEAT SOURCE: Wood 

ESTIMATED CORDS OF WOOD BURNED PER YEAR: 7 

WOODSTOVE LOCATION: Unfinished Basement 

CHIMNEY SYSTEM DESCRIPTION: 

FLOOR AREA: 183 square meters 
(1965 square feet) 

SECONDARY HEAT SOURCE: Oil 

18 em (7 inches) single wall from flue collar to ceiling thimble (1.7 meters [5.6 feet]) 

18 em by 23 em (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 J 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: 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 spillage 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 ern (7 inch) vented double wall pipe on January 14, 1987. 

Replaced Security pipe with James A. Ryder 18 em (7 inch) air-insulated double wall pipe on 
February 25, 1987. 

Observed heavy creosote buildup m the Security system, less creosote buildup with the James A. 
Ryder system. 
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WIDTEHORSE EFFICIENT WOODHEAT DEMONSTRATION 

Project Participant Profile 

HOME CODE: W02 

HOME TYPE: Newer Single Family Tract 
Two Story 

HEATING SYSTEM 

PRIMARY HEAT SOURCE: Wood 

FLOOR AREA: 204 square meters 
(2200 square feet) 

SECONDARY HEAT SOURCE: Oil 

ESTIMATED CORDS OF WOOD BURNED PER YEAR: 7- 8 

WOODSTOVE LOCATION: Basement Family Room 

CHIMNEY SYSTEM DESCRIPTION: 

18 em (7 inches) single wall from flue collar to insulated cleanout tee (0.8 meters [2.6 feet]) 

18 em by 23 em (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: 5 years 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-Tee catalytic retrofit removed February 25, 1987. 
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WIDTEHORSE EFFICIENT WOODHEAT DEMONSTRATION 

Project Participant Profile 

HOME CODE: W03 

HOME TYPE: Newer Single Family Custom 
Two Story 

HEATING SYSTEM 

PRIMARY HEAT SOURCE: Wood 

ESTIMATED CORDS OF WOOD BURNED PER YEAR: 6 

WOODSTOVE LOCATION: Basement Family Room 

CHIMNEY SYSTEM DESCRIPTION: 

FLOOR AREA: 297 square meters 
(3200 square feet) 

SECONDARY HEAT SOURCE: Oil 

Stage 1: 20 em (8 inches) single wall from flue collar to wall thimble (1.5 meters [4.9 feet}) 

Stage 2: 15 em (6 inches) single wall from flue collar to wall thimble (1.5 meters [4.9 feet]) 

20 em by 25 em (8 inches by 10 inches) packed pipe from wall thimble to exit (5.3 meters 
(17.4 feet] outside) 

STAGE 1- CONVENTIONAL TECHNOLOGY WOODSTOVE: Fisher "Grandma Bear" 

AGE: 4 years FIREBOX VOLUME: 0.0997 cubic meters 
(3.52 cubic feet) 

STAGE 2- NEW TECHNOLOGY: Burning Log "Turbo 10" 

TECHNOLOGY TYPE: Integral Catalytic 

PARTICIPANT COMMENTS 

FIREBOX VOLUME: 0.0651 cubic meters 
(2.30 cubic feet) 

Had problems with smoke in home due to leaking connnections m the new 20 em (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 one 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 em (6 inch) single wall chimney from flue collar to wall thimble 
installed January 28, 1987. 
Leaking connection 15 em (6 inch) chimney repaired February 4, 1987. 
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WHITEHORSE EFFICIENT WOOD HEAT DEMONSTRATION 

Project Participant Profile 

HOME CODE: W04 

HOME TYPE: Newer Single Family Custom 
Two Story 

HEATING SYSTEM 

PRIMARY HEAT SOURCE: Wood 

FLOOR AREA: 177 square meters 
(1900 square feet) 

SECONDARY HEAT SOURCE: Oil 

ESTIMATED CORDS OF WOOD BURNED PER YEAR: 11 

WOODSTOVE LOCATION: Basement Family Room 

CHIMNEY SYSTEM DESCRIPTION: 

15 em (6 inch) single wall from flue collar to wall thimble (1.4 meters (4.6 feet]) 

15 em by 20 em (6 inches by 8 inches) packed pipe from wall thimble to exit (5.5 meters [18.0 
feet J outside) 

STAGE 1- CONVENTIONAL TECHNOLOGY WOODSTOVE: Sears "Automatic" 

AGE: 4 years 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 inadequate, home owner was surprised by the 
heating ability of the stove; originally the participant thought that the stove was too small. 

Participant feels that "frrekilled" fuel provides more heat output than "seasoned" fuel. 

GENERAL COMMENTS 

Osburn "Imperial2000" installed January 16, 1987. 
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WIDTEHORSE EFFICIENT WOOD HEAT DEMONSTRATION 

Project Participant Profile 

HOME CODE: W05 

HOME TYPE: Older Single Family Custom 
Two Story(2600 square feet) 

HEATING SYSTEM 

PRIMARY HEAT SOURCE: Wood 

ESTIMATED CORDS OF WOOD BURNED PER YEAR: 6 

WOODSTOVE LOCATION: Basement Shop 

CHIMNEY SYSTEM DESCRIPTION: 

FLOOR AREA: 242 square meters 

SECONDARY HEAT SOURCE: Oil 

15 em (6 inches) single wall from flue collar to wall thimble (1.5 meters [4.9 feet]) 

15 em by 20 em (6 inches by 8 inches) packed pipe from wall thimble to exit (5.0 meters [16.4 
feet J outside) 

STAGE 1- CONVENTIONAL TECHNOLOGY WOODSTOVE: Acorn "Ranger" 

AGE: 7 years FIREBOX VOLUME: 0.1510 cubic meters 
(5.33 cubic feet) 

STAGE 2- NEW TECHNOLOGY: Uni-Corn Catalytic Damper 

TECHNOLOGY TYPE: Catalytic "Add-On" Retrofit FIREBOX VOLUME: N/A 

PARTICIPANT COMMENTS 

Participant did not detect any improvement m stove performance after installation of the Uni­
Corn. 
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". 

GENERAL COMMENTS 

Uni-Corn Catalytic Damper installed January 16, 1987. 
Smoke retainer flap installed in stove March 12, 1987. 
Participant removed Uni-Corn at the conclusion of the study, primarily because of smoke spillage 
problems. 
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WIDTEHORSE EFFICIENf WOODHEAT DEMONSTRATION 

Project Participant Profile 

HOME CODE: W06 

HOME TYPE: Newer Single Family Custom 
Two Story 

HEATING SYSTEM 

PRIMARY HEAT SOURCE: Wood 

FLOOR AREA: 186 square meters 
(2000 square feet) 

SECONDARY HEAT SOURCE: Oil 

ESTIMATED CORDS OF WOOD BURNED PER YEAR: 5 

WOODSTOVE LOCATION: Basement Family Room 

CHIMNEY SYSTEM DESCRIPTION: 

Stage 1: 20 em (8 inches) single wall from flue collar to wall thimble (1.5 meters [4.9 feet]) 

Stage 2: 15 em (6 inches) single wall from flue collar to wall thimble (1.5 meters [4.9 feet]) 

20 em by 25 em (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: 5 years FIREBOX VOLUME: 0.0906 cubic meters 
(3.20 cubic feet) 

STAGE 2- CONVENTIONAL TECHNOLOGY: Pacific Energy Systems "Super 27" 

PARTICIPANT COMMENTS 

FIREBOX VOLUME: 0.0490 cubic meters 
(1.73 cubic feet) 

Participant feels that stove is adequate to -l0°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 em (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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WIDTEHORSE EFFICIENT WOOD HEAT DEMONSTRATION 

Project Participant Profile 

HOME CODE: WrJ7 

HOME TYPE: Newer Single Family Custom 
Two Story 

HEATING SYSTEM 

PRIMARY HEAT SOURCE: Wood 

FLOOR AREA: 195 square meters 
(2100 square feet) 

SECONDARY HEAT SOURCE: Electric 
Baseboard 

ESTIMATED CORDS OF WOOD BURNED PER YEAR: 7 

WOODSTOVE LOCATION: Basement Family Room 

CHIMNEY SYSTEM DESCRIPTION: 

20 em (8") single wall from flue collar to wall thimble (1.5 meters [4.9 feet]) 

20 em by 25 em (8" by 10") packed pipe from wall thimble to exit (5.2 meters [17.1 feet) 
outside) 

STAGE 1- CONVENTIONAL TECHNOLOGY WOODSTOVE: Blaze King "King" Non-Catalytic 

AGE: 3 years 

STAGE 2- NEW TECHNOLOGY: Blaze King "King" 

TECHNOLOGY TYPE: Integral Catalytic 

PARTICIPANT COMMENTS 

FIREBOX VOLUME: 0.1274 cubic meters 
(4.50 cubic feet) 

FIREBOX VOLUME: 0.1221 cubic meters 
(4.31 cubic feet) 

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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WIDTEHORSE EFFICIENf WOODHEAT DEMONSTRATION 

Project Participant Profile 

HOME CODE: W08 

HOME TYPE: Newer Single Family Custom 
Two Story 

HEATING SYSTEM 

PRIMARY HEAT SOURCE: Wood 

FLOOR AREA: 204 square meters 
(2200 square feet) 

SECONDARY HEAT SOURCE: Oil 

ESTIMATED CORDS OF WOOD BURNED PER YEAR: 6 - 7 

WOODSTOVE LOCATION: Unfinished Basement 

CHIMNEY SYSTEM DESCRIPTION: 

18 em (7") single wall from flue collar to wall thimble (1.7 meters [5.6 feet]) 

18 em by 23 em (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-Corn Catalytic Damper 

TECHNOLOGY TYPE: Catalytic "Add-On" Retrofit FIREBOX VOLUME: N/A 

PARTICIPANT COMMENTS 

Participant could not discern any change m 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-Corn Catalytic Damper installed January 20, 1987. 
Smoke retainer flap installed February 9, 1987. 
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WIDTEHORSE EFFICIENT WOOD HEAT DEMONSTRATION 

Project Participant Profile 

HOME CODE: W09 

HOME TYPE: Newer Single Family Custom 
Single Story 

HEATING SYSTEM 

PRIMARY HEAT SOURCE: Wood 

ESTIMATED CORDS OF WOOD BURNED PER YEAR: 7 

WOODSTOVE LOCATION: Main Floor Living Room 

CHIMNEY SYSTEM DESCRIPTION: 

FLOOR AREA: 167 square meters 
(1800 square feet) 

SECONDARY HEAT SOURCE: Oil 

Initial: 20 em by 25 em (8" by 10") packed pipe from flue collar to ceiling thimble (1.5 meters 
[4.9 feet]) 

Final: 15 em (6") single wall from flue collar to ceiling thimble (1.5 meters [4.9 feet]) 

20 em by 25 em (8" by 10") packed pipe from ceiling thimble to exit (0.9 meters [3.0 feet] in 
attic, 1.0 meters [3.3 feet] oucside )-6 feet total 

STAGE 1- CONVENTIONAL TECHNOLOGY WOODSTOVE: Energy King "King" 

AGE: 4 years FIREBOX VOLUME: 0.1274 cubic meters 
( 4.50 cubic feet) 

STAGE 2- NEW TECHNOLOGY: Osburn "Imperial2000" 

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 ts too short (5 hour 
burn maximum) and heat output is low. 

Chimney change resulted in higher heat output, but heat output still insufficient. 

GENERAL COM!viENTS 

Osburn "Imperial2000" installed January 28, 1987. 

Indoor portion of chimney system changed from 20 em by 25 em (8" by 10") packed pipe to 
15 em (6") single wall February 19, 1987. 
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WIDTEHORSE EFFICIENT WOOD HEAT DEMONSTRATION 

Project Participant Profile 

HOME CODE: WlO 

HOME TYPE: Newer Single Family Custom 
Two Story 

HEATING SYSTEM 

PRIMARY HEAT SOURCE: Wood 

FLOOR AREA: 174 square meters 
(1867 square feet) 

SECONDARY HEAT SOURCE: Oil 

ESTIMATED CORDS OF WOOD BURNED PER YEAR: 6 

WOODSTOVE LOCATION: Unfinished Basement 

CHIMNEY SYSTEM DESCRIPTION: 

15 em (6") single wall from flue collar to wall thimble (1.8 meters [5.9 feet]) 

15 em by 20 em (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* 

TECHNOLOGYTYPE: N/A FIREBOX VOLUME: N/A 

PARTICIPANT COMMENTS 

Participant did not notice any change m 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 em (6") vented double wall pipe on February 3, 1987. 

Replaced Security pipe with 15 em (6") James A. Ryder air-insulated sealed double wall pipe on 
March 20, 1987. 
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WHITEHORSE EFFICIENT WOOD HEAT DEMONSTRATION 

Project Participant Profile 

HOME CODE: Wll 

HOME TYPE: Newer Single Family Custom 
Two Story 

HEATING SYSTEM 

PRIMARY HEAT SOURCE: Wood 

FLOOR AREA: 204 square meters 
(2200 square feet) 

SECONDARY HEAT SOURCE: Oil 

ESTIMATED CORDS OF WOOD BURNED PER YEAR: 4 

WOODSTOVE LOCATION: Unfmished Basement 

CHIMNEY SYSTEM DESCRIPTION: 

18 em (7") single wall from flue collar to wall thimble (1.7 meters [5.6 feet]) 

18 em by 23 em (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: 5 years 

STAGE 2- NEW TECHNOLOGY: Blaze King "King" 

TECHNOLOGY TYPE: Integral Catalytic 

PARTICIPANT COMMENTS 

FIREBOX VOLUME: 0.1348 cubic meters 
( 4.76 cubic feet) 

FIREBOX VOLUME: 0.1221 cubic meters 
(4.31 cubic feet) 

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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WIDTEHORSE EFFICIENT WOODHEAT DEMONSfRATION 

Project Participant Profile 

HOME CODE: W12 

HOME TYPE: Newer Single Family Custom 
Two Story 

HEATING SYSTEM 

PRIMARY HEAT SOURCE: Wood 

FLOOR AREA: 274 square meters 
(2950 square feet) 

SECONDARY HEAT SOURCE: Electric 
Baseboard 

ESTIMATED CORDS OF WOOD BURNED PER YEAR: 61/2 

WOODSTOVE LOCATION: Basement Family Room 

CHIMNEY SYSTEM DESCRIPTION: 

15 em (6") single wall from flue collar to wall thimble (1.5 meters (4.9 feet]) 

15 em by 20 em (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 m stove efficiency after installation of the Nu­
Tec. 

Home was filled with smoke on three occasions after installation of the Nu-Tee. 

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 EFFICIENf WOOD HEAT DEMONSTRATION 

HOME CODE: W13 

HOME TYPE: Mobile Home 

HEATING SYSTEM 

PRIMARY HEAT SOURCE: Wood 

Project Participant Profile 

FLOOR AREA: 70 square meters 
(750 square feet) 

SECONDARY HEAT SOURCE: Oil 

ESTIMATED CORDS OF WOOD BURNED PER YEAR: 6 

WOODSTOVE LOCATION: Entrance Foyer Add-On to Mobile Home 

CHIMNEY SYSTEM DESCRIPTION: 

15 em (6") single wall from flue collar to wall thimble (1.5 meters [4.9 feet]) 

15 em by 20 em ( 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: 3 years FIREBOX VOLUME: 0.0821 cubic meters 
(2.90 cubic feet) 

STAGE 2- CONVENTIONAL TECHNOLOGY: Pacific Energy Systems "Super 27" 

PARTICIPANT COMMENTS 

FIREBOX VOLUME: 0.0490 cubic meters 
(1.73 cubic feet) 

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 em (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. 

GENERAL 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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WlllTEHORSE EFFICIENT WOODHEAT DEMONSTRATION 

Project Participant Profile 

HOME CODE: W14 

HOME TYPE: Newer Single Family Custom 
Two Story 

HEATING SYSTEM 

PRIMARY HEAT SOURCE: Wood 

FLOOR AREA: 223 square meters 
(2400 square feet) 

SECONDARY HEAT SOURCE: Oil 

ESTIMATED CORDS OF WOOD BURNED PER YEAR: 6 

WOODSTOVE LOCATION: Basement Family Room 

CHIMNEY SYSTEM DESCRIPTION: 

18 em (7") single wall from flue collar to cleanout tee (0.9 meters [3.0 feet]) 

20 em (8") single wall from cleanout tee to ceiling thimble (0.8 meters [2.6 feet]) 

20 em by 25 em (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 

PARTICIPANT COMMENTS 

FIREBOX VOLUME: 0.0651 cubic meters 
(2.30 cubic feet) 

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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