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Environmental Quality Commission
Mailing Address; BOX 1760, PORTLAND, OR 97207

VIGTOR ATIVEH 522 SOUTHWEST hth AVENUE, PORTLAND, OR 97204 PHONE (503) 229-5696

DEQ-46

SPECIAL MEETING

The Envirounmental Quality Commission (EQC) will hold
a special meeting by conference telephone call at 8:00 am,
Friday, March 16, 19884 to consider a request by the
Department of Environmental Quality (DEQ) to conduct public
hearings on woodstove certificatioh rules, QAR 340-21-100
through 340-21-188, as a vevision to the State Implementation
Plan.

The public and press will be able to listen to the
conference call meeting in rcom 1400 of the DEQ offices at
522 8. W. Fifth Avenue, Portland.

Testimony will only be taken on whether or not to
authorize the holding of public¢ hearings.

" This meeting is scheduled pursuant to the Public Meetings

Law, ORS 192.840.

#it#




THESE MINUTES ARE NOT FINAL UNTIIL APPROVED BY THE EQC

MINUTES OF A SPECIAL MEETING OF THE
OREGON ENVIRONMENTAL QUALITY COMMISSION

March 16, 1984

On Friday, March 16, 1984, the Environmental Quality
Commission coavened a special conference call meeting

at 8:00 am. Connecited by conference call telephone were
Chairman James Petersen in Bend, Vice-Chairman Fred Burgess
in Corvallis, Commissioner Mary Bishop in Portland,
Commissioner Wallace Brill in Medford, and Commissioner

Arno Denecke in Salem. Present by conference telephoné call
on behalf of the Department were it's Director, Fred Hansen,

and several members of the Department staff.

The topic of this special meeting was a request by

the Department for the Commission to authorize publiec
hearings on proposed woodstove certification rules,

CAR 340-21-100 through 340-21-166, as a revision to the
State Implementation Plan.

Director's Recommendation

Based on the summation in the staff report, it

is recommended that the Commission authorize a
public hearing to take testimony on the woodstove
certification rules.

It was MOVED by Commissioner Bishop, seconded by Commissioner

Brill, and passed unanimously that the Director's recommendation

be approved.

There being no further business, the meeting was adjourned.

b

Respectfully submitted,

Lt S

Carol A. Splettstaszer
EQC Assistant
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MEM
To: Environmental Quality Commission
From: Mike Dowf&%jﬁgting Administrator, Air Quality Division
Subject: Correction Page for DRAFT RULES FOR WOODSTOVE CERTIFICATION

Chapter 340, Division 21, Sections 100-166

Please replace the Revised Page 6 (enclosed) of the DRAFT RULES For Wood-
stove Certification, Chapter 340, Division 21, Section 100-166,

The revisions apre:

{1} (a) 15 grams per hour for a non-catalytiec woodstove; or
{b) 6 grams per hour for a catalyst-egquipped woodstove,

and

(2) {a) T grams per hour for a non-catalytic woodstove; or
{b) 3 grams per hour for a catalyst-equipped woodstove,

Please excuse this oversight.

Attachment: Revised Page 6

J. KOWALCZYK:a
AAMZ53 B
2296459
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{a) 15 grams per hour for a non~catalytic woodstove, or
{(b) 6 grams per hour for a catalyst-equipped woodstove.

(2) New woodstoves with minimum ¥heat output" of less than 40,000 Btu/hr
advertised for sale, offered for sale, or sold in the State of Oregon on
or after July 1, 1988 shall not exceed the following weighted average

particulate emission standard when tested and measured according to test

procedures in QAR 340-21-130.
fa} 7 grams per hour for a non-catalytlc woodstove or
{b) 3 grams per hour for a catalyst-eguipped woodstove,

{3) New woodstoves with a minimum "heat output™ of greater than 40,000 Btu
per hour, advertised for sale, offered for sale, or scld in the State of
Oregon after July 1, 1986 shall net exceed an average particulate emission
standard equal te the sum of 8.0 grams per hour plus 0.2 grams per hour for
cach thousaﬁd Btu per hour heat output when tested to procedures in OAR 340-

21"‘1300

(k) The Department will certify a woodstove as meeting the applicable
woodstove emission standard after July 1, 1984 in accordance with procedures

in OAR 340-21-140.

CORRECTED PAGE
AAL165 o
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CGOVEANGA

Environmental Quality Commission

Mailing Address: BOX 1780, PORTLAND, OR 97207
322 SOUTHWEST 5th AVENUE, PORTLAND, OR 97204 PHONE (503) 229-5696

G

Cantains
Recycled
Materials

DEQ-6

MEMORANDUM
To: Environmental Qualii{y Commission
From: : Director
Subject: . Agenda Item No. A, March 16, 1984, EQC Meeting
eguest Autho ct ub earing o
Hoodstove g:;ii;ggg; 1 EuLes, O0AR 340-21-100 g augh

340-21-166,. 85 a Reyision to the State Imggegegtgtion Plan

a ound b ene

Emissions frem residential wood heating have risen rapidly since the energy
erisis of the mid-1970's. Today, residential wood heating emissions '
represent the greatest alr quality problem in the State. HResidential wood
heating is a major comtributor Lo violations of State and Federal
particulate air quality standards in many locations, most notably the
Portland and Medford airsheds, Violations of the carbon monoxide air

qual ity standard have alsoc been measured in residential areas which have
been sclely attributed to wood heating. Additionally, severe nuisances and
visibility loss, as well as extensive use of airshed space previously
available for growth and development, has resulted from woodstove smoke
throughout the State.

The Department has recognized that substantial reductions in weood heating
emissions are necessary to meet ajir quality standards and to provide
airshed space for growth and development. Short and long range control
strategies have been developed to deal with this problem to some extent,
ranging from public education on cleaner burning practices and
weatherization requirements, to loecal ordinances requlring curtailment of
stove use during pollution episodes. = :

A lopg-term strategy that has been recognized az a very effective way to
deal with the air quality problem created by wood heating is a program to
restrict the sale of new stoves to only the cleanest burning appliances.
The particulate control strategy for the Medford/Ashland airshed showed
that, in addition to all other control strategies, existing stoves would
have to be replaced with new appliances which are about 80% cleaner than
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conventional models if compliance with secondary particulate air guality
standards are to be achieved by the year 2000. Apalysis of the Portland
airshed showed a2 similar needed reduction.

The Department introduced 2z woodstove certification bill in the 1983 Oregon
Legislature. After long and heated debates, great reaistance from much of
the wood stove industry, and support from many other interest groups
including the Oregon Envircnmental Council and Associated Oregon
Industries, the Oregon Legislature passed HB2235 (Attachment 1) which
requires the Commission to adopt rules before July 1, 1984 which establish
a woodstove certification program. HB 2235 requires the Commission to
adopt rules that establish 1) eriteria and procedures for testing stoves,
2) an emission standard, 3) a labelling program te reflect stove emission
and efficiency performance, 4) a program to certify that stoves meet the
applicable emissions standard, and 5) a fee system to cover costs of the
program, Voluntary labelling was provided for from July 1, 1984 to June
30, 1986 after which only certified stoves could be offered for sale or
sold in the State.

HB2235 allowed the Commission to establish an advisory committee to aid and
assist the Commission in development of rules. On August 1, 1883, the
Commission appointed 2 nine member advisory committee and two non-voting
medical advisers to the committee. The committee was composed of the
following: : .

Dr. Graig 3polek, Mechanical Engineering Professor at Portland State
University (selected Chairman)

Bruce Chinnock, Deputy State Fire Marshall (selected Vice-Chairman)

Tom Engle®, Fisher Century Corporation, Eugene (representing large
stove manufacturers)

Paul Runquist, (enesis Systems, Ashland (representing smail stove
manufacturers)

Bette Hume, Klickitat Enterprisg;, Portland (representing stove
retailers) ’

Paul Tiegs, OMNI Environmental Services, Inc., Beaverton (representing
a stove testing laborateries)

Keith Cochran, Ch-Chimney 3Sweeps, Beaverton (representing Oregon
Chimney Sweeps Association)

Denisz Heidtmann, Textronix, Beaverton {representing Oregon
Environmental Couneil)
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Paul Willhite, Lane Regional Air Pollution Authority, Eugene
{rapresenting the Air Pollution Control Assoeciation, Pacifiec
Northwest-International Section)

#Heplaced by Dick Sparwasser, Arrow Woodstoves, Tualatin, upen
resignation of Mr. Engle from the Advisory Committee and retirement
from Fisher Century in December, 1983.

Five of the Advisory Committee members were affiliated with the national
Wood Heating Alliance (Hume, Cochran, Tiegs, Engle, and Sparwasser).

" Non=voting medical advisors appointed were:
Dr. Charles Schade, Multnomah County Health Off'icer
Dr. Douglas Campbell, Oregon State Health Division

The Department has worked extensively with the Advisory Committee from
August, 1983 to February, 1984 to develop Certification Program Rules.
More than 20 meetings were held to review a wealth of information supplied
by the Department and other interested parties. Extremely close contact
was maintained throughout the process with the representatives of the
national woodstove industry. Two major meetings were held inp Pertland with
the Department, Woodstove Advisery Committee, and dozens of out-of-state
representatives of the national woodstove industry, including officials of
the national Wood Heating Alliance (WHA). Parties interested in the rule
development process were kept fully informed of activities through
extensive weekly mailings of Committee reports, Opportunity was provided
at each Advisory Committee meeting for public comment from the audience and
written comments from others.

Draft rules have been developed and are included as Attachment 4., These
rules. were,.for.the most part, unanimously supported by the Woodstove
Advisory Committee with the exception of the emission standard. The
Department had not made a recommendhtion or commented on the Advisory
Committee!s recommendation on an emission standard at the time the
Committee completed its work. :

A Statement of Need for rulemaking is included as Attachment 2 and a
Hearings Notice is included as Attachment 3.

te eg an atuat

Testipns Procedure

The Department's original test procedure used in earlier research testing
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consisted of two replicate tests at a moderate burn rate, initiating the
test cycle from a cold start with Douglas fir cordwood, using modified EPA
Method 5 for particulate emissions sampling, and using the stack loss
method for measuring heating efficiency.

In consideration of work done by the national wood heating industry and in
an attempt to improve precision of the test procedure, as well as identify
emission performance of woodstoves at low burn rates, the Department
conducted extensive testing of some wcodstoves during the spring of 1983
using Douglas fir lumber as a test fuel. The test cycle was begun from a
hot start and the calorimeter room method as well as the stack loss heating
efficiency method was utilized.

The results of this testing indicated hot starts with fir lumber
substantially improved precision of the test results, while maintaining
emission levels in the range of those measured with cordwood. Emissions
were found to substantially increase at lower burn rates. These burn rates
were found to be more typical of those used in Oregon'a moderate climate.
The calorimetry room efficiency method was found to be equivalent to stack
loas heating efficiency measurements.

Representatives of the national wood heating industry represented by the
national Wood Heating Alliance (WHA) made a2 strong plea to the Advisory
Committee and Department to adopt a test procedure that c¢onducted four
separate tesis over the full range of stove operating conditions. They
argied that such information could be universally used throughout the
country, eliminating the need for manufacturers to conduct additional tests
and pay additional testing costs in other areas. Many members of the WHA
and industry members of the Advisory Committee indicated a2 willingness to
pay more for testing using the Oregon procedure with the idea that in the
long run it would save them money.

The recommended test procedure consists of four tests over a range of burn
rates. It also recommends using air dried (16%-20% moisture) fir lumber
{2x4 and 4xl4ts}, utilizes a hot start, and recognizes the calorimeter room
heating efficiency method as equivalent to the stack loas method. The
Advisory Committee has unanimnusly supported virtually all components of
the finalized test procedure. The cost of the procedure is estimated to be
in the $6,000 range per stove model versus about $3,000 for the original
Department procedure., This compares to about a $3,000 cost estimate for
the WHA's heating efficiency rating program which was begun a few years age
but is no longer in use because of some technical problems and because of a
lack of industry participation.

The Department's recommended test procedure will not only provide
manufacturers with a complete profile of appliance heating efficiency and
heat output, it will also provide a profile of smoke emissions, heat
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transfer, and combuation efficiency . This information will provide
woodstove manufacturers with a great deal of infeormation they need for
gales and stove design purposes, as well as provide the Department with
information necessary to conduct an effective certification program.

The national woodstove industry views of the test procedure, in some caszes,
have not been consistent, substantiated with data, or unanimous. The
Department and Advisory Committee have done their best to develop a test
procedure which is believed to be very responsive to the perceived concerns
of the national industry. Despite these efforts, concerns still expressed
by some members of the national industry include spacing of the test fuel
{they favor 3/4™ versus proposed 1-1/2"), use of the modified EPA Method 5
particuiate sampling system, overall realism of the test procedure, and
testing costs.

The Department has explored options to the modified EPA Method 5
particulate sampling preocedure for use in regulating woodstove emissions
including measuring combustion efficiency, carbon monoxide, and total
hydrocarbona. The Department has found these to be inappropriate and
inaccurate to address the smoke problem caused by woodstoves, A simple
particulate sampling train manufactured by the Condar Company has also been
evaluated and found to not meet equivalency criteria developed by the
Department and agreed to by the WHA, It is not considered accurate
encugh for use as a certification method. This device, however, produces
results relatively close to modified EPA Method 5 and the Department
believes it is a good research and screening tool that can be used by
manufacturers in their factories ai relatively low cost to evaluate
development work on clean burning appliances,

The Woodstove Advisery Committee and Wood Heating Alliance recommended that
the Department conduct an extensive confirmation testing program using the
recommended test procedure to insure its accuracy and werkability. This
was done in December 1983. BResults from this test program confirmed the
precision, acecuracy, realism, and fairness of the test procedure. A
..recommended test procedure is appended to the draft rules contained in
Attachment 4.

Labelling

Wood Heating Alliance members strongly recommended that an emission and
efficiency profile over the full range of appliance heat outputs be placed
on a permanent stove label so that the label information will be useful in
areas outside of Oregon. The Department and Advisory Committee considered
this a reasonable request and a label format was developed and unanimously
approved by the Advisory Committee (see Attachment 5), In order to provide
specific information to Oregon consumers about stove performance with
respect to Oregon's emission standard and to provide necessary information
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to conduct an effective enforcement program at the retail level, a point-of-
s3ale removable label was also developed {Attachment 6}, This label also
received unanimous approval of the Advisory Commiftiee,

ccred

The Department originally contemplated, and HB2235 requires, atove testing
to be conducted by independent testing laboratories. Several laboratories
that conduct woodstove safety testing have expressed interest in also
providing emission and efficiency testing services.

A rigorous lab accreditation process is believed necessary to insure
accurate and equitable rating of stove performance, Lab acereditation rules.
have been developed which will require labs to document and demonstrate
their ability to conduct testing according to the Oregon test procedurs. A
system is proposed to revoke accreditation or to levy civil penalties fo
lzbs for unacceptable performance,

HB2235 does not zllow the Department to collect fees from labs for
acereditation. Costs for such work can be recovered from stove
certification applicants. It is expected that some out-=of-state labs will
apply for accreditation. The Department would prefer to restrict
accreditation to Oregon labs. However, Federal antitrust laws prevent this
approach., The Department is proposing to- conduct lab acereditation for in-
state and out-of-state labs. If the acereditation workload becomes toe
great, the Department will explore other ways of handling this job, such as
contracting with an appropriate independent firm to conduct the
accreditation program or contracting with two or three labs to perform the
testing, Both of these alternatives have been explored to socme extent and
many significant problems have been identified which would have to be
resolved.

Laboratory accreditation rules have been drafted and are contzined in
Attachment 4. The Advisory Committee had neo major concerns with the
accreditation rules.

Lertification Procedure and Fees
The Department has developed a woodstove certification procedure similar to
its procedure for air permits and plan reviews. In fairness to
-certification applicants, the Department is proposing time constraints
which will insure timely processing of applications. The applicant must be
notified by the Department within 30 days of receipt of the application of
any deficiencies in the application. The Department also must notify the
applicant within 60 days of receipt of a completed applicaticn whether
certification is granted or denied.
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The Department has estimated that it will take about 40 to 50 hours to
process certification applications. This time is necessary to review
applications, check test data, and administer a label control progran.
Since laboratories cannot be directly charged for accreditation services,
the Department believes each manufacturer should be assessed a2 one time
additional 25 hours of work to provide for Department costs incurred in
accrediting labs, The above estimates of time translates te an initial
$1,600 certification fee and $800 fee thereafter per model per
manufacturer, The Advisory Committee felt the costs may be overestimated.
The Department indicated records will be kept of actual time spent and fees
can be adjusted at some future date when better information is available.
Draf't certification process rules are contained in Attachment 4.

Emission Standard

The Department'z analysis of particulate control strategies for the
Portland and Medford airsheds indicate thaf reductions in woodstove
emissions in the range of 30% are needed from a wcodstove certification
program to fully meet air quality standards. If other strategies such as
local weatherization ordinances,or backyard burning restrictions do not
accomplish their goals, then stove certification weould have to accomplish
an even higher particulate emission reduction.

Medical advisors to the Advisory Committee reviewed pertinent air quality
and health information and recommended that the certification program
should be targeted at the 80% emission reduction level.

The emission standard issue was discussed with the Advisory Committee since
September 1983. During most of the time, most Advisory Commiitse members
and other representatives of industry argued for a staged standard to allow
industry more time to adjust to the stringent legislation and to provide
time and an incentive to develop cleaner non-catzlytiec stoves.

Considerable discussicn was also held on catalyst equipped stoves with
questions raised about catalytic life, consumer maintenance habits, and
overall actual in-home seffectiveness bf catalysts. It was generally agreed
by the Department and Advisory Committee that any emission standard that is
developed should differentiate between catalysts and non~catalysts so that
catalyst performance degradation over its lifetime would be reflected.
After results of confirmation testing were reviewed, four major emission
standard alternatives were considered. These alternatives were expressed
as a non-catalyst/catalyst emission standard which would produce equivalent
-performance for each technoleogy considering the life of the catalyst.

These alternatives were 15/6, 12/5, 9/4, and 7/3 grams of particulate
emitted per hour. These alternative standards would translate to an
approximate 50%, 60%, 70%, and 80% particulate emission reduction
respectively, compared to conventional stoves. Carbon monoxide emissions
are expected to be similarly reduced.
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The Department told the legislature that a woodstove certification program
could enable attainment of air quality standards for particulate and carbon
monoxide where woodstoves were the major contributors to nonattainment.

The Department alse indicated the program could provide significant airshed
space for growth and development. It was indicated that about a 75%
reduction in emissions could be achieved through application of the best
available non-catalyst and catalyst technology.

Confirmation test results using the recommended procedure indicated non=-
catalyst technology did not perflorm as well as expected at lower burn rates
while catalytic technology showed better than expected performance. The
most advanced dual combustion chamber non-catalyst stove generally emitted
in the {2 to 14 grams/hour range with the lowest value appreoaching 3. Two
simple, small firebox non-catalyst stoves, one selling for $74, were tested
under separate programs and found to emit in the 11 to 12 grams/hour

range. Available catalyiic technoclogy was demonstrated to achieve a 1.5
grams/hour performance. Thus, best available non-catalytic technology
appeared capable of only providing a 60% reduction in emissions while
eatalytic technology could provide up to a 90% reduction.

The Advisory Committee recommended, after extensive debate, a 15/6, 9/4
staged standard with the second stage becoming effective on July 1, 1988.
The vote was 7 to Q with 1 abstension and 1 absence. It is believed the
Adviscry Committee did not support a 7/3 standard because the industry
claims that it would totally rule cut noo~catalyst stoves.

The Department has given extensive thought to the emission standard issue
and concluded 1t would be preferable to have & single stage standard for
among other reasons, to reach air quality objectives as scon as possible
and aveid the possibility of being prevented from implementing the second
stage, a3 has happened in past experience with veneer dryer rules and
aluminum plant rules.

The T7/3 standard is the only one that appears to¢ insure achievement of the
needed 80% airshed emiszssion reductions. However, it is not a practical
standard to implement on the legislatively mandated date of July 1, 1986
for two reasons, First, nonycataly}ic technology has not been developed to
meet this emission performance and two years is likely not enough time to
develop it. Secondly, only a few catalytic stoves are capable of meeting
the 3 gram/hour standard at this time; and, it is unlikely this condition
would change dramatically in less than twe years' time, Consumers, thus
would initially have a very =zmall selection of stove types to choose from
when the certification program becomes mandatory, A& 9/4 single stage
standard might achieve air quality objectives but only if most consumers
purchase and maintain stoves that achieve significantly cleaner emission
performance than required by a 9/4 standard. Here again there would likely
not be significant number of non-catalytic stove types available by July 1,
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1986 and catalytic technolegy may not be widely available at this time. A.
9/4 standard also might not provide any or minimal airshed space for growth
and development in certain areas.

Since catalytic technology is now available on a limited basis to meet a
7/3 standard, it is reasonable to expect that the industry would be able to
provide a good selection of models with this technology within a four year
time by July 1, 1988, A 7/3 standard by July 1, 1988 would provide a goal
for non-catalytie manufacturers to reach and a reascnable time to reach it
while not totally closing them out of the market in July, 1986 when the
certification program sales restrictions go into place. If non-catalytic
technology is not developed to achieve the emission reduction needs for
Oregon airsheds by July 1, 1988 then catalytic technology should be widely
available, well developed and well proved by then to be fully relied upon
as a technology to completely meet airshed and consumer needs in Oregon.

If a two stage standard is pursued, the Depariment believes legislative
intent and some consumer flexibility could be met with a 15/6 or possibly
even a 12/5 standard., A 12/5 standard would probably restrict non-
catalytic stove selection to those with small fireboxes. The 15/6 standard
should provide some additicnal opportunity for medium—size conventional
stoves to be certified. The 15/6 standard representing a 50% reduction in
emissions may not be perceived as a stringent enough first step in the
certification program; but, substantially more than half of the presently
available convenitional stoves shoulé be taken off the QOregon market by such
a stanpdard.

A staged standard could delay achlieving airshed reduction goals by a faw
years. Considering full program effectiveness is not expected for 10-20
years, which is the estimated turn around time for the major part of the
existing stove population, the short time delay should not be serious, If
consumer acktivity is accelerated during the four year pericd prior to the
second stage program and if consumers buy only the units certified as
meeting the first stage, there may be some longer delay in reaching the
final emis=sion reduction objective., There may also be some consumers
dissatisfied that their certified stpves did not perform as cleanly as
expected. Stoves that achieve z 50% reduction in emissions will still have
significant visible smoke, odor, and crecsote deposits.On the other hand,
some stoves should be certified and marketed beginning in 1984 that meet a
stringent second stage standard; and, hopefully, through consumer education
and perceived merit, many will buy them. Surveys tend to strongly support
this happening. Thus, reaching the program objective may not be
significantly delayed by a dual stage standard.
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Major alternative emission standards in order of perceived stringency
include the following:

Expected
Alternative Emission
Standards Reduction
15/6, 9/4* (dual stage) 50%, 70%
12,5, 9/4 {(dual stage) 60%, 703
9/4%* {single stage) 70%
15/6, 7/3 (dual stage) 50%, 80%
12/5, 7/3  (éual stage) - 60%, 80%

*Advisory Committee Recommendations
**Qregon Environmental Council Recommendations

The Department believes the most appropriate emission standard would be a
15/6, 7/3 staged standard. This would appear the most desirable standard
from the standpoint that the Advisory Committee and woodstove industry's
views would be partially recognized by a staged standard and a first stage
of 15/6, while the Department's ultimate air quality objective of reaching
an 80% reduction in emissions would be met.

Regardless of the actual emission standard selected, the Department sees
the industry heavily committed toward catalytic technology to achieve clean
burning stoves. The Department has extensively researched this technology
and believes that several key areas must be addressed to provide the
greatest assurance that catalytic technology will work effectively in £field
applications.

Catalyst longevity has been a major concern. Original catalysts were
expected to have a life of about 6,000 hours which equates to about two to
three years of supplemental heating or one year as a sole heating source.
Replacement of the catalyts is cost-gffective and should be attractive to
the consumer as it will save more than its cost in fuel and provide for
less creosote production, potentially less frequent chimney cleaning, and
greater safety agalnst chimney fires. A new catalyst has just been
marketad which is warranted for six years, with a two full year free
replacement and four year pro-rated warranty. For Oregon certified stoves,
the manufacturer has extended the full free replacement portion of the
warranty to three years. This will greatly alleviate concerns about
longevity as well as further increase the cost-effectiveness incentive for
consumerg to purchase replacement catalysts.
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The Department is recommending a condition in the test procedure that
requires catalyst stove models to be proven in longevity testing to last
at least 5,000 hours. As an alternative, a two year warranty can be
provided. This is to protect the consumer against poor guality, short
lifewspan catalysts being certified under the Oregon program.

The Department has also felt that consumers should have a feedback
mechanism to let them know when the catalyst is inactive or worn out and in
need of replacement. The Department has written a requirement into the
test procedure that specifies stoves must be equipped with provisions to
add commercially available catalytic activity temperature monitors. These
monitors range in price of $15 to $30. A drop in catalyst temperature
would indicate to the consumer that it is time to replace the catalyst.

Catalytic modal stoves are estimated to cost about $100 to 3300 more than
existing conventicnal stoves but payback should cccur in a few years due to
the higher energy efficiency (up to 1/3 savings in firewood) and less
frequent chimney cleaning due to less crecsote buildup in c¢leaner burning
stoves. Costs of non-catalytie technology to meet the first stage standard
may actually go down if a smaller Eirebox technolegy is widely employed.
Cest of non~catalytic technology meeting a second stage 7/3 standard is
unknown.

If all stoves wera ultimately replaced with stoves meeting a 7/3

grams per hour emission standard, the Department estimates that 30,000
tons per year of particulate emissions will be removed from Oregon's
airsheds and 200,000 cords of firewcod will he saved because of higher
efficiency appliances. Fire safety should also be improved and
property damage losses reduced. Local nuisances and visibility loss in
many communities in Oregon would also be substantially reduced.

Summation

1. Emissions from residential woodheating have become a2 major cause of
' viclations of State and Federal particulate-air guality standards in
Oregon. These emissions are also causing violations of State and
Federal carbon monoxide standards in some residential areas and
creating severe visibility loss and public nuisances in many
comnunities in the State.

2. Numerous short and long rangde strategies have been developed to deal
with the air quality problems created by wood heating. These range
from education and mandatory weatherization to mandatory stove
curtailment programs during high polliution episodes.
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10.

Cne of the most effective and publicly acceptable long=-range
strategies to deal with the wood heat emission problem is a program to
limit the sale of new woodstoves to only those which produce low
emissions. The 1983 Or=gon Legislature adopted HB2235 which requires
the Commission to adopt rules before July 1, 1984 which would
establish a woodstove certification program.

HB2235 directs the Commission to adopt: a) criteria and procedures
for testing woodstoves, b) emission standards, ¢} a program to certify
that woodstoves meet the emission standards, and d) a lakelling
requirement which would specify emission and heating efficiency
performance, HB2235 also authorizes the Department to collect fees
for certification and allcws aestablishment of an Advisory Committee to
aid the Commission in adopting rules. Only new stoves certified as
meeting the emission standard would be allowed tc be sold in the State
after June 30, 1986.

On August 1, 1983, the Commission appointed a Woocdstove Advisory
Committes composed of hine members who primarily represented the
Qregon woodstove industry. Two non-voting medical advisors to the
Committee representing the State and local health officers were also
appointed, '

The Woodstove Advisory Committee has held over 20 meetings during
which extensive information presented by the Department and
representatives of local & national wood heating industry was
consgidered.

The Department and the Advisory Committee have reached
unanimous consensus on the recommended woodstove test procedures.

The rscommended woodstove test procedure reflects substantial changes
and increased testing from the Department's original proposed test
procedure. Such changes were made primarily in an attempt to address
the national wood heating industry's desire for a more accurate,
precise, realistic, fair, and ufliversally applicable test procedure.
The finalized test procedure has undergone extensive confirmation
testing and has been proven to meet the aforementioned criteria.

Views of representatives of the national wood heating industry
regarding the test procedure have not been unanimous, consistent, or
substantiated with data, making resolution of scme concerns
impossible. Areas of continued concern deal with spacing of the
dimensional test fuel, use of the modified EPA Method 5 sampling
train, realism of the testing, and testing costs.

The Department and the Advisecry Committee have reached unanimous
consensus on the labelling program for woodstoves. A permanent label
containing the full range of appliance emission and efficiency
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11.

12.

13.

4.

15.

16.

17.

performance has been precommended which can be utilized in other stafes
as well. A removable label for Oregon consumers only has also been
recommended to give consumers information on the performance of the
appliance with respect to Oregon's emission standard.

An extensive testing lahoratory accreditation rule has heen developed
and supported by the Advisory Committee to insure high quality test
results from all labs that may choose to participate in the program.

A $1,600 woodstove certification fee is proposed to cover costs of
certification, retail level compliance checks, and lab accreditation.
The fee 1s reduced to $800 per model for subsequent models submitted
for certification by one manufacturer,

Separate emission standards are recommended for catalyst and
non=catalyst stoves to provide for equivalent performance by
recognizing the degradation of catalyst performance over its useful
life.

Particulate emission standards for nommcatalyst/catalysts woodstoves
of 15/6, 12/5, 9/4%, and 7/3 grams per hour have been intensively
considered. These standards are estimated to reduce conventional
woodstove particulate emission rates in the range of 50%, 60%¢, T0%,
and 80%, respectively.

‘The Advisory Committee recommended that a staged non-catalyst/catalyst

emission standard of 15/6 grams/hour (50% reduction in emissions)
should be adopted and reduced to 9/4% (70% reduction in emissions) on
July 1, 1988. Their vote was T yes, 1 abstention, 1 absence. It is
believed the Advisory Committee did not support a 7/3 standard hecause
the industry claimed it would totally rule ocut non—catalytlc
technology.

Department control strategy analyses indicate that woodstove
certification must reduce emisaions by about 80% to fully meet air
quality standards. Medical &advisors to thée Committee indicated that
an 80% emission reduction should)be the target of the certificatieon
program. Catalytic technology is available to meet this 80% reduction
goal, Available non-catalytic technology appears capable of achieving
about a 60% reduction at this time.

Although the Department would prefer a single stage standard, the
Department believes a practical and justifiable approach is a staged
standard with a non-catalytie/catalytiec first stage standard of 15/6
{50% emission reduction) and a second stage standard of 7/3 grams per
hour (80% emission reduction) to become effective July 1, 1988. This
will: a) address most concerns of the indusiry, b) insure adequate
selection of stove models for consumers, and ¢) provide the greatest
assurance that ailr quality objectives will be met.
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18. Stoves whiech will qualify for certification will cost in some cases
about $100 to $300 more than conventional stoves and require in scme
cases replacement of parts (catalysts}; however, because these
appliances will have higher efficiencies, they will save consumers more
money in fuel cost and chimney cleaning than their initial additional
costs. They will also provide inecreased fire safety.

19, The Certification Program as proposed should ultimately result in an
80% or 30,000 tons per year reduction in smoke from woodstoves in the
State and a 200,000 cord per year savings in firewood (about 209 to 30%
savings per household) due to the higher efficiency of clean burning
appliances. The program should alsc reduce fire hazards by providing
appl lances that reduce stovepipe crecsote formation.

Recommendation

Based on the Summation, 1t is recommended that the Commission authorize a
public hearing to take testimony on the woodstove certification rules, OAR
340-21-100 through OAR 340-21-166.

41&&é%§fﬂ\ Vafmvw’ .

Fred Hansen

Attachments:
1. HB2235
2. Draft Statement of Need for Rulemaking
3. Draft Hearing Notice
4, Draft Rules QAR 340-21-100 through 166
5. Permanent Label Example
6. Removable Label Example

J.F. Kowalczyk:ahe

229-6459

March 9, 1983 -
AZ593
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42nd QREGON LEGISLATIVE ASSEMBL Y~ 1583 Regular Session

Enrolled
House Bill 2235

Ordered printed by the Speaker pursuant (0 House Rule 1Z1.00A (5). Presassion filed (at the cequast of
Depuartment of Environmental Quality) ’

AN ACT

Relating to air pollution: creating new provisions; and amending ORS 364,275 und 468,250,
Be It Enacted by the Peuple of the State of Oregoat

SECTION L, ORS 468.2758 is amended o read: .

368,275, A5 used in [ORY &85, 305, AFL {0 119 454 0], 454 J0F 0 454 255, 454 405, 454425, 54505 to
54 535, 454 805 to 434 745 and] this chapter, unless the context requirss otherwise:

(1) "Alr-cleaning device' means any method, process or equipment which removes, reduces or renders
less noxious air cont.ammanta priur (o their discharge in the atnmsphcrc

() TAdr contaminant T means s dust, fume, gos, mist, odor, smoke, vapor, pollen, soot, carben, acid or
particulate (natier or any combination thereof.

(3} ""Adr contamination'’ means the presence in the outduor simusphere of one or more air contaminants
which sontnibute to a condition of air pollution. ‘

(4} '"Air conamination source '’ means any source at. from, or by reason of which there is emitted into the
atmosphere any air contaminant. regirdless of who the person may be who owns or operates the building,
premises or other property in, at or on which such source is located, or the facility, equipment or other
pruperty by which the ¢mission is caused ur from which the emission comes,

(%) " Adr pollution™ means the prasence in the cutdoor aunosphere of one or more air contaminants, or any -

cumbinution thereyf, in sufficient quantities and of such characteristes and of a2 Juration as are or are likely 13
be injurious to public welfare, 10 the health of human, plant or apimal life or to property or to interfere

uareasonably with enjoyment of life and “property throughout such-area of the state as shail be affected ...

thereby. “

1) "*Aren of the state’ means any city or county or purtion thersof or other geoeraphical area of the state
as ruy be designated by the commission.

{7} "Woodstove'’ meaps a wood fired appliance with a closed {ire chamber which maintains an air-to-fued
rado of less than 30 during the burning of 50 percent or more of the fue] mass consumed in the jow fring cyde.
The low Bring cycle tneans less than o equal to 15 percent of the muximum burn itz achieved with doors closed or
tw minimum burn achieyabie.

SECTION 2. ORS 468,290 is amended to read;

468,260, Except as provided in this section and in ORS 468,450, 476,380 and 47%.560, Lhc air polluton laws
contuined in this chapter do not apply tor

@
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{1} Agricultural operatons and the growing or harvesting of crops and the raising of fowls or amumals.
except field burning which shall be subject (0 reguiation pursuant 1o ORS 448, [40, 468.150, 468,435 1o 468,480
and this section;

(2) Usa of equipment in agricutural operations in the growth of crops or the raising of fowis or animals,
sxcept fietd burning which shal be subject 1o regulation pursuant (o ORS 464,140, 468,150, 04,455 1o 4+68.350
and this secrion;

{3) Barbecue equipment used in conneciion with any residence:

{4) Agricuiturai land clearing operations or land grading;

(5) Heating equipment in or used in connection with residences used exclusiveiy as dwellings for not more
than four {amilies, exceot wodctoves which shall be suh;ect ty rl:gu.ladon under sectons 4 o 10 of ﬁuﬂ 1943 Act
and this section;

{6} Fires sat or permitted by any public agency when such fire is set or permilted in the performancs of its
official duty for the purpose of wesd ubatement, prevention or elimination of a fire hazard, or instruction of
employes in the methods of fire fighting, which in the opinion of the agency is necessary; or

(7) Fires set pursuznt to permit for the purpose of instruction of emiployes of private industrial concerns in
methods of fire fighting, or for civil defense instruction.

SECTION 3. Sections 4 to 10 of this Act are added to and made a part of ORS chapter 468,

SECTION 4. In the intarest of the pubiic heaith and welfare it is deciared 10 be the public policy of the state
1o control, reduce and prevent air pollution caused by woodstove emissions. The Legsiative Assambly
deciares it 10 be the public policy of the state (0 reduce woodstove smissions by encournging the Deparunent of
Environmental Quality to continue effurts to educate the public sbout the effects of woodstove emissions and
the desirability of achieving better woodsiove emission performancs and heating <fficisncy.

SECTION 5, Before July [, 1984, the commission shall estubiish by nule:

(1) Emission performance standards for new woodstoves;

{2) Criteria and procedures for testing a new woodstove for compliance with the smission performance
standards;

(3) A program administered by the department to certify a new woodstove that complies with the emission
performance standards when tlested by an independent testing laboratory, sccording to the criteria and
procedures established in subsection (2) of this section;

{4) A program. including testing criteria and procedures (o rate the heating efficiency of a new wouodstove;

(5) The form and content of the emission performunce and heating efficiency lubel (o be attached to 2 new
woodsiove; and

(6) The cpplication fee (o be submitted o the department by u munufucturer, dealer or seller applying for
certification of a woodstove,

SECTION 6. To aid and advise the commission in the adoption of emission perfurmancs standurds and
testing criteria, the comurussion may establish an advisory committze. The members of the advisory comunities
shall include, but need not be limited (o, representatives from Cregon woodstove manufocturers.

SECTION 7. (1) After July 1, 1984, a woodstove manufacturer or dealer may request the departmeat to
evaluate the emission performancs of a new woodstove.,

{2) The commission shall establish by rule the amount of the fae that a2 manufacturer or deuler must submit
to the Jepartment with each request (o evaluate a wosdstove.

(3} A aew woodstove may be certified at the corizlusion of an evaluadion und before July 1, 1986, if:

(1) The department finds that the ¢mission levels of the woodstove compiy with the emission standards
established by the commission: and

{b) The woodstove manufasturer or deafer submits the application for certification fee established by the
commission under section 3 of this 1583 Act.

(4) As used in this section, “‘svaluate’’ means to review a woodstove's emission leveis as determined by an
independent tesung laboratory, and compare the emission leveis of the woodstove to the emission standards
established by the comenission under section § of this {983 Act,

SECTION 8. On and after July I, 1986, a person may not advertise 10 sell, offer to sell or sei 2 new
woodstove in Oregon uniess:

(1} The wouodstove has be=n tested to deternune ils emission performance and heating «fficiency:

Enroiled House Bill 135 ' Page 2
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(2) The woodstave is certfied by the department under the program estabiished under section 5 of this
1983 Act; and

(3) An emission performancs and heating efficiency labei is attached ta the woodstove.

SECTION 9, (1) The provisions of this 1983 Act do not apply 10 a used woodstove.

{2) As used in this section, “used woodsiove'' means any woodstove that has been sold, basrgained,
exchanged, given away or has had its ownership transferred from the person who first acquired the wocdstave
from the manufactursr or the manufaciurer’s dealer or agency, and 50 used to have becormne what is commonly
known as ‘'second hand’' within the ordinary meaning of that term.

SECTION 10. The commission shail use a portion of the net emission reductions in ap airshed achisved by
the woodsiove certificotion program (w0 grovide room in the airshed for emmssions assoctaled with commereial
and industrial growth. : ‘

Approved by the Governor July §, 1983,
Filed In the office of Secretary of State July 4, 1983.

Enrolled House Biil 2235 Page 3




Attachment 2
RULEMAKING STATEMENTS
for

Proposed Adoption of Woodstove Certification Rules

Pursuant to ORS 183.335, these statements prOVide information on the
intended action to amend a rule.

STATEMENT OF NEED:
Legal Authority

This proposal would add rules to OAR Chapter 340, Division 21, Sections
100-=166, Woodstove Certification.

It is proposed under authority of ORS Chapter 468.655.
Need for the Rule

A woodstove certification program is needed to control, reduce and prevent
alr pollution caused by woodstove emissions. It is needed in urban areas
of the state to reduce violations of particulate and carbon monoxide air
quality standards designed to protect against adverse health and welfare
impacts. Such impacts are also threatening growth and develeopment by using
up airshed capacity considered available for other growth. This program is
needed Lo reduce severe nuisance impacts, visibility less and odor problems
throughout the state.

ent elie

1. DEQ Legislative Concepts for Residential Wood Heating, dated May 4,
1982. '

2. DEQ/Oregon Woodstove Advisory Committee Reference Notebooks, Volumes I
and II, dated August 12, 1983 thrpugh February 21, 1984,

3. DEQ Woodstove Air Pollution Control Alternatives (a Table), dated
Spring 1983.

4, HB 2235, 1983 Oregon Legislature.
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FISCAL AND ECONOMIC IMPACT ON SMALL BUSINESS:

The small business impact could be adverse, insignificant, or beneficial
depending on the particular business znd buying patterns of consumers.

Most of the businesses affected by this program are classified as small
businesses with fewer than 50 employees. Woodstove retailers and
manufacturers are the businesses that would be most significantly affected
by this program. Assuming there would be no decrease in stove sales, and
assuming that cleaner burning appliances would cost $100-$300 more than
present generation appliances, there could be the benefit of an cverall
inorease in dollar sales for the industry. A proportion of the total
industry income could shift from businesses that don't provide certifed
clean burning stoves, to businesses that do provide certified clean burning
appliances. Demand for Cregon certified stoves in other areas of the
country or world could also inerease business. Each appliance manufacturer
would incur an additional $6000=-$700Q cost per model for emission and
efficlency testing., A $1600.00 certification fee for the first model
submitted for certification by a manufacturer, and $800.00 for each
additional model would also be incurred., Certification fees would be used
to offset costs incurred by the DEQ to administer the program,

Chimney sweeps may have less business in chimney cleaning.

Independent teating laboratories in the State that gain acecreditatien to
participate in the program would be beneficially affected as appliance
manufacturers test woodstoves to gain certification.

Commercizl wood fuel suppliers could experience a 20%3-30% decrease in
business because the clean-burning stoves are generally 20%-30% more
efficlient than the present "averzage" stove. Thus, less wood is required to
heat a home. However, burners are shifting from cutting and hauling wood
themselves to buying wood from local commercial wood suppliers. Woodstove
sales are projected to inecrease, in proportion to the general population -
growth in the State, at an approximate rate of 2%/yr. This sales
projection deces not assume potential increases in residential snergy
prices. These increases in the volume cf customers might offset the
decrease in the size of each sale.

Reduction in particulate peollution vislations should help to increase the
airshed capacity that would be available for growth and development,
resulting in establishment of industries with a potential of 19,000-24,000
new jobs in the State by the year 2000.

FISCAL AND ECCNOMIC IMPACT ON OTHERS:
About 20,000~30,000 households per year are expected to add or replace a

wood heating appliance. An adverse affect on these consumers would be an
average initial increase in cost that may range from $100.00-$300.00. If a
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catalytic stove is used, an additional average annual cost of $20-$50 will
be incurred for catalyst replacement, However, both of these costs should
decrease as market demands expand, competition amongst the remaining stove
retailers increases, and woodstove industry research increases the useful
lifetime of stoves and catalytic combustors. The economic beneficial effect
of energy or wood savings to the consumer, because of better combustien
conditiens in cleaner burning appliances, should be about $50-3100 per
year. This amecunt would offset increased appliance and replacement part
costs in a few years. Cleaner burning woodstoves produce less crecsote in
chimneys. Thus, consumers will gain the added benefit of fire-safety
improvement and leas chimney cleaning.

There should be little long-term fiscal impact on the Department of
Envirommental Quality as the program is to be self=-sufficient through
certification fees.

Local fire districts should experience a substantial decrease in woodstove

related housefires, thus reducing costs associated with the number of
housefire calls.

LAND USE CONSISTENCY STATEMENT:

The proposed rule appears to affect land use and appears to be consistent
with the Statewide Planning Goals. B

With regard to Goal 6 (air, water, and land resources quality) the rules
are designed to enhance and preserve air quality in the affected area and
are considered consistent with the goal. Airshed capacity for growth and
development will be regained which might make roem for about 19,000-2%,000
Jobs in the State. )

Goal 11 (public facilities and services) is deemed unaffected by the rule.
The rule does not appear to conflicet with other goals.

With regard to Goal 13 (energy conservation), the rules wouid beneficially
affect the use of a renewable energy source (biomass: firewood) in that
it is eatimated 200,000 cords per year (or about 80 megawatt equivalents)
of firewood will be conserved by the year 2000 if c¢leaner burning, more
efficient stoves were in use.

Public comment on any land use issue involved is welcome and may be
submitted in the same way indicated for testimony-in this . :

notice. :

¥
Y

It is requested that loeal, state, and federsl agencies review the proposed
action and comment on possible conflicts with their programs affecting
land use and with Statewide Planning Geals within their expertise and
Jurisdiction.

The Department of Envircnmental Quality intends to ask the Department of

Land Conservation and Development to mediate any apparent conflict brought
to our attention by leczl, state, or federal authorities.
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land use and with Statewide Planning Goals within their expertise and
Jurisdiction.

The Department of Environmeﬁtal Quality intends to ask the Department of
Land Conservation and Development to mediate any apparent conflict brought
to our attention by local, state, or federal authorities.
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WHO IS
AFFECTED:

WHAT IS
PROPOSED

WHAT ARE THE
HIGHLIGHTS:

AABDAS

Attachment 3

Proposed Adoption of Woodstove Certification Rules
Notice of Public Hearing

Date Prepared: March 5, 1984

Hearing Dates: May 1, May 2, & May
3, 1984

Comments Due: May 4, 1984

1. Residents of the State of CGregon who may buy a new
woodstove in the future;

2. woodstove retailers and dealers who intend to sell new woodstoves
in the State of Oregon;

3. woodstove manufacturers who manufacture with the intent of having
their woodstoves so0ld in the State of Oregon; and

4, independent testing laboratories.

The Department of Envirommental Quality 1s proposing rules to be
added to OAR, Chapter 340, Division 21, Sections 100-166,

Woodstove Certification, that would be used to administer the Qregon
Woodstove Certification Program which was authorized by the 1983
Oregon Legislature.

The Department of Environmental Quality (DEQ) is proposing to
establish emission standaprds and test procedures for certification of
new woodstoves sold in Oregon after July 1, 1986. Interested parties
should request a copy of the complete proposed rule package. Some
highlights are: :

1. Emission performance standards would be established for new
woodstoves offered for sale or sold during the period:

A, July 1, 1986 = June 30, 1988 - 15 grams of smoke emitted per
hour (grams/hour) for non-
catalytic woodstoves; 6
grams/hour for catalytic—-

N equipped woodstoves, This
represents about a 509
reduction in smoke compared to

_ conventional stoves,

B, July 71, 1988 = on - 7 grams/hour for non=catalytic
woodstoves; 3 grams/hour for catalytic
equipped woodstoves. This represents
about an 80% reducticn in smoke from
conventional stoves.




BEOW TO
COMMENT:

AREDLS

2. Cpiteria and procedures would be established for testing new wood-
stoves for efficiency and for compliance with the emissicen
performance standard. '

3. Two labels would be required for each certified woodstove:

4. A permanent label that would describe the tested emissions and
efficiency of the stove over the range of tested heat sutputs.

B. A removable point-of-sale label that would deseribe the
average emission and efficiency of the stove, the range of
teated heat outputs, and would compare the stove's performancs
to the Cregon emission standard.

4, Criteria and procedures would be established to acceredit
independent testing laboratories to teat new woodstoves for
emissions and efficiency.

5. A certification fee schedule would be esatablished:

A, $1600.00 fee for the first model a manufacturer submits for
certification.

B. $ 800.00 fee for each additional stove a manufacturer submits
for certification.

6. Criteria and procedures would be established for enforcement of
the program. :

Copies of the complete proposed rule package may be obtained from the
DEQ Publie Affairs Section in Portland (522 S.W. Fifth Avenue) or the
regional office nearest ycu. For further information contact
Margaret McCue at 229-6U88.

A public hearing will be held befeore a hearings officer at:

City Iime Date catio
Portland 2:00 p.m. and Tuesday, To Be Arranged
7:00 p.m. May 1, 1984
Bend 2:00 p.m. and  Thursday, To Be Arranged
7:00 p.m. May 2, 1984
Fugene 2:00 p.m. and Thursday, To Be Arranged
7:00 p.m. May 3, 1984
Medford 2:00 p.m. and Thursday, To Be Arranged
7:00 p.m. May 3, 1984
Pendleton 2:00 p.m., and Thursday, To Be Arranged
7:00 pom. May 3, 1984
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WHAT IS THE
NEIT STEP:

AML245

DEQ staff will be available for one hour prior to each hearing to
clarify any questions about the rules. Orzal and written comments will
be accepted at the public hearing. Written comments may be sent to
the DEQ Public Affairs Section, P.0. Box 1760, Portland, OR 97207, but
must be postmarked by ne later than May 4, 1984,

After public hearing the Envirommental Quality Commission may adopt
rules identical to the proposed rules, adopt modified rule on the
same subject matter, or decline to act. The adopted rules will be
submifted to the U. S. Envirommental Protection Agency as part of the
State Clean Alr Act Implementation Plan., The Commission's
deliberation should come on June 8, 1984 at a speclally schedul ed
Commission meeting in Pertland.

A Statement of Need, Fisecal and Economic Impact Statement, and Land
Use Consistency Statement are attached to this notice.
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Attachment 4

{DRAFT RULES)

WOODSTOVE CERTIFICATION
Chapter 340, Division 21, Sections 100-166

340-21-100 Definitieons

-110 Requirements for Sale of New Woodstoves in Oregon

-115 Exemptions :

=120 Emission Performance Standards and Ceprtification

-130 Testing Criteria and Procedures

=140 Ceneral Certification Procedures

=145 Changes 1in Woodstove Design

=150 Labelling Requirements

-152 Permanent Label

=154 Removable Label

-156 Label Approval

~160 Laboratory Accreditation Requirements

=161 Accreditation Criteria

=162 Application for Accreditation '

-163 On=-3ite Laboratory Inapection and Stove Testing Proficiency
Demonstration

=164 Acereditation Application Deficiency, Notification and Resolutinn

-165 Final Department Administrative Review and Certification of
dcereditation

-166 Civil Peralties, Revocations and Appeazls

 Appendixl  Oregon Department of Envirommental Quality, Standard Method =~

for Measuring the Emis3ions and Efficiencies of Woodstoves,
March 8, 1984
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(DRAFT RULES)

WOCDSTOVE CERTIFICATION
Chapter 340, Division 21, Sections 100-166

Definitions

380-21=100 Unless otherwise required by context, as used in this Division:

(1) MAccredited" means a woodstove testing laboratory holds a valid

certificate of accreditation issued by the Department.

(2) "Audit test" means a test used by the Department to verify a

laboratory's certification test results.

(3) "Catalyst-equipped" means a woodstove with a catalytic combusator that is

an integral component of the dezign and manufacture cf a woodstove.

{4} "Certify" means the Department has acknowledged in writing that a
woodstove meets Department emission standards when tested by an independent

laboratory according to Department test procedures.,

{5) "Fixed air supply" means an 2ir supply system on a weoodstove which has

no adjustable or controllable air inlets.

{(6) "™Heat output™ means the heat output (Biu/hour) of a woodstove during one

test run, measured under test conditions prescribed by OAR 340-21-130.
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(7) "Informal Departmental conference™ gpeans a meeting of a manufacturer,

dealer, retailer, or laboratory representative and a representative of the
Department to discuss certification or accreditation denial or reveoecation,
or clvil penalties. An informal Departmental conference is not part of a

judieial process or the formal hearing process as deseribed in Oregon

Administrative Rules Chapter 340, Division 11.

{8) "New Weoodstove™ means any weodstove that has not been sold, bargained,
exchanged, given away or has not had its ownership transferred from the

persen who first acquired the woodstove from the manufacturer!s dealer or
agency, and has not been so0 used to have become what is commonly known as

"second hand®™ within the ordinary meaning of that term.

(9) "Overall efficiency (%) over the range of heat outputs tested" means the
weighted average combustion effieien;y (%) multiplied.by the weighted
average heat transfer efficiency (%) measured under test conditions (range
of heat cutputs) and caleulated according to specific procedures prescribed
by OAR 340-21-120(5). This definition is applicable to the Stack Loss
Methodology. For the Calorimeter Room Method, the weighted average overall
efficiency means the ugeful he#t output released to the room, divided by the

total heat potentizl of the fuel?consumed.

(10) "Smoke emission rate {grams/hour) over the range of heaﬁ outputs
tested™ means the welghted average particulate emizsions (grams)hour) that
are produced by a woodstove under test conditions (range éf heat outputs)
specified in OAR 340-21-130 and calculated according to procedures specified

in OAR 340-21-120(5).
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{11) "eighted average" means the weighted average of the test results to
the distribution of home heating needs in Oregon, (Refer to OAR 340-21-

120(5)).

(12) ™oodstove™ means a wood fired appliance with a closed fire chamber
which maintains an ‘air-towrfuel ratio of less than 30 during the burning of
90 percent or more of the fuel mass consumed in the low firing cycle. The
low firing cycle means less than or equal to 25 percent of the maximum burn
rate achieved with doors closed or the minimum burn achievable, whichever is

greater,

Requirements for Sale of New Woodstoves in Oregon

380-21-110(1)} On and after July 1, 1986, a person shall not advertise to

sell, offer to sell, or sell a new woodstove in the State of Oregon unless:

{a) The wocdstove has been tested to determine its emission performance
and heating efficiency in acecerdance with ceriteria and procedures specified
in OAR 340-21-130; and

{b) The woodstove is certified by the Department in accordance with
Procedures in OAR 340-21-140 as meeting the emission performance

standards specified in OAR 340-21-120; and

(¢) The woodstove is labelled for emission performance and heating

ef'ficiency as specified in QAR 340-21-150,
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(2} No manufacturer or dealer shall alter either the permanent or removable
label in any way from the label approved by the Department pursuant to OAR

340-21-156.

{3) Violators of any of the above rules may be subject to civil penalties
pursuant to OAR Chapter 340, Divisien 11 and 12 or other remedies preseribed

by rule or order.
Exemptlons

330-21-115 (1) Wood-fired appliances that are not suitable for heating
equipment in or used in connectlon with residences or commercial
installations are excluded from 340-21-11C, For example, portable

camping stoves.

{2) Wood«fired forced air furnaces that primarily heat living space or water
through indirect heat transfer using forced air duct work or pressurized

water systems are excluded from 340-21-110.

Emission Performance Standards and Certification

380-21=120 (1) New woodstoves with minimum "heat output™ of less than 40,000
Btu/hr advertised for sale, offered for sale, or scld in the State of Cregon
within the period July 1, 1986 to June 30, 1988, shall not exceed the
following weighted average particulate emission standards when ftested o

procedures in QAR 340-21-130.
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(a) 15 grams per hour for a non-catalytic woodstove, or

{b) 6 grams per hour for a catalyst-equipped woodstaove,

(2) New woodstoves with minimum "heat cutput® of less than 40,000 Btu/hr
advertised for sale, offered for sale, or sold in the State of Oregon on
or after July 1, 1988 shall not exceed the following weighted average

particulate emission standard when tested and measured according to test

procedures in OAR 340-21-130.
{a) 7 grams per hour for a non-catalytie woodstove aor
{b) 3 grams per hour for z catalyst-equipped woodstove.

(3) New woodstoves with a minimum "heat output® of greater than 40,000 Btu
per hour, advertised for sale, offered for sale, or sold in the State of

Oregon after July 1, 1986 shall not exceed an average particulate emission
standard equal to the sum of 8.0 grams per hour plus 0.2 grams per hour for

each thousand Btu per hour heat output when tested to procedures in OAR 34C-

21-130.
{4) The Department will certify a woodstove as meeting the applicable

woodstove emisszion standard after July 1, 198% {in accordance with procedures

in OAR 340-21-140,
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{5) The weighted average particulate emission shall be calculated as

follows:

E = KqEq + EpEp + K3E3 ...+ KpEp

where: E is the weighted average particulate emission rate in grams

per hour; Eq, Ep, E3...En are the particulate emission rates in grams per

hour from test runs 1 through n in order of inereasing heat cutput; and K,
Kz, K3...Kp are the weighting factors for test runs i through n.

The weighting factors (Ki) are calculated as follows:
Ki = Pig1 = P19

where P; is the cumulative probabilitf from Table 1 for the heat out-

put measured during each test run, Py = 0, and Pp.q = 1.
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Table 1
(0AR 340-21=120Q)

CUOMULATIVE FROBABILITY FOR A GIVEN HEAT CUTPUT .
DEMAND BASED ON CREGON CLIMATE (POPULATION WEIGHTED )

Heat Output Cumulative Heat Qutput Cumulative
_(Btu/hr) . Probability (P) —(Btwhp) Probability (P)

0 0.02640 24,5600 0.97873
600 0.03071 25,200 0.98256
1,200 0.03503 25,800 0.98540
1,800 0.04130 26,400 ' 0.98713
2,400 0.04888 27,000 0.98972

3,000 £.05863 27,600 0.99096
3,600 0.06879 28,200 0.99237
4,200 0.08122 28,800 0.99316
4,800 0.09837 29,400 0.99408
5,400 0.11586 30,000 0.99472
6,000 0.13522 30,600 0.99506
6,600 0.15803 31,200 0.99526
7,200 0.18394 31,800 0.99563
7,800 6.21615 32,400 0.99589
8,400 0.24867 33,000 0.99679
9,000 0.28798 33,600 G.99711
9,600 0.32621 34,200 0.99745
10,200 0.37040 34,800 0.997T4
10,800 0.41575 . 35,400 . 0.99787
11,400 0.46226 36,000 0.99817
12,000 0.50831 36,600 0.99837
12,600 6.55778 37,200 0.99851
13,200 0.60326 37,800 0.99858
13,800 0.64770 38,400 0.99882
14,400 0.68572 39,000 0.99899
15,000 0.72483 39,600 0.99915
15,600 0.75743 40,200 £0.99933
16,200 0.78883 40,860 0.99945
16,800 0.81816 41,400 0.99958
17,400 0.84386 42,000 0.99968
18,000 0.86822 42,600 0.99974
18,600 0.88951 N 43,200 0.99986
19,200 0.90667 43,800 0.99992
19,800 0.92228 14,400 0.99995
20,400 0.93620 45,000 0.99996
21,000 0.94720 45,600 0.99999
21,600 0.95545 46,200 1.00000
22,200 0.96158 46,800 1.00000
22,800 0.96699 47,400 1.00000
23,400 0.97151 48,000 1.00000
24,000 0.97515 > 48,000 1.00000

* Based on ambient temperature data during October through April, 1967-73 with
population weighting from eight Cregon locations (Portland, Medford,
Pendleton, Astoria, Burns, North Bend, Redmond, and Salem).
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Testing Criteria and Procedures.

3/0-21=130 (1) To be considered eligible for certification, a woodstove

must be tested in striet conformance with criteria and procedures contained in

the document Stapdard Meth op Measuring the Emissio 1d ciency
Residential Woodstoves dated March 8, 1983, and incorporated herein by reference

and on file at the Department.

(2) A1) testing for certification purposes shall be conducted by a stove
testing laboratory aceredited by the Department in aceordance with

procedures specified in GAR 340-21-160.

(3) The Department'may permit minor changes in the testing criteria and
procedures which the Department bel;eves does not affect its accuracy with
respect io compl iance with the emissicn standard proﬁiding such changes are
approved in writing by the Department prior to the actual conducting of such

tests.

General Certification Procedures

MO-21=140 (1) Any woedstove manufacturer, or dealer, wishing to
nbtain certification of a woedstove shall file an application with the

Department.

(2) An application for certification must include:
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{a) An appliance description which includes the woodstove model name and
design number, a copy of the appliance's operating manual and a photograph

of the stove.

(b) Design plans of the woodstove, identified by design number, which
ineclude overall dimensions of the apbliance and all dimensions and
specifications of components critical to emission control and heating
efficiency performance. These components shall include combustion chamber
configurations, all air inlet controls, heat exchanger design and make and

model numbers of applicable purchased parts.

(e} ALl test data and support documentation showing that the woodstove
has been tested in accordance with OAR 340-21-130 and that it meets the

emission performance standard specif;ed in OAR 340-21-120.

{d) A nomwrefundable certification fee, payable to the Department at the
time the application is submitted to the Department, 1s required for each

stove model seeking certification. The fee l1s:

(a) $1600.00 for a manufacturer's first model seeking certifiecation,
and N

b

{(b) $ 800.00 for each additional model submitted by the manufacturer.

(3) The Department will prom}atly review an applieation for

certification and:
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{a) Notify the applicant in writing within 30 days of receipt of the
appilication, of any deficiencies in the application that cause the

application to be incomplete.

{(b) Notify the applicant within 60 days of receipt of a completed
application whether certification is granted or denied pursuant fo Sectlons

4 and T below.

{4) When all the preceeding requirements have been met, the Department
will issue a certification document to the manufacturer or dezler for the

specifiled woodstove.

(%) If the Department granta certification, the certification status
shall be effective for no longer than 5 years unless extended or terminated

by rule or order.

(6) An application for a new document of certification shall be made by
submitting 2 completed application including retests and fees at least 60
days prior to expiration of certification. The Department may waive the
retest and fees if the applicant demonstrates the previous evidence used to

certify the woodstove has not changed and remains reliable and applicable.
{7) If the Department denies certification of a woodstove, the

Department will notify the manufacturer or dealer in writing of the

opportunity for a hearing pursuant to OAR Chapter 340, Division 11.
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Changes in Woodstove Deaign

380-21-145 Certification of woodstoves shall be valid for only the specific
model, design, plans and specifipations which were originally submitted, tested
and approved for certification. Any medificaticn te the model, design, plans or
specifications shall cause the certification to be lneffective and any so
modified woodstoves fo be uncertified, unless prior to making such modification
the certification holder submits thg propcsed modification to the Department for
approval, and the Department approves it. The Department may approve the
proposed modification i1f the holder demonstrates and the Department finds that
the proposed modification would notf affect emissicon performance cor heating

efficiency.

Labelling Requiresents

380-21-150 Woodstoves which must be labelled pursuant to OAR

340-21~-110 and shall have affixed %o them:

(1) A permanent label, that has been previously approved by the Department
in writing as to form, content and loecation, that ashows the teat emissions

and heating efficiency for the range of heat outputs tested.

-
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{2) A point=of-sale removable label that verifies certification and shows
how the appliance's emission test results compare with the Oregon emission
performance standard; and shows the heating efficiency and heat output range
of the appliance., The label shall be affixed to the appliance at the point
of sale near the front and top of the stove and remain affixed until seold

and delivered to the consumer.

380=-21=151 All woodstoves certified by the Department from July 1, 1984 on,
shall be labelled with a permanent and a removable label.
Permanent Label

340-21~152 (1) The permanent label, or "Certified Test Performancse®

label, shall contain the following inforﬁation:
{a) Testing lLaboratory
(b). Date tested
{e) Test procé&ﬁfé.ﬁééd o -
(d) Manufacturer of appliance
(e) Model

(f) Design number
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{g) The statement: "Performance may vary from test values depending

on actual home operating conditions.”
(h} A graph showing:

(4) Smoke emission rates, in grams/hour, over the range of heat outputs

tested.
(B) Overall efficiency over the range of heat outputs tested.
(2) The axis of the graph shall be identified as follows:

(a) Vertical axis, lef't side: '"Smoke - grams/hour®, with a scale of

0 to a maximum of 20, bottom to top.

{b) Vertical axis, right side: "Efficiency -~ 24", with a scale of a

minimum of 50 to a maximum of 90, bottom to top,

(¢) Horizontal axis, bottom: '"Heat Output - Btu/hour™, with a scale
from 0 0 a maximum of 5,000 Btu/hour higher than the highest

tested heat output.
{3) Curves describing emissions and efficiency at variocus heat outputs

shall be printed on the graph, and will be developed by the Department

ag follows:
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{a) The emissions curve will be developed by the Department by

fitting the emission test data %o the quadratic equation:

ysao+a1x+a2x2

where

o
i

particulate emissions (grams/hour)

"
1}

heat ocutput (Btu/hour)

8ny 81y, 37 = regreasion coefficients
(b) The overall efficiency curve shall be developed by the Department
by fitting the efficiency test data te the quadratic eduatien:

Y= 85+ 29X + a2x3

where

¥y = overall efficiency (%)
x = heat output (Btu/hour)
ags a1, 8 = regression coefficients

{4) For woodstoves with a fixed air supply which have only two data peints

for emissions and twe data points for overall efficiency the Department

will:
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{a) Develop the emission performance description by averaging the two
emission data points and describe the performance on the graph with

a single point representing the average.

{b) Develop the overall efficiency performance descriptlion by averaging
the two efficiency data points and describe the performance on the

graph with a single point representing the average.

{5) The curves or single points will be developed and f£it on the graph by
the Department and transmitted to the appliance manufacturer for printing on
the label. Changes from the above criteria may be made by the Department as
necess=ary to insure readability. Approval of the label design, layout, and
location on the woodstove will be made by the Department and shall he

obtaired pursuant to QAR 340-21-156.‘

(6) The label =shall be permanently secured or fixed to the appliance
s0 that it is visibly located on the appliance and legible, and meets

the following criteria:

(a) A permanent label shall be a label that cannot be removed from the
appliance without damagg to the label, The label shall remain
legible for the maximum expected useful 1life of the azppliance in

normal operation.

AAL165 -16=



(b)Y 4 Lapel shall be readily visible after installation, Approval of
the location of the label on a woodstove will be made by the
Department and shall be obtained pursuant to QAR 340-21-156. The

label may be located on:

(A) Any visible exterior surface except the bottom of the

appliance, or on

(B) Any interior surface of the appliance, within stove
compartments, or under overlapping covers or deors, or at
another interior location, if the label can be seen af'ter
installaticn and will remain legible for the life of the

stove.
{c) A legible label shall be quickly and easily r;ead.

(d) It shall be acceptable to combine the permanent label with another
label, such as a safety label, if the design and integrity of the
permanent label is not compromised, and 1f the combination label meets

the approval of the Department.

-

™~

(7) Physical and Material Specifications

{(a) The minimum dimensions of the label shall be at least 3-1/27 long

by 2% wide,
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(b) The graph on the label shall be at least 3" long by 1=1/2" wide: and any
enlargement of the graph shall maintain z proportion represented by the

length to width ratio of 2:1.

{¢) The label must te made of & material that will satisfy the
permanency rule (340—21~152(6)(a)), For instance, if may be made of
aluminum, brass, galvanized steel, or another metal, and of a thickness

that will ensure permanence of the label.

(d) The information on the label shall be applied to the lakel in a way
that will satisfy the permanency and legibility rules (340-21-152(8)(a) and
(e)). PFor instance, the information may be etched, sillk-screened, or die-

stamped onto the label.

{e) The label shall be secured to the appliance in a way that it will
satisfy the permanency and visibility rules {380-21-152(6)(a} and (b)}. For

instance, the label may be riveted, screwed, or bolted onto the appliance,

Removable Label

hl
-

340-21=-15% (1) The point of sale removable label, or "Emissions and

Efficiency Performance™ label, shall contain the following information:

grams/hour®, weighted average of tested values.

(a) "Smoke {(Ave.)
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(b) "Efficiency (Ave.) ______ 3", weighted average of tested values.
{¢) Summary of the applicable emissions standard.

{d) Heat output range, tested values.

{(e) Manufacturer of appliance.

{f} Model of appliance.

(g) Design number of model.

(h) A statement verifying certification.

{i) The statement "Performance may vary from test values depending

on actual home operating conditions.™"

(2) The label shall be visibly located on the appliance when the
appliance is available for inspection by consumers.

(3) This label may not be combined with any other lzbel or with
other information.
-(4) The label shall be attached to the appliance in such a way

that it can be easily removed by the consumer upon purchase. For

instance, the label may be attached by adhesive, wire, or string.
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Label Approval
380-21-156 (1) Permanent label

(a) The Department will provide guidance on the design of labels
by supplying information that shall be placed on the label at the

time certification is granted.
{b) The manufacturer or dealer shall submit to the Department:
(A) The name, phone number and address of the label manufacturer.

{B) A proof copy of the label, printed on a representative sample of the
label stock, shall be submitted to tt_:e Department, if practical; if not, a
sample of the label stock shall be sﬁbmitted for review with a proof copy of
the label. The copy shall be as representative of the intended final
printed label asa practical. The copy shall be actual size; and shall show
the proposed label design; laycut; artwork; print size, style and color; and
shall show all the information required on the label, including curves or
points.

(C) & drawing, diagram, or photograph that identifies the location of the

Permanent label on the woodstove.
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(D) Information that describes or shows how the permanent label will be
affixed to the woodstove., For instance, it may be a description of an
adhesive type, adhesive manufacturer, and performance characteristics; or

rivet iype, rivet manufacturer, and performance characterisiics.

{¢) Within 14 days of receipt of all information required in (b), the

Department will approve or deny use of the proposed label.

{2) Removable label

(a) The Department will provide the manufacturer or dealer, at the time of

ceptification with:

(4) A copy of the standardized printed removable label, with all printing

specifications, and

(B) The specifie information that shall be printed in the spaces on the

label by the manufacturer.

(b) The manufacturer or dealer shall submii to the Department for review:

L

Y

(A) A proof copy of the proposed label with the required information

printed on the labels.

(B} The methed of attaching the removable label to the woodstove.
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(C) The name, ftelephone number, and address of the label printer,

{e) Within 14 days of receipt of zll the information required in (b}, the

Department will approve or'deny use of the proposed label.

(3) The manufacturer shall submit to the Department three final printed
permanent, and three final printed removable labels within 1 month of

receiving the labels from the printer.

Laboratory Accreditation Requirements

380%21~160 A lahoratory submitiing test data pursuant to requirements
in this rule shall have a valid certifiegte of accreditation issued by the
Department. A laboratory may initiate aﬁplicétion for agiaccreditation
certificate by submitting written documentation to‘the Department that
acereditation eriteria contained in OAR 330-21-161 are met. In additien,
the laboratory must demonstfate stove testing proficiency pursuant to QAR

340-21=162, in order to qualify for accreditation,
Acereditation Criteria N
380=-21=161 (1) All laboratories shall meet the following criteria and

standards at the time of application and shall continue to meef these criteria

as a condition of maintaining acereditation:
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(a) The laboratory shall be an independent third-party testing organization
with no organizational, managerial, or financial affiliation with any
manufacturer, supplier or vender of any woodstove covered under its testing

programs. For example:

(A) The laboratory shall not be owned by any manufacturer or vendor, or own

any manufacturer or vendor of woodstoves.

(B) The management of the laboratory shall not control or be controlled by

any manufacturer or vendor.

(C) The labaratory shall not be engaged in the promotion or design of the

woodstove being evaluated or tested.

(D) The laboratory shall have sufficient diversity of clients or activity
so that the loss or award of a specific contract regarding testing would not

be a determinative factor in the finaneial well being of the laboratery.

(E) The employment security status of the personnel of the laboratory shall
be free of influence or control of any one or more manufacturers or vendors

hl

of woodstoves tested. N

(b) The laboratory shall be operated in accordanée with generally accepted

professional and ethical business practices, TFor example:

{(A) The laboratory shall accurately report values that reflect measured

data.
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{(B) The laboratory szhall limit certification program test work to that for

which it can perform competently.

{C) The laboratory shall immediately respond and attempt to resclve every

cemplaint contesting test results.

{¢) The laboratory shall be staffed by perscuonel competent to perform the

test procedures for which accreditation is sought, for example:

(A) The laboratory shall assure the competency of its staff through the
cbservation or examination or both of each relevant staff member in the
performance of tests, examinations, énd inspections that each member is
agsigned to perform. The observations must be conducted at intervals not
exceeding one year by one or meore individuals judged qualified by the persen

who has technical responsibility for the operation.

(B) The laboratory shall make available the description of its training
program for assuring that new or untrained staff will be able to perform
tests and inspections properly and uniformly to the requisite degree of

precision and accuracy.

hl
Y

(C) The laboratory shall maintain records, including dates of the

observation or examination of performance of all personnel.

{(d} The laboratory shall be equipped with the necessary instrumentation and
equipment to test all appliances in accordance with the Department's test

procedures,
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(e) The laboratory must have in place and maintain a viable record keeping
system, This means that records must be easily accessible, in some logical
order and contain complete information on the subject, Records covering the
following items are regquired and will be physically reviewed during the ob=

site assessment either in total or by selected sampling:

(4) Measuring equipment - each instrument name and deseription, name of
manufacturer, model, style and serial number. Specifilcations on range or
level of precision, date and documentation of calibration, record of
maintenance and frequency of calibration. ' 2
(B) Data systems - samples of raw and reduced data sheets, test repert
format, method (manual or autcmated} of data recording, analysis and
reporting.

{C) Staff training dates and resultis

{D) S8taff competency review dates and results

{E) Equipment calibration (or verification). records shall ineclude the

following: equipment name or desgeription; model, style, serial number;

manufacturer; notation of all equipmenﬁ variables requiring c¢alibration or
verif'ication; the range of calibration/verification; the resoclution of the
instrument and allowable error tolerances; calibration/verification date and
schedule; date and result of last calibration; identity of the laboratory
individual or external service responsible for calibration; source of

reference standard and traceability.
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(F) Test data and reports, including emissions and efficiency calculations

fully documented and all other items required by the specific test method.

{@) Sample tracking and logging records shall trace the movement of each
stove through the laboratory from its receipt through all the tests
performed to the final test report. Dates, condition of sample, and

laboratery personnel involved should be included.

{f) The laboratory shall maintain a quality control system to help assure
the accuracy and technical integrity of its work consisting of the

following:

(A) The laboratory's quality control system must include a quality control
manual containing written procedures and information in response to the
applicable requirements of the test brocedures. The brocedures and
information may be explicltly contained in the manual or may be referenced
80 that their location in the laboratory is c¢learly identified. The written
procedures and information must be adequate to guide a testing technician
and inspector in conducting the tests and inspections in accordance witp the
test pethods and procedures required for the stove testing:for which

accreditation is sought. ~

{B} The laboratory ahall have a current copy of its quality control manual
or laboratory operations control manual svallable in the laboratory for use
by laboratory personnel and shall make the manual available to the

Department for review and audit,
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(C) The quality control manual shall consist of general guidelines for the
quality control of the laboratory's method of operation. Specifie
information shall be is provided for portions of individual test methods
whenever specifics are needed to comply with the criteria or otherwise

suppert the laboratory's operations.

{g) The laboratory shall maintain an emissions and efficiency computer
program that produces reasonably the same results to the Department's, using

a2 standard data set provided by the Department,

(h) Neither the laboratory owners or business affiliates shall diseriminate
in management or business practices against any person or business because
of race, creed, color, religion, sex, age, or national origin. In addition,
neither the laboratory or its'owners‘or operators shall be certified by any
asscciation or are members of any association that digeriminates by business
or management practices against any person or business because of race,

ecreed, color, religion, =ex, age, or national origin.

dpplication for Laboratory Accreditation

.
-

380~21~162 (1) A laboratory applying for acereditatinn shall state in
writing and demonstrate by providing documentation, that they comply with the
criteria and standards in OAR 340-21=161 at the time of application, and how

they will continue to meet the criteria and standards on an on~going basis.
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(2) The laboratory shall notify the Department in writing within 30 calendar
days should it become unable to conform to any of the criteria and standards

in OAR 340-21-161.

{3) The laboratory shall demonstrate to the Department that the
laboratory!s emission and efficiency computer program preoduces reasonably
the same results to the Deparfment's, using a standard data set provided by

the Depgrtment.

(4) Deficiency in the application will be identified by the Department in
writing, and must be resglved by the laboratory before further processing

ogcuras.

(5) The applicatiocn will not be considered complete for further processing
until the laboratory certifies in writing that the deficiencies have bheen
revolved. The application will be considered withdrawn if the applicant
fails to certify resclution within 90 days of postmark of notificaticn by

the Department.

(f) When the application is approvable, the Department will inform the

laboratory in writing and schedule an on-site laboratory inspection.
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On~-3ite Laboratory Inspection and Stove Testing Proficiency Demonstratieon

350-21-163 (1) An on~site inapection will be conducted by a Department
representative after all laboratory information required by OAR 340-21-161, has
bheen provided by the laboratory, reviewed and approved by the Department. The
on~-site visit will be conducted when a laberatory initially applies for

acereditation and when the laboratory applies for accreditation renewal,
{(2) During the on-site inspection, the Department representative will:

{a) Observe the Stove Testing Proficlency Demcnstration specified in OQAR,

340-21-162(3}.

{b) Meet with management and supervisory perscnnel responsible for the

testing activities for which the laboratory 1s seeking accreditation.

(¢) Review representative samples of laboratory recorda. To facilitate
examination of personnel competency records, the laboratory should prepare
a list of names of staff members who perform the tests.

(d) Observe test demonstrationsiand talk with laboratory personnel to
assure their understanding of the test procedures. Refer to OAR 340-21-130

and 340-21-162(3)}.

{e) Physically examine selected equipment and apparatus.
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{f) At the conclusion of the orn-site visit, the Department will discuss
observations with responsible members of the laboratory management pointing

out any deficiencies uncovered.

{3} In order to be accredited and as a part of each on-site laboratory
inspection, each laboratery must demonstrate te the Departiment's
representative its abllity to successfully and proficiently conduct and

report a woodstove emissicn and efficiency test., Each laboratory will be:
{a) BRequired to test one woodstove provided by the Department, Costs for
all stove shipping, eatalytic combustors, ob other necessary parts will be

paid by the laboratory.

(b) Required to test the stove in accordance with testing criteria and

procedures specified in QAR 340-21-130.

(e} Conduct the actuzl emission and efficiency testing in the presence of a

Department observer,

{d) Submit all test data observations and test results to the Department

for techniecal evaluations. N
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Acereditation Application Deficiency, Notification amd Resoluticn

380-21=-163 (1) Any deficiencies noted during the on-site inspectlon and/or
in the test data and test results submitted from the stove testing proficiency
demonstration will be specifically identified in writing and mailed to the

laberatory within 30 days of the op~site visit.

{2) The laboratory must respond in writing within 30 days of the date of
postmark of the notification bty the Department and provide documentation
that the specified deficliencies have been corrected, A1l deficiencies must

be corrected prior to accreditation being granted.

(3) Deficiencies noted for corrective action will be subject to thorough
review and verification during subsequent on~site visits and technical

evaluations.

{4) Any deficiencies in the test data and/or results may result in
subsequent proficiency tests being required at the laberatory with a

Department representative present.

>
e

Final Department Administrative Review and Certificate of Accreditation

340-21-165 (1) When all application material has been received, including
the on-site inspection and the stove testing proficiency evaluation, and there
has been time for zll deficilencies to be resoclved, the Department will grant or

deny acereditation.
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(2) Accreditation can be denied for failure to comply with or fulfill any

of the criteria in OAR 340-21-161, =162, and -163.

{3) When accreditation is approved, a certificate of accreditation will
be issued to the laboratory. Accreditaticn will be granted for a periocd of
three years (36 montha) subject to rule change or revocation feor cause,

pursuant to OAR 340, Division 11.

(4Y A certificate of acereditation is not renewable. A holder may cbtain a
new certificate of acereditation by completing the application procedure in
QAR Chapter 340~21-162, and demonstrates compliance with QAR Chapter 340-21-

161 and 163,

(5) The Departﬁent may select and audit test one atove tested by the
lzboratory during its aceredited status to verify certifiication test
results. Any discrepancies noted will be communicated to the laboratory

by certified or registered mail, The laboratory must respond in writing
within 30 days of postmark of notification and provide documentation or
certiflcation by an authorized member of the laboratory management that

the specif'lied diserepancies have been corrected opr the laboratory may be
subject to civil penalties or revocation of accreditation.

(6) A laboratory may voluntarily Eerminate its accreditation by written
request at any time. The certificate of accreditation must be returned with

the request.
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Civil Penaltieas, Revocation, and Appeala

380-21-166 (1) Violation of any of these rules shall constitute cause to
revoke ithe manufacturer or déaler's woodstove certification or labora;ory’s
certificate of laboratory accereditation, and also may be subject to civil

penal ties and other remedies pursuant to rule or statute.

(2) Certification of a woodstove may be revoked if the woodstove was tested
at a laboratory that was found to be in viclation of accreditation criteria

and rulesrat the time the woodstove was tested for certification.

{3; When certification or accreditation has been revoked, the holder shall
return the certification or acareditation document to the Department and
cease to use mention of Department certification or accreditation of the

stove model or laboratory on any of its test reports, correspondence or

advertising.’

{4) Stove certification and lab accreditation revocation would be handled as

contested cases ‘pursuant to 0AR Chapter 340, Division 11,

4
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SECTION 1: 3COPE AND PURPOSE
1.1 SCOPE

1.1.1 This document prescribes z standard method of testing
woodstovesa to obtaln particulate emission factors based on
useful heat output for appliances that produce less than 1.5 X
105 Btu/hr,

1.1.2 A woodstove is defined as an appliance having an air/fuel
ratio by weight less than 3C during the burning of 90 percent
or more of the fuel mass consumed in the low-firing cyecle.

The low firing cycle means less than or equal to 25 percent of
the maximum burn rate achieved with doors closed or the
minimum burn achievable.

1.2 __ PURPOSE
1.2.1 The purpeose of this doocument is to:

a. Establish a uniform procedure for appliance operation to
be used in conjunction with a standardized test methed for
obtaining woodstove emission and efficiency performance
data,

b. Specify the types of test equipment and establish standard
performance requirements for the equipment used for '
performing such tests.

¢. Specify data required and calculations to be used.

THOD FO H TA

1.3.1 Determine from Section 1.1.1 and 1.1.2 whether this standard
is applicable for the appliance to be tested.

1.3.2 Verify that the test facility and equipment is in
accordance with Sections 2 and 3.

1.3.3 Test and calculate results in accordance with Sections 5, 6,
and 7.
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SECTION 2: TEST FACILITY AND APPLIANCE INSTALLATION

DESC FAC

2.1.1 The testing will be conducted in an area with a height for
atmospheric discharge of flue effluent at 15 £ 1 foot
{L.6 + 0.3m) above the top surface of the scale.

2,1,2 The flue exit shall freely communicate with the laboratory,
that is, the area shall have essentially the same pressure
such that no artificial draft is imposed on the appliance,

2.1.3 The teat chamber room temperature shall be maintained between
659 F and 90?2 ¥ (180 C and 32° C) during the course of any
test.

2.1.4 Air velocities within 2 feet {(0.6m) of the test appliance and
exhaust system shall be less than 50 feet/minute {0.25 m/3)
without a fire in the unit,

2.1.5 All calorimeter rooms must be certified as having met the
specific criteria in the June, 1982 Standard for Testing the
Heating Performance of Wood-Fired Closed Combustion Chamber
Heating Appliances for accuracy verification and calibration
procedures before conducting appliance performance testing.

PLIANC A QN Fo AND ov

2.2.1 Unless specified differently by the manufacturers, the flue
pipe shall be made of No. 24 gauge black steel and shall have
an insulated metal solid pack type chimney above the :
particulate and combustion gas sample prcbe port locations
with 2 minimum t inch (2.5 em) solid pack materizl.,

2.2.2 The flue shall exfend to 15 + 1 feet (4.6 + 0.3m) abaove the
platform scale on which the appliance is located. All flue
pipe cracks or joints shall be sealed.

2

2.2.3 The appliance and parts shall bDe assembled and installed in
conformance with the manufacturer's published installation
instructions.

ANC ALLATIO F PLAC SE

2.3.1 Fireplace inserts shall be installed on the platform scale
with R 12 insulation applied to all surfaces not normally
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2.3.2

3.1.1

exposed to the roem to be heated. The appliance parts and
exhaust system shall be assembled and installed in conformance
withlthe manufacturer's published installation instructions.

The flue pipe shall consist of an insulated metal solid pack
type chimney positively connected from. the appliance flue
outlet, extending to the particulate and combuation gas sample
probe port locations with a minimum 1 ineh (2.5 em) solid pack
material.

SECTION 3: TEST EQUIPMENT AND INSTRUMENTATION

EM -

The equipment to be used for emissions and efficiency testing
is illustrated in Figure 3.1 and described below.

3.2 TEST FUEL WEIGHT

3.2.1

3.2.2

3.3'1

The balance used to weigh the fuel shall be accurate
to £ 0.1 pound (0.05 kg).

The appliance to be tested shall be centrally placed on a
platform scale. The scale shall have a monitor or other
feature such that the weight change of the fuel loads may be
continuously displayed. The scale shall be capable of reading
weights to 0.1 pound (0.05 kg) and shall have a tare feature,

AS TEMPER

Flue gas temperatures shall be determined with a thermocouple
or other temperature sensing device at a height of 8 to § feet
(2.4 = 2.7 m) from the top surface of the scale. The
temperature sensing device shall be located in the center

of the flue gas stream.

3.3.2 The temperature sensor and associated display and recordlng
equipment shall have a resolution of 19F (0.5°C).
3.4 STOVE SURFACE TEMPERATURES
3.4,1 Stove surface temperatures shall be determined with a shielded

AA2837

temperature sensing device placed at 5 locations on the
appliance's exterior surfaces. Temperature locations shall be




centrally positioned on the top, two sidewall, bottom and back
combustion chamber surfaces (not on heat shields) if these
surfaces are exposed while testing. Surface temperature
locations for unusuzl design shapes (spherical, ete,} shall be
positioned to confform to the intent of the locations
described. '

3.4.2 The temperature sensing device and associated display shall
have a resolution of 1°F (0,59C).

oY ON_TEM

3.5.17 Radiation shielded thermocoupla{s) or other equivalent
temperature sensing device(s) shall be located in the primary
and secondary (if applicable) combustion chambers to measurs
gas temperatures at a location where direct flame impingement
on the sensing device deoes not normally ocour. If a catalytice
ccembustor is part of the stove's combustion features, an
additional thermocouple must be located in the permanent
temperature monitoring part required in Section 8.4.1.

3.5.2 The temperature sensing devices and associated display shall
have a resolution of 19F {0,5°C).

U A MPOSITIO

3.6.1 Dry flue gas compeosition shall be measured with continuous
combustion gas analyzers £o include percent by volume (dry
basis) carbon monoxide, carbon dioxide, and oxygen., Samples
shall be extracted at the same height as flue gas temperature
measurements and withdrawn through a probe and tubing made of
inert materials. The probe shall be bent inteo the flow of the
flue gases.

3.6.2 A gas stream sample conditioner using a glass fiber filter is
required in line before the analyzer. The sample conditioner
shall ineclude twg impingers encased in an ice bath, one water
trap and a silica gel trap in sequence.

3.6.3 Minimum performance spe<ifications for accuracy and precision
for the combustion gas unalyzers and recorders include:

Drift £ £ 19 of full scale per 8 hours
Repeatability + 1% of full scale
Resolution: 0.1% for COp and Op; 0,01% for CO by volume
Accuracy: 4+ 1% of scale
C DET 0

3.7.1 A wet bulb-dry bulb technique shall be used to determine the
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water vapor present in the flue gases for on~line sampling
purposes to maintain proporticnal sampling and appropriate
welghting of enthalpy losses during burn cycle. 4 wet bulb
temperature sensor shall be placed at the same location as

the flue gag dry bulb temperature szensor. The wet bulb sensor
shall consist of a thermocouple or other temperature sensing
device with a cloth sock placed at the senser end and
saturated with water. The wet bulb sensor shall be placed

in the center of the flue gas stream until the temperature
reaches a steady state. The wet buldb temperature must be
taken while the sock is saturated with water. The appropriate
water vapor content is determined using psychometric charts -
(See Oregon Source Sampling Method &, Appendix 1).

The draft or static pressure (in inches of water) shall be
measured in the flue at a location no greater than 1 foot
(30.5 cm) abnve the {flue connector at the stove outlet.

3.9 RFLATIVE HUMIDITY

3.9.1

The test. facilities ambient relative humidity shall be
measured and recorded prior to and at the completion of each
test c¢ycle.

3,10 DATA RECORDING INTERVALS

3.10.1

Data recording shall commence upon charging of the test fuel
load and all measurements shall be recorded either manually or
automatically at least at every 5 minute interval for the
entire test period. In addition, appliance surface and
combustion chamber temperatures are also required at every
five minute interval one hour prior to the test g¢ycle.

3,11  INSTRUMENT CALIBRATION

~3.11.71 Notwithstanding any standard calibration procedures designed

AA283T

3.11.2

to assure and maintain the accuracy of standard solrce testing
equipment, the following calibration and testing meihods must
be utilized on the auxiliary equipment when testing woodstoves
for air emissjions.

Continuous gas analyzer(s) calibration

Upon receipt of equipment or any time the single point audit
desepribed below fails, a multipeint calibration of the
analyzer must be completed before the instrument 1s put into
service.
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3.11.3

3.11.4

a)

c)

d)

Set up the instrument and allow it to operate for a suf-
ficient time to stabilize as recommended by the
manuf'acturer's published operating procedure.

Introduce zero gas into the instrument at the normal
sample flow being careful not to pressurize the sample
stream, Normally, this will be accomplished by allowing
the zero gas to flow into a three port vessel at a rate of
at least twice the instrument sample rate and withdrawing
sample from another port on the vessel while the third
port is allowed to vent to the atmosphere.

Introduce consecutively in the same manner as b) three
certified calibraticn gases in artificial air noting the
instrument response of each. The gases should represent
approximately 20%, 50% and 80% of the instruments' full
scale concentration.

Construct a calibration curve using the data collected in
b) and ¢). :

Continucus gas analyzer(s) audit

Before and after each test and at intervals not to exceed 2
hours during the test, conduct 2 single point audit of the
instrument as described below.

a)

D)

e)

d)

Disconnect the instrument sample line frbm the sample
source at a point upstream of all sample conditicning
equipment (dryers, scrubbers, ete.).

Being certain to aveid pressurizing the system, introduce
a certified reference gas into the analyzer through all
sample conditioning equipment. The sample gas should be
in the range of 20% to 80% of full scale of the
instrument,

If the instrument response to the audit gas differs by
more than 5% from the callbration curve, disregard all
data collected with- the instrument since the last success-
ful audit and perform a multipoint calibration.

Before and after each test, leak check the system by plug-
ging the inlet and watching the sample flow rotometer.

Platform scale auditing

al

Upon installation of the scale, a multipoint calibration
must be performed using NBS traceable weights., This
function will normally be performed hy the scale



manufacturer. As Soon as practicable after the
calibration, one or more weights may be weighed for use as
a calibration traceable standard weight for audit
purposes. The weight should be constructed from a weight
stable (non-oxidizable and non-hydroscopic) material and
maintained in such a way that its weight integrity is
assured.

b} Before and after each series of tests, the scale must be
audited by first zercing and then weighing at least one
calibration traceable welght that corresponds to 20% to
80% of the expected charge load of the stove to be
tested. If the scale does not reproduce the value of
traceable weight within + 0.4 lbs, the scale must be
recalibrated before use and discount previous resovlts.

3.11.5 Tracer gas flow measurement

a) All rotometers used in conjunction with tracer gas
injection flow measurement techniques must be calibrated
with the intended gas using either a calibrated volume
measurement device such as a dry or wet gas meter or an
accurate volume {displacement).

b) The tracer gas detecitor must be calibrated at the begining
of each sef of tests by introduction of a certified
reference gas., The gas must be introduced through all
normal gas conditioning devices and in such a way as to
prevent system pressurization.

SECTION 4: TEST FUEL REQUIREMENTS

4,1  FUEL PROPERTIRS
4.1.1 The test fuel shall be untreated, aipr dried Douglas fir
lumber. KEiln dried jumber is not ailowed., To insure positive
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identification of Douglas fir, species type is stamped D.F. on
the lumber by the certifled lumber grader at the mills. The
oven-dried density range shall be 28.7-37.4 pounds per cubic
foot {.46-0.60 gm/cm3}. The density shall be determined and
reported for ceprtification purposes.

The test fuel shall have a moisture content range between 162
and 20% on the wet basis (19-25% dry basis). Moisture content
shall be determined by measurements made with a calibrated




b4,1.6

electrical resistance type moisture meter or other equivalent
performance type meter. Note: To convert moisture meter
readings from the dry basis to the wet basis: (100)(% dry
reading) - {100 + % dry reading). ‘

Minimum performance specifications for accuracy of the
moisture meter shall be = 3% of reading.

Moisture content determination per load shall be an averags

of a minimum of three readings for each fuel piece measured
parallel to the grain of the wood on three sides (end readings
excluded)., If an electrical resistance type meter is used,
electrode penetration shall be to a one inch depth using
insulated pins. Moisture content measurements shall be made
within a four hour period prior to testing, and the test fuel
shall be at room temperature,

No wetting of previously dried wood is alleowed. It is recom-
mended that the test fuel be stored in a temperature and
hum;dity controlled room. :

The test fuel shall be essentially free of knots, and free of
any rotted or molded areas or other defects such as pitch
seams,

The higher heat value of the fuel shall be determined by bomb
calorimetry using ASTM Method D 328677 or D 2015-77. A
composite sample from each piece of the test charge shall be
analyzed and reported for each test fuel load.

4,2 TEST FUEL PIECES

442837

k.2.1

§.2.2

4.2.3

The dimension of each piece of fuel (flanged lumber) shall
conform to the nominal measurements of 2x# and 4x4 lumber
(1=1/2 x 3=1/2 and 3=1/2 x 3=1/2 in).

The flanged lumber dimensiona will vary according to the
appliance's firebox volume as indicated below:

Usable firebox volume- Flanged lumber piece size
(r£d) N {nominal inches)

£ 1.5 2l

1.5 £ 3 2x4 approximately 1/2 weight
of test fuel load
4xl approximately 1/2 weight
of test fluel load

>3 kx4

Each flanged piece shall be constructed in a configuration to
conform to the following requirement for spacer dimensions and



b,2.4

)'1'0205

4.2.6

1;-207
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b,2.8

spacing intervals: Spacers will be constructed from air dried
Douglas fir lumber {meeting the fuel specifications in Section
4.1Y 5 inches in length, 1-1/2 inches in width, and 3/4 inches
in height (12.7 x 3.8 x 1.9 cm). The spacers are to be
attached by uncoated ungalvanized nails or staples to the
lumber flush with the ends of each piece such that a 3/4 inch
{1.9 cm) extension of the spacer onccurs at the width of each
end of the log as illustrated in Figure 4.2-A.

An optional acceptable flanged fuel configuration has
identical spacing intervals as indicated in 4.2.3, but with a
greater spacer dimension in height as depicted in Figure 4.2-
A, The optional spacer configuration must conform to the
conditions specified in 4.2.3 and meet the 5 inches in length,
1=1/2 inches in width and 1-1/2 inches in height (12.7 x 3.8 x
3.8 em).

The length of each piece of test fuel shall be of egual length
and shall closely approximate 5/6 the length of the longest
usable dimension of the firebox. (See 4.3.2)

Test fuel pieces shall be arranged in the firebox in
conformance with the manufacturers published written
instructions and in a configuration which maintains air space
intervals between the logs. The fuel shall be positioned so
that the flanges are flat (parallel) to the floor of the
firebox, with the flanged edges in contact (abutting each
other), If loading difficulties result, some fuel pieces may
be placed on edge. If the usable firebox volume is between
1.5 and 3.0 ft3, alternating the plece sizes in verticeal
stacking layers is required to the extent possible. For
example, 2x4's shall be placed on the bottom layer in dirsect
contact with the ¢oal bed and 4x4's on the next layer, etc.
(3ee Figure 4,2-B). Photo documentation of the loading
configuration for each test cycle shall be provided to the DEQ
for certification purposes,

Appliances of unusual or unconventicnal firebox design shall load

“the fuel in a configuration which maintains air space-intervals- - -

between the flanged lumper and is in conformance with the
manufacturers published written instructions. Any appliance that
will not accommodate the loading configuration specified in 4.2.6,
must obtain DEQ loading configuration approval prior to testing for
certification purposes,

Appliances that are designed to provide continuous feed
pelletized or chipped fuel must prearrange an equivalent test
criteria agreement with the DEQ prior to testing for
certification purposes.




4,3 LOAD SIZE
k.3.1

bh.3.2

4.3.3

The initial fuel load and the test fuel charge shall be based
on weight per usable firebox volume. The fuel loads shall be
equivalent to seven pounds of fuel as fired per cubic foot
{112 kg/m3) of usable firebox volume + 10 %.

To avoid stacking difficulties, or when a whole number of fuel
pieces does not result, all piece lengths may be adjusted
uniformly to remain within the 'specified loading density.

Usable firebox volume means the entire volume of the (primary)
combustion chamber less any volume where firewood could not
reasonably be placed, such as areas restricted by baffles or
firebrick. (see Figure 4.3)

SECTION 5: APPLIANCE OPERATING PROCEDURE

5. PRETEST START UP

AA2837

5.1.1

5.1‘2

The pretest startup phase is designed to bring the stove up to
a stabilized operating temperature that is reflective of the
heat output range required for the following test cycle.

Pretest start up will begin with ignition of kindling from a

eold start with no charceoal residue in the fireboxz. A layer

of cold wood ashes spread to a uniform depth of up to one

inch in depth (2.54 cm) on the floor of the firebox or ash pan

is optional. The kindling load shall consist of between 4.8

pounds (1.8 = 3.6 kg) of finely split Douglas fir with a

molsture content range up to 20% on the wet basis. Crumpled
newspaper balls loaded withn the kindling shall be used to help
attain ignitieon. The air supply controls may be adjusted per

the manufacturer’s published instructions for the kindling start up
phase. ~

After 50 -« 75% of the kindling by weight has been consumed, a
pretest fuel load shall be added. The pretest fuel load shall

meet the same fuel species and moisture content specifica-

tions as the test load. The pretest fuel load shall consist of
whole 2x% lumber pieces, without flanges, that are no less than 1/3
the length of the test fuel. Additional fuel may be added provided
it meets the above requirements and that uniform charcealization
and welght specifications are adhered to before the test cycle
begins.

- 10 =



5.1.4 The air inlet supply setting may be set at any position
desired which will maintain combustion of the pretest fuel
load. It is recommended that the air inlet supply setting be
sef at the position necessary to achieve the lowest heat
output level of the following test cycle and be set at least one
hour prior to addition of the test fuel load.

5.1.5 To document stabilized appliance heat storage effects and to
control heat output levels, surface temperatures shall be
recorded at each 5 minute interval during the one heour prior to
charging the test fuel.

5.1.6 No emissions or efficiency measurements are required during
this pretest startup phase.

5.2 TEST CYCLE OPERATION

5.2.1 All stove surface temperatures shall be averaged and compare-
to those recorded at the beginning and the end of each test
cyele. To approximate thermal equilibrium, the averaged
beginning and ending test cycle stove surface temperatures
nust be within 125°F (51.79C} of each other. For all
appliances, a correction factor shall be made to correct for
heat storage effects. The correction factor shall be 0.12
Btu/lb OF multiplied by the averaged surface temperature
difference in °F obtained from the beginning and ending
temperatures of each test cycle. Some stoves (e.g., high mass
stoves) may require more than one pretest fuel load to stay
within the required averaged temperature range at the
beginning and at the end of the test cycle.

5.2.,2 An appliance may be %tested in one continuous testing period
that encompasses discrete test cycles for each of the four
specified heat nutput levels (see 5.8) provided that a one
hour minimum interval between each discrete test cycle
occurs. The interval between tesat cyecles provides time to
reposition the air supply adjustment to the appropriate

“rosetting, re~establish and maintain-the required- c¢oal -bed, and- ...

meet the surface temperature requirements for the next desired
heat output level.

ES D

5.3.1 When the kindling and pretest fuel load has been consumed to
leave a weight equal to 20-25 percent of the test fuel load,
the teat fuel load shall be charged. Manipulation of the hot
coal bed prior to charging the test fuel load shall conform to
the manufacturer's published written instruections. In the
absence of written instructions, breaking up, raking and
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5.3.2

uniform spreading of the embers or hot cnal bed is required
prior to addition of the teat fuel load. No manipulation or
rearrangement of the test fuel load configuration is allowed
during any portion of the test cycle.

Additional fuel may be added between the test cycle intervals,
provided it meets the fuel species and moisture content
specifications. Whole 2xi lumber pieces, without flanges, no
less than 1/3 the length of the test fuel may be used,
provided proper re-establishment of the hot ember bed is
controlled to the specifiled weight criteria and uniform.
charcoalization of the ember bed is adhered fo.

5.4 ATR SUPPLY CONTROL

5.4.1

5.“.2

AA2837

5.4.3

S5.4.4

5.4.5

Adjustment of the primary air supply controls or holding the

fuel lecading door open up to the first 5 minute phase of the

test cycle is allowed to insure good ignition of the test

charge and catalyst if so equipped. Adjustments should be
conducted per the manufacturer's published written instruections.
Immediately thereafter, the primary inlet air supply control(s),
either manual or automatie, shall be set to the pesition necessary
to achieve the required heat output level. No additional
adjustments of the air supply controls or opening the loading door
will be allowed during the remainder of each test cyecle.

Maximum heat output shall be achieved by operating the
appliance with the primary air supply iniet controls fully
open during the entire fuel load cycle uniess the
manufacturer's published written instructions specify that
maximum heat output sccurs at another setting.

All other heat output levels shall be achieved by operating

the appliance with the primary air supply inlet control or
other mechanical control device set in a predetermined position
necessary to obtain average heat output levels specified in

5.8 during the entire test cycle.

If the primary air supply inlet control{s) cannot be adjusted
to obtain variable burn.rates or variable heat output levels,
the appliance shall be Tested at the fixed air supply
setting.

Secondary or tertiary air supply may be adjusted one time only

during each test cycle following the manufacturer's published
written instructions.
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5.5 TEST CYCLE COMPLETION

5.5.1 A test oyele ends when the entire weight & 0.1 1b (.04%5 kg) of
the test fuel load has been consumed, (i.e., when a bed of
coals equal to the beginning coal bed welght remainas).

BLOWERS

5.6.1 The use of blowers for heat exchange is optional, Beginning
with the start of the test cycle, blower speed may be
positioned at a recommended setting but no changes in
setting will be allowed throughout the entire test period and
the position setting shall be recorded at the time positioning
oecurs.

5.7  OTHER APPURTENANCES

5.7.1 Shaker grates, by-pass handles, or other appurtenances (not
primary air supply controls) may be adjusted one time cmly
during each test cycle in accordance with the manufacturer's
written published instructions, and ail adjustments shall be
recorded. '

5.8  NUMBER OF TESTS REQUIRED

5.8.1 8imultaneous emissions and efficiency tests are required
during an entire test cycle within each of four discrete heat
output ranges as indicated below,

st C uEpu

- (Average Btu/hr)

Category Category Category Category
1. 2. 3. L,
< 10,0006 10-15,000 15-25,000 Maximum heat oqutput

“5.8,2If the lowest sustainable burn rate produces-an-average- heat -
output greater than the>first category, then two tests must De
conducted near the low and high end of the second category
plus testz at the remaining categories. A4 total of four test
eycles are required. :

5.8.3 If the lowest sustainable burn rate produces an average heat
output greater than the second category, then two tests must
be conducted near the low and high end of the third category
plus a test at the remaining category. 4 total of three test
cyeles are prequired.
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5.8.4 If the lowest sustainable burn rate preduces an average heat
output greater than the third category, three tests must be
econducted, one at the lowest sustainable burn rate, one at the
maximum heat output level and one at an intermediate level
between the lowest and maximum level, 4 total of three test
eycles are required. -

5.8.5 If lowest sustainable burn rate is greater than 10,000 Btu/hr
then documentation shall be submitted to demonstrate the
actual burn rate is the lowest sustainable. This
documentation can be in the form of proof that the appliance
was run at its lowest permanent air supply setting or test
data that demonstrates the burn rate approaches zero (less
than 0.1 kg/hr) within the area of 1 to 1.1 times the lowest
sustainable burn time and when greater than 90% of the test
charge has been consumed. Such test data shall be collected by
following all the stove operating procedures specified in this
document;.

5.8.6 If an appliance has a fixed air supply setting, two replicate
tests shall be conducted at the "on® firing mode setting. A
total of two test cycles are required.

5.8.7 If an appliance is unable to achieve zn average heat output
level of 25,000 Btu/hr at its maximum heat ocutput, four tests
must be conducted. One test must be conducted at the first
category, one at the second category and two tests at the
third category, one conducted near the low énd of the range
and one at the maximum heat cutput. A total of four test
¢ycles are required.

SECTION 6: TEST METHODOLOGY AND CALCULATIONS

£.1 EMISSION TASTING

6.1.1 Particulate emission testing shall be conducted in conformance
with Oregon Source Sampling Methods 5 and 7 (Attachments 2 and 3)
with the following exceptions: 1} no traverse of the flue is
neces=ary, 2) sample extraction shall occur in the center of the
flue at a height of eight to nine feet abave the top surface of
the scale, 3) on=line stack gas veloecity and volumetric flow rate
determination will be made using an alternate method (Section 6.3).
Total volume and average flow rates for the test period will be
calculated using a simul taneous stoichiometric carbon, hydrogen
and oxygen balance method (Section 6.2.1). Sample extraction rates
shall be maintained at or proportional to the flue gas veloeity
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as determined by the measured concentration of a tracer gas
injected inteo the stack gases to determine dilution rate and thus,
total flow. Adjustments to the sampling rate will be made at each
five minute interval during the entire test period.

CED S D MTNT v CE B EN CANDIDAT D
E g CDSTOV Q

6.2.1 Determinatién of Equivalence

The test procedures ocutlined in this section shall be used

to determine if a candidate method is equivalent Lo the
reference method when both methods measure particulate
emissions from woecdstoves. Equivalence is shown for the
methods when the differences between the measurements made

by a candidate method and the measurements made simul taneously
by the reference method are less than or equal to the
precision and consistency values specified balow,

Specifiications For Woodstove Emissinn Test Methods

— Parameter Units Limits
Emission rate range g/hr 1.0-20.0
Minimum number of test runs 5
Minimum number of simultanecus
' samples per test run 3

{Candidate method) (2)

{Reference method) (2)
Maximum analytical precision 9 18
Maximum difference in

eonsistent relationship % 24

6.2.2 Test Conditions

The woodstove burn rate.and operating cyecle shall be in
accordance with procedures specified by DEQ. Testing
procedures and schedules shall be approved by DEQ at least
60 days prior Lo testing. All test measurements or samples
shall be taken in such a way that both the candidate method
and the reference method receive stack gas samples that are
homogenous or as nearly identical &s practical.

Collect simul taneous and duplicate samples of woodstove

emissions with beoth the reference and candidate methods until
at least 12 quadruple samples (duplicate pairs of both
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602.3

candidate and reference methods) have been obtained. The
12 quadruple samples should represent 12 full test runs.

Calculate the emission rates as determined by the candidate
and reference methods for each test run. For the reference
methed, calculate the average particulate emissions for each
test run by averaging the results calculated from the
duplicate analyses (4 and B):

By aye = Rip ; Rip 6.2.2.2

where R denotes results from the reference method and where
i is the sample number. Disregard all quadruple samples for
which the particulate emission rate as determined by the
average of the duplicate reference method analyses falls
outside the range of 1.0 to 20.0 grams per hour (g/hr). All
remaining quadruple samples must be subjected to both of the
following tests for precision and consistent relationship.
At least five samples {average of duplicate reference method
analyses) must be within the 1.0 to 20.0 g/hr range and at
least one sample within each of the 1.0 to 5.0, 5.0 to 10.0,
10.0 to 15.0, and 15.0 to 20.0 g/hr ranges for the test to
be valid.

Test For Precision

Calculate the precision (P) of the analysis (in percent) for
each duplicate sample and for each method, as the maximum
minus the minimum divided by the average of the duplicate
analyses, as follows:

i ave
Ppy = C4 max - C4 min x 100% 6.2.2.¢
. Ci ave

where C denotes results from the candidate method, R denotes
results from the reference method, and i indicates the sample
number. -

If any reference method precision value (Ppj) exceeds 18
percent, the precision of the reference method analytical
procedure is out of contrel. Corrective action must be taken
to determine the sources{s) of imprecision and the reference
method determinations must be repeated, or the entire test
procedure must be repeated,.
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6:205

6.2.6

ACE

6.3.1

The candidate method passes this teat if the precision values
of the candidate method (Pgjy) are less than or equal to 18
percent,

Test ¥or Consistent Relationship

For each quadruple sample, calculate all four possible percent
differences (D) between the reference and candidate methods,
using all four possible combinations of the duplicate
determinations (A and B) for each method, as:

Dip # Cyi - Rip X 100% ' 6.2.2.d
Rig

where i is the filter number, and n numbers from 1 to 4 for
the four possible difference combinations for the duplicate
determinations for each method (j = A, B, candidate; k = 4,
B, referenca),

The candidate method passes this test if the gbsolute values
of all of the differences (D) are less than or equal to 24
percent.

Test For Eguivalence

The candidate method must pass both the precision test and
the consistent relationship test to qualify for designaticn
as an equivalent method. B

Verification Testing

DEQ may conduect verification testing of the candidate method.
If DEQ testing does not verify the precision and consistent
relationship of the candidate method then the candidate method
will not be approved as an equivalent method.

A

This method is used for on-line measurement of stack gas flows
during the test period, Other techniques that can provide
equivalent results may be accepted, provided prior approval

by DEQ has been made before testing for certification purposes
commences.

a) Tracer Gas Dilution Method
A pure tracer gas (sulfur dioxide or equivalent, or
approved performance gas) is metered through a calibrated

rotometer for injection inte the flue pipe. 1Injection
shall be made through a stainless steel multi-perforated
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tube loop located inside the stack at four flue diameters
downstream from the particulate and gas sampling port. A
downstream diluted sample extraction probe shall be
located 8 flue diameters downstream from the injection
loop. The dilution sampls gas stream shall be processed
through a sample conditioner consisting of a comhustion
tube furnace, and in series, a glass fiber filter and
three impingers encased in an jce hath. Impingers one and
two shall be empty for water collection and the third
shall c¢ontain silica gel.

The tracer gas content of the diluted gas sample stream
shall be determined with an appropriate calibrated
analyzer, Downstream %tracer gas concentrations should not
exceed 0.5% of the total flue gas volume. The tracer gas
shall be as non-reactive with other flue gas constituents
as possible and measurable by instrumentation capable of
obtaining an accuracy of + 1% of the instrument sczle
reading, Instrument calibrations shall be performed and
recorded before and after each test run.

Stack gas volumetric flow rates shall be calculated using
the following equations:

Flow {ofm) = _Ir. x _1._ x TIr © 6.3.1.a
De 50 Pr x 17.65%

Where: Ir = Tracer ghs injection rate (£t3/hour)

De = Downstream tracer gas concentration
(ppm x 10~6)

Tr = Injection gas temperature (°R) at the
rotometer

Pr = Injection gas pressure (inches Hg)

* =z

Density specific for 3502
Other tracer gases such as helium may be substituted for
sul fur dioxide provided prior written agreement. has been made
with the DEQ.
0IC M c e B c THO
6.%.1 A carbon, hydrogen and oxygen mass balance will be used
for determining overall flue gas volume--not for on-line

measurements during the test peried.

a) The carbon, hydrogen and oxygen balance method for
volumetric flow rates is based cn the following basie
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tombustion équation and will be determined and reported
for every five minute interval.

8[CxHiy0z + pHpO0] + Tsg(1-k)(a) [0z + 3.785Np + mHp0] 6.4.1.a

b)

Tag[(1~k)(dCOz + eCO + g0z + hNp) + jHpO + kCHyl

Where & = Dry weight of fuel burned (lbs)

X = Moles of carbon per 1lb of dry fuel (assumed
0.0425)
Moles of hydrogen per lb of dry fuel {(assumed
0.073)
Moles of oxygen per 1b of dry fuel (assumed
0.02586)
Moles of HpQ per 1b of dry fuel

Dry basis moilsture (free and combined) - 1800
Mole fraection of oxygen in air supply

Moles Op supplied per mole of stack gas

Mole fraction of CQOs in stack gas

Mole fracticn of CO in stack gas

Mole fraction of Oz in atack gas

Mole fraction of N» in stack gas

Mole fraction of Ho0 in stack gas

Mole fraction of unburned hydrocarbon in

stack gas (as CHy)}.

= Mole fraction of Hs0 in supply alr (mole HpQ
per mole of supply oxygen)

Tsg = Total moles of stack gas (dry)

13

¥

-4

e om o o
(TR I I T T I IO O T T O 1}

=]
[

Mass balance equations for the combustion of & lbs of

- wood are as follows:

Carbon: x8 = Tag [(1=k)(d+e}+k] 6.5.1.b

Hydrogen: &(2p + y) + Tsgf{1-k)(a){2m) = Tasg(2j + k) 6.U4.1.c

Oxygen: 8(p+z) + Tsg(i=k)(a){2+m] = Tsg[(1-k) 6.4.1.d
{2d + e + 2g) + il

Nitrogen: 3.785 {a) = h 6.4.1.e

Stack gas total as measured by combustion gas analyzers:

t2(d+ e+ g+ h) 6.4.1.°

The stack gas composition equation can be solved for "h"
which will then provide a solution for "a™ in the
nitrogen balance equation, The remaining unknown values
for m@n, "ph  apnd "k" are determined by simul taneously
solving the carbon, hydrogen, and oxygen balance
equations.
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Q) Two caleculation runs of the simultaneous equation set
are performed for each set (5 minute test segment) of
data collected. The first run is performed to determine
an average welghted "8" for the test burn, This first run
ng® i3 then used to determine a corrected Tsg for the
second run as follows:

Tsg'(corrected) = Tsg (tracer gas) 8 (actual) 6.4.1.g
8 (ecalculated first run)

Where: @&{actual) = Dry weight burn rate for test
burn {1b/hour) -

d) "Tsg" is converted to a flow rate by the following
equation:

Flow (cubic feet per minute) = Tsg x 386.2 6.0.1.h
60

This calculation procedure is necessary for each five
minute test period segment, therefore a computer program
is recommended.

EFFICIENCY NG AND CALC

6.5.1 If a calorimeter room is used to measure appliance efficiency,
combustion gas analyzers must be included to determine and
report appliance combustion and heat transfer efflciencies for
each heat output level required.

6.5.2 Efficiency values shall be determined based on the following
stack loss method. The approach shall inelude determination
for each heat output level for combustion, heat transfer, and
overall efficiency.

a) Combustion Efficiency

Combustion effiencies are calculated as the percentage
represented by the actual heat produced in the firebox
relative to the total heat production potential for the
fuel consumed., Actual heat production in the firebox is
calculated as the difference between the heat of
combusticn of the lncompletely combusted stack gas
constituents (carbon monoxide and unburned hydrocarbon
equivalents) and the gross caloric content of the fuel
burned. The basic equation used for combustion efficiency
is as follows:
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Combustion Efficiency = Thi = Cle ({x 10Q) 6.5.2.a
Thi

Where: Thi = Total heat content of the fuel consumed
Clo = Combustible losses out stack

b) The total heat content of the fuel consumed shall be
calculated using the following equation:

Thi = Gevf x Wfe 6.5.2.b

Gross caloric value of the fuel

{use HHV determined from bomb
calorimetry analysis)

Wfe = Weight of fuel conaumed (lbs) dry weight

Where : Goy?

¢) The heat content of the combustible losses apre calculated
using the following equation:

Clo = Tsg [(e x Heo) + (k x Huu)] §.5.2.¢

Beat of combustion for carbon
monoxide

128,000 Btu/mole

Heat of combustion for unburned hydro-
carbons

= 181,000 Btu/mole (estimated)

Where: Heco

Huh

This calculation procedure is necessary for each five
minute test period segment.

d) Heat Transfer Efficiency

Heat transfer efficiencies are calculated as the percantage
represented by the useful heat released to the room
relative to the actual heat produced in the firebox. The
useful heat released to the room (Uhr) is calculated as the
dif'ference between the actual heat produced in the firebex
{Ahf or Thi-Clo), and the sensible and latent heat losses
out the stack (Sllo). The basic equation for heat transfer
efficiency is as follows:

Heat Transfer

Efficiency ﬂhz Anf-Sllo = (Thi-Cle)-Sllo (x 100) 6.5.2.4
Ahf (Thi-Clo)

Sensible and latent heat losses
(To - Ti) [Tsg(dCpCOs + eCpCO + gCplp + hCpNs +
($)CpHa0)] + (J-m)LHR0 .

Where: £&llo

Hou




442837

Where: To

Ti

C,CO
p-va

CpCO
LH20

Speeific
Specific
" Specific
Specific
Specific

nwinaunn

Temperabure of stack gases out
Temperature of inlet air and fuel

heat of CO2 = 9.3 Btu/mole
heat of CO = 7.0 Btu/mole
heat of O3 = 7.1 Btu/mole
heat of Nz = 7.0 Biu/mecle
heat of water = 8.3 Btu/mole

Latent heat of evapeoration of water
18,810 Btu/mole

This calculatieon procedure is necessary for each five

minute test period segment.

e) Overall Efficiency

Overall average efficiency is calculated as the percentage
represented by the heat released to the room relative %o
the total heat production potential of the fuel consumed.
The overall efficiency is calculated as the product of the
combustion efficiency and the heat transfer eff'iciency as

follows:

Overall Efficiency

Thi

AL x Uhr = Jhe

Ahf  Thi

Combustion Efficiency x Heat Transfer Efficiency

5.5.2.¢

6.5.3 A corrected flus gas moisture content for each five minute
interval must be determined as follows:

Final flue mojisture determinaticn shall be made by calculating
a corrected flue gas moisture content for each data interval

taken during the tesi eycle.

The average wet bulb-dry bulb

moisture measurement must be weighted by the volumetric flow
rate for that 5 minute interval., The correction factor which
is applied to each 5 minute molsture determination is
caloulated as the ratio between the average wet bulb-dry bulb
measurement and the Oregon Scurce Sampling Method 4
{Attachment 1) measurement (condensate catch) for the entire

burn cycle.
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- SECTION 7: TEST DATA

7.1 DATA TO BE REPORTED

Tele

T.1.2

T.1.3

Te1.8

AA2837

All raw and reduced test data must be included in the material
sent to DEQ for appliance certification, Reduced test data
shall be tabulated as indicated in Sections 7.1.2 through
T.1.10.

Particulate Emissions For Each Test Cycle

a) Concentration: total grains/dsef, total grams/m3

b) Emission rate: grams/hr

¢) Emission factor: grams/kg (dry fuel weight basis)

d) Emission process rate: grams/10° joule useful heat output
e) Front half catch: 3 of total

f) Total mass captured: front and back catch, mg

Average Efficiency Values For Each Test Cycle

2) Overall appliance efficiency %

b) Combustion efficiency %

¢} Heat transfer efficiency %

Heat Qutput For Each Test Cycle

a) Btu/hr average over entire test

Burn Rate For Each Test Cycle

The average values (kg/hr wet and dry basis) over the entire
test cycle and an hourly average over the entire test cyecle at
each heat output level.

Average Fuel Moisture Content For Each Test Cycle

a) Kindling (wet basis) 2
b) Test fuel (wet basis) 2

Air/Fuel Ratio

Mass of combustion air to the mass of fuel ocver 90% or more of
each test cycle (ibs air/lbs fuel}.
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7.1.8 Average Stack Gas Composition For Each Test Cycle

a) Carbon dioxide %
b} Carbon monoxide ¢

¢) Oxygen %
d) Excess air ¢
e) Moisture %

7T.1.9 Average Stack Gas Flow and Draft

a) Average flow rate cfnm
b) Stack flow rate dscf/min (tracer gas and CHO balance)
¢) Draft, inches HaC

7.1.10 Average Stack Gas Emission Factors and Process Rates For Each
Test Cycle
a} Carbon monoxide: grams/kg, and grams/105 Jjoule (measured)
b} Hydrocarbens: grams/kg, and grams/‘lO6 joule {calculated)

T.1.11 Average Temperatures For Each Test Cycle
a} Stack gas °F
b} Primary combustion chamber gas °F
¢) Secondary combustion chamber gas (if applicable) °F
d) Above catalyst gas (if appiicable) 2F
e) Stove top surface °F
f) Stove sidewall surfaces °F
g) Stove back surface °F
h) Stove bottem surface OF
T.1.12 Fuel Load Weight and Burn-Cycle Period (Minutes)
a) Cosgl bed weight, lbs
b} Test fuel load weight, 1bs

¢} Total burn cycle time period, minutes

»‘

SECTICN 8: CATALYTIC COMPONENT CERTIFICATION REQUIREMENTS

ITIC C C
8.1.1 To insure equivalent performance of catalytic combustors used

in testing versus production mecdel stoves, a combustor model
number for every catalytically equipped stove evaluated for
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certification shall be supplied. The model number will serve
to identify catalytic combustor types by brand (manufacturer),
dimensions, and design (substrate and coating material). The
model number must be imprinted or inscribed on a readily
visible surface (such as a metal sleeve or canned surface).
This will allow DEQ field verification monitoring. Any
change in combustor brand, size and design type will require
retesting of the appliance with the new combustor model for
performance change unless teat data or sufficient information
can be provided demonstrating equivalent or improved
performance.

COMBYSTOR A CRIT

8.2.1 Any appliance that contains a catalytic combustor must have
the combustor pre-aged before emission performance testing to

a specified aging process. The aging process will consist of
the catalytic combustor tested in a woodstove (specifiecally
designed for an internal catalytic combustor) for a contine
uous period of 50 hours, The t=at fuel shall consist of
Douglas fir dimensicnal lumber or cordwoeod with a moisture
content range between 16-20% wet basis., The accredited
testing laboratories must provide combustor temperature data
-and certify to the DEQ thaf each catalytic appliance tested
for emissions and efficiency performance has met this
provision.

A g Cc c

8.3.1 All catalytic combustor manufacturers must submit to the DEQ
evidence in the form of test data that each combuator design
type, identified by model number, has been longevity tested
for 5000 hours and document that the percent reducticn in
particulate emissions from the new state is no less than 70%,
Three test conditions are required: 1) unused (0 hours), 2)
250 hours, and 3) 5000 hours, Testing must be performed by a
DEQ aceredited laboratory. In lieu of this requirement, the )
manufacturer may substitute a 2% month non pro-rated combustor

_ replacement warranty.

8.4,1 In order to qualify for DEQ certification, catalytically
equipped woodstoves must be equipped with a permanent
provision to accommodate a commercially available temperature
sensor which can monitor combustor gas stream temperatures
within or immediately downstream (within 1.0 inch or 2.5 cm)
of the combustor surface.

AA2837 ~ 25 =




iz
b
b~
=
id
|ﬂ
Bl
O
bxf
-
124
m
a —
(L1 |
&
i
i
b
=
1 |
=
n

. | e -
{4 —____J ; !
. i i .'}\.gn-
naicErasl < |
H ':} |= —
== |
2 |
Tracar 3a1 Samaie
Analyzar Sandlisicmar
Tracaz Gas
-
\
|
- MM=3 Samaling J
. QCantrzl Sax MM=3 Fapciculats
. - Sameling Teain
s W
-~ e :
]
lw U
"y I B e Thermacsucls
¢l 2= Wet 2uia/ry Sult
| ¢ <
Cemdusticn Gas Analyzar(s).  Simole Lo e g
. ,.‘cr.cnz,__ CJ and ,O_z___ _Candigicner )
— Orafe

H
: P —~— (S2aeie Prassurs)
{2) Surfacs R_\“" eyt

Thermoesus | es™
il P

3
!
I
i

e oot

L\ Jll T

"~y ¥

PR I B PR TR Y

. . TN ‘--‘a—_—TE——..f—."‘\\'
e ‘ : . K E
L .

B NPT PUN
. . Flagézsem S2zle

Ve

b
[N
oy,
-

¥y

w

)
[




T ILELR RS

QT gang 1l

WIALS

S.100( 1000

NI ThLKOU S ros NIAJGLES

s1oug

(raay popeyc Ag parvubgseq)

FINATOA XKOTUUIA L THEVED

J0 SETINYV X

+ s st



Test Fuel Size

Usabla Firzoox Yoluse (ftj} Size + Flanged Locg {Haminal [achus)
) 1.8 - 1x4
2x4 approximately % weight of
>1 5 53 Cambination test fuel load
4x4 approximately * weight of
test fuel lcad
>3 b ox b
3

Maintain T #/f¢

* 105 load density

Dimansicaal -
M oz 8

J"/ / Dimensignal

4" x 4"

L L2m . 4
7; i s 1Lt % | | . B
‘r . ,

FT/“" 3 122w . ’-— 112t f’/*‘

Scala 1/4% = L7

s Langth will vary dapending on length of firsbex

it B

3L/t
AREERY.S l
Alternativa Flange 1 1/2% L

Configuration ; '

1‘1./2- _ H/ b 1/:“
] il

Figure 4.2-A




%4 ‘ 2x4 ENDVIEW

4x4d ENDVIEW
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Alternativa Flange Canfiguration

Woodstove Stacking & Loading Examples
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. Attachmernt 1

of Appendix 1
STATE OF OREGON

DERPARTMENT QOF ENVIROMMENTAL QUALITY

Source Sampling Method 4

Determination of Moisture Content of Stack Gases

Principle and aApplicability

1.1

Principla. A gas sample i3 extracted from the flowing gas stream
and its moisture removed and measured either velumetrically or
gravimetrically. Altarnately, the moisture can be estimatsd by

- less accurate techniques for the purpose of setting the nomograph

for lsokinetic sampling. 2 wet bulb-dry bulb technique is
discussed.

Applicability. The reference method is applicable for the
detarmination of moisture in exhaust gases from staticnary
sources. The altsrnate method is to be used only for estimating
the moisture content for the purpese of setting the nomegraph
unless otherwise specified.

Reference metheod

2.1

The method employed is essentially the same as used in the

particulate determination. source sampling method S and will not

be discussed here,

Alternate method

3.1

3.2

Theory, The watsr vaper in a non—saturated gas stream causes
a depressicn of the wet bulb temperature which is proportional
to the fraction of molisture present.

Procadure

3.2.1 Measure the dry bulb tesmperature in the conventional way
using either a thermometer or thermocouple.

3.2.2 1Insert the end of the temperature measuring devige in a
cloth sock and saturats the sock with watzr. Inset the
sock into the flowing gas stream and azllow the temperature
to reach a steady state. Caution: after the water on
the sock has evaparated, the kemperature will rise te the
dry bulb temperzture. (Figure 4-1). The wet bulb
temperaturs must be taken while the sock is saturated with
moisture.

2.2.3 BApply the wet bulb and dry bulb readings Lo the aporopriate
graph (Figurs 4-2, 4-3, or 4-4)} and detsrmine the
approximate water vapor content 1f the barometric pressure
is near 29.%2 in. Hg.




Page 2

3.2.4 Alternately apply the wat bulb and dry bulb r=adings to
equation 4~1 in Pigure 4-5. '

4. Interfarencss

4.1 The following conditicons may drastically change the wet bulb
reading causing erronecus results:

4.1.1 The presence of acid gases in the gas stream, 1.e. SOZ’
aca, BHC1.

4.1.2 The presence of hydrocarbons in the gas stream.

4.1.3 Marked differencss from atmospheric pressure (2%.9 in. Hg)
of the gas stream (if the graphs are used).

4.2 Should any of the above interferences be presant, the tester
should consider another aporoach to determining moisturs content.

4.3 Additionally, the following conditions can lead to difficulities.
4.3.1 Very high dry bulb tamperature (in excess cf 50009}.
4.3.2 Very higﬁ cr very low gag velocitiles.

4.3.3 BHigh cencentration of particulate matter which may adhere
to the wet sock.

&/t temp. dry bulb

w/b temp. wet bulb

Time
Pigure 4-1
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(Pa - e")(td -t }

W
a’ =
2800 - 1.3 tw
% 8,0 = < 100
s
{4~1)
Whera:
e" = Vapor pressure of EZO @ tw, in. Bg {See Figurs 4-3)
Pa = Absolute barcmetric pressure, in. Hg
. o .
td = Dry bulb temperature, F
) o]
tw a Wet bulb temperature, F
VAPOR PRES3URES OF WATER AT SATURATION*
Inch i M t
Temp. {Inches Q,I Mercury
Deg. F. 2 1 2 3 4 g _ & 7 a g8

—120 .0126 ,01i19 .9{12 .0106 ,ulny ,Quos .0089 .90034¢ ,0Q080 .GQO7S
—10 ,Q0222 ,0299 .0139 .0187 ,0176 .0168 .0158 .O0Ll50 .0142 ,0134
—_— -0375 ,03s3 .0339 .0324 ,0306 .G288% .0273 .0258 0247 Q233

0 .037T8 ,0328 ,04!17 .0483 .Q441 ,0488 L0517 .0Q0541 .0Q057t 0558
19 .0831 .0680 .0688 .Q728 ,0768 G810 .08458 .0802 L0832 L0982
20 1025 .i080 {127 .1188 (248 .1302 .1370 . 1429 1302 .1387
Jo . 1847 L1716 .,1803 ,1878 ,19%3 .2005 L2118 ,2203.,2292 .2283
40 .2478 ,2878 L2677 .2742 ,2881. .3004 .3120 .3240 3384 3483

50 .3835 3784 ,3906 ,4052 ,4203 .435% .4520 4588 4858 .503§

: BJ .5218 .5407 .S801 ,5802 ,60QC09 .5222 .6442 ,d638 .5801 .Tl44

' T70 ,7392° 7648 .7912 .8183 .4d482 .3T50 .9C48 .§332 ,0885 ,99B%
80 1.03%3 1l.068 t.102 I.138 1.175 1,213 1.3253 1.233 1.335 1378

890 1.422 1.467 1.313 .1.561 1.810 1.860 1.712 L.7S3 1.819 L.87%

100 1,837 4,992 2,082 2,114 2,178 2,243 2.330 2,379 2,449 2,321
o 110 3,596 2,872 2.749 2.829 2.911 2.99% 3.08f 3.188 3.259 3.351
! 120 2,446 3,543 3,642 3.744 3,848 3,954 4,083 4,174 4,249 4oddE
130 4.323 4.847 4.7727 4,900 5,030 5,183 5,302 5,442 3,385 5. 712
140. 5.881 6.034 5.190 6,350 4.313 6.580 &.830 7.024 7.202 7.334

150 7,588 7,759 7.852 8.130 8,381 8,337 2.TET 4,981 9.200 9,424
160 9.852 9,885 10.12 10.3 10.61 lo.,38 1If.12 11.38 11.63-11,82
170 12,20 12.44 12,77 13,07 13.37 13,87 13.98 14,30 14.682 14,88
180° 15.29 13.63 15,88 16.34 16.70 17.07 17.44 17.82 18.21 18,68}
io0 19.91 19,42 19,384 20.327 20,70 321.!4 21.350 22.0% 22,352 22,99

200 23.47 23,96 24.48 24,87 25,48 26,00 295.53 27.07 237.83 38,18
210 28,75 29,33 20,92 30.52 31,13 31,75 32,33 33.02 33.87 34.133
220 35.00 13.48 36,37 37.07 37.78 3J3.50 39.24 39.09 40.75 41,32
230 42.31 43,11 43,92 44.74 45.57 48.41 47.37 48,14 49,03 49.93
- 240° 30,84 351,78 352,70 353.63 54.82 53.80 36,450 57,81 38,63 s9.87
__1%%5*__3’1;3:3 ‘?e:t]:;crt:;n;"ian'on of Velocity, Volume, Dust, and Mis: Content of Gases, Bulletia
’ : gcipitation Corp., Los Aageles, Calif,

~F Ok e

figurne 4.3




Attachment 2
STATE QF OREGON of Appendix 1
DEPARTMENT OF INVIRONMENTAL QUALITY

Scurze Sampling Methed 3
Sampling Particulate Emissions From Stationary Sources

Principle and Applicability

1.1 Principie. Particulate matter including condensible gasas are
withdrawn lsokinetically from a flowing gas stream. The ‘
particulate matter is determined gravimetrically atfker ramoval
of combined watar.

1.2 BApplicability. This method is applicable to the determination
of particulate emissions from stationary sources except those
sources for which specified sampling methods have been devised
and are on file with tha Department.

Acceptability. Results of this methed will be acceptad as
demenstration of compliance {(or non-compliancs) provided that the
methods included or referenced in this procedure ara strictly adhered
to and a report ceontaining at least the minimum amount of information
regarding the source is included as described in Sections 15 & 16.
Deviaticns f£rom the proceduras described herein will be permittad only
if permission from the Department is obtained in writing in advance

of the tests,

Sampling Apparatus (Figure S5-1)

3.1 Probe =~ With heating systen capable of maintaining sample gas
temperature at 250° F at its exit end during sampling. Probes
which are to be used at temperatures of 600 P or less may have
liners constructed of ssamless 316 stainless steel, Pyrex Glass
or Incolay 825°. Probes for temperatures in excess of 500° 7
may be constructed of Borosilicate glass (limit 900Q F) or Quartz
glass (limit 16507 F). Probes for temperatures in excess of
1650° F must be approved by the Department befors use. Testing

in corrosive. atmaspheres may require a special probe liner to

prevent contamination of the sample.

3,2 ©Probe Nozzle - Constructed of stainless steel {316} with an
external taper 3¢ or less to a sharp leading edge. The inside
diameter of the nozzle shall ke constant throughout the length
of the nozzle. The wall zhickness of the nozzle shall be less
than or equal to 0,065 in. and a straight run of at least two
times the internal diameter shall be provided between. the lsading
edge and the fizst bend or point of disturbance. The nozzle shall
be connected ko the vrobe liner in such a way as to provide an
airtight seal with no exposed thre=ads or gaps to collect
particulatz matter. Calibration of the nozzls is coversd in
Section 13.3.

L Trade Name
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3.3

3.4

3.5

3.8

3.7

3.8

3.10

3,11

.12
3.13

3.14

Pitot tube - Typa S or equivalent attached to the probe. The
probe nozzle and face opanings of the pitot tube shall be adiacent
and parallel to each cther (not necessarily in the same plane)

and the free space between the nozzle and the pitot tube shall

be at least 0.5 in. Calibraticn of the pitot tube is covered

in Segtion 3, Source Sampling Method 2

Differential pressure gauges - Inclined or vertical f£luid manc—
meter capabls of measuring the pressure differential to within 10%
of the minimum measured value. Below 0.1 in. HZO gauge, micro~
mancmeters with sufficient sensitivities shall Se used. OQther
differential prassure measuring devices may be used provided they
are calibrated zgainst a fluid manometar and are adequataly

sensitive.

Cyclone (optiocnal) - Miniature glass cyclone used when heavy .
concentrations of particulate are expected. The cyclone will
extend the time a filter can be usad before plugging.

Filter holder - Pyrex N glass with a glass frit filter support
and silicone rubber gasket. The holder shall provide az positive
seal against leakage from the outside or around the filter.

Pilger heating system -~ Capable of maintaining a.temperatura of
2507 ® around the filtar holder. A temperatures gauge shall be
providad to monitor this Lenperatures.

- Impingers - Greenburg-Smith design. The first, thizd and fourth

may be modified by replacing the tip with 2 1/2 inch ID glass
tube extending to withint 1/2 inch of the bottom of the f£lask.

The second impinger shall have the standard tip installed.

Nots: All connections betwean the probe and last
impinger shall be made with glass ball Jjoints.

Metering system - Vacuum gauge, lsak-free pump, thermometers
capable of measuring temperature to within 59 F dry gas meter
accurate to within + 1% and flow measuring device (orifice or
rotometer) enabling isokinetic sampling to be maintained.

Barometer - Mercury, anerold or cther type capable of measuring
atmospheric preszsure to within 0.1 in. Hg. If the barometric
pressure is to be obtained from a nearby weather bureau station,
the true staticn pressure (not correctsd for slevation) must be
obtained and an adjustment for elavation differences betwesn

the station and sampling site must be applied.

Temperature and pressure measurament squipment - As described
in Scurce Sampling Methed 2.

Gas analyzer - As described in Sourcs Sampling Method 3.

Nomograph

Timer = Integrating type, accurate, readable o the nearsst 3
seconds per hour.

Trade Name
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4.

Sampls Recovery Apparatus

4.1 Prcbe brush and nozzle brush - nylon bristle or sguivalent at least

. a3 long as the probe liner and the nozzle respectively.

4.2 Wash bottles = inert to the sclvent used in them (usually zcetone).

4.3 sSample storage containers - glass with glass or Teflonl lined cap
or other matarial which is leak tight, resistant to chemical attack
from acetone and allows completas recovery of particulate matter.

4.4 Petri dishes - for filter samplas, glass or plastic. Alternately,
individual paper envlopes with waxed papar liners may be used, but
tare and final waights should not be 1ncluded in the weight of the
envelcpe or liner. /

4.5 Graduated cyliner and/or balanc¢s - £o meagure condensed moisture to
within 1 ml or 1 g. Graduate cylinders shall have subdivisions of
2 ml or less and balances shall be sensitive to 1 g.

4.8 'Plastic gtorage centainers « air tight containers to stoxe silica
gel unless it is weighed at the sampling sits or transportazd to the
laboratory in the impinger,

4.7 Rubber policeman -~ to aid in racoverznq sample from the train previous
to the filter.

4,8 Dessicator - laboratory type using Drierite l; indicating dessicant
or equivalent. '

4.9 Analytical balance - accurats and sensitive to + 0.1 mg.

Reagents

S$.0 Separating funnel - 500-1000 ml with Tzflon 1 stopcock and plug.

5.1 Beakars - 250 ml s 400 ml Pyrex} or equivalent.

5.2 PFilters =~ glass fiber filters, without orwanic binder, of near neuntral

" pH, free of pinhdle 'léiaks,; and exhibifing at leédsgt 99.9%5% efficiency
on 0.3 micron DOP smoke particles. MSA-1160BH or equivalent, indivi-
dually numbered fcr identification and pre-weighed as described in
Section 6.1.

$.3 Silica gel - indicating type 6~15 mesh, dried at 1759C (3509F) for
2 hours if preaviously used,

3.4 Water - distilled,with a maximum zZotal residue content of 0.001%.

" {0.01 mg/ml).

5.5 Acetone -~ reagents grade with a maximom total residue centant of
0.001%. (0.0l mg/ml)

5.6 Crushed ice = any grade, c<rushed £ine encugh to provide efficient

<cooling for the impingers.
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6'

7.

pretey

507

5.8

3.9

Stopcock grease - acshone resistant, heat stabla, 3ilicone grease.

Diethyl sther = rsagent grade with a maximum total rssidue content
of 0.001%. {0.01 mg/ml} '

Chleroform - réaqent grade with a maximum ressidus contsnt of 0.001%.
{0.01 mq/ml)

Samnling Train Preparatlon.

G.l

6.2

6.3

6.4

6.5

6.6

6.7

:Inseft the fiiter into the filter holder and assembla taking care

Weigh numbersd glass fiber filter paper to the nearsst 0, l.mq
en an analyt;cal balance after dessication over Drierxite for
24 houzs az more.

not to tea:cr bend the filter. Tighten the filter heolder sufficiently

" 'to prevent leaks.
'édd 100 + 1 ml of ‘distilled water to cach of. the first two impinqg:s.i

. Add approximately 200 g of accurately weighed silica gel {+1lq

to the fourth impinger.

Alternately aftar charging each <f the impingers with the appropriate

‘material, weigh the impinger and contents on balance to the nearest

1l g.

Assemble the train as shown in Figqura 5-1 and check for leaks as in
Sect;an 8. .
Seal the train with aluminum foil, a blanked ccnnectcr or some other
means to prevent contamination.

Pratest Preparations

. 7ﬂl'

7.2

2.3

7.4

7e3

Selact a samnllng site. and the minimumm number of traverse po;nts as.
described in Source Sampling Msthod 1.

Detarmine the agpicximata molisture content as described in Source
Samcling Methed 4. 2

™
Make a preliminary pitot traverse to detarmine the maximum, minimum,
and average pitot reading, duet temperatura, and static pressure as
described in Source Sampling Msthod 2.

Choose a nozzle size basad on the range of pitot readings as described
in Section 12 such that it is not necessary to change the nozzle size
in order to maintain the isokinetic sampling rates for all traverse

.polnts.

Clean the chesan nozzle and'prcbé (the shortest available which will
reach all the traverse points), assemble and seal each end with alum-
inum foil %o prevent contamination.

Attach the probe to the sample case, attach the electrical and hose



Fage $

Leak

8.1

8.2

8.4

connections, and turn on the probe and filtesr heating svstem. Adjust
the heater controls to maintain the appropriats tamperatures.

Check
Plug the inlet to the filkar.

With the fine flow adjustment (bypass) completely open, open the
coarse flow adjustment complstely and adjust to a vacuum <of 15 in.
Hg by closing the fine flow adjustment.

Aftar sufficient time has elapsed for gtabilization, measurs the
leakage rate for 1 minute or more and record. A leakage rate of
lass than 0.02 c£mn at 15 in. Hg is dcceptable. Use acstone rasistant
stopcock grease on impingers and ball joints if necassary to seal

against leaks.

Slowly remove the plug from the filter inlet and immediately close the
cearse flow adjustment. '

Particulate Train Operation

9.1

2.2

9.3

2.4

9.5

9.6

Bach point should be sampled a minimun of 2 minutes and a complete

sat of data readings should be taken at every point. If each point

is sampled more than 5 minutss, a complets set of data readings shoulad
be taken at equal intervals during the sampling of every point but not
less frequent than every five minutes.

Pack crushed ige arxound the impingers, turn on the probe heatzsr and
adjust so that the gases leaving the probe ars 250°F. B2dd ice ccca-
sionally during the test in order to kesp the temperature of the gas
leaving the train at 70°F or less,

Pogition the probe nozzle at the first traverse point (taking care
not to allew the nozzle to touch the stack walls) and black off the
openings around the probe., Recozxd the initial gas meter reading,
temperatures, static pressure and pitot reading on the Particulate
Fiald Data Sheet ({(Figure 5-3).

Note: The probe should never be left in the stack when
not sampling as particulata will be collected in
the nozzle.

Caloculats (as described in Section 12) and rsacord the desired
orifice setting, oven the coarse flow adjustment and iomediately
start the timer,

As rapidly as possible, adjust the orifice reading using the coarse
anéd fine flow adjustments to the desired reading.

At the and of the first sampling point (or not more than 30 seconds
befora} repesiticn the probas nozzle at the next sampling point.

Note the gas meter reading exactly at the end of the first
time interval.
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10.

9.7 After the pitot raadings have stablized, nota the pitou reading,
caleulate the desirad orifice satting, and adiust with the fine
and coarse flow adjustments to the new setting. This should be
done as rapidly as possible %o avoid anisckinetic sampling.

3.8 gontinue the above steps until all traverse points have been sampled
an aqual intarval of time (except adjusted traverse points as described
in Sourca Sampling Methed 1.)

9.9 At the conclusion of the run, close the coarse flow adjustment, note
the final gas metar reading and tamperaturss and withdraw the probe
completaly. '

9.10 Seal the nozzle with aluminum foil as soon as it cools sufficiently
to du so, disconnect the probe from the sample case, seal 211 other
cpenings and transport to the clsanup (or storage) area.

3,11 Throughout the sample run, e¢ollect an intagrated gas sammle for comp—
osite analysis as described in Sourca Sampling Methed 3. ;

9.12”Undef no circumstances disconnect or lovsen any part of the airtight
train wmtil the probe has been completely removed from the stack.

Particulate Train Cleanup

10.1 Cleanup should be performed in an aresa frae of wind and aizborme
dust which may contaminate the sample or cause sample loss. If possible,
the train should be cleaned in a laboratory.

10.2 After the probe and nozzle have cooled, remove the end seals and brush
while rinsiag with acetona ints a suitable container (labelled).

Notm: Exercise caution so that none of the rinse is
lost and ne extraneous material enters the rinse
{such as from the pitot tubes).

10.3 Should it be necsssary to c¢lean the train in the fisld, use the
following procedurs:

18.3.1 Rinse all sampl% exposed surfaces prior to the filter
{including the front half of the filter holder) with
acetone. Remove any adhering particles with the ald
of a rukber policeman. Place the rinsings in tne probe
rinse bottle.

10.3.2 Remeve the filtar without disturbing the particulate cake,
placa in a petri dish and seal.

10.3.3 Measure and rzcord the volume (or weight) increass cf the
. first three impingers and transfer their contents into a
labelled ¢ontainer. Rinse the impingers and igterconnects
with distilled water and add to the container.
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11.

12,

10.3.4 Rinse 2l) sampls expesed glassware betwaen the f£ilter
{excluding the glass frit filter support) and the fourth
impinger with acetone and stors in a suitable marked
cecntainer.

10.3.5 Determine the weight gain of the silica gel in the fourth
impinger and record. Altsrnately transfer the silica
gel guantitatively ko an airtight container zo be weijighed
in the laboratory.

10.3.6 <Collected samples should be analyzed within one week of
collection in order to prevent -any possibility of
biclegical or chemical degeneration.

Analysis

11.X Dessicata the filter (in the field container) for 24 hours and
weigh to constant weight.

11.2 Transfer the acetone rinse (Section 10.3.1) into a tared beaker
or evaporating dish. Be sure all particulate is removed from
the contailner. Evaporate the solvent at laboratory temperature
and pressure, dessicate for 24 hours and weigh to constant weight
{ + 0.5 mg change in é hours or more).

11.3 Transfer the acetone rinse frem the back-half (Section 10.3.4)
to a tarsd beaker or weighing dish. ZEvaporats as in 11.2 and
weigh to constant weight.

11.4 Transfer the water in the impingers to a separatory funnel
{Teflon™ stoppered)., Rinse the container with distilled water
and add te the separatory funnel. Stopper and vigorously shaka
the separatory funnel 1 minute, let separate and transfer the
chloroform {lower layer) intec a tared beaker or evaporating dish.
Repeat twice more. Repeat the above procedure using three 25 ml
portions of diethyl ether in place of the chlaoroform.

11.5 Transfer the remaining water in the separatory funnel to a tarad
] . Q -
beaker or evaporating dish and evaporate at 105° ¢. Dessicate
for 24 hours and weigh to constant weight.

11.6 Evaporate the combined impinger water extracts from Section 1l.4

at laboratory temperature and prassure, dessicate for 24 hours
and weigh to constant weight, -

11.7 Evaporate portions of the solvents used in a manner similar to
.- the sample evaporation to determine the sclvent hlanks.

11.8 Record all laborateory data on the Laboratory Datz Reperting Sheet,
Figure 5~9.

Mcmograph Operaticn

. 12.1 Correction factor

12.1.1 Determine AHEQ for the orifice as descriked in the
calibration Secticn 13.1

12.1.2 Estimate the probable meter temperaturs, Tm, often 20Q by
above ambient temperature, E.O in stack gas, and Ps/FPm
(ratio of absclute stack presSsure to absolute meter
pressure) as described in Section 7. '
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13.

12.1.3

Determine the correction fagtor "C" using the

correction factor nomegraph, Figure 3-2a, as desczibed
on the nomograph. Correction of the factor "C" for a
pitot Cp other than (.85 can be made using the following
equation:

c 2
P

Cl{correctad) = C 5
(0.85%)

12.2 Cperating Neomograph ‘

12.2.1

12.2.2

12.2.3

1z2.2.4

12.2.5

12.2.8

Calibration

- 13.1 Orifice

13.1.1

13.1.2

13.1.3

13.1.4

Adjust the sliding scale on the operating nemegraph,
Piguras 35-2b, such that the "C" factor determined in
Section 12.1,3 is opposite Reference Point A.

Using the preliminary pitet traverse data and duct
temperature determined in Sectiom 7, draw a line from
T _ to the values of AP and select a suitable D (nezzle
dfametsr) from the probe tip diameter scale.

Draw a line from Ts through D (actual diameter of nozzle
to be used) and notfe where the line crosses the AP zcale.

Draw a line from the AP obtained in 12.2.3 to Refersznce
Point B on the AR scale and notes where the line crosses
the K factor scale., This point should be marked for
future reference. :

During sampling, align the pitot reading, AP, with the
K factor setting, Section 12.2.4, to obtain the desired
Ml

If T_ (absolute} changes by more than 50° F the X factor
should be recalculated starting with 12.2.3,

and dry gzs meter

Connect the components as shown in Figure 5-3. The wet

-test meter is a 1 cf per revolution with + 1% accuracy

and capable ' of operating at a rate comparable to the
expected sampling rate.

Run the pump about 15 minutas at an crifice raading of
about 0.5 in. H,0 to zllew the dry gas metar and pump
te warm up and Eo wet all interior surfaces of the wet
tast meter.

Gather the information as reguired in Figure 5-4.

Calculate y and ARQ as described in Figqure 5-4. If an
average vy of 1.00 + 0.0l is not cbtained, the dry gas
metar mus=t be adjustad., If an average LAHR of 1.84 + 0.25
is not obtained, the orifice opening should be enlarged or
replaced. Additiconally the AH@ should not vary mores than
+ 0.15 over the range of operation of 0.5 to & inches of

EZO'
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13.1.5 Calibrate the orifice and dry gas meter aevery month or aftar

-

every 3 tests whichever ocgurs firse.

13.2 Temperature gauges

13.2.1 Check temperaturs gaugas against mercury-in glass therrmometars
of gerzified acruracy or against suitable temperaturs standards
{(boiling or fxreezing points} at least yearly.

13.3 Probe Nozzle

13.3.1 HMeasure the inside nozzle diametar on at least 10 diffarene
diameters- to the nearsst G.001 inch using a2 micrometer or
caliper. The nozzle diametar iz the average of these readings
to the nearest 0.001 inches.

13.3.2 The largest deviation from the average should not exceed + 1%
of the average diamater.

13.3.3 calibrate the nozzle at least befors every test.
14. Calculations

14.1 Gas velocity

14.1.1 Calculate the average gas velogity, V_, from the pitot tuba
readings and gas temperatures using equation 3-2

c ' ‘

(V yavg = 2% (&P .T )avg (5=2)

N - |
R 3 3

. Whers the symbols and units ars the same for equation 2-2
in Source Sampling Maethod 2.

l4.2 Gas volumetric flow rate

14.2.1 Calculate the volumetric flow rata of the gas from the duct
area and the average gas velocity using egquation 5-3
qs = 0.123As (Vs)avgi(lquo)?s : (5-;)

- T
-3

where the symbols and units are the same as equation (2-3)
in Source Sampling Methed 2,

14.3 Dry gas volume

14.3.1 Calculate the volume of gas samplaed using equation 5-4

AH
Qd = 17.65Qm (?o + 13.6} (5-4)

T
m
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whéra Qd = volume of gas sample, soer
Qm = volume of gas through meter (metar conditions), CF
Pa = barcmetric pressurs, absoluta, in. Hg.
AR = average pressuxes dzrop across the orifice, in. HZO
T averaga dry Jas metaer temperaturs, °z

14.3.2 In the event the gas passing through the dry gas metsr was
not dry, the above equation Dust be multiplied by (1-B )
where B is the volume fractisn of water in the metered
gas (asggme.satnzation at the temperaturs of the last impinger).

1ld.4 Moisturs content of duct gas

14.4.1 Calculate the moisturs content of the duct gas from the total
volume of water vapor condensed using equations (5=5), (5=6},
and (5-7).

Q, = 0.0474 V_ _ ' {5-5}

where Q = volume occupied by water vapor, SCP
V. = wvolume of water condensed in impingers and on
silica gel, g oxr ml.

L 00 ¢ .
v T el {5=8)

Qi T A
a7 g,
whers mv = volume percent of moisturs in the sampled gas.

Q

a; = 4d = l-?go . . {5=T7)
Q™

where mg = volume fraction of dxy gas in the sampled gas

14.5 Calculate the molacguiar weight of the weat gas using the volume fraction
of dry gas and the dry molecular weight using eguation S-8.

M= mM, + 18 {l«de (5~8}

R

wheze Ms = molecular weight of the wet stack gas, lb/lb mole

M3 = molecular weight of the dry stack gas as dafined
in Sourcs Sampling Methed 3, equatien (3-2)

14.6 Caleulats the total particulates grain loading and corract to 12% carbon
dioxide (when necessary) from the volume of gas sampled, the total
weight of particulats sample and the % CO2 using equation 5-3, and 5-10.

C = Q.01l54 W {5=3})
9 9
d

where Cg = total particulate grain leoading, gxr/sdef

W = weight of particulats sample, mg

C! =12 ¢
g g (5-10)

x C02
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whara C' = total particulate grain loading corr=cted to
i2s CDz,gr/sdcf 8 12 » CO2

%CDZ = percent by volume carbon dioxide as detearmined
in Source Sampling Method 3.

14.7 Calculata the total particulate emission rate from the total particulate
grain loading and the volumetric flow rate using equation 5-11

ct = (.00857 ngs (5=-11)

whersn Ct-= total particeulate emission rate, lbs/hr

q_ = Volumetric flow rate in duct, DSCFM as detarmined
in Source Sampling Method 2.

14.8 Calculate the percent of isckinetic sampling zate from equation 5-12,

I = 1039 Tst

VP oDl & {5=-12}
s g dn

whers I = Parcent of isokinetic sampling rata
Tsa Average stack temperature, °R
Psu Average stack abseoluta pressure, in. Hg
Dnr Average nozzle inside diametesr, in.
t = Total sampling time, min.
Qd- \Volume of gas sampled, SDCF
Vs- -Average_gas velociry, FPM
m Valume fraction of dry gas

15, Minimum Accaptabls Test Requirements
15.1 In order for a source test by this method to be acceptabls as sufficiently
accurats , the following requirsments must be met unlass )

..otherwise indicated by the Department in writing:

15.1,1 A minimum samplé:vnlume of 60 SDCF of gas per run must be
sa@ledo

15.1.2 A minimum run tize of 60 minutses on continuous operations or
one complete cycle covering at least 60 minutes on cyelic cper-
ations. A minimum of two runs per test is regquired.

15.1.3 The Department is notified in advance of 21l socurce tests so
that it may have an cbserver present if desired.

15.1.4 All equipment used in the test shall be as specified in Ssection
3,4, and 3.

15.1.5 All equipment used in the test shall be calibratad at the specified
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15.1.8

1:.1.7

18. Minimum Tast
source shall

16.1

NCOTE 1:

Boilers

18.1l.1

16.1.2

18.1.3

16.1.4

15.1.5

Asphalt
18.2.1
16.2.2

16.2.3

16.2.4-
18.2.5
16.2.6
16.2.7

16.2.8

16.2.9

16.2.10

interval or more oftezn and the cal_bratlcn datz and rasults
ineluded in the tast rapork.

Accurate desc:ipticn of the sampling site including photographs.

Sufficient data to confirm that the sampllng rate was within
* 10% of isokinetic.

Report Information - the following information goncerning the
be inclinded in the sourca test report.

Name of manufactursr, nameplats capacity, and installaticn
datz of boiler and asscciated contrel equipment,

Control equipment on beiler (including cindar re;njectlcn
aquipment) .

Steam production rats, staam pressure and range of stsam flow
whers passikle., Use of a steam flow intagrater is desirable.

Fuel composition (including estimated moisture content whers
applicable}.

Cpacity readings during or immediztely after test by a certifiad
reader.

Plants (Saa Note lj
Type, location and gapacity of plant.
Control Ecquipment present.

Praegsure drop across control equipment, watsr prsssura on
scrubber nozzles when prasant.

Production rata and type of mix during tast.
Dryer fuel and firing rate,

Mix temperature fon drom mix plants)

Fines content of total aggragate feed,

Cpacity readings duoring or immediately after test by a certi-
fied cbsarver.

Photographs of plant in operation including plume aftez steam
dissipation.

Special testing or production problams sncountered.

The source tast requirsments for asphalt plants constructed or modified
after June 11, 1973 differ frem this methed in that only the particulate
collected in the front half of the train (from the probe to the filter
inclusive) is used for compliance svaluaticon. The impinger catch,

however,

must still be repcrted.
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16.3 Incinerators
16.3.1 Manufacturer and capacity of incinerator.
16.3.2 CQontrol equipment prasant.
16.3.3 Type and quantity of material incineratad.
16.3.4 Charging and stoking times. |
16.3.5 Auxiliary fuel usad and quantity consumed during tast (measured).
ls.3.é Opacity rsadings during test by a certified obsarver.

16.3.7 rFPhotographs of incinerator in operation including plume.

o
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AQ 601

CALIBRATION SHEET

Figure 5-h
Orifice Gas Meter Date Barometric Pressure Ph:
Oriflce GAS VOLUME TEMPERATURE TIHE RESULTS
Manomerer {Wet Test Jory Gas [Wet Test [Dry Gas Heter 6 ,min] v [AHE
Al Heter Heter Heter Inlet | Outlet JAverage
n.11,0 Vw,cf Vd,cf t, F Eyp F tio® F tyr F
L]
vy = v p (t+460) ang = 0.0317 sk f(c +h60)d>  Average
Wwb'd w
N T Wl P Poltaet *00) Iy
1326 M W
Probe MNozzle Date Pltot Tube Date
an,ln. D ,In.{D ,in Forward I Reverse
—.2 n AP TaP_ - [C AP AP t
5 std |'p s std

Averages

Potd | 3

C =0.99

Average




SOURCE SAMPLING FIELD DATA SHEET

Flgure 5-5a
Plant
_ Address
Source
Date Rustw
Train No. Box No.

Probe Length
Pitot C

p
Rinsings:

Gther Samples:

AQ-602

frobe materlal

Sketch of Sampling Site

DB Temp.
Assumed Molsture

Statlc Pressure

Wb Temp.

P, baro
Allg

"CY Factor

Stack Dimenslaons

Nozzle

Traln Operator

Box Operator

Orsat

-0,

’

FO

Remarks:
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Figure 5-6

VELOCITY DATA AND CALCULATICONS

Bun Yo. Date

Plant

Sampling location

Point | Stack Stack Temp; Vel. (&P x .Ts)‘ e
Na. Pressure ts Ts Head S3jla Px Ts
P5 inEg | °F °R AP in.H,0 -
gauge
Avz.

Ps = absolute pressure - Ps + Po = in. Hg

Ambient temp, = °F
Ambient press.= inches of Hg
STACK TE4P. Dry Balb op

wWet Bulb °F
CONST. € =

\J-603
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DEPARTMENT CF CNVIRONMENTAL QUALITY
AIR QUALITY DIVISION
VELQCITY DATA AND CALCULATIONS

Run No. Date
Plant
Sampling locatiocn
Point Distancs Stack Temp. vel. (AP x Ts) “1{2:“4-——-
P
Noe. Inches Ts Ts Head S= x s
°F °R 4P in 8,0
i
i
i 5 !
i 1— 5
=,i
f ‘
i
{ i
| f |
| | i
| | :
! ;
i
;
Avd.

Static Pressure, P&

Ln.Hzo

Atmospheric Pressure, Ph in. Hg

Skack Pressure, Ps

Dry Bulb Temp.

Wet Bulb Temp.

Moisture

in. Hg

Pigurs 5«6 (Revised)




Fiqurs 5-=7

COMBUSTION GAS ANALYSIS DATA SHEET

Sourca Date
Sammpling Point Locaticn
RTUN

002 O2 co .NZ N
Apalysis 1 o . Time
Analysis 2 : : : - E Tast -condﬁions:____
Analysis 3
Average

C - Q Cco N

. €9, T2 z .
——  Atomic Wt. Atomic Wt. Atomic Wt. Atomic Wt
(44) _ (32) . (28) (28)
+ o + = Total Atomic Wi,
"ROUN
. __co, "0, €0 N, L
Apalysis 1 I | . Time_
Analysis 2 ' - . ‘ ‘Test cpndiﬁo;ifs:_;
Analysis 3
Average |
N
Co a 9] s | CO Ju 9
Atomic Wt. Atomic Wi, Atomic Wi. Atomic Wit.
(&) (32) (28) (28)
+ + + = Total Atomic Wt.

Q-604



PARTICULATE SAMPLING CALCULATIONS

Plant Sampling Location
Date of Test FIGURE 5-8
_ PARAMETERS TO BE CALCULATED RESULTIS
n- -
bol Deifinition, Units Calculating Equation Run_ |Rwm___ | Avg.
Sample szs volume a
Qm meter conditions, ft. Aveg. from field datr sheet
2.0 % HoO Moisture escaping last
2 2 impinger
tm Gas meter temp., °F Avg, fr. field data sheet
Orifice pressure
H drop tn He0 Aveg. fr. field data sheet
Yo Barometric pressure (in. Hg) | Fleld data sheet
Vv Tot. vol. of condensed water | Total fr. lab data shest
Md Molecular weight of dry gas | Gas analysis-Atomic Wt.
Ps Stack pressure in Hg abs .07355 x P€ + Po
S VP x Is Avg fr. Vel calc. sheet
Cp Pitot Tube Coeff. t From Calibration Data
As Stack area (in. %) Field data sheet
T= " Stack temp., R Avg. fr. field data sheet
Dm Nozzle diameter (in.) Field data sheet
" Total sampling time, min. | Total fr, field data sheet
W Wt. of particulate sample, mg} Total fr. lab data sheet
%CQq| % COg CO, analyzer
Qd | Dry gas sample vol. at - qd= 1T 65 (Qm) Po+ pH |
std. cond., sef. (tmid50) L 13.6.}
Qv. .| Tot. vol. of condensed water; - :
vapor @ std cond. (scf) Qv = 0.0474Vv
mv % moisture in stack gas my= %?\21% a
md Mole fraction of dry gas md-.:‘?iiov_*_Qa_ |
Ms Molecular wt. of stack gas Vs = mdMd + 18 (1-md)
. s r 1l =3z
Vs Stack v;locfcy at stack, fpm | Vs = 512%Cp)(S) s
as Stack flowrate at standard qs= 0.123 (Vs)(As)(md (Ps)
cond. , sefm Ts
I Percent Isokinetic 1= 1033 TsQd
(Vs)(Ps)(mad)(Dp2) (2 1)
Total particulate grain c 0. Q154W
-$ load., gr/scf & cd
/ Grain load. at 12% CO» _ 12
Ce gr/scf Ce=Cex  TFCoy
ct Total particulate emission

1b /ar.

Ct=.00857 {C(us)

AQ-605




Plane

Figure 5=3

(Ravised)

DEPARTHENT QF ENVIROMMENTAL QUALITY
ATR QUALITY COMTRQL OiviISION

PARTICULATE SAMPLING CALCULATINNS

Sampling Locacian

Date of Test

Sym=: .
bol g Dafinition, Units Calculating £quacion Run__ {Run__ | Aun__ Avg.
av i Sample g3s volume at 3
! matar canditions, ft. Ava.from fisld dacs sheeg
tm i Gas meter temp.,°F Avg.from field daca sheeg ’
W | Orifice gressure: N
| drop in 1,0 Avg.from field data sheet
Po E Barcmetric prassure{in.Hqg) Fieid daca sheet E $
Vv | Tot.vol. of condansed wacar Totai fr. lab data sheet '
Md i Holecyiar waight of dry gas Gas anaiysis-Atomic Wt. |
Ps l Stack pressur= In Hg abs ‘ .07355 x Ps + Po 1 l
s ~N T T ‘ Avg., fr. Veal, cale. she=t ! ;
¢, | Pitot Tube Coeff, | From calibracion data | | | |
As Stack ar=a (in.z) Field data sheel I ! } E
Ts Stack temo., | ) A§g. fr. fieid daza she=t E ) l ’ [
Om Nozzle diameter {inm.) Field data sheec l I | l
At Tatal sampiing sime, min, ! Total fr. field datz sheet | | | j
1 . ! !
W We.of particulate sample,mg. | Total fr. lab data shest ! ' I
Ll . -
qCDzi 3 COZ coz analyzer l ' l l
| Dry gas sample vel. at 17.85(0m) {Po+ ar ‘ l
Qd std. cond,, saf d = (em+ds0] . 3.5 ] 1 l
v Tot. vai, of condensed watar ’ | }
vapor 3 std. cond. {sef) Qv = 0.0474 ¥y :
o . 100 Qv i
mv 2 malsture in stack gas ! m e e+ 0d l !
. d ]
md Mola fraction of dry gas . g MTICAT ;
Mg Molecular wt. of stack gas | Mg a mdMd + 18 {1-md) i § i |
Vs Stack valocity at stack,fpm Vs = STZ?(C;){S)[ 117 g f | :
e ! | !
Stack flowrace ac standard | Q.123(Ns)tas; tad) (Ps) | . :
q% cond., scfm \ 93 = Ts : ' ; i
r . 1033 Tsid i ! H
I Percent lsokinetic b= TV;TT3?TTEETT3;2)fﬁ=) : ! ‘ ]
. - il
Tatal particulate grain 2 b5y : } ’
Cg Joad. ar/fscf Cg 3 ; : I ;
Ca Grjlgfioaa. at 125 COZ Cé g < 1z { i i i
gris T £0.) i : ! i
Toral particulate emtission - . ]
€t | yp/ne Ce = .09857 (C3)(qs) : | |




q-506

SOURCE SAMPLING-LABORATORY ANALYSIS OF PARTICULATE SAMPLE

Test

Date of Test

CONDENSED WATER DETERMIMNATION

Run
NO.

Ilmpingar:

Fi 72 3 74

Total
Condensata

Final weight

[nitial weight

Met waidht

Final weight

[nitiaj weight

_[Met weight

Final weight

Initial weight

Het weight

GRAVIMETRIC RESULTS

fo.

Contants -

Fiiters{Probe & rilter | Impinger | Impinger | Impinger T TotaT]
Holder Rinse extract Water

Wt.

Beaker No!/VoTﬁ

Gross Wt.

Tare wt,

et wt.

Biank wt.

Final wt.

Beaker No./Vel.

Gross wt,

Tare wt.

et wt.

&

3lank wt.

Final wt.

Seakar Ho.,/Val.

Gross wt.

Tare wt,

Net wt.

3lank wt.

Final wt.

Sample ﬁreparation: Volatiles evaporated at €, Duration

WYater evaporated at €, Duraticn
Desicatad at C, Curation

nrs

nrs
hrs

——

Laberatory Balanca Type




Attachment 3

of Appendix 1

STATE OF CRESOY

DEPARTMENT QF ENVIROWMENTAL QUALITY

Source Sampling Mathed 7
Sampling Condensible Emissions From Stationary Sources

Principle and Applicability

1.1 Principle: Particulats matter including condensibls gases is
withdrawn isckinetically from a flowing gas stream. The part-
iculate matter is determined gravimefrically after extracticn
with erganic solvents and avaporation.

1.2 Applicability: This method is applicable o stationary sourcas
whose primary emissions ars condensible gases. It should be
considered a modification of Source Sampling Methed 5 and applied
only when diracted to do so by the Department.

Sampling Apparatus (Fiqure 7-1)
2.1 The probe, sampling train, and metering system are the same

as ocutlined in 3. Sampling Acparatus of Scurce Sampling Method
S with the following exceptions:

2.1.1 The heated £ilter and cy:lcne are optional, but should

be used if significant quantities of solid particulate
are present.

2.1.2 An unheatad glass fiber filter is placed between the
' third and fourth impingers.

Sample Recovery Apparatus

3.1  The sample recovery apparatus is the same as outlined in 4.

Sample Recovery Apparatus of Source Sampling Method S.

~
)

Reagents

4.1 The reagents ars the same as cutlined in 5. Reagents of
Source Sampling Method S.

Sampling Train Preparation

5.1 The sampling train preparation is the same as cutlined in 6.

Sampling Train Preparation of Source Sameling Method 5 with
the following exception:

5.1.1 Insert numbered and weighed filters into each of the
front (if used) and rear filter hnolders.




8.

t
A

Pratest Préparations and Lead Check

6.1

The pratast preparations and lsak check ars the same as ocut~
lined in Sections 7 and 8 of Source Samnling Method 5.

Condensible Particulate Train Operations

7.1

The train operation is the same as outlined in Section 9 of
Sgupze Sampling Mathod 5. Ik is important to note that the

gas temperature leaving the last impinger must not exceed 70°F

as temperaturas above this may cause loss of condensible material

by revolatilization.

Condensible Particulats Train Cleanup

8.1

8.3

Cleanup should be performed in an area free of wind and air-
torne dust which may contaminate the sample or causa samsle
loss. If possible, the train should ke clsanred in a laberatory.

After the probe and nozzle have cooled, remove the =nd seals
and brush while rinsing with acetone into a suitzble marksd
container.

Nota:

Exercise caution so that none of the rinss is lost
and no extraneods material enters the rinse {such
as from the pitot tubes or condensed material from
the cutside of the nozzle).

Should it be necessary to clean the train in the fiald, use
the following procedure:

8.2.1

8.3.2

Theroughly rinse all sample expased surfacas prior o
the front f£iltsr support, with acetone. Remove any
adhering particles with the aid of a rubber policeman.
Place the rinsings in the probe rinse bottlse, If the
front filter is neot used, all sample exposed surfaces
prior to the first impinger sheuld be included in this
rinse. N

Remove the front (if used) and rear f£ilters, place

in a petri dish and seal. Sinces a heavy loading of
condensikle matarial on the rear filter may leave a
residue in the filter container which would necassitate
removal with solvent, glass petri dishes are prefarred.

Measure and record the volume (or weight) inczrease of
the first three impingers %o the nearsst L ml {or 1 g)
and transfer their ccntents to z lahelad container.
Rinse the impingers and interconnects with distilled
water and add to the container.



8.3.4 Rinse all sample exposed glasgwazrs hetwean the front
filtar (if used) or tha first impinger (if the front
filetar i3 not used) and the fourth impinger (insliding
glass filtar frits) with acetone and place in a suitable
marked container. If the moisturs condensate in Section
8.3.3 was detarmined by usa of a gradnated container, it
should zlso be rinsed with acatone and the rinse addad to
tha impinger zinsa container.

8.3.5 Determine the weight gain of the silica gel in the fourth
impinger and record. Alternately fransfer the silica
gal guantatively to an air tight container to be welghed
in the lahoratory.

8.3.6 Collected samples should be analyzed within one week of
‘ collection in order to prevent any possibility of bioclogical
or chemical degradation.

Analysis

9.1 Desiccate tha filter(s) at 70°F or less in the fiald container
for 24 hours and weigh .. -

Nota: In some cases, desliccation may give rise to a slow
vaperization of the condensible material. Therafore it
iz not recommended that an attampt to weigh to conrstant
weight be made.

9.2 Transfer the acetons rinse (Saction 8.3.1) into a tared beakasr
or evaporating dish. Rinse the container with acetone (police
to remove particulate) and add the rinse to the beaker. Evaporats
the solvent at 70°F or less and laboratory pressure, desiccate
24 hours and weigh . See note in Section 9.1.

9.3 - Transfer the acetone rinse from the impingers..(Sectien 8.3.4}%0 . ... .
a tared beaker or evaporating dish and treat as in Section 9.2.

9.4 Transfer the water (Section 8.3.3) to a separatcory funnel. Rinse
the ‘container with distilled water and add to the separatcry funnel.
2dd 25 ml of chloroform to the separatory funnel, stopper and
vigorously shake 1 minute, lot separate and transfer the chloxoc-—
form (lower layer) into a tared beaker or svaporating dish. Repeat
twicae mora. Repeat the above extraction using thrse 25 ml portions
of diethyl ether in place of the chloroform. Transfar the sther
(upper layer) to the same container as used to conkain the c¢hloro-
form.

Nota: It is necsssary to rinse the field container for water ({if
used) with solvent. This rinse may be made using the extra-
cting reagents in which case it is added +o the impinger
extract container or with acetone in whigh case it is added
to the container in Section 9.3,




2.5

9.6

3.7

2.8

Transfer the remaining water from the separatory funnel o 2
tarad beaker or evaporating dish and svaporats az 105°C .
Desicecate for 24 hours and weight.

Evaporats the combined impinger water extzacts from Section 9.4
at 70°F or less and labcratory pressurs, desiccate for 24 hours
and weigh . Se= nota in Secticn 9.1.

Evaporate portions of the solvents csed in a manner similar to
the sample evaporations to detaxmine the solvent blanks.

Record all laboratory data in the laboratory Data Reporting
Sheet, Figure 5~9, Source Sampling Mathod 5.

10. Calculations

10.1 The calculations are the same as ocutlined in l4. Calcnlations

of Source Sampling Methed 5.

11, Minimom Acezeptabls Tast Requiremaﬁts

11.1 The minimum acceptable test raquiremewts are the .same as cutlined

in 1S. Minimum Acceptable Tast Raquirsments of Source Sampling
Method 5. . )

12. Minimm Test Report Informaticn

12.1 The tast report should centain sufficient informatien about the

sourcs to accurately define its cperation during the test. Also
sufficient data and calculations shall be included to document the
gource tasht results.

4



(Optional)
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"CERTIFIED TEST PERFORMANCE

TeBted by: ' Date: Procedurae:
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ATTACHMENT 6

EXAMPLE GNLY

*POINT OF SALE REMOVADLE LABET,

FOR NON-CATALYTIC STOVES MEETING THE 7/L1/%6 STANDARD (ONLY)

EMISSIONS AND LEFFICIENCY PERFORMANCE

DED Non-catalvtic 15 until 07/88

Standard : 7 after 07/88 )

Smoke _ grams/hoar |

Efficiency % (tlo DEQ Standard)

HEAT CUTPUT FANGE

Eo BTU's/hour

Manufacturer: Models Dezign #:
Name : Name . Numnber

(Ferformance may vary trom btest values depending on actual home
operating conditions)

Pursuant to QAR 340-2i-100 -166 Uhis il has boon certifled as
meeting Oregen Department of Environmenbtal Quallty emission
standards and hag been approved [or sale in the State cf Oregon
unitll July 1, 19283,




