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NORTHWEST TESTIN G LABORATORIES, INC,

5405 N. Lagoon Avenue

CONSTRUCTION INSPECTION
MATERIALS INSPECTION P.O. Box 17126 WELDING CERTIFICATION

w N, CHEMICAL AALYSIS Portland, Oregon 97217-0126 SOiL TESTING
N S ASSAYING
Phone: (503) 289-1778

May 17, 1989

Mark's Custom Stoves
13736 South Locan
Selma,CA 93662

Attention: Mr. Mark Freeman

In accordance with E.P,A. test protocol as specified in Methods
28 and 5H for the certification and auditing of wood heaters,
seven certification tests were performed on the model K-400
Freestanding manufactured by Marks Custom Stoves.

All testing was conducted at Northwest Testing Laboratories, Inc.
located at 5405 N. Lagoon Ave., Portland, Oregon. The laboratory
is approximately 40 feet above sea level. Test team personnel
included Michael Cave, Environmental Supvisor; Fred Thomas,
Chemist; David Windsor, Assistant Envircnmental Supervisor; Tony
Palmer, E.P.A. Operations; and Howard Kitt, E.P.A. Technician.

The wood heater was received on 2April 2, 1882 for E.P.ZR.
certification testing and installed immediately 4into a safety
test cell for the fifty hour catalyst aging. BAging was performed
between April 3, 1989 and April 7, 198%. The wood heater was
then installed into the certification test cell on April 8, 198%9.
Tesing began on April 10, 1989 and continued through April 18,
1989,

The model K-400 PFreestanding is a catalytic wood heater and is
equipped with two identical primary combustion air inlets located

- -below: the firebox opening:— The-woodstove also-includes--secondary- -
air inlets which are four holes drilled above the door. The unit
is designed with a front loading double door with neo-ceram glass
and a top. flue exhaust. The firebox is brick lined with a
calculated volume of 3.55 cubic feet.

One abnormality was encountered during test run No. 1 in which a
thermocouplg on the skin of the wood heater fell out. The
thermocouple was re-attached with cement and testing continued
with no other problems.

\
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The weighted average was calculated using six test runs, Nos. 2
through 7, with a result of 2.88 g/hr. Test run No. 1 was not
included in the calculation of the weighted average since the
emission rate was excessive. Thus the manufacturer reduced the
primary combustion air inlet to 2 inches which eliminated test
run No. 1 from the weighted average. Excluding test run No. 1,
burn rates were achieved between 0.88 to 4.73 kg/hr with emission
rates ranging from 0.90 to 8.99 g/hr. The model K-400
Freestanding manufactured by Marks Custom Woodstoves meets the
Wood Heater Emission Limits, Phase II criterion for catalytic
wood heaters.,

The organization of this application is as fcllows: Introduction,

summary of Results, Discussion of Results, Wood Heater
Information, Procedure and ©Sampling Approach, Calibrations,
Example Calculations, 'and Raw Test Data. If there are any

questions regarding this application for certification please
contact either Michael Cave or David Windsor at Northwest Testing
Laboratories, Inc.

Respectfully,
NORTHWEST TESTING LABORATORIES, INC.

“ruchoad S
Michael Cave,
Environmental Supervisor
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NO PHOTO DOCUMENTATION AVATILABLE

TEST FUEL LOAD RUN NO. 1
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TEST FUEL LOAD RUN

NO.




NO TEST FUEL PHOTO DOCUMENTATION AVAILABLE

TEST FUEL LOAD RUN NO. 3
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TEST FUEL LOAD RUN NO.
11
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TEST FUEL LOAD RUN NO. 5
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TEST FUEL LOAD RUN NO. 6
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TEST FUEL LOAD RUN NO. 7
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DISCUSSION OF RESULTS

Discussion of Run Included in Weighted Average

Six of the seven certification tests performed on Mark's Custom
Stoves K-400 Freestanding Wood Heater were used to calculate the
weighted average. A design change was made to the combustion air
inlet, limiting the opening to 2.0 inches. Thus test run No. 1
is eliminated from the weighted average, since the resulting burn
rate is no longer achievable.

Discussion of Specific Problems

There were no specific test run problems with gquality checks,
train components, or aborted test runs. One eguipment problem
occurred during test run No. 1 in which a thermocouple fell off
the wood heater during certification testing. The thermocouple
was re-adhered to the unit and no other  procblems were
experienced.

Discussion of Special Test Considerations

There were no special test considerations. B2All burn rates were
achieved with a flue damper and there were no special pre-test
procedures used.
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WOOD HEATER DESCRIPTION

Heater Type: Catalytic

Manufacturer: Mark's Custom Stoves

Appliance I.D.: Model K-400 Freestanding

Distinguishing Features: Freestanding, firebrick lined firebox,
double door on firebox opening, without

thermal transter blower or grate.

Bir Introduction and Controls:

The inlet of primary air includes two opening locations. Two
identical oval holes =are cut below the doors and are
adjustable slide controls. The two controls are to be

operated in unison and measure 7/8" high by 2" at their
widest opening.

The inlet of secondary air includes four 5/16" holes drilled
over the firebox door opening. The inner two holes are
located 2-7/8", on center, from by-pass control and the ocuter
two holes are 2-7/8", on center, from inner holes. No
adjustments can be made to these air inlets.

KON

16




WOOD HEATER OPERATING INSTRUCTIONS

Written instructions for testing were provided in a letter by
Mark's Custom Stoves and are enclosed on the following page.
Bdjustments were made during certification testing to combustion
air inlet settings and during 5 minute test fuel loading period.
Blterations were made 1in the air inlet settings to achieve burn
rates in the appropiate categories. In the past the laboratory
has found it to be beneficial for catalytic wood heaters to have
the door and by-pass closed as soon as the test fuel is loaded
and to adjust the combustion air inlet to the desired setting at
the end of the five minuted test fuel loading period. Aall

operating procedures performed during certification testing have
been documented in this application.

17




SPECIAL WOOD HEATER INS.;’ﬁALLATION INSTRUCTIONS

There were no special wood heater installation instructiens.
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WOOD HEATER AND CATALYST AGING DOCUMENTATION

The fifty hour catalyst aging was performed and documented on the
Mark's Custom Stoves Model K-400 Freestanding and is included on
the following pages entitled Wood Heater & Catalycst Aging
Documentation.

21




NORTEBWEST TESTING LABORATORIES, INC.

WOOD HERTER & CRTALYST AGING DOCUMEKRTATION

/«ﬁanufacturer:rﬂomks Custom Stoses Date: 4 /3/8°
Model: K4dOO FS I.D. Ko.: %%
Technician: ™ .Cedc Burn Kate: mMed/nigh
Type: NON-CAT CAT ’>< PELLET i
Setting:_ 1/8" *e 1" dvalt seHing
Catalyst Info.: SN#: Length in.:
Grid, #/in2: Coating:
Manufacturer:
Pellet Info.: Feed Cycle: ON N (o sec. OFF N /A sec.
Type of pellet fuel : N

Fuel Info.: Type:_ Douslag Fi-

¥ Fuel Moisture: #2. 3 % Fuel Weight: $2.% 1bs. Load No.:
Tl\Fuel Moisture:_=R0.© % Fuel Weight: 51.4 lbs. Load No.:
Fuel Moisture;_»1. & % Fuel Weight: 2.O lbs. Load No.:

DATE TIME TEMP P FUEL ; COMMENTS
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12 oo 121X f !
oo 080 - i i
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[ N -~ 121\©
— 1% D 354 i Y
"~ niuiss 5500 ¢S N Tntlel - 22 ibs
) 5700 1339 \
oflta0 tHOO .
Lioe sa
torop LooD
Hveb 3dg [ADRED -~ &. 5 s
1% a0 1234
1S10lp N !
HL o lo i . e
1§ 1cha a&¢ ' W o
s L QO | oo o I
= LS: 6@ S Le v
LR L Ca ey 67 - 2 Teiiled ~ 2RI 1be
— TR e - oo Vo9 I
- =z ogibe o O
,'- . 0% 00 LR S R
g 101D X . 4
lin o0 1os A sdded = ¥R, | ths oo
- s oo 13-
13100 - 1232
e i el I S Vg o
3 16 95 \ Y
1o o0 1eoY \
= \7ree ) !
A~ T T geweo 8o | v
% Signature: rocbant Ceinn . 2°

*Date:__~4d/g I®8a 22




NORTHWEST TESTING LABORATORIES,

WOOD HERTER & CATALYST AGING

INC.

Manufacturer: MmerRs Cughom Skouves Date Q /v t%a
fodel: Keoo Fs I1.D. KNo. S o
- Technician:_M Coew Burn Kate: Cm1 %
. - R —
Type: NON-CAT | car | Y| PELLET | |
Setting: 213" = 1" drall geWiag
Catalyst Info.: OSN¥: ’ Length in.:
Grid, #/in2: Coating:
Manufacturer:
Pellet Info.: Feed Cycle: ON I s sec. OFF _Rla sec.
Type of pellet fuel Rin
Fuel Info.: Type:
Fuel Moisture:_'\%¥.5 % Fuel Weight: 477 lbs. Load No.:_ 2
Fuel Moisture:_2o.5 % Fuel Weight:_ _§0.% 1bs. Load No.: 2
Fuel Moisture: % Fuel Weight: lbs. Load No.:
DATE TIME TEMP .F ! FUEL COMMENTS -
Y/Lles o o0 i & T 2% # o wbod
otron i el ; H
o8 OB no- i [ i
1900 al o i i
(1>00 gSa Add ed 22,3 thy
itoo | 2 e
L3 vpo 1) &3
~~ el {O %9
1508 1ol g
3 \wivo 930
‘LoD %1% ~ : o Wy
4ialgs oo L Rz 25 q th Lna
oo 113 [ ‘
o%:a0 1285 [
OB ine AR\ I
18y 150 io b | N
th oo aaN | Sk 25 .4 thas ‘
g 1311 |
Do et 1 - -~ .
td Lo fov o
€1 Re [X-AE! -
Peyet L
N e SN %'H ¥
ZS8ignature: b Co— .23;

“.Date: 2137 %4




WOOD HEATER DIMENSIONS AND USEABLE FIREBOX VOLUME
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L, 240"
X . Ly~ QO.S”
Ly~ 20.5
H = ts.5
W= 185"
etagt : v, = (\55\(-5}(\75}(10.3:~M.c
Lz 240" R = (03,5 w. im.
! L= 24.0”
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S = 539 y

\ Hz 188"

f

r=24.06" i\\% '\

\‘ / /\‘j g

N Y ‘14
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L= \1.0”
Lz 24.0" W= 2.257
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Ly= 41,0”
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Ce
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Wz 14.0”
ﬁxL{D H’ ,’4.01
"/\\\_A N ,
Ny 2 (16.8) (.00 (4.2)
/ . NS .
Vo =40 = §96.0 cuin
. L: .o’
(alewdedion of  Useable Fivebor Volume:
e 7 7 - _ e - - '*-A\‘\
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e
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METHODS USED

PM Sampling BApproach: E.P.A. Method 5E

Particulate matter 1s withdrawn proportionally from the wood
heater exhaust and is coliected on two glass tiber tilters
separated 'by impingers immersed in an ice bath. The first filter
is maintained at 248 degrees F. The second filter and the
impinger system are cooled such that the exiting temperature of
the gas is maintained at 68 degrees F or less.

Sampling apparatus is identical to configurations shown in E.P.RA.
Method 5H-1 and 5H-2 and meets all specifications outlined in
Method O5H, section 2. The probe nozzle/sample probe used for the
particulate sampling train is one piece, all pyrex glass, 6
inches in length with a 90 degree bend at one end, and having an
internal diameter of 0.62 inches. The bend is p01nted in to the
stack gas flow :at the centriod of the stack and extends 2 inches
below the horizontal plane of the probe.

The probe is connected directly to the sampling train just before
the first filter. The probe is always at stack temperature and
leads directly into the 248 degrees P oven containing the first

Both <filter holders are glass with a glass frit filter support
and measure 5 inches (125 mm) in diameter. =&ll sampling train
components are glass with ground glass ball and socket
connections. ‘The differential pressure gauge used for orifice
differential pressure readings is a Magnehelic Gauge manufactured
by Dwyer Instruments, Inc. with a range of 0 to 0.25 inches of

H20. Orifice Delta H settings are generated using an egquation
which insures particulate sampling flow rates are proportional to
the stack flow rate, (see Example Calculations). A Fortin

mercurial barometer is used for atomspheic pressure measurements.

28




PM Sampling Apvproach: E.P.A. Method 5H (cont.)

The stack flow rate measurement system consists of a 1/4 inch
stainless steel ©probe bent at 20 degrees and pointing into the
gas flow. It is located near the center of the stack at 8' above
the platform scale. The probe leads to two impingers immersed in
an 1ice bath, the first impinger ic used for condensation, the
second contains drierite to further remove moisture. The gas
sample +then passes through a glass <fiber filter (Gelman A/E
61631) and stainless steel filter support, to the inert sampling
pump, =a sampling manifold, rotameter, and finally to the gas
analyzer. CO02, CO, and 02 are measured from this manifold.

The proportional flow rate system is identical to that descrbed
in Method B5H, section 2.3. The injection loop is 3/8-inch
stainless steel, having an overall diameter of 3-1/2 inches, and
19 (1/8 inch) holes on the top side of the loop. An identical
loop with slightly larger holes 1is wused as the tracer sample
probe. Between the injection loop and tracer sample probe a
static mixer comprised of +three slightly twisted plates are
suspended by wire to insure complete mixing of the 100% S02
tracer gas with the stack gas. These plates in no way impede
flow and do 1nsure homogeneous mixing. The conditioning system

is as described in Method B5H, section 2.3.3 a tube furnace

combustor maintained @ 1350 degrees F preceeds two impingers
immersed in an ice bath, a glass fiber filter (Gelman BA/E 61631)
and stainless steel support, inert sampling pump, flowmetr and
S02 analyzer. All lines are stainless steel, glass or teflon and
a quartz tube is used in the combustor.

Efficiency Procedure

Northwest Testing Laboratories, 1Inc. opts to use the default
efficiency values as provided in the E.P.A. test protocol.

Description of Pretest

crumpled newspaper was loaded with kindling, averaging 4.3 1bs.

in weight, and a fire was ignited in the Marks Custom Stoves

model K-400 freestanding woodstove. The pretest fuel charge
consisted  of 2x4's cut to 7.0" lencths and had approximately the
same weight as the test <fuel charge. In test run no. 7 an

additional pretest fuel load was used and during the lower burn
rate test runs there was an occassional coalbed raking to achieve
uniform charcocalization. Both air inlet supply controls were set
at 100% open to maintain combustion of the pretest fuel load.
The air inlet supply controls are adjusted to achieve the desired
burn rate and the unit was operated at the desired burn rate for
a minimum of 60 minutes before the start of the test rums.

29
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Description of Pretest: E.P.A. Method 5H (cont.)

The coalbed raking adjustments were made up to 15 minutes prior
to the start of the test run and were recorded. At the end of
the preburn period the platform scale was zeroed, and the test
run started. The kindling and pretest fuel consumed to leave a
fuel weight bstween 2C and 25 perceat ¢f the weight of the tect
fuel charge.

30



DESCRIPTION OF ALLOWABLE ALTERNATIVES

No variation throughout testing performed for K-400 Freestanding

Wood Heater manufactured by Mark's Custom Stoves
t
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FACILITY AND WOOD HEATER LIST

e
Item from
Figure Description
Flue Pipe it 18 a 6" or 8" diametiter by 24" lenuths, 24

gauge steel single wall pipe painted black.
Sealing compound is Grant Wilson's Furnace and
Retort Cement.

Insulated

Flue Pipe : It is a 6" diameter by one 36" length and one
24" length, double wall insulated stainless
steel pipe. Manufactured by Jackes Evans
Subsidary G.S5.W., Inc. U.L. Listed 98HS3.

OR

It is a 8" diameter by two 36" lengths,
double wall insulated stainless steel pipe.
Manufactured by Security Chimneys Ltd. U.L.
Listed 277X.

Liguid Seal: The o0il pan is an U-shaped trough in the form
of a sgquare which measure 14-1/8" in length by
14-1/8" in width by 5-1/4" in depth on the
outside. The trough, which holds the oil,

N measures 3" in depth by 2" in width. The
collar, which is put into the oil, is =z single
wall sguare box measuring 12" x 12" x 3" in
depth with a 6" or 8" diameter, 24 guage
single wall flue pipe located in the center
of the box. 21l materizls are constructed
out of 24 guage steel. The o0il is L-45
Polydimethylsiloxane with visceosity of 350 cSt
manufactured by Union Carbide Silicones.

Supports : Three rubber coated cords connected to the top
corivwngio e s -+ 0f the insulated_flue pipe with lengths
54-1/2", 56", and 28". The two longest
lengths are connected to the wall zand the
third to a brace from the ceiling. The

cords are evenly spaced around the circum-
ference of the pipe, with a turn buckle
centrally located on each cord to take up

the stack.
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FACILTIY AND WOOD HEATEK LIST cont.

Item from

Figure Description
rlatform
Scale : It is a digital dormant scale manufactured by

Electroscale Corporation, Model 3030 with a
StreeterAmet, Quantomatic 9000 digital weight
indicator. Range is 0 to 1000 lbs. Capacity
is 1000 lbs. Resolution is 0.1 lbs. Rccuracy
is + 0.05 lbs.

Fuel

Storage

Area : The humidifing room's dimensions are 75" in
length by 48" in width by 93-1/2" in heighth
and is lined with Celotex Thermal Sheathing.
Joints in the sheathing are sealed with
sprayed foam insulation and duct tape. There
is one 11" x 11" ventilation hole and one
80™ x 35" door which seals closed. The room
is equipped with an Edison humidifier with
an outlet capacity of 8 gallons per 24 hours.

Molsture

Meter : It is an electrical resistance type moisture

meter, Model G-30 manufactured by the
Delmhorst Instrument Company and eguipped
with the 26-E electrode fitted with insulated
pins. Range is 6 to 30%. Resolution is 0.25%
from 6 to 15% and 0.5% from 15 to 30%.
Beccuracy is within + 0.5% from 6 to 12%, with-
in + 1.0% from 12 to 20%, and within 2.0%
from 20 to 30%. 2 calibration check is made
at 12% and 22% using calibration moisture

.- w. . ... standards. . Pins are driven into the wood .with_.._. __.
2 sliding hammer on a shaft to desired depth.
Then the meoisture content is read on the meter
scale.
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FACILITY AND WOOD HEATER LIST cont.

Item from
Figure Description

Surface and

Catalyst

Temperature

Monitiors Surface temperature monitors are, in all
cases, 24 guage Type K (chromel-alumel)
thermocouple wire. The ends of the wire are
twisted together and cemented to the stove
on the top, sides, rear, and bottom.
Catalyst and primary tempertures are measured
using 12" long and 1/8" diameter stainless
steel Type K probes. Holes are drilled into
the desired locations, the probe is inserted
through the hole to the appropriate point and
furnace cement is used to seal the hole.
Thermococuples are used with a digital
indicator calibrated for Type K thermocouples.
Range is 0 to 2280 degrees F. Resolution is
1.0 degree F. RAccuracy is + 0.5 degrees F.

Draft Guage: It is an adjustable level, inclined 1"
~ manometer manufactured by Dwyer Instruments,
: Inc. Range is -0.10 to 1.0 inches in H20.
Resoclution 1s 0.005 inches in H20. Accuracy
is + 0.002 inches in H20.

Anemometer : It is a swing vane anemometer manufactured

by Dwyer Instruments, Inc. and the model no.
is 480 Vaneometer. Range is 0 to 400 ft/min.
Resolution is 10 ft/min from 0 to 50 ft/min,
5 ft/min from 50 to 200 ft/min, and 50 ft/min
from 200 to 400 ft/min. Accuracy 1is % 5% of

e o o e s full scale from 0 to 100_ft/min and # 10% from
100 £ft/min to top of scale.

Humidity

Guage : It is a mason type, hygrometer manufactured by
Taylor, part no. 59-377. Range is 30 to 120
degrees F. Resolution is 1.0 degree F.
Accuracy is + 0.5 degrees F.
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FACILITY AND WOOD HEATER LIST cont.

Description

It 1s & Fortin iype mercurial bavromster
manufactured by the Sargent-Welch Scientific
Company. Range is 21.70 to 32.70 inches.
Resolution is 0.01 inches. Accuracy is +
0.005 inches.

It is a 3/16" diameter x 25-1/2" in length
stainless steel Type K temperature probe with
an 1/8" diameter copper tubing running along
the top of the probe. 2 gauze spomge is
wrapped around the end of the tubing and
probe. The gauze tip is moistened and placed
into the stack at &' above the top of the
platform scale. The gauze tip is kept moist,
throughout thes test, by introducing water
through the copper tubing.

36




AN

1ejewoue

aoljlo -

Yied 89|

16Bu)duy s

s

gt
=

BAjEA YOBYD \

18jewouliayy
sold

»

LIE

(H9) NIVYL DNITAWYS -

‘

1ej8WouLey)
euoz \\sﬂ
pejeo
ﬂf
¢ - eqoid B
. A2

37




Item from
Figure

Probe

Front Filter
Holder

Front Filter

Back Filter
Holder

Back Filter

Thermometer

Desiccant

-

X}

SAMPLING TRAIN 5H

Description

Thie probe nozzle/sample probe is cne plece,
all pyrex glass, €" in length with a 90 degree
bend at one end, and having an internal
diameter of 0.62". Refactory fiber packing
seals the probe in the port and the probe is
always at stack temperature.

The f£ilter holder is a four piece, all glass,
4" filter support assembly. The first outer
part has a 28/15 outer joint bent perpendicu-
lar to the flow path. ©Next in line is a
necoprene gasket used to hold the filter paper
and prevent leakage around filter. The third
plece is a porosity B fritted disc measuring
4-1/2" in diameter. And the last part is
seated for the fritted disc and has a 28/15
inner joint

The filter is a 125 mm diameter, glass fiber
paper manufactured by Reeve Angel. The
effective surface area is approximately
122.66 sg. cm.

Same as Front Filter Holder.

Same as Front Filter.

There are two thermometers which are 24 gauge
Type K thermocouple wire with the same range,

- resolution, and accuracy as the surface
temperature monitors. The first wire is

located in the heated zone of the train, it is
wrapped around the arm of the filter holder.

The second wire is located on the arm of the

third impinger and is held on by duct tape.
It is a grade H, type IV, indicating, 6-16

mesh silica gel. The amount used is
approximately 200 grams.
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Figure
Dry Jas Motor
Orifice
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SAMPLING TRAIN 5F cont.

Description
It is a standard T 110 Rockwell Dry Cos mclor
with test index. Capacity is 1000.0 cu. frt.

range is 0 to 1000.0 cu. ft. Resolution is
0.001 cu. ft. and is certified as 100%
accurate + 1.0% of total flow.

The differential pressure gauge used for
orifice differential readings is a Magnehelic
Gauge manufactured by Dwyer Instruments, Inc.
with a range of 0 to 0.25 inches of E20.
Readout resclution is 0.0025 inches of H20.
Accuracy is + 0.001 inches of H20. Orifice
delta H settings are generated using an
equation which insures particulate sampling
flow rates are proportional to the stack flow
rate (See Example Calculations).
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Glass *'.ic§oﬁbers 2re unioue among fibrous materials
used for -zboratory iier mediz, They differ from natl~
rally ocel 7Ting cellulose finers.in.thel they zre circular
in croas s:slion and are made exiremely fine, -

Superior Performance
The glags, microfibers are used in & modified papsr

making prozess to produse filfer mediz with filtration
characteristics markediy superior 10 celulose-based
filter papers; In 18IMS of joading capacily, Reeve Angel
brand glass microfiber fillers far outperiorm  ilter
papers; increased loading does nol cause a Propor-
tional decreass in flow rate, and pressure increzse with
toading is nearly undetectabie jor most of the efiective
Iiie of the filler, They &re capabie of much betier reten-
tion etficiencies vet have higher flow rates than the
izstect filter papers.
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High Purity o

Since Reeve Angel brand glass microfiver iiliers are
100% borosilicete glass they have the purity cherac-
1eristic of this maierial inesmuch 2s grest care is taken
10 aveid contamination during menuiacture, The com-
position of borosilicate glass is wypiczlly™:

TConstituent = %71 += Constituent "

+Curisce exirasiadies, Determined by dizpersing pre-washed
fiter material n 200 mi dictilled wetar and filering through
an zcid-washed funnel and diluting to 250 mi.
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Binder Free

No binders .of any kind are prosent in Reeve Angel
prand glass microfiber {ilters. Although bingers facititate
the manufacluring process, Iney acversely affect filter
periormance. For exampie. hinders may make the filter
hydrophobic. : Organic binders introduce agdsorptive
characteristics and thus can influence the concentra-
iion of low molecwiar solution compotnds in the filtrate.
ji is imporlant that the final filler be “'oinder free™,

Excelleni Chemical Resistance

Since the only constituent of Reeve Angel brand
Glass microfiber filters-is borosilicate glass, they have
ercellent chemical resistance excepl 1o hydrofivoric
acis and sirong slkalies. The material is little silected
by organic solvenis; wet sirengih aclually increases
in nan-polar solvenis, These fiters can thus be used
in ruemical environments where other filler materials
crmiol, The fibers do not swell in either organic sol-
venis or in water.

Non-Hygrgscopic, Yel Highly Absorbent

Glsas microlivers are non-hygroscopic; Reave Angel
brand glass imicrofiber fiters will mainiain constant
weliglt Over & wide range of ambient numidity. At the
same iime the filter materizl will zhsarb relalively lerae
amout.s (three fo five limes ihe amount ol paper filter
materi:l) of liquid. This is because of the fine cepillary
strusiu-e belween the fibers, The individual fibers them-
seives 30 no} absorp the liquid.

Biolozically Inert

Reev: Angel brand glass microiiber iiliers are un-
sfiecter »y end will not denature bislogical fluids. They
will no: 2bsorh soluble oroteing or other masromole-
cules ev-n &1 low molecular concenirations. They c2n,

of cours;. be easily sterilized by standard technigues.

High Use-Temperaiure Range

Borosilicate glass soliens &t sbout 700%C, Glags
microliber {ners shoutd nol, however, bLe wsed above
apout 500G, singe above that 1emporature the stability
of the inter-fiber bonds is atfecied. O1f course, 500°C
is far zbove tne lemperalure-use limit of other filer
materials. High use-iemperature makes FHeeve Angel
brand glass micraliber finers uselul for, e.g., filtration
of hol gases. It also permits them 1o be used in gravi-
meiric analyses where ignition of the precipitaie is
invelved,

It is useful to note thal Reeve Angel brand glass
microtiber filters can be used ag well &t exirgmely low
temperatures without embriitiement,

Typical Applications
Highly versatile because of the nature of the malerial
ueed and the sbsence of binders, Reeve Angel brand
glass microfiber fillers are used in a wide variety of
applications. A few of these uses &8I¢&: :
Waigr Polintion
Analyses
Cell Harvesling
Wasterwaler Analyses

Liquid Scintillation
Couniing

Al Polivtion Analyses

Radioimmunoassay

Non-Filiration Uses

Reeve Angel brand glass microfiber filter sheeis and
cirsles have been used in paper chromaiography and
paper electrophoresis with great success. They kove
been uvsed zs matrices of impregnation with, .g.. sific

cid, and to bond various tunciionsliities for specialized
chromatography. in both chromatography and electro-
phoresis these mzterials are ideal for conditions where
paper ¢znnot be used, such as al high 1emperaiures
or acidity-

C-

Typical Characteristics

P Characteristic Grade S00-AF"  Grade S34-AH  Grade 884-H
i Particle Retentiont! - n/a QB+ % 100%

i DOP Penetration (0.3 um smoke) 0.02% 0.022% 0.061%

i Ash, % 0 0 b -

i Thickness, mm . 0.304 0.304 0.304

! Tensile Strength, dry, g/in. wd, 800+ 7004 41000

i Wet Surength, g/in. wd. n/a 150+ 150 +

| Alr-flow Resistence, mm H02) 28 75 220

{ Cotor White White White

g Surfece | _ _Smooth Smopth  Smooth

- Used for gas filiration.
um o%ige,
85 liters/min; S00-AT @ =2 {ers/min.

(1) Precipitated calei
{2} 834-AH, 884-H @

8 | - 41
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REEVE ANGEL 9344H

(BOROSILICATE TYPE)

GLASS FIBER COMPOSITION .

CHEMICAL

COMPONENT F4
%102 57.9
3,0, 10.7
REDB 5.9 (Mainly AIZOB, Trace 32203)‘
N?20 ' 10.1
X, 0 2.9
o C;O 2.6
Wgo 0.4 ‘
520 5.0
zn0 3.8
Fi 0.6

SOLUBILITY - 1 Hour At Boil

0.1 N. NaQH - 6.4%

I
H
)
i

s - k¥4
| 1.0 . E,SO, 2.34%

“ SOFTENING POINT =~ = "1254°F (678°¢C) - T T T
{



k.~ pMAY BB S DEI4E MIDTRSENSAFLER IND -
L SPECTRAL ANALYSIS
Reeve Angel Grade 834-AR

7 Ncn~metals‘(uater extractable) Micreoprams/8 1/2% » 11" Filrer
sulfate ; (804 ) oo 700
nitrate ! (1\703-) 4.4
ammonium (‘NH4+) 115
fluoTide (F) 20
chloride (c1™) : | 50
Benzene Soiuble Qrganics 2840
Metals (Niﬁric acid extractabdle)

,

cadmium _ 4.0
beryllim | “ 0.1
iron »2000

S~ Jeazd 96
chromiam ' , ] 60
copper N . 7.5
tin ’ . : <0.2
antimony o 27
mangaﬁese 30

- “mclz-e]t e I RSSO SIE TP A VUV AU R e e g
bismuth ) o o<1
D . :

molybdenum f ) <.5
venadium . 20
zitanium 50
zinc ’ g5

. cobalt 2

SN
barium 20
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02,

Item from
Figure

co, €Oz
Calibration
Gas

CO, CO02 Flow
Regulator

02
Calibration
Gas

02 Flow
Regulator

Point of

Injection ., : .

COo,

AND C02 FLOW MERSUREMENT EQUIPMENT

Description

Concentrations: .5% CO, 3.0% CO, Balance Air:
1% cO, 7.0% CO2, Balance Air or N2; 1.5% CO,
12.0% C0O2, Balance N2; 6.5% CO, 17.0% CO2
Balance N2. BAll gas miztures are :tracezable to
NBS standards per E.P.A. Protocol #1. Size of
cylinder for each gas mixture is 150.

It is a two stage brass regulator manufactured
by Smiths Welding Equipment, Model H713. It
has a maximum inlet pressure of 3000 psi and
ranges of 0 to 4000 psi on gauge 1 and 0 to
150 psi on gauge 2.

Concentrations: 7% oxygen in balance nitrogen;
14% oxygen in nitrogen; and 21% oxygen in
nitrogen. The gas is contained in 200 size
cylinders.

It is a two stage brass with stainless steel
diaphram regulator manufactured by RAirco,
Model 806-39621. It has a maximum inlet
pressure of 3000 psi and ranges of 0 to 4000
psi on gauge 1 and 0 to 60 psi on gauge 2.

... The calibration._gas can. enter.the.system.in.. . .

two locations. It can enter at the two-way
valve #3 which then goes directly to the
analyzers, or it can enter the sample line

" right befroe the sample condenser, so it flows

through the whole system. The limiting
restriction of the flow would be from the
flowmeters.
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02, CO, AND COZ FLOW MEASUREMENT EQUIPMENT cont.

Item from
Figure Description

Condenser : The condenser consists of twe glass impingers,
one modified and one standard, which are
connected with a U-adapter. The standard
impinger is filled with approximately 100 ml
of water and the modified impinger is filled
with approximztely 200 grams of Drierite
indicating desiccant. Both impingers are
placed in an ice bath (about 32 degrees F).
Moisture is removed two ways; by maintianing
the temperature below the dew point of water
and by the desiccant. The efficiency
indicators are the change in color, from blue
to pink, and the accumulation of water in the
first impinger. To clean the standard
impinger, water 1is drained and the impinger is
rinsed with water and acetone. To clean the
modified impinger, when the Drierite is spent
it is discarded and the impinger rinsed with
water and acetone.

Filter : An in-line type, stainless steel 47 mm, filter
holder with type A/E 47 mm, glass fiber filter
manufactured by Gelman Sciences, Inc. The

filter holder contains filter, support screen,
perforated support disc of stainless steel,
Teflon compression ring, and O-ring seal of
Viton. It is tightened using a threaded
collar assembly. The glass fiber filter is
changed after each run and the stainless steel
parts are rinsed with acetone. Also a filter
is changed if it becomes necessary during a
[ . test run. . ..

- S eremir e

- N e ey e

Primary

Rotameter : It is a direct reading precision flowmeter
manufactured by Dwyer Instruments, Inc., Model
RMA-SSV. The range is from 2 to 20 scfth air
and is constructed of polycarbonate plastic.
The accuracy is + 4% of the full scale. The
control is a precision metering valve, made
of stainless steel.

Manifold : It is a 7" section of 1/4" diameter stainless
steel tubing with three stainless steel branch
tee ports which lead to the secondary
flowmeters.
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02, CO,

Item from
Figure

Exnaust

CO RAnalyzer:

CO Range

CO Flow
Indicator :

ey Tt T e e e oL T L e

C02 Analyzer:

C02 Range :

AND CO2 FLOW MEASUREMENT EQUIPMENT cont.

Description

The exhaust Llow mmeter is a plastic direct
reading model with a range from 0 to 4.5 scfh
air.

The Horiba Model PIR-2000 General Purpose
Infrared Gas Anzlyzer is a precision gas
analyzer based on non-dispersive infared ray
absorption for continuously determining the
concentration of a given component is a
gaseous stream. Zero gas is introduced into
the instrument and the front panel zero
control is adjusted until the meter indicates
zero. Next, span gas is introduced into the
instrument and the span control is adjusted
to indicate the concentration of the span gas.
The procedure of zero/span is repeated to
insure reproduceability and then sample gas is
introduced into the analyzer and the
concentration is read on the digital display.

The measuring range is from 100 ppm to 100% of
full scale concentrations. Resolution is
0.005%. The response speed is set at 1.2 sec.
Linearity is determined by a multi-point
calibration using different concentrations of
CO after each test series. The results are
always linear.

It is a direct reading precision flowmeter
manufactured by Dwyer Instruments, Inc.,

scfh air and is constructed of polycarbonate

plastic. A flow rate of 1.5 scfh air is
maintained. The accuracy is + 4% of full
sc¢ale. It is located in the gas sample line

right before the CO2 analyzer.

Same as CO Analyzer, except unit is eguipped
with an analog readout.

Same as CO Range.
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Item from
Figure

C02 Flow
Indicator

02 Analyzer

02 Range

02 Flow
Indicator

CO, RKD C02 FLOW MEASUREMENT EQUIPMENT cont.

Description

Same as CO Flow Indicator.

The Horiba Model PMA-200 is a high precision
oxygen anlyzer based on the magnetic dumb-bell
sphere method for continuously measuring the
oxygen concentration change in the sample gas.
Zero gas 1is introduced into the instrument and
the front panel zero control is adjusted until
the meter indicates zero. Next, introduce
span gas into the instrument and adjust the
span control until the meter indicates the
concentration of the span gas. Repeat.
Lastly, sample gas is introduced into the

analyzer anc measurement commences.

There are two measuring ranges, from 0 to 10%
and from 0 to 25%. Resoclution is 0.5. The
response speed is within 20 sec. Linearity is
determined by a multi-point calibration using
different concentrations of 02 after each test
series. The results are always linear,
Accuracy is + 1% of full scale. The unit is
eguipped with an analog readout.

It is a direct reading precision flowmeter
manufactured by Dwyer Instruments, Inc.,

Model RMA-85V. The range is from 1 to 10 scfh
air and is constructed of polycarbonate
plastic. A flow rate of 1.0 scfh air is

maintained. . The accuracy is + 4% of. full

scale. It is located in the sample gas line
right before the 02 analyzer.
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TRACER GAS EQUIPMENT

Item from
Figure ‘ Description

injection

Probe : The injection loop is 3/8" stainless steel
tubing, having an overall diameter of 3-1/2'",
and nineteen 1/8" holes on the top side of the
loop. The loop is inserted into the pipe from
the inside at 10 ft. above the top of the

platform scale.

Rotameter : The Matheson Series 601 rotameter is made of
borosilicate glass, have plain tapered ends,
and integral rib guides to center the floats.
The tube contains two floats, one glass and

one stainless steel. The range is 4 to 262
sce/min and is controlled by a high accuracy
valve. The ftube i1z accurate 1o + 5% of full
scale.

Control

Valve : It is a Matheson, Series 4170 high accuracy
needle valve. Constructed of stainless steel
and has a range from 0 to 400 scc/min.

Injection

Gas : Pure S02 is used for the tracer gas and is
contained in a 300 size cylinder. The
regulator is a two-stage, high purity,
stainless steel, Model 3500 Series
manufactured by Matheson. The delivery
pressure gauge has a range from 0 to 100 psig
and the cylinder pressure gauge range is from
0 to 3000 psig.

Calibration T T ' T

Gas : Concentrations are 100 ppm of S02, 250 ppm of

S02, 500 ppm of S02, and 2000 ppm of SO2 in
which all concentrations are in nitrogen.
They are all in 150A size cylinders and are
NBS traceable per E.P.A. protocol #1. S02
calibration gas can be injected intc the
sample line before the combustor or it can be
injected directly through the flow meter to
the analyzer. The injection is controlled by
a 3-way stainless steel ball valve.
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Figure
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Combustor

Filter
Assembly

Sample
- Condenser

TRACER GAS EQUIPMENT cont.

Description

-1 T L

It i3 an identical 10o0p to the injeciion piobe
with slightly larger holes. It is inserted
into the double insulated flue pipe, from the
inside, at eight flue pipe diameters from the
injection probe. Between the injection probe
and the sample probe is 2z static mixer
comprised of three slightly twisted metal
plates and are suspended by wire to insure
complete mixing.

The combustor is a tube furnace manufactured
by Thermolyne Corporation Model No. F21100.
The range is 400 to 1800 degrees F for
continuous use and 1800 to 2000 degrees F for
intermittent use. Resolution is 25 degrees F.
The control tolerance is + 20 degrees F.
Overall dimensions are 16" in width x 14-5/8"
in height x 12" in depth. The tube is made of
guartz, it is 20-1/2" in length and 1.0"
diameter. The 1.0" diameter section is 16" in
length and has a capacity of 12.6 cu. in.

An in-line type, stainless steel 47 mm, filter
holder with type A/E 47 mm, glass fiber filter
both manufactured by Gelman Sciences, Inc.

The filter holder contains filter, support
screen, perforated support disc of stainless
steel, Teflon compression ring, and O-ring
seal of Viton. It is tightened with a
threaded collar assembly. The glass fiber

. filter is replaced afte:weaChmtésy run cr

‘when the filter becomes clogged.

The sample condenser consists of two glass
modified high velocity, 28/15 ball on the
inlet and outlet, impingers. The impingers
are connected with a U-adapter and placed into
an ice bath. The moisture is removed because
the impingers are kept at a temperature (about
32 degrees F) below the dew point of water.
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TRACER GAS EQU1PMENT cont.

V/-\‘
Item from
Figure Description
Sample
Condenser
cont. : Since the flow rate through the impingers is

slow and the impingers are always kept in the
ice bath, this method proves to be efficient.
To clean, all glassware is rinsed with zacetone
and water to remove any particules which
collected.

502 Analyzer: The Horiba Model PIR-2000 General Purpose
Infrared Gas Rnalyzer is a precision gas
analyzer based on non-dispersive infared ray
absorption for continuously determining the
concentration of a given component in a
gaseous stream. Zerc gas is intrecduced into
the instrument and the front panel zero
control is adjusted until the meter indicates
zero. Next, introduce span gas into the
instrument and adjust the span control until
the meter indicates the concentration of the

— span gas. Repeat. Lastly, sample gas is
" introduced into the analvzer and measurement
commences.

Instrument

Range : The measuring range is from 100 ppm to 100% of
tull scale concentrations. Resolution is
0.5%. The response speed is set at 1.2 sec.
Linearity is determined by a multi-point
calibration using different concentrations
of S02 after each test series. The results

o T T it e,

analog meter. The accuracy of the unit is +
0.5%

Flow

Indicator : It is a direct reading precision flowmeter
manufactured by Dwyer Imnstruments, Inc.,
Model RMA-SSV. The range is from 0.5 to 5.0
scfh air and is constructed of polycarbonate
plastic. A flow rate of 2.0 scfh air is
maintained. The accuracy is + 4% of full
scale. It is located in the S02 sample line
right before the S02 analyzer.
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METHOD 28 EQUIPMENT CALIBRATION

Platform Scale

The platform scale 1is serviced and calibrated at least annually
v a gqgualified service representative and is audited before each

certification test. With the wood heater in place at least five
N.BE.S. traceable calibration weights are wused to span the

| operational range of the scale to 0.1 lbs. or 1 percent of the
expected test fuel charge weight.
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METHOD 28 EQUIPMENT CARLIBRATION

barometier

The Fortin-type mercurial barometer used for measuring

se
atmosSpherac  pressulrs was standardized and calibroted upcn initial
installation as described in ASTM D-3631. The secondary standard
used was the barometric pressure as measured by the U.S. Weather
Bureau at Portland International Airport. Appropriate altitude
and temperature corrections were applied. Subseguent comparison
with U.S. Weather Bureau barometric pressure readings showed
consistent reproduceability. Periodic checks are made with the
U.S. Weather Bureau to insure accuracy of atmospheric pressure
readings.

Draft Gauge

The draft gauge 1is always zeroed prior to a certification test
and reguires no calibration =since a ligquid mancmeter is used.
Periodic cleaning and replacement of ligquid in the manometer
insures accurate measurement of the draft.

Znemometer

It is physically inspected and cleaned before each certification
test. No calibration 1is needed as stated in advertisement
enclosed.

Moisture Meter

The moisture meter is calibrated before and after each
certification series with a calibrated moisture block supplied by
Delmhorst Instrument Company. On the following page it explains

 how. the calibration is performed (N.T.L. uses the MCS - Pin Type

Electrode). =

Relative Humidity Gauge

Relative humidity is determined using a hygrometer, Mason type.
Wet bulb and dry bulb temperatures are read directly and the

relative humidity is determined from the tables supplied.
Thermometers are calibrated mercury-in-glass with a range of 30
to 120 degrees F,. Periodic verification of wet bulb/dry bulb

readings are made by comparison with a sling psychrometer.

57

[




HOW TO USE
A MOISTURE CONTENT STANDARD

The "MCS" contains two "standards", to check the cali-
bration of Delmhorst Moisture Detectors.

PROCEDURE
1. Adjust the Moisture Detector, according to instructions.
2. Using a pin-type electrode, touch the center (com-

mon) lug and one of the side lugs of the "MCS" with
the pins of the electrode, FIG A,turn the meter on and
take a reading; the meter should read the same value
as indicated on the 'standargd".

3. If a prod-type electrode is used, FIG B, contact between
electrode and MCS is made by imserting the prod in
the clips, with the tip held in the center clip and
the lower metal band held in either of the outer
two clips.

s S B °
U ' “ZZ| ¥
Tl v,
@0@3% ‘
C
FIGURE B
FIGURE A _ MCS - PROBE TYPE

MCS - PIN TYPE

B R . e PR - e e e e - e pem e e e g e ey ey e

————

i
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Delmhorst Instrument Co.
- . _ : 58 51 Indian Lane East
‘ : . ' Towaco, N.J. 07082




Dwyer  N.480 Vaneomeler-

Swing Vane Anemometer. Use this sensitive new
Dwyer unit to measure fow air velocities — atlow cost. *

The Dwyer 480 Vaneometer™ Swing Vane Anemometer is a durable low-priced in-
strument specifically designed to simplify the measurement of low air velocities
from 25 to 400 feet per minute. OSHA, EPA and other safety ventilation require-
ments for spray booths and at fume, smoke and dust exhaust hoods can now be
quickly checked, even by untrained personnel. Its small size and light weight
— only four ounces make it ideal to carry from one work station to another. A ver-
satile steel mounting bracket for continuous monitoring is also mcluded. The Vane-
omometer Swing Vane Anemometer is accurate to =5% of full scale to 100 FPM and
=10% from 100 FPM to top of scale. It has a spirit level to insure accurate read-
ings and the large scales are easy to read and visible from both sides. The housing
is molded from tough ABS plastic and easy to clean with soap and water. The poly-
ester vane can be cleaned with lacquer thinner. A spare vane is provided.

Use a Vaneometer
to measure velocity
of air flow into tab-
oratory fume noods
and at paint spray
booths to deter-
mine when to
change filters. Or
wherever needed
to meet OSHA
standards of ven-
tilation for smoke,
dust or fume re-
moval.

The Vaneomometer's large scales are easy
10 read. Both sices have factory calibraied
scales. Recessed spirit level at 10p nelps in-
sure accurate readings.

“U.S, Patent No. 4,154,101
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METHOD 28 EQUIPMENT CALIERATI ON

Temperature Moniters

The temperature |monitor meter is sent semi-annually to Grant

: Edgel Company for calibation and  ithermocouple - Wires are
semi-annually calibrated to within 1 percent of expected

temperature with a mercury-in-glass thermometer.
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e

TEMPERATURE MONITOR TYPE (lrvamel -
REFERENCE TEMPERATURE MONITOR TYPE Momu, vin DATE _ Jpnuery (o

TEMPERATURE MONITOR CALIBRATION SHEET

Aluimel

Vv TEST FACILITY NiJ 7ot ing

READOUT DEVICE Omééa Emamec:mmo‘
AMBIENT TEMPERATURE

Lo ey ~ 194 N k‘fP'—-

Y

BAROMETRIC PRESSURE 50

Lelom

=pa

TBRATION PERFORMED BY [) L) ind 50

ISTe)
LA N 4

[

Reference Point

Temperature of

Observed Temperature

Difference in Percent of

Source Reference Point | Temperature Monitor Absolute Temperature
| Apyp =1 22°F | 20°F | a.4% |
I - | 2\ °F | 208°T l 0. 4% I
| Too =2 | 22°F | 31°F | 0:.2% |
[ v = 1 200°F | alo®E | oA l
| Bottom =2 | z22°F | 21°F | C.z2% |
! o =3 | 209°F | 208°F | WA |
| Vear =4 | 212°F | 0 \0°F l a. 5% l
1 ! =d | 22°F | 31°F ! O.2"%s |
| Kokt Side =8| 22°F | 3|°F | 0. 2% |
| & =5 212°F | 212°F | O % |
| LeFtSide #( | 212°F | 212°F | O/ |
e = 32°F | 32°F | o % |
I‘Pr'xyma.rt.; =7 | 32°F | 23°F I O.2% |
l "N =7 \12°F | 212°F i o.1°, 1
| S econdary F3 | 212°F | 212 °F | O Ve |
| voN =g | 3epoc | 3T °F | 0.2%
|[Flue b ¥F | 32°F | 31°F | 6. 2%
TR 2208 | 211°F | C. 1Y
B lue Wb ::zo | 212°F | 212°F | O
[ oo 1O | 22°F | 32°F | G s
| Oven :ﬂ\al 22°F | 30°F 1 C.4%
Sl 2 | 2\2°F | 210°F | 6.2%,
[ Tmoinger ==HL£ | 32°F | 32°F | 0%
=14 | 212°F | R10°F ] . 2%
I l %

|
|
|
|
|
|
|
|
|

T%armocowp\é 9 CScaowﬁarjj was not ca-[;‘éra:f‘td

since '+ 15 npo+

Tha,rmo c,o:,nplcs =\ L:E»»(e—-rx
wewe no+

uscg,
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METHOD 5E EQUIPMENT CALIBRETION

Thermometers

Calibrated the same as Temperature Monitors in Method 28
Equipment Calibration.

Barometer

See Barometer in Method 28 Eguipment Calibration.

Analvtical Balance

The analytical balance is calibrated quarterly by Quality Control
Services and the last date of calibration was September 1987.
The wunit also contains a self-calibration check and audit when
turned on. B further <calibration <can be performed by the
balance, by engaging the calibration phase.
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METHOD 5H EQUIPMENT CALIBRATION

S0?2 Inijection Rotameter

The s02 injection rotameter calibration is performed each
certification series. During calibration pure S02Z 1s metered
through the injection flowmeter at different rates. 2 constant
head pressure of 20 psig 1s maintained and the injection is
measured and verified to be at 0.12 in. of H20. 2 100-ml soap
film flowmeter and stopwatch are used to measure actual flowrates
at different settings of the fine metering valve. The linear
calibration curve generated gives <calibrated flowrates at any
setting using the stainless steel float.

63



-, —
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Technician: .Y

SO IKJECTION RaTE CALIBRATION SHEET

Volume
Measureg

N
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Date: - 7- 25 T -
- . Py - [
5 . o

Technician: i U

S0, IKJEC

502
Injection Volume S02 Tank
Rate t Measureg Inj. mapx
mm/min. | Mip. ml

Dsi
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METHOD 5H EQUIPMENT CALIBRATION

Dry Gas Meter

The dry gas meter is calibrated annually with the wet test meter
as described 1in Method 5, Section 5.3.1 and the last date
calibrated was January of 1987. The dry gas meter is also
calibrated before and after each certification series using the
dry gas meter as a calibration standard found in Method 5,

Section 7, for alternative calibration standards. The dry gas
volume 1s <corrected to standard conditions using the equation
found in Example Calculations. Leak checks are done before and

after each certification test and results can be found on pages 1
and 7, respectively, of the raw data. To perform a leak check
first plug the inlet +to the filter, open the flow adjustment
completely and adjust to a vacuum of 5 in. Hg, and measure the
leakage rate for 1 minute and record. A leakage rate of less
than 0.02 cfm at 5 in. Hg is acceptable.
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wWer TesT MeTER
cAigrATION
. Daty  /-10-59
3 Meotor fzm(l'j one revelutron of jndex
Room Empcrd,fl‘uvf 62.6 F =1 72
Meter ﬁ‘upﬁo’aﬁ"fe = (2,07 = /é,’?cC
Boifte Empgyaﬁvvf = 462.6°F =17¢C

=

APM 217 /:4»%0
. Algg = _‘2‘9 /‘l'h /7120

(”‘}'9)(&:&737 hvrb/fn»HzO) = 0'2/‘1{' /;& /'{ﬂ

29106 + 2912, S

&Je,'ﬁ/if of waler = = ) <2‘3'// e — &5, 0)-— 1Z2<, bb g = 02314 Ibs.
& GTZ.LF —
Correctremn For AucyaMCj' = (¢.2314)(0:00/08) = 0. 0066 . I

LovrecBiom  for /{zns/ ay’uaz‘w @ 02.6F (/7c) - svove .

o
i _ 76 c&n:ﬂ% @ .?%Zr = (4 z;vq)( 99879 } = epe75
; 460+ Lz.0 )
9.9 m;ﬁ?_ s
RG.92 + 0.2 — G, 572 o
0rrcc7j7m ng' pressure de /Afrenc: = (é 23“%)(,,7 92 v 210 — 5,561 1) =-0,0023
29,573

Beltle=vager pressure 1o @ 17C = /4,530 mm Hy = 0572 /n B S
. MeTer = vaper presswee 4,0 @ 1.7°C =4 257 mmby = 0.SClintly . . e

rreWtk/r wa&ﬁf of Hy0 @ max, e[eng/@

7 X 24 __,é,?-’,’%o
_&.2380 /62,4202 7

—

\,

e7uzv¢/&»7‘ voluma 7 T ;

EOne revalvvf;'c'vz oF )méﬁ)( = &8.0999 w:f’f‘

-y 079‘]

(c, 2‘5“4 + o, 00(:{5 T+ o oC78 — 0.0072 - 0,002‘4
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Nl €7~

P .

~

~=. Daxe: Z/F /: _ 70?

Technician: LA

DRY GAS METER CALIBRATION

Barometric Pressure A9.¢7 in Hg H= .O[ in Hp O
(Initial) —_—

Barometric Pressure . £9.% _7in Hg

(Finish)

Avg. Barometric Pressure 27 Y Din Hg

Wet
Particulate Train Meter Calibra*ion Meter £ZESEIT
£:3¢ 4?0 £t3f 72, 10
. )y ; -
fth ég—_t/l / r’g . .1.7.3f /O\"‘/ /((T(F_
£13 3. /9€ £:3 T 03T

- T ing TO T ing 7Y

T ins < 7 T ing 7 S—
T in avg. {:YS“ T avg. 7L7/,S’
T outy —74
= Tk o O 20
T outs é» / CoUES 67~ ) ~
e TS L ) b e avg.;m.. 7 / . r— s LTl e et g e e el e ik el e e e i e e g
T avg. / 7, (\r’

Elapse Time <+ = 50,20

CALCULATIONS::

T

AN ~. ’

Dete: | ﬁl’/?— ? Q} ’ Signature: @ﬁ’—)/w//\
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- Date:
S

“ \
Technician: | i~ KU\,E’_).."
DRY GAS METER CALIBRATION
Baromeiric Pressure [29.¥7 in Hg H= ,03I in Hy ©

(Initial)

Elapse Time + = 70,00
Barometric Pressure 29 87 in Hg
(Pinish)

Avg. Barometric Pressure 29 ¢ ) in Hg

UU:*(:
Particulate Train Meter Calibration Meter #2563~
L ~.
£3¢ LS'_/, /5 % 2235 L. /55
fth l \(—é» céo fth é . ? 7?

£¢3 4913 £:3 q,724

S T ing <) T ing 75
T insf 99\ T insf 75
T in évg. ?9:{_ T avg. 7\’"
T out; L7
outs | A

. T {.‘"‘:"'L“ A
: € e \'{& O=, 25"
R S o 12 Xy - v~ P £ g(um_m e e e

T

A
avs. 29

CALCUILATIONS:
4
A /_> //
3 oyl .. N I
Dzte: &/ "_/ 6:’ “Cd Signature: - S j"\t. ,‘//;ﬁ:v,t,;f\_:
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70a

I_1Q_0
. Daxe: C’ /9 4 q
LN -
~ ‘Technician: I o~
DRY GAS METER CALIBRATION
Barometric Pressure 29.27 in Hg EH= .0L in Hoy O
(Initial) N
. Elapse Time <t = oo,
Barometric Pressure 29,77 in Hg
(Pinish)
Avg. Barometric Pressure Qq’c—7 in Hg
L’Jc’é
Particulate Train Meter Calibration Meter #2€563
23, _ATL, 0LO £232 6. 9279
£¢3 £, 277 £3 ST 97¢
T T ing 73 T inj AN
T ins A T ings 5
T in avg. 75,8 T avg. R
T outjy é—. ?
T outs =24 — (
Lncies (5,0 7 2
e Gt gy g [ B o . Yo T T
T avg. . ?{
CALCUIATIONS :
| g _vG e
. - Y . , : I
Dzte: ("}L / | R Signeture: \\% -~ S Al
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e IAPAORL S e AR | ot

Daxte: i i
Technician: J ‘—‘5 \[j\_/\ o5~
DRY GAS METER CALIBRATION
Baromezric Pressure JO.ZJin Hg H= ,O| inHy 0

(Initial)

Elapse Time +« = 20,0

Barometric Pressure _JO.72in Hg
(Pinish)

Avg. Barome:iric Pressure JO~J_in EHg

Par+ticulate Train Meter Calibration Meter #26563

£<3- 195.¥0 223 ¥ 3,777
ft3f :f C/'\ ?\. 70’ f':_3f ' é, {7\§—

£13 2 90| £:3 | 2.%1Y

T inj 4 & T inj JANE

T ins 74 T ing £ 2

T in avg. ) O T avg.. £ 2

T outy é S—

foz L T 6 2"
T" Out avg R é A e e st s = - e .. e m e ey e peean v e e g miwm aime emae L

T avg. éé,(

CALCULATIONS :

72

~ | . 7
Déte: c‘/' (7[ - ?7 ' Signature: W/ :




-~ .. Date:

4-4-29

Technician: f . QJQ/L U 7

DRY GAS METER CALIBRATION

.OX

in Hy O

Elapse Time

Barometric Pressure :Ko.,’l,;)\ in Hg H
(Initial)

Barometric Pressure 30.,2,,’7\3'_1‘1 Hg

(Finish)

Avg.

Baromexric Pressure JC. 22 in Hg

Particulate Train Meter

-
[

I

Jo.oo

Calibration Meter #2€563

Signzture:
73

223, _I9&. 70 £:3¢ gL .S 25
3, _ Yol 4L ££3, 97,197
£+3 4»77{ - £¢3 L{‘S—Q/?
'/\" T ing 74 T inj A .S
T inf 7? T inf é 3,
T in avg. 7é T avg. é 3
T outy z/
T outs C;—%? ——7—- é{ -~ ;2.<, lr
i pomtavge (G e T RO N
T avg. é ?
CALCULATIONS:
7
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Daze: 4' 7Z |4 9
:._ { ;’_ g
Technician: & bt~ i O~
DRY GAS METER CALIBRATION
Barometric Pressure (JO.Z ;) in Hg H= ,05 in Hy O

(Initial)

Flapse Time < = JO.0
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METHOD 5H EQUIPMENT CALIBRATION

02, CO, C02, S02 Error Check

The analyzer calibration error check is conducted prior to each
certification test. After the flow rate measurement system and
the tracer gas measurement system have been prepared for use,
introduce zero gases and then the mid-level calibration gases for
each analyzer. Set the analyzers' output responses to the
appropriate levels. Then introduce the low-level and high-level
calibration gases, one at a time, for each analyzer. Record the
analyzer responses.
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= industrial Gases

¢ Dwisron of The BOC Group, inc

2009 Beliarre Avenue ANALYTICAL REPORT
. Royal Oak

FEN Michigan 48067
Telephone: 313-399-8020_

1 -

|
T0: Vancouver Welding Supply LAST ANALYSIS DATE: 8/24/87

800 Harney Street EXPIRATION DATE: 2/24/88
Vancouver, WA 98660 REFERENCE NUMBER: 805722

PURCHASE ORDER #: 1065/MEL
MATERIAL SUBMITTED - NOMINAL VALUE: % CO + 15.5% CO2 in N2
TEST CYLINDER NUMBER: C(CC-4145
METHOD OF ANALYSIS:  Gas Chromatograph INST. CALIB. DATE:

First: 8/17/87
Second: 8/24/87

NBS SRM's USED: (CRM 2642) 1675b
FXDATAR*

FIRST ANALYSIS DATE - SRM_NO. SRM_CONC. TEST CYL. CONCENTRATION
8/17/87 2642 (CRM) 7.71% (c0) 5.00%
1675b 14.00% (C02) 15.16%

/~GECOND_ANALYSIS DATE SRM_NO. SRM_CONC. TEST CYL. CONCENTRATION
© 8/24/87 2642 (CRM) 7.71% (C0) 5.01%
1675b 14.00% (C02) 15.21%

**CYLINDER INVESTIGATION**

CYLINDER NO. COMPONENT MEAN CONCENTRATION
CC-4145 Carbon Monoxide . _ . 5.00%
Carbon Dioxide 15.19%

Nitrogen Balance

**TRACEABLE TO NBS PER EPA PROTOCOL 2 JUNE 15, 1878**

PRINCIPAL G
Michael E. Kelley

"This report states accurately the results of the investigation made upon the materials
submitted to the analytical laboratory. Every effort has been made to determine objectively,
the information requested, HOWEVER, in connection with its rendering of this report AIRCD
shall have no Tiability in excess of its established charge for the service. ‘Any use of
this report or the information contained herein shall be at the sole risk of the user."”

N -
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Lo ARCO Special Gases . 847055
An operating untt of The BOG Group, Inc.
Union Landing & River Roads
P.O. Drawer No. 272
0 Riverton
o New Jersey 08077
Telephone: Marketing; 6038-829-7878
Prod. & Admin.; 809-823-7914
International; 609-829-7917
ANALYTICAL REPORT
To: Vancouver Welding Supply bate Reported: 08-15-88
80U Harneyv Street Test Number: 84314
Vancouver, WA 98660
Material Submitted: 21%0xygen/Nitrogen
Specification Number:
- Method of Analysis: Percent Oxvgen Analvzer
Result of Investization: Cyiinder Nc. C{-383
Component Specification Concentration
Oxvgen 21% 21.8 %
Nitrogen Balance Balance

Auth orizedéignatﬁre

This repon states accurately the resuits of the investigation made upon the materiais 8@1““}6 tothe Analytical Laboratory. The Laboratory has endeavored to use its resources
1o oetermine. and 1o present, the information requested objectively. HOWEVER, such investigation is undeniaken, and this report s rendered, on the condition thal, under no
crcumstances including neghigence). shall The BOC Group. Inc. have any hiability in excess of its established charge for such investigation. There is NO WARRANTY OF FITNESS
FOR ANY PURPOSE and any use of this repor! or the information contained heren shall be at the snle risk nf the yser
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Tt (ndustrial Gases
/_A Dmsion of Arrco, In
660 North Balowin Park Bivd.
P.O. Box 1280
City of tngustry
Calitornia 81748
Tetepnone: (B1 8) 365-2871

ANALYTICAL REPORT

4s: VYEncouver wWelding Supply Daie Reporied: L4-27-8B7
BDD Herney St.
vencouver, WA B8BBEBOD
‘Reference: 308860
4B7~-41418B46b
Material Submitted: Dne size #4152 cylinder containing 500 ppm Sulfur
Dioxide, belance Air
tniormation Requested: Cer<ification of Anslysis
.Y
' Metnog of Anatysis: UV Photometric Analyzer

Resuti of investigation:

Component Cylinder Spectiication ' Concentration

s02 CC36E3 500 ppm . . 543 ppm

Balsnce Air [(synthetic)

o AQV\

. @cw\x_ GAS ANALYST

».ﬁ?% ~This report states accurately the results of the investipation made upon the materials submitted 1o the Analytical Laboratory.
T . Every effort has been tnaoe 1o gelermine objectively, the intformation requested; HOWEVER, in connection with 1ts renoerinp of

AL this report, AIRCO shall have no liability in excess of its establisheo charpe fortne service. Any use oftnisreponorthe intormation
coniained herein shall pe at the sole risk of the user.”

 SA3093C-8T77

A member of the BOC Group



METHOD 5H EQUIPMENT CLAIBRATION

02, CO, CO2, S02 Response Check

The analyzer response check is performed on a semi-annual basis.
Zero gas 1s introduced at the calibration gas valve inio the fiow
rate measurement system and the tracer gas measurement system
until all readings are stable. Then, gquickly switch to introduce
the mid-level <calibration gas at the calibration valve until a
stable value 1s obtained. Record the response time and repeat
the procedure three times.
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EXAMPLE CRLCULATIONS
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DRY BURN RATE, (BR)

Fquation Used

60W... [|100 = %M.,
S 100

BR =

Nomenclature

BR = Dry wood burn rate, kg/hr (1b/hr)

wwd = Total mass'of wood -burned (wet basis) during the test run, kg (1b)

B8 = Total time of test run, minutes

n

o/
10

f

Average moisture in test fuel charge, wei basis, percent
NOTE: 7o convert from dry basis fo wet basis:

(100) (percent dry reading)- (100 + percent dry reading) =
percent moisture wet basis

Samplie Cziculation

80 min/hr (£.82 kg) 100 % - 18.% %
120 minutes ‘ 100 %

BR =

- BR = 2.88 kg/hr {dry basis)
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VOLUME OF GAS SAMPLE CORRECTED TO DRY STANDARD CONDITIONS

<Vm(std )>

AH
Poar T{——
Vo sty = KiVp Y ber 13.6
T

Fguation Used

Nomenclature

Volume of gas sample measureg by the dry gas meter, corrected

vV
m(std) 1y standard conditions, dscm® (dscf)

Kl = 0.3858 0K/rnm Hg for metric units

]

17.64 OR/in. Hg for English units

Vm = Volume of gas sample as measured by the dry gas meter, dm3 (dcT)
Y = Dry gas meter calibration fTactor
Pbar = Barometric pressure at the sampling site, mm Hg (in. Hg)
AH = Average pressure differential across the orifice meter (i7 used),
' mm H,0 (in. H,0)
2 2
Tm = Absolute average dry gas meter temperature, °x (OR)

Sample Calculaion

Vﬁ(sta> = (17.64fR/iﬁ;'H§) x (51.388 dcf) X (1.003) x

2.31 in. H,0
28.23 in. Hg + —t—
. - ‘2
iy
542°R

= 50.11 dsc

-t

Vi(std)
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TOTAL AMOUNT OF PARTICULATE MATTER COLLECTED (5G-2 and 5H)

(m,)

Fquation Used

| , m,V.. Macrm Vdcm' M. Vi
m.=F,+F+R+l.+ [,,—( v )-( Vo >_<_\/.,_>

Nomenclature

m, = Total amount of particulate matter collected, mg

F
F

1
2

Y

Particulate matter collected on front filter, mg

Particulate matter collected on second filter, mg

Residue from evaporated probe and filter holder rinses, mg
Weight of residue from evaporated impinger water extract, mg
Weight of residue from evaporated impinger water, mg

Mass of residue of acetone solvent blank after evaporation, mg
Volume of acetone used in probe and filter holder rinses, ml
Volume of acetone blank, ml

Mass of residue in dichloromsthane solvent blank zfter
evaporztion, mg

Volume of dichloromethane used in impinger rinses and impinger

- extractions, mi

Volume of dichloromethane blank, m]
Mass of residue in water blank after evaporation, mg
Volume of water placed in train impingers, m]

Volume of water blank, ml

o e
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Sample Calculation

m, = 75.1mg + 13.2 mg + 56.4 mg + 35 mg + 23 mg

<(o.z mg) (250 m1)> (0.1)(100 m1)
(50 ml) ) (75 ml)

(0.1 mg) (200 m1)
} (200 m1)

m_ = 201.47 mg

‘ | 90
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& PARTICULATE CONCENTRATION (C.)

Fouation Used

C, = (0.001 g/mg) X (mn/vm(std))

Nomenclature

C_ = Concentration of particulate matter in stack gas or dﬁ?ut%on
tunnel, dry basis, corrected to standard conditions g/dsm

(g/dscf)
m_ = Total amount of particulate matter collected in the sampling
irain, mg
v td) ~ Volume of gas sample measured corrected to dry standard
m(s conditions, dsm” (dscf)
-
Sample Calculation
52.4 mg
Cs = (0-001 o/mg) X 77 75 gsc?
CS = 0.00428 g/dsctf A .
N
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o TOTAL DRY MOLES OF STACK EXHAUST GAS (N.)
” METHOD 5H CARBON BALANCE

Fouation Used

42.5

NT =

(o, * Yoo * Yhe)

Nomenclature

=
f

T Total dry moles of exhaust gas per kg of dry wood burned, c-moles/kg
(1b-moles/1000 1b)

42.5 = gram moles of carbon per kilogram of dry fuel (1b/1b)

YCO - Measured mole fraction of CO (dry), average g/g-mole, (1b/1b-mole)
< : :
ch = Measured mole fraction of CO2 (dry) average g/g-mole, (1b/1b-mole)
yd
YHC - Assumed mole fraciion of HC (dry), average g/g-mole, (1b/1b-mole)
= 0.0088 for catalytiic wood heaters
= 0.0132 for non catalytic wood heaters
- = 0.0080 for pellzt-fired wood heaters.
" Sample Calculation- -
_ 42.5 g-atoms of carbon/kg
N = : :
i (0.1128) + (0.012%) + {0.0132) (g-carbon/mole stack gas)
NT = 306.64 moles of stack gas/kg
N

92



N

TOTAL STACK GAS FLOW RATE (Qsd)
METHOD SH CARBON BALANCE

Fouation Usad

Qgg = KgMBR

Nomenclature

Qg = Total stack gas flow rate corrected to dry standard conditions,
s dsm”/hr (dscf/hr)

0.02406 dsm3/g-h01e for metric units
384.8 dscf/1b-moie for English units

7~
L]

"

prd
n

T Total dry moles of exhaust gas per kg of dry wood burned, g-moles/kg
(Tb-moles/1000 1bs)

L

BR = Dry burn rate, kg/hr (1b/hr)

Sampie Calculstion

.3
- . _dsm”  x 305.64 g-mole - ko
QSd = 0.0280¢ g-moie kg X 4.85 -
Q. = 34.307 Qéﬁi e
oosd_ 7T A
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ORIFICE PRESSURE DIFFERENTIAL, ( H@)

Equation Used

HZO.

, °F.

2

0.0317 AH (Tw + 460) 8
AHEG = Pb (To + 460) Vw
Nomenclature
AH = Oifice manometer setting, in.
Pb = Barometric pressure, in. Hg.
To = Volume meter inlet temperature
Tw = Wet test meter temperature, °F.

8 = Time, min.

Vw = Wet test meter gas volume, £t

Sample Calculation

(0,0§17)(0.}O in. HZO)

3

(68°F + 460) (15 min)

HE = (30.11 in. Hg) (71°F + 460)
C——ems = (1298 % 107 ') (2594.2) 2
= 1.334

94
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ANALYZER ERROR CHECKS

Fguation Used

AC

AE (%) = x 100

span

Nomenciature

AE = Analyzer error in measuring low -level and high level calibration
gases, expressed as percent relative to the instrument range, (%)

span = The upper 1imit of the instrument range, ppmv or (%)
C = The absolute difference between analyzer response and known

calibration gas concentrations, ppmv or (%)

Sample Calculation

CO2 Analyzer Range (span): 0 - ZSi vol

Low level calibration gas concentration: 6.25% vol

Analyzer response to low level calibration gas: £.42% vol

High Level caTibrgtion gas concentration: 22.10% vol

Analyzer response to high level calibration gas: - 22.62% vol
5.42 - 6.25% vol

Low level AE = x 100 = 0Q0.88% 7o
25.00% vol

22.62 - 22.10% vol
High level AL = x 100 = 2.08%
~ 25.00% vol
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PERCENT OF PROPORTIONAL SAMPLING RATE (PR)

Fguation Used

DSV
PR = _ { i {xrd) % 100
.]Oi 21(81' Vmi(nd))

Nomenclzture

PR = Percent of proportional sampling rate (%).
8 = Total sampling time, min.

S; = Concentration measured at the He analyzer for the “ith" 10-minute
interval, ppm.

Vmi(std) = Vg%ume of gas sample measurgd by the dry gas meter during the
i7" 10-minute interval, dsm™ (dscf).

Sample Data
' PR,
i ~ Amin) Lopm) Vi (514} Ll
1 0 2400 1.943% 100
2 10 2750 1.8085 87.3
3 20 2830 1.7228 100.3
4 30 2650 1.8881 98.7
3 40 2350 ~1.8080 101.4
- Sampie Calculatione—m o o — e
When 1 = 1:
10 min. (2400 ppm) (1.8438 dscf)
PR = x 100 = 100%
10 min. (2400 ppm) (1.39438 dscf):
When 1 = 2:
20 min. (2750 ppm) (1.8085 dscf)
PR = x 100
10 min. [(2400 ppm) (1.843%8 dscf) + 2750 ppm) (1.8085 dscf))
= 87 .3%
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When 1 = 3:

r/’\
30 (2650) (1.7228)
PR = x 100
10 (2400) (1.9439) + (2750) (1.6085) + (2650) (1.7228)
= 100.3%
When i = 4:
40 (2650) (1.6881)
PR = X 100
10 (2400) (1.8439%) + 2750 (1.6085) + (2650) (1.7228)
+ (2650) (1.6881)
= 98.7%
When i = §;
50 (2550) (1.8090)
PR = X 100
10 | (2400) (1.8439) + 2750 (1.6085) + 2850 (1.7228)
+ (2850) (1.6881) + (2550) (1.8090)
= 101.4%
7
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ANALYZER DRIFT CHECKS

Fquation Used

AR
Drift = — x 100
span

Nomenclature

Drift = the change in analyzer response to calibration gas over the duration
of the test run relative to the instrument range, (%)

AR = the difference between the analyzer response at the end of the test
run and the known calibration gas value, ppmv or (%)

span = the upper 1limit of the instrument range, ppmv or (%)

Sampie Calcujation

COZ Analyzer Range: O - 25% vol
Calibration Bas: 0.00, 12.50% vol

Posi-test Run Insirument Response: 0.32, 11.23% vol

Zero Drift

[(0.32-0.00% vol)/25% vol] x 100

]

1.28%

"

Midlevel Drift [(12.50-11;95% vol)/25% vol] x 100

= 2.2%.
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PARTICULATE EMISSION RATE, (E)

Fouation Used

E = Cs Qsd

Nomenclature

[ = Particulate emission rate, g/hr

C = Concentration of particulate matter in stack gas or dw?utwon tunnel
gas, dry basis corrected to standard conditions, g/dscm”, (g/dscf)

Qg = ToLaW gas flow rate, dry basis corrected to standard conditions,
dsm”/hr (dscf/hr)

Sample Calculation

m

= (0.1770 g/dscf) (19.77 dscf/hr)

r

= 3.50 g/hr
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7y CORRECTION TO DRY GAS METER

Equation Used

Correction to meter readings = [(n - B)/B] x 100

Nomenclature

A = Small water-sealed rotating-drum meter reading, where
A = Final reading - Imnitial reading.

B = Dry gas meter reading, where B = Final reading - Initial
reading. , -

Sample Calculation

A

Il

4.713 - 1.660

3.053 cu. ftf
B = 717.755 — 714.600

= 3.155 cu. ft.

Correction to meter. readings. [(3.053 - 3.155)/3.155] x 100

= -3.23%.

vl Dl R B T e gyt e UL e e Ciemm e o T et T s | L e s s et AR el M W dier e
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WEIGHTED EMISSION RATEL, (Ew)

Fouation Used

Nomenclature

m
fn

Weighted average emission rate, g/hr

m
n

Imission rate for test run, i, adjusted to Method 5H eguivalent, g/hr

<
L]

Test run weighting factor = P. ., - Pi

Total number of test runs

-3
]

-
f

Probability for burn rate during test rum, i

Sample Calculation

(5.00 g/hr) {
+

W o

.300) + (4.70 g/hr) (0.258) + (5.30°g/hr) (0.422)
_80 g/hr) (0.332) + (5.10 g/hr) (0.278)

[ =

¥ (0.200) + (0.253) + (0.422) + (0.532) + (0-278)
8.4D‘g/hr.m .

By = 178

E, = 4.59 g/hr
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CARLCULATION OF OYYGEN VALUE, (% by volume)

Equztion Used
Ooxygen (0o) = 20.9 - ((1.06 x COp) + (0.61 x CO)
Nomenclature
Oxygen (O,) = The percentage of oxvaen by volume in the flue
gas.
COy = The percentage of carhon dioxide by volume in the
flue gas.
CcOo = The percentage of carbon monoxide by volume in the
flue gas.
20.9 = Percent of oxygen by volume in ambient air.
~
Sample Calculation
Oxygen (05) = 20.9 - ((1.06 % 10.30% by volume) + (0.61 x 0.65%
by volume))
= 9.5%% by volume.
2

102



b

HINETIC/FROPDRTIONAL FLOW

NHoo= G ti P ot
St = =2 =

I A s Fs D04
NOMENCLATURE
Ot = Bounstraam trac:
Tm = Sverags methoer

"

@i = Tracer gas indsction rate, F137hr.
Jitate = Orifice calibration Lo, in HED
oy = Bismster of nozmzls,

A = Stazck Tz

jan "

i

rr i
|

il

i

K

ot

T

ek U1
5

SAMELE CALCUL ATION

il

inn HZ0O.
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Fercant 0Z by volums

FPercent COZ Dy wolum

]
=t
]
]
i
)
]
T

02 by wiolums

S s e o
»CO2adiy = 2COE + %UC
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SOLVENT BLANKS FOR SAMPLE EXTRACTION

Deionized Water

0.0019 gm/200 ml

Dichloromethane

0.0009 gm/150 ml

YT RRANTANEST R R T A

i

Acetone

S 0.0018 gm/200 ml
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SAMPLE EXTKACTION DATA

Stove Mfg.: Marks (Custom Stoue s Test: |
77~ Stove Moael: k- 4oo ©5 Test Cycle: I-J,}jz}/\
Date: 4- b- B9 Stove I.D. No.: |
Technician: 0. Windsor
Vy
CONDENSED WATER VOLUME, GMS
Modiried Temp. | Standard Imp | Modified HModified Imp. 200
100 ml H20 100 ml Hz Imp. Dry Gms Silica Gel
Gross Weight 5%6. 9 6074 47,3 749 ¢
Initial Weight 564.0 606.3 Hg1.3 748, 3
Net Weight 22.9 [ ] 0.0 2
TOTAL 2&,3 GMS
W 181393 PARTICULATE CATCH, GMS 62T 4-ip 1320
OVEN FILTER(S) TRAIN FILTER(S) |
Gross Weight .-??8‘7 71530
‘r\'lnitial Weight |, 7( 3] 1582
Net Weight Qi 0S8~~~ T 0. 000 - TOTE
TOTAL 0 0SS GEMS " - -
. Front -Rear X T T .
=g Catch Probe Catch Impingers DCM |- H20 -
' Beaker, ml w o G 50 —— —— =) 50 . - | _As0 - |~
>Grossﬁ, Weight® | 94 280 - 100 . o4y o 102, (aq._’l-"? 100 . 197120
" Initial Weight | -:9% 342-&-- 100. Q052 j02.6722 1001270
. Net Weight ~ 0. 03771 0.0 S0 0. ozbv 0. 0102,
A.Evaporation - O-000% g ooy O. 000G 0.002d
) Residue Weight| - 0.03(G J.033(,. 0. O\&Y 0 007% | TOT:
TOTAL o, pqg| GMS =7 00705 R
«—{'\;O_Jr&\! Porticulate = 0, 1829 jr«\
o = 1839 g
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Vet
~ab name:
Stv manu:
Model no:
Tst Date:
run time
(min)
0
iQ
20
30
40
50
60
70
74

METHOD 5H FLOW RATE (STACK) CALCULATIONS

( Put general infc
NORTHWEST TESTING

APRIL 10, 1989
oz coz
(%) (%)
3.20 16.60
0.20 18.40
0.10 18 .40
0.10 18.50
0.460 18.30
3.30 16.50
46.80 13.30
7 .40 12.80
7 .60 12.50

in col
L ABS,
MARKS CUSTOM STOVES
K—400 FREESTANDING

B, data info in col H.)

Yhco 1=cat ,Z=ncat : 1
We (if supplied)
Burn rate ( kg/hr ): 6.81

1

Run Number

Stack Gas Flow Rate

(%Y (1.-1.12) (dscth) (dscfm) (dsm3/hr)

INC.

Cu Fo
0.11 1.06
2.03 1.06
2.32 1.06
Z.45 1.05
1.53 1.06
0.20 1.06
0.01 1.06
0.01 1.05
0.02 1.06

1363 .88 22.73 3B.4&6



_ Method SH Proportionality Rate and Sample Volume Calculation
(put general info in col. C; Pb,Y,% unit info in col. G)

Lab name: NORTHWEST TESTING LAB., INC. Units i=metric,
Stv manu: MARKS CUSTOM STOVES 2=Fnglsh: 2.0
Model no: K—400 FREESTANDING Y, DGM: 0.971
Tst date: APRIL 10, 1989 Pb (mm,in. Hg): 30.0
Run no : 1.0

NOTE: Input raw data below,.uée Fg for CALLC.

run tracer OGEM DGEM OGM dH dhiGM PR Sample
time conc rdg temp (mm H20) vol std vol std
(min) (ppm,%) (m3,ft3) (C,F) (in.H20) (m3,ft3) (%) (m3,ft3)

o 157 .5 435.64¢ 77 0.011

10 195.0 434 .45 75 U.oQ7 0.948 107 .3 6.215

20 172.5 437 .430 77 0.00% Q.748 102 .6

30 1$5.0 438.300 77 0.007 0.831 100 .9

40 165.0 439.030 783 0.010 0.697 @5.7

50 165.0 439 .250 =18, G.010 0.877 101 .8

A 150.0 440.880 79 G.012 U.8s85 1Uu .4

70 187 .5 441 _780 80 0.011 a.87& o2 .4

74 57.5 442.150 80 0.011 0.352 @7 .4
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NORTHWEST TESTING LABORATORIES, INC. |
Woodstove Emission Testing

PAGE 2 - FUEL DATA
—

g . Btove Manufacturer: ﬁmmrks ﬁu@45w.§%DU¢3 Run Number:
Stove Model: K-ung0 t©5 Expected Burn Rate: Hiola
‘Stove I.D. Numper: [ O Calculategd Charge Wt.:&gq,ﬁ
Technician: U Whindsor Coal Bed W:. Lbs.: 4o
HEV Sample: Yes v~ No
(Saw Dust Catch T Block)
I. ‘%uel Moisture Content, % (Dry Basis):
- 172 152 /92 11. /9% [2.2-33.7 21.
2. /97 8.0 9. 2 192 % F ySe 22,
3. 19,2 748 A 999 13. T3 & S TS = 23,
4. IS g/s78 5 =, 14. ’ : 24,
5. ENAANEY /340 15, 25.
6. 18 2@ T g qg, 26.
7. 9. 975 K /a2 17, ' 27. 248 2z 24.3
8. [9.2 /9 75z 18. 28. 248 ZHEF Z4.3
5. 19 7T 09 47 Taws 19. 25. 24,3 24,5, 2%
W. _19% 55 ¢ 49 o 20. 30. 237 oY% 24,3
‘ - > .
II. Test Fuel: )
1. No. of 2 x 4's: Q§ 5. Species: [}F:
& - 2. NKNo. of 4 x 4's- ‘/ | 6. Moisture Content, % ave.
: - ) - (Dry Basis): 24 4|
3. Total No. of Fuel Pieces: o ,
- T IJ7-20 7. Length, In.-: 29.5
4. Weight, Lbs.: 23.0 - -
III. Pre-Burn Fuel: . "
R "No. of 2 x 4's: |3 S._ Species: Dr* , e
"'f“2f“"Nd:”Cf'4'ilgyéfwhﬂ & ®. Moisture Content, % ave.
c : : (Dry Basis):. 19.35
3. Total No. of Fuel Pieces: : . - - -
: =23 - 7. Length, In.: 2| = 2=77.0
4. Weight, Lbs.: 24 9 ' -
iVitfﬁindling Fuel:
1. Wo. of 2 X 4's: - ’Qs '5. Species: OF:
2. No. of 4 x 4'zs: 7 6. Moisture Content, % aAve.

(Dry Basis)-: 9.0

9.
7. Length, In.-: 20.0

3. Total No. of Fuel Pieces:

4. Weight, Lbs.: Qa:ﬁ




Date:
Attention: Mike Cave
Subject: Analysis on one (1) wood fuel sample received {-(03RY .
Item: Wooa Fuel
Reference: Mork's (Custeom Ofvoes
Meoder K -Y00  FS
(34l =
haon cucle
U 1
REBORT:

Analzsis:

Moisture, %, as received

ooooooooooooo

Moisture, %, dry basis

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

Density, g/cm3, dry basis .c..eececenn.

Higher Heat of Combustion,
BTU/1b., dry basis

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

Nawpy/i

Report Number: I8/

[N
J

/LKMS&Q:

[T

_ WOOD/FUEL

(c,w NTL STOVE DSK

L T i



NORTHWEST TESTING LABORATORIES, INC.
Woodstove Emission Testing

PAGE 3 - STOVE OPERATION LOG

Stove Mfg.: Marks Custom Stsues Date: H-10 -89

\
Stove Model: K—L{OO ES Technician: 0 L«:/imd'aar
Stove I.D. Number: 15 #
Run Number: {
OPERATION

24 Hr., Time
DA H3  Tapted 4.3 ibs  indlinae Door 2iar By-pass o -

J ! \/ 4 U T ‘-}‘ ’

U

Drafis 100% _ apen

o9 50 Added 249 1bs Prebury, Ooor Sie  Buy. deom
i

] 2 LE

Orafts ook )

02:88 Voo <losed, Bv-fass rlosed Lraft 100% 20 )
16D Startead Q*ab:w; Read 75 o |
10:42 Ste Ked aingd - Ado et 2 % 7{95 Prebur, T T

AOST  Steked ang Added b2 1bs Pep.,
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NORTHWEST TESTING LABORATORIES, INC.
Woodstove Emissicon Testing

stove Mfg.: Marks (Custon. Stoues
Stove Model: k- 4oo ES
gtove I.D. No.: |BY
Run No.: !
Date: H-l0-89
Co
€O, % 0,
ANALYZER AUDIT: N
Pre - [fes
ZERO GAS: :
g. o o. 040 N /A o.0
AUDIT GAS:
54. 9 <. .ol 34, 2
DESIRED:
59. 9 S ol 39. 2
PERCENT DIFFERENCE: B L
o.0% d.o0%y 2.0 %
TIME (24 HOUR) ¢ —
o (o 17 (o 17 10177

SIGNED: 2210%5{ LLlL4e§:¢g
DATE: QT&M 10, 1987
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SAMPLE EXTRACTION DATA

| g4

Stove Mfg.: _Marks Cuaglom Stoves Test: ol
7—Btove Model: K-Hoo =5 Test Cycle: High
Date: Y - [0~ TS Sfove I.D. No.:\J
Technician: [, {Jindzor

Vy

CONDENSED WATER VOLUME, GMS

™ g’

/

————

Modiziea Temp. | Standard Imp | Modizieq ‘Moaified Imp. 200
100 ml H20 100 ml Hz Imp. Dry Gms Silica Gel
Gross Weight L L0 9 é/olﬁ L/’??/ '7“@
Initial Weight 563 2 C07.8 437, | 704 ®
Net Weight ST 2.0 2.0 4 9
TOTAL (L. 7 GMS
1% PA#TI&ULATE CATCH, GMS
OVEN FILTER(S) TRAIN FILTER(S) iy
Gross Weiaht ,1434 TTE | o
. initiel Weight | 7612 1606
Net Weight oaogzz - — T O0.0050 TOTZE
TOTAL - 0.0379aus - -
o IR Front -Rear ) e
. Catch Probe Catch Impingers DCM - - |- E20 B
Reaker, ml’ - -:..:—:t.-/ﬂl§w\ /’ e /L/L(:M'{ T /S‘Z)t@w( ’:--O7OC3-LA'}+ LS
“Gross Weight~ |z TH . 100 97 .0210 8. 7689 a5 2396
. Initial Weight -?(7,07:? 9@%7{//; C???KS? CiS/QO?L
j_.'l;’lét:- Weight _ 00009, TG oYgyl 0, 03S] 4-0250
"-;Evabora‘tion - GO00Y 0.0013 G . 000G 2.002Y
"':Residue Weignt | - 1'C:c205 0. 043 0. 0242 6.022{ | TOT™
. TOTAL o, 115%’ @Ms ITIn L0 0680 5.056%
g?&r%lew‘@w'-c Total s 0. 162% anm
L. © j62.8
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METHOD 5H FLOW RATE (STACK) CALCULATIONS

7N (Put general info in col B, data info in col H.}
" _ab name: NORTHWEST TESTING LABS., INC. Yhc 1=cat,Z=ncat : 1
Sty manu: MARKS CUSTOM STOVES We (if supplied)
Model no: K—400 FREESTANDING Burn rate (kg/hr): 2.57
Tst Date: APRIL 11, 1989 Run Number : 2
run time 02 Ccoz cu Fo Stack Gas Flow Rate
{min7y . (%) (%) (%) (1.-1.12) (dscfh) (dscfm) (dsm3/hr)
0 5.00 15.00 0.05 1.06 667 .47 11.12 18.92
10 4 .40 15.50 0.13 1.06
20 2.90 11.30 0.13 1.06
30 10.460 G .60 0.10 1.07
40 12.10 8.30 0.05 1.06
50 10.90 2 .40 .08 1.06
&0 5.40 14 .30 0.460 1.06
70 1.40 17 .40 1.84 1.06
80 1.70 7 .80 0.26 1.06
20 3.10 16 .80 0.15 1.05
100 4.70 15.30 0.04 1.04
110 &.80 13.30 U.04 1.06
12 5.3 14 .80 0.02 1.05
130 46 .40 13.460Q 0.04 1.06
140 7 .40 12.80 0.05 1.05
150 46 .20 12.90 0.06 1.06
160 7 .90 12.30 0 .08 1.05
N 170 10 .40 .20 0.02 1.06
180 10.70 2 .40 0.03 1.04
130 11.70 8.460 0.03 1.07 2
200 10.80 2.50 0.03 . 1.04

e e e e e o i £y e T s AT @ e e I : . . e e e e e mm e s e



Method 5H Proporticonality Rate and Sample Volume Calculation

/R {put general info in col. C; Pb,Y,& unit info in col. G)
Lab name: NORTHWEST TESTING LAB., INC. Units 1=metric,
Stv manu: MARKS CUSTOM STGOVES 2=Englsh: 2.0
Model no: K—400 FREESTANDING Y, DGM: 0.971
Tst date: aPRIL 11, 1989 Po (mm,in. Hg}: 301
Rum no = 2.0

NQTE: Input raw data below, use F9 for CALC.

Tun tracer DGM DGEM DGM dH dDGM PR Sample
time conc rdg temp (mm H20) vol std vol std
(min) (ppm,%) (m3,ft3) (C,F) (in.H20) (m3,ft3) (%) (m3,Tt3)
) 255.0 442 .221 70 0.013
10 ?55.0 443.350 74 0.013 1.098 108.9 22.1467
20 240.0 444 460 77 g.014 1.072 1046.3
30 247 .0 445 .590 78 0.013 1.085 101.3
40 JA40.0 4446 .46%0 79 0.014 1.054 101.3
50 232.0 447 .800 /B 0.015 1.062 9.1
60 225.0 448.740 77 0.0146 1.093 8.4
70U 247 .5 450.100 76 0.014 i.11i4 7.5
80 240.0 451.245 7& 0.014 1.102 104.0
G0 232.5 452 .390 76 0.015 1.102 102.8
100 217.5 453.525 76 0.017 1.092 8.7
110 225.0 454 .700 76 0.0146 1.130 25.46
120 217.5 455.870 74 0.017 1.12586 98.5
TN 130 210.0 457 .050 76 0.01¢% 1.135 96.0
140 217.0 458.340 7& 8.017 .24 101.3
150 225.0 459.520 76 0.014 1.135 5.8
1460 225.0 440.4640 74 0.0146 1.097 95.9
170G 232.0 4461.810 76 G.015 1.106 G46.8
180 232.0 462.960 77 0.015 1.1086 99.8
190 232.0 4464.110 77 0.015 1.104 22.46
200 232.0 445.248 77 0.015 1.112 100.3
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NORTHWEST TESTING LABORATORIEZS, INC.
Woodstove Emission Testing
PAGE 2 - FUEL DATA
,r\ j ( =
‘ Stove Manufacturer: //fm;;:, (:5,\;—\[an ;-Jéﬁ,ﬂ,g_gun Number: 02
tove Model: K=o~ £3 Expected Burn Racte: MeAFiaL.
‘Stove I.D. Numper: | 4 Calculated Charge Wt - a4, 8
Technician: 7 Pmi 4ak £a P Coal BRed W+, Lbs.: 7
HEV Sample: Yes X No
(Saw Dust Catch 3 Block)
I. ,-Fuel Moisture Content, % (Dry Basis):
. /9.2 19 2 iSa 11, /9.2, )32 45521,
2. /4. Z /9, = T 12. /5 3 ’f‘?,:v,/&,g 22. .
3. [, 27 /5 Iy e 13. [2.2 19 AT )9 23 23. _
4o o ¢ 15 P 19 14, 19,2 15 J 24.
ER A A ENRITR 15. 25.
6. 19 & 75 S Ee 3 16. 26.
1. 2179927 17. 27. 245 235 o3
8. 16 ¥ 21 X 18. 28. 215 73 23]
. _ &L 5 Z 5 9 s, 25. 215 L. & 159
10. [ 53070 1 T /9.8 20. 30. 22 &£ o201 24.3
/’ /
II. Test Puels
/ =
1. No. of 2 x 4'g- Q@ 5. Species: r),\:
<z 2. No. of 4 x 4'¢: 4 6. Moisture Content, % ave.
. - - (Dry Basis): <22 J5
3. Total No. 0f Fuel Pieces: /7
: BT S A NS 7. Length, In.- 2N
4. Weight, Lbs.: 23,
" III. Pre-Burn Fuel: ——
1. 'No. of 2 x 4's: /‘7[ 5. Species: .n\F\
Col Nol'©f 4 'x 4. ™ 7 —@- t. Moisture Content, % Ave.
. ' : (Dry Basis):. 9.5 :
3. Total No. of Fuel Pieces: o - . . e e f ] = 1
- > J¢ 5 - 7. Length, In.: S| ‘. ="7
Do 4. Weight, Lbs.: Q:Cn(-/ ‘ '
IV. Kindling Fuel:
- . . ‘,.\ e
T« XTo. of 2 x 47%s- —é ‘5. Species: Ii,) IF
2. No. of 4 x 4'g- / | 6. Moisture Content, % ayve.
R ‘ . (Dry Basis): QO%
3. Totzl No. of Fuel Pieces: 7
N - | 7. Length, In.-: Q\C) 4
4. Weight, Lbs.: 4.4




Date: 4-2p-89

Attention: Mike Cave

13

Subject: Analysis on one (1) wood fuel sample received

4-0\ R .
Item: Wood FPFuel
Reference: }%QFVCS (:u5Tbﬂn ‘5*0065
Medel K-dorg €S
1242
REPORT:

Analzsis:

Moisture, %, as received

............. 20.3
Moisture, %, dry basis ......ceeeeiin.n. 25,5
Density, g/cm>, Ary DasisS ..eeeeeenen- O. 55
Higher Heat of Combustion,

BTU/1lb., Ary basis ...cececececnnnn 028

Report Number: 321591

WOOD[FUEL

. - (ON NTL STOVE D5K
. o8



NORTHWEST TESTING LABORATORIES, INC.
Woodstove Emission Testing

PAGE 3 - STOVE OPERATION LOG

Stove Mfg.: Marks rual, Hone - Date: _ 4_|i-gg

Stove Model: -yops < Technician: ), Wi ned<o —

Stove I.D. Number: 18Y

Run Number: 2

OPERATION
24 Hr. Time
0% 27 Tan ted Hd  bs kindling Jone oiaxr, Ewaass gopen,
~ J T VI ——

&u@+§ !QO?G oREN A
¢ A s \ . (2 @) an T‘Z Lo
O 4 D Eeh /F’/?\r e, 24 L/ SNy i-fw«u@ -
. j‘ y A S J,
(cjf’ NS Cké" —[/8 / ;"’3(.-;.2‘ Cew e (LC"H'[C & ~( TN
Fal b \

08, SO g"«i"‘*( 6-“(1( Pr\r“ - {E\Jau. S a /D E,“_”:’LCLC\‘(AG <
OC) J& S?T/'@ézaé(” T(:\H\ELI
9165 pdded 23 e Test Fuel |, Drafts jppes osen

B\‘:‘("-‘Da—35 open - -
oiio Closed Door and - 8v-pass = Drafts set-.4 /s :
Vo7 7
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clell 3L | &8/ XES [/9 1 /.55 LOATEN 7 Qv 6O By va
LI/ ETL | JAS | SZS| LES|STA OLDTALL A S 60 @r
RAC/ A2 | LS/ | PAS| b [EOLThe D168 <9< QL0 [LSe S
LT/ | AP | 2L | OLSEDA | [EL| Eler[O58 77 O L0 [O& /2
(/| hCT | Ce (O[T TLE LA RIZ T L9 OO0 |5 N
33/ | O28 | 3T LA [CRE1SC0 27138 7 WS 30 107 v
SN/ N CES | R eV A ORI YR A7 1855 L7 QN 30 LY /
(91) (8) (L) qQr/2m_|(9)sT | (Ss)sy (p)y (e)d |(z)a] (1) quy W, "ON 388
*dwoag]| -dwag] -duag, 904 |. - 890RJANG 24038 4 TAH /B2 evleg
. _ "3eD | "3®D | ‘wrag : : : pesdeTy
R S&-9'4 ST Y NLYYEdNEL.
WQWJMﬁJVﬁQ;iﬁuJmewﬂW\MM‘ "mcﬂaummﬂﬁouucov ITY wqhw\\ t*ON ‘q°I 24038
Aurw\ ~ TP 1973e(q N OQA- >/ :TO9PON 94038 |
Ww iJoqunN uny M/Q:C\VW Sqﬁ% VJA& /w,uf):u%\w\ :*BIW °2A038

i
4

VIVa N¥0gHE¥d - p @9¥d
W

i buras®l, uvoTSSTWH SA0}SPOOM
SHIYOLYHOHYT ONILSHI smmﬂWﬁmoz



T e e

T et

- N ER w ) ) fotAINaG U VPRI !X6 QANDIS

P T =D e N IR .

N\ 2L | FL A T T80 OFL, | 277 | Lo | 583irss %\Q mnm. F TS| ol o
— L |ED S| [ | T8 e r /[ ¢ L76 | IAS \TDT [T | ST 777 |7 |50 oaT | &l
=Y | L Vsl ol I [T/ &3 /O L4 L | XTI AT |EG I 383 ETT (L [ | F<qal ot | “gf

WLl 28 | Bhz| o | 28| 1A €Cx 501 | 902 | L9 ua9 | 863 | E85[ vue [ oL 1 | Shi | 0ar |71
A G TED VR O3 [CE7[ T LR PN R A A WM N YA (L | D0 Ssz| 8T | g

Ll | 2L ROl [ | S%7-57 BYY7E A WA S A NI s [ N4 e L Iseet] oRt | 5]
L2 | PrIZRe| Ol T8 247 Y7 AV N A VA =S WES N YA 2 A N R LA A T h
el T RRT OL TR [YS1| 08T LU | TR | STLTO6Y [BAGISH|Tos | SL| < ¢ |[gowt| ol | T
el Ce 18hr] oL]| 181551 o Shil | 80b | TR 839 | JLS|ESh|LL8| AL A9 |LEnT[Tell [T
T L Te | 8hr| PLI TE[ZST[ 91¢ 20t) | S1el | 8C& | 969 | 2251 09R | FSH™ <L | 2 'L |SHiT| oo I
L | T I8kT| Ol 1a [8ST| 8i1¢ Szl | SLR [ LEL) L9T|T9S SR bRbl KL | T b |Seal| 05 9l

L | Te |8re|l 1L o8& /21| gce c<Tl | hrb | “EL [ L17|5T5|9SH(9TE] L ol sl 08 | &

(L] T [Bhe| T L[ 0o [T91| L5% cocl | LI6 | ThY [(RISILIRN|ZIR| LTS 2L | o' gl |STiT| oL LNF.

(L | & The [ TLI &R Xic Chll | vt 1 Tes T CLh | LTh| pop|pET| L T st [5oi0T |09

NG Sl VA [ P R Y &= L O/ | OE S| L4 | S8, [BEE LS eI T &7/ L ab iw
~S | TN LT O LI SAN 752 DNEN WE I A DI OV ) Vi w I YA A s A7 Qw
VLN e T A TA7 L6 E o /7 | QISR AOChH ISSE TSI BT K] D7 o [ A
L4 | D15z [P TS |37 5D chll | CL TS S IBACEI T 727 Te/ |SCol| G2 | T
J & | U8B | S|P LAY KL/ | L9 | 0P| LI DEIS L5775 [ L] MNQ% YA A
Ol 1D || 16T LA LTl OLI | TLR | LOL| EILNSATTAIILTE 2 SO0/ Q ({
(sU) | (v0)] (eL)} (2)f (Lb)] (oL)] (6) (91) quod () awod () | (9)s1 (5)sHl (P)Y (E)g (2)af (1) |'gx "am [=wrr | LY/ | “oN
i ,mo .m _m 300 ur 33 qp FMMUCOOWm \Aumucoowm “quop 520vIING 94019 tquryg o049 TAY b 128
duryg, .QEE mEmﬁ seg Aaqg Coantd 10 “T3ey ao ey KAawra . Q' LTL! 3saL 00
dsoely) “duy| usay i _ _ SHYNLYYAIWHLDL L
; | : {
|
: N ENIENE *a3e(q
: i T tTON uny
e i el o ncd o Y ‘ M ha $'ON "Gl @a013§

- " P R B Pl [ 0 m o5 - MO%&UQ "Hmmoz 240138
iy TV R BT TY N C v . ! O g ™me t*bIW 24038
:_: Iz bl ) _ s w,zv .‘ﬁ J ;

\WN\Q\ = ‘Nw\T _ _
. 9 ' butriyssl UOTSSTWT DA0]ISPOOM
Au \ [ m, [ + *ONI .mmHmo,Zmommq ONIJSHL LSAMHLUON

C



! W..“. { Q \(>,,)>@ )
v [ Rt <
_M . c\? /.\ \V\
! S DU B A 409 m
g . ; o, ..“ L S b :
A ,m, . T _.u._.wr_..ﬂ - .. _ ] tHIYa 3 : ‘X4 gaNoDLS
I : , g _
T N —|TTET EL01 | o8 | T59[ 809 [ ThS|TL S| LRl KT 2y
: 78S
Ly TR CLIZ S el LI (96 | 39¢ 1L 60307 | S SIS 72| 2.0 | = 5oy |ooe I
(v (eD)f (z) (L) (o[ (6) [(91) quod (8) ‘quod™ (2) (9)s71 (S) (v)u (€)g (2)af (1) [ar —am [ =wrr LY | “oN
d,1 d,]300] ur| gu| gqp  faepuooeq Kapuooeq -quion mmommu:m 240389 quyy | rena  |tay po Jeg
*durgg| dwayy| sen Kaqg Coentd J0 *13ey 210 ey Aawra REEEY e
aooeay| duj| uead - _ . m SHUYNLVYHHEAdNE E %I
. i _ * !
; _ _
o : v : . LA~ TT-F Fa3eq
| 4 . b w T P ToN uny
“___ I O O A A AR TR I I TS R C i w - + A !"ON Q"I ©a03§
Bl R iy i _ | o ¥ “ : _ S J ‘ ] Mv.l MWQ\QI /| ! TOpPOW 2A073S
A:: i ITYY IR RTIRN, v | . e 1 572 NSV w 2% V)T dz\j\& t*bIW 24079
(TR BN T q _ S . v{v . (.U ! Q\
P P YIYd $SHI HAOL w - § 49Vd
_ w

butasay, UOTESTUT 8A03SPOOM

"ONI /SEIVOLYYOLY'T DNIJSHL LSHMILYON

( | | e | C



}

- : SR o
L& ,\\‘\Q ELS _w 7 V/L :@ENDIS
m 7 “Ont| Sohl| gt
LL Tt oel| Sc:el| vz
oLo 0 Lho'cC | Swo 210| hLis” 0Zt| Sh:<l]| €z
. olc|Seiel| zz
RO | RICSTA| SO TR/ L I e[ 37 [oor] STl | 1z
OwQ ) T AFA | S1o 1 pell N x%}h/ W@ || OB i€l | oz
o9o T A"y [ TLEIA [ S0 [PV ALYV o TP |35/ [ 08159t | 6l
IO | S o | 13 A =10 [BEI Y] %.Eu ST S/ oLl | 5572l | 8l
590" S [ 9909 | G [ 3] %o ST S 10 w:.m_ Ly |
907 S [P LSh | JIOT [ 919 199 L,._zn% T2 T/ [ esi[seidd gl
ol o | S | AV ITA| (o [ JSTe o IS VT | S A/ [ on | 5Tt | Gl
oo s o lSA| bI0 [TE7 | AP | AS | &L YAl RN T
oLo’ L > I E5Sh| LIO [STs|To! LS LIc| S R ot [ 5ol €1l
oLo" | &'~ DL FSh| 9/0 |e8 7| o | €5 | See| =i o | S5 01 | 71
ESTHeN 5 [STS eSSk | Lo | (e k| ho! oS L] S'hi | 001 GCh.ll Ll
ST Sy L CSh| S10 " |5o'glS1°| LY S xer| &5 | 04 Sl oy
o505 IShe(Sh | R0 {61 |[2C9| 1L | Ohtl 7/ | 0& ST | 6
g0’ |5~ 0T 0S5k | pio” [Te I| hBT|S B2 |[SLhT| S 91 | oL Sitlll g
Lo’ | S 7 R 8hh| g0 |ehs |09 LS | S2TC ST o021 Selh] ¢
STATAN IRNP IR A NE /2 BY AR XA PN ST ese (337 [ QRN 9) | 9
oLO ! > 2 vl 1Y 3 EXvAARZA L2 |.OoAZ F7 VT 9A | Sh O/ S
YA E S I E NSy BN A V172 KT AN PN A A A PN N
=y o7t S [ FEALAN O &S YT I ok | 7/ o2t 9/ ¢
o2 wuam u YU 7 DN KN/ I A Ak YA YA N/A Y Y-
o TS e P A [ S0 [Co R[S0 | 07 |2 30/ ] ¢ 00/ |
SUBMIOD 0ZH UI by ut € 37 OZH % $ | oreos | wAd [eyeog | 3V | Swrn putod
2INSS81d | wnnoep Bichts ur r49) 00| 20D z0s owrpy| “ay yz | eded
oT3e3s sep HY . “deTdy
90738 Aag 20TITaQ
2 =72
ﬁw\ 7 :0lH UT ®Inssoi1g Jedell
suul ‘ejoy Jeoel], e s oN umg
O u}ﬂ :Butyqeg dudr ueA0 w h3 $*ON *Q'I 94038
Q =1 Q uuu o 1oy wing pooadxy F S QOhL- :TOPOR ©A035
_ Co=/[-f  owa S99 %7:@ J% e e

f/"\

NOLLYHHd0 NIVYIL HILYINDILYYd - 9 HoHvd

_

: mcﬂpmma uoTSSs TuH m>opmmooz
*ONI ~mmHm094mom<A wzHemma Bmmzmamoz

C



NORTHWEST TESTING LABORATORIES, INC.
Woodstove Emission Testing

Stove MIg. : *ﬁqa‘ ‘/(C < C(:Lr._ JPM LY‘?{DL)e‘ <
Stove Model: -4 5
Sstove I.D. No.: [ &Y
Run No.: gy
Date: -] 79

Co Cco o

2 5 SO2

ANATYZER AUDIT: N —

:E ~ j{‘t \C Ca.-(. é*ha:k‘ U & (e

ZERO GAS: oG O /{_},4 OO

et
AUDIT GAS: S_O;’Cf SOl > JY. 2
DESIRED: 5’?? S.of ( ¢ ?l A
PERCENT DIFFERENCE: o, »‘\é; 3.8 g ) l/ 5’.@2;
TIME (24 HOUR) 9. J0 e, Jo | ... | 0730

) O
7
SIGNED: d;p

DATE: “f ~ ~/| -9




' NORTHWEST TESTING LABORATORIES, INC.
Woodstove Emission Testing

Stove Mfg. : Marks C_us"f@w\ S"‘DUGS
Stove Model: k-400 FS
Stove I.D. No.: [y
Run No.: 2
Date: H-1[-89F
CO Co 0
2 5 S02
ANALYZER AUDIT: .
ZERO GAS:
0.0 0. 0O N /4 &
AUDIT GAS:
£0.0 .02 355
DESIRED: —
571 £ o} 4.2
PERCENT DIFFERENCE<: : :
0. 2% 6.2% 2.9%
i
TIME (24 HOUR): L
L . —— 200 rrtlo SR T2 o

SIGNED: QM L el G
DATE:  _dpud ), [98T
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SAMPLE EXTRACTION DATA

>

Test:

Test Cycle:

Low

Stove I.D. No.:

Stove Mfg.: _Marks CLustom Soyes
:f'\\stove Model: ¥k -dopo FS

Date: Jg-11-2F

Technician: O wWhndso -

Vy

[

4

CONDENSED WATER VOLUME, GMS

Moairfiea Temp. | Standard lmp | Moaifieaq oalriea Imp. 200
100 ml H20 100 ml Hz Imp. Dry Gms Silica Gel
Gross Weight 15.9 LO9.5 HE%.0 119.6
Initial Weight 5632.3 607, D LB &8 1.9
 Net Weight A 2.5 Pe D 1.1
TOTAL |[a4.0 GMS
W . ol PARTICULATE CATCH, GMS .75%¢%¢ Y-13-§5 o804
OVEN FILTER(S]) TRAIN FILTER(S)
Gross Weight 3960 L 1535 e
' ‘/T,Lnitial Weight |, 76202 WEAYNY
Net Weight 470358 |- - — '5.0040 TOTE
TOTAL 6.676% GMS - -
I f’ront -Rear ) T e e
Catch Probe Catch Impingers DCM " - |- H20 B
Beaker; ml N e T G - o ILQ (= e |- fg{) o QOO 5 IL('O;"""' e
Gross, Weient® |=voal $3255 - Jod, 7922 | 95 upsa | jol.zSen
. Initial Weight .r;é;z; <GSO 1049. 74S3 98,3320 {ol.2%%9
- Net Weight |- 0. 0Hos 0. o4ed 0.0722 | -6.06¢723
- Evaporation - G-0067 0. 0014 | 0.,0009 0.00322
.~Residne Weight'| ~-0-0398 C. 64506 0. 0113 . 0¢4H| | otz
TOTAL 60,2202 GMS "=~ _.0.084% 0. 135¢
okl farticadate: o 000 g
- ] = 20,0 mj’
. o
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METHOD SH FLOW RATE (STACK) CALCULATIONS

/M (But general infe iR esl B, data inf8 iR ool H.)
Lab name: NORTHWEST TESTING LABS, INC. Yhc 1=cat,2=ncat : 1
Sty manu: MARKS CUSTOM STOVES We (if supplied)
Model no: K-400 FREESTANDING Burn rate (kg/hr) 0.98
Tet Date: APRIL 12, 1989 Run Number 3
run time 0z coz co Fo Stack Gas Flow Rate
(min) (%) (%) (%) (1.-1.12) (dscfh) (dscfm) (dsm3/hr)
0 4 .50 14 .90 1.06 1.06 267 .59 4 .46 7 .58
10 10.40 9.90 0.02 1.06
20 9.20 11.00 0.02 1.06
30 7 .90 12.30 0.01 1.046
40 .60 10.60 0.01 1.07
50 Z.BQ 10.50 0.01 1.06
60 9 .40 10.90 0.01 1.05
70 8.B0 11.40 0.01 1.06
BO ¢ .00 11.30 0.02 1.05-
Q0 $.80 10.50 0.02 1.06
100 2.20 10.40 0.0z 1.06
110 10.40 g.%90 0.02 1.06
120 10.2 10.10 0.02 1.06
130 $.20 11.00 .02 1.06
140 7 .80 12.40 .02 1.06
150 46.40 13.60 0.02 1.07
160 5.90 14.10 0.02 1.06
Y 170 6 .40 13.460 0.02 1.07
180 $.10 11.10 0.02 1.08
190 B.40 11.80 0.02 1.046
200 7 .00 13.10 0.02 1.06
Z210 5.90 13.90 0.45 1.06
220 3.90 15.00 1.75 1.07
230 4.10 14.90 1.45 1.06
240 3.10 15.30 2.40 1.07
250 4 .00 15.10 1.45 1.06
2460 4 .40 14.60 1.25 1.07
270 4 .50 14 .40 1.40 1.07
A 280 e 4 .60 14 .?O O . 90 e 1 06 e e g et e . - e st e e
290 4£.30 13.80 0.08 1.05
300 6.70 13.40 0.02 1.06
310 S 46.40 13.40 0.02 1.07
320 46.30 13.82 .02 1.06
330 6.70 13,40 0.03 1.06
340 6.40 13.60 Q.03 1.04
350 7.20 12.90 c.0z2 1.04
3&0 46.80 13.30 0.02 1.06
370 7 .00 13.10 0.02 1.06
280 7.80 12.40 0.0z 1.06
390 8.30 11.90 0.02 1.06
400 8.80 11.40 Q.02 1.06
410 ?.90 10.40 0.02 1.06
- 420 10.40 2 .80 0.02 1.05
430 10.40 9.70 0.02 1.06
440 10.40 g .20 0.02 1.06
450 $.90 10.40 0.02 1.06

4460 2.80 10.50 .02 1.06



470 % .40
a 480 $.10
i 420 B.60
500 2.10
510 B.&0
520 9.10
530 @ .40
540 9.40
350 .50
540 8.80
570 2.10
580 2.40

10.60
11.10
11,60
11.10
11.40
11.10
10.40
10.90
10.80
11.40
11.10
10.90

Q.02
0.02
0.02
0.02
0.02
0.02
0.0z
0.02
0.02
0.02
0.02
0.02

1.06
1.046
1.046
1.06
1.06
1.06
1 -Oé
1.05
1.05
1.06
1.046
1.05

e e m rGR v et vt e e g -

2o
ﬁ:i‘:r'—-u,. Py




Method 5H Proportionality Rate and Sample Volume Calculation

Lab name:
Stv manus:
Model no:
Tst cate:
Run no

run
time
(min)
§]

10

20

30

40

50

&0

70

80

G0

100
110
120
13C
- 140
150
1460
170
180
120
200
210
220
230
240

260

270

280

290

300

210

320

330

240

350

360

370

- 380
N 390
400

410

T o2s0 T

NORTHWEST TESTING LAB., INC.

. 72

(put general info in col. C; Pb,Y,& unit info in cal. G)

Units 1=metric,

(%)

108.

(=}
7

21.
73.
28.
e
105.
104
F1.
72
?1.

92
21.
Q2.
102.
102.

100.
75
2.
?1.
Fz2.
1.
Q2

7L .

[

OE.O~I>-I\31CUCOI—'-I>~CDL”U1UIH*—>-b—(_nl\JJ-x(ﬂO\(JIJLCOO\—Ih—OD(.ﬂCO

%3
92

o}
7

71
21
21
21
F2.
4
74 .
74 .
92
?4
22
29
109
109.

WWwe ow0no

' [ T |
oW

N

E

MARKS CUSTOM STOVES 2=Englsh:
K—-400 FREESTANDING Y, DGM:
APRIL 12, 1739 b mm, i, Hg g
3.0
NOTE: Input raw data below, use F$ for CALC.
tracer DGEM DGEM DGM dH dDGM
Conc rdg temp (mm HZ0) wvol st
(ppm,%) (m3,Tt3) (C,F) (in.H20) (m3.Tt3)
592.5 465.375 73 0.004
390.0 4646.060 76 0.00% 0.65%
427 .5 4446 .F460 79 0.007 0.841
382.5 4467.770 78 0.009 Q.770
3%0.0 4468.690 77 0.009 0.877
370.0 446F.4640 76 0.00% 0.907
420.0 470.400 75 0.008 0.918
4200 471 .540 74 0.008% 0.901
427 .0 472 .470 73 g.007 0.893
427 .0 473 .270 74 0.007 0.769
427 .0 474 .080 74 G.007 0.778
442 .0 474 .880 74 0.007 0.7468
457 .0 475 .4640 75 0.004 0.74%9
427 .0 4746.410 75 0.007 0.719
412.0 477 .220 76 0.008 0.774
412.0 478.150 76 0.008 0.88%9
397 .0 479 .080 74 0.00%9 0.889
382.0 480.030 77 0.009% 0.308
405.0 480.270 78 0.008 0.897
27.0 481.83 73 C.007 c.819
435.0 482.640 78 0.007 0.772
435.0 483.440 79 0.007 0.762
412.0 484 .230 7S 0.008 0.751
412.0 485.080 75 0.008 0.808
405.0  485.930,. . . 80  ©.008 0.808. _ _.
3F7.0 4846.800 80 '0.009 0.826
427 .0 487 .480 81 Q.007 0.835
442.0 488.490 81 0.007 0.747
472.0 489.270 81 0.0046 0.73%
495.0 490.000 81 0.005 0.692
487 .0 490.700 81 0.0046 0.663
502.0 491.410 81 0.005 0.673
495.0 492.110 81 0.005 0.4663
510.0 492.830 81 0.005 0.4682
510.0 493.530 81 0.005 0.663
495.0 494 .230 81 0.005 0.6463
487 .0 494 .940 80 0.006 0.673
487 .0 495.4670 30 0.004% 0.4693
495.0 494.390 80 0.005 0.683
517.0 497.150 30 0.005 Q.721
317.0 497 .950 80 0.005 . 0.75%
547 .0 498.750 80 0.004 0.759
562.0 499 .510 79 0.004 0.721

420

110.0



a

430
440
450
460
470
480
420
500
510
520
530
540
550
560
370
580

500
500
501
502
503
503
504
505.
505
306
507
507
508
509
310.
510.

-240
.260
.680
.380
.090

730
.480

1806

.860
.930
.210
.93

.560
.380

100
824

79
72
78
78
78
78
78
77
78
77
78
77

77

76
76
76

0.004

0.004

G.ou4
u.004
0.004
0.004
0.004
O.004
0.004
0.004
0.004
0.004
0.004
0.004
0.004
0.004

OO0 OoOOLCcCCoOoe

654
.685
.685
667
676
L6467
457
LE67
L6479
.638
649
L6864
697
.687
.689
692

108.7
108.8
108.8
110.0
108.8
110.0
109 .9
110.0
108.5
109.4
109 .8
114.7
1146.5
113.4
112.3
114.2
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NORTHWEST TESTING LABORATORIES, INC.
Woodstove Emission Testing

PAGE 2 - FUEL DATaA

Stove Manufacturer: mpMarks Cugiom {:-,én.q@‘ Run Number: 'b
Stove Model: K-don FS Expected Burn Rate: Lowl
‘Stove 1.D. Numper: | 8¢ Calculated Charge wt. . 24, %
Technician: D, Wipnd=sorm Coal Bed W:. Lbs.: )
HEV Sample: Yes _- No
(Saw Dust Catch & Block)™—
I. Fuel Moisture Content, % (Dry Basis):

1. 9.2 9.2 19.2 M. 19.2 1542~ |G 2.21.

2. 4.6 14, 2 192 12. 49,2 9.2 )e.2 22.
3. )9.2 9.8 9.8 13. 23.
4. 19.2 2.2 }9.2 14. 24,
5. (9.2 19, % 19,2 15. 25.
b. 203 2T 192 16. 26. 248 24d¢€ 24, &
7. 1829 20 3 9[.31 17. ' 27. 24,3 24,3 2,
8. 19.2 198 15.%® 18. 28. 215 243 24,9
S. 9.2 i 2 125 18. 28. [g.7 22 & 0.2
0. 2% Z0.5 (9% 20. 300 2. 222 21.8
. II. Test Fuels .
1. No. of 2 x 4's: ¢5 5. Species: OF
% . 2. No. of 4 x 4'5- 5 6. Moisture Content, % ave.
- ) : (Dry Basis): A3 o7
3. Total No. of Fuel Pieces: ]
o #2265 320 7. Length, In.: 90.0
4. Weight, Lbs.: 285 b
III. Pre-Burn Fuels | B = —
1. ‘No. of 2 x 4's: 12 5. Species: DF
R S Ne. of 4 xné{é;W%'“H<¢- 6. Moisture Content, % Ave.
S : : . (Dry Basis):. 19, &/
3. Total No. of Fuel Pieces: - : . . )
' : = | 32 7. Length, In.: 21 = 3=
4. Weight, Lbs.: AYNY '
IV.*- RKindling Fuel:
1. Wo. of 2 x 4's: - ' @/ Species: .OF

o n
.

2. No. of 4 x 4's: /

- Moisture Content, % Ave.

; . (Dry Basis): 20.0
3. Totzl No. of Fuel Pieces:
PE - | 7. Length, In.: 210

- - 4. Weight, Lbs.: ‘1‘/, g



7N

N

Date: 4-20-&7

Attention: Mike Cave

¥

Subject: Analysis on one (1) wood fuel sample received U-2-5F .

Item: Wood Fuel

Reference: )4@(?45 (?Uiﬁ@m\ iEﬁBQQS

Medel ; K-doo ES.

\84-3

Low cacle
T

REPORT:
Analysis:
Moisture, %, as received ............. S
Moisture, %, Ary basis .....eeeeeenn.. DF3
Density, g/cm3, Ary Dasis ...ceececa.. O.47
Higher Heat of Combustion,
BTU/1b., dry basis .....ce.veeencnn. 8g&94
N J/X77
Report Number: - 29/55

S

WO0D/FUEL

ON NTL STOVE DSK




NORTHWEST TESTING LABORATORIES, INC.
Woodstove Emission Testing

PAGE 3 - STOVE OPERATION LOG

Stove Mfg.: Marks Cusdom SHoues Date: 4-—?1—8"?
Stove Model: K- Yyop g5 Technician: 0. tindsar
Stove I.D. Number: (gY
Run Number: 2
OPERATION
24 Hr. Time ‘

O@'{?: Ijn;’tred L(gl NOS 04, k(nof E‘M(o f};or o tar

\/I J
Bq-oass ofeh  Prafils  jsoe a{)ﬁi\

!

09:0 3 Ao(d[&d 25. 8 jbhs of br,-l'x.,u-r Door a}af“,
~ Bt—r Rass epeh. Dratts 160 % gapzh )
. _o%0% Dom andl Bu ﬁaso c[osgd
0330 Set D!’a% Vg ”. _ogen
0% 35 V'ur-"cd -Vraburm Reedineas . S -
003 Shked 4he Fipe ... Y - B B
10:35 - : Tcs+ Fuel apdded —Ba-pase ope- Dratls 1007 apen i
[0'3q Door g o BVV;ID'a—s‘s" ’ : Cleseg - s
10:¢p Dratls se+ ot yg”
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NORTHWEST TESTING LABORATORIES, INC.
Woodstove Emission Testing

Stove Mfgi: _Maurks Custon Stues
Stove Model: - 4d00 FS
stove I.D. No.: 18Y
Run No.: 2
Date: H4- 12 -8G
CO2 Co 02 802
ANALYZER AUDIT: -
Pre - Tels+ —
ZERO GAS: ‘
g.o O o0 N /& 26
AUDIT GAS: ' :
54.4 5.0} 34 2
DESIRED: '
59.9 5. 04 24 2
PERCENT DIFFERENCE: Y .
o0 /a &. 0% R O.0%
TIME (24 HOUR): i
R el B L kA R S R L T - R 89 ¢ 4

SIGNED: Qauzid L idaen
dovd 13, (985

/

DATE:




NORTHWEST TESTING LABORATORIES, INC.
Woodstove Emission Testing

v
Stove Mfg. : / ( A éﬁi} CLS‘\/;M‘\ Sﬁiﬂucg
Stove Model: E~ton =<
Stove I.D. No.: | &Y
Run No.: =
Date: S~/ 2 -EF
co
co, o, so,
ANALYZER AUDIT: | 2 N
ZERO GAS: | o O S.0 é(j‘A o5
\

AUDIT GAS: Lo ! SToX \ \’(c{c%}

; _ /
DESIRED: 579.9 SO !/ IY¢ A

‘ {
PERCENT DIFFERENCE: O.ZX 2) .49, ) N e £ Bg,

| Tmum (24 BOUR): | f“ IO/ AIT SR

SIGNED: Q\ M&/\,—__.,

DATE: S A/25F

E




NORTHWEST TESTING LABORATORIES, INC.
Woodstove Emission Testing

/(/ac{ﬁ]f ks (:%J*i{%f»m *\S-v[ooczg

Stove MIg.:
Stove Model: oo ~5
Stove I.D. No.: 13
Run No.: 3
Date: L/ h /c:]— ’FS
Co
€0, 02 502
ANALYZER AUDIT: =2 (_{O M.«: "
™~
AUDIT GAS: 6’9-( sTo3 \ qu\
1]
i
DESIRED: ; . .
§7.9 S0l / I9.0 "
PERCENT DIFFERENCE: — = <
OIF 2, OFL |- N J.22,
TIME (24 HOUR): ;L 35” /4—{’3( /<7g ! bR ot
PP - IO SR PO KRS S SR S ] - E K 3 N T p T e

-3
. ;,///
SIGNED: . N 2 A

L )2 -5

DATE:




b st

NORTHWEST TESTING LABORATORIES, INC.
Woodstove Emission Testing

Stove Mfg.:
Stove Model:

M::or—g{‘s (L(Q‘V(»‘-ﬂou. S;Y/‘DUCS

L -Yo 0o S

stove I.D. No.: / EL%
Run No.: T
Date: ) -2 -7
C02 CO 5 502
ANAT,YZER AUDIT: 3 é o W .
ZERO GAS: ORI o0 %7)/%/» =N
AUDIT GAS: éé"}s / {—0 :S \ JL?/ o
\ N
]
- sl & /
DESIRED: \”(“""‘":?’ ‘} QQ:-T‘:E/ /1 3 ?‘; g b
PERCENT DIFFERENCE: 0,33 2 o ;}; s - 25
+ = . _ s . S 0\ <
! e
TIME (24 HOUR): | s/ 0TS /4.3 S /&0 IS
T~/
SIGNED: g
DATE: H-/2 -9



NORTHWEST TESTING LABORATORIES, INC.

Woodstove Emission Testing

Stove Mfg.:

/ ‘7/@) ~ [" % (/.xagr *f:r» I <S ‘[wu:: s

Stove Model: [ ~Foo /85

Stove I.D. No.: [ S F
Run No.: :S
Date: C‘e‘{hj‘:’l ’"?ﬁ‘
co 0
co, _ 5 802
ANALYZER AUDIT: c_?z £o w
/
ZERO GAS: Q‘Q 0.0 ,U’,‘@!‘ C:'«S_
d
{
AUDIT GAS: £, | .03 . TE S
DESI : /
IRED: 9 S o / J4 2
PERCENT DIFFERENCE: - s \
o372 C e |- N J.2
TIME (24 HOUR): /?;3( /g?:;(g_' [g«('gs"-_
~_ 7
SIGNED: , 4,,&;% :
DATE: -/ 2-PT
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SAMPLE EXTRACTION

Stove Mfg.: Marks Cusdsn. Sove- Tes+: d

;./\Stove Model : k-Upo ¥5 Test Cycle: Mediuim Lo
Date: 4- 13-%9 S’.r.ove I.D. No.: | B4
Technician: 0. Windsor
Vy

CONDENSED WATER VOLUME,

GMS

Mociriea Temp. | Standard lmp | Modiziea MoOdizied lmp. 200
100 ml H20 100 ml Bz Imp. Drv Gms Silica Gel
Gross Weight 683, % Gio. 2 1% 7.4 R
Initial Weight S(’JSC} Co.49 4g7.0 19,1}
Net Weight 1s.q 2.3 ol 2.9
TOTAL | 32i.2. GMS
761
o c{%g:)\
W o T N PARTICUL2TE CATCH, GMS
OVEN FILTER(S) TRAIN FILTER(S) 1
Gross Weight TTHS 7602 ]
N
_initial Weight [.763¢ 1523
Net Weight aot |- — C G 00\E TOTE
— _ "
TOTAL 0.5330 @M - '
Beater ”?3
Front -Rear ] e o
Catch Probpe Catch Impingers DCM - -~ |- H20 -
- Besker;ml - - |we=TASed - ] L0 5 200 4130 - -
Gross, Weight® |* §9. %25~ G 2. Jdyoj’ g7.0400 9%, 226>
. Initizl Weight | Q.- TES-- %2.3%84 Gl AeY 8. RBo%
. Net. Weight = 0.028Y o057 0.04d3) —0.04SS
- .E‘vaboration - GO00 0.001 ‘7[ - g.0009 0.0603]
 Residue Weight'| ~---0-0277 0.050> 0.0422 | o0.042Y | rorz
: = A o1%L ). 0B 4L
© TOTAL 0. {62 {p GMS 112 00 0.0%4k
Totel Dard cvlade = 0.1 Se gm
.....__..."..___ : lq Sl (p [28%
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METHOD S5H FLOW RATE (STACK ) CALCULATIONS

7 (Put general info in col B, data infu in col H.) ) )
" _ab name: NORTHWEST TESTING LABS, INC. Yhe i=cat ,2=ncat : i
Sty manu: MARKS CUSTOM STOVES ’ We (if supplied)
Model no: K—400 FREESTANDING Burn rate (Pg/hr) .88
Tst Date: APRIL 13, 1989 Rumn Number : 4
Yun time - 0z Coz COo Fo Stack Gas Flow Rate
(min) (%) (%) %) (1.-1.12) (dscfh) (dscfm) (dsm3/hr)

O 4.60 13.50 0.01 1.06 245 .64 4 .06 & .91

10 12.70 7 .80 0.01 1.05

20 13.10 7 .40 0.01 1.05

30 g .90 10 .40 0.01 1.06

40 2.10 11.10 0.01 1.046

50 12.40 8.00 0.01 1.08

60 11.40 ¢ .00 0.01 1.05

70 11.00 Q40 0.01 1.05

2o .40 i1 .8C 0.01 1.08

S0 7 .50 12 .60 0.01 1.06

100 6.30 13.80 .01 i.06

110 8.20 i2.00 0.01 1.06

120 7 .20 12.3 0.01 1.046

130 7 .40 12.80 0.01 1.05

140 6 .60 13.50 0.01 1.06

150 6 .80 3.30 0.02 1.06

160 & .30 13.80 0.0z 1.06

/”\ 170 5.70 14 .40 0.02 1.05

' 180 5.10 14 .90 0.02 1.086

190 5.00 15.00 .02 1.06

200 4 .30 15.40 0.02 1.06

210 3.00 14.80 0.20 1.06

220 0.80 17.10 3.15 1.07

230 1.80 17 .40 1.15 1.046

240 1.80 17 .50 0.91 1.06&

250 2.10 17 .30 0.87 1.048

2460 2.20 17 .40 0.47 1.046

270 2.10 17 .00 1.20 1.07

a2 G 0 5.00~- -15:0G -~ &.02 - 106 R L

290 46 .50 13.460 0.01 1.06

300 & .60 13.50 0.01 1.06

310 6 .30 13.8 0.01 1.06

320 7 .10 13 .00 0.01 1.06

330 7 .10 13.00 0.01 1.06

340 &6 .80 1 13.30 0.02 1.06

350 65.70 13.40 g.01 1.046

360 7.10 13.00 0.01 1.06

370 7 .40 12.80 0.02 1.05

380 7 .20 12.90 0.01 1.08

3%0 7 .40 12.80 0.02 1.05

400 7 .20 12.30 .01 1.06

410 2.20 11.00 .01 1.06

N 420 ¢ .50 10.80 g.02 1.05

; 430 g9 .50 10.80 0.01 1.08

440 3.90 10.40 0.02 1.06

450 10.30 10.00 0.02 1.06

460 10.20 10.10 0.01 1.06



N

470

480
430
500
510
520
530
540
350
340
570
580
590
4600
4610

10.3

10.30

11.10
10.80
10.80
10.80
11.00

- 11.40

11.40
11.90
11.00
11.90
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10.00
10.00
2 .30
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2.50
2 .50
9..40

2 .00

.00
8.50
2 .40
8.50
8.30
7 .80
7 .50

0.01
0.01
0.01
0.01
0.01
0.02
0.01
0.01
0.01
0.01
0.01
0.01
a.01
0.01
0.01

T N e =

.06
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.06
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.05
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.06
.05
.07
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Method 5H Proportionality Rate and Sample Volume Calculation

Y (put general Iinfo in col. C; Pbh,Y,& unit info in col. G)
Labh name: NORTHWEST TESTING LAR., INC. Units 1=metric,
Stv manu: MARKS CUSTOM STOVES 2=Englsh: Z.0
Model no: K-400 FREESTANDING Y, DGM: 0.971
Tst date: APRIL 13, 17687 Pt (mm,in. Hy: S
Run no = 4.0

NOTE: Input vaw data below, use F9 for CALC.
Tun tracer DGEM iGaM DGM dH dDGH PR Sample
time conc rda temp (mm H20) wvol std vol std
(min) (ppm,%) (m2,Tt3) (C,F) (in.H20) (m3,Tt3) (%) (m3,Tt3)
0 455.0 510.95¢% 77 0.006
10 412.0 511.830 B8O U.008 0.82% 8.2 51 .453
20 435.0 512.830 81 0.007 0.744 9% .4
30 487 .0 513.71Q 80 - 0.008 0.831 @2.2
40 450.0 514.560 79 0.007 0.804 2% .8
50 450.0 515.500 78 0.007 0.891 102.2
&0 S502.0 5146.440 78 0.005 0.893 102 .4
70 495 .00 517 270 77 ‘0.005 0.788 100.9
80 502.0 S1g8.100 77 0.005 0.79N 0% A
Q0 4B80.0 518.950 77 0.006 0.80%9 103.5
100 4465.0 519.810 77 0.0046 0.818 100.1
110 412.0 520.430 77 0.008 0.780 g2.5
120 450.0 521 .540 76 a.007 0.846 Q0.9
~ 130 450.0 522 _410 74 0.007 0.82¢ Z5.1
: 140 480 .0 523.280 74 0.0054 0.829 ?5.1
150 450.0 524.150 76 0.007 0.82% 101.5
160 442 .0 525.010 76 0.007 0.820 94 .0
170 442 .0 525.880 76 0.007 0.82% 23 .4
180 420.0 5246.770 77 0 .0083 0.848 25.4
120 442 .0 527 .5860 77 0.007 Q0.847 Q0.7
200 457 .0 528.540 79 0.004% 0.837 G4 .3
210 427 .0 529 .430 73 0.007 0.844 - $B.3
220 427 .0 530.320 80 0.007 0.844 1.8
230 427 .0 531.210 80 0.007 0.842 Q1.7
240  435.0 . .532.100 . BO. . 0.008 0.842 .. 21.7
250 435.0 532.980 80 0.007 0.833 G2.3
2460 435.0 53233.850 73 0.007 0.823 1.3
270 405:0 534.720 79 0.008 0.825 Q1.4
280 420.0 535.440 79 0.008 0.872 20.0
220 435.0 5346.530 - 79 0.007 0.844 20.3
300 . 435.0 537.420 78 0.007 0.844 23.5
310 450.0 538.300 79 0.007 0.83s% Q2.7
320 450.0 539.190 78 0.007 0.844 F4£.8
330 4465.0 540.080 78 0.006 0.845 7.0
340 4465.0 540.970 77 0.006 0.845 100.2
350 465.0 541 .850 77 0.00s% 0.837 9.2
360 472 .5 542 .7460 74 0.006 0.866 102.6
370 465.0 543 .4640 76 0.004 0.839 101.0
N 380 465.0 544 .520 76 0.006 0.839 @9 .4
390 472.5 545.410 75 0.0046 0.848 100.6
400 4465.0 5446 .290 75 0.00s6 0.840 101.2
410 450.0 547.180 74 0.007 0.850 100.7
420 4465.0 548.070 75 0.0046 0.852 Q7.7
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NORTHWEST TESTING LABORATORIE , INC.
Woodstove Emission Testing .

PAGE 2 - FUEL DaTa

. .
Stove Manufacturer: Mo Lq Cotne. Sdo,--Run Number : T
Stove Model: L-4po =< "Expected Burn Rate: M (o
‘Stove I.D. Number: [ P Calculated Charge wt. - 24. 8
Technician: 1. Cold v 2 Coal Bed w:. Lbs. : 5 Y

HEV Sample: Yes X No
(Saw Dust Catch % Block)

I. Fuel Moisture Content, % (Dry Basis):

. _/9.2)%.2 8.2 . _ 92 /9.9 /95 21.

2. 192 1Y 21 209 12, 27 & 4] TR20,9 22.

3. _=2 RoS755.9 3. 19 ¥ IS5/ .+~ 23. _
4. 218 2/ a0 . 2o X 201X 20 24,

5. 2049 709 2o 15. / FT 25,

6. 21 . 9.0 9.2 16. 26. 24 ;/',‘;i(;,f,}:)r;:e/%)
7. 9.2 199 /o, 17. ' 27. IR AT D RS
8. (9.2 /9. 4 /5 1s. 28. o 29F dd.e
2. _R2o9 255 5,8 19, 2. 20 0y § hay
0. /9.2 79,7718,  20. 0. 2 YT EIY S

/ / 7 7

.

' II. .Test Fuel:

1. No. of 2 x 4'g- @, 5. Species: DiF
7T . 2. No. of 4 x 4's: 3 6. Moisture Content, % ave.
. - : (Dry Basis): 4,2
3. Total No. of Fuel Pieces: Py
: = 2L S 3T 0 7. Length, In.: O
4. Weight, Lbs.: 24 S ‘
mIIi’tM»%_re-Burn Fuel: . T
. ) . . B / . 2N —
1. "No. of 2'x 47s: /. 5. Species: [ - -
“20 No. of'4 x 4's: 0 O 6. Moisture Content, % Ave.
T - o . (Dry Basis):. 2068 .
- 3. Total No. of Fuel Pieces: - - o~ )
o 2 | = 2 /)] 7. Length, In.: &/ “’3—7 ,

4. Weight, Lbs.: ' 2.8, O
Iv. Kindling Fuel: .
1. No. of 2 x 4's: - =l = Species: ’ 01 [:

2. No. of 4 x 4's: / 6. Moisture Content, % ave.

. (Dry Basis):. 2.0.
3. Total No. of Fuel Pieces: ;
P : . : 7. Length, In.-: /? /

4. Weight, Lbs.: - "l%; /




Date: (A“2£>’%?%'

Attention: Mike Cave

1

Subject: Analysis on one (1) wood fuel sample received E%4%~%? .

Item: Wood Fuel
Reference: %XOH"Ffﬁ CszSTDVH Staoes
Nedel s K-40D £S5,
I34- Y
Medimo Lo
REPORT:
Analysis:
Moisture, %, as received .......c.oe... (B.5
Moisture, %, dry basis ....ceeeeececns A2
Density, g/cm3, Ary basiS coeeeeencann C3J4q

Higher Heat of Combustion,
BTU/lb., dry basis

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

o __oor el

Report Number: 32159/

WO00D[FUEL

(om NTL STOVE Dt51<

£/
Og(/')o CI/IJ\V‘E//’-@S '/[7&



NORTHWEST TESTING LABORATORIVS, INC.
Woodstove Emissiop Testing

PAGE 3 - STOVE OPERATION LOG
* L ;] —~. -
Stove Mfg.: “/, - L4&~Jmu4 T{A%,Date é/"/ =
Stove Model: /”-¥Q§Cj = < Technician: [ (§:> ( Ln &4 ~~
Stove I.D. Number: /ED%[
- Run Number: Lf
OPERATION
24 Hr. Time
t I - » ~.
I} / [ /{ B N ( (* / A4
o9 4 Lr v[— <7‘ SIS o HaoA \liag /, 6’»/.1“'3@\!\ b s~
g S < >y
ﬂ' ‘:Dr./\r-‘\'(ﬂ\’\ {3 /QG £ C:‘J»I:)Q’(r\
]
08 . <o S;épu— O~ '
Ly o . ; /
2 4 £ ﬂc( # Eoe (Lot 2O [be
e ™

Qg ll J‘ O <[U.~ B \\‘_/"{e}}s i\f’(‘\ 4!::\ E'LJ\_
: A ‘ [ /s, &
O 9 /Y—J \SE?/\ fi‘“f b~ Cﬁ‘f“‘( (‘S & S k>/ /fa N B4 A
: R E )
&, ‘:}fr»\tj g?‘\ﬁbx h—"('t‘f*(’ "/"’”‘:"” ~ QM;‘M/\ ‘\.T’iEQQﬁ’t PR <

0717 Sa oL Eilgee o
09 <A {"T‘C)éf’“{‘Q. Eipee . - e T

(5777 " Sfalond Fro o ]
Uit — AL ). C /mwiF ( ;zf%\v/ée

! o /?(/ ~@a$\\‘ /@O ?cs m/::@(/\
,// | O F g-»&/_\(/ {\)Omd\

[l o C/o\ve‘/C @ CLVS'm - ENAG\HP //éaﬁﬁt—\
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Stove Model: K-4oaFS

stove I.D. No.: i

Run No.:

Date: (T ~TF

co, Co 02‘ so2
ANALYZER AUDIT: pRE ~'TCE><J- C«J : k(m:g o
ZERO GAS: O .0 O /U(/QL O.o
\
AUDIT GAS: S—Cg ‘ 3 STO| j Jﬁﬁ;l
DESIRED: WI C{" {"‘Q / / @é/l ;)\
T ,,. - ( -

- PERCENT DIFFERENCE: ° 2.0 5. o0 % 2\ V;(,ﬁ;

TIME (24 HOUR): ﬁ?f:&o 1 o970 ) G 3 - -

. NORTHWEST TESTING LABORATORIES,

Woodstove Emission Testing

Stove Mfg.:

INC.

s ]
/4 o -le (JA.-"‘«{T'?(M_ \Tuzmzfs

SIGNED: Q:ﬁ,évwv\

DATE:

Y-/3 _~" P




N

Stove MIg.: Marks Custan Stodcs
Stove Model: K-doo ES
Stove I.D. No.: 184
Run No.: Y
Date: H /13 ES
Co2 co 02 502
ANALYZER AUDIT: 128 il ey b o e
ZERO GAS: ' /
ERO G oo a0 \ / .4,
e s \
AUDIT GAS: sa . & 5 o \\ 34,0
DESIRED: s2 .9 S ol ﬁf\\ 34.2
7N
- PERCENT DIFFERENCE: SW-E7H .49, { Y e
LA § ' )
TIME (24 HOUR): 1320 -
SIGNED: “Mruclad Teim
DATE : N1y &y

NORTHWEST TESTING LABORATORIES,

Woodstove Emission Testing

INC.




N

NORTHWEST TESTING LABORATORIES, INC.

Woodstove Emission Testing

Stove Mfg.: Mavkg Custorm Staovec
Stove Model: K ~4da0 &5

Stove I.D. No:: -

Run No.: H

Date: d/13189

Co co SO
2 2
ANALYZER AUDIT: - -
CLU F W SN — -
ZE S
ZERO GAS o A o o .2
AUDIT G2AS : g9, 5 S o0 24 2L
DESIRED: S9 .4 S . ‘ a4 o
/
PERCENT DIFFERENCE: oL o 2% / b, 29
. . ff . -
TIME (24 HOUR): IS 20 =— —_— o
e U U . o= A R - - . ) ( h

SIGNED: ncbenl Coom

d/ =t ga

DATE:

T




NORTHWEST TESTING LABORATORIES, INC.
Woodstove Emission Testing

Stove MIfg.: MencKS Cunboem Stoves
Stove Model: K —HOo 5
Stove I.D. No.: 1y
Run No.: i
Date: NI ey
l
[ co,, co S0
Z 2
r
ANALYZER AUDIT: -
D360 minvic |owdk ————
ZERO GAS: A o o 5 o
3. D0 =)
AUDIT GAS: Sq\:‘:} .00 3‘.{ -
DESIRED: 59 9 < al // 2y =
PERCENT DIFFERENCE- 3.0 e;' & .ay // o. L1
TIME (24 HOUR): 2o —

SIGNED: =rucheud GCewxe
DATE: NYRE YA




NORTHWEST TESTING LABORATORIES, INC.
Woodstove Emission Testing

Stove Mfg.: MovKs Custon Stooes
Stove Model: K= uoo FS
Stove I.D. No.: L B
Run No.: Y
Date: H113 1 ]
c02 Co 02 809
ANALYZER AUDIT:
HRD muinmule ok b~ )
ZERO GAS: \\
2.0 s.o \\ // Q.32
) 4
AUDIT GAS: ‘o o 5 .ot \\/ 2y =
LY 13
\
A\
ED: N
DESIRE s$2.9 S.e / ' CL -1
PERCENT DIFFERENCE: 5.2 9 5:0% ) ~‘!fi N LSS
TIME (24 HOUR): -
E (24 HOUR): 19:00 — —r

SIGNED: Trucleond Cen

DATE: 4dNh3ligq
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. SAMPLE EXTRACZTION DATA

Stove Mfg.: ™MavHs Qustom Sooas  Test: )
—~ Stove Model: K- H00Fsg Test Cycle: ™muca {High
Date: S/ a4 Stove I.D. No.: |5

Technician: M Cave

Vy
o CONDENSED WATER VOLUME, GMS '
Moairied Temp. | Standara lmp | Modifieqd dairiea Imp. 200
100 ml H20 100 ml Hz Imp. Dry Gms Silica Gel
) Gross Weight L9l .3 Gia.s S 1733 .3
Initial Weight 5656 LOT. G 489 © 28 .0
Net Weight e 4.9 0. £.3
TOTAL gL.0 GMs
4 20%
o \O'OD 0""0( *
W v PARTICULATE CATCH, GMS
: OVEN FPILTER(S) | TRATN FILTER(S)
Gross Weight &34 : 18420 L
/_\lnitial weight | 3394 | . . - 8 g4
"Net Weight O 053] - - ” T 0. 0256 TOTZ
TOTAL (.]009 aMs == . ST
o ‘ Front - -Rear ] S IR -
—— Catch Probe Catch Impingers DCM = |- g20 - L
oBemkememio | sivengm e | vset e b osomit | Sudan eipd -
Gross, weight® |=1184.d Lo 100. 5800 | 102.205] | (0]. 3905
.”.'In'itial Weight [10&: -4 147 —-- oo, degt 1032, 2097 iol 4o ¥
Net: Weignt = 0. 0HHO- 1 o9 0.0952 ~0. 0437
- Evaporation 0000, 8.00 b __0.0009 0.00249
_Residue Weight'| ~— 0. o433y’ 0. 103 0.0943 0.040% | rotz
-G, 8277 0. 1325

:TQTAL 0.2%88 GMs TTII sz

]

Pardticolode

T

3389.7 MG
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METHOD SH FLOW RATE (STACK) CALCULATIONS
(Put general info in col B, data info in col H.)

Lab name: NORTHWEST TESTING LABS, INC. Yhc 1=cat ,2=ncat - 1
Stv manu: MARKS CUSTOM STOVES We (if supplied)
Model no: K—-400 FREESTANDING Burn rate ( kg/hr): 2.34
Tst Date: APRIL 14, 1989 Run Number : 5
run time oz Coz CO Fo Stack Gas Flow Rate
(min) (%) %) (%) (1.-1.12) (dscfth) (dscfm) (dsm3/hr)
0 5.60 14 .40 0.08 1.06 517 .61 8.63 14 .67
10 8.10 2.00 0.05 1.046
20 10.40 g.%0 0.03 1.06
30 10.70 2 .60 0.02 1.046
40 10.30 10.00 0.03 1.06
50 2.10 17 .30 0.90 1.046
&0 0.30 17 .50 3.10 1.07
70 0.10 17 .30 4 .85 “1.05
80 .10 17.10 5.460 1.04
%0 0.50 17 .60 2.75 1.07
100 0.50 17.80 2 .60 1.04
110 U.é60 i7 .20 2.25 1.06
120 1.10 17.10 2.45 1.07
130 2.10 16 .40 1.95 1.07
140 3.60 14.10 0.40 1.06
150 & .00 14 .00 0.02 1.06
140 &.70 12.40 g.02 i1.0s8
170 7 .60 12.50 0.01 1.06
180 8.20 12.00 0.01 1.04
1320 8.20 12.00 0.01 1.06
200 7 .90 12.30 0.01 1.06
210 8.70 11.50 0.02 1.06
220 G .20 11.00 0.01 1.06



Method 5H Proportionality Rate and Sample Uolume Calculation
(put general info in col. Cs; Pb,Y,& unit info in col. G)

e A AR

Lab name:
Stv manu:
Model no:

Tct

date:

Run no =

NORTHWEST TESTING LAB., INC. Units i=metric,

MARKS CUSTOM STOVES Z=Englsh: 2.0

K—400 FREESTANDING Y, DGM: 0.971

APRIL 14, 19409 Me (mm,in. lig}: 29.9
5.0

NOTE: Input raw data below, use F$ for CALC.

run
time
(min)

0

10

20

30

40

30

60

70

80

20
100
110
120
130
140
150
160
170
1280
170
200
210

tracer DGM DGM DGM dH dDGM
Conc rdg temp (mm H20) vol std
(ppm,%) (m3,Tt3) (C,F) (in.H20) (m3,ft3
330.0 564.9461 66 0.013
345.0 564.080 68 0.011 1.090
300.0 5467.070 68 0.015 0.9461
292.0 5468.210 &9 0.01¢ 1.107
285.0 5469.350 70 0.017 1.104
292.0 570.520 70 0.016 1.131
277 .0 571 .46460 6F g.018 1.102
242.0 572 .910 70 0.020 1.211
247 .0 574.170 70 0.023 1.218
240.0 575.550 70 0.024 1.334
255.0 577.000 70 0.021 1.402
270.0 578.300 69 0.019 1.257
255.0 579 _.540 70 0.021 1.221
277 .0 580.850 71 0g.018 1.247
285.0 582.040 71 0.017 1.149
285.0 583.150 73 0.017 1.071
330.0 584.270 72 g.012 1.077
315.0 585.300 73 0.014 0.992
315.0 584.400 74 0.013 1.058
315.0 587 .500 75 0.013 1.054%
315.0 588.520 75 0.014 0.977
Z85.0 589.4650 75 0.017 1.082

(%)

110.3
101 .6
101.7
38.8
78.8
98.7
102.8
G7.8
101.0
103.1
98.3
101.0
F7.5
7.5
23.6
4.1
100.4
102.1
101.9
74 .3
104.5
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L-21 -9

Date:
Attention: Mike Cave
X
Subject:
Ttem: Wood Fuel

Reference:

Analysis on one (1) wood fuel sample received f%—/VLQQ .

Mores Cusrom  Shues

Jodes

Ao A5

/245

~

REPORT:

Analzsis:

Moisture, %, as received .

Moisture, %, dry basis

. s =

Density, g/cm3, dry basis
Higher Heat of Combustion,
BTU/1b., dry basis

.....

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

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

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

...........

S2/59/

Report ‘Number:

00D [FUEL
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NORTHWEST TESTING LABORATORIES INC.
Woodstove Emission Testing

PAGE 3 - STOVE OPERATION LOG

/s
Stove Mfgqg.: /70’4~£ /r/ S T SW{DUC.Date cf —/C,r —?’)
Stove Model: ¥ "’(«LOO FS Technician: (TE\%M,,M
Stove I.D. Number: / C Y
- Run Number: \S
OPERATION

24 Hr., Time
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NORTHWEST TESTING LABORATORIES, INC.

Woodstove Emission Testing

/(M((S @\Tv/vu—k S-VLOUEQ

Stove Mfg.:
Stove Model: K-Hoo F<
Stove I.D. No.: /ey
Run No.: N
Date: “ -1y~ 29
co, co 02 SO2
ANALYZER AUDIT: £ E-Tlegd Collbption.
ZERO GAS: o .0 5. /’u},é/ O.
| N
AUDIT GAS: (C}? QrOf ) 079{02
DESIRED: W 9 C)’-A(I (f/ \’fg/: 0/}\
\ _
PERCENT DIFFERENCE: A .S P '
.02 ] N O.02,
[ = Y
TIME (24 HOUR): /0.‘3 o /030 (0. TJ6.

—_—
SIGNED: : 5 : %m

DATE:

S~ -29
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SAMPLE EXTRACTION DATA

Yy , -

Stove Mfg.: /17/%‘/\5;@:{9‘; S-v[z;)uc“_g Test: é,,

,—~ Stove Model: K -400 F\\: Test Cycle: ,/(’,/C*:g.(l /fw/\,'@c

Date: £7( —( /- ?% S*L:ove I.D. No.: / Eéz[ -

Technician: f——(\ ('—ZL[ U~

Vv

CONDENSED WATER VOLUME, GMS
Moairiea Temp. | Standara lmp | Moaified oairied Imp. 20
100 ml H20 100 ml Hz Imp. Dry Gms Silica Gel

Gross Weight 67%3‘ 6/0.8 L/(0</§ 138 &

Initial Weight (_?é{i' éCéO SLT Y 73?, /

Net Weight 91.% 4.% gl S

TOTAL (03,0 GMS

W - 916 PARTICULATE CATCE, GMS oY w/I¥ o800

: OVEN FILTER(S) 1 TRAEIN FILTER(S)
Gross Weight 7864 : ,JCHS
" Initial weight |. AY£9| - - - - 7L 08
/Net Weight 6:6295] - - - - | pic0HD ' TOTE
TOTAL - 0.0 335aM5 "= -
o ----'-—-—-"*-'—-'*"——" Froﬁt -Rear - o e -

—— _# 3 ' Catch Probe Catch Impingers DCM - =~ - H20 - .
T ééaker:': ml_ BERr ?»;5“11‘7 S - - 1§O = ——— =150 - | qp0+ TS T
:»?é;c;ss',;'Wei.gh'.t“— T CFCZ_ "3.-7-0“7/‘— 100. 659 B 02,7 1 bS | 100, 2029
.- Initial Weight | ~F9: 3¢ F-- 100.g10Y [02.¢7231 100./8583
“Net.weight | iz 0. 0207 00481 | 0.0443l .o, 0ss5e
'?%:E.;eré;noration S OT000T .00y 0.0009 0 0030
| Residue Weight'| - 0:0266 |- o o 473 0.0433 | _0.022¢ | mom
"_::TO'I‘AI; 0,149 eMs STz s 0.0783 0. 077359

fzt;b-{‘o-( Qar+'lcul&:‘~(i: 0. 1%17 j

e = %27 g
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METHOD SH FLOW RATE (STACK) CALCULATIONS

e (Put general info in col B, data info in col H.)
~_.ab name: NORTHWEST TESTING LABS, INC. th I=cat ,2=ncat : 1
Stv manu: MARKS CUSTOM STOVES c (if supplied)
Model no: K-400 FREESTANDING Burn rate (kg/hr) 1.39
Tst Date: APRIL 17, 1989 Run Number 6
run time 0z coz Co. Fo Stack Gas Flow Rate
(min) (%) (%) (%) (1.-1.12) (dscfh) (dscfm) (dsm3/hr)
0 7 .90 12.30 0.01 1.04 357.28 5.95 10.13
i0 11.10 ?.30 0.01 1.05
20 2.50 10.80 0.01 1.04
30 7 .90 12.30 0.02 1,06
4Q 6 .80 13.30 0.04 1.06
50 7 .50 12.60 0.03 1.06
60 4.80 13.30 0.04 1.06
70 5.20 14 .80 0.04 1.064
80 3.40 14,60 Q.04 1.04
20 5.00 15.00 0.05 1.06
100 5.20 14.80 0.04 1.06
110 5.40 14 .60 0.04 1.06
120 2.70 16.90 0.50 1.06
130 3.00 16.80 0.25 1.06
140 2.60 146.40 1.50 1.06
150 .70 16 .80 4,00 1.07
160 1.40 17.10 2.15 1.07
— 170 2.40 17.30  0.35 1.06
' 180 2.40 17.30 0.35 1.06
190 2.70 17 .00 0.30 1.06
200 3.70 16.10 0.13 1.06
210 5.40 14,60 .02 1.06
220 5.90 14.10 0.02 1.06&
230 46.60 13.50 0.02 1.046
240 %.00 11.30 g.02 1.05
250 10.00 10.30 0.01 1.06
260 10.20 10.10 0.01 1.06
270 10.30 10.00 0.01 1.04
280. . 10.460 .. @.80 0.01 - 1.05 -~
290 11.00 9 .40 0.01 1.05
300 11.80 8.40 0.01 1.04
310 - 11.80 B.40 0.01 = ==pQ4
320 12.10 8.30 0.01 1.06
330 10.40 7.90 Q.01 1.06
340 9.90 10.40 0.01 1.06
350 2.20 11.00 0.01 1.046
340 .40 10.90 0.01 1.05
370 2.20 11.00 0.01 1.06
375 2.20 11.00 0.01 1.06



Method 5H Proportionality Rate and Sample Volume Calculation

Lab name:
Stv manu:
Model no:
Tst date:

Run no

100
110
120
130
140
150
160
170
180
190
200
210
220

- 230 |
240

250
260
270
280
290
300
310
320
330
340
350
360
370

(put general

info in col. C; Pb,Y.,& unit

info in col. G)

NORTHWEST TESTING LAB., IRNC. Units 1=metric,

MARKS CUSTOM STOVES Z=Englsh: 2.0

K—400 FREESTANDING Y, DGM: 0.971

APRIL 17, 1989 Pb (mm,in. Hgj: 29.9

4.0 ’ .

NOTE: Input raw data below, use F9 for CaLC.

tracer DEM DGM DGM dH dDGM PR
conc rdg temp (mm H20) wvol std
(ppm,%) (m3,ft3) (C,F) (in.H20) (m3,ft3) (%)
360.0 5v0.201 68 0.010
375.0 591 .850 71 0.010 0.922 102 .1
330.0 592.790 73 u.012 0.908 104 .7
307 .0 593.780 75 0.014 0.953 Y& .7
307.0 594.870 75 0.014 1.045 98.7
285.0 595.950 74 0.017 1.035 97 .8
2285.0 597 .100 72 n.niz 1.1n5 6.8
300.0 598.270 71 0.015 1.128 ¢8.%
307.0 599.3%0 73 0.015 1.082 7.8
300.0 600.510 71 0.Q015 1.078 101.8
292.0 601.630 71 0.014 1.082 9.8
300.0 402.770 71 3.015 1.101 9R.%
315.0 403.210 72 0.014 1.101 101 .8
300.0 604.980 72 0.015 1.032 9.9
322.0 6046.090 72 0.013 1.070 @8.7
307 .0 407.120 72 0.015 0.993 8.3
322.0 &08.220 72 0.013 1.061 100.1
322.0 409.250 73 0.013 0.%993 ?8.3
330.0 410.28C 74 0.013 0.9% 8.2
337.0 611.310 74 0.012 0.989 100 .4
330.0 612.250 73 0.013 0.903 23.6
337.0 6413.280 74 0.012 0.291 100.6
337 .0 414.240 74 0.012 0.922 25.4
| 345.0 615.180 74 0.011  0.903  93.6

352.0 6146.110 75 0.011 0.8%93 F4.8
375.0 617.030 74 0.010 0.882 ?5.5
367 .0 417 .920 74 0.010 0.855 g8.6
382.0 418.820 73 0.00% 0.844 @7 .6
375.0 4192.4690 73 0.010 0.837 98 .4
320.0 620.4620 73 - 0.009 0.895 103.2
405.0 421.520 72 0.008 0.8446 103.9
405.0 422.370 72 0.008 0.820 102 .1
420.0 623.230 71 0.008 0.829 103.3
420.0 4624.070 71 0.008 0.811 104 .8
420.0 4624.920 71 0.008 0.821 106.1
420.0 625.7460 71 0.008 0.811 104 .8
420.0 6246 .4600 71 0.008 0.811 104.8
420.0 4627 .440 70 0.008 c.811 104 .8
420.0 627 .861 70 0.008 0.407 105.3
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NORTBWEST TESTING LABORATORTDS INC.
Woodstove Emission Testing

PAGE 2 - FUEL DaTa

2 Stove Manufacturer: /4m - c_':f,‘;-cfbk&{,ﬂcgun Number: é
Stove Model: Koo =< Expected Burn Rate: ZIP
‘Stove I.D. Numper: el od Calculated Charge Wf_“—i;f§r—°%
Technician: T e o Coal Bed Wt. Lbs.: g —

HBEV Sample: Yes X ng
(Saw Dust Catch T Block)

-

I. Fuel Moisture Content, % (Dry Basis):

1. /9.2 /9,,&//7\ e _ 19,979, Q~/QQ 21.
2. /o9& /5 2 9 H 12, /18.0°79.7 ‘/7—7 2.

3. /9.27/5. 4 /3.0 13, 7 23.
4. ) 9. % A/ < 2o % 14. 24, :
5. Zo 32097 (9.4 15. 25. | —
6. 19 27 1% 2 13, 2 16. 26. /3.5 20, 7 ig&
. 19 TS 7 Ts sy 17 ' 27. “75P 26,3773
8. 19.2779.2779 3 18. ' 28. 29, % 2y7T v
S. 1.7 /5 P79, s 2s. e N R A
0. /8.2 /9.2 7%.5  20. 30. Thd o v ag
e > - v S/
" II. Test Fuel:
1. No. of 2 x 4's: = 5. Species: oL F
77 . 2. No. of 4 x 47 g: é—ﬂ 6. Moisture Content, % Ave,.
- : (Dry Basis): 22 8 A
3. Total No. of JFu el Pieces: I/
) :—# 2,{_; -—h’; F= e 7. Length, In.: f
4. Weight, Lbs.: 0 .Y '
Ifi_.___vP}e-Blz;; Fuel' ' - e
1. "No. of 2 x 47s: //22\ >. Species: KD(F: -
"2;'”N0- of 4 x 4’5' - ”f§;4. 6. Moisture Content, % Ave-
3. 1 : ; (Dry Basis):. ‘L/
- Total No pue Plece 7/
;ﬁ. /;L» 7. Length, In.: ;21 *75?2:7
4. Welght, Lbs.: 9\5; é: .
v, Kindling Fuel:
1. No. of 2 x 4's: - S ‘5. Species: ' é?,;;
2. No. of 4 x 4'g: | AﬁL 6. Moisture Content, % Ave,
A —= (Dry Basis): 2005
3. Total No. of Fuel Pieces: '
—~ ' o . 7. Length, In.-: [ 577

4. Weight, Lbs.: 4#“ L%



t : 9, ﬂ,
Date: “}“ 1%‘ /<

VR
Attention: Mike Cave
X
Subject: Analysis on one (1) wood fuel sample received =17
Item: Wood Fuel
Reference: fﬂdd<q (:Mc+0kw £+0V€£
K -ypo EES
7 u- G
Med . st
~
REPORT:
Apnalysis:
Moisture, %, as received .......c.vu.. (5.6
/hj Moisture, %, dry basis .......... ... \8-£T
Density, g/cm3, dry basis ...eiececans O. 43
Higher Heat of Combustion, _
BTU/1lb., Ary basis ....eeeecenaann. AR

Report Number: 22159

WO0D [FUEL

~ (ON NTL STONE DlSK

0800 Cl’\@m,‘ca ého
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NORTHWEST TESTING LABORATORIES, INC.
Woodstove Emission Testing

PAGE 3 - sTovE OPERATION LOG
Stove Mfg. ZM\C< L,(,JCL (/x,_[)ate é/~ /7 C’? Ve
L
Stove Model: Z “L/ﬂf,’) F < Technician: —7\ (»\2 /(u,-_e'/-\
Stove I.D. Number; / ?’%;
Run Number: é;
OPERATION
24 Hr., Time
- | /o) SNV h& B 7 [
O%:S—O Z—f"(‘ éfftf’//ﬂs C‘bd’ /\/H‘.»N’.,f{u-‘c,, {L/(‘mxi /&4 OHf\
= g | 7. 1
) ? /llf\ ﬂ(’) g;w r&,

a9 A e JU00
i“;%.gﬂ'%\" S/n«\L Lmov\ St }Ju~€%
/O] (cn[' ./Of(w (ou‘(’(/\a(‘t Szé/f’mmuzx

SO 2o CFACU/’“L ( (/“ e -—-Q{,ﬁ_’i'l\(/\ Qjﬁ:‘iﬂ@((u s S
[6. X7 SS‘{CD L: C%;( %:;'v\{?' Y

I AN S e N A o=

[ 2 Al 2 ek /g—‘éﬁ?f‘: /’/;;{E’/é 28 Yhs -

[, . ™~ ;o ) g /

[l T2 (g.-[/uf}-?ﬁ [Jo@zr =[O - OL" S. ?ﬁ

[l SPVL /v/[/w wuﬂtv\c/g --5'—//5 LTSNy /QM//\JJQ‘-

—
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NORTHWEST TESTING LABORATORIES,

Woodstove Emission Testing

Stove Mfg.:

INC.

L e )
f( a¢riC.S S AS Tooca, g};oc:q

Stove Model: =Yoo FX
Stove I.D. No.: | TF
Run No.: Q
Date: H =7 -&9
co Cco
, o, so,
ANALYZER AUDIT: PRE ~Tegh Celibrodiod
ZERO GAS: NG Q.0 U/é-/ c.0
AUDIT GAS: 2.9 | !
§ 7.9 S of T4
DESIRED: 5 9. 7 S, of / J4. .2
PERCENT DIFFERENCE: O.0Z 05 \k/ 0.0
. ¢ £ N - ¢ -
TIME (24 vHOAUR);, o | oD | iNeIgN

ﬁ'\m
SIGNED: m’?‘ ,Véz,u\‘

DATE:

Y=/ 7-899
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NORTHWEST TESTING LABORATORIES,
Woodstove Emission Testing

INC.

Stove Mfg.:

/L{QJIJC»R CQASJ;aN E;éﬂuqs

Stove Model: E£-oo FS
Stove I.D. No.: /e ¥
Run No.: &
Date: of ~fD =¥
co, co o, s0,
ANALYZER AUDIT: / 2
ZERO GAS: o O OO /U/;é 0,
AUDIT GAS: 6:73‘? :;—be \ :Tif g}
DESIRED: /
' <79 S ol / I 2

PERCENT DIFFERENCE: DO Qﬁ? SO 20 \{ p 32 3

cooTTmes o7 . b
TIME (24 BOUR): | /T ITO | (d.3O 1 /(T IJO

N\ n—$“”:

9-/7- 89

SIGNED:

DATE:




NORTHWEST TESTING LABORATORIES, INC.
Woodstove Emission Testing

Stove Mfg.: ﬁ@r—L& G&sxﬁow\ Sheves

Stove Model: K Yoo £5
Sstove I.D. No.: =
Run No.:
Date: Y -/7-589
CO2 CO 02 502
ANALYZER AUDIT: 2 C/ o)
ZERO GAS: 5.0 0.0 /L/}r/-{i o
e ~
AUDIT GAS: 59 c/w SO K 2. YY
\
DESIRED: \.,f,::?,c,; CO ( /} ZL[L, Or}\
PERCENT DIFFERENCE: O.02 | 0,05 ( 1.0%
= ¢ \/ »
TIME (24 HOﬁR): /(fzo /6— ?O ) /5'-3-0
SIGNED: \’f‘s)////
DATE: ~ 79
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Stove Mfg.:

SAMPLE EXTRACTION DATA

Morks  Cu-dom Stpues Test:

~

Stove I.

—~S8tove Model: v-Uoo F<S

CDate: Y- 1% -8
Technician: O wwv'salscr\
Vy

Test Cycle:

D. No.:

Hich
v

I8 Y

CONDENSED WATER VOLUME, GMS

TOTAL 0. 105 Y aMs o

<}Et2+OJ‘ QKW4\CLLM£¥C

1]

i

0. 18§

>3

Moairiea Temp. | Standarg imp | Modifiea Modified Imp. 2001
100 ml H20 100 ml Hz Imp. Dry Cms Silica Gel
s pJ
Gross Weight (/:\;;1 f & 4 Ogg L/ 77 7 75‘/(? é,
Initial Weight 5634 £07.5 4g7.3 12%.2
'Net Weight ST 2 1.7 0.0 q.d
TOTAL L. aMs
W PARTICULATE CATCH, GMS
OVEN FILTER(S) TRAIN FILTER(S)
Gross Weight , B4, 1840
aitial Weight |, 769 | - - 1168
‘Net Weight o ey~~~ — T 0,00t TOTE
TOTAL 0,0499 @5 - - 3
T :
' Front - -Rear . {n-u—.";,

_ N . Catch Probe Catch Impingers DCM -~ -|- H20 L
e T R e R0 s
" Gross, Weight” |z G5 U p9- 01 4671 | 96,0613 | 04 64799

“Initial Weight | -3 4 24T |0 Y279 . 0741 /ot o5

:Neﬂwaamil =0, 2256 0.6431. 0. 0252 0.0 6Y

'-;E'x}éboration -~ g0 06Y 0.00 1} 0.0009 0.002¢

__:Resid*ue Weight'| ~~-G.0252] 0. 04| . 0.0243 | 0, 013% _TOTZ
000673 0.03%|
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VR METHOD 5H FLOW RATE (STACK) CALCUQAIIUNS' .
(Put general info in col B, data 1nTo In cal H.)

Lab name: NORTHWEST TESTING LABS, INC. Yhc 1=cat ,Z=ncat : 1
Sty manu: MARKS CUSTOM STOVES We (if supplied)
Model no: K—-400 FREESTANDING Burn rate (kg/hr ): 4 .73
Tst Date: APRIL 18, 1987 Run Number : 7
run time 02 coz co Fo Stack Gas Flow Rate
(min ) (%) (%) (%) (1.-1.12) (dscfh) (dscfm) (dsm3/hr)
0 3.%0 15.80 0.45 1.06 1028.27 17.14 29.15
10 2.10 16.40 2.35 1.07
20 3.00 14 .50 .62 1.06
30 - 2.80 146.50 1.00 1.06
40 1.63 17 .40 1.40 1.06
50 1.62 17.50 1.20 1.06
60 4.10 15.80 0.20 1.06
70 5.20 14.8 0.10 1.04
80 4 .80 15.10 0.08 1.06
20 6.04 14 .00 0.03 1.06
100 g .35 10.90 0.04 1.64
110 10.14 10.1Q0 0.04 1.048
N



Method 5H Proportionality Rate and Sample Volume Calculation
(put general info 1n coi. C; Pb,Y.& unit info in col. G)

Lab name:
Stv manu:
Model no:

1

st date:

Run no :

NORTHWEST TESTING L AZ., INC. Units l=metric,

MARKS CUSTOM STOVES 2=Englsh: 2.0
K—400 FREESTANDING : Y, DGM: 0.%71
APRIL 18, 1¥8Y Ph (mm,in. Hg): 30.0
7.0 :
NOTE: Input raw data below, use F9 for CALC.
tracer 0OGEM DGEM DGM dH dDGM PR
conc rdg temp (mm H20) vol std
(ppm,%) (m3,ft3) (C,F) (in.H20) (m3,ft2) (%)
187.0 627.913 75 0.023
172.0 629400 76 G.028 1.427 103.7
180.0 631.000 76 0.025 1.532 102 .4
165.0 &32.48Q 76 0.030 1.417 ¢7.1
157.0 634 .090 74 0.034 1.542 28.9
165.0 635.800 76 0.031 1.438 Q.9
157.0 637.430 75 0.034 1.561 100.1
157 .0 &52.140 75 0.034 1.641 100.1
157.0 &4C.82 74 C.033 1.612 78.3
157 .0 642 430 75 0.033 1.605 7.9
157 .0 644,190 74 0.033 1.4631 2¢.5
157 .0 445.895 74 0.033 1.463% 100.0

/_\
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NORTHWEST TESTING LABORATORIES, INC.
Woodstove Emission Testing

g tove Manufacturer:

PAGE 2 - FUEL DATaA

/chw’{/ < (2

f‘"&/&/—&&&un Number:

Stove Mcdel:

K400 Fx

Expected Burn Rate:

=T

‘Stove I.D. Number: _ , Jerer Calculated Charge Wt = TS
Technician: I Vet tho & — Coal Bed Wt. Lbs. - -
HHV Sample: Yes ) No
(Saw Dust Catch I BIock)
I. -Fuel Moisture Content, % (Dry Basis):
- 12292192 1. 5.2 5% F 208 21.
2o 19l 19 P92 120 TS o e e 550 -
3. _19.2"19 2779, % 3. /97775 7 /5% 23. —
4. )94 21 2 V4. 19 T G5 S 2o 24.
5. _22 . %0,8 9n V5. 27 & Z { 25.
5. ENRD {C}»lf? /ﬁ 16. = ._<"'”,_:3’Q) 22T 26, ;3.‘701% ;ZW
7. _19. 37T TS ¥ 7. 25 _Bo maT 27. < 3. 1/206.5 359
8. 9.2 o5 /9. % 18, w77 Ao = 28. _JY AT XI5
8. _2) 192733 19. 7 R B Ay
10. _Jo'2d 7575 £, § 20. 30 _J9 07 2SS 7
Y / / / .
II. Test Fuel:
1. No. of 2 x 4's: Lo 5. Species: Q, [:‘
™ 2. No. of 4 x 4's: . 6. Moisture Content, % Ave.
‘ . . : (Pry Basis): X2 Y4 X
3. Total No. of Fuel Pieces: /7
: = 2L = *= IO 7. Length, In.- 2.0
4. Weilght, Lbs.: 923, \#
III. DPre-Burn Puel: ——
) - 7N
1. ‘No. of 2'x 4's: | 2 5. Species: b
2. Nou of 4% 4vs: st 6. Moisture Content, s Ave.
- u ‘ . (Dry Basis):. 2O 7
3. Total No. of Fuel Pieces: B - 2 )
| =7 7. Length, In.i Q"= 5
4. Weight, Lbs.: : 13« C? ' '
- | 220, X
IV. [Kindling Fuel: ‘
1. No. of 2 x 4'=: ' -é,~ "5. Species: D/F
..
2. No. of 4 x 4'g: f /’:CL €. Moisture Content, % Ave.
: T (Dry Basis): LS. 0 2
3. Totzl No. of Fuel Pieces: y s
: - 7. Length, 1In.: /é
4. Weight, Lbs.:

7.9



Date: g-2J0-C9

o7

“/\
attention: Mike Cave
Al
Subject: Analysis on one (1) wood fuel sample received L =17
Item: Wood Fuel
Reference: M vk s Owctlom Stove g
k. —uoo £ §
[g4- 7
Hl‘a‘n
<
REPORT:
Analysis:
Moisture, %, as received ......ccccs.. L8 .o
N . - .
S Moisture, %, dry basis ......cccivn.n < 1.9
Density, g/cm3, dry basis .c..eeeeiaa.. 0.8 ]
Higher Heat of Combustion, -
BTU/1b., Ary basis ..eeeeeniieenanns & 41
[Fh 4y I
T e . Kaberr (A Tavd=eilo

Report Number: 32/ 591

WO0D/FUEL

—~ (ON NTL S STONE DISK)

Al
Deoo chn arg es 10



NORTEWEST TESTING LABORATORIET ; INC.

Woodstove Emission Testing

PAGE 2 - FUEL DATa

.

Voo

!
Stove Manufacturer: /‘v/{ﬁ",z«_r_

—y StascsRun Number:

Stove Model: (L -%0o £3

‘Stove I.D. Number: J Y

N . — p—
Technician: S b er -

Fuel Moisture Content,

Expected Burn Rate:

Nl

7

Cok, /:/-:(,

Calculated Charge wt, : 24,8 7
Coal Bed W-. Lbs.: <4, &
HEV Sample: Yes X No

(Saw Dust Catch T Block)

I. % (Dry Basis):
.25 /9.2 29 1. 293 23, 2, 21,
2e Qg Q) e 3 12, 2/0 230 22, » 22.
3. /g 720: 3 20,3 13. 22,0 228 22,5 23.
4o 220 A3 T2 Ve L), e 224 24.
5. 228 272 92 4 5. 20, )¢ 2h s 25,
b.20¢ I35 22, 16. 26.
7. 271 A3 2as 17, 27. T AT o
8- cl,;?;@ r;Zb?rD &./,0 18. 28' i(}\\“"— /gg/s,lofl
. RLhbo  2)p  2)5 19. 2. __FL 9.0 255
10. ZhE - DATp - 93, 20. 30. L0, < ,ql:(s /9/?
_ 7 7 )
II. Test Fuel:
' : | o~ -
1. No. of 2 x 4{s: - 5. Species: K)‘F;
™ 2. No. of 4 x 47g- 4% 6. Moisture Content, & ave.
- - (Dry Basis): R, 29
3. Total No. of Fuel Pieces: 77
H 2T -7 AT 7. Length, In.: 2]
4. Weight, Lbs.: ;251.7
iif:““ggg:éurn Fuel: - T T
1. 'No. of 2'x 4's: /O 5. Species: D) =
"2, ' Ne. 0f 4 x 4's: e 6. Moisture Content, % ave
. ; : fl . (Dry Basis):. 2/,7%
3. Total No.,K of Fue Pieces: : . - 1/ _ o~/
| = = 7. Length, In.: 2/ *flz =) /o
4. Weight, Lbs.: ";2:3, 6L .
- . o ‘ /gui
IV. Kindling Fuel-:
1. No.npﬁ 2 x 47s: —fgL' '5. Species: {DeF;
2. No. of 4 x 4's: J 6. Moisture Content, % Ave.
. — (Dry Basis): RO, o0 2
3. Totzl No. of Fuel Pieces: ' b S
~ : . 7. Length, In.: «1T7'
‘ 4. Weight, Lbs.: & .o
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NORTHWEST TESTING LABORATORIES, INC.
Woodstove Emission Testing

PAGE 3 - sToOVE OPERATION LOG

Stove Mfg.: fﬂﬁﬁﬁ‘kﬂ? (7;f4§$_ e s Date: C%'~/E>' gj /
Stove Model: K-/~ F 5 Technician: FT"{X\;{/(UA_E‘_AN
Stove I.D. Number: /?%{
Run Number: h?'
| OPERATION
24 Hr. Time
0. S & 'L//f \/"" :f{ C/ /Z’DS ai\’: (/./f‘u\cﬁ. { fias ‘ Oom e /é/fa;f\
> v >
e Co(/\:\;LLFO S oDt A ef/o\f:.@ AS o
R el e TN SO et
10 1 é;‘fgtké* LA D
[] b /6(J14\3r£ = (’Dr/‘co -U>a ™A
/o< C.)/;LJE#‘ Mtgf . = £C22\¢§ )
/e T"i/‘a “’é‘f’f‘g/ /(;{?\C = /\\(JJ FA J/ CosNina.S

VIR Mo(fla«é L. 3 h o&—"’*’d\a':g_‘:‘.

o7  Ahdel < gles
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Lo/ hAhE | S EoS | 330 /oL [&F (120 oL oOe 7 | S T
JoL S Reb | AL 1T &0 P77 SLThY L L S [OL L)
NI A e/ JeE | [Th @bl L 7L [7C 157991858 Xl o7l 139 Y1
yOY Py = SIS I0 | [ OIS [BOR LI ST (D 6L | S0l [0F 2]
SOL/ LLL [ BT | ERE&[OOX [ L7 AYT |0Lo/ OF oo/ |53 ]/
(LA |-S707 L9 L2 | OLL (AAF1 A2 659 Gl SN &y
. FLT] IS0/ | /A8 [ T4 [NV 7771 535|350/ (L QXU 137 &
L9 (P SLCE 1T H L | Ao [ TLC|D/9 028 ey 44 XA oA 8
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/’NORTHWEST TESTING LABORATORIES, INC.

Woodstove Emission Testing

Stove MIfg.:

//D’/@ f“\c 3 (c\ﬁ ﬂlﬂbg_, S‘qﬂﬂwﬁ‘
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Stove Model: K -4os =<

Stove I.D. No.: [ &4 -7
Run No.: —/
Date: S —/F- 3G

co, co o, 50,
ANALYZER AUDIT: FR E"—%C@C Ca—(«{bméréo««
ZERO GAS: S O oS0 /9/&4 0.0
AUDIT GAS: 3,9 S oot \) J¢. 2
DESIRED: 9.9 STo¢ / JYE, 2
PERCENT DIFFERENCE: ] fo ,; g"o% o \&/_ oNs,
T o RO (200 | /2:00 | /200
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