















































































































































































































































6.2.4

442837

6:205

6.2.6

ACE

6.3.1

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

Test ¥or Consistent Relationship

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

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

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

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

Test For Eguivalence

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

Verification Testing

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

A

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

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

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

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

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

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

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

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

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

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

Pr = Injection gas pressure (inches Hg)

* =z

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

measurements during the test peried.

a) The carbon, hydrogen and oxygen balance method for
volumetric flow rates is based cn the following basie

AA2837 - 18 -
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tombustion équation and will be determined and reported
for every five minute interval.

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

b)

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

Where & = Dry weight of fuel burned (lbs)

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

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

Moles Op supplied per mole of stack gas

Mole fraction of CQOs in stack gas

Mole fracticn of CO in stack gas

Mole fraction of Oz in atack gas

Mole fraction of N» in stack gas

Mole fraction of Ho0 in stack gas

Mole fraction of unburned hydrocarbon in

stack gas (as CHy)}.

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

Tsg = Total moles of stack gas (dry)

13

¥
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Mass balance equations for the combustion of & lbs of

- wood are as follows:

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

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

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

Nitrogen: 3.785 {a) = h 6.4.1.e

Stack gas total as measured by combustion gas analyzers:

t2(d+ e+ g+ h) 6.4.1.°

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

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

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

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

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

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

EFFICIENCY NG AND CALC

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

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

a) Combustion Efficiency

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

AA2837 - 20 -



Combustion Efficiency = Thi = Cle ({x 10Q) 6.5.2.a
Thi

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

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

Thi = Gevf x Wfe 6.5.2.b

Gross caloric value of the fuel

{use HHV determined from bomb
calorimetry analysis)

Wfe = Weight of fuel conaumed (lbs) dry weight

Where : Goy?

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

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

Beat of combustion for carbon
monoxide

128,000 Btu/mole

Heat of combustion for unburned hydro-
carbons

= 181,000 Btu/mole (estimated)

Where: Heco

Huh

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

d) Heat Transfer Efficiency

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

Heat Transfer

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

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

Where: £&llo

Hou
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Where: To

Ti

C,CO
p-va

CpCO
LH20

Speeific
Specific
" Specific
Specific
Specific

nwinaunn

Temperabure of stack gases out
Temperature of inlet air and fuel

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

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

This calculatieon procedure is necessary for each five

minute test period segment.

e) Overall Efficiency

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

follows:

Overall Efficiency

Thi

AL x Uhr = Jhe

Ahf  Thi

Combustion Efficiency x Heat Transfer Efficiency

5.5.2.¢

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

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

taken during the tesi eycle.

The average wet bulb-dry bulb

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

burn cycle.
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- SECTION 7: TEST DATA

7.1 DATA TO BE REPORTED

Tele

T.1.2

T.1.3

Te1.8

AA2837

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

Particulate Emissions For Each Test Cycle

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

b) Emission rate: grams/hr

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

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

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

Average Efficiency Values For Each Test Cycle

2) Overall appliance efficiency %

b) Combustion efficiency %

¢} Heat transfer efficiency %

Heat Qutput For Each Test Cycle

a) Btu/hr average over entire test

Burn Rate For Each Test Cycle

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

Average Fuel Moisture Content For Each Test Cycle

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

Air/Fuel Ratio

Mass of combustion air to the mass of fuel ocver 90% or more of
each test cycle (ibs air/lbs fuel}.

- 23 -




7.1.8 Average Stack Gas Composition For Each Test Cycle

a) Carbon dioxide %
b} Carbon monoxide ¢

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

7T.1.9 Average Stack Gas Flow and Draft

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

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

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

¢} Total burn cycle time period, minutes

»‘

SECTICN 8: CATALYTIC COMPONENT CERTIFICATION REQUIREMENTS

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

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

COMBYSTOR A CRIT

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

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

A g Cc c

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

_ replacement warranty.

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

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

Maintain T #/f¢

* 105 load density

Dimansicaal -
M oz 8

J"/ / Dimensignal

4" x 4"

L L2m . 4
7; i s 1Lt % | | . B
‘r . ,

FT/“" 3 122w . ’-— 112t f’/*‘

Scala 1/4% = L7

s Langth will vary dapending on length of firsbex

it B

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

Configuration ; '

1‘1./2- _ H/ b 1/:“
] il

Figure 4.2-A




%4 ‘ 2x4 ENDVIEW

4x4d ENDVIEW

AIR’ SPACE FLANGE
—— s nt) '—?/ \ /_\ -

I

N R \ Li ;aivL,w, l
ST X SSI=T

Alternativa Flange Canfiguration

Woodstove Stacking & Loading Examples
Figure 4.2-B |
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. Attachmernt 1

of Appendix 1
STATE OF OREGON

DERPARTMENT QOF ENVIROMMENTAL QUALITY

Source Sampling Method 4

Determination of Moisture Content of Stack Gases

Principle and aApplicability

1.1

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

- less accurate techniques for the purpose of setting the nomograph

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

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

Reference metheod

2.1

The method employed is essentially the same as used in the

particulate determination. source sampling method S and will not

be discussed here,

Alternate method

3.1

3.2

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

Procadure

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

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

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




Page 2

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

4. Interfarencss

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

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

4.1.2 The presence of hydrocarbons in the gas stream.

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

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

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

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

&/t temp. dry bulb

w/b temp. wet bulb

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

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

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

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

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

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

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

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

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

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

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

~F Ok e

figurne 4.3




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

Scurze Sampling Methed 3
Sampling Particulate Emissions From Stationary Sources

Principle and Applicability

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

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

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

of the tests,

Sampling Apparatus (Figure S5-1)

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

in corrosive. atmaspheres may require a special probe liner to

prevent contamination of the sample.

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

L Trade Name
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3.3

3.4

3.5

3.8

3.7

3.8

3.10

3,11

.12
3.13

3.14

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

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

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

in Segtion 3, Source Sampling Method 2

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

sensitive.

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

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

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

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

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

The second impinger shall have the standard tip installed.

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

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

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

the station and sampling site must be applied.

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

Gas analyzer - As described in Sourcs Sampling Method 3.

Nomograph

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

Trade Name
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4.

Sampls Recovery Apparatus

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

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

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

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

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

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

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

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

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

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

Reagents

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

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

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

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

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

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

" {0.01 mg/ml).

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

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

<cooling for the impingers.
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6'

7.

pretey

507

5.8

3.9

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

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

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

Samnling Train Preparatlon.

G.l

6.2

6.3

6.4

6.5

6.6

6.7

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

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

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

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

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

to the fourth impinger.

Alternately aftar charging each <f the impingers with the appropriate

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

1l g.

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

Pratest Preparations

. 7ﬂl'

7.2

2.3

7.4

7e3

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

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

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

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

.polnts.

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

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



Fage $

Leak

8.1

8.2

8.4

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

Check
Plug the inlet to the filkar.

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

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

against leaks.

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

Particulate Train Operation

9.1

2.2

9.3

2.4

9.5

9.6

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Particulate Train Cleanup

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

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

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

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

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

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

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

12,

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

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

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

Analysis

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

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

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

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

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

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

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

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

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

Mcmograph Operaticn

. 12.1 Correction factor

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

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

12.1.3

Determine the correction fagtor "C" using the

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

c 2
P

Cl{correctad) = C 5
(0.85%)

12.2 Cperating Neomograph ‘

12.2.1

12.2.2

12.2.3

1z2.2.4

12.2.5

12.2.8

Calibration

- 13.1 Orifice

13.1.1

13.1.2

13.1.3

13.1.4

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

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

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

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

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

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

and dry gzs meter

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

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

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

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

Gather the information as reguired in Figure 5-4.

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

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

-

every 3 tests whichever ocgurs firse.

13.2 Temperature gauges

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

13.3 Probe Nozzle

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

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

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

14.1 Gas velocity

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

c ' ‘

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

N - |
R 3 3

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

l4.2 Gas volumetric flow rate

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

- T
-3

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

14.3 Dry gas volume

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

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

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

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

1ld.4 Moisturs content of duct gas

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

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

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

L 00 ¢ .
v T el {5=8)

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

Q

a; = 4d = l-?go . . {5=T7)
Q™

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

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

M= mM, + 18 {l«de (5~8}

R

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

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

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

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

where Cg = total particulate grain leoading, gxr/sdef

W = weight of particulats sample, mg

C! =12 ¢
g g (5-10)

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

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

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

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

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

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

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

I = 1039 Tst

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

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

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

..otherwise indicated by the Department in writing:

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

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

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

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

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

1:.1.7

18. Minimum Tast
source shall

16.1

NCOTE 1:

Boilers

18.1l.1

16.1.2

18.1.3

16.1.4

15.1.5

Asphalt
18.2.1
16.2.2

16.2.3

16.2.4-
18.2.5
16.2.6
16.2.7

16.2.8

16.2.9

16.2.10

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

Accurate desc:ipticn of the sampling site including photographs.

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

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

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

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

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

Fuel composition (including estimated moisture content whers
applicable}.

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

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

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

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

Mix temperature fon drom mix plants)

Fines content of total aggragate feed,

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

Photographs of plant in operation including plume aftez steam
dissipation.

Special testing or production problams sncountered.

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

however,

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

16.3.7 rFPhotographs of incinerator in operation including plume.

o
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AQ 601

CALIBRATION SHEET

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

Averages

Potd | 3

C =0.99

Average




SOURCE SAMPLING FIELD DATA SHEET

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

Probe Length
Pitot C

p
Rinsings:

Gther Samples:

AQ-602

frobe materlal

Sketch of Sampling Site

DB Temp.
Assumed Molsture

Statlc Pressure

Wb Temp.

P, baro
Allg

"CY Factor

Stack Dimenslaons

Nozzle

Traln Operator

Box Operator

Orsat
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’

FO

Remarks:
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Figure 5-6

VELOCITY DATA AND CALCULATICONS

Bun Yo. Date

Plant

Sampling location

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

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

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

wWet Bulb °F
CONST. € =

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

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

Static Pressure, P&

Ln.Hzo

Atmospheric Pressure, Ph in. Hg

Skack Pressure, Ps

Dry Bulb Temp.

Wet Bulb Temp.

Moisture

in. Hg

Pigurs 5«6 (Revised)




Fiqurs 5-=7

COMBUSTION GAS ANALYSIS DATA SHEET

Sourca Date
Sammpling Point Locaticn
RTUN

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

C - Q Cco N

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

Q-604



PARTICULATE SAMPLING CALCULATIONS

Plant Sampling Location
Date of Test FIGURE 5-8
_ PARAMETERS TO BE CALCULATED RESULTIS
n- -
bol Deifinition, Units Calculating Equation Run_ |Rwm___ | Avg.
Sample szs volume a
Qm meter conditions, ft. Aveg. from field datr sheet
2.0 % HoO Moisture escaping last
2 2 impinger
tm Gas meter temp., °F Avg, fr. field data sheet
Orifice pressure
H drop tn He0 Aveg. fr. field data sheet
Yo Barometric pressure (in. Hg) | Fleld data sheet
Vv Tot. vol. of condensed water | Total fr. lab data shest
Md Molecular weight of dry gas | Gas analysis-Atomic Wt.
Ps Stack pressure in Hg abs .07355 x P€ + Po
S VP x Is Avg fr. Vel calc. sheet
Cp Pitot Tube Coeff. t From Calibration Data
As Stack area (in. %) Field data sheet
T= " Stack temp., R Avg. fr. field data sheet
Dm Nozzle diameter (in.) Field data sheet
" Total sampling time, min. | Total fr, field data sheet
W Wt. of particulate sample, mg} Total fr. lab data sheet
%CQq| % COg CO, analyzer
Qd | Dry gas sample vol. at - qd= 1T 65 (Qm) Po+ pH |
std. cond., sef. (tmid50) L 13.6.}
Qv. .| Tot. vol. of condensed water; - :
vapor @ std cond. (scf) Qv = 0.0474Vv
mv % moisture in stack gas my= %?\21% a
md Mole fraction of dry gas md-.:‘?iiov_*_Qa_ |
Ms Molecular wt. of stack gas Vs = mdMd + 18 (1-md)
. s r 1l =3z
Vs Stack v;locfcy at stack, fpm | Vs = 512%Cp)(S) s
as Stack flowrate at standard qs= 0.123 (Vs)(As)(md (Ps)
cond. , sefm Ts
I Percent Isokinetic 1= 1033 TsQd
(Vs)(Ps)(mad)(Dp2) (2 1)
Total particulate grain c 0. Q154W
-$ load., gr/scf & cd
/ Grain load. at 12% CO» _ 12
Ce gr/scf Ce=Cex  TFCoy
ct Total particulate emission

1b /ar.

Ct=.00857 {C(us)

AQ-605




Plane

Figure 5=3

(Ravised)

DEPARTHENT QF ENVIROMMENTAL QUALITY
ATR QUALITY COMTRQL OiviISION

PARTICULATE SAMPLING CALCULATINNS

Sampling Locacian

Date of Test

Sym=: .
bol g Dafinition, Units Calculating £quacion Run__ {Run__ | Aun__ Avg.
av i Sample g3s volume at 3
! matar canditions, ft. Ava.from fisld dacs sheeg
tm i Gas meter temp.,°F Avg.from field daca sheeg ’
W | Orifice gressure: N
| drop in 1,0 Avg.from field data sheet
Po E Barcmetric prassure{in.Hqg) Fieid daca sheet E $
Vv | Tot.vol. of condansed wacar Totai fr. lab data sheet '
Md i Holecyiar waight of dry gas Gas anaiysis-Atomic Wt. |
Ps l Stack pressur= In Hg abs ‘ .07355 x Ps + Po 1 l
s ~N T T ‘ Avg., fr. Veal, cale. she=t ! ;
¢, | Pitot Tube Coeff, | From calibracion data | | | |
As Stack ar=a (in.z) Field data sheel I ! } E
Ts Stack temo., | ) A§g. fr. fieid daza she=t E ) l ’ [
Om Nozzle diameter {inm.) Field data sheec l I | l
At Tatal sampiing sime, min, ! Total fr. field datz sheet | | | j
1 . ! !
W We.of particulate sample,mg. | Total fr. lab data shest ! ' I
Ll . -
qCDzi 3 COZ coz analyzer l ' l l
| Dry gas sample vel. at 17.85(0m) {Po+ ar ‘ l
Qd std. cond,, saf d = (em+ds0] . 3.5 ] 1 l
v Tot. vai, of condensed watar ’ | }
vapor 3 std. cond. {sef) Qv = 0.0474 ¥y :
o . 100 Qv i
mv 2 malsture in stack gas ! m e e+ 0d l !
. d ]
md Mola fraction of dry gas . g MTICAT ;
Mg Molecular wt. of stack gas | Mg a mdMd + 18 {1-md) i § i |
Vs Stack valocity at stack,fpm Vs = STZ?(C;){S)[ 117 g f | :
e ! | !
Stack flowrace ac standard | Q.123(Ns)tas; tad) (Ps) | . :
q% cond., scfm \ 93 = Ts : ' ; i
r . 1033 Tsid i ! H
I Percent lsokinetic b= TV;TT3?TTEETT3;2)fﬁ=) : ! ‘ ]
. - il
Tatal particulate grain 2 b5y : } ’
Cg Joad. ar/fscf Cg 3 ; : I ;
Ca Grjlgfioaa. at 125 COZ Cé g < 1z { i i i
gris T £0.) i : ! i
Toral particulate emtission - . ]
€t | yp/ne Ce = .09857 (C3)(qs) : | |
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SOURCE SAMPLING-LABORATORY ANALYSIS OF PARTICULATE SAMPLE

Test

Date of Test

CONDENSED WATER DETERMIMNATION

Run
NO.

Ilmpingar:

Fi 72 3 74

Total
Condensata

Final weight

[nitial weight

Met waidht

Final weight

[nitiaj weight

_[Met weight

Final weight

Initial weight

Het weight

GRAVIMETRIC RESULTS

fo.

Contants -

Fiiters{Probe & rilter | Impinger | Impinger | Impinger T TotaT]
Holder Rinse extract Water

Wt.

Beaker No!/VoTﬁ

Gross Wt.

Tare wt,

et wt.

Biank wt.

Final wt.

Beaker No./Vel.

Gross wt,

Tare wt.

et wt.

&

3lank wt.

Final wt.

Seakar Ho.,/Val.

Gross wt.

Tare wt,

Net wt.

3lank wt.

Final wt.

Sample ﬁreparation: Volatiles evaporated at €, Duration

WYater evaporated at €, Duraticn
Desicatad at C, Curation

nrs

nrs
hrs

——

Laberatory Balanca Type




Attachment 3

of Appendix 1

STATE OF CRESOY

DEPARTMENT QF ENVIROWMENTAL QUALITY

Source Sampling Mathed 7
Sampling Condensible Emissions From Stationary Sources

Principle and Applicability

1.1 Principle: Particulats matter including condensibls gases is
withdrawn isckinetically from a flowing gas stream. The part-
iculate matter is determined gravimefrically after extracticn
with erganic solvents and avaporation.

1.2 Applicability: This method is applicable o stationary sourcas
whose primary emissions ars condensible gases. It should be
considered a modification of Source Sampling Methed 5 and applied
only when diracted to do so by the Department.

Sampling Apparatus (Fiqure 7-1)
2.1 The probe, sampling train, and metering system are the same

as ocutlined in 3. Sampling Acparatus of Scurce Sampling Method
S with the following exceptions:

2.1.1 The heated £ilter and cy:lcne are optional, but should

be used if significant quantities of solid particulate
are present.

2.1.2 An unheatad glass fiber filter is placed between the
' third and fourth impingers.

Sample Recovery Apparatus

3.1  The sample recovery apparatus is the same as outlined in 4.

Sample Recovery Apparatus of Source Sampling Method S.

~
)

Reagents

4.1 The reagents ars the same as cutlined in 5. Reagents of
Source Sampling Method S.

Sampling Train Preparation

5.1 The sampling train preparation is the same as cutlined in 6.

Sampling Train Preparation of Source Sameling Method 5 with
the following exception:

5.1.1 Insert numbered and weighed filters into each of the
front (if used) and rear filter hnolders.




8.

t
A

Pratest Préparations and Lead Check

6.1

The pratast preparations and lsak check ars the same as ocut~
lined in Sections 7 and 8 of Source Samnling Method 5.

Condensible Particulate Train Operations

7.1

The train operation is the same as outlined in Section 9 of
Sgupze Sampling Mathod 5. Ik is important to note that the

gas temperature leaving the last impinger must not exceed 70°F

as temperaturas above this may cause loss of condensible material

by revolatilization.

Condensible Particulats Train Cleanup

8.1

8.3

Cleanup should be performed in an area free of wind and air-
torne dust which may contaminate the sample or causa samsle
loss. If possible, the train should ke clsanred in a laberatory.

After the probe and nozzle have cooled, remove the =nd seals
and brush while rinsing with acetone into a suitzble marksd
container.

Nota:

Exercise caution so that none of the rinss is lost
and no extraneods material enters the rinse {such
as from the pitot tubes or condensed material from
the cutside of the nozzle).

Should it be necessary to clean the train in the fiald, use
the following procedure:

8.2.1

8.3.2

Theroughly rinse all sample expased surfacas prior o
the front f£iltsr support, with acetone. Remove any
adhering particles with the aid of a rubber policeman.
Place the rinsings in the probe rinse bottlse, If the
front filter is neot used, all sample exposed surfaces
prior to the first impinger sheuld be included in this
rinse. N

Remove the front (if used) and rear f£ilters, place

in a petri dish and seal. Sinces a heavy loading of
condensikle matarial on the rear filter may leave a
residue in the filter container which would necassitate
removal with solvent, glass petri dishes are prefarred.

Measure and record the volume (or weight) inczrease of
the first three impingers %o the nearsst L ml {or 1 g)
and transfer their ccntents to z lahelad container.
Rinse the impingers and interconnects with distilled
water and add to the container.



8.3.4 Rinse all sample exposed glasgwazrs hetwean the front
filtar (if used) or tha first impinger (if the front
filetar i3 not used) and the fourth impinger (insliding
glass filtar frits) with acetone and place in a suitable
marked container. If the moisturs condensate in Section
8.3.3 was detarmined by usa of a gradnated container, it
should zlso be rinsed with acatone and the rinse addad to
tha impinger zinsa container.

8.3.5 Determine the weight gain of the silica gel in the fourth
impinger and record. Alternately fransfer the silica
gal guantatively to an air tight container to be welghed
in the lahoratory.

8.3.6 Collected samples should be analyzed within one week of
‘ collection in order to prevent any possibility of bioclogical
or chemical degradation.

Analysis

9.1 Desiccate tha filter(s) at 70°F or less in the fiald container
for 24 hours and weigh .. -

Nota: In some cases, desliccation may give rise to a slow
vaperization of the condensible material. Therafore it
iz not recommended that an attampt to weigh to conrstant
weight be made.

9.2 Transfer the acetons rinse (Saction 8.3.1) into a tared beakasr
or evaporating dish. Rinse the container with acetone (police
to remove particulate) and add the rinse to the beaker. Evaporats
the solvent at 70°F or less and laboratory pressure, desiccate
24 hours and weigh . See note in Section 9.1.

9.3 - Transfer the acetone rinse from the impingers..(Sectien 8.3.4}%0 . ... .
a tared beaker or evaporating dish and treat as in Section 9.2.

9.4 Transfer the water (Section 8.3.3) to a separatcory funnel. Rinse
the ‘container with distilled water and add to the separatcry funnel.
2dd 25 ml of chloroform to the separatory funnel, stopper and
vigorously shake 1 minute, lot separate and transfer the chloxoc-—
form (lower layer) into a tared beaker or svaporating dish. Repeat
twicae mora. Repeat the above extraction using thrse 25 ml portions
of diethyl ether in place of the chloroform. Transfar the sther
(upper layer) to the same container as used to conkain the c¢hloro-
form.

Nota: It is necsssary to rinse the field container for water ({if
used) with solvent. This rinse may be made using the extra-
cting reagents in which case it is added +o the impinger
extract container or with acetone in whigh case it is added
to the container in Section 9.3,




2.5

9.6

3.7

2.8

Transfer the remaining water from the separatory funnel o 2
tarad beaker or evaporating dish and svaporats az 105°C .
Desicecate for 24 hours and weight.

Evaporats the combined impinger water extzacts from Section 9.4
at 70°F or less and labcratory pressurs, desiccate for 24 hours
and weigh . Se= nota in Secticn 9.1.

Evaporate portions of the solvents csed in a manner similar to
the sample evaporations to detaxmine the solvent blanks.

Record all laboratory data in the laboratory Data Reporting
Sheet, Figure 5~9, Source Sampling Mathod 5.

10. Calculations

10.1 The calculations are the same as ocutlined in l4. Calcnlations

of Source Sampling Methed 5.

11, Minimom Acezeptabls Tast Requiremaﬁts

11.1 The minimum acceptable test raquiremewts are the .same as cutlined

in 1S. Minimum Acceptable Tast Raquirsments of Source Sampling
Method 5. . )

12. Minimm Test Report Informaticn

12.1 The tast report should centain sufficient informatien about the

sourcs to accurately define its cperation during the test. Also
sufficient data and calculations shall be included to document the
gource tasht results.

4



(Optional)
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"CERTIFIED TEST PERFORMANCE

TeBted by: ' Date: Procedurae:
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ATTACHMENT 6

EXAMPLE GNLY

*POINT OF SALE REMOVADLE LABET,

FOR NON-CATALYTIC STOVES MEETING THE 7/L1/%6 STANDARD (ONLY)

EMISSIONS AND LEFFICIENCY PERFORMANCE

DED Non-catalvtic 15 until 07/88

Standard : 7 after 07/88 )

Smoke _ grams/hoar |

Efficiency % (tlo DEQ Standard)

HEAT CUTPUT FANGE

Eo BTU's/hour

Manufacturer: Models Dezign #:
Name : Name . Numnber

(Ferformance may vary trom btest values depending on actual home
operating conditions)

Pursuant to QAR 340-2i-100 -166 Uhis il has boon certifled as
meeting Oregen Department of Environmenbtal Quallty emission
standards and hag been approved [or sale in the State cf Oregon
unitll July 1, 19283,




