
































































































































































The candidate method passes this test if the precision values 
of the candidate method (Pcil are less than or equal to 18 
percent. 

6.2.4 Test For 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: 

Din= Cii - Rik x 100% 
Rik 

6.2.2.d 

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 = A, 
B, reference). 

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

6 .2.5 Test For Equivalence 

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

6.2.6 Verification Testing 

DEQ may conduct 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. 

6.3 TRACER GAS DILUTION METHQD 

AA2837 

6.3.1 This method is used foil 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 into the flue pipe. Injection 
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 sample gas stream shall be processed 
through a sample conditioner consisting of a combustion 
tube furnace, and in series, a glass fiber filter and 
three impingers encased in an ice bath. Impingers one and 
two shall be empty for water collection and the third 
shall contain 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 nue 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 scale 
reading. Instrument calibrations shall be performed and 
recorded before and af tcr each test run. 

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

Flow (cfm) = -IL x _L_ x 6.3.1.a 
De 60 Pr x 17 .65* 

Where: Ir = Tracer gii.s injection rate (ft3/hour) 

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

Tr = Injection gas temperature (OR) at the 
rotometer 

Pr = Injection gas pressure (inches Hg) 
• = Density specific for S02 

Other tracer gases such as helium may be substituted for 
sulfur dioxide provided prior written agreement has been made 
with the DEQ. 

., 
6.4 STOICHIOMETRIC CARBON. HYPROGEN ANP OXYGEN BALANCE METHOD 

6.4.1 A carbon, hydrogen and oxygen mass balance will be used 
for determining overall nue gas volume--not for on-line 
measurements during the test period. 

a) The carbon, hydrogen and oxygen balance method for 
volumetric flow rates is based on the following basic 
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combustion equation and will be determined and reported 
for every five minute interval. 

@[CxHyOz + pH20] + Tsg(1-k)(a) [02 + 3,78SN2 + mH20] 6.4.1.a 
Tsg[(1-k)(dC02 + eCO + g02 + hN2) + jH20 + kCH4] 

Where @ = Dry weight or fuel burned (lbs) 
x = Moles of carbon per lb of dry fuel (assumed 

0. 0425) 
y = Moles of hydrogen per lb of dry fuel (assumed 

0.073) 
z = Moles of oxygen per lb of dry fuel (assumed 

0.0256) 
p = Moles of H20 per lb of dry fuel 

= Dry basis moisture (free and combined) - 1800 
a = Mole fraction of oxygen in air supply 

= Moles 02 supplied per mole of stack gas 
d = Mole fraction of C02 in stack gas 
e = Mole fraction of CO in stack gas 
g = Mole fraction of 02 in stack gas 
h = Mole fraction of N2 in stack gas 
j = Mole fraction of H20 in stack gas 
k = Mole fraction of unburned hydrocarbon in 

stack gas (as CH4). 
m = Mole fraction of H20 in supply air (mole H20 

per mole of supply oxygen) 
Tsg = Total mole~ of stack gas (dry) 

b) Mass balance equations for the combustion of @ lbs of 
wood are as follows: 

Carbon: 
Hydrogen: 
Oxygen: 

Nitrogen: 

x@ = Tsg [(1-k)(d+e)+k] 
@(2p + y) + Tsg(1-k)(a)(2m) = Tsg(2j + 4k) 
@(p+z) + Tsg(1-k)(a)[2+m] = Tsg[(1-k) 
(2d + e + 2g) + j] 
3.785 (a) = h 

6.4.1.b 
6.4.1.c 
6.4.1.d 

6.4.1.e 

Stack gas total as measured by combustion gas analyzers: 

1 ~ ( d + e + g + h) 6.4.1.f 

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 •@•, •p•, and "k" are determined by simultaneously 
solving the carbon, hydrogen, and oxygen balance 
equations. 
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cl Two calclll.ation runs of the simlll. taneous equation set 
are performed for each set (5 Iilinute test segment) of 
data collected. The first run is performed to determine 
an average weighted •@• for the test burn. This first run 
•@• is then used to determine a corrected Tsg for the 
second run as follows: 

Tsg•(corrected) = Tsg (tracer gas) @ (actual) 6.4.1.g 
@ (calclll.ated first run) 

Where: @(act'ual) = Dry weight burn rate for test 
burn (lb/hour) 

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

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

6.4.1.h 

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

6. 5 EFFICIENCY TESTING AND CALCULATIONS 

AA2837 

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 efficiencies for 
each heat output level required. 

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

a) Combustion Efficiency 

Combustion effiencies are calclll.ated as the percentage 
represented by the actual heat produced in the firebox 
relative to the tot"1 heat production potential for the 
fuel consumed. Actual heat production in the firebox is 
calclll.ated as the difference between the heat of 
combustion of the incompletely combusted stack gas 
constituents (carbon monoxide and unburned hydrocarbon 
equivalents) and the gross caloric content of the fuel 
burned. The basic equation used for combustion efficiency 
is as follows: 
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Combustion Efficiency = Thi - Clo (x 100) 
Thi 

6.5.2.a 

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: 

Where 

Thi = Gcvf x Wfc 

Gcvf = Gross caloric value of the fuel 
(use HHV determined from bomb 
calorimetry analysis) 

6.5.2.b 

Wfc = Weight of fuel consumed (lbs) dry weight 

c) The heat content of the combustible losses are calculated 
using the following equation: 

Clo= Tsg [(ex Hco) + (k x Huu)] 

Where: Hco = Heat of combustion for carbon 
monoxide 

= 128,000 Btu/mole 

6.5.2.c 

Huh = Heat of combustion for unburned hydro­
carbons 

= 181,000 Btu/mole (estimated) 

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

d) Heat Transfer Efficiency 

Heat transfer efficiencies are calculated as the percentage 
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 
difference between the actual heat produced in the firebox 
(Ahf or Thi-Clo), and the sensible and latent heat losses 
out the stack (Sllo). The basic equation for heat transfer 
efficiency is as foliows: 

Heat Transfer 
Efficiency = Jilll:: = Ahf-Sllo = (Thi-Clql-Sllo (x 100) 6.5.2.d 

Ahf Ahf (Thi-Clo) 

Where: Sllo = Sensible and latent heat losses 
= (To - Ti) [Tsg(dCpC02 + eCpCO + gCp02 + hCpN2 + 

{j)CpH20)] + (j-m)l.H20 
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Where: To = Temperature Of stack gases out 
Ti = Temperature Of inlet air and fuel 

CpC02 = Specific heat of C02 = 9.3 Btu/mole 
CpCO = Specific heat of co = 7.0 Btu/mole 
Cp02 = Specific heat of 02 = 7. 1 Btu/mole 
CpN2 = Specific heat of N2 = 7 .0 Btu/mole 
CpH20 = Specific heat of water = 8.3 Btu/mole 

LH20 = Latent heat of evaporation of water 
= 18,810 Btu/mole 

This calculation 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 to 
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 efficiency as 
follows: 

Overall Efficiency = Combustion Efficiency x Heat Transfer Efficiency 

= .Alli: x .!llll: = 
Thi Ahf 

.!llll: 
Thi 

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

6.5.2.e 

Final flue moisture determination shall be made by calculating 
a corrected flue gas moisture content for each data interval 
taken during the test cycle. 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 moisture determination is 
calculated as the ratio between the average wet bulb-dry bulb 
measurement and the Oregon Source Sampling Method 4 
(Attachment 1) measur.;'ment (condensate catch) for the entire 
burn cycle. 
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SECTION 7: TEST DATA 

7.1 PATA TO BE REPORTED 

AA2837 

7.1.1 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 
7.1.10. 

7 .1.2 Particulate Emissions For Each Test Cycle 

a) Concentration: total grains/dscf, total grams/m3 
b) Emission rate: grams/hr 
c) Emission factor: grams/kg (dry fuel weight basis) 
d) Emission process rate: grams/106 joule useful heat output 
e) Front half catch: % of total 
f) Total mass captured: front and back catch, mg 

7.1.3 Average Efficiency Values For Each Test Cycle 

a) Overall appliance efficiency % 
b) Combustion efficiency % 
c) Heat transfer efficiency % 

7.1.4 Heat Output For Each Test Cycle 

a) Btu/hr average over entire test 

7.1.5 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 cycle at 
each heat output level. 

7 .1.6 Average Fuel Moisture Content For Each Test Cycle 

a) Kindling (wet basis~ % 
b) Test fuel (wet basis) % 

7.1.7 Air/Fuel Ratio 

Mass of combustion air to the mass of fuel over 90% or more of 
each test cycle (lbs air/lbs fuel). 
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7 .1 .8 Average Stack Gas Composition For Each Test Cycle 

a) Carbon dioxide % 
b) Carbon monoxide % 
c) Oxygen % 
d) Excess air % 
e) Moisture % 

7 .1 .9 Average Stack Gas Flow and Draft 

a) Average flow rate cfm 
b) Stack flow rate dscf/min (tracer gas and CHO balance) 
c) Draft, inches H20 

7.1.10 Average Stack Gas Emission Factors and Process Rates For Eacb 
Test Cycle 
a) Carbon monoxide: grams/kg, and grams/106 joule (measured) 
b) Hydrocarbons: grams/kg, and grams/106 joule (calculated) 

7.1.11 Average Temperatures For Each Test Cycle 

a) Stack gas Of 
b) Primary combustion chamber gas Of 
c) Secondary combustion chamber gas (if applicable) 0 r 
d) Above catalyst gas (if applicable) Of 
e) Stove top surface or 
f) Stove sidewall surfaces 0 r 
g) Stove back surface Of 
h) Stove bottom surface' 0 r 

7 .1.12 Fuel Load Weight and Burn Cycle Period (Minutes) 

a) Coal bed weight, lbs 

b) Test fuel load weight, lbs 

c) Total burn cycle time period, minutes 

SECTION 8: CATALYTIC COMPONENT CERTIFICATION REQUIREMENTS 

8.1 CATALYTIC COHBUSTOR DESIGN CRITERIA 

8.1.1 To insure equivalent performance of catalytic combustors used 
in testing versus production model 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 test data or sufficient information 
can be provided demonstrating equivalent or improved 
performance. 

8.2 CATALYTIC COMBUSTOR AGING CRITERIA 

8.2.1 Any appliance that contains a catalytic combustor must have 
the combustor pre-aged before emission performance testing to 
a specified a·ging process. The aging process will consist of 
the catalytic combustor tested in a woodstove (specifically 
designed for an internal catalytic combustor) for a contin­
uous period of 50 hours. The tsst fuel shall consist of 
Douglas fir dimensional lumber or cordwood with a moisture 
content range between 16-20% wet basis. The accredited 
testing laboratories must provide combustor temperature data 
and certify to the DEQ that each catalytic appliance tested 
for emissions and efficiency performance has met this 
provision. 

8.3 CATALYTIC COMBUSTOR LONGEVITY CRITERIA 

8.3.1 All catalytic combustor manufacturers must submit to the DEQ 
evidence in the form of test data that each combustor design 
type, identified by model number, has been longevity tested 
for 5000 hours and document that the percent reduction 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 accredited laboratory. In lieu of this requirement, the 
manufacturer may substitute a 24 month non pro-rated combustor 
replacement warranty. 

8.4 CATALYTIC CO!:lBUSTOR TEMPERAIURE MONITORING PROVISION 

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

AA2837 - 25 -



FOE P? .. EE ST A.NDI~TG WOODSTOiTES 

--~~11<,~=-=_=_=_====:=:=::: 

~~~I ==== 
l.=.i - = l 

i 1"3C::I"' ~-3 
AA.;ly::I"' 

~-; s.-a:=t inq 
~nC:"el Sex 

c::::: 
.. Q 

= Q Q 

I 
S......il• 

C.::tci i ! i enisl"' 

1"111-; ?3r-:ie:.:l .;t~ 
S.;mctirig ir'ain 

e.c:r.c~o~ien Ga• Analy:er(s) S•mel• 
far co

4
, CO •nd o

1 
C.:ndi ti.ener 

" " 

=' ' ' ' ... ------------
Pigu.re 3.1 

i1"2C:~ Qa, 
'' 

l'-=J =======-:.;,"-=? 

Lil 

Thie ri=i::=~~ 1 e 
~.c !ulo/Ory s~1= 



~ 

~ 
p 

i:.. 
H 
a a > 

cc 
~ >-1 
H a 
i1t ~ 

~ 
r--.., ..... 
~ <i )o-l 

>-1 i:.. 
~ 

~ 
H 
P=l 
<i. 
OJ 
p 

I . 

-·~ 
" .. 
< 
-:: 
.; 

I I 

I I 

" .: 
·~ ,. 
...:: 

0 
~ 

" " ~ 
"' "' "' -

.,,. .. g 

~ 

::> 

'"' "' 
'" 

t':i . 
-,,;; 

a:i 
.... 
~ 
'c.O 
.,..; 

~ 



.. 

Ci.=e.:!.:siona.l 
:!.'" "' , .. 

r;;.. ~ r l/ 1/2~ I 

Alternati'le Flange 

Configuration 

Test Fuel Size 

s.1.s 

>J.S;il co=ina.e.ion 

>J 

Figure 4.2-A 

' .. 
[ 

2x4 approximately ~ weight of 
test fuel load 

4x4 approximately ~ weight of 
test fuel load 

• • • 

,."""'-, ... --·' ,,------/ 

f 
l 112· 

j 



·• 

z :c 4 2x4 ENDVIEW 

AIR.SPACE FLANGE 
4x4 ENDVIEW 

4 :c 4 

~IX! ;! . ,, 
2 x 4 

Altarnati,1e Flange Cc~.figu:ation 

Woodstove Stacking & L.oading Examples 
F!gure 4.2- B 



STATE OF OREGON 

DEPARTMENT OF ENVIRONMENTAL QOALITI' 

Source Sampling Method 4 

Attachment 1 

of Appendix 1 

Determination of Moisture Content of Stack Gases 

l. Principle and Applicability 

l.l Principle. A gas sample is extracted from the flowing gas stream 
and its moisture removed and measured either volllllletrically or 
gravimetrically. Alternately, the moisture can be estimated by 
less accurate techniques for the purpose of setting t.~e nomograph 
for isokinetic sampling. A wet bulb-dry bulb technique is 
discussed. 

l. 2 Applicabi1i ty. The reference method is applicable for the 
determination of moisture in exhaust gases from stationary 
sources. The alternate method is to be used only for estLuating 
the moisture content for the purpose of setting the nomograph 
unless otherwise specified. 

2. Reference method 

2.1 The method employed is essentially the same as used in the 
particulate determination, source sampling method 5 and will not 
be discussed here. · 

3. Alternate method 

3.1 Theory. The water ·;apor in a non-saturated gas stream causes 
a depression of the wet bulb temperature which is proportional 
to the fraction of moisture present. 

3.2 Procedure 

3.2.l Measure the dry bulb temperature in the conventional way 
using either a thermometer or thermocouple. 

3.2.2 Insert the end of the temperature measuring device in a 
cloth sock and saturate the sock with water. Inset the 
sock into the flowing gas stream and allow the temperature 
to reach a steady state. Caution:. after the water on 
the sock has evaporated, the temperature will rise to the 
dry bulb temperature. (Figure 4-l). The wet bulb 
temperature must be taken while the sock is saturated with 
moisture. 

3.2.3 Apply the wet bulb and dry bulb readings to the appropriate 
graph (Figure 4-2, 4-3, or 4-4) and determine the 
approximate .water vapor content if the barometric pressure 
is near 29.92 in. ag. 



Page 2 

3.2.4 Alternately apply the wet bulb and dry bulb readings to 
equation 4-1 in Figure 4-5. 

4. Interferences 

4.1 The following conditions may drastically change the wet bulb 
reading causing erroneous results: 

4.1.1 The presence of acid gases in the gas stream, i.e. S02 , 
so

3
, liCl. 

4.l.2 The presence of hydrocarbons in the gas stream. 

4.l.3 Marked differences from atmospheric pressure (29.9 in. Hg} 
of the gas stream (if the graphs are used) • 

4.2 Should any of the above interferences be present, the tester 
should consider another approach to determining moisture content. 

4.3 Additionally, the following conditions can lead to difficulties. 

4.3.1 Very high dry bulb temperature (in excess of soo°F). 

4.3.2 Very high or very low gas velocities. 

4.3.3 Sigh concentration·of particulate matter ~hich may adhere 
to the wet sock. 

d/o temp. 

w/o temp. 

dr bulO --- - - - - ;;;.----=:..L-==--~ 

wet bulb 

Time 

Pigure 4-1 
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(P - e") (t - t a d w 
e• - ---28_0_0---l-.-3-t-­

w 
% E!20 = ------=,..------~ x 100 

Pa 

Where: 

e• = Vapor pressure of E!20 @ t , in .. E!g 
w 

p = Absolute barometric pressure, in. 
a 

td =Dry bulb temperature, OF 

t = Wet bulb temperature, OF 
w 

(4-l) 

(See Figure 

E!g 

VAPOR PRESSURES OF WATER AT SATURATION* 

Temp. 
(Inches of Mercury1 

Deg.F, 0 1 z 3 4 5 6 7 8 

-20 .0126 • 0119 • 0112 • 0106 , U lllU .0005 .. 0089 ,0084 • 0080 
-10 • 0222 • 02q9 . 0199 .0187 • 0176 • 0 !GS .0158 • 0 !SO • 0 l <2 

• 0376 • 0359 • 0339 • 0324 • 0306 • 0289 . OZ75 . 0259 .02'7 

0 .0376 • 0398 .0417 .0463 . 0441 • 0489 • 0517 • 0541 • 057 l 
10 • 06:11 .0660 .0696 .0728 ,0768 • 0810 .0846 .0802 • 0932 
20 .. 1025 • 1080 • l 127 • 1186 . 1248 . 1302 . 1370 • 1429 . 1502 
JO • 1647 • 1716 • 1803 • 1878 • 19 55 • 2035 • 2118 . 2203 .• 229-Z 
40 • 2478 • :?.S7S • 2677 • 2782 • 2891 . • 3004 • 3120 • 3240 • 3364 

50 • 3626 • 3764 • 0906 .4052 • 4203 . 4359 • 4SZO • 4588 . -1:858 
60 • 5218 • 5407 • 5601 • 5802 ,6009 .62ZZ • 6442 .8669 .6900 
70 • 7392' .7648 • 791:? .8183 .8462 . 8i50 .9046 .9352 ,9660 
80 1. 033 !. 066 1. 102 !. 138 I. 175 l. 210 1. 253 1. 293 1. 035 
90 1. 422 I. 467 I. 513 . l. 56 l !. 6 10 I. 660 !. 7 12 l. 753 1. 819 

100 l. 932 !. 992 2. ~52 2. 114 2.. l1S 2.243 2.JJO 2 •. J79 2. 449 
110 2. 596 2.672 2.H9 2. ~29 2. 9 11 2. 995 3.06! J. !69 J. 259 
120 J.446 3.543 3.642 3. 744 0.648 J.954 4.06J <. lH 4:. Z!l9 
!JO 4. 525. 4.647 4. 772.~ 4. 900 5,0J! s. 165 s. 302 5.H2 5.585 
140 5. 881 6. 034 6. 190 6. 350 a.513 6.680 6.650 7. 044 7.202 

150 7,569 7.759 7.952 a. 1so 8. J51 6,557 .a. 151 •. 98 L 9. 200 

4-5) 

9 

.0075 

. 0 lJ.I 
.· 0233 

.0598 
,0982 
. 1507 
. 21SJ 
. 349J 

. 5035 

. i t44. 

. 99139· 
l. J78 
1. 675 

:?. 521 
J. JS 1 
4. 406 
s. i:?2 
7.J64 

9. 424 
160 0.652 9.885 10. 12 10. JS 10. 61 10.SG l l. 12 11. JS l!.65· 11.02 
170 12. 20 12. 44 12.,77 lJ. 07 !J. 37 13.67 13. 98 14. JO 14. 62 14. 96 
!BO 15. 29 15. 6J' 15. 98 16. 34 !6.70 17. 07 17.H 17. 82 ls. 2 l 18. 51 
190. iq. 0 l 19, 42 19. 84 20. 27 20,70 l 1. ! 4 21. 50 22. 05 22.52 22.09 

200 2J.47 23.96 24. 45 24. 97 25,48 26.00 is.SJ 27. 07 27.62 ~8. 18 
210 28. 75 29. 33 20.92 30. 52 31. 10 3 !. 75 32. 38 33.02 JJ. 67 34. JO 
220 35.0o :is.oa JS, J7 37. 07 07. 78 OS. 50 J9. 24 J9. 09 40.75 4 1. 52 
230 42. 01 43. l l 43. 92 H.H 45 .. 57 46. 4l 47. 27 48. 14 49.03 40. 93 
240' so. 84 5!. 78 52. 70 SJ.65 54. 52 55.60 56. uo 57. a 1 58. 63 50. 67 

•?-.1'eth_:>ds for Dcti?t"min::iti_on of Velocitv, ~/otur:oe. Dust. :lnd ~tist Content of G.ases, 
WP·~O, We::3tar-n Pre..-::ip1tation Corp., Los . .l.~ngclf::!!:3, Ca.li.t". 
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STATE OF OREGON 

DEPARTMENT OF ENVIRONMENTAL QUALITY 

Source Sampling Method 5 

Attachment 2 

of Appendix l 

Sampling Particulate Emissions From Stationary Sources 

1. Principle and Applicability 

1.1 Principle. Particulate matter including condensible gases are 
withdrawn isokinetically from a flowing gas stream. The 
particulate matter is determined gravimetrically after removal 
of combined water. 

l.2 Applicability. 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 t."ie Depart.'llent. 

2. Acceptability. Results of this method will be accepted as 
demonstration of compliance (or non-<:ompliance) provided that the 
methods included or referenced in this procedure are strictly adhered 
to and a report containing at least the minimum amount of information 
regarding the source is included as described in Sections 15 ii 16. 
Deviations from the procedures described herein will be permitted only 
if permission from the Depart.'l!ent is obtained in writing in advance 
of the tests. 

3. Sampling Apparatus (Figure 5-1) 

l 

3 .1 

3.2 

Probe - With heating system 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 F or less may have 
liners construtted of se~'llless 316 stainless steel, ?yrex Glass 
or Incoloy 825 . Probes for temperatures in excess of 600° F 
may be constructed of Borosilicate glass (limit 900° F) or Quartz 
glass (limit 1650° Fl. Probes for temperatures in excess of 
1650° F must be approved by the Department before use. Testing 
in corrosive atmospheres may requi.re a special probe liner _to 
prevent contamination., of the sample • 

. , 

Probe Nozzle - Constructed of stainless steel (316) with an 
external taper 30° or less to a sharp leading edge. The inside 
diameter of the nozzle shall be constant throughout the length 
of the nozzle. The wall thickness 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 leading 
edge and the first bend or point of disturbance. The nozzle shall 
be connected to the probe liner in such a way as to provide an 
airtight seal with no exposed threads or gaps to collect 
particulate matter. Calibration of t~e nozzle is covered in 
Section 13 • 3 • 

Trade Name 
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l 

3.3 Pitot tube - Type S or equivalent attached to the probe. The 
probe nozzle and face openings of the pitot tube shall be adjacent 
and parallel to each other (not necessarily in the same plane) 
and the free space between the nozzle and the pitot tube shall 
be at least 0.5 in. Calibration of t.~e pitot tube is covered 
in Section 3, Source Samtiling Method 2 . 

3.4 Differential pressure gauges - Inclined or vertical fluid mano­
meter capable of measuring the pressure differential to within 10% 
of the minimum measured value. Below O.l in. a

2
o gauge, micro­

manometers with sufficient sensitivities shall oe used. Other 
differential pressure measuring de•1ic.es may be used provided they 
are calibrated against a fluid manometer and are adequately 
sensitive. 

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

3.6 Filter holder - Pyrex 1 glass with a glass frit filter support 
and silicone rubber gasket. The holder shall provide a positive 
seal against leakage from the outside or around the filter. 

3.7 Fil5er heating system - Capable of maintaining a temperature of 
250 F around the filter holder. A temperature gauge shall be 
provided to monitor this temperature. 

3.6 Impingers - Greenburg-Smith design. The first, third'and fourth 
may be modified by replacing the tip with a 1/2 inch ID glass 
tube extending to withint l/2 inch of the bottom of the flask. 
The second impinger shall have the standard tip installed. 

Note: Al:l connections between the probe and last 
i.mpinger shal:l be made with glass ball joints. 

3.9 Metering system - Vacuum gauge, leak-free pump, thermometers 
capable of measuring temperature to within 5° F dry gas meter 
accurate to within + 1% and flow measuring device (orifice or 
rotometer) enabling-isokinetic sampling to be maintained. 

3.10 Barometer - Mercury, aneroid or other type capable of measuring 
atmospheric pressure .:to within a .1 in. ffg. If the barometric 
pressure is to be obtained from a nearby weather bureau station, 
the true station pressure (not corrected for elevation) must be 
obtained and an adjustment for elevation C.ifferen.ces between 
the station and sampling site must be applied. 

3.11 Temperature and pressure measurement equipment - As described 
in Source Samclinq Method 2. 

3.12 Gas analyzer - As described in Source Samclinq Method 3. 

3.13 Nomograph 

3.14 Timer - Integrating type, accurate, readable to the nearest 5 
seconds per hour. 

Trade Name 
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4. Sample Recovery Apparatus 

4.l Probe brush and no::le brush - nylon bristle or equivalent at least 
as long as the probe liner and t.'le no::le respeeti vely. 

4.2 Wash bottles - inert to the solvent used in t.'lem (usually acetone). 

4 • .3 Sample storage containers - glass '<lith glass or Teflon1 lined cap 
or other material which is leak tight, resistant to chemical attack 
from acetone and allows complete recovery of particulate matter. 

4.4 Petri dishes - for filter samples, glass or plastic. Alternately, 
individual paper envlopes with waxed papar line.rs may be used, but 
tare and final weights should not be included in the weight of t.'le 
envelope or liner. / 

4.5 Graduated cyliner and/or balance - to measure condensed moisture to 
wit.'lin l ml or l g. Graduate cylinders shall have subdivisions of 
2 ml or less and balances shall be sensitive to l g. 

4.6 ·plastic storage containers - air tight containers to store silica 
gel unless it is weighed at the sampling site or transported to the 
laboratory in the impinger. 

4.7 

4.9 

4.~ 

Rubber policeman - to aid in recovering sample from the train previous 
to the filter. 

l Oessicator - laboratory type' 'USing Drierite , indicating dessicant 
or equivalent. 

Analytical balance - accurate and sensitive to .::, O.l mg. 

S. Reagents 

s.o 

5.l 

S.2 

S.3 

5.4 

s .. s 

5.6 

. l 
Separating funnel - 500-1000 ml with Teflon stopcock and plug. 

l Beakers - 250 ml & 400 ml Pyrex. or equivalent. 

Filte%s - qlass fiber filters, without orqanic binder, of near neutral 
pH, free of pinhole leaks, and exhibiting at least 99.95\ efficiency 
on 0.3 micron DOP SZ110ke ~articles. ~.SA-ll60BH or equivalent, indivi­
dually numbered for identification a..,d pre-..eighed as described in 
Section 6.1. 

Siiica gel - indicating type 6-16 mesh, dried at l7SOc (3SOOF) for 
2 hours if previously used. 

~ater - distilled,~it.'l a maximum total residue content of 0.001\. 
'(0.01 mg/ml). 

Acetone - reaqents grade with a maxil:lum total residue content of 
0.001\. (O.Ol mg/ml) 

crushed ice - any grade, crushed fine enough to provide efficient 
cooling: for t.1.e impinqers. 
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5.7 Stopccck grease - acetone resistant, heat stable, silicone grease. 

5.S Diethyl e:t:her - reagent grade '"it.'l a max:iJDum total residue ecntent 
of O.OOU. (O.Ol mg/ml) 

5.9 Chloroform - reagent grade with a maximum residue content of O.OOll. 
(0.01 mg/ml) 

6. Sampling Train Preparation 

6.1 Weigh numbered glass fiber filter paper to t.'le nearest 0. l mg 
on an. analy-t;ical ~alance after dessication over Drierite for 
24 hours or more. 

6.2 . In.sert the filter into the filter holder and assemble taking care 
not to tear or· bend the filter' Tighten the filter holder sufficiently 
to prevent"leiks. 

6. 3 Add 100 ::_ l ml of distilled water to each of. the first two impingers. 

6.4 Add approximately 200 g of accurately weighed silica gel (::_ l g) 
to the fourth impinger. 

6.5 Al.ternately after c.'larging each of t.'le impingers with the appropriate 
material, weigh t.'le impinger and contents on balance to t.'le nearest 
l g. 

6 .• 6 Assemble the train as shown in Figure 5-l and check for leaks as in 
Section S. 

6. 7 Seal the train with aluminum foil, a blanked connector or some other 
means to prevent contamination. 

7.. Pretes.t Preparations 

7 .. l. Select a ·sampling site and the minimum number of traverse points as. 
described in Source Samoling Met.'lod l. 

7 .. 2 Deter.nine the approximate moisture content as described in Source 
Samoling Met.'lod 4. · -~ 

1.3 Make a preliminazy pitot traverse to determine the maximum, minimum, 
and average pitot readinq, duct temperature, and static pressure as 
described in Source Sai:teling Method 2. 

7.4 Choose a nozzle size based on the range of pitot readinqs as described 
in Section i'2 such that it is not necessary to ch.ange the nozzle size 
in order to maintain the isokinetic sampling rates for all traverse 
points. 

7.S Clean the chosen nozzle and probe (the shortest available which will 
reach all the traverse points), assemble and seal each end with alum­
in~ foil to prevent contaminationo 

706 Attach the probe to the sample case, attach t.~e electrical and hose 
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connections, and turn on t.'le probe and filter heating system. Adjust 
the heater controls to maintain t.'le appropriate temperatures. 

a. Leak Check 

8.l Plug the inlet to the filter. 

a.2 'oith the fine flow adjustment (bypass) completely open, open the 
coarse flow adjustnent completely and adjust to a vacuum of 15 in. 
Hg by closing t.'le fine flow adjustnent •. 

9.3 After sufficient time has elapsed for stabilization, measure t.'le 
leakage rate for l minute or more and record. A leakage rate of 
less than 0.02 cf!!! at 15 in. !lg is acceptable. Use acetone resistant 
stopcock grease on impingers and ball joints if necessary to seal 
against leaks. 

S.4 Slowly rel00'1e the plug from t.'le filter inlet and immediately close t.'le 
coarse flow adjustment. 

9. Particulate Train Operation 

9.l Each point should be sampled a minimum of 2 minutes and a complete 
set of data readings should be taken at every point. !f each point 
is sampled more than 5 minutes, a complete set of data readings should 
be taken at equal inter:vals during t.'le sampling of every point but not 
less frequent than every fiye minutes. 

9.2 Pack crushed ice around the impingers, turn on the probe heater and 
adjust so t.'lat t.'le gases leaving the probe are 2500F. Add ice occa­
sionally during t.'le test in order to keep the temperature of the gas 
leaving the train at 70°F or less. 

9.3 Position the probe nozzle at the first traverse point (taking care 
not to allow the nozzle to touch t.'le stack walls) and block off the 
openings around the probe. Record the initial gas meter reading, 
temperatures, static pressure and pitot reading on the Particulate 
Field Data Sheet (Figure 5-5). 

The probe should never be left in the stack when 
not sampl~ng as particulate will be collected in 
the nozzle. 

9.4 calculate (as described in Section 12) and record t.'le desired 
orifice setting, open ~~e coarse flow adjustment and immediately 
start the timer. 

9.5 As rapidly as possible, adjust the orifice reading using t.'le coarse 
and fine flow adjustments to t.~e desired reading. 

9.6 At the end of t.'le first sampling point (or not more ~'lan 30 seconds 
before) reposition the probe nozzle at t.'le next sampling point. 

Note the gas meter reading exactly at the end of the fi:st 
time interval. 
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9. 7 After the pitot readings have stablized, note the pi tot reading, 
calculate the desired orifice setting, and adjust with the fine 
and coarse flow adjustments to the new setting. This should be 
done as rapidly as possible to avoid anisol<inetic sampling. 

9. 8 Continue the above steps until all traverse points have been sampled an equal interval of time (exc:ept adjusted traverse pc:ints as described 
in Sourc:e Sam10ling Method l.) 

9.9 At the c:cnc:lusion of the run, close t.'1e coarse flow adjustment, note 
the final gas meter reading and t,.mperatures and withdraw t.'1e probe 
completely. 

9.10 Seal the nozzle wit.'1 aluminum foil as soon as it cools sufficiently 
to do so, disc:cnnect t.'1e probe from the sample case, seal all other 
openings and transport to t."1e cleanup (or storage) area. 

9.ll Throughout the sample run, collect an integrated gas sample for comp­
osite analysis as described in Source Samolinq Method 3. 

9.12 Onder no circumstances disconnect or loosen any part of the airtight 
train until t.'1e probe has been c:cmpletely removed from t.'1e stac:k. 

10. Particulate Train Cleanup 

10.l Cleanup should be performed in an area free of lofind and airbo:rne 
dust lofhich may contaminate t."1e 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 t."1e end seals and brush 
while rinsing with acetone into a suitable container (labelled). 

~: Exercise caution so that none of the rinse is 
lost and no extraneous material enters the rinse 
(such as from the pi tot tubes). 

l0.3 Should it be necessar/ to clean the train in the field, use the 
following procedure: 

l0.3.l Rinse all sample exposed surfaces prior to the filter 
(including the front half of the filter holder) with 
acetone. Remove any adhering particles with t."1e aid 
of a rubber policeman. Place the rinsings in t.'le probe 
rinse bottle. 

l0.3.2 Remove t."1e filter without disturbing the particulate cake, 
place in a petri dish and seal. 

l0.3.3 Measure and rec:crd t.'1e volume (or loieight) increase of t."1e 
. first three i.mpinqers and transfer t.~eir contents into a 
labelled container. Rinse the impingers a.nd interconnects 
"'1.th distilled water and add to t.,e container. 
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l0.3.4 Rinse all sample exposed glassware between the filter 
(excluding the glass frit filter support) and the fourth 
impinger with acetone and store in a suitable marked 
con taine.r . 

10 .3.5 Determine the weight gain of the silica gel in the fourth 
impinger and record. Alternately transfer the silica 
gel quantitatively to an airtight container to be weighed 
in the laboratory. 

l0.3.6 Collected samples should be analyzed within one week of 
collection in order to prevent any possibility of 
biological or chemical degeneration. 

11. Analysis 

ll.l Dessicate the filter (in the field container) for 24 hours and 
weigh to constant weight. 

ll.2 Transfer the acetone rinse (Section 10.3.l) into a tared beaker 
or evaporating dish. Be sure all particulate is removed from 
the container. Evaporate the solvent at laboratory temperature 
and pressure, dessicate for 24 hours and weigh to constant weight 
( .:!: O.S mg change in 6 hours or more). 

ll.3 Transfer the acetone rinse from the back-half (Section 10.3.4) 
to a tared beaker or weighing dish. Evaporate as in ll.2 and 
weigh to constant weight. 

ll.4 Transfel the water in the impingers to a separatory funnel 
(Teflon stoppered) . Rinse the container with distilled water 
and add to the separatory funnel. Stopper and vigorously shake 
the separatory funnel .l minute, let separate and transfer the 
chlorofor.n (lower layer) into 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 chloroform. 

ll.S Transfer the remaining water in the separatory funnel to a tared 
beaker or evaporating dish and evaporate at 105° C. Dessicate 
for 24 hours and weigh to constant weight. 

ll.6 Evaporate the combine? impinger water extracts from Section ll.4 
at laboratory temper~ture and pressure, dessicate for 24 hours 
and weigh to constant weight. · 

ll.7 Evaporate portions of the solvents used in a manner sL~ilar to 
. the sample evaporation to determine the solvent blanks. 

11.8 Record all laboratory data on the Laboratory Data Reporting Sheet, 
Figure 5-9. 

12. Nomograph Operation 

12.l Correction factor 

12.l.l Determine ~H@ for the orifice as described in the 
calibration Section 13.l 

12.1.2 Estimate the probable meter temperature, T;n, often 20° F 
above ambient temperature, s 2o in stack gas, and Ps/?:n 
(ratio of absolute stack pressure to absolute meter 
pressure) as described in Section 7. 
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12.l.3 Determine the correction factor "C" using the 
correction factor nomograph, Figure S-2a, as described 
on the nomograph. Correction of the factor •c• for a 
pitot Cp other than a.as can be made using the following 
equation: 

C(corrected) 

c 2 
p 

= c (0.85) 2 

12.2 Operating Nomograph 

12.2.1 Adjust the sliding scale on the operating nomograph, 
Figure 5-2b, such that the •c• factor determined in 
Section 12.1.3 is opposite Reference Point A. 

12.2.2 Using the preliminary pitot traverse data and duct 
temperature determined in Section 7, draw a line from 
T to the values of ~P and select a suitable D (nozzle 
dfamete.r) from the probe tip diameter scale. 

12.2.3 Draw a line from T through D (actual diameter of nozzle 
to be used) and noee where the line crosses the ~p scale. 

12.2.4 Draw a line from the ~P obtained in 12.2.3 to Reference 
Point B on the ~ scale and note where the line crosses 
the K factor scale. This point should be marked for 
future reference.· 

12.2.5 During sampling, align the pitot reading, ~, with the 
K factor setting, Section 12.2.4, to obtain the desired 
~-

12.2.6 0 If T (absolute) changes by more than SO F the K factor 
should be recalculated starting with 12.2.3. 

13. Calibration 

13.l Orifice and dry gas meter 

13 .1.1 

13 .1. 2 

13.1.3 

13.1.4 

Connect the cpmponents as shown in Figure S-3. The wet 
·test meter is al cf per revolution with+ 1% accuracy 
and capable·of operating at a rate comparable to the 
expected sampling rate. 

Run the pump about 15 minutes at an orifice reading of 
about 0.5 in. H

2
0 

to warm up and Co 
test meter. 

to allow the dry gas meter and pump 
wet all interior surfaces of the wet 

Gather the information as required in Figure 5-4. 

Calculate y and ~@ as described in Figure S-4. If an 
average y of l.00 + O.Ol is not obtained, the dry gas 
meter must be adjusted. !f an average illl@ of 1.84 + 0.25 
is not obtained, the orifice opening should be enlarged or 
replaced. Additionally the ~@ should not vary more ~~an 

~ 0.15 over the range of operation of 0.5 to S inches of 
!!20. 



li'age 9 

13.l.5 calibrate the orifice and dry gas meter every mont., or after 
every 5 tests whichever occurs first. 

13.2 Temperature gauqes 

l3.2.l Che<:k temperature gauges against meri:u:ry-in glass ~,er.nometers 
of certified accuracy or against suitable temperature standards 
(boilinq or freezinq points) at least yearly. 

l3.3 Probe Nozzle 

l3.3.l, Measure the inside nozzle diameter on at least 10 different 
diamete::; - to the nearest 0. OOl inch using a micrometer or 
caliper. The nozzle diameter is the average of these readings 
to the nearest 0. 001 inches. 

13.3.2 The largest deviation from t.,e averaqe should not exceed !. l\ 
of the average diameter. 

13.3.3 calibrate the nozzle at least before every test. 

l4. calculations 

l4.l Gas velocity 

14.l.l calculate the average gas ·,elocity, V , from t.,e pi tot tube 
readings and gas tem.peratures using e&uation s-2 

(5-2) 

Where the symbols and wtlts are the same for equation 2-2 
in Source Samclina Met.,od 2. 

l4.2 Gas volumetric flow rate 

l4.2.l calculate the volUllletric flow rate of the gas from the duct 
area and t.,e averaqe gas velocity using equation 5-3 

q ~ O.l,23A s s (Vs)avg (l-B'10}Ps 

T 
s 

(S-3) 

where the symbols and units are the same as equation (2-3). 
in Source Samcling Method 2. 

14.3 Dry gas volume 

l4.3.l Calculate the volume of gas sampled using equation 5-4 

(S-4) 



Paqe lO 

where Q = d 
vclume of gas sample, Si:::a' 

~ = vclume of gas through meter (meter conditions}, c"' 
p • barometric pressure, absolute, in. Hq . 

0 

AH - averaqe pressure drop across t.li.e orifice , in. ll 0 
2 

T = averaqe dry gas meter temperature·, OR 
m 

14.3 • .2 !n the event the gas passing through t.'le d..""Y gas meter was 
not dry, the above equation lllUSt be multiplied by (l-B ) 
where a is t."ie volume fraction of water in t."ie meter~ 
gas (as~ .saturation at t.'le temperature of t.':le last impinqer). 

14.4 Moisture content of duct gas 

14.4.l calculate the moisture content of the duct gas from the total 
volume of water vapor eondensed usinq equations (5-5), (S-6), 
and (S-7). 

where 

where 

Q - 0.0474 v v v 
(5-5) 

m 
v 

mv = 

md 

ma. -

• 

volume occupied by water vapor, SCF 
volume of water condensed in in:ipingers and on 
siliea gel, g or ml. 

(S-6) 

volume percent of moisture in the sampled gas. 

~ =- 1-~ (S-7) 

Qd+Q,, 100 

volume fraction of dry gas in t.'le sampled gas 

14.S Calculate the molecular weight of the wet gas using the V<ll1Jme fraction 
of dry gas and the d:rf molecular weight using equation 5-8. 

(S-8) 

where M • molecUlar weight of the wet stack gas , lb/lb ioole 
s 

M,;. • molecular weight of t.l:ie dry stac.'< gas as defined 
in Source Samolinq Method 3, equation (3-2) 

14.6 Calculate the total pa:r'".iculate grain loading and correct to 12% carbon 
dioxide (when necessary) from the volume of gas sampled, the total 
weight of particulate sample and t.'le \ co

2 
using equation 5-9, and 5-10. 

c 
g 

where C = total particulate grain loading, gr/sdcf 
g 

W • weight of particulate sample, mg 

C' • 12 C g g 

\ co2 

(5-9) 

(5-10) 
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15. 

where c• 
g 

... total particulate grain loading corrected to 
12' co2,gr/sdcf@ 12' co

2 

'co
2 

.. percent by volU111e carbon dioxide as dete"11lined 
in Source Samolinq Method 3. 

14.7 Calculate the total particulate emission rate from t.>ie total particulate 
grain loading and t.>ie volumetric flow rate using equation s-11 

.. 0.00857 
(S-ll) 

where Ct .. total particulate emission rate, lbs/hr 

Volumetric flow rate in duct, DSCFM 
in Source Samo ling Met.'1od 2. 

as dete.rmined 

14.8 Calculate the percent .of isoldnetic Sampling rate from equation s-12. 

I"' 1039 T
5

Qd 

v p ""Jl2 t s s n 
(5-12) 

where I"' Percent of isokinetic sampling rate 

T '" Average stack temperature, 0R 
s 

p - Average stack absolute pressuze, in. Hg 
s 

D "' Average 
n 

nozzle inside diameter, in. 

t .. Total sampling time, min. 

Q -d 
Volume of gas sampled, SDCF 

v - ·Average gas veloci ey, FPM 
s 

md• Volume fraction Of dr/ gas 

Minimum Acceptable Test Requirements 

lS.l In order for a source test by this method to be acceptable as sufficiently 
accurate'· the fellowing. requirements must be met unless 
otherwise indicated by the Cepartlllent in writing: 

15.l,1 A minimum sample~ volume of 60 SDCF of gas per run must be 
sampled, 

15.l.2 A minimum run time of 60 minutes on. continuous operations or 
one· c:omplete cycle coverin<; at least 60 minutes on cyclic oper­
ations. A minimum of t"~o runs per test is required. 

l.5.l.3 

15.l.4 

15.l.5 

The Depar..:nent is notified in advance of all source tests so 
that it may have an observer present if desired. 

All equipment used in t.>ie test shall be as specified in Section 
3,4, and 5. 

All equipment used in the test shall be calibrated at t.'1e speci.Ei ~d 
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interval or more often and the calibration data and results 
included in the test report. 

15.l.6 Accurate description of the sampl.L~g site including photographs. 

15.l.7 Sufficient data to confi.."l!I t.~at the sampling rate was within 
!. 10% of isokinetic. 

16. Minimum Test Report Infer.nation the following infer.nation concerning the 
source shall be included in t.~e source test report. 

16.l Boilers 

16.l.l Name of manufact'~rer, nameplate capacity, and installation 
date of boiler and associated control equipment. 

16.l.2 Control equipment on boiler (including cinder reinjection 
equipment). 

16.l.J Steam production rate, steam pressure and .range of steam. flow 
where possible. Use of a steam flow integrater is desirable. 

16.l.4 Fuel composition (including estimated moisture content where 
applicable) • 

16.l.S Opacity readings during or immediately after test by a certified 
reader. 

16.2 Asphalt Plants (See Note l) 

16.2.l Type, location and capacity of plant. 

16.2.2 Control Equipment present. 

16.2.3 PressUZ"e drop across control equipment, water pressure on 
scrubber no%zles when present. 

16.2.4· Production rate and type of cix during test. 

16.2.S Dryer fuel and firing rate. 

' 16.2.6 Mix temperature ·(on drum mix plants) 

16.2.7 Fi.~es content of total aggregate feed. 

16.2.S Opacity readings durinq or u.mtediately after test by a certi­
fied observer. 

16.2.9 Photographs of plant in operation including plume after steam 
dissipation. 

16.2.lO Special testing or production problems encounter~d. 

NOTE 1: The source test requizements for asphalt plants constructed or modified 
after June ll, 1973 differ from this method in that only the particulate 
collected in the front half of the train (from the probe to the filter 
inclusive) is used fo.r compliance evaluation. The .L"npinger catch, 
however 1 must still be reported. 
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16.3 Incinerators 

16.3.l Manufacturer and capacity of incinerator. 

16.3.2 Control equipment present. 

16.3.3 Type and quantity of material incinerated. 

16.3.4 Charging and stoking times. 

16.3.5 Auxiliary fuel used and quantity consumed during test (measured) . 

16.3.6 Opacity readings during test by a certified observer. 

16.3.7 Photographs of incinerator in operation including plume. 

' • 
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SOURCE SAMPLING FIELD OATA SHEET 

Plant:-'------~--~~~~~-
figure 5-Sa 

OB Te)llp. ___ _ 1111 Temp. 
Address _______________ _ Assumed Moisture P. baro ------
Source•------------------ Static Pressure All@ --------
Oate Run 11C11 Factor Nozz I e --------- --------
Tr a In No. Box No. Stack Dimensions -------- --------------
Probe length Probe material ----

Tr a In Operator ______________ _ 

Pitot C p•------ Box Operator ---------------
1\lnsings: 

Or sat 

u 

to2 

)2 

to 
Other Samples: 

Sketch of SampYlng s-1 te Remarks: 
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E'igw:e 5-6 

VELOCITY DATA A..'l!l CALCU!.AT!ONS 

Run No. ______ Date_-'------

Plant ______________ __ 

Sampling Location._ ________ _ 

Po:iJlt Sta.ck Stack Te!!!p. Vel. (.<j P :x Ts) 
No. Pressure ts Ts Head 

S"].j.<j P x T.s 

PS in.Hg .,. "R AP in.H
2
o 

gau;;e 

I 

I 
I 

I - -
I I I 

I 
I 

I 
I 

I 
I 

I 
I I 

' I -, I I I • 
; 

I I I 
AV';t .. 

Pa = absolute pressure - Ps + Po = in. Hg ---
Ambient temp. = _....;. __ .,. 

Ambient press.= :iJlches of Hg 

STACK TEMP. Dr7 Bu.lb "Ji' ----
\let Bulb 0 1' ----

COMST. C = -----
\Q·603 
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' \ 

l?oint Distance 
No. Inches 

I 
i ; 

I I 
\ 
I 

i 
I i I 

! i l 
·, 

i 
I 

I i 
I 

I I 
I 
' 

I 

Avg. 

Static Pressure, l?s 

Atll'lOspheric Pressure, 

Stack Pressure, Ps 

Ory aul.b Temp. 

Wet Bulb Temp. 

Moisture \ 

DEPARTMENT OF ENVIRONMENTAL QUALITY 
AIR QUALITY DIVISION 

VELOCITY DATA ANO CALCULATIONS 

Stack Temp. Vel. (..:::,I? 

Ts Ts Head 
"F "R ~I? in H2o 

. 

-

I 

. 

' 

in.H2o 

l?b in.Hg 

in. Hg 

"F 

'F 

Figure s.,.6 (Revised) 

:< Ts) ~ 

I 
! 
I 

' 
I 

! 
I i 

i 
I 

i 

i 

i 
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Figure S-7 

COMBUSTION GAS ANALYSIS DATA SHEET 
'·. -. 

Samcling Point Locati0l1 _____________________ _ 

Amlysis 2 

Analysis 3 

Analysis 1 

Aila.lysis 2 

Analysis 3 

Average 

RUN 

co 

T1me -----
Test condi:t:!ons: 

co 

Atomic Wt. Atomic Wt. Atomic Wt. Atomic Wt. 
(44) (32) . (28) (28) 

____ + ____ + _____ + _____ = Total Atomic Wt.. 

. RUN 

co 2 02 co N. 
2 

Time 
.. 

., Test conditions: 

co
2 02 co N2 

Atomic Wt. Atomic Wt~ Atomic Wt. Atomic Wt. 
(44) (32) (28) (28) 

+ + + = Total Atomic Wt. 



PARTICULATE SA./>IPLIN"G CALCULATIONS 

Sampling Location ___________ _ 

Date of Test 
·~------------ FIGURE 5-8 

PARAl>IETERS TO BE CALC1JLATED RESu"I. TS -· 
.n-

Definition, Units bol Calculating Equation 1· Run_f RunJRunj Avg~ 

Qm 
Sample gas volume a~ 
meter conditions, ft. Avg. from field dat:J. sheet I 

H20 % HzO Moisture escaping last 
imping er 

tm Gas meter temp. , •F Avg. fr. field data sheet I I 
H 

Orifice oressure 
I drop in l12o Avg. fr. field data sheet 

po Barometric pressure (in. Hg) I Field data sheet I 
Vv Tot. vol. of condensed water Total fr. lab data sheet I I I 
Md Molecular weight of dry gas Gas analysis-Atomic Wt. ' I 
Ps Stack pressure in Hg abs • 07355 x P~ + Po I 
s iJ P x rs Avg fr. Vel calc. sheet 

Cp I Pitot Tube Coeff. From Calibration Data r I 
As ~ Stack area (in. -i Field data sheet I r I 
Ts Stack temp. , "R I Avg. fr. field data sheet I I 
Dm N azzle diameter (in. ) Field data sheet 

-
t Total sampling time, min. Total fr. field data sheet I 

w Wt. of particulate sample, mg Total fr. lab data sheet 

%COzl % COz co? analyzer I 
I -

·-·- , 

Qd I Dry gas sample val. at Qd= 17. 55 (Qm)[ Po+ e H I 
std. cond. , s cf. (tm+46 O) ~ 13. sJ 

Qv Tot. vol. of condensed water I vaoor@ std cond. (scf) Qv = O. 0474Vv 

mv % moisture in stack gas lQO Qv 
mv= Qv +i:;:>d I 

md I Mole fraction of dry gas md:Qd I I I <;;;; + i;ia . 

Ms Molecular wt. of stack gas Ms = mdMd + 18 (1-md) 

Vs Stack velocity at stack, fpm Vs = 5129(Cp)(S) ~-~ 
· sMs_ 

I I 
qs I Stack flawrate at standard qs= 0.123 (VsHAs)(mdl(Psl I I cond. , scfm Ts _ 

I Percent Isokinetic I= 1039 TsQd I I I (Vs) (Psl (md) (Dn2) ( e t) -
I ' Total particulate grain 

Cg= 
O. 015-l.W 

I ... g load., o:r/scf Qd 

c~ Grain load. at 12% CO? I 12 
I I gr/scf - Cg= Cg x (% C02) 

Ct I Total pa~iculate emission 
lb/nr. Ct=. 00857 (Cg)(OS) I I I 

AQ-605 
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Figure 5-9 (Revised) 

0£PART11EllT OF rnv I ROll"CITAL O_UAt. I TY 
AIR QUALITY CO~lTROL OIVISIO.'I 

PARTICULATE SA."PLJllG CALCULAT1n11s 

Date of Te'!t 

Sym-: 
bol ! Definition, Units 

' 

tm 

H 

Po 

Vv 

Md 

Ps 

s 

As 

Ts 

Om 

Sample gas vol~me at 
3 meter i:ondi'tion'!, ft. 

Ga'S meter-- temp. , °F 

Orif 1ce pressure 
drop in u2o 

Barometric ?1"'e5sure(in.Hg) 

Tot.vol. of condensed water 

Molecu:ar weight of dry gas 

Stack pressure ln Hg abs 

~ P x Ts 

PTtoc Tube C~eff, 

Stack area (in. 2) 

Nozzle diameter (in.) 

Calculating E~uacion 

Ava.from field d~ca sheet 

Avg.from field data sheec 

Avg.from field data sheet 

Field data Sheet 

Toca 1 fr. lab data sheet 

.07355 x P5 + Po 

Avg. fr. Vel, ca I~. sheet 

From cal ibracion data 

Field data sheet 

Avg. fr. field data sheet 

Field data sheet 

Total sampling timet min. Total fr. field data sheet i 
\I Wt .. of particulate sample,mg. I Total fr. lab data she~t ! 
~co2 1 % co2 I co2 analyz.el" . I 
Q.d Ory gas sample vol. ac 

I Q.d • !7.6510,,,1 [Po+ ..'L':., J I !td. c:ond., scf I tm+46ol . 1) .. , 

Q.v Tot. vol. of c:ondensea water I I vaoor '~ std, c:ond. (scf) O.v • O.C474 VY 

% moisture in stack gas I l (JO QY i mv mv ·---Qv + O.d 

md Molo? fraction of dry gas I md ())! I 
Qv • O.d I 

Ms Mo I ec:u 1 ar wt. of stack gas Ms :1 r.tdHd .P 18 (l•md) 

Vs Stack veloci Cy at stac:\(., fpm Vs • 5129(Col (sl[ 1 F 
?s.'"l:;J 

qs Stack flowrai:e •t st~ndard • 0. 123(Vs) \.~1s; '.·":'Id} 1,Ps) 
cond., scfm qs is 

I Percent lsokinetic I • 1039 rs 1.-.:i 
(vs; (?sl \mdl I~, 2) (.1e) 

Cg To toll particulate grain Cg • o. 01 <;l.\I 
1013d. ,<:Jr I scf •J.J 

Cg 
Grain !o..id. at 12~ co 2 c9 a Cg 1 z gr/scf x 

rno:J 
Ct rota p.artic:.ilate e.r=ilss ion 

C• . .OOB57 (Cq) (qs) lb/,, 

(Run_ (Run_ .~~"- i Avg, 

I I I 
I I I 
I I I 
I I I 
I I I 

I 

I I ' I 
I 
I 
I 
I 

I 
I 

I 



Figure 5-9 

SOURCE SAMPLING-LABORATORY ANALYSIS OF PARTICULATE SM,IPLE 

CONDENsco "IAT~R DETERi,1!NATION '- ' ~ 

Run f impinger: #1 #2 
I 

#3 #4 Total 
No. Condensate 

Final weight I 
!nl tia I weight 
Net weiaht 
ri na 1 weiqht 
Initial weight 
Net we1qht 
Final weioht . 

In1tiai weiqht 
Net weiqht 

GRAVIMETRIC RESULTS 
<un '-on tents r1 lters · Prooe & n lter Jmprnger Jmp1nger I Jmpinger iota I 
10. r.' Holder Rinse Extract 

I 
~·Ja ter \·Jt. 

Beaker :'lo.1Vo1. 
Gross wt. 
Tare 111t. 
Net wt. 
Blank wt. 

' Final wt. 
'. Beaker No. /Vo 1 . 

Gross wt. 
Tare wt. 
Net wt. ' 
~lank wt. 
Fina I wt. I 
Beaker l·lo./Vol. 
~ross wt. 
Tare wt. 
Net wt. 
Blank 1·1t. 
Fina 1 wt. I 

\. 

Sample Preparation: Volatiles evaporated at C, Duration hrs 
Water evaporated at ---- C, Duration --hrs 
Desicated at C, Duration hrs 
Laboratory Balance Type 

-----------~ 
.Q-606 



Attachment 3 

of Appendix l 

STATE OF OllECON 

DEPARTMENT OF ENV'.tilONMENTAL QUALITY 

Sou:rce Sampling Method 7 

Sampling Condensible :::missions From Stationary Sources 

l. Principle and Applicability 

l.l Principle: Particulate matter including condensible gases is 
withdrawn isokinetically frcm a flowing gas stream. The part­
iculate matter is determined gravimetrically after extraction 
with organic solvents and evaporation. 

l.2 Applicability: This method is applicable to stationary sources 
whose primary emissions are condensible gases. !t should be 
considered a modification of Source Sampling Method 5 and applied 
only when directed to do so by the Depar""...ment. 

2. Sampling Apparatus (Figure 7-l) 

2.l The probe, sampling train, and metering system are the same 
as outlined in 3. Samcling Accaratus of Source Samcling Met.'lod 

.2,. with the following exceptions: 

The heated filter and cyclone are optional, but should 
be used if si9"ificant quantities of solid particulate 
are present. 

An Wlheated glass fiber filter is placed between the 
third and fourth impingers. 

3. Sample Recovery Apparatus 

3.l The sample recovery apparatus is the same as outlined in 4. 
Samele Recovery Aeparatus of Source Sa.!11!?ling Method 5. 

4. Reagents 
' ., 

4.l The reagents are the same as outlined in S. Reagen~s of 
Source Samcling Method S. 

S. Sampling Train Preparation 

5.l The sampling train preparation is the same as outlined in 6. 
Samclinq Train Preparation of Source Samcling Method 5 wit..~ 
the following exception: 

S.l.l Insert numbered and weighed filters into each of t.'le 
front (if used) and rear filter holders. 
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I 
6. Pretast Preparations and Laad Check 

6.l The pretest preparations and leak check are the same as out­
lined in Sections 7 and 8 of Sou=e Samcling Met.'1od 5. 

7. Condensil>le Particillate Train Operations 

7. l The train operation is the same as outlined in Section 9 of 
Source Samcling Method 5. It is imcortant to note that the 
gas temperature leaving the last imi;.inger must not exceed 70°F 
as temperatures above this· may cause loss of condensible material 
by revolatilization. 

8. condensible Particulate Train Cleanup 

8. l Cleanup should be performed in an area free of wind and air­
bo%ne dust which may contaminate the sample or cause sample 
loss. If possil>le, the train should be cleaned in a laboratory. 

a. 2 After the probe and nozzle have cooled, remove the end seals 
and brush while rinsing with acetone into a suitable marked 
container .. 

Note: Exercise caution so that none of the rinse is lost 
and no extraneoUs material enters the rinse (such 
as from the pitot tubes or condensed material from 
the outside of the nozzle). 

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

8.3.l 

8.3.2 

8.3.3 

Thoroughly rinse all sample exposed ·surfaces pr~or to 
the front fil tar support, wi t."1 acetone. Remove any 
adhering particles with the aid of a rubber policeman. 
Place the rinsinqs in the probe rinse bottle. If the 
front filter is not used, all sample e.:q:iosed su.rfacas 
prior to the first impinger should be included in this 
:inse.. .,, 

Remove t.'1e front (if used) and rear filters, place 
in a petri dish and seal. Since a heavy loading of 
condensible material on the rear filter may leave a 
residue in the filter container which would necessitate 
rem::ival wit..~ sol~1ent, glass petri dishes are preferred. 

Measure and record the volume (or weight) increase of 
the first three impingers to the nearest l ml (or l g) 
and transfer their contents to a labeled container. 
Rinse the impinqers and interconnect..s with distilled 
water and add to the container. 



8.3.4 

8.3.S 

8.3.6 

9. Analysis 

Rinse all sample e,..,osed glassware between the front 
filter (if used) or the first impinger (if the front 
filter is not used) and the fourth i.mpinger (including 
glass filter frits) with acetone and place in a suitable 
marked ocntainU. I.f the moisture condensate in Section 
8.3.3 was determined by use of a graduated container, it 
should also be rinsed with acetone and the rinse added to 
the impinger rinse container .. 

Oetermine the weight gain of t.'le silica gel in the four"-h 
i.mpinger and record. Alternately transfer t.'le silica 
gel quantatively to an air tight container to be weighed 
in the laboratory. 

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

9.l Desiccate the filter(s) at 70"F or less in the field container 
for 24 hours and weigh 

Note: In some cases, desiccation may give rise to a slow 
vaporization of the condensible material. Therefore it 
is not recOllll!ended that an attempt to weigh to constant 
weight be ma.de._ 

9.2· Transfer the acetone r'..nse (Section 8.3.l) into a tared beaker 
or evaporating dish. Rinse t.'le container with acetone (police 
to remove particulate) and add the rinse to the beaker. Evaporate 
the solvent at 70°F or less and laboratory pressure, desiccate 
24 hours and weigh • See note in Section 9.l. 

9.3 Transfer t.'le acetone rinse from the impingers (Section B.3.4)to 
a tared beaker or evaporating dish and treat as in Sec~ion 9.2. 

,~, 

9.4 Transfer the water (Section 8.3.3) to a separatory funnel. Rinse 
the·container with distilled water and add to the separatory funnel. 
Add 25 ml of chlorofoni to the separatory funnel, stopper and 
vigorously shake l minute, let separate and transfer the c.'lloro­
foni (lower layer) into a tared beaker or evaporating dish. Repeat 
twice more. Repeat the above extraction usinq three 25 ml portions 
of diethyl ether in place of the chloroform.. Transfer the ether 
(upper layer) to the same container as used to contain t.'le chloro­
form. 

Note: It is necessart to rinse the field container for water (if 
used) with solvent.. This rinse may be made using t."'le extra­
cting reagents in which case it is added to the i.!ilpinger 
extract container or with acetone in which case it i3 added 
to t..~e cont~iner in Section 9 .. 3. 
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9.5 Transfer the remai.ninq water from the separator] funnel to a 
tared beaker or evaporatinq dish and evaporate at lQSOc 
Desiccate for 24 hours and weight. 

9.6 ~vaporate the combined impinqer water ext..--..cts from Section 9.4 
at 70°F or less and laboratory pressure, desiccate for 24 hours 
and weiqh See note in Section 9.l. 

9. 7 Evaporate portions of the solvents used in a manner similar to 
the sample evaporations to determine the solvent blanks. 

9.S Record all laboratory data in the Laboratory Data Reportinq 
Sheet, Fiqure 5-9, Source Sampling Method 5. 

lO. calculations 

lO.l' The calculations are the same as outlined in 14. Calculations 
of Source Sampling Method 5. 

ll. Mini= Acceptable Test Req\lirements 

ll.l The minimum acceptable test requirements are the same as outlined 
in l5. Minimum Accet>table Te.st Reauiremen ts of Source Samplinq 
Method 5. 

U. Mini= Test Report Information 

12.l The test report should contain sufficient information about the 
source to accurately define its operation during the test. Also 
sufficient data and calculations shall be included to document the 
source test results. 



(Optional) 

1f 
filter , 1--1-, 

nozzle probe J I 

- . ~l __ 
manometer 

orifice 

dry gas 

m~ter ., 

Figure 7-l 

valve 

ice bat...11. 

, ... 



CERTIFIED TEST PERFORMAN(~E 
Tested- .by: Date: Procedure: ________ _ 
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Performanue may vary from test values depending on actual home operating conditions 
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ATTACHl'.ENT 6 

EX!>.NPlE ONLY 

*POINT. OF SALE REMO'/A2LE LABEI, 

FOR NON-CATALYTIC STOVE;o ~'.EETING THE 7/ l/S6 STANDARD (ONLY l 

Smol'e 

Efficiency 

Manufacturec: 

------·~---· 

grarns/ho ·J t· 1 
DEQ Ncn-cata.lytic 15 until 07/88 

7 after 07/88 1 Standard 

'.i> (i·lo DEQ Standrtrd) 

HEArr (; u~L1PU'I' r.;1~.l'JGE 

to BTU's/hour 

l'Iucne 

(Performance rnay- var}' frorr: L\:~St. ·\/Cl.l LH:~s clc:~rit~ndi:1_q or1. uctual 11ome 
operati11g (:or1di t. .i.oris) 

PurrJuunt to OAR 340-21-100 -lGC~ l hls 1111iL hut; bc-·1:1 n certifir-=-d ClS 
meet in~~ Oregr.)n Dsp . .irtn>.c~r,t of En\~iron;ni"-·::·i Ld.l Qu.c1 l ity E~lr1i:-Jsion 

stur1dards and hat~ bet~r1 approvt~d for ~.::d Lt~ ir1 t.lic: Stu!~-~ ct Oreg()O _J. 
until July 1, 198:3. 

'----------------------· ··----·------·-------·---·----------··-
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