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Environmental Engineering
and Pollution Control/3M

PO Box 33331
St. Paul, Minnescta 55133
612/778 4791

July 2, 1981

Subject: 3M Chattanooga
Electric Bakeout Oven
Permit (Q090-30500899-68T

Mr. C. E. Rollins .
Chattanooga ~ Hamilton County
Air Pollution Control Bureau
3511 Rossville Boulevard
Chattanoocga, TN 37407

Dear Mr. Rollins:

On May 20-21, 1981, PeDCo Environmental, tested the
air emissions from the electric bakeout oven at our
Chattancoga plant. I have enclosed one copy of the
emission test report for your review.

As noted in the report, the average organic emission
rate was 0.24 1lbs/hr. with or without the catalytic
converter. On the basis of this test, it appears
that the prime benefit of the converter was the re-
duction of a visible emission plume.

If you have any questions or need additional infor-
mation to finalize our permit for this process,
please contact me at (612) 778-5200,

Yours truly,

TR0k A Ao

Robert A. Paschke, P.E.
Environmental Specialist

RAP/dmt

Enc.
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The sampling and analysis performed for this report were

carried out under my direction and supervision.
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I have reviewed all testing details and results in this
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test report and hereby certify that the test report is authen-
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Date: N AR Signature:

- / __, - _/_.f
— ,/,,///f, ’/r,el',u'_.[-

/- Richard W. Gerstle, P.E.
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1.0 INTRODUCTION

Cn May 20 and 21, 1981, personnel from PEDCo Environmental,
Inc., conducted emission tests on the walking vane bakeout oven
at the 3M Corporation Peerless étreet Plant in Chattanooga,
Tennessee. The bakeout oven is used to dry small molded plastic
pieces for electrical circuit boards. Tests for hydrocarbon
emissions were conducted using thé procedures of EPA Reference
Method 25*. Exhaust stream temperature and flow rate were mea-
sured by EPA Methods 1 and 2*%,

Mr. Gary Hipple and Mr. Larry Wingo of the 3M Corporation
coordinated the process operation and testing activities. The
following personnel from the Chattanooga~Hamilton County Air Pol-

lution Control Bureau were on hand to observe the sampling pro-

gram: Gary Ewing, C.E. Rollins, and Harvey Rice.

*

Federal Register, Vol. 45, No. 194, October 3, 1980.
. ;
Federal Register, Vol. 42, No. 160, August 18, 1977.

*
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2.0 SUMMARY OF RESULTS

Emissions from the walking vane bakeout oven are controlled
by a catalytic oxidizer. Testing was conducted with the oxidizer

on to determine the controlled emission rate and with the oxidizer

off to determine the uﬁcontrolled emission rate. The measured
exhaust stream flow rates for both operating conditions are
listed in Table 2-1. With the oxidizer on, the exhaust flow rate
averaged 14690 scfh. The gas stream temperature was 150°F as
measured with a mercury in glass thermometer. A wet bulb-~dry
bulb measurement showed 1.7 percent moisture in the gas stream.
The percent oxygen and carbon dioxide in the gas stream was mea-
sured with FyriteR analyzers. The carbon dioxide content was
below the detectable level for the FyriteR analyzer. With the
oxidizer off, the exhaust gas temperature was 102°F and the
average flow rate was 17040 scfh. Gas stream moisture content
was measured at 1.6 percent.

Emissions data from the Method 25* sampling are summarized
in Table 2-2. Three sets of duplicate samples were collected
during each operating condition. With the oxidizer on, the non-
methane organic (NMO) concentration in the exhaust stack ranged _ |
from 328 to 704 parts per million (ppm) with an average concen- ‘
tration of 536 ppm measured as methané. The average emission

rate of organic carbon was 0,24 1lb/h.

*Federal Register, Vol. 45, No. 194, October 3, 1980.
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TABLE 2-2. EMISSIONS DATA SUMMARY
Process Organic carbon
operating Sample NMO concentration, emission rate,
conditions 1.D. ppm as CH,3 1b/h as ;P
Controlled - CBO-1A 328 0.15
oxidizer on CB0O-1B c C
CBO-2A 473 0.22
CB0-2B 574 0.26
CB0-3A 704 0.32
CB0-3B 601 0.27
Average 536 0.24
Uncontrolled - UCBO-1A 350 0.19
oxidizer off UCBD-1B 275 0.15
UCBO-2A 408 0.22
UCBO-2B 472 0.25
UCBO-3A 620 0.33
UCBO-3B 607 0.32
Average 455 0.24

qNMO = Nonmethane organics measured as methane.

bBased on the molecular weight of carbon - 12 1b/1b mole, and the average
standard exhaust air flow rate from Table 2-1.

CSampTe was lost in shipment due to a fracture in the condensate trap.

CBO-1B was not analyzed.

2-3

Sample



‘ . 2 .

With the oxidizer off, the average uncontrolled emission
rate of organic carbon was alsc 0.24 1b/h. The uncontrolled
nonmethane organic concentrations ranged from 275 to 620 ppm with
an average value of 455 ppm as methane. During the sampling, it
was observed that the oxidizer considerably reduced the visible
emissions from the exhaust stack. However, from the data it
appears that the oxidizer does not reduce the quantity of organic
emissions.

One sample from fhe controlled emissions tests was lost in
shipment due to a fracture in the condensate trap. This sample
was not analyzed.

Appendix B of the report contains all field data sheets for
this test. Laboratory results for the Method 25 tests are in

Appendix C.

2-4




3.0 PROCESS DESCRIPTION

Figure 3-1 is a process diagram showing the walking vane
bakeout oven and exhaust system. The bakeout oven is used to dry
small plastic parts for electriéal circuits. The plastic parts
are stacked on trays and drawn through the oven by means of a
conveyor belt which operates at the rate of 3/4 inch per minute.
Approximately 2500 g of plastic parts are loaded on each tray and
trays are fed to the oven at the rate of 1 tray per 23 minutes.
During the emission testing the plastic material feed rate was
about 15 1lb/h. All testing was conducted after the oven had been
filled with material. -

The oven has four heating zones which operate at 250°C. Air
from the heating zones is aspirated into a catalytic oxidizer for
emission control. The outlet of the oxidizer consists of a 2-1/2
inch diameter pipe. Air from the oxidizer exhaust is drawn along
with dilution air through a 6 in. I.D. exhaust stack and vented
above the roof level, Emission samples were collected from the 6
in. exhaust duct through sample ports installed about 5 feet

above the roof level.

3-1
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4.0 SAMPLING AND ANALYTICAL PROCEDURES

4.1 GAS STREAM FLOW RATE AND COMPOSITION

Exhaust gas flow rate and temperature were measured by EPA
Methods 1 and 2*. A total of 12 sampling points were used for
each velocity traverse on the six inch diameter duct. Gas veloc-
ity was measured using a standard type pitot tube and an inclined
manometer with divisions of 0.005 in. H20 on a 0 to 0.25 in. H,0
scale.

The standard type pitot tube was used to minimize flow dis-
turbance in the small diameter duct. Gas stream temperature was
measured with an ASTM grade mercury-~in-glass thermometer. Mois-—
ture content of the exhaust air was determined by wet bulb/dry
bulbk measurements using a mercury-in-glass thermometer.

FyriteR analyzers were used to check the carbon dioxide and

oxygen content of the gas stream.

4.2 HYDROCARBON EMISSIONS
Sampling and analysis for hydrocarbon emissions was con-
ducted using EPA Method 25** for the determination of total

gaseous nonmethane organics. Samples were collected by drawing

*

Federal Register, Vol. 42, No. 160, August 18, 1977.
* % .

Federal Register, Vol. 45, No. 194, October 3, 1980.
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gés from the stack through a dry-ice condensate trap by means of
an evacuated sample tank. Sampling was conducted at a single
point in the stack and a constant sampling rate between 80 and

90 ml/min was maintained. Both the sample tank and the condensate
trap were analyzed to determine the nonmethane organic content

of the exhaust gas.

Analysis of the tank fraction was accomplished by injecting
the sample into an analyzer which separates the nonmethane or-
ganics from CO, COZ' and CH4K oxidizes the components to CO2 and
reduces the CO2 to methane for measurement with a flame ionization
detector (FID).

Condensate was recovered by heating the trap and probe line
to 650°C, converting the contents to carbon dioxide with a
catalytic oxidizer, and collecting the Co, in an intermediate
collection tank. The intermediate tank was analyzed by injecting
the contents into the analyzer where the CO2 was reduced to
methane and measured with the FID. The total gaseous nomethane
organic content was determined by summing the results of the trap
and tank analyses. A complete description of the sampling and
analytical procedures is in Appendix D of this report. Labora-

tory results and calibration procedures are in Appendices C and

E, respectively.

4-2 .
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5.0 QUALITY ASSURANCE

The quality assurance procedures specified in Method 25 in-
clude oxidation and reduction catalyst checks, complete calibra-
tion of the NMO analyzer, use of proper materials of construction
for sampling tanks and traps (316 stainless steel), and checks
to determine the blank values for the analyzer and trap condi-
tioning apparatus carrier gases. In addition, PEDCo has found
it necessary to use the following procedures to check and pre-
pare sampling equipment before testing. Prior to each test, all
condensate traps are checked for cleanliness using the trap con-
ditioning apparatus. Traps are heated to 650°C with carrier gas
passing through the trap, and oxidizer, and into an intermediate
collection tank. The intermediate collection tank is then
analyzed to determiné the level of contaminant remaining in the
trap. This process is repeated until an acceptable blank wvalue
is obtained. Typical blank values for traps range from 5 to 10
ppm.

Gas sampling tanks are cleaned by evacuating the tanks and
filling with nitrogen. This procedure is repeated until an
analysis of the tank on the Method 25 analyzer demonstrates that
the tank Tontains no contaminants from previous sampling jobs.
All tanks to b2 used in a testing program are checked in this
manner before shipment to the sampling site.

5-1
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Chromatograms showing the blank checks for the traps and
tanks used in this test are in Appendix C with the laboratory

results.
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APPENDIX A

METHOD 25 AND EMISSION STREAM FLOW RATE CALCULATIONS
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SAMPLE CALCULATIONS

]

e SYMBOLST . . e e e e _ e
f AREA cnosa-sscnonu sucu ansn. sn FT PTC PITOT TUBE COEFFICENT i
LA BPRES BAROMETRIC PREBSURE, IN HG SPREY SYATIC PRESSURE, IN M20 o
. DELP DELTA P~ e . STEMP sncn_reupsnnufgg .‘DEB__LM,_________ .
. DIA DIAMETER OF cmcuuﬂr ‘STACK, IN STPRES STACK PRESSURE, IN W 2.
DIMY LENGTH OF RECYANGULAR STACK, IN STVEL STACK VELNCITY, AFPM .
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METHOD 25 CALCULATIONS

Equations:

1.0 Gas volume samples, Vg

2.0

3.0

o P P, .
Vg = 0.386 s V (% - T%)
where:
V - Gas collection tank voliume, dscm
Pt - Gas.sqmpIe tank pressufe after sampling but prior to pres-
surizing, mm Hg, absolute
Pti - Gas sample tank pressure prior to sampling, mm Hg, absolute
Tt - Sample tank temperature at completion of sampling, °K
Tti - Sample tank temperature before sampiing, °K

Source concentration of non-condensible organics, CT

Cy = Tf__Efﬁ_" X Cim
Lot
Te Ty
where:
Ctm - Measured concentration of gas sample tank, ppm methane

Ptf - Final tank pressure after pressurizing, mm Hg, absolute

th - Sample tank temperature after pressurizing, °K

Source concentration of condensible organics from trap recovery, CC

V x P~
v f
£ =0.386 vV——— x C
c Vs X Tt cm
where:
Vv - Intermediate collection tank volume, dscm
Vs - Gas sample volume, dscm

A-21




3
L3

Pf - Final pressure of intermediate collection tank, mm Hg, absolute
Tf - Final temperature of intermediate collection tank, °K
Ccm - Measured concentration of intermediate collection tank, ppm
as methane
4.0 Total gaseous non-methane organic (TGNMO) concentration at source, C,

ppm methane

C = C + ¢

A=-22 .
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METHOD 25 CALCULATIONS

Field Data and Results:

Plant _ 2 M ¢ hoflenccga Test date _S~20- &/

0J&dgaﬁ£

Sampling location - vy sl Eils Run number <« 2o - /A

Lake - Outel echanp.

Calculated by 1.4 cﬁ-uz.g;,

1.0 Sample volume

2.0

P P,:

v, = 0.386 V (ﬁ - T—E)

V - Volume of sample tank, £. 3299 X{53
Pti - Sample tank pre-test pressure, 2.

Tti - Sample tank pre-test temperature, 297

P, - Sample tank post-test pressure, SYg

Tt - Sample tank post-test temperature, 297

VS - Volume of gas sampled, q,cho(,”;j

Source concentration non-condensible organics, tank fraction

tf

r—
C, = tf x C
TP Py tm

Te " Ty

t¢ - Final pressurized tank pressure, D
t¢ - Final pressurized tank temperature, 2945
tm " Measured concentration of gas sample tank, [P EITA
C; - Source concentration of non-condensibles, K1

A-23"

dscm
mm Hg
°K
mm Hg
°K

dscm

mm Hg
°K

ppm CH4
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Run number Cg£o.-/4f

3.0 Source concentration of condensible organics, trap fraction

Y x P

‘M 'HIE 'HN N D W
' 5

C, = 0.386 (——: . T:) Cen

vV, - Volume of intermediate collection tank, 4,370 n'asdscm

P; - Final pressure intermediate collection tank, 720 mm Hg
.... ' Tf - Final temperature intermediate collection tank, RG9S °K

C.p - Measured concentration of intermediate tank, L8 ppm CH,

CC - Source concentration condensible organics, H q.¢ ppm CH4

4.0 Total gaseous non-methane organic (TGNMO) concentration at source

C=Ct+Cc

C - TGNMO source concentration, <27.%5  ppm CH,

Note: standard conditions - 293°K, 760 mm Hg.
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METHOD 25 CALCULATIONS

Field Data and Results:
Plant EXY Test date __ § Ao /)
/ [

Sampling location _Kaf, ped- e s€ exlows/-  Run number CrRo- 24
Calculated by

1.0 Sample volume

-
1

P P,.
t ti
= (.386 V (ﬁ - T:i-)

5

V - Volume of sample tank, A 420?;\’16‘3 dscm

Pti - Sample tank pre-test pressure, ].a mm Hg
Sample tank pre-test temperature, 2972 °K

P, - Sample tank post-test pressure, $59 mm Hg

T, - Sample tank post-test temperature, 297 °K

VS - Volume of gas sampled, #:441;33 dscm

2.0 Source concentration non-condensible organics, tank fraction

Pef

r—
Cp = p—tt x €

TP Py tm
Te T

Pys - Final pressurized tank pressure, 779.3 mm Hg
th - Final pressurized tank temperature, 237 °K
Ctm - Measured concentration of gas sample tank, ] S¥ ppm CH4
CT - Source concentration of non-condensibles, 2'79_ ppm {:H4

A-25
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Run number ~gp-9A

3.0 Source concentration of condensible organics, trap fraction

x P
C, = 0.386 ‘v: . T:) Cen
V, - Volume of intermediate collection tank, b 3(7(:5’3 dscm
P¢ - Final pressure intermediate collection tank, 7723 mm Hg
T - Final temperature intermediate collection tank, 297 °K
Ccm - Measured concentration of intermediate tank, 12,/ ppm CH4
Cc - Source concentration condensible organics, 202,35 ppm (:H4

4.0 Total gaseous non-methane organic (TGNMO) concentration at source

C=Ct+CC

C - TGNMO source concentration, & 72.5 ppm CH,

Note: standard conditions - 293°K, 760 mm Hg.
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METHOD 25 CALCULATIONS

Field Data and Results:
Plant I M Test date _r7;°773¢/

Sampling location gg ol petty oalpuad Run number ~ £2_2F

Calculated by

1.0 Sample volume

P P, .
Vo= 0.386 V (75 - D)
t ti

V - Volume of sample tank, L. /00 ke 6> dscm
Pti - Sample tank pre-test pressure, Jo 0 mm Hg
Tei < Sample tank pre-test temperature, 293 °K

Pt - Sample tank post-test pressure, SY7 mm Hg
T, - Sample tank post-test temperature, 77 oK

Ve - Volume of gas sampled, gf“;zl/;rfé'g dscm

2.0 Source concentration non-condensible organics, tank fraction
Pif
T—,
€, = 2 x C
T Pt Pt_i tm
T Ter
s ?573

P.¢ - Final pressurized tank pressure, o33 mm Hg
Ti¢ - Final pressurized tank temperature, "2 77 °K
Cip - Measured concentration of gas sample tank, ({2 2 Ppm CHy
C; - Source concentration of non-condensibles, 29T ppm CH,

A¥4.4
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Run number < Lo-2f

3.0 Source concentration of condensible organics, trap fraction

(Vv X Pf)
C.=0.386 c
c Vs X Tf cm
-3

Vv - Volume of intermediate collection tank, L. 7Cgxto dscm
Pf - Final pressure intermediate collection tank, [062.2 mm Hg
T¢ - Final temperature intermediate collection tank, 277 °K

th= HS4igam3p? _
Ccm - Measured concentration of intermediate tank, /J“Sté ppm CH4
Cc - Source concentration condensible organics, 250,09 ppm CH4

4,0 Total gaseous non-methane organic (TGNMO) concentration at source
C=¢C+ Cc
s74 9

C - TGNMO source concentration, N ppm CH4

Note: standard conditions - 293°K, 760 mm Hg.
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METHOD 25 CALCULATIONS

Field Data and Results:
Plant 3IM Test date S722/9/

Sampling location ég& 0 12l eocddaads Run number Ry -3 H

i
Calculated by 2. A .rﬂlgg%n

1.0 Sample volume

p P, .
t ti
V_=0.386 V (= - )
s o Ty
-3

V - Volume of sample tank, K:qu X0 dscm
Pti - Sample tank pre-test pressure, iy mm Hg
T,; - Sample tank pre-test temperature, 29¢.9 °K
P, - Sample tank post-test pressure, 329 mm Hg
T¢ - Sample tank post-test temperature, 2F¢ *F °K
Vs - Volume of gas sampled, 2, szy,;) dscm

2.0 Source concentration non-condensible organics, tank fraction
Pis
T*
€, = tf x C
T P Py tm
Tt Tei
949.3
Ptf - Final pressurized tank pressure, Jeal mm Hg
Tys - Final pressurized tank temperature, "2 T °K
Cim - Measured concentration of gas sample tank, Q.2 ppm CH,
C; - Source concentration of non-condensibles, 25/  ppm CHy
264
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Run number CB0 A

3.0 Source concentration of condensible organics, trap fraction

V X Pf
C‘:-OBBG(v xT) c
23

vV, - Volume of intermediate collection tank, L3 A aw_ dsem

Pf - Final pressure intermediate collection tank, fons mm Hg

Te - Final temperature intermediate collection tank, 25 °K

Com ™ Measurye)d’.cogi:irlt;-iilzj_o;\ of intermediate tank, [¢ %7 ppm CH,

C. - Source concentration condensible organics, 439 3 ppm CH,
4.0 Tota) gaseous non-methane organic (TGNMO) concentration at source

C=20C+ Cc

704"
C - TGNMO source concentration, D2C+3  ppm CH4

Note: standard conditions - 293°K, 760 mm Hg.
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METHOD 25 CALCULATIONS

Field Data and Results:

Plant 2 N Ae TZRn0O 4 o Test date _ s 20 -&/
Sampling location @And, stx et &Y,{W Run number ¢ 20- AR
Calculated by D 4_%?404

1.0 Sample volume

P.  P..
= 0.386 V (T—t - T-‘i‘—)

's t ti

¥ - VYolume of sample tank, /. 4/32/(:) dscm
Pti - Sample tank pre-test pressure, ‘;7.0 mm Hg
Ty - Sample tank pre-test temperature, 25619 °K

P, - Sample tank post-test pressure, 3L mm Hg
Tt - Sample tank post-test temperature, Zj’é. g °K

V_ - Volume of gas sampled, J.GZX,Ejdscm

2.0 Source concentration non-condensible organics, tank fraction

Ptf

T"‘"
C; = tf x C

T Py Py tm
T T

Ptf - Final pressurized tank pressure, mm Hg
th - Final pressurized tank temperature, ' °K
Ctm - Measured concentration of gas sample tank, (@) ppm CH4
CT - Source concentration of non-condensibles, 0O ppm CH4
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Run number C&J-3/72

3.0 Source concentration of condensible organics, trap fraction

V X Pf

Cc = 0.386 (V ) C
£. 37{( -3

V, - Volume of intermediate collection tank, —£—F dsem
Pe - Final pressure intermediate collection tank, ZQQQ:; mm Hg
Tf - Final temperature intermediate collection tank, 2L °K §
Ccm - Measured concentration of intermediate tank, 2/72 of ppm CH4 ;
CC - Source concentration condensible organics, Lol ppm CH4 ~

4.0 Total gaseous non-methane organic (TGNMO) concentration at source

=Gt G

€ - TGNMO source concentration, GO0t ppm CH4

Note: standard conditions - 293°K, 760 mm Hg.
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METHOD 25 CALCULATIONS

Field Data and Results:

Plant 3 M Test date _ S7z/ /7/
Sampling location Lapb crwe wal o si— Run number &/ 2o /A
Calculated by . A Z:[m,&é[q
1.0 Sample volume
i Pt Py
V., =0.386 V (T;' - T;;)
V - Volume of sample tank, Lt y;‘;l dscm
P,; - Sample tank pre-test pressure, S0 mm Hg
Tti - Sample tank pre-test temperature, AT 2 °K
Pt - Sample tank post-test pressure, S L mm Hg
Tt - Sample tank post-test temperature, RICQ °K
VS - Volume of gas sampled, : 4. 5'48)({53 dscm
2.0 Source concentration non-condensible organics, tank fraction
Pes
—
Cr = P‘tiﬁ; X Cim
Tt :Eu 23/.§
Ptf - Final pressurized tank pressure, A mm Hg
th - Final pressurized tank temperature, L 29L-5 °K
ctm - Measured concentration of gas sample tank, £2 3 ppm CH4
CT - Source concentration of non-condensibles, li#f%—i— ppm CH4

$03.6
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Run number M

3.0 Source concentration of condensible organics, trap fraction

V xP

C. = 0.386 (vi'TT? Cen

Vv - Volume of intermediate collection tank, é:zggn,'j dscm
P, - Final pressure intermediate collection tank, /132 & mn Hg
Tf - Final temperature intermediate collection tank, 2.5~ °K

Ccm - Measured concentration of intermediate tank, 1/ ppm CH4
Cc - Source concentration condensible organics, LEL, < ppm CHq

4.0 Total gaseous non-methane organic (TGNMO) concentration at source
€= Ct + Cc

3499
C - TGNMO source concentration, <F2¢  ppm CH,

Note: standard conditions - 293°K, 760 mm Hg.

A-34




+

- METHOD 25 CALCULATIONS

Field Data and Results:

Plant 1 M Test date J—/Z// ?/

sampling location _Pale ovens exls o7 Run number o, /8

Calculated by YA .,/cfal/.%

1.0 Sample volume

P P..
v, = 0.386 V (ﬁ - T%)
V - Volume of sample tank, s, 3?&1/53
Pey - Sample tank pre-test pressure, ,44,0
Tti - Sample tank pre-test temperature, 29562
Pt - Sample tank post-test pressure, T
Tt - Sample tank post-test temperature, 2 7L
V, - Volume of gas sampled, : 2.5

2.0 Source concentration non-condensible organics, tank fraction

Pee
t _ _ti
Te T
Pig - Final pressurized tank pressure, 8?’?.‘3
Tee - Final pressurized tank temperature, 2 Py
Cyy - Measured concentration of gas sample tank, L£2:5
C; - Source concentration of non-condensibles, H-——%

176, 2

A-35
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Run number (ZC[?JG’ 15

3.0 Source concentration of condensible organics, trap fracticn

Vv X Pf
Cc = 0.386 (v——i—T—J -

S f

674 ,

V, - Volume of intermediate collection tank, L2205 dsem
Pf - Final pressure intermediate collection tank, ¥¥ 25 mm Hg
Tf - Final temperature intermediate collection tank, 29 -~ °K
Ccm - Measured concentration of intermediate tank, g‘l‘-f’ ppm CH4
Cc - Source concentration condensible organics, [ S8 L ppm CH4

4.0 Total gaseous non-methane organic (TGNMO) concentration at source

C=Ct+Cc

C - TGNMO source concentration, 277*? ppm CH,

Note: standard conditions - 293°K, 760 mm Hg.
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METHOD 25 CALCULATIONS

Field Data and Results:
Plant A M Test date £ - Al -F

Sampling location Kok el wzl gesrt Run number &/ C - K
Calculated by L4 atifs
/

1.0 Sample volume

P P,
= bt
VS = 0.386 V (T T_T)
t i
=3
V - Volume of sample tank, él 399 Xie dscm
Pti - Sample tank pre-test pressure, .o mm Hg
Tti - Sample tank pre-test temperature, 2 P2 °K
Pt - Sample tank post-test pressure, S5¢Y. 35 mm Hg
Tt - Sample tank post-test temperature, EX A °K
V¢ - Volume of gas sampled, (>3 r[#x;;z dscm

2.0 Source concentration non-condensible organics, tank fraction

Pis

T
Cr = tf x C

T P PRy 7
Te T

Pi¢ - Final pressurized tank pressure, ¥ SY mm Hg
Tt'f - Final pressurized tank temperature, 297 °K
ctm - Measured concentration of gas sample tank, [gaf,é ppm CH4
C; - Source concentration of non-condensibles, %e;l-';o ppm CH,
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Run number ycep. 2 A

3.0 Source concentration of condensibie organics, trap fraction

YV x P

f
C. =0.386 (=) C
o Vs X Tf cm
D
Vv - Volume of intermediate collection tank, & rol Xie dscm
‘P¢ - Final pressure intermediate collection tank, P b mm Hg
Tf - Final temperature intermediate collection tank, > G °K
Ccm - Measured concentration of intermediate tank, 72 ppm CH4
CC - Source concentration condensible organics, | 2 5.5 ppm CH4
4.0 Total gaseous non-methane organic {TGNMO) concentration at source
C= Cy ¢ Cc
y o078
C - TGNMO source concentration, &433+{ ppm CH,

Note: standard conditions - 293°K, 760 mm Hg.
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METHOD 25 CALCULATIONS

Field Data and Results:
Plant 2 H Test date _ S/ 2//3/
Sampling location _ Bafz owoly colae Ar Run number UCfo. AR

Calculated by ) 2 # #&g%ég

1.0 Sample volume

P P, .
v, = 0.386 V (ﬁ - ‘r:_:.)
V - Volume of sample tank, é-‘[zt;lmo"3 dscm
Pti - Sample tank pre-test pressure, 2.6 mm Hg
Tti - Sample tank pre-test temperature, 2 Fe.2 oK
Pt - Sample tank post-test pressure, S¥y mm Hg
Tt - Sample tank post-test temperature, E{IN °K
VS - Volume of gas sampled, 4. @ﬂﬂp? dscm

2.0 Source concentration non-condensible organics, tank fraction

Pef

r—
C; = tf x C

T PR Py tm
T, ~T..

t t1 i 3
Ptf - Final pressurized tank pressure, ?o§ mm Hg
th - Final pressurized tank temperature, =z 7 °K
Ctm - Measured concentration of gas sample tank, /f(.z, ppm CH4
Gy - Source concentration of non-condensibles, 335 ppm CH,
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3.0 Source concentration of condensible organics, trap fraction
V., x P
= v~ £
Cc 0.386 (V T ) ccm
s f
,-)
Vv -~ Volume of intermediate collection tank, g-cf/gxfa
P¢ - Final pressure intermediate collection tank, 9oy
Tf - Final temperature intermediéte collection tank, Zfz
C., - Measured concentration of intermediate tank, B2
C. - Source concentration condensible organics, /Yo 0
4.0 Total gaseous non-methane organic (TGNMO) concentration at source
C-= Ct + Cc
C - TGNMO source concentration, 47/, 9
Note: standard conditions - 293°K, 760 mm Hg.

Run number (/CAO0-2A
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METHOD 25 CALCULATIONS

Field Data and Results:
Plant 3 M Test date ﬂ;jé/
} et f

Sampling location Eg& ot :é:‘a: A~ Run number y72is /3@,3/?—
Calculated by //-f‘?- j:[@l/%c

1.0 Sample volume

Vo = 0.386 V (:—z - %)

V - Volume of sample tank, quogy,;) dscm
Py; - Sample tank pre-test pressure, 7.0 mm Hg
T,; - Sample tank pre-test temperature, AP, °K
P, - Sample tank post-test pressure, {,C?J:f mm Hg
Tt - Sample tank post-test temperature, 2pof.) °K
Vi - Volume of gas sampled, Jﬁ’?gné'} dscm

2.0 Source concentration non-condensible organics, tank fraction

Pis

r—
Cp = gt x €

TP Py tm
Tt Ty
6oy

-Ptf - Final pressurized tank pressure, “?D?f mm Hg
Tt.f - Final pressurized tank temperature, 297 °K
ctm - Measured concentration of gas sample tank, '3?-} ppm CH4
CT - Source concentration of non-condensibles, 3355 ppm CH4
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Run number (/¢ /7¢ Y}

3.0 Source concentration of condensible organics, trap fraction

V X P
t:c = 0.386 (V ) C
v, - Volume of intermediate collection tank, é.gcju ~3 dsem
P¢ - Final pressure intermediate collection tank, QY- mm Hg
T¢ - Final temperature intermediate collection tank, 277 °K
Ccm - Measured concentration of intermediate tank, /35& 1 ppm CH4
CC - Source concentration condensible organics, Zﬁy.ﬁf ppm CH4

4.0 Total gaseous non-methane organic (TGNMO) concentration at source

C=Ct+Cc

C - TGNMO source concentration, 6)_0.‘;& ppm CH4

Note: standard conditions - 293°K, 760 mm Hg.
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METHOD 25 CALCULATIONS

Field Data and Results:

Plant 3N Test date i {’241 {84
Sampling location éa& opely géég:“z’ Run number _ //~ pp_. =&

Calculated by YA Cﬁaﬁ/{r

1.0 Sample volume

T

P P,.
t ti
V. =0.386 V {(— - )
> o Ty
V4 3

V - Volume of sample tank, 3P7Y (2 dscm
Pti - Sample tank pre-test pressure, (- mn Hg
Ty; - Sample tank pre-test temperature, 2 95 °K

Py - Sample tank post-test pressure, S ey mm Hg
T, - Sample tank post-test temperature, Jef. °K

Vo - Volume of gas sampled, L2 eyra > dsem

2.0 Source concentration non-condensible organics, tank fraction
Ptf
—
C; = tf x C
TP Py tm
T; T; {20

Ptf - Final pressurized tank pressure, ?03-5 mm Hg
th - Final pressurized tank temperature, 277 °K
ctm - Measured concentration of gas sample tank, ? 3"5‘ ppm CH4
C; - Source concentration of non-condensibles, Yo ‘7,1 ppm CHy
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Run number QCQQEE

3.0 Source concentration of condensible organics, trap fraction
V, x P
= v f
Cc 0.386 (_——V " T) Ccm
s f
~3
Vv - Volume of intermediate collection tank, 5.3517110 dscm
Pe - Final pressure intermediate collection tank, 93515”  m Hg
Tf - Final temperature intermediate collection tank, 21P’7 °K
Ccm - Measured concentration of intermediate tank, Jo2. 7 _ppm CH4
<
Cc - Source concentration condensible organics, ] ©7.75 ppm CH4
A A P
4.0 Total gaseous non-methane organic {TGNMO) concentration at source
C = Gy + Cc
ﬁoé-é
€ - TGNMO source concentration, 4 ppm CH4
Note: standard conditions - 293°K, 760 mm Hg.
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_TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS

Plant _3 77~ Corr
Date x-20 -§/
. . wa fKiady o ar<
Sampling location ot wyr Oven Exdaes—

Inside of far wall to outside
of nipple

Inside of near wall to outside of
nipple (nipple length)

Stack 1.D. & .0 snved
Nearest upstream disturbance > 2 dd
Nearest downstream disturbance » & dd
Calculated by Ny ff;-,._’ﬁng
SCHEMATIC OF SAMPLING LOCATION
TRAVERSE PRODUCT OF TRAVERSE POINT LOCATION
POINT FRACTION COLUMNS 2 AND 3 NIPPLE FROM DUTSIDE OF NIPPLE
NUMBER OF STACK 1.D. STACK LD. (T NEAREST 1/3 INCH) LENGTH (SUM OF COLLMNS 4 L §)
! 4.y C.0 W .26 - o.5
_2 {4 G 0 5% —_ o, ¥
3 2%, 6 }.78 - .78
u 70. 4 4,22 — 4,22
S 754 S .12 S (2
& 925 .6 5. 24 S S0
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. Her shey

GAS VELOCITY AND VOLUME DATA

PLANT AND CITY RUN DATE
1. 227 Chor7arnmain stAzelA5/
[ . Cd 34 37 4
l CLOCK
_ SAMPLING LOCATION TIME
l Bpke guen € xha s /Y. oo
4 [T &9
- RUN ’ AMB. TEMP.|BAR. PRESS | STATIC PRESS
l NUMBER | OPERATOR {*F) {in. Hg) (in. nao)
-f-
2. LY~ [ HL;Z(‘?‘/ y &5 D;ﬂ_:. 3J3 _ 2025
1 ¥ 7 1) Y 35 3
' MOLECULAR | STACK INSIDE DIMENSION {in.} | PITOT roxs'rmu:
WT. PIAM OR SIDE 1 SIDE 2 TUBE Cp | %
:2 1?1?|[ -y -64.0 i i s B /.._0-0 11‘7
l ~do 44 53 [} [ [} 70 73 16
FIELD DATA
l TRAVERSE VELOCITY
POINT POSITION HEAD STACK
: NUMBER (in.} (bps) , in.H,0 | TEMP, °F

T, 0.9 10l11,12,139'4125,26927 28 ,2%138,3°% 40 41

o855 yr's 4

3 L‘.ﬁ
154

7
? r 2 AL
c z 757 e® o
(S /23 by
‘ c Vi o™ 938 |
Ji .t - G°
2 11 AL~
3 JAS 66:&’5
4 "~ Ale V 29.
< 7 5 *
z wz2) p, A0 &7 ¢
s .
m
21! 29
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GAS VELOCITY AND VOLUME DATA

PLANT AND CITY RUN DATE
27 Chor7 crnopon a $ 14347
1 . [v4 24 a? a0
cLOCK
SAMPLING LOCATION TIME
Bk e overs Cxdecsy 15,270
4 [ 1] &9
RUN : AMB, TEMP.[BAR. PRESS | STATIC PRES
NUMBER | OPERATOR (*F) (in. Hg) (in. nzcn
V-2 M’ﬂf@( 6. 227,33 + loz.{
1 7 1) T 3% 31
MOLECULAR | STACE INSIDE DIMENSION {in.) | PITOT to:smn.z
WT. h1AM OR SIDE 1) SIDE 2 TUBE Cp | %
28,71 6,0 ool 17
401 - i 1) * J‘I —— 2] Y 10 73 76
FIELD DATA
TRAVERSE VELOCITY
POINT POSITION HEAD STACK
NUMBER {in.) (8p.) + in.H,0 | TEMP, °F
T o8 % N01Y,12 13934 ]25,2627,20,29/38,39,40,41
Vi Jd 5 s
2 e i
3 2 . /2
[ ]
T YR
022
2 s 233 J—;;;
3 VXY
= Tram -z Gll
:: L4231 ’
foi
.Q.L{.QJ frfs
{
Q&S oceYm
AR | L
9. »
ol ds®
. 23




CAS VELOCITY ARD VOLUME DATA

PLANT AND CITY RUN DATE
1. 3,77 C‘{a'r"’qvaaao S A i/
[ il 34 7 40
CLOCK
SAMPLING LOCATION TIME
Loke Ot Extrog s ?-""9
4 [T} [ ]
RUN ) AMB, TEMP.]BAR. PRESS | STATIC P)u:ss]
NUMBER | OPERATOR (*F) {in. Hg) {in. B,0)
2. (U3 | o ho & F122,57]| 4 025
1 7 z ST 31 3 T
MOLECULAR | STACK INSIDE DIMENSION (in.) | PITOT }IOISTUR"—:
WT.  p1aM oR SIDE 1 SIDE 2 TUBE Cp| ¢
0'2,? ?11 4 |C oa Y 1 .' o s /.@ .,.c? -
40 * dé 3% .6_1 2] 10 73 76
FIELD DATA
TRAVERSE VELOCITY
POINT POSITION HEAD ETACK
NUMBZER (in.) (Aps) r in.R,0 | TEMP, °F wer 6“/6 .
T .09 00[1),12 13¢'4[25,26m77,28 ,29]38,39 40,41 2 ,F
{ W i J&=3"! A
4 1/@5 __
2 . I/‘?O
Wil C -
< 7y7) = 376
¢ f'erop 'y
Ky 2
3 -ILS? As - 19¢ &
X /7
& /72 Ts ge2
r .}57 1,_:"
“E, 437 f>
Us: 27.47 oo




S e o s

GAS VELOCITY AND VOLUME DATA

: - [y
= . . - ,

PLANT AND CITY RUN DATE
2 L 37 Chervoneocse 1$]l 3431
1 il s 1 [!]
CLOCK
BAMPLING LOCATION TIME
% O o AM 1020
a3 4 [T 1]
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APPENDIX C

LABORATORY RESULTS
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METHOD 25 (TGNMO) ANALYTICAL DATA

Plant 3 A ngélﬁug;q City _(Cha i’atmai.e_.__

Sample location Q;ﬁgt;,: ) dawe kerly RunNo. C_fRB.0-. /XA
Bapepud oVt each.
Tank Fraction (Non-condensible Organics)

Date of analysis s727/2/ Signature of analyst 7 o Fhal A
T / rd
Laboratory conditions: Temperature 23,¢, °C Barometric pressure /4%¢ , mm Hg

Tank no. /173 Tank volume £, 79¢ , liters

Tank pressure 94 ¢ » mm Hg  Tank temperature X 3 'y , °C

Propane (C3H8) calibration factor: /,73;,“5,:S ppm as methane/area unit

— FID response, Tank concentration,
Run no. area units ppm as CH‘q
1 §1180  *%
: 739°
I 7TO8V
3 7Celo oD
Average {}¢$: crp /22 £

Zerage 70427
Trap Fraction {(Condensible Organics)

Date of analysis - S/2p/3/( Signature of analyst //;/ M@&Zo
7 T v 7 /,
Laboratory conditions: Tempeature X3.§~, °C Barometric pressure 7¢¢ , mm Hg

Trap no. Ly _ Date of oxidation _.§ /25/¢]
Collection tank no. c? Collection tank volume 5-33’0 , liters
Collection tank pressure ﬂZQ , mm Hg Collection tank temperature L35, °C
fr3'7? -
Carbon dioxide (COZ) calibration factor: LA EX o 7 ppm as methanefarea unit
F1D response, Tank concentration,

Run no. area units ppm as CHy

1 | 489 8~

2 ' H95¢»

3 4 §&z0 L
Average L9 197 : !g,/

Cc-2
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METHOD 25 (TGNMO) ANALYTICAL DATA

Plant 3ﬂ7 City mz%_
sample location Beke ol pree Ladianst Run No. ¢ RO . 24

Tank Fraction (Non-condensible Organics)

Date of analysis .$72g/g/  Signature of analyst _ . /f Wb ot/
rd /’

Laboratory conditions: Temperature <%-92, °C Barometric pressure 7¢73, mm Hg

Tank no. %2 Tank volume {£.4204% , liters
Tank pressure 9773 , mm Hg  Tank temperature 2., , °C

Propane (C3H8) calibration factor: /. 25> {(5'3 ppm as methane/area unit

- FID response, Tank concentration,
Run no. area units ppm as (:H4
i -&‘f&@-wr‘.b
B-ﬂ,‘;‘:
2 Q@7 7ev
3 FF7Cs
Average 7827 ) ]S

Trap Fraction {Condensible Organics)

Date of analysis $7»¢/¢/ Signature of analyst /Z/-ﬁ’-{j/@tjq
T ] 4 y
Laboratory conditions: Tempeature 2% , °C Barometric pressure 7¥73 mm Hg

Trap no. o Date of oxidation S /2¢/¢/
Coliection tank no. / Collection tank volume /£, I£¢ , liters
Collection tank pressure 77%3.3 m Hg Collection tank temperature 2% , °C
Carbon dioxide (COZ) calibration factor: /. 375xr;3ppm as methane/area unit
. FID response, Tank ¢oncentration,

Run no. area units ppm as CHg

1 BaYyeo

2 3¢ %o

3 YUY Goo .
pverage Bz /12

c-3
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METHOD 25 (TGNMO) ANALYTICAL DATA

Cvity C :é ﬁ%ﬁoo&

Baote Dice eabgeslRunNo. _CBo0- 2B

Plant 3 N

Sample location

Tank Fraction (Non-condensible Organics)

Date of analysis s72g/%r Signature of analyst A/ - S~ t’/q}%}’g
. L4 4 / P

Laboratory conditions: Temperature 2 ¢, °C Barometric pressure 273, mm Hg

Tank no. =2 7 Tank volume £ oo , liters
Tank pressure 25 7.3 , mm Hg Tank temperature ZV.o , °C
Propane (C3H8) calibration factor: A?2S3 w5 3 ppm as methane/area unit
- FID response, Tank concentration,
Run no. area units ppm as CH4
-l mm ]’0‘0
1z 9 2,53
2 193 4¢
3 FITE? .
Average 92573 [CR. 2

Trap Fraction (Condensible Organics)

}
Date of analysis S/29// ﬂffda,é;/g
FE2f i

Laboratory conditions: Tempeature ¢ E , °C Barometric pressure /Z¢73 mm Hg

£Lle/ef
Collection tank volume /£, 3¢ggx , liters

Collection tank pressure zs , mm Hg Collection tank temperature , °C
leozz

Signature of analyst

Trap no. 27 Date of oxidation

Collection tank no. /7

. =D .
Carbon dioxide (COZ) calibration factor: J.J?‘?J(lo ppm as methane/area unit

» 1

FID response, Tank concentration,
Run no. area units ppm as CHy
1 [iISHeo
2 14800
3 |14 &ve |
Average 5000 ] S8 {
c-4
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Plant

METHOD 25 (TGNMO) ANALYTICAL DATA

2 M

Sample location

Date of analysis

Boate over exlaush

City géﬁ{zzm}g

Run No.

B~ 32 L

Tank Fraction (Non-condensible Organics)

£-2. %/

Signature of analyst

KAkl

(4

-~
Laboratory conditions: Temperature 23 , °C Barometric pressure 5/32?.3 rmm Hg
78

Tank no.

Tank volume

Tank pressure

Propane (C3H8) calibration factor:  /,72(410_

Fores 2

639uyo

. mm Hg

Tank temperature

, liters

22 » °C

>

ppm as methane/area unit

- FID response,

Tank concentration,

Run no. area units ppm as CH4
1 S2770
2 s3]0
3 S32 3D

Average S3223 D, 2

Trap Fraction (Condensible Organics)

Date of analysis £ (- Signature of analyst 4 .4 <AL
]1

Laboratory conditions:

Trap no

3/

Collection tank no.

Date of oxidation

Tempeature 23 , °C Barometric pressure %g-7, mm Hg

s/27/8;

Collection tank volume

, titers

L3¢

Collection tank pressure /p,2,3, ™m Hg Collection tank temperature 23 , °C

Carbon dioxide (COZ) calibration factor:

-2
[ . 320X10

ppm as methane/area unit

FID response,

Tank ¢oncentration,

Run no; area units ppm as CHy
1 Ic9o0?
2 (2§30
3 [0 3o
Average [6 9533 /597
C-5
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METHOD 25 (TGNMO) ANALYTICAL DATA
Plant 3 M City J’/i#qha?}q
Sample location lg@& peLes <& boe-s/- Run No, C LD 3L

Tank Fraction {Non-condensible Organics)
Date of analysis {.2.9] Signature of analyst K. A }ﬂdg,&/f

Laboratory conditions: Temperature 2 3, °C Barometric pressure Z¥87J, mn Hg

Tank no. /2 Tank volume £, 4/3 , liters
Tank pressure _ P¢4. 3 , mmHg Tank temperature 23 , °C
Propane (CaHa) calibration factor: /. 7'7/,V1(;J ppm as methane/area unit
—. FID response, Tank concentration,
Run no. area units ppm as CH4
] ‘—J-v//&)‘
4 JIVIJ&R
3 v
Average

I Tl =N T B S EE am Il EE = B
. HE B TN S B e =N '
.
.

Trap Fraction (Condensible Organics)

Date of analysis G- 1—57] Signature of analyst ey
Laboratory conditions: Tempeature 2.3 , °C Barometric pressure 7¢.2 mm Hg
Trap no. 2£ Date of oxidation Sfa;:/q/
Collection tank no. é Collection tank volume é. 324, liters
Collection tank pressure % mm Hg Collection tank temperature > 3 , °C
Carbon dioxide (COZ) calibration factor: / 3?&?,{_',;5-5 ppm as methane/area unit
FID response, Tank concentration,

Run no. area units ppm as CHy

1 /5% 300

2 /§8 70 ©

3 /$7300D
Average /ﬂ £¢7 _ R ¢

C-6
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METHOD 25 (TGNMO) ANALYTICAL DATA
Plant __ 3 M ' City
sample location Lol pveq velawd Run No. _ W/ P RoO_ /A

Tank Fraction (Non-condensible Organics)

Date of analysis é 2.5, Signature of analyst LSt A /c*é

Laboratory conditions: Temperature 23.5, °C Barometric pressure 7¢4¢, mm Hg
Tank no. 22 Tank volume £, 92 , liters

Tank pressure 23/.& , mm Hg  Tank temperature . 232.57 , °C

Propane (C3H8) calibration factor: [ 77/ ¥ 9’3 ppm as methane/area unit

- FID response, Tank concentration,
Run no. area units ppm as CH4
1 T334 0
2 34/ 20
3 24730
Average 3 Y0l K@ i

Trap Fraction (Condensible Organics)

Date of analysis é-— /"3/ Signature of analyst A7. 4. &4@4/
' ’ /
Laboratory conditions: Tempeature 25.7 , °C Barometric pressure 744 g, mm Hg

Trap no. =38 Date of oxidation Z-/.¥/
Collection tank no. /D Collection tank volume 4 B4 . liters
Collection tank pressure /224, mm Hg Collection tank temperature 23.< , °C
Carbon dioxide (COZ) calibration factor: / z-;’py(;'sppm as methanefarea unit
FID response, Tank concentration,

Run no. area units ppm as CHy

1 Y7¥L6

2 g7/ Lo

3 94 boo -
Average g7 407 1/4.7

c-7




METHOD 25 (TGNMO) ANALYTICAL DATA

Plant 3 M City gfzﬂge%%:
Sample location KQ& erts ey k mizg/ Run No. 4( C Lo— &

Tank Fraction (Non-condensible Organics)

A
Date of analysis é-ZIgl Signature of analyst M-,ﬂ.ﬂ@&.{g

I’ r
Laboratory conditions: Temperature 23 ¢, °C Barometric pressure7¢4z& , mm Hg

Tank no. % Tank volume é ggé , liters

Tank pressure '22’9’. g , mm Hg  Tank temperature . 2 3.y , °C

Propane (C3H8) calibration factor: /,77(1153 ppm as methane/area unit
- FID response, Tank concentration,
Run no. area units ppm as CH4
i 33¢ 7o
2 3¢s2°
3 R Cor
Average 38273% L2, <

Trap Fraction {Condensible Organics)
Date of analysis /Z_{-¢/ Signature of analyst /s /&qz{/p
£ ’ e
Laboratory conditions: Tempeature 2.4, °C Barometric pressure 2¢4.{, mm Hg

Trap no. 34 Date of oxidation £ /. 9/
Collection tank no. Zin Collection tank volume [,q})\ » liters

Collection tank pressure e ng , mm Hg Collection tank temperature 23._\', °C

Carbon dioxide (COZ) calibration factor: /. 37 x,cTB ppm as methane/area unit

FID response, Tank concentration,
Run no. area units ppm as CHy
1 LX)Ibd
2 61370
3 {f 33 .
Average L) 79 YY.¥
c-8




METHOD 25 (TGNMO) ANALYTICAL DATA
Plant I M City (/1‘4/%41@}?‘
Sample location _ £afs owet exl aeend- Run No. I ro-AA

Tank Fraction (Non-condensible Qrganics)

A
Date of analysis £_3-8/ Signature of analyst  H¢. /7 - é’[@c/r
Y 7 + 7

Laboratory conditions: Temperature Q}f\", °C Barometric pressure 7¢fe, mm Hg

Tank no. 2 Tank volume _ £, 280 , liters
Tank pressure 575'( » mm Hg  Tank temperature . 4 C,,k =) » °C
Propane (C3H8) calibration factor: f(?S'S/Xh—j ppm as methane/area unit
- FID response, Tank concentration,
Run no. area units ppm as CH4
! qg9t2o
2 loo (o0
3 (o7 &b
Average /o2 3773 /79’ 4

Trap Fraction {Condensible Organics)

Date of analysis (‘-— AH.3) Signature of analyst A !

Laboratory conditions: Tempeature Z2¥ , °C Barometric pressure 7¢f.¢/, mm Hg

Trap no, '717, Date of oxidation E—2-8/
Collection tank no. EZ 3 Collection tank volume _ £. %o/ , liters
Collection tank pressure F¢£ , mn Hg Collection tank temperature 2¢.0, °C
-~
Carbon dioxide (COZ) calibration factor: [ed¢v; s ppm as methane/area unit
FID response, Tank concentration,

Run no. area units ppm as CHy

1 S 295

2 S322¢°

3 SOHHe : _
Average 3737 72.©

Cc-9
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METHOD 25 (TGNMO) ANALYTICAL DATA
Plant 2 M City (4@4’&&1‘9‘?& -
Sample location Bate owvce exlbapmp Run No. _,’,éé c o K&

Tank Fraction (Non-condensible Organics)

Date &f analysis £.3.8/ Signature of analyst kAé&@%

Laboratory conditions: Temperature Z- , °C Barometric pressure 748.o, mm Hg

Tank no. 26 Tank volume o2 ¢ , liters
Tank pressure 92§ , mm Hg  Tank temperature - 2. ¢. , °C
Propane (C3H8) calibration factor: I;?s"c/-xr?f7 ppm as methane/area unit
- FID response, | Tank concentration,
Run no. area units ppm as CH‘q
1 [0f200
2 [{2¢e0
3 {{3c03
Average 11567 [9€. 2

Trap Fraction {Condensible Organics)

Date of analysis (£ LL—ﬁ?l Signature of analyst K, J- qf:[,a,ﬁ/
Laboratory conditions: Tempeature Zg °C Barometric pressure 7(8, mm Hg

Trap no. L Date of oxidation Q_?,, g/
Collection tank no, 39 Collection tank volume _ 4, &/g , liters
Collection tank pressure F2 &/, mm Hg Collection tank temperature Z2¢ , °C

Carbon dioxide (COZ) calibration factor: 1.3 ‘7‘11;3 ppm as methane/area unit

FID response, Tank concentration,
Run no. area units ppm as CHy
] Co&éo
2 gm 280
3 éafg I 4
Average Los§9 gl 2
C-10




METHOD 25 (TGNMO) ANALYTICAL DATA
Plant 2 M _ City o

Sample location S ads eset, caliand-funNo. _ WO RA

Tank Fraction (Non-condensible Organics)

Date of analysis Q-J.,([ Signature of analyst //r/t’f&/gd’{/

}
-
Laboratory conditions: Temperature Zfﬁ , °C Barometric pressure {Qg , mm Hg

Tank no. =2/ Tank volume £ ¢o( , liters
Tank pressure ?02 , mm Hg Tank temperature . 2 ¥ , °C

5 = .
.
1

Propane (C3H8) calibration factor: /,73"_(/)( (o'j ppm as methane/area unit
- FID response, Tank concentration,
Run no. area units ppm as CH.«;
1 (0( 4ov
2 |s4J0
3 10X bo®
Average 1p 267 ! g’é’d

Trap Fraction (Condensible QOrganics)

Date of analysis Signature of analyst

Laboratory conditions: Tempeature _Z¢ , °C Barometric pressure 74¢ , mm Hg
Trap no. O Date of oxidation {-2-8)

Collection tank no, < Collection tank volume é.zc v y liters

Collection tank pressure i'_zgg , mm Hg Collection tank temperature 2% , °C

Carbon dioxide (CO,) calibration factor: /s ZQ/X(;} ppm as methane/area unit

FID response, Tank concentration,
Run no. area units ppm as CHy
‘ [ 0]/ 00D
2 , 0P Goo
3 ] 00 201
Average Jop 700 /3 51
c-11
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METHOD 25 (TGNMO) ANALYTICAL DATA

Plant EI\% City Aatlanesps
Sample location _ £s by ottt gaddcs/- Run No. Ue po- 28

Tank Fraction (Non-condensible Qrganics)

Date of analysis £~ 3-8/ Signature of analyst

Laboratory conditions: Temperature 2 E » °C - Barometric pressureZ¥zg, mm Hg

Tank no. 7 Tank volume . /£, 779 , liters
- -
Tank pressure 903") » mm Hg  Tank temperature . 2 ‘;/ , °C
Propane (C3H8) calibration factor: _/. 7TYNE ppm as methane/area unit
- FID response, Tank concentration,
Run no. area units ppm as CH4
1 [3/000
2 [ 353702
3 l?,fzo o
Average 31932 2 Jh ¥

Trap Fraction (Condensible Organics)

Date of analysis (-4 A/ 1 signature of analyst S A C’L.Mg
77

Laboratory conditions: Tempeature 2 &/ , °C Barometric pressure 747.§, mm Hg
Trap no. f/ Date of oxidation _/’ S-&/
Collection tank no. <5~ Collection tank volume /.37 , liters

Collection tank pressure 93.S, mm Hg Collection tank temperature 2 ¢ , °C

Carbon dioxide (COZ} calibration factor: )i XL ppm as methane/area unit
¥

FID response, Tank concentration,
Run no. area units ppm as CHy
1 195¢6e
2 o740
3 0760 _
Average Yoz lo7.2
c-12
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Example Chromatocgrams From Sample Analyses
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Pre-Test Equipment Blank Checks
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APPENDIX D

SAMPLING AND ANALYTICAL PROCEDURES




DETERMINATICON OF TOTAL GASEOUS NONMETHANE ORGANIC EMISSIONS

Sampling and analysis for organic compounds was conducted
according to the procedures described in EPA Reference Method 25

of the Federal Register.*

SAMPLING APPARATUS

The sampling apparatus is shown in Figure D-1. The sampling
train used in these tests meets design specifications established
by the Federal EPA and was assembled by PEDCo personnel. It

consists of:

Probe. 1/8 in. 0.D. stainless steel tubing with swagelok
fittings and caps for connection to the condensate trap.

Condensate trap. Constructed of 316 stainless steel, trap
consists of a 3/4 in. diameter by 6 in. cylinder with 1/4

in. 0.D. inlet ané exit tubes. Cylinder barrel is packed

with 316 stainless steel wool.

Gas collection tank. 316 stainless steel with premeasured
volume of approximately 6.5 liter. Tank was fitted with a
stainless steel gquick connect for assembly with the sampling
and analytical system.

Sampling regulator system. Vacuum gauge to monitor changes
in tank pressure during sampling, stainless steel flow shut-
off valve to start and stop sample flow, and adjustable
stainless steel needle valve to maintain constant flow rate
in the range of 50 to 100 cc/min. Vacuum gauge and valves
are connected with 1/4-in. 0.D. stainless steel tubing.

Mercury manometer. U-tube manometer - 0 to 1000 mm range to
measure tank pressure to the nearest 1 mm of mercury.

*
Federal Register, Vol. 45, No. 194, October 3, 1980.
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Vacuum pump. Single stage vacuum pump to evacuate sample
tanks to an absolute pressure of 5 mm Hg.

Barometer. Aneroid type to measure atmospheric pressure to
+1 mm Hg.

ANALTYICAL APPARATUS

The analytical apparatus consists of two major subsystems; a
trap condensate recovery system and a nonmethane organic (NMO)
analyzer. The following describes each system in detail.

Trap Condensate Recovery System

Figure D-2 is a schematic of the condensate recovery system.
The condensate recovery system was assembly by PEDCo personnel
and meets all specifications established by the Federal EPA. It

consists of:

Trap heating furnace. Electric tube furnace operated at
650°C.

Oxidizer. 3/8 in. O.D. by 15 inch stainless steel tube
packed with HopcaliteR oxidation catalyst and heated in a
tube furnace to 900°C.

NDIR detector. Beckman Model 864 NDIR detector capable of
indicating CO2 concentration in the 0 to 5 percent range.

Intermediate collection tank. Stainless steel with pre-
measured volume of approximately 6.5 liters. Tank was
fitted with a stainless steel gquick connect for assembly
with condensate recovery system.

Trap carrier gas. Hydrocarbon free air containing less than
0.1 ppm total hydrocarbons.

Nonmethane Organic (NMO) Analyzer

Figure D-3 is a schematic of the NMO analyzer. The analyzer
meets all performance specifications established by the Federal

EPA. It consists of:
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Gas chromatograph {(GC). Hewlett-Packard Model 5830-A with

a 1l0-port switching valve to reverse the flow of carrier gas
in the column (back flush step) and allow for automatic in-
jection of the sample gas through a 2.0 ml sample loop. The
GC also has temperature-programming capability and a micro-
processor to integrate component peaks and compile analytical
data.

Oxidizer. 3/8 in. 0.D. by 15 in. stainless steel tube
packed with HopcaliteR oxidation catalyst and heated in a
tube furnace to 900°C.

Methanizer. Byron Instruments, Inc., reduction catalyst
module operated at approximately 400°C.

Separation column. 9 ft. x 1/8 in. 0.D. stainless steel
column packed with 60/80 mesh Porakak Qs -

Carrier gas. Nitrogen, purified by passing through a molec-
ular seive filter before entering analytical system.

Detector. Flame ionization detector (FID) supplied by
Hewlett-Packard with the 5830-A GC.

All lines connecting the GC, oxidizer, methanizer, and FID
are wrapped with heat trap to prevent condensation of mois-
ture or organics in the sample gas.
SAMPLING PROCEDURES
Prior to sampling, the collection tank was evacuated to 5
mm Hg absolute pressure and connected to a U-tube manometer. The
ambient temperature, barometric pressure, and initial tank vacuum
were recorded. After a minimum of 15 minutes, the tank vacuum
was again recorded. Any change in vacuum was considered an unac-
ceptable leak rate. The sample train was assembled as shown in
Figure D-1 and the condensate trap body was immersed in dry ice.
The portion of the sample train before the on/off flow valve was

leak checked by evacuating this section to at least 500 mm Hg.

This wvacuum was reccorded, and after 5 minutes the vacuum was
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again recorded. A leak rate of less than 2 mm Hg per 5 minutes
was considered acceptable.

To collect the sample, after positioning the probe in the
emission stream, the flow control valve was opened and adjusted
to maintain a constant flow rate throughout the sampling period.
The gauge vacuum was recorded at 5 minute intervals during the
test.

After the test, a leak check was performed by connecting a
leg of the U-tube manémeter to the probe tip, opening the sample
train flow control valve, and allowing the vacuum on the manometer
to stabilize. After 5 minutes the final vacuum reading on the
marometer and the tank gauge were checked. Any change in vacuum
during the five minute leak check was considered unacceptable.
The final tank vacuum, ambient temperature, and barometric pres-
sure were recorded. The condensate trap was disconnected from
the sampling train, sealed, labeled, and packed in dry ice until

analysis,

ANALYTICAL PROCEDURE

Sample analysis consists of recovering the contents of the
condensate trap in an intermediate collection tank, and analyzing
both the sampling and intermediate colleétion tanks with the HNMO
analyzer. The following describes the procedures used by PEDCo
for each step of the analysis.

Condensate Trap Recovery

Condensate trap recovery begins by purging the trap of any

CO2 that if may contain. This was accomplished as follows: the

D-8




condensate trap was packed in dry ice to prevent loss of condensed
lJlanics and attached to the recovery apparatus. The sample tank
Irom the test run was connected to the outlet of the NDIR (see
I-‘ ure D-2). Carrier gas was switched to by-pass the oxidizer,

s through the trap and NDIR and into the sample tank. The
I:rap was purged until all CO2 had been removed as indicated by

I;l'l NDIR. The carrier gas flow was then switched to by-pass the

:rap and flow was maintained untll the sample tank was pressurized
Iclan absolute pressure of approximately 850 mm Hg.

Recovery of the condensed organics was accomplished by heat-
!the trap to 650°C in the trap heating furnace and routing the
e':very system carrier gas through the trap, oxidizer, NDIR, and
nto the intermediate collection tank. The progress of the com-

Iulion of the trap contents was monitored with the NDRIR, and the
arrier flow was continued through the heated trap until the NDIR
I icated Zero CO2 in the system and the intermediate collection
a was pressurized to an absolute pressure of approximately

IBO mm Hg.

1_Iysis of Sample and Intermediate Collection Tanks

The contents of both the sampling and intermediate collection
s were analyzed by making triplicate injections of the tank
)‘ents into the MNO analyzer.

Sampling and intermediate collection tanks were heated prior
>|ample injection to provide a thorough mixing of the tank

ntents.

I D-9




To determine the source concentration of noncondensible
organic compounds, the sampling tank. was analyzed for its total
nonmethane organic content. To determine the source concentra-
éibn of condensible organics, the intermediate collection tank
was analyzed for total 002 and organic content.

The total nonmethane organic concentration at the source
was then determined by adding the concentrations of noncondensi-
ble and condensible organics. |

To effect separaﬁion of the nonmethane organics from CO,
COZ' and methane, the separation column was operated as follows:
the column temperature was maintained at 30°C for three minutes
to elute the carbon moncxide and methane. The temperature was
then raised to 200°C at the rate of 25°C/min. Carbon dioxide
was eluted at just under four minutes. The carrier gas flow was
reversed to backflush nonmethane organics from the column at 6.5
minutes. If a sample contains ethane, the ethane peak would
elute at about 6.4 minutes (just prior to the backflush step}.

Calibration Procedures

The following describes the procedures used by PEDCo to
calibrate the NMO analyzer before and during the analyses of

each set of emission samples.

FID Calibration and Linearity Check--

Prior to analysis of each set of samples the linearity of
the NMO analyzer FID is checked. The linearity check consists
of a calibration using gas standards of propane in air, with

concentrations ranging from 19 to 1500 ppm. The FID linearity

D-10




is considered acceptable if the response for each propane stan-
dard is within +5 percent of the mean response from all five

standards.

Oxidation and Reduction Catalyst Efficiency Check--

The performance of the oxidation and reducticn catalysts
are checked prior toc analysis of each set of samples. To check
the oxidizer performance, triplicate injections of 20,000 ppm
methane were made with the carrier gas passing through the
oxidizer and by-passing the methanizer. Complete conversion of

the methane to CO. was confirmed by the fact that no methane

2
response was obtained at the FID. After confirming that the
oxidizer was operating at near 100 percent efficiency (no FID
response), the reduction catalyst was checked. Triplicate injec-
tions of 500 and 10,000 ppm carbon dioxide standard were made
with the carrier gas flowing through both the oxidizer and
methanizer units. The methanizer catalyst performance was ac-
ceptable if the average response of the co, standards was within
+5 percent of the mean response for CO2 and within +10 percent

of the NMO response factor determined with the propane linearity

check.

System Operation Check and Daily Response Factors--

Prior to and at the conclusion of daily analysis of samples,
FID response factors were determined and the system operation
checked by making triplicate injections of four component gas

mixtures through both the oxidation and reduction catalysts.  The




four component mixtures consisted of carbon monoxide, carbon
dioxide, methane, and propane. The concentration of each com-
ponent of the standards used for this test is listed in Table
D-1.

The response factors for the sample analyses were determined
from the integrated peaks created by carbon dioxide and propane.
In addition, (for the analyses qf the recovered trap contents)
gas standards with lower CO2 concentrations (500 ppm and 1%) were

used to determine a daily response factor for carbon dioxide.




'TABLE D-1. COMPONENT CONCENTRATIONS OF FOUR COMPONENT GAS STANDARDS USED
IN CALIBRATION OF THE METHOD 25 ANALYZER

. Concentration, ppma
Cylinder No. co CH4 CO2 C3H8
ARAL1687 45.5 48.3 19,200 1.0
H52570 102 98.6 38,900 55.9
AAL7279 47.3 a7.7 19,400 996

appm = parts per million by volume.




APPENDIX E

CALIERATION PRCCEDURES AND RESULTS
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BAROMETER CALIBRATION LOG

Barometer - — '
~ o - )
Project - . A . oy )
Number j/fggub éﬂq 2eFO 577& 5 /75* S/
Pre-test 4 /. L ' " =i
it Sk aoff1 Gffer A St shifs
Barometer - !
Reading |2 =% |30 157 | 56 43 | 2990 | 2935 | Jo4¥| 29 2(
Reference
Barometer R B 2 YL . )G s o f
Reading L75 |T5N 2044 o 2437 / / yy 24 2¢
1 o | - - i ] e i .-
Difference® o< ; S | o &-oT 0,07( /,,_/,.--’ &l
Post-test " e / -, _ —t - :
7‘;_?;'7/ /! 6/5/:.\/ 5//31 __b/j/é?’ “{,-/:’, 2f IS AN
Barometer . ’ ! ’ '
Reading 29 %8 1 29 1012435 | R7-7% | 2928 | 28.72 AP
Reference “ ¢ 9. 47| 24 A , l .
Barometer s L 5 2 26 37 2. 77| Z9-~ g 2L | L7
Reading 2% 7% :'Z el A !
Difference**| o o< O. il O.c of 0,053’4: e 8.5 i

*  Barometer is adjusted so that difference does not exceed 0.1"Hg.

** Barometer is not adjusted, difference must not exceed 0.2"Hg.




METHOD 25 FLOW REGULATOR CALIBRATION

Date: 5/15/81

Calibrated by: D. Hershey

Calibrated with 250 ml bubb]e buret (as primary standard) with condensate trap

in line using an evacuated sampling tank.

METHOD 25 FLOW REGULATOR CALIBRATION

Measured flow rate, ml/min
Regulator No. Trial No., 1 | Trial No. 2 | Trial No. 3 | Average
1 92.6 92.6 92.3 92.5
2 87.2 87.0 . 85.0 86.4
3 80.2 80.6 80.2 80.3
4 86.7 87.2 86.2 86.7
5 90.6 90.4 89.6 90.2
E-5




Method 25 Analyzer Calibration Results




. e
CENE SV g

HERE SIS ¥ S P

| Il N

\.V\MQ.\U L P, H.\znm.r M\rw\. P Y \l(\.\-(.&\ECU Q.\.Qnﬁu . fa)
"AVBYD ASAMLYDS wsLInpRY \0

Ko Fa2 10 ixo v.naauxwk sydves YIDYD LFAILED MOrLPUIXO 1D
.V\GU_\U h.»“:\.uv)\..r\ oQx2 °9
"seb pJepuels uip swoje uOGURD J0 4aqunu AQ UOLIRUIUIIUGI JuBUOAWOD KLdi3Lny e

eI XELE v (986D [00/69E| 0OBOLE |00r6dE 2'6Q2% D6LQS oD 6t-S
[ OIRESL s EL256 | ovo9s | onlse |evrses TN 24 &' SS S £ 98-S
07X DELTT DEXKYC | w2858 | @52€8 | os0rPF L S 6/ IH ED YBc¥-S5
..o X6l 7 EALTE [oABFE | 0407E |0OE CE £S5 &/ SH €D
£-9r XS8R CODDACES appgs ©1] @3088TE 7| ga0 0kt e, o0 6/ [OPTHE/ | TpO
27 KA CCTAY | 0ADAYE | OI//AF | oaSAE £ Lk T35k FH D
97X 6% 7 E/SCE | QASZEE| aSEYE [ plete S G A S'Sh IS ¥P) %.ﬂﬁnﬁw
Qr X SE&t s 205 ay
£- 0D 2 oy y Iy
g9/ R LE T £ 999/64 000tEEL [000TEEL 000 20T £ oo OF 00007 TosS | ATT ’
m-qu ZhH/ CO¥ L.SE | ocor/98 | OOHOIE | 000ISE 9 LoS N 'LOS tToD \u-\m..ﬂx.
wsnodsle o oo O¢ | ¢ooo0k AL D \%-:n...wu
..Q\ X [ 09 / e Oc!S 2Y AN SO
£ . Doy ¥INY
m.,Q\X /D7 0004t 8T looor s8T | poo L EAT [poonEl L 0&S5 77 QES7 gy T \%.om...wq
M:Q\X E8S/ | COOVIZ [ 600887 | ovo LEd 7| 000 ALE7 BILE NéHb 4 £ /15085 9
g I/ CES | T ELeAb] 09aSE | 00¥RSE] poAdhs EOS/ {OS Sy B> |B0E-S q
OrX ety e ESE) OeaSE|] OSEIT[ ouEse JAES L7 I 130F- 5
€= \L\.\Q.n\ow.%. 9
.:.qxvzu wdd abeuaay £ uny 2 uny | uny wdd wdd juauodwe) | s3jeqQ
‘403003 . " ‘augylaw se ‘uoLieday
asuodsay (*n*v) s3yun ease *asuodsaa Q4 pU0L1843UIIU0) [ -UBIU0)

(40334 NOTLWYEITWD ATIva

E-7




.mmm.vgmvcmum UL SWOj}e uOGJed JO Jaqunu Aq U0L}eJaJUdIU0D Fuauodwod A|di3|ny °

mrr e et n A e ———— 4 e, e m e = o e e b b ik

")

: :
: _ .
] c-xzsl] | eosgs | eochl| oprcs | F25, 2574 Stsg O\ b9
L T~CASC L8| oaSLly | 0apits |osnrlE /7 // /] 1 lps”7
” £~ ¥B ) | LI 08E] cefare] cuacss [Ragss 7-4es | 9205 “0 | Je-h 9

e MEN S L] @254 | oAssy | B8 | ohkss L9/ 44X a%\mw 3-£-9
* ok JiL] | 40P [9FSE | oTind | o%i ZZJ7| Say | Ao |29
” g-xect of CLSSIC| oLy, | 900778 |oEisgs 24628 | 74ac 9 1y -y
w .:.m\wzu wdd abeaoay € uny 2 uny | uny . wdd . wdd juauodwo) | 3leq
o) samn wmae et Gl | el se | ueiien

QY0234 NOTLWHEITWI ATIva




Example Chromatograms From Method 25 Analyzer Calibration
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