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Environmental Engineering 
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PO BOX 33331 
St. Paul, Minnesota 55133 
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Ju ly  2 ,  1981 

Subject :  3M Chattanooga 
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M r .  C. E. Rol l in s  
Chattanooga- Hamilton County 
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Dear M r .  Ro l l ins :  

On May 20-21, 1 9 8 1 ,  PZDCo Environmental, t e s t e d  t h e  
a i r  emissions from t h e  e l e c t r i c  bakeout oven a t  our  
Chattanooga p l a n t .  I have enclosed one copy of t h e  
emission t e s t  r e p o r t  f o r  your review. 

A s  noted i n  t h e  r e p o r t ,  t h e  average organic  emission 
r a t e  was 0.24 lbs /hr .  wi th  o r  wi thout  the c a t a l y t i c  
conver ter .  On t h e  bas i s  o f  t h i s  t e s t ,  it appears 
t h a t  t h e  prime b e n e f i t  of t h e  conver ter  was t h e  re-  
duct ion of a v i s i b l e  emission plume. 

I f  you have any ques t ions  o r  need a d d i t i o n a l  i n fo r -  
mation t o  f i n a l i z e  our  permit f o r  t h i s  process ,  
p lease  con tac t  m e  a t  ( 6 1 2 )  778-5200. 

Yours t r u l y ,  -- - 
dLql_e-CR*& 
Robert A. Paschke, P.E.  
Environmental S p e c i a l i s t  

RAP/dmt 

Enc. 
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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 Street 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 the 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. 



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 uncontrolled 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 measureme-nt 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 ~ y r i t e ~  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 Fercent. 

Emissions data from the Method 25* sampling are summarized 

in Table 2-2. ~hree 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 methane. The average emission 

rate of organic carbon was 0.24 lb/h. 

* 
Federal Register, Val. 4 5 ,  No. 194, October 3, 1980. 





Process 
o p e r a t i n g  
c o n d i t i o n s  

C o n t r o l l e d  - 
o x i d i z e r  on 

Average 

U n c o n t r o l l  ed - 
o x i d i z e r  o f f  

Average 
-. 

TABLE 2-2. EMISSIONS DATA SUMMARY 

a~~~ = Nonmethane o rgan ics  measured as  methane. 

Sample 
I. D. 

b ~ a s e d  on t h e  molecu lar  w e i g h t  o f  carbon - 12 1  b / l  b  mole, and t h e  average 
s tandard exhaust  a i r  f l o w  r a t e  f rom Table  2-1. 

'sample was l o s t  i n  shipment due t o  a  f r a c t u r e  i n  t h e  condensate t r a p .  Sample 
CBO-1B was n o t  analyzed. 

NMO c o n c e n t r a t i o n ,  
ppm as  C H , ~  

Organic carbon 
emiss ion  r a t e ,  

l b / h  as  c , ~  



I 
With the oxidizer off, the average uncontrolled emission 

I rate of organic carbon was also 0.24 lb/h. The uncontrolled 

nonmethane organic concentrations ranged from 275 to 620 ppm with 

I 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 the 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. 



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 electrical circuits. The plastic parts 

are stacked on trays =nd 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 lb/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. 





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 travers; 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. H20 

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 

bulb 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. 



gas 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, C02, and CH4, oxidizes the components to C02 and 

reduces the C02 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 C02 in an intermediate 

collection tank. The intermediate tank was analyzed by injecting 

the contents into the analyzer where the C02 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. 



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 determine the level of contaminant remaining in the 

trap. This process is repeated until an acceptable blank value 

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 Eontains no contaminants from previous sampling jobs. 

All tanks to be used in a testing program are checked in this 

manner before shipment to the sampling site. 

5-1 



Chromatograms showing the blank checks for the traps and 

tanks used in this test are in Appendix C with the laboratory 

results. 



APPENDIX A 

METHOD 25 AND EMISSION STREAM FLOW RATE CALCULATIONS 
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SAMPLE CALCULATIONS 
m 

s v M B n L s t  t. ... . . . . . . . . .  . . . . . . .  . . . . . . . . .  . . .  - . ............ . . . . .  I ,  
I R E &  CROSS-SECTIONAL S T I C K  I R E L O  SO F T  PTC P I T O T  711BC C O E F F I C E N T  
BPRES B I R O M C T R I C  PREISURE,  I N  H 6  SPRES 
OELP O E L T A  P . O 1 l ' ~ o l r M E T E R . O F . . c I R C U L I R J T ~ C I .  .- . .  " 

r I N  
D I M 1  LENGTH OF RECTINGULAR S T I C K ,  I N  3 T V E L  . D I M 2  WIOTN OF RECTANGULIR STICK, IN TEMP 
M O I S T  MOISTURE CONTENT 

. . . . -  .. 
- I / - - - -  

M w 7 O L t C u L A R - " E I 6 H T - - - . - - . - - - - . . - -  - 

n , .  NP N U Y I E R  OF TRAVERSC P O I N T 8  
OW MOLE C R A C T I O N  WATER VAPOR 

I .I ..I, , - 
. L  -PA-. ~~ ~ ......... ~ .......... 
,.I. , .,. 

- 1  . I ,  
FORMULA8 AND SAMPLE C A L C U L A T I O N S 1  1- 

,: - - - SUM l S 0 R l  I V H  TEMPI I 100.9 ........ ... ...... .DELp7---ii-;---*---iiiii - - - .  .-.-------- *- - -  -- .... 
N P  12 ... 

, .! , . 8 T P I L 8  . O . ? ~ E . ( I P ~ 3 . 3 I L . t L - I $ I Z . h )  . 2 9 ~ 1 J N  I46 - - - . .- - ....... 1,::) 
-.. >. , 

n SUM ISTCMPI I l l b .  
8 T E M p  . --------I--- . -------I-- . 148.  OE6 " ' I  

.,, NP - - - - - -- . .- I Z  - . . .  .- . .  - -. ........ - . - - - ... -. . -- ... .- .......... .- - -, .... !r: 
- I) ,I.,! A R E A ( C I R C U L I I  (TACM) . ..................... 1.1416 9 (011/2)**2 s .......................... 3.1416 ( 6.000/21.*2 s .I96 80 C T  
I. ~~ -- -4 

t,,. , , : ,  
B;,~' 85.49 P I C  OELP 8 5 - 1 9  1.00 8.4 I,,, 

8 T V E L  . ------------------I- . ....................... . 24.7 A F p H  
! L a ,  , . - - - .- . . SORTIMW • STPRCSI 5 0 1 1 1  28.81 • 29.3 I -, - - - - .. - -- -. - -. -, ... - - . -. - ..... - .... - -. . - - .. . - - - -. .. 
1 2 ' 1  

B I>.! VOLCLW 8 60. 9 8 l V C L  9 AREA . 60.  9 21.7 9 -196 . 291.2 ACFY 

:at+-- 8VOLFLW . ~~+!C_?;~-~!{q~?_f_.!.s!!~y;f.b_~l__L r-.-...- ZPl-2 .......2V..1..*...[-~b~1>8 
>. ----- - -----*---.--------------- , 2. 

29.92 9 ( 8 T E Y P  460 .  ) 29.92 ( 148.0 460 .  1 
I. I ,. ~ c & L ~ ~ v o L F L W  9 I~A!CZ.-~?I_L')_.?..~!..~ .... AOLL .! 24.109FFX.-- _ 
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METHOD 25 CALCULATIONS 

Equations: 

1.0 Gas volume samples. Vs 

where: 

V - Gas collection tank volume, dscm 

Pt - Gas sample tank pressure a f t e r  sampling b u t  pr ior  t o  pres- 
surizing, nun Hg, absolute 

Pt i  - Gas sample tank pressure prior t o  sampling, nun Hg, absolute 

Tt - Sample tank temperature a t  completion of sampling, O K  

Tt i  - Sample tank temperature before sampling, O K  

2.0 Source concentration of non-condensible organics. CT 

where: 

Ctm - Measured concentration of gas sample tank, ppm methane 

Ptf - Final tank pressure a f t e r  pressurizing, m Hg, absolute 

Ttf - Sample tank temperature a f t e r  pressurizing, O K  

3.0 ,Source concentration of condensible organics from t r a p  recovery, Cc 

where: 

Vv - Intermediate collection tank volume, dscm 

VS - Gas sample volume, dscm 

.. . 
.::. ., .. . .. . . (,. . ' .  .. ., ,. . .. 
i::... :.>, . . 
: ,. . . . . 



Pf - Final pressure of intermediate collection tank, mn Hg, absolute 

Tf - Final temperature of intermediate collection tank, O K  

Ccm - Measured concentration of intermediate collection tank, ppm as methane 

4.0 Total gaseous non-methane organic (TGNMO) concentration at source. C, 
pprn methane 



METHOD 25 CALCULATIONS 

Field Data and Results: 

plant 3 flq ~ 4 4  f ? e e H a p  Test date r-20- X /  

Sampling location IJ-J&,--, L . ~ - . #  ei'l$ Run number c R I ~  - 
d s t c  &-ode ccr;uT 

Calculated by A'... e r l ; ~ P . . r ?  

1 . 0  Sample volume 

- 3 
V - Volume of sample tank. d, 3 74 X l o  dscm 

Pti - Sample tank pre-test  pressure. 2.0 nm Hg 

Tti  - Sample tank pre-test  temperature, 2 43 O K  

Pt - Sample tank post-test  pressure. s u  8 mn Hg 

Tt  - Sample tank post-test  temperature, 277 O K  

Vs - Volume of gas sampled, 4,, 4 OLW 1- dscm 
- 3 

2.0 Source concentration non-condensi ble organics, tank f ract ion 

Ttf 
C ~ =  C t m  

T ; -T i  
Ptf - Final pressurized tank pressure, 9 q,P ml Hg 

Ttf - Final pressurized tank temperature. 2 9 ~ * r  O K  

Ctm - Measured concentration of gas sample tank, 1 2 2 ~  d P P ~  CH4 

CT - Source concentration of non-condensibles, 2 / 7 , 2  P P ~  CH4 



Run number CEO-/# 

3.0 Source concentration of condensible organics, trap fraction 

- 3 
V v  - Volume of intermediate collection tank. 6,3 ~ D . V [ O  dscm 

Pf - Final pressure intermediate collection tank, QO Hg 

Tf - Final temperature intermediate collection tank. Z 99C.C O K  

'cm 
- Measured concentration of intermediate tank. lf* / ppm CH4 

Cc - Source concentration condensible organics, I /%( .  PPmCH4 

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

C - TGNMO source concentration, 327. 8 P P ~  CH4 

Note: standard conditions - 293'K, 760 mn Hg. 



METHOD 25 CALCULATIONS 

F i e l d  Data and Results: 

P lan t  3/4 Test  date & - b ~ / g /  
/ 

Sampl ing locat ion  ~ Q P , ~ L / - E N ~  e w L o u ~ / -  Runnumber C & o - d &  

Calculated by 

1.0 Sample volume 

Pt Vs = 0.386 V (r - 'ti 
t Tti 

V - Volume o f  sample tank. 6 (4208 x c o  - dscm 

Pti - Sample tank p re - tes t  pressure. .o Inn H9 

Tti - Sample tank p re - tes t  temperature, 2 43 OK 

Pt - Sample tank pos t - tes t  pressure, So H9 

Tt - Sample tank pos t - tes t  temperature, 2 5'7 OK 

V s  - Volume o f  gas sampled, ~ , ~ b r r ~ ~  dscm 

2.0 Source concentrat ion non-condensi b l e  organics, tank f r a c t i o n  

Ptf - 

Ptf - F ina l  pressurized tank pressure, 4 7 9 . 3  Hg 

Ttf - F ina l  pressur ized tank temperature. ' 297 OK 

Ctm - Measured concentrat ion o f  gas sample tank, / Cf P P ~  CH4 

CT - Source concentrat ion o f  non-condensibles. 2 7 6  P P ~  CH4 



I 3.0 Source concentrat ion o f  condensible organics, t r a p  f r a c t i o n  

Run number r&O-.3A 

I L, 3 6  
-3 

v v  - Volume o f  in termediate c o l l e c t i o n  tank, ?<lo dscm 
: % 

Pf - F ina l  pressure in termediate c o l l e c t i o n  tank, 973.3 rnn Hg 

I ..... Tf - F ina l  temperature in termediate c o l l e c t i o n  tank. 2 $7  O K  

I 'cm 
- Measured concentrat ion o f  in termediate tank. // 7, / PPm CH4 

Cc - Source concentrat ion condensible organics, 202.2~ p p r n ~ ~ ~  

1 4.0 Tota l  gaseous non-methane organic (TGNMO) concentrat ion a t  source 

C - TGNMO source concentrat ion, 

Note: standard condi t ions - 293'K, 760 mn Hg. 

I 



METHOD 25 CALCULATIONS 

F i e l d  Data and Results: 

P lan t  3 M Test  date " ? 

Sampling l o c a t i o n  p h L h d -  Runnumber L A ' D - z ~  

Calculated by 

1.0 Sample volume 

V - Volume o f  sample tank, 6, uo o yc 6' dscm 

Pti - Sample tank p re - tes t  pressure, /, a mn Hg 

Tti - Sample tank pre- tes t  temperature, 2- 9 3  O K  

Pt - Sample tank pos t - tes t  pressure, 5?7 Hg 

Tt - Sample tank pos t - tes t  temperature, 2-97 O K  

Vs  - Volume o f  gas sampled, 3 5( /x /b3  dscm 

2.0 Source concentrat ion non-condensible organics,  tank f r a c t i o n  

' tf 
C ~ =  Ctm 

7 - ,.,<< 957.3 
Ptf - F ina l  pressurized tank pressure, 1 6 3  mn Hg 

Ttf - F ina l  pressurized tank temperature, . 2 77 O K  

Ctm - Measured concentrat ion o f  gas sample tank, / (2  2 ppm C H ~  

CT - Source concentrat ion o f  non-condensibles, 



Run number Ca0-2g 

I 3.0 Source concentration of condensible organics, trap fraction 

I -3 

"v - Volume of intermediate collection tank, 1. 3 dgx'to dscm 
. . 

I 
Pf - Final pressure intermediate collection tank, /oo?.? Hg 

:::;, Tf - Final temperature intermediate collection tank, 297 O K  
% =  4,S41~,o-J~' 

I 'cm 
- Measured concentration of intermediate tank, /5%<6 ppm CH4 

Cr - Source concentration condensible organics, 2 ?O,J ppm CH4 .. 
4.0 Total gaseous non-methane organic (TGNMO) concentration at source 

C - TGNMO source concentration, 

I Note: standard conditions - 2 9 3 O K ,  760 inn Hg. 

I I 



METHOD 25 CALCULATIONS 

Field Data and Results: 

Plant 3 M  Test date 

Sampling location d e l i  _n M C  &&a'&- RIIn nmber em - 34 
Calculated by 

1.0 Sample volume 

J r W 0  f r o  
- 3 

V - Volume of sample tank, dscm 

Pti - Sample tank pre-test pressure, 2.3 ml Hg 

Tt i  - Sample tank pre-test temperature. 2 76.9 O K  

Pt - Sample tank post-test pressure. 33 4 mn Hg 

Tt  - Sample tank post-test  tmperature.  296 4 O K  

2.82 - 7 Vs - Volume of gas sampled, Z M I O  dscm 

2.0 Source concentration non-condensi b l  e organics, tank fraction 

P t f  - ' t f  
= Ctm 

r l5 
Ptf - Final pressurized tank pressure. 

9+7,3 
&m,&-\ Hg 

Ttf - Final pressurized tank temperature, '2% O K  

Ctm - Measured concentration of gas sample tank, 94. % ppm CH4 

CT - Source concentration of non-condensibles. P P ~  CH4 
2dYtg 



Run number C&O 3fl 

I 3.0 Source concentration of condensi bl e organics, trap fraction 

-5 

"v - Volume of intermediate collection tank, d 6 3 H f b  ddscm 

Pf - Final pressure intermediate collection tank, 7 mn Hg 

Tf - Final temperature intermediate collection tank, 2 96 K 

Ccm - Measured concentration of intermediate tank, u> 7 2 ,  & L a  r,--> 
/4F"7 PPm CH4 

Cc - Source concentration condensible organics, 437, 3 ppm CH4 

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

C = Ct + Cc 

7 0Y.I 
C - TGNMO source concentration, 7 3 - 0 7 3  ppm CH4 

Note: standard conditions - 293'K. 760 mn Hg. 



METHOD 25 CALCULATIONS 

F i e l d  Data and Results: 

P lant  % M  r x u  VRNOO r\ w Test date 5-- L O  - P I  
u 

Sampling l o c a t i o n  - A- Run number < f i  0 - 23 /? 

Calculated by . d & 

1.0 Sample volume 

-3 
V - Volume o f  sample tank, [. Lf 13x16 dscm 

Pti - Sample tank p re - tes t  pressure, 2.6 mn Hg 

Tti - Sample tank p re - tes t  temperature, 2961 9 O K  

Pt - Sample tank pos t - tes t  pressure, 3 d Y  Hg 

it - Sample tank pos t - tes t  temperature, 2 Pd. $ K 

V s  - Volume o f  gas sampled. 3. o z ~ , ~ ' d s c r n  

2.0 Source concentrat ion non-condensible organics, tank f r a c t i o n  

Ptf 

Ptf - F ina l  pressurized tank pressure, Hg 

Ttf - F ina l  pressurized tank temperature, O K  

C t m  - Measured concentrat ion of gas sample tank, 0 ppm CH4 

CT - Source concentrat ion o f  non-condensibles, ppm CH4 



. . . . _ _  _ _, __;-_____ _ .  .... _ . .__ .. _ _- ..--.-. - -. 
. . . . . . . . . , . . . . . . . . - . . . - . - . . . . . - . - . . 

I . . .  

Run number a - 3 1 3  

3.0 Source concentration of condensible organics, trap fraction 

Cc = 0.386 ( VV Pf 
vS X T ~ )  'cm 

vv 
- Volume of intermediate collection tank, dscm 

Pf - Final pressure intermediate collection tank, 9- nun Hg 

Tf - Final temperature intermediate collection tank, "K ... 
* ... .; . 8 -. 

- Measured concentration of intermediate tank, 737. 4 PPm CH4 'cm " j  , ...... ., . ;. . . 
C - Source concentration condensible organics, 
C L o / .  L P P ~  CH4 i 

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

C = Ct + Cc 

C - TGNMO source concentration, 6 6.1 . I  ppm CH4 

Note: standard conditions - 293OK. 760 mn Hg. 



METHOD 25 CALCULATIONS 

F i e l d  Data and Results: 

P lant  3h5' Test date S/L/ /p/ 

Sampling l o c a t i o n  -&.r/ - Run number - 
Calculated by F!. A .  rs4&i7 

1.0 Sample volume 

V - Volume o f  sample tank, dl+ 72 Y JO dscm - 3 

Pti - Sample tank pre- tes t  pressure, 5 0  nn Hg 

Tti - Sample tank pre- tes t  temperature, 290. 2 O K  

Pt - Sample tank pos t - tes t  pressure. 5 4 4  mil Hg 

Tt - Sample tank pos t - tes t  temperature, 2 9.c ? O K  

Vs  - Volume o f  gas sampled. 4. ~6 2 wro3 dscm 

2.0 Source concentrat ion non-condensible organics, tank f r a c t i o n  

' tf C = %-% Ctm ,q-Tti 
\,eldL 

Ptf - F ina l  pressurized tank pressure, Hg 

Ttf - F ina l  pressurized tank temperature, 2 PC-r O K  

Ctm - Measured concentrat ion o f  gas sample tank, 6.8 3 P P ~  CH4 

CT - Source concentrat ion o f  non-condensibles. ppm C H ~  

1 03,6  



Run number K@-//? 

3.0 Source concentration of condensible organics, trap fraction 

- Volume of intermediate collection tank, 613+x,. 
-3 "" dscm 

Pf - Final pressure intermediate collection tank. / / 3 ~  X Hg 

Tf - Final temperature intermediate collection tank, Z?l,>- O K  

'cm - Measured concentration of intermediate tank, / 7 P P ~  CH4 

Cc - Source concentration condensible organics, d qg, 3 P P ~  CH4 

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

C = Ct + Cc 

C - TGNMO source concentration, 

Note: standard conditions - 293OK,  760 mn Hg. 



METHOD 25 CALCULATIONS 

Field Data and Results: 

Plant 7 F/1 Test date r/k-// g/ 
Sampl i ng 1 ocation b&- -(, & Run number UcPo- /& 

Calculated by f l d .  

. . . .  . . .  . 1.0 Sample volume ,.;..: ....... ..: , ..- .- . li 

v - Volume of sample tank, 3 dscm 

'ti - Sample tank pre-test  pressure. Hg 

T t i  - Sample tank pre-test temperature. 29'-a.?- K 

Pt - Sample tank post-test pressure, 4 8  2/ mn Hg 

Tt - Sample tank post-test  temperature. 3 7L O K  

Vs - Volume of gas sampled. 3.6~~: dscm 

2.0 Source concentration non-condensi ble organics, tank f ract ion 

P t f  
7 

sv7.k Ptf - Final pressurized tank pressure, mn Hg 

Ttf - Final pressurized tank temperature. . 2 PC.>- K . , . . . . 

Ctm - Measured concentration of gas sample tank, l 2  ( b i  ppm CH,, 

CT - Source concentration of non-condensibles, PPm CH4 
/ I d )  4 



I 3 .0  Source concentration of condensible organics, trap fraction 

Run number dcBo-'G 

- 3 
V,, - Volume of intermediate collection tank. 6 . 4 ? ~ ( ~  dscm 

Pf - Final pressure intermediate collection tank. 8 8 7 , ~  m H g  

Tf - Final temperature intermediate collection tank, ZpL.,- "K 

'cm - Measured concentration of intermediate tank, g4.7 P P ~  CH4 

Cc - Source concentration condensible organics, / f i t  k P P ~  CH4 

4 . 0  Total gaseous non-methane organic (TGNMO) concentration at source 

C - TGNMO source concentration. 

Note: standard conditions - 293OK. 760 m Hg. 



1 METHOD 25 CALCULATIONS 

I Field Data and Results: 

Plant 3 M Test date 5-2.1 -TI 

I Sampling location b& r n ~ u ~  - Run number QcB0- &'+ 

I Calculated by k d d s  

1.0 Sample volume 

I Pt 
Vs = 0.386 V (r - ' t i )  

I t % 
V - Volume of sample tank. 3Qcp x,c3 dscm 

Pt i  - Sample tank pre-test  pressure, 4.0 Hg 

Tt i  - Sample tank pre-test  temperature. 290.2 O K  

Pt - Sample tank post-test pressure. SY. sc n ~g 

Tt  - Sample tank post-test  temperature. 300.2, O K  

Vs - Volume of gas sampled, 4. C/&I P -3 dscm 

1 2.0 Source concentration non-condensible organics, tank fraction 

I 
Ptf - Final pressurized tank pressure, 9 rl mn Hg 

Ttf - Final pressurized tank temperature, ' 2 p 7  O K  

I Ctm - Measured concentration of gas sample tank. / ? ,  L P P ~  CH4 

CT - Source concentration of non-condensibles, 
y&& 

ppm CH, 



1; Run number Y,-H- ; xA  

I 3.0 Source concentration of condensible organics, trap fraction 

2 
V, - Volume of intermediate collection tank, 6, 401 Ylo dscm 

P f  - Final pressure intermediate collection tank, 946 mn Hg 

Tf - Final temperature intermediate collection tank. 297 O K  

'cm - Measured concentration of intermediate tank. 72, ppm CH4 

Cc - Source concentration condensible organics, 1 2 S . c  PPm CH4 

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

C - TGNMO source concentration. 

Note: standard conditions - 293°K. 760 mn Hg. 



METHOD 25 CALCULATIONS 

Field Data and Results: 

Plant 34' Test date 5/ e//%/ 

Sampling location , 8  OW& ,+~-l/ Run number & c ~ o ,  - 2 R  
Calculated by 

1.0 Sample volume 

Pt Vs = 0.386 V (- - 'ti 

Tt fti 
V - Volume of sample tank, L.YZVV(O " dscm 

Pt i  - Sample tank pre-test pressure, 7. a Hg 

Tt i  - Sample tank pre-test  temperature, 2 f0.2 K 

Pt - Sample tank post-test  pressure, s 'fpf mn Hg 

Tt - Sample tank post-test  temperature, 300. L K 

Vs - Volume of gas sampled. ~ , U ? I . ~ I , ~ ?  dscm 

2.0 Source concentration non-condensible organics, tank f ract ion 

P t f  - 
Ptf - Final pressurized tank pressure, 406 rnn Hg 

Ttf - Final pressurized tank temperature, 29 O K  

Ctm - Measured concentration of gas sample tank. / P / . t  P P ~  CH4 

CT - Source concentration of non-condensibles. 5 3 1 t P  ppmCH4 



Run number VCbO-afi 

3.0 Source concentration of condensi ble organics, trap fraction 

7 3 - Volume of intermediate collection tank. d . @ f i f o  dscm v" . . 

4 2 ~  mn Hg Pf - Final pressure intermediate collection tank. 
a 77 O K  Tf - Final temperature intermediate collection tank, ..... ., 

!,' - . ,,, ,. . . .  - Measured concentration of intermediate tank, 8 1 1  L ppm C H ~  ... . .., , . . 'ern : 

Cc - Source concentration condensible organics, / 5'6. o ppm CH4 

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

C - TGNMO source concentration, 

Note: standard conditions - 293OK.  760 mn Hg. 



METHOD 25 CALCULATIONS 

Field Data and Results: 

Plant 3P-4 Test date gt.//k/ 
Sampling location ?& QI,-CL Run number M f / 3 A  - 3 4  , 
Calculated by k.fi Ed 

I 

1.0 Sample volume 

Pt Vs = 0.386 V (- - 'ti 

Tt 5 
V - Volume of sample tank, - 5  4 0 6  vr ,, dscm 

Pti - Sample tank pre-test pressure, 9 . 0  Hg 

Tt i  - Sample tank pre-test temperature. 2 5'1.3 O K  

Pt - Sample tank post-test pressure. 473.f mn Hg 

Tt - Sample t a n k  post-test temperature, 701. 3 O K  

Vs - Volume of gas sampled, '' dscm 7,5'7qr/o 

2.0 Source concentration non-condensible organics, tank fraction 

P t f  - 
Ptf - Final pressurized t a n k  pressure. 

Ttf - Final pressurized tank temperature. ZP7 K 

Ctm - Measured concentration of gas sample tank, ldg-) P P ~  CH4 

CT - Source concentration of non-condensibles, ? s s 0 r  ppm CH4 



Run number 

3.0 Source concentrat ion o f  condensi b l e  organics, t r a p  f r a c t i o n  . . 

ic<69r,z3 dscm 
.. . 

Vv - Volume o f  in termediate c o l l e c t i o n  tank, 
. . 

Pf - F ina l  pressure in termediate c o l l e c t i o n  tank, ? q v  ml Hg 

O K  Tf - F ina l  temperature in termediate c o l l e c t i o n  tank, 2 9 7  .. . ,.. .. L .: . 
.. . . . . , .... . . 

I33.9 
. . .. 

Ccm - Measured concentrat ion o f  i i l termediate tank. PPm CH4 
. .. ,:::::.: . .  .... . ., .. . . .  

- Source concentrat ion condensible organics. a@.'b PPm CH4 Cc 

4.0 Tota l  gaseous non-methane organic (TGNMO) concentrat ion a t  source 

C - TGNMO source concentrat ion. 

Note: standard cond i t ions  - 293OK, 760 mn Hg. 



METHOD 25 CALCULATIONS 

Field Data and Results: 

Plant 3/L;I T e s t d a t e  ,~/z~'/$/ 
Sampling location fi C W L  d e d c  Run number & _ ~ n -  38 

Calculated by A.  4- 

1.0 Sarnpl e volume 

v - Volume of sample tank. 6.377_2//a y3 dscm 

Pti - Sample tank pre-test pressure, f . 0  Hg 

Tti - Sample tank pre-test  temperature. 2 5'<*(7 O K  

Pt - Sample tank post-test pressure. ( z y f  Hg 

Tt - Sample tank post-test temperature, 301. 3 O K  

Vs - Volume of gas sampled. 4 . 2 7 ~ ~ ~  D - 3  dscm 

2.0 Source concentration non-condensible organics, tank f ract ion 

P t f  
7 

Ptf - Final pressurized tank pressure, 703-S' mnHg 

Ttf - Final pressurized tank temperature. 2 77 K 

Ctm - Measured concentration of gas sample tank, 2 3 r ' y  p p m ~ ~ ~  

CT - Source concentration of non-condensibles. 9 0 4 .1  P P ~  CH4 



Run number ///Bn-3R 

I 3.0 Source concentration of condensible organics, trap fraction 

I VV - Volume of intermediate collection tank. !L.X7 X ( Q  dscm 
5 7 

I Pf - Final pressure intermediate collection tank. n Hg 

2P7 "K Tf - Final temperature intermediate collection tank. ,. . .. , .  . . . 
;:'!. .... 

I 
. . . . ... . 

/07t 7 
,,.. 

'cm - Measured concentration of intermediate tank, PPm CH4 ... : , ." ... 

c .  
Cc - Source concentration condensible organics, 

I 
/ 97.53 ppm CH4 

. 

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

C - TGNMO source concentration, 

I Note: standard conditions - 293%. 760 mn Hg. 

& ppm CH4 



APPENDIX B 

FIELD DATA 



- 

TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS 

Plant :? f l -  Conv 
Date ~ q - 2 ~  .S/ 

wa l K l u )  L/O* 

Sampling location & ~ C = W I / T  o v e u  G Y ~ ~ Y S -  

Inside of far wall to outside 
o f  nipple 

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

Stack I.D. 6 .O ~ U C L  
Nearest upstream disturbance j 2 dd 

Nearest downstream disturbance > 8 dd 

Calculated by 3 , f-[p,& 

SCHEMATIC OF SAMPLING LOCATION 



. . .. . . . . . . . . . . . . . . . . . .  ......... . . . . .  .. . . . . .  . . . . . ....................... - - ~. ....... ) u; 
- _ ... - . . .  t --.-L4>-d-.2i- - WL.& c-----lci-.i-. ._-.,.- :.. -- - 

r /Q l oc  ;3/ l?N: .*.5-/75 
deask*v 

w v~x.ocIn MD VOLW DATA 

P U V T  AND CITY 1 RUN DATE 

?/;.I r x m  I 34 fl TI -  I. . Omno* 4 
I r /  a 4  a7 4 0  

t 

I S W L I N G  LOCATION 1 TIME I 
- -- 

LP u we- E XLa ,A+ 
- 

RUN UU). m. BAR. PRESS 
HVHBER OPERATOR ( * T I  (in. Hg) 

c ,  24.3,3 

TIELD DATA 
I I I 1 

STATIC PRESS 
( i n .  R20)  

+ 

MOLECULAR STACK I N S I D E  DINENSION ( i n . )  PITOT 
W T  . 1 S I D E  2 TUBE C p  >IAN OP. S I D E  1 

2. v-  I P R c  P-/ e r n  
* 

I D  3 I 1 5  N 

MOISTURE 
I 

,2 ,r*l?,/ I ,o I . . . . A  .1.7 
.O 4 a  58 bl  bd 67 74 73  76  



.. -. -. .. . -:. ..- ::.:.: ~.~ .<....%.. 

GAS VELOCITY hND VOLUHE DATA 

P W U T  AND CITY 

. . C A a ~ i ~ k o u ~  c\ 

J L/ a 4  a7 40 

CWCK 
SAKPLING WCATION TJUE 

LGP?. OMN O ~ G  1 15;'/oJ 
66 69  

RUN BAR. PRESS STATIC PRES 
NUUBER OPERATOR ( i n .  Hg) ( i n .  R 2 0 )  

- -  

STACK I N S I D E  DIMENSION ( i n . )  PITOT UOISTURE 

IAN or: SIDE 1 I S I D E  2 
TUBE Cp 8 
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APPENDIX C 

LABORATORY R E S U L T S  



METHOD 25 (TGNMO) ANALYTICAL DATA 

C i ty  fioo~a 
u 

Sample loca t ion  h~dk;, .  , I I ~ L ,  k~ ' f+  Run No. C - n. 0. / 4 
~ s ~ c $ 4  ours u4. 

Tank Fraction (Non-condensible Organics) 

7 , / g /  Signature of a n a l y s t  M./J,&$& Date of ana lys i s  s 27 
/ '  , 

Laboratory conditions: Temperature &r, O C  Barometric pressure 7cK(, m Hg 

Tank no. 3 Tank volume 6# 399 , l i t e r s  

Tank pressure 74 9 . nnn Hg Tank temperature 3 7 -  r . O C  

Propane (C3H8)  c a l ib ra t ion  fac tor :  / , 7 3 ~ ~  lc3 ppm a s  methanelarea u n i t  

Date of ana lys i s  r/t y / b /  Signature of ana lys t  
I / ' 

1 
2 

3 

Average 

Laboratory conditions: Tempeature s, O C  Barometric pressure m. mm Hg 

Tank concent ra t ion ,  
ppm a s  CH4 Run  no. 

Trap no. 44 Date of oxidation S/z-)/ p I 

Collect ion tank no. 9 Collect ion tank volume 6,386 , l i t e r s  

- FIO response, 
area un i t s  

m V  70627 
Trap Fraction (Condensi bl e Organics) 

91180 
'7d3 yo 
, " a "  

7i060 MID 

$ 4 ;  b i P  /a?# 4 

Collection tank pressure u, mn Hg Collect ion tank temperature qJ.30 , O C  

' 1 3 7 9  -) 
Carbon dioxide (C02) c a l i b r a t i o n  f ac to r :  ppm a s  methanelarea u n i t  

I Lf 9 3 f 7  

Tank concent ra t ion ,  
ppm a s  CHd R u n  no. 

Average 

FIO response, 
area un i t s  

Lgi / 



1 METHOD 25 (TGNMO) ANALYTICAL DATA 

I 
Sample l o c a t i o n  J9Le oc/- OM+ L&U.-J~ Run No. P X 0 - 2 d 

I Tank F r a c t i o n  (Non-condens ib le  Organ ics)  

I 
Date of a n a l y s i s  5-/zf/11/ Signa tu re  o f  a n a l y s t  k.4 d!dd/ (  

/" 
Labora to ry  c o n d i t i o n s :  Temperature 2 x ,  O C  Baromet r i c  p ressure  7-, mn Hg 

I Tank no. Tank volume 6,(/~08 , l i t e r s  
... 

Tank pressure 97P.3 , mn Hg Tank tempera tu re  2 V C o  , O C  

1 Propane (C3H8) c a l i b r a t i o n  +ac to r :  jr 7 T> (6 p p i  as methanelarea u n i t  

Trap F r a c t i o n  (Condens ib le  Organ ics )  

Date o f  a n a l y s i s  S i g n a t u r e  o f  a n a l y s t  & . ,  A &lL)q 

Labora to ry  c o n d i t i o n s :  Tempeature 2 y  , O C  Baromet r i c  p ressure  &, m Hg 

1 I 2 

3 I Average 

Trap no. q o  Date o f  o x i d a t i o n  S/Z t/9/ 

C o l l e c t i o n  t a n k  no. I c o l l e c t i o n  t a n k  volume 6, 3 L  , l i t e r s  

C o l l e c t i o n  tank  p ressure  Tm.3 mnmnHg C o l l e c t i o n  t a n k  temperature  .2q , O C  

Tank c o n c e n t r a t i o n ,  
ppm as CH, 1 Runno .  

- FID response, 
area u n i t s  

%i'5-&'@ 
'a*- 

- 
p 7 7 6 ~  
b 8 7 L 6  

z 7 %a7 / &-v 

Carbon d i o x i d e  (C02) c a l i b r a t i o n  f a c t o r :  - 3 /, 3 7 9 K r 0  ppm as  methanelarea u n i t  

Average 

Tank c o n c e n t r a t i o n ,  
ppm as CH4 Run no. 

1 

FID response, 
area u n i t s  

8~-'f(F* 

@fw // 7 * /  



METHOD 25 (TGNMO) ANALYTICAL DATA 

Plant 3 M  City  

Sample locat ion 9 o ~ ~ Q u L  Run No. C nb - 3 13 

Tank Fract ion (Non-condensible Organics) 

Date of ana lys is  r/&g/p/ Signature of ana lys t  

Laboratory condit ions:  Temperature a, O C  Barometric pressure m, m Hg 

Tank no. 2' 7 Tank vol "me 6. yo9 , l i t e r s  

Tank pressure 9S7.3 , m Hg Tank temperature 9 v . o  , " C  

Propane (C3H8) c a l i b r a t i o n  f ac to r :  /. 7 6 3  y tz3 ppm a s  methanelarea u n i t  

Trap Fraction (Condensible Organics) 

Date of ana lys is  ?/irk/ Signature of ana lys t  . , 
I' 

Average 

Laboratory condit ions:  Tempeature 2 f , 'C Barometric pressure XS, mm Hg 

Tank concentrat ion,  
ppm a s  CH4 Run no. 

1 

2 

Trap no. 2 2  Date of oxidation c b g / g /  

Collection tank no. / 7  Collect ion tank volume 6. 3 gg , l i t e r s  

- FIO response, 
area un i t s  

ksgqb "010 
7 Q - 0 -  - - 
9 9 3  40 

q Z S /  3 

Collection tank pressure mn Hg Collect ion tank temperature. 2.F , O C  

6 2 

-3 
Carbon dioxide (C02) c a l i b r a t i o n  f ac to r :  / , 3  7 9 ~ ( o  ppm a s  methanelarea u n i t  

Tank concentrat ion,  
ppm a s  CH4 

/ 6 

Run no. 

1 

2 

3 

Average 

FID response, 
area u n i t s  

//I+@ 0 

114 Bo 0 

I14 f D o  

/ I ~ Q O ~  



METHOD 25 (TGNMO) ANALYTICAL DATA 

P l a n t  3/V] City 

Sample l o c a t i o n  &k. - , ~ h  e m l ; ~ & ~ / -  Run No. d80- 3 4 

Tank F r a c t i o n  (Non-condensible Organics)  

H, 4. PI& Date o f  a n a l y s i s  LS2-  > /  S igna tu re  o f  a n a l y s t  

Labora to ry  c o n d i t i o n s :  Temperature 2 3 ,  O C  Baromet r i c  p r e s s u r e  k g  mn Hg 

Tank no. 3 8  Tank volume b r 4 ~ o  , l i t e r s  

Tank p ressure  9 ~ , 3  , mm Hg Tank tempera tu re  2 3 . O C  

Propane (C3H8) c a l i b r a t i o n  f a c t o r :  / r 7 7 / $ ~  0-> ppm as  methanelarea u n i t  

- FID response, Tank c o n c e n t r a t i o n ,  
Run no. area u n i t s  ppm as CH4 

1 r2770 

3 I 532 3 D  
Average 5 3  22r3 9 4 , ~  

Trap F r a c t i o n  (Condensi b l  e  Organ ics)  

Date o f  a n a l y s i s  - ( - I Signa tu re  o f  a n a l y s t  .d. )$&Ir 
' , 

L a b o r a t o r y  c o n d i t i o n s :  Tempeature 2 3 . "C Baromet r i c  p r e s s u r e  34, mm Hg 

Trap no. 3/ Date o f  o x i d a t i o n  ~ / e - 9 / p /  

C o l l e c t i o n  t a n k  no. 8 C o l l e c t i o n  tank  volume 3 . l i t e r s  

C o l l e c t i o n  tank  p ressure  /002.3.  m Hg C o l l e c t i o n  t a n k  tempera tu re  2 3 , O C  

- 
/, 37 

-> 
Carbon d i o x i d e  (C02) c a l i b r a t i o n  f a c t o r :  oylo ppm as  methanelarea u n i t  

FID response, Tank c o n c e n t r a t i o n ,  
Run no. area u n i t s  ppm as  CH4 

1 r G yo03 

2 l ~ b 3 -  
3 / 09 303 

Average 16 gr33 14 9.7 



METHOD 25 (TGNMO) ANALYTICAL DATA 

Plant  3 M  c i t y  

Sample l o c a t i o n  ka,& n LC!, co I O L ~ -  Run No. C,.Q O -  3B 

Tank F rac t i on  (Non-condensi b l  e  Organics) 

Date o f  analys is  k-  L- 8 / Signature o f  ana lys t  A', 4 pd 
Laboratory condi t ions:  Temperature - 2 3 . OC Barometric pressure 721, m Hg 

Tank no. / Tank volume . d ,  Q /  3 , l i t e r s  

Tank pressure 966, 3 , mn Hg Tank temperature 2 3 , "c 
Propane (C3H8) c a l i b r a t i o n  fac tor :  1, / 0 ppm as methanelarea u n i t  

Date o f  analys is  6 -  1-8 Signature o f  ana lys t  

1  

2 

3  

Average 

Laboratory condit ions: Tempeature 2 3  , O C  Barometric pressure nnn Hg 

Tank concentrat ion, 
ppm as CH4 Run no. 

I 

Trap no. 2 (b Date o f  ox ida t i on  &f z y/g/ 
I 

- FID response, 
area u n i t s  

Trap F rac t i on  (Condensible Organics) 

Co l l ec t i on  tank no. C o l l e c t i o n  tank volume 4, 37 6 . l i t e r s  
/oa V. 3 

Co l lec t i on  tank pressure m, mn Hg C o l l e c t i o n  tank temperature. >-> , "C 

Carbon d iox ide (C02) c a l i b r a t i o n  fac tor :  /, 37a&lz3 ppm as methanelarea u n i t  

1  

2 

3  

Average 

Tank concentrat ion, 
ppm as CH4 Run no. 

FID response, 
area u n i t s  

/S9 30a 
/&%900 
I S 7 ~ 0 ~  

/J2? 667 d 17, q 



1 METHOD 25 (TGNMO) ANALYTICAL DATA 

I Plant 3 City  

Sample loca t ion  Reh- Q N ~ .  W A O ~ J ~  ~ u n  NO. U R R O - / / ~  

Tank Fraction (Non-condensible Organics) 

I Date of ana lys i s  6 2-8, Signature of ana lys t  /M,d. ,pddq 
. . Laboratory condit ions:  Temperature &r, O C  Barometric pressure m, mn Hg 

1 Tankno. 32 Tank volume 14 77- , l i t e r s  
...+ 

Tank pressure 93/, 8 . mn Hg Tank temperature . 2 3 -1- , O C  

1 . . 
Propane (C3Hg) c a l i b r a t i o n  f ac to r :  1, 77/ Y f o  ' ppm a s  methanelarea u n i t  

Trap no. 3 8  Date of oxidat ion &-I-%'/ 

1 Collection tank no. Collect ion tank volume 6,346 , l i t e r s  

I 

Tank concentrat ion,  
ppm a s  CH4 1 Runno. 

3 

- FID response, 
area un i t s  

3 4 7 3 0  

I Collection tank pressure //37.8, m Hg Collect ion tank temperature 2 ?,A- , O C  

Carbon dioxide (C02) c a l i b r a t i o n  f ac to r :  _ ~ ? 7 o r [ ? p p r n  a s  methanelarea u n i t  

I FIO response, 

Average 3 cfo 67 La. 3 

I Trap Fraction (Condensible Organics) 

Date of ana lys i s  &- / - X /  Signature of ana lys t  /Yd - .  

I Laboratory condit ions:  Tempeature x, O C  Barometric pressure 7*, mm Hg 

I 1 
2 

3 
Average 

Tank concentrat ion,  
ppm a s  CH4 Run no. area un i t s  

I C-7 

g 7 Y L 6  
d 7 l L o  

%? 600 
f 740;) // 9.7 

% 



I METHOD 2s (TGNMo) A N A L Y T ~ C A L  DATA 

I Plant 3 Ad C i t y  

.. . Sample loca t ion  s r - ~ c  P- Run NO. 
- 

Tank Fraction (Non-condensible Organics) 

Date of ana lys i s  6 -  2 4 1  Signature of a n a l y s t  

Laboratory condit ions:  Temperature x. O C  Barometric p r e s s u r e 7 a .  m Hg 

Tank no. Tank volume , 6,786 . l i t e r s  

Tank pressure 329. , mn Hg Tank temperature . 2 3. by , O C  

Propane (C3HR) c a l i b r a t i o n  f ac to r :  / . 7 7 f  y t b  
- >  ppm a s  methanelarea u n i t  

R u n  no. I - FID response, I Tank concentrat ion,  
area u n i t s  ppm a s  CHo  

Trap Fraction (Condensibl e  Organics) 

I I 

Date of ana lys is  ,!-/-f/ - Signature of ana lys t  

Laboratory conditions: Tempeature 73.17 O C  Barometric pressure 7&, mm Hg 

LA,< Average 

Trap no. 3 4 Date of oxidat ion A M / - 

3s273 

Collection tank no. 9 Col lec t ion  tank volume L,y32  . l i t e r s  

Collection tank pressure ~87,g ,  mn Hg Col lec t ion  tank temperature 2 3 . ~ ~ .  O C  

Carbon dioxide (CO,) c a l i b r a t i o n  f a c t o r :  /, 3 7- y,;' ppm a s  methanelarea un i t  

Run no. 

2 
3 

Average 

FID response, 
area u n i t s  

Tank concentrat ion.  
ppm a s  CH4 

61370 
6 1  3 3 0  

61 ?q7 Q4.9 



METHOO 25 (TGNMO) ANALYTICAL DATA 

Plant 3 #  Ci ty  

Sample loca t ion  g& o w  ~ C I C L ~ .  Run No. ULr(30-de 

Tank Fract ion (Non-condensible Organics) 

Date of ana lys i s  g-3- g/ Signature of ana lys t  . 
Laboratory condit ions:  Temperature ay,s 'C Barometric pressure '-, mn Hg 

Tankno. 4 T a n k v o l u m e . ~ , ? R D  , l i t e r s  - 

r a n k  pressure *X[ . I& Hg Tank temperature . 2 Y. o . O C  

Propane (C3H8) c a l i b r a t i o n  f ac to r :  / ,~SVX(C' ppm a s  methanelarea u n i t  

Trap no. YZ Date of oxidat ion 6-2 -K /  
Collection tank no. 2 3  Collect ion tank volume k, (ro / , l i t e r s  .. : 

. . . . . . . :. ,. 

Collection tank pressure 946 , mn Hg Col lec t ion  tank temperature JZy., . "C ;,<::. 
. - .. ... . - 

Run no. 

3 

Average 

- 3 
Carbon dioxide (C02) c a l i b r a t i o n  f a c t o r :  / t  3Y,y,r ppm a s  methanelarea u n i t  

- FID response. 
area u n i t s  

Trap Fract ion (Condensible Organics) 

Date of ana lys i s  l - ~ f , $ ' I  Signature of ana lys t  /& . 4 . ~ ( a /  I / h  

Laboratory condit ions:  Tempeature zy  , 'C Barometric pressure 7Vf.6<m Hg 

Lo7 l J @ b  

1 0 2  373 

Tank concentrat ion,  
ppm a s  CH, 

I79 I L 

Tank concentrat ion.  
ppm a s  CH4 

72.n 

Run no. 

1 

2 
3 

Average 

FID response, 
area u n i t s  

r 3 7 0  
5 3 7  2 4  
s>rYO 
r3 7 37 



I METHOD 25 (TGNMO) ANALYTICAL DATA 

I Plant  3/L;t City  - f-4&&- 
Sample loca t ion  L?& 0- e x 4 u  Run No. .& c RU- 2 ,8 - 

1 Tank Fraction (Non-condensible Organics) 

I Date 6f ana lys is  6-3*61 Signature of ana lys t  , .  b4@ 
Laboratory condit ions:  Temperature a. O C  Barometric p r e s s u r e 7 e .  mn Hg 

I Tankno.  3 6  Tank volume ~ . U Z Y  , l i t e r s  

Tank pressure C/o , mn Hg Tank temperature x(c.a , O C  

I Propane (C3H,) c a l ib fa t ion  f ac to r :  , x ppm a s  methane/area un i t  

Run no. I - F I D  response, I Tank concent ra t ion ,  
area un i t s  ppm a s  CH, 

Laboratory condit ions:  Tempeature 2 , O C  Barometric pressure a, mm Hg 

3 

Trap no. 4 A- Date of oxidat ion d-2- - g /  

/ / 3 ~ 0 3  

Collect ion tank no. 3 9  Collect ion tank volume A, 4 l g  , l i t e r s  

Collect ion tank pressure 92 y, mn Hg Col lec t ion  tank temperature W , O C  

Carbon dioxide (CD2) ca l ib ra t ion  f a c t o r :  1 ,  3 L ~ ~ ~ J ~  ppm a s  methane/area un i t  

196. L Average 

Run no. 

Trap Fraction (Condensible Organics) 

k,h+L Date of ana lys is  L_ 4 - g/ Signature of ana lys t  

1 1  H67 

I FID response, I Tank concentrat ion.  
area un i t s  ppm a s  CHn 

- 

Average I 6 or77 818 t 



I METHOD 25 (TGNMO) ANALYTICAL DATA 

1 plant  3 M  Ci ty  . T~QH& 00 P-5 

Sample loca t ion  5~3% okeh p & ~ - ~ u n  No. ./,!L.Eo- 3# 

I Tank Fraction (Non-condensible Organics) 

I Date of ana lys i s  - 3  Signature of a n a l y s t  

Laboratory condit ions:  Temperature 2. O C  

) Tankno. 3 1  Tank volume (,c/o 6 , l i t e r s  

Tank pressure 902 . mn Hg Tank temperature 2.# , O C  

-3 I Propane (C3H8) c a l i b r a t i o n  f ac to r :  / , ' 7 J V f ( r  ppm a s  methanelarea u n i t  

Trap Fract ion (Condensible Organics) 

Run  no. 

1 
2 

3 

Average 

Date of ana lys i s  Signature of  ana lys t  

Laboratory condit ions:  Tempeature .ZG . "C Barometric pressure 7&, m Hg 

- FID response, 
area u n i t s  

lo6 @o 
1 4  4j02) 

! of6 o 
167 267 

Trap no. 20 Date of oxida t ion  6-2-81 

Tank concentrat ion,  
ppm a s  CH4  

18281 

C o l l e c t i o n t a n k n o .  < C o l l e c t i o n t a n k v o l u m e  4 . 3 ~ 7  . l i t e r s  

Collection tank pressure 942 , m Hg Col lec t ion  tank temperature Z y  , O C  

-5 Carbon dioxide (CO,) c a l i b r a t i o n  f ac to r :  1, 3 1 ppm a s  methanelarea u n i t  

Average / 3  Y.9 

- 
Tank concentrat ion,  

ppm a s  CH4 Run no. 
FID response, 

area u n i t s  



METHOD 25 (TGNMO) ANALYTICAL DATA 

Plant  3M Ci ty  

Sample loca t ion  [fib ~ [ . C L  dd-  Run No. UE,pO.- 3 B 

Tank Fraction (Non-condensible Organics) 

 ate of ana lys i s  6, 3 - $ /  Signature of ana lys t  & . A  &&4 

Laboratory condit ions:  Temperature 2 2 .  O C  Barometric pressure&. nnn Hg 

Tank no. 7 Tank volume . A, 3 77 , l i t e r s  

~ a n k  pressure 90365' , m Hg Tank temperature 2 , O C  

Propane (C3H8) c a l i b r a t i o n  fac tor :  / ,  7 r q X (  OC' ppm a s  methanelarea u n i t  

- FID response, Tank concent ra t ion ,  
Run no. area u n i t s  ppm a s  CH4 

1 131- 

2 133- jD0 
3 / 2 p z o =  

Average 131 933 2 311 s' 
Trap Fraction (Condensible Organics) 

Date of ana lys i s  6 0 ~ / $ /  1 Signature of ana lys t  

Laboratory condit ions:  Tempeature ;Z, O C  Barometric pressure 7& m Hg 

Trap no. ?I Date of oxidat ion /+- - 3-8/ 

Collect ion tank no. 22r- Collect ion tank volume L6 3 8  7 . l i t e r s  

Collect ion tank pressure 93jacrrm Hg Collect ion tank temperature 2 6 , O C  - - J 
Carbon dioxide (C02) c a l i b r a t i o n  f ac to r :  ! I ppm a s  methanelarea u n i t  

FID response, Tank concentrat ion.  
Run no. area u n i t s  ppm a s  CH4 

1 7 P C60 

Average I $0 3 f 3  10717 



Example Chromatograms From Sample Analyses 





PN 

onrr 5 / ~ 7 f i I  TIILE 

sn:!,Plt. I. ~,cf 2 - 2 
STD. CONC. -?FR'- . 

soLvrNr _.q).l' - 
METHSO. - ... I .C'd...w 



i T A F  Eli HF'EA i. 

PN 5-/" 

CATE=TIME------- 
C ZAt.4iLE I. D. 

5 1 3 .  C W C .  
SO,::!iT--- @-/ 

METKDD . .,., d o x l a f i  
VOLUME INJECTED 

0 SYRINGE V A L V E  



F'T 

PN F / 7 /  
DATE S / + ~ / . T I M E  

SAMPLE I. D. 

SOLVENT a(<. 
M E T ~ O D . - ~ & P !  %A 

....... -. - 
BYPASS 0 d RCL. 

VOLU!.;! iN , iCTEO- . . .~ :p_& 
SYRINGE vALV; 



.. .-... . 

AREH 

. . _ .  ... . L  . . . . . . . .  ..;. 

APEH :'; 

1648 2 .?64  
53958 9:. ~ z n  

XF: 1.8880 E+ 



X F :  1.8880 E+ B 

PN 5 1 7 c  

SAMPLE I. D. 

STD. CONC. 

METHOD 

VOLUME INJECTED 



PN 

SAMPLE I. D. 

E T itF:E* F.F'ET 5: 
SOLVEI:T~-&~ 

. -= M t r H o o d ~ ~ - E  
A . h  -, 13::lg 1 .535 
3 . 5 0  --. , , o4no 86 7 2 7  . <--, 
8 . 5 4  109200 12.111 

VOLUML INJECTLD- 
>:F: 1  .RBR8 E+ q SYRINGE ffi VALVE 



I STt?P 
b. 5 8 3 R A  
A Y E A  % 

X F :  1 . R R R R  E+ 

PY $17 I1 
DATE I. -L! ,% I TII(.L 
SAMPLE I. 0. 

Cki S O L V I N T  - -- - ~ * a  M E T H O D A - .  

WpASS 0 
VOLU~AI INJECTED . ,, ?,.% 

SYRINGE 5 VALVE 



Pre-Test Equipment Blank Checks 



T E M P l  1  5 0  .a 
T E M P l  3  i t  

T E M P I  - - 8  9D 
TEy: 1 3 8  7s 
TEPIP1 3 0  3 1  
TEMP; - 

3 0  3% 

PN 
DATES- li-r'i TIME 

SAhlFLE I. D. i&fd 'f'! 
STD. COKC. 
soLVENi OOSNI L( HeL d 
METHOD fu .4 r? 

s v ~ n s s  @ OXID. RED. 
WLUhlE INJECTED 

SYRINGE VALVE 



XF: 1 .EBB0 E+ 

TEPlPl  - :0 = -  
TENPI 3 0  $7 

T E W P l  5 2 i! - - , r M P l  3 q 4 
TEP!?l 3 Z4 - .- - C 3 L * ? E  
TEt4Pl  3 q 1 
TEMP 1 3 0  XB 

. .  ----. ...... 

13 SYRINGE 9 V A i v r  



PN 

DATE-ME 1 2 7 ~  ,?a7 
SAMPLE I. D. 4 
STO. CONC. 

SOLVLNT *@jp*?c ... .-A ,y 
~ n ~ o o 2 4 - -  . .- - 

BYPASS @ O~;;.-E RLD. 
VOLUhlE INJLCTED d. O,,-/ 

SYRINGE VALYC 





- - -. . -. a Bi.?kS3 0A15. RED. 
$OLLML INXCIED Z , ! j + v l  

SViilhGE F V W f  







PN 5130-7 
DATE F g . 8  1 TIME 

SAMPLE I. D. 

STD. CONC. q-fd cb.79 
SOLVENT +' 
METHOD T lV , .  

I 

[3 BYPASS el OXID, d 
VOLUME INJECTED 'l.0 

SYRINGE VALVE 

X F :  1.8088 E+ @ 



h .  5 : 3 i ~ e  
R E E R  % 

P T B E E R  A C E H  % 

p,, & , - 3 O - ;  

5. c -"I TIME- 

SAMPLE I. D 

sTD. SOLVENT coNc.- &v > 

MKHOD>~ k f  



AEEH HPEh :: 



. . . .  .......... - ............ ,... 
J",,,~.L' 8:". ' ;: ' 

STD. CDNC. E n  -- 
SOLVENT- 

YClHDD 
7c ',,I/*. 

0 BypAss DXiD. d RED. 
~ O L U M E  INJECTED 2 ' O fb I -  

n SYRINGE n VALVE 

PN 3 <  10-5 
DATE $.?.el TlldE 
SAMPLE I. 0. 15 ( 4 q 

n 

STD. MNC. <V A, y P 2  6 
SOLVENT A%. 
MEIHDD ,--- ,.& I v-.C - .  , 

BVPASS v j  OXID. 6  RE^; 
VOLUME INJECTED 2 .o A 

SYRINGE D VALVE 

AREA 
. - . . - . . AYER % 

. . . . .  



..... - 
7.85 

< 7.29  

2f 

STOP 

RFER RRER % 

X F :  1.8880 E+ E 

!.H 3:- 30.7 

*.ATE r.  8 - e I TIME 
.:.-4PLE I. 0. f f / 4  s , 

510. CONC. 7+4/.JLC 
SOLVENT q 

METHOD Trrdf--, 3 

BYPASS ~ O X ~ D .  13. 
VOLUME INJECTED m' 17 .3 s". 

SYRINGE VALYE 



BYPASS 
VOLUME lNJECTE$?%&? 

0 SYRINGE P VALVE 

- 
- 

- 

_ 

', 

-$?. 15 

E.97  
? -- h C 4 3  
i 1 . 7 4  

- 3 . 1 5  

5 . 8 5  

A!? 
. - 
0 - * 7 . B 5  - - -- L_ 1 . . 3 

E t 

8.2C 
5785.51 

5:33gfi 
AF:EH :: 



PN 
DATE < / / ! / / ~ f  TIME 
SAMPLE I. 0. 7/4F * 2 D  . . . . , .. 

. . 
S T D  CONC.& A ri # ::!:.; 
SOLVENT. ' "  

HF'ER HFEH i. 



Pre-Test Tank Blanks 





:N. 

rnrLy- ;-P. i ~ ~ ~ E  
. ?  

; , . 7 . .  , I :A 

I . .k i::,y,i<:.. ,.> (, ;',,;, 
..3'''-fi, h' 2- r l r  .- 

7 

I D  db 

VOLUME INlECTE 
• SYRINGE VALVE 

/ 



. , - 

STOP 
h r  5 8 7 0 s  

ESCHPE 

TEMP 1 3 0  130 
T I M E 1  - 

2.13 

R fi TE 2 4 . 0 0  
TEMP? B U  
T I M E 2  l E . B  
I t 4 J  TEMP Z O E  2EC 
$ I D  TEMP 3 8 0  3 0 0  
T C D  TEN? 1 7 0  1 7 8  

ESCAPE 
ESCHPE 

0 SYRINGE VALVE 









PN -3930-7 
D A T E T * Y . ? /  T IME 

SAMPLE I. 0. f;: 0, + \L , 
,.I 

STO. CONC. -,,dpl\,Lp32 
SOLVENT 

METHOD q'r, ,J pj 

BYPASS OXID. RED. 
VDLUMf INliCTED--- Z C L  /I.- f = s r R I w i r  [I~'VALYE 



PN >~)D' I  

SAMPLE 1. D. 



P N  3 5 7 C '  
A T  , I I TIME- 

SAMPLE I. D.* 0 

STD. CONC. k 
SOLVENT- 

M n H O D  4 ? . ~ 1 1 ~  

BYPASS a oxlo. d RED.(, 
VO~% INJECTED .3 . 6 Lh.;\ 

0 SYRINGE VALVE 



D U L 5 -  1331 TIME 

SAMPLE I. D. 7 4 ~ ~  * 27 
STD. CONC. &r??d'k 
so:vrrr E t ~ ' g < r < ~  
hqaii;j h/Pl/IR 





Post-Test Trap Blanks 







HFER :: 

PN 51'q 
DATE 6-3-t\ TIME- 

SAMPLE I. D.- 

STD. C O H C . 4 2  b 
SOLVEIiT--- --- 

rlbN.kQ M E T t i O D - - -  



BYPASS 

XF: 1 .ERR8 E+ B 







h r  5$3Ea 
RREA % 

0 BYPASS d oXlD.  RED, 
VOLUME INJECTED 7.0 fb, 

SYRINGE B VALVE 



I s ~ f i p x l  
h~ 55g38H 
RPEH ': 

1 . 7 7  
7 C 0 

4 1  '3 17.815 ... 

I I 
2.. 1 '+33 S 2 . 1 8 5  

X F :  1 .  BEBB E+ 8 

T E n P l  2 O E 11 ? ESCRPE 

I  I 
TEfl51  2 8 8 a 
E5C:APE 
TEMP1 3 q a 

1.1 
I 1 
I I 
I I .  

PN r /7$ 
DATE 4 4-%/ TIME 
SAMPLE I. D. 

SDLVENT- 

METHOD CD t'd 

, 
svpnss pj oxlo. REJ. 

VOLUME INJECTED 



PN -CI7' 
6. 1-81 TIME 

SAN,PLE I. 0. 
STD. CONC - -  

... SOLVLNI -- -.. 

M,iTHOD--. <& d w. 

F T R F E A  R R E R  % 

1.77 2765 188.888 

X F :  1.8008 E* 8 
. . . .  . .  9 _ . . . . . .  . . . .  . . . . . . . . . . . . . . .  , . . ... . . . . .  



PN g 1 7 4  
D~TE~~~h~~------- 

SAMPLE 1. D. 

STO, c o N c . s - $ c & b  

0 BYPASS -!?I 
VOLUME INJECTED 

HYEA RREH t 0 SYRINGE O VALVE 



HEEA 

BOOB E+ 

OATE 6 ,3 .%\  TIME , 

SAMPLE I .  D. 

METHOD - . . .. . . - 

MLUlii! I N I B T E O -  2 -O  
/-:; ,+ 0 SYRINGE u h L ; E  



XF: 1.8888 E+ 8 

P N ~ /  7 9 2 

~klElLt_7I&~I~~- 
S A M P L E  I .  0. 

S I D .  c o N C . - w & y  

SOLVENT-d -f ---- - " d  EL  METHOD^+- - - -- a B Y P A S S  do:'..' 
VOLUME I t i i C C T E D  

0 S Y R I N G E  .bh:nF 



APPENDIX D 

SAXPLING AND ANALYTICAL PROCEDURES 



DETERMINATION 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. O.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. O.D. inlet and 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 quick connect for assembly with the sampling 
and analytical system. 

Sampling regulator system. Vacuum gauge to monitor changes 
in tank pressure durinq samplinq, stainless steel flow shut- 
off valve to start andSstop' 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. O.D. stainless steel tubing. 

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

* 
Federal Register, Vol. 45, No. 194, October 3, 1980. 



FLOW RATE 

F i g u r e  D-1. Method 25 sampl ing  appara tus .  



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. - 

. 
ANALTY ICAL 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 ~ o ~ c a l i t e ~  oxidation catalyst and heated in a 
tube furnace to 900°C. 

NDIR detector. Beckman Model 864 NDIR detector capable of 
indicating C02 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 quick 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 10-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. O.D. by 15 in. stainless steel tube 
packed with ~opcaliteR 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. O.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 vacuum was recorded, and after 5 minutes the vacuum was 



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 manometer 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 

manometer 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 collection tanks with the NMO 

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 

C02 that it may contain. This was acc,~mplished as follows: the 



1 I :ondensate trap was packed in dry ice to prevent loss of condensed 

anics and attached to the recovery apparatus. The sample tank 

from the test run was connected to the outlet of the NDIR (see 

1.1 ure D-2). Carrier gas was switched to by-pass the oxidizer, 

1'1 
s through the trap and NDIR and into the sample tank. The 

:rap was purged until all C02 had been removed as indicated by 

1.q NDIR. The carrier gas flow was then. switched to by-pass the 
- 
:rap and flow was maintained until the sample tank was pressurized 

la n absolute pressure of approximately 8 5 0  mm Hg. 

Recovery of the condensed organics was accomplished by heat- 

In? the trap to 65OoC in the trap heating furnace and routing the 

I* very system carrier gas through the trap, oxidizer, NDIR, and 

nto the intermediate collection tank. The progress of the com- 

lukion of the trap contents was monitored with the NDIR, and the 

ier flow was continued through the heated trap until the NDIR 

cated zero C02 in the system and the intermediate collection 

was pressurized to an absolute pressure of approximately l:bm Hq. 
I 1 1 ysis of Sample and Intermediate Collection Tanks 

The contents of both the sampling and intermediate collection 

ills 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 

jntents. 



To d e t e r m i n e  t h e  s o u r c e  c o n c e n t r a t i o n  o f  noncondens ib l e  

o r g a n i c  compounds, t h e  sampl ing  t a n k .  was a n a l y z e d  f o r  i t s  t o t a l  

nonmethane o r g a n i c  c o n t e n t .  To d e t e r m i n e  t h e  s o u r c e  c o n c e n t r a -  

t i o n  o f  c o n d e n s i b l e  o r g a n i c s ,  t h e  i n t e r m e d i a t e  c o l l e c t i o n  t a n k  

was a n a l y z e d  f o r  t o t a l  C02 and o r g a n i c  c o n t e n t .  

The t o t a l  nonmethane o r g a n i c  c o n c e n t r a t i o n  a t  t h e  s o u r c e  

was t h e n  de te rmined  b y  add ing  t h e  c o n c e n t r a t i o n s  o f  noncondensi-  

b l e  and c o n d e n s i b l e  o r g a n i c s  

To e f f e c t  s e p a r a t i o n  o f  t h e  nonmethane o r g a n i c s  from CO, 

C O Z ,  and methane,  t h e  s e p a r a t i o n  column was o p e r a t e d  a s  f o l l o w s :  

t h e  column t e m p e r a t u r e  was ma in ta ined  a t  30°C f o r  t h r e e  m i n u t e s  

t o  e l u t e  t h e  ca rbon  monoxide and methane.  The t e m p e r a t u r e  was 

t h e n  r a i s e d  t o  200°C a t  t h e  r a t e  o f  25OC/rnin. Carbon d i o x i d e  

was e l u t e d  a t  j u s t  unde r  f o u r  minu tes .  The c a r r i e r  g a s  f low was 

r e v e r s e d  t o  b a c k f l u s h  nonmethane o r g a n i c s  from t h e  column a t  6 . 5  

minu te s .  I f  a  sample c o n t a i n s  e t h a n e ,  t h e  e t h a n e  peak would 

e l u t e  a t  a b o u t  6 . 4  m i n u t e s  ( j u s t  p r i o r  t o  t h e  b a c k f l u s h  s t e p ) .  

C a l i b r a t i o n  P r o c e d u r e s  

The f o l l o w i n g  d e s c r i b e s  t h e  p r o c e d u r e s  used by PEDCo t o  

c a l i b r a t e  t h e  NMO a n a l y z e r  b e f o r e  and d u r i n g  t h e  a n a l y s e s  o f  

each  set o f  e m i s s i o n  samples .  

FID C a l i b r a t i o n  and L i n e a r i t y  Check-- 

P r i o r  t o  a n a l y s i s  of  e a c h  s e t  o f  s amples  t h e  l i n e a r i t y  o f  

t h e  NMO a n a l y z e r  FID i s  checked.  The l i n e a r i t y  check  c o n s i s t s  

o f  a  c a l i b r a t i o n  u s i n g  g a s  s t a n d a r d s  o f  propane  i n  a i r ,  w i t h  

c o n c e n t r a t i o n s  r a n g i n g  from 1 9  t o  1500 ppm. The FID l i n e a r i t y  



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 reduction catalysts 

are checked prior to 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 C02 was confirmed by the fact that no methane 

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 C02 standards was within 

+5 percent of the mean response for C02 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 componentmixtures 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 of the recovered trap contents) 

gas standards with lower C02 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 

~ appm = parts per million by volume. 

t Concentration, ppm a 

C3H8 C02 Cylinder No. CO CH4 



APPENDIX E 

CALIBRATION PROCEDURES AND RESULTS 







BAROMETER CALIBRATION LOG 

P r o j e c t  .- 
Number ,r,/ L -1; 

Barometer 
Number 

P r e - t e s t  

Barometer 
Reading 2 .  2 9 . 3 5  <;2j;yl- A ~ Z L  
Reference 
Barometer 
Reading 

P o s t - t e s t  &!! 5,#3A,, 5//4, 37,- 6 I .i - . , . i, :;. , 
Barometer I '  

! 
Reading ... 

33' 

I 
' Barometer i s  a d j u s t e d  so t h a t  d i f f e r e n c e  does n o t  exceed O.1"Hg 
** Barometer i s  not a d j u s t e d ,  d i f f e r e n c e  must  n o t  exceed 0.2"Hg. 

;: 2 .y 

Reference 
Barometer 
Reading 

D i f f e r e n c e * *  

a37 

~p 

I j , n 6  
! 

6 o u  I 6. ii I 

-0 

~ ~ - 3  1237 1 ~ J ~ Y I  2 27  

2 ~ 7 , ~ 7  

b . o  c i  ~ ) , D z  

i 
2 . 9 , y Y ' ~ 4 . 2 ~  i2q.2i I L - ? : ~  

I i I 
r r 2  j us-y j 2 ; 

. - 



METHOD 25 FLOW REGULATOR CALIBRATION 

Date: 5/15/81 

Calibrated by: D. Hershey 

Calibrated with 250 ml bubble buret (as primary standard) with condensate trap 

in line using an evacuated sampling tank. 

METHOD 25 FLOW REGULATOR CALIBRATION 

Regulator No. 

1 
2 
3 
4 
5 

Measured flow rate, ml/min 

Average 

92.5 
86.4 
80.3 
86.7 
90.2 

Trial No. 3 

92.3 
85.0 
80.2 
86.2 
89.6 

Trial No. 1 

92.6 
87.2 
80.2 
86.7 
90.6 

Trial No. 2 

92.6 
87.0 
80.6 
87.2 
90.4 



Method 25 Analyzer Calibration Results 
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Example Chromatograms From Method 25 Analyzer Calibration 



I STOP 
hrn 5 8 3 0 -  
HEER % 

RT HPEA HEEH 7. 

- 
0 BYPASS OXID. 

y ~ ~ u l , ! :  lNjlCTiD-- 
p "RINGE 



STOP 
*r 5%38* 
HFER 5. 

R T HREH HREH 5 

X F :  1.8088 E +  E 

PN 5/79 

SAt!,PLL I. D. 

STD. CONC.-- ' 5 ~ 5 L . -  -- 
<R.L.*~ 

METHOD- 



i; T H i E R  HFEe % 

1 . 7 1  1 8 3  8 .431  - - -  2 . 1 8  J ,  + 8 . 1 0 2  - 3.55 363180 93 .487  

X F :  1.8888 E+ 

PN 1175 
D ~ ~ ~ ~ T I M E -  

SAMPLE I. D. LO. 
sTD. CDNC. cs' 6- 
s o L v ~ N ~  a&<. .----- 

M E T ~ . o D ~ ~ ~ ~ - ' ~  

w--- 0 BYPASS fl OXi3 

yo~u::,I I N J E C T E D _ . . ~ : ~  
SYRINGE YxL" 



P N ~  
D ~ ~ E 5 k ! s / 9 /  T1v.E- 

SAMPLE I. D.-- 
STD. CONC- 

. O 

SOLVENT a i- - 
METHOD ~ p n b  2 



PN" 

0ATE433pLTWE---r 
SAMPLE I. D. 
STD. C O N C . A $  

SOLVENT 0, '/ 

Mt3HOD F,%IY~-0  

IJ SYRINGE VALVE 
- 

I STCtP 
h 5E,3Eil 
HEEH ;. 

AREA REEH X 

9586EB 1EE.800  

KF: 1 .8888  E+ D 



' j T O P  
h .  5s38'1 PN 
~ F E *  ::  DATE^/^^/ R/ TIME 

P T H F E ~  ~ R E A  3: SAMPLE I. D. c,a. 
- = = =  1.365 STD. CONC. 99L ,<PW 

1.63 > a  
SOLVENT * . a 5  186.;@ 8 . 7 5 5  n.'J 

3.4.1 1874888 07.5a8 METHOD Tr-Jrzt~ - .  
XF: 1.8880 E+ 'a 

 BYPASS OXID. RED. 
VOLUME INJECTED a ~-p_ 

SYRINGE @VALVE 



PN 

DATE-TIME 
SAMPLE I. D. C2 ,yz 

STD. CONC. /XZo ,,p., 

SOLVENT I .  a,"' 
METHOD - I c-w/'%- 

W Y P A s s  0 OXID. RED. 
VOLUlI(E INJECTED 200 ne 

0 SYRINGE L ~ Y A L V E  
8 .47  

f 

R T  RPEH RPER ?: 

:3.47 2 Z 5 2 0 0 0  1 8 0 . 8 8 8  

'.'F: , . 1 .BE00  E+ 



PN 

DATC f l a l / f  I TIME 

SAMPLE I. 0 .  C ff< 
STD. CONC. 2 ./ 
 SOLVENT^.^ 
M i l H O D  Tc- a 

VOLUME INJECTED . G 



* p  5,23ali 
HFEH ". 

HPEH HPEH '.. 

r N  

D L '  1 TIME_- - 
SAMPLE I. D. C CJ 
STD. CONC. 50  q . - b ? c  
SOLVENT -'j 

M t l H O D  Tr -  h! WC. 

R T  HFEH HREFt 2 

XF: l . E B 0 8  E+ 

P - cTt] Bypass 0 OXID. RED.( 
*VDL ME INJECTED 2 . D  nuI. 

SrRINCE CJ ~ A L V E  ' 



FT RPEH AREA % - a " -  

,_ ; 
C 
C 
L - . 

. . 

! 2.22  

. . 

3.56 

. , 

. . 

pN srlf  1.77 6 ~ 9 8 0  8 .256  
2 . 2 2  71380 8 .267  O ~ ~ ~ & % B 8 \  TIME 
3.56 2i,,:BE08 9Q.119  
a .  13 -. - 77  " i t .  -.- 0 . 8 1 8  SAMPLE I. 0. 

3 1 u  ,r 0 

. . 

9 - 1 2  94368 8 .351  STD. CONC. - b5.1 

- HE 

X F :  1.8888 E+ H SOLVENT .. QiL 
METHOD ./dw 

9.13 

h r  538 ik  
HPER X 






