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1 INTRODUCTION 

On June 28 & 29, 1994 Interpol1 Laboratories personnel conducted air emission 
compliance tests on the following sources at the Louisiana PacificCorporation (LP) OSB Plant 

located in Dungannon, Virginia. 

Source Parameters 

Thermal Oil Heater Stack PM,PM-10 

Dryer Stack PM,NO,,CO,CH,O,THC's 

Press Vent Stack CH,O,THC's,Phenol,MDI 

On-site testing was pedormed by Ed Trowbrige, Mark Kaehler, Ken Rosenthal, and Dennis 

Marso. Coordination between testing activities and plant operation was provided by Sue 

Somers of LP. The tests were witnessed by Stanley Faggert and Glenn Diehl of the Virginia 

Department of Air Pollution Control Commonwealth of Virginia. 

The Konus Oil  Heater tested was manufactured by Konus Kessel in 1985. It is 

equipped with two screw auger-type stokers and is fired with a mixture of bark and wood. 

The unit i s  equipped with an economizer and has a design heat input capacity of 31 

106BTU/HR. Particulate emissions from the Konus are controlled by a large diameter cyclone 

manufactured by Konus in series with a fabric filter dust collector manufactured by C.E. 

Preheater. The baghouse has a pulsed air cleaning system. Cleaned flue gas is emitted to 

the atmosphere by a 75-foot high radial steel stack which has a diameter of 41 inches. 

The Wafer Dryer tested is a Model 1260 TNW/L dryer manufactured by MEC 

Company. Particulate emissions from the wafer dryer are controlled by a primary cyclone 

followed by a secondary multicyclone also manufactured by MEC Company in series with 

an electrified filter bed unit manufactured by EFB, Inc. Cleaned flue gas i s  emitted to the 

atmosphere by a 15@fOOt high radial steel stack which has a diameter of 48 inches. 

The press vents tested are the exhaust from general ventilators positioned over the 

The press and unloader vent exhausts are emitted to the board press and unloader. 

atmosphere via a common stack which has a diameter of 4'-11.5". 

, .  
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Particulate evaluations were performed in accordance with EPA Methods 2-5, CFR 

Title 40, Part 60, Appendix A (revised July 1, 1993). A preliminary determination of the gas 

linear velocity profile was made at each test location before the first particulate determination 

to allow selection of the appropriate nozzle diameter for isokinetic sample withdrawal. An 

lnterpoll Labs sampling train which meets or exceeds specifications in the abovecited 

reference was used to isokinetically extract particulate samples by means of a heated glass- 

lined probe. Wet catch samples were collected in the back half of the Method 5 sampling 

train and analyzed in accordance with EPA Method 202. 

PM-10 samplingwas conducted in accordance with €PA Method 201A (CFR Title 40, 

Part 51, Appendix M). An Interpoll Labs sampling train which meets or exceeds specifica- 

tions in the abovecited reference was used to extract PM-10 samples by means of an 

Anderson PM-10 cyclone and a stainless steel probe. The cyclone used in this work meets 

or exceeds the specifications of Method 201A. Velocity pressure measurements were made 

prior to, and during, each run to determine the proper dwell times at each traverse point. 

The oxides of nitrogen samples (Runs 2 & 3) were collected using an all-glass Method 

7 sampling train. A heated stainless steel probe was used to extract the samples from the 
exhaust stream. A plug of glass-wool was used in the end of the probe to remove particulate 

material. 

The NO, samples were collected in volume-calibrated twc-liter all-glass flasks. An 

aliquot of 25 cc of absorbing solution was added to each flask on-site; the flask was closed; 

inserted into the sampling train; and evacuated. The probe was then purged and the sample 

collected over a 15 second interval. The flask was then closed; the flask removed from the 

sampling train; shook for two minutes and then secured for transport to the laboratory. 

Upon arrival at the laboratory, the NO, samples are logged in, placed in a designated 

area and maintained at 72 "F for 24 hours to allow completion of the conversion of NO to 

NO, and absorption in the acidified peroxide reagent. The flasks are then shook to complete 

absorption; attached to a mercury manometer and the static pressure and temperature 
recorded. The samples are then recovered and analyzed by ion chromatography. 
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Oxides of Nitrogen (Run 1 ONLY) and carbon monoxide determinations were 

performed in accordance with EPA Method 7E and 10. A slip stream of sample gas was 
withdrawn from the exhaust gas stream using a heated stainless steel probe equipped with 

a filter to remove interfering particulate material. The particulate-free gas was transported 

to the analyzers by means of a heat-traced probe and filter assembly. After passing through 
the filter, the gas passed through a chilled condenser-type moisture removal system. The 

particulate-free dry gas was then transported to the analyzers with the excess exhausted to 

the atmosphere through a calibrated orifice which was used to ensure that the flow from the 

stack exceeds the requirements of the analyzers. A three-way valve on the probe was used 

to introduce standard gas for the "system bias check". 

The analog response of the oxides of nitrogen analyzer was recorded with a strip 

chart recorder. The analyzer was calibrated with Scott Specialty, National Specialty, and 

Linde Gases (EPA Protocol 1) and Certified Master standard gases. The instrument was 

calibrated before and after each run as per EPA Method 7E and 10. The sample probe was 

moved through a three-point traverse (116, 316, 5/6 of the stack diameter) to measure oxides 

of nitrogen concentrations. 

Formaldehyde samples were collected using EPA Method 001 1 (SW 846 3rd Ed.). 

The samples were collected isokinetically using a Method 5 sampling train with an aqueous 

acidic 2,Qdinitrophenylhydrazine absorbing solution and analyzed by high performance 

liquid chromatography. 

Total gaseous hydrocarbon concentrations were determined instrumentally using a 

Ratfisch Model RS55 heated flame ionization detector (HFID) calibrated against propane in 

air standards. The THC concentration was continuously monitored by extracting a 

slipstream of exhaust gas by means of a heated probe and filter holder. A heat-traced teflon 

line was used to transport the sample gas from the filter holder outlet to the analyzer inlet. 

Phenol concentrations were determined from the Press Vent using a Method 5 
sampling train with neutral buffered absorbing reagent followed by extraction with 

methylene chloride and direct analysis by GUMS with no concentration (EPA Method 8270). 
The samples were field spiked with 5.33 mg of phenol d6 and 59.8 mg of 2-fluorophenol. 
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MDI concentrations were determined by two methods simultaneously. The first 
method was performed in accordance with Interpoll Laboratories Method 11-8791 Ner 1.2), 

which is based on NIOSH Method P&CAM 347 (N-p-nitrobenzyl-Npropylamine impregnated 

filters with analysis of the urea reaction product after solvent switch by normal phase 

HPLUUV with full photodiode array wavelength data collection (190.720 nm). Exhaust gas 

samples were collected in such a manner as to collect both gaseous and aerosol phase MDI. 

An Interpoll Labs sampling train was used to extract MDI samples by means of a non-heated 

stainless steel probe and an out-stack filter assembly. In the second MDI method the 

sampling train was operated simultaneously at the Press Vent Stack using the 1,2-PP method 

as developed by Radian Corporation under contract to USEPA. 

Integrated flue gas samples were extracted simultaneously with each of the above- 

referenced sampling trains at the dryer and thermal oil heater test sites using a specially 

designed gas sampling system. Integrated flue gas samples were collected in &liter Tedlar 

bags housed in a protective aluminum container. After sampling was complete, the bags 

were sealed and returned to the laboratory for Orsat analysis. Prior to sampling, the Tedlar 

bags are leak checked at 15 IN.HC. vacuum with an in-line rotameter. Bags with any 

detectable inleakage are discarded. 

Testing on the Dryer was conducted from two test ports oriented at 90 degrees on 

the stack. These test ports are located 5.5 stack diameters downstream of the nearest flow 

disturbance and 21.5 stack diameters upstream of the stack exit. A 24-point traverse was 

used to collect the particulate and formaldehyde samples. Each traverse point was sampled 

2.5 minutes for the particulate and formaldehyde sampling to give a total sampling time of 

sixty minutes per run. 

Testing on the Thermal Oil Heater was also conducted from two test ports oriented 

at 90 degrees on the stack. These test ports are located 6.0 stack diameters from the nearest 

flow disturbance and 2.87 diameters from the stack exit. A 16point traverse was used to 

collect representative particulate samples. Each traverse point was sampled for 4 minutes 

for a total sampling time of 64 minutes per run. A 12-point traverse was used to collect the 

PM-10 samples. The PM-10 run times varied from 73 to 75 minutes. 
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All of the testing on the Press Vent was conducted from two test ports oriented at 90 

degrees on the stack. These test ports are located 2.0 stack diameters downstream of the 

nearest flow disturbance and 6.9 diameters upstream of the stack exit. A 24-point traverse 

was used to collect the particulate, formaldehyde, phenol and MDI samples. Each traverse 

point was sampled 2.5 minutes for a total sampling time of 60 minutes per run. 

The important results of the test are summarized in Section 2. Detailed results are 

presented in Section 3. Field data and all other supporting information are presented in the 

appendices. 

5 



2 SUMMARY AND DISCUSSION 

The results of the air emission compliance tests are summarized in Tables 1 - 9. An 

overview of the results is presented in the Table below 

PARAMETER MEASURED 

Thermal Oil Heater 

Particulate 
. . . . . . . . . . . . . . . . . .  (CWDSCF) 
. . . . . . . . . . . . . . . . . . . .  (LBIHR) 
. . . . . . . . . . . . . . . . .  (LB/IO~BTU) 

PM-10 
. . . . . . . . . . . . . . . . . . .  (CWDSCF) 

. . . . . . . . . . . . . . . . . . . . . .  (LB/HR) 

. . . . . . . . . . . . . . . . .  (LB/~  O'BTU) 

Drver Stack I 

Particulate 
. . . . . . . . . . . . . . . . . .  (CWDSCF). 
. . . . . . . . . . . . . . . . . . . .  (LBIHR) 

. . . . . .  I.. . . . . . . . . . . .  (pprn,d) 

..................... (LB/HR) 

Oxides of Nitrogen 

Carbon Monoxide 
.................... (pprn,d) 
.................... (LB/HR) 

Total Hydrocarbons 
. . . . . . . . . . . . . . . . . . .  (ppmC,w) 
. . . . . . . . . . . . . . . . . . . . .  (LBIHR) 

Formaldehyde 
. . . . . . . . . . . . . . . . . . . . .  (ppm,d) 

. . . . . . . . . . . . . . . . . . . . .  (LBIHR) 

6 

0,018 
2.8 

0.23 

0.0083 
1.3 

0.11 

0.056 
16 

21 
3.2 

257 
38 

41 
3.2 

4 
0.62 



- -. - 
AUG-11-94 THU 15!02 INTERI'OLL LABS FAX NO. 6127867854 P, 03 

ILGRAlrnER MEASURED 

F t r e $  Vfmt Stack 
Formaldehyde' . .  

. .  - 
.................... (ppm,d) 
. . . . . . . . . . . . . . . . . . . .  (LB/HR) 

. . . . . . . . . . . . . . . . . . .  (ppmC,w) 

. . . . . . . . . . . . . . . . . . . . .  (LBJHR) 

Total Hyairucartm~ 

Phcncl 
.................... (ppm,d! 
. . . . . . . . . . . . . . . . . . . .  CLBJ/HR:l 

kiDl (NITRO) 
..................... @prn,d! 
.................... (LB/HR:! 

.................... (ppn,d) 

.................... (LB/HRI 

MIDI (1.2-I'P) 

3 
1.2 

24 
3.4 

< 170 
< 387 

0.0218 
0.0634 

0.0140 
0.041 2 

14a ditfifrculties were enrount~:red ia the field by Interpoll Labs Qr in the laboratory 
evaluation of :he samples which were cc.cduded by Interpoll Labs. On the basis of these 

fack and a complete rwiew of the data and resulta, it is our opinion that the results reponed 
herein are acc:urate and closely reflect the actual values which existed at the time the test 

was performed. 
. .  
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Table 4. Summary of the Results of the June 28, 1994 Oxides of Nitrogen Emission 
Compliance Tests at the Louisiana Pacific Plant in Dungannon, Virginia. 

Concentration Emission Rate 

Time (~orn,d) ( L B/H R) (LB/TFP) 

(Dryer Stack) 
1810-1910 18 2.8 0.30 

2040-2 1 40 37 5.7 0.61 

21 50-2250 7 1.1 0.12 

Avg 21 3.2 0.34 

TFP - Ton Finished Product (9.34 TON/HR 6-2894) 



Table 5. Summary of the Results of the June 28, 1994 Carbon Monoxide Emission 

Compliance Test of the Dryer Stack at the Louisiana Pacific Plant in 

Dungannon, Virginia. 

Concentration Emission Rate 
Time (Dom,d) (L B/H R) (LBTTFP) 

1230-1 331 157 24 2.5 

1425-1 530 269 38 4.0 

1642-1 743 346 52 5.4 
Avg. 257 38 4.0 

TFP - Ton Finished Prcdua (9.59 TON/HR 6-28-94) 



Table 6. Summary of the June 28 & 29, 1994 Formaldehyde Emission Compliance 

Tests at the Louisiana Pacific Plant in Dungannon, Virginia. 

Concentration Emission Rate 
Time (D0m.d) (LB/HR) (LB/TFP) 

(Dryer Stack 6-28-94) 

085oQ951 2 0.41 0.044 

1025-1 127 6 0.96 0.104 

1200-1 302 3 0.49 0.053 

Avg. 4 0.62 0.067 

(Press Vent Stack 6-29-94) 

1547-1 700 4 1.3 0.14 

1719-1832 3 1.1 0.1 1 

18482001 3 1.2 0.12 

Avg. 3 1.2 0.12 

TFP - Ton Finished Product (9.25 TON/HR Dryer, 9.61 TON/HR Press) 



Table 7. Summary of the June 29, 1994 MDI  Emission Compliance Test on the Press 

Vent Stack at the Louisiana Pacific Plant in Dungannon, Virginia. 

Concentration Emission Rate 

Time (oom.d) (LB/HR) (LBTTFP) 

(1,2-PP Method) 

0905-1 009 0.0160 0.0469 0.0049 

1101-1203 0.01 56 0.0459 0.0048 

1244-1 347 0.01 05 0.0309 0.0032 

Avg. 0.0140 0.041 2 0.0043 

(Nitro Method) 

0905-1 009 0.0253 0.0727 0.0076 

1101-1203 0.0238 0.0691 0.0073 

1244-1 347 0.01 64 0.0484 0.0051 

Avg. 0.021 8 0.0634 0.0067 

TFP - Ton Finished Product (9.53 LB/HR 6-29-94) 
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Table 8. Sumnary of me Julie 29, 1994 Phenol Emission Compliance Test on the 
Press Vent Ijtack at !he Louisiana Pacific Plant in Dungannon, Virginia. 

Concenrration Emission Rate 
.-.--lime-- (0ob.d) fl@LB/HR) fLB%Ft') 

1.548-1 € 49 170 < 184 c 19 

1'20-1822 < 171 C 188 < 20 
1827-1927 < 170 < 190 c 20 

Avg < 170 < 187 < 20 

TFP - Ton IFiniihed Product (9.61 TON/HR 6-29-94: 



Table 9. Summary of the June 28 & 29, 1994 Total Hydrocarbon Emission Compli- 

ance Tests at the Louisiana Pacific Plant in Dungannon, Virginia. 

Emission Rate 
q0> 

Concentration 
Time (0om.d) (LBIHR) (LBKFP) 

(Dryer Stack 628-94) 

1230-1331 40 3.1 0.32 

1425-1530 58 4.3 0.45 

1642-1 743 26 2.0 0.21 
Avg. 41 3.2 0.33 

(Press Vent Stack 6-29-94) 
09041033 18 2.6 0.27 

1059-1204 19 2.7 0.28 

1243-1 348 34 5.0 0.52 

Avg. 24 3.4 0.36 

TFP - Ton Finished Product (9.56 TON/HR Dryer, 9.53 TON/HR Press Vent) 



3 RESULTS 

The results of all field and laboratory evaluations are presented i this section. Gas 

composition (orsat and moisture) are presented first followed by the computer printout of the 

particulate, PM-10, oxides of nitrogen, carbon monoxide, formaldehyde, MDI, and phenol 

results. Preliminary measurements including test port locations are given in the appendices. 

The results have been calculated on a personal computer using programs written in 

Extended BASIC specifically for source testing calculations. EPA-published equations have 

been used as the basis of the calculation techniques in these programs. The emission rates 

have been calculated using the product of the concentration times flow method. 

. 



3.1 Results of Orsat and Moisture Determinations 
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I n t e r p o l 1  Labs R e p o r t  No. 4-3252 
L o u i s i a n a  P a c i f i c  C o r p o r a t i o n  

Dungannon, V i  r g i  n i  a 

T e s t  No. 1 
Thermal  O i l  H e a t e r  S t a c k  

R e s u l t s  o f  O r s a t  8 M o l s t u r e  Ana lyses - - - - -  Me thods  3 8 4 ( * v / v )  

D a t e  o f  r u n  

D r y  b a s i s  ( o r s a t )  

Run 1 Run 2 Run 3 
06-28-94 06-28-94 06-28-94 

c a r b o n  d i o x i d e . .  .......... 2.20 2.00 

oxygen  .................... 18.60 18.80 

n i t r o g e n  . . . . . . . . . . . . . . . . . .  79.20 79.20 

2.10 

18.80 

79.10 

Wet b a s i s  ( o r s a t )  

c a r b o n  d i o x i d e  ............ 2.09 1.88 1.99 

oxygen  .................... 17.63 17.66 17.82 

n i t r o g e n . .  .................. 75.08 74.39 74.98 

water  v a p o r . . . . . . . . . . . .  ... 5.20 6.07 5.21 

D r y  m o l e c u l a r  w e i g h t . .  ...... 29.10 29.07 29.09 

W e t  m o l e c u l a r  w e i g h t . .  ...... 28.52 28.40 28.51 

S p e c i f i c  g r a v i t y  ............ 0.985 0.981 0.985 

Water  mass f l o w  . . . . . .  ( L B / H R )  2901 3310 2766 

FO 1.045 1.050 1.000 

21 
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I n t e r p o l 1  Labs R e p o r t  No .  4-3252 
L o u i s i a n a  P a c i f i c  C o r p o r a t i o n  

Dungannon. V i r g i n i a  

Test No. 2 
D r y e r  S t a c k  

R e s u l t s  o f  Orsat 8 M o i s t u r e  Analyses-- - - -Methods 3 8 4 ( * v / v )  

D a t e  o f  run 

D r y  b a s i s  ( o r s a t )  

Run 1 Run 2 Run 3 
06-28-94 06-28-94 06-28-94 

c a r b o n  d i o x i d e  ............ 2.30 

oxygen .................... 18.60 

n i t r o g e n  . . . . . . . . . . . . . . . . . .  79.10 

Wet b a s i s  ( o r s a t )  

c a r b o n  d i o x i d e . . . . . .  ...... 
oxygen.  ................... 
n i t r o g e n  .................. 
w a t e r  v a p o r . .  ............. 

D r y  m o l e c u l a r  w e i g h t  ........ 
Wet m o l e c u l a r  w e i g h t  ........ 
S p e c i f i c  g r a v i t y  ............ 
W a t e r  mass Plow .. : . . . ( L B / H R )  

FO 

1.98 

15.98 

67.94 

14.11 

29.11 

27.54 

0.951 

0.00 

1.000 

2.30 2.10 

18.60 18.90 

79.10 79.00 

1.94 1.81 

15.72 16.33 

66.87 68.28 

15.46 13.57 

29.11 29.09 

27.39 27.59 

0.946 0.953 

0.00 0.00 

1.000 0.952 
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I n t e r p o l 1  Labs R e p o r t  No. 4-3252 
Lou1 s i a n a  P a c i  P i c  c o r p o r a t i o n  

oungannon, V i  r g i  n i  a 

T e s t  NO.  3 
Thermal  O i l  H e a t e r  S t a c k  

R e s u l t s  o f  O r s a t  8 M o i s t u r e  Analyses-- - - -  Methods 3 B 4(:v/V) 

D a t e  o f  r u n  

D r y  b a s i s  ( o r s a t )  

Run 1 Run 2 Run 3 
06-28-94 06-28-94 06-28-94 

c a r b o n  d i o x i d e . . .  . . . . . . . . .  2.70 1.90 

oxygen  .................... 18.10 19.00 

n i t r o g e n  . . . . . . . . . . . . . . . . . .  79.20 79.10 

Wet b a s i s  ( o r s a t )  

c a r b o n  d i o x i d e  . ........... 2.54 1.78 

oxygen  .................... 17.04 17.81 

n i t r o g e n  . ................. 74.54 74.15 
. .  

w a t e r  v a p o r .  . . . . . . . . . . . . . .  5.88 6.26 

D r y  m o l e c u l a r  w e i g h t  ........ 29.16 29.06 

Wet m o l e c u l a r  w e i g h t  . . ...... 28.50 28.37 

S p e c i f i c  g r a v i t y  ............ 0.984 0.980 

Water  mass f l o w  ....... ( L B / H R )  3183 3388 

FO 

23 

1.037 1 .ooo 

2.30 

18.60 

79.10 

2.17 

17.54 

74.61 

5.68 

29.11 

28.48 

0.984 

3061 

1 .ooo 



I n t e r p o l 1  Labs R e p o r t  No.  4 -3252  
L o u i s i a n a  P a c i f i c  C o r p o r a t i o n  

Dungannon. V i r g i n i a  

T e s t  No .  6 
D r y e r  S t a c k  

R e s u l t s  o f  O r s a t  8 Woi s t u r e  Analyses-- - - -  Methods 3 B 4 ( t v / v )  

D a t e  o f  run 

D r y  b a s i s  ( o r s a t )  

Run 1 Run 2 Run 3 
0 6 - 2 8 - 9 4  0 6 - 2 8 - 9 4  0 6 - 2 8 - 9 4  

c a r b o n  d i o x i d e . .  .......... 2 . 7 0  

oxygen .................... 18.20  

n i t r o g e n  .................. 7 9 . 1 0  

Wet b a s i s  ( o r s a t )  

c a r b o n  d i o x i d e .  ........... 2 . 2 1  

oxygen.  ................... 1 4 . 8 8  

n i t r o g e n  .................. 6 4 . 6 8  

w a t e r  v a p o r  ............... 1 8 . 2 3  

. .  

D r y  m o l e c u l a r  w e i g h t . .  . . . . . .  2 9 . 1 6  

Wet m o l e c u l a r  w e i g h t  ........ 2 7 . 1 3  

Spec i  P i c  g r a v l  t y . .  .......... 0 . 9 3 7  

Water  mass f l o w  ...... (LB/HR)  2 0 4 0 4  

FO 1.000 

2 . 7 0  2 . 8 0  

1 8 . 2 0  1 8 . 1 0  

7 9 . 1 0  7 9 . 1 0  

2 . 2 4  2 . 2 6  

1 5 . 1 2  1 4 . 6 2  

6 5 . 7 3  6 3 . 8 9  

1 6 . 9 1  1 9 . 2 3  

2 9 . 1 6  2 9 . 1 7  

2 1 . 2 1  2 1 . 0 2  

0 . 9 4 2  0 . 9 3 3  

19857  22476 

1.000 1.000 

24 
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I n t e r p o l 1  Labs R e p o r t  N o .  4-3252 
L o u i s l a n a  P a c i f i c  C o r p o r a t i o n  

Oungannon. V t  r g i n i a  

T e s t  No.  7 
P r e s s  Vent  S t a c k  

Results o f  Orsat 8 Moisture Analyses-----Methods 3 8 4 ( * V l v )  

D a t e  o f  r u n  

Dry b a s i s  ( o r s a t )  

c a r b o n  d 

o x y g e n . .  

n i t r o g e n  

o x i d e .  ........... 
................. 
................. 

Wet b a s i s  (orsa t )  

c a r b o n  d i o x i d e . . .  ......... 
oxygen .................... 
n i t r o g e n  .................. 
w a t e r  v a p o r .  .............. 

D r y  m o l e c u l a r  w e i g h t . .  ...... 
Wet m o l e c u l a r  we g h t  ........ 
S p e c l f i c  g r a v i t y  ........... 
W a t e r  mass f l o w  ....... (LB/HR)  

25 

Run 1 Run 2 Run 3 
0 6 - 2 9 - 9 4  06 -29 -94  0 6 - 2 9 - 9 4  

0 . 0 3  

2 0 . 9 0  

1 9 . 0 1  

0 . 0 3  

2 0 . 0 6  

7 5 .  a9 

4 . 0 3  

2 8 .  a4 

2 8 . 4 0  

0 . 9 8 1  

0 . 0 0  

0 . 0 3  

2 0 . 9 0  

1 9 . 0 1  

0 . 0 3  

2 0 . 2 1  

1 6 . 4 6  

3 . 3 0  

2 8 . 8 4  

2 8 . 4 8  

0 . 9 8 4  

0 . 0 0  

0 . 0 3  

2 0 . 9 0  

1 9 . 0 1  

0 . 0 3  

2 0 . 2 8  

1 6 . 1 2  

2 . 9 1  

2 8 . 8 4  

2 8 . 5 2  

0 . 9 8 5  

0 . 0 0  



~ ~ 

I n t e r p o l 1  Labs R e p o r t  No. 4-3252  
L o u i s i a n a  P a c i f i c  C o r p o r a t i o n  

Dungannon, V i  r g i  n i  a 

T e s t  No. 8 
P r e s s  V e n t  S t a c k  

R e s u l t s  o f  Orsat 8 H o l s t u r e  Analyses-----  Methods 3 II 4 ( % v / v )  

Date  o f  r u n  

D r y  b a s i s  ( o r s a t )  

c a r b o n  d i o x i d e  ............ 
oxygen . . . . . .  . . ............ 
n i t r o g e n  . . . . . . . . . . . . . . . . . .  

Wet b a s i s  ( o r s a t )  

c a r b o n  d i o x i d e . . . .  ........ 
o x y g e n . . . . . . . . . . . . . . . . . . . .  

n i t r o g e n  .................. 
w a t e r  vapor . . . . . . . . . . . . . . .  

D r y  m o l e c u l a r  w e i g h t  . . ...... 
Wet m o l e c u l a r  w e i g h t  ........ 
S p e c i f i c  g r a v i t y  ............ 
Water  mass f l o w  ...... (LB/HR)  

Run 1 Run 2 Run 3 
0 6 - 2 9 - 9 4  0 6 - 2 9 - 9 4  0 6 - 2 9 - 9 4  

0 . 0 3  

2 0 . 9 0  

7 9 . 0 7  

0.03 

20 .16  

76 .27  

3 .55  

28 .84  

28 .46  

0 . 9 8 3  

0.00 

0.03 0 . 0 3  

2 0 . 9 0  2 0 . 9 0  

7 9 . 0 7  7 9 . 0 7  

0 . 0 3  0 . 0 3  

2 0 . 0 0  2 0 . 3 6  

7 5 . 6 6  7 7 . 0 3  

4 . 3 2  2 . 5 7  

28 .84  2 8 . 8 4  

2 8 . 3 7  2 8 . 5 6  

0.980 0 . 9 8 7  

0.00 0.00 

\ 26 



I n t e r p o l 1  Labs R e p o r t  No. 4-3252 
L o u i s i a n a  P a c i f i c  C o r p o r a t i o n  

Dungannon, V i r g i n i a  

T e s t  N o .  11 
P r e s s  Vent  S t a c k  

R e s u l t s  o f  O r s a t  & M o l s t u r e  Analyses-- - - -  Methods 3 S 4 ( t v / v )  

O a t e  o f  r u n  

Dry b a s i s  ( o r s a t )  

Run 1 Run 2 Run 3 
06-29-94 06-29-94 06-29-94 

c a r b o n  d i o x i d e  . . . . . . . . . . . .  0.03 0.03 

oxygen.  ................... 20.90 20.90 

n i t r o g e n  . . . . . . . . . . . . . . . . . .  79.07 79.07 

Wet b a s i s  ( o r s a t )  

carbon d i o x i d e  ............ 0.03 0.03 

oxygen .................... 20.32 20.29 

n i t r o g e n  . . . . . . . . . . . . . . . . . .  76.89 76.76 

w a t e r  v a p o r . . . .  ........... 2.76 2.92 

D r y  m o l e c u l a r  w e i g h t  . . . . . . . .  28.84 28.84 

Wet m o l e c u l a r  w e i g h t  . . . . . . . .  28.54 28.52 

S p e c i f i c  g r a v i t y  ............ 0.986 0.985 

W a t e r  mass f l o w  ......( LB/HR) 0.00 0.00 

0.03 

20.90 

79.07 

0.03 

20.40 

77.19 

2.30 

28.84 

28.58 

0.987 

0.00 

27 
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3.2 Results of Particulate Determinations 
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I n t e r p o l 1  Labs R e p o r t  No. 4 - 3 2 5 2  
L o u i s i a n a  P a c i f i c  C o r p o r a t i o n  

Dungannon. V i r g i n i a  

T e s t  No. 1 
Thermal O i l  H e a t e r  S t a c k  

R e s u l t s  o f  P a r t i c u l a t e  L o a d i n g  D e t e r m i n a t i o n s - - - - - - -  Method 5 

Date  o f  r u n  

Time r u n  s t a r t / e n d . .  ... ( H R S )  

S t a t i c  p r e s s u r e . .  . .  . . ( I N . W C )  
C r o s s  s e c t i o n a l  a r e a  (SQ.FT)  
P i t o t  t u b e  c o e f f i c i e n t  . . .... 
Water  i n  sample gas  

condenser  . . . . . . . . . . . . .  (ML) 
i m p i n g e r s  . . . . . . . . . .  ( G R A M S )  
d e s i c c a n t  . . . . . . . . . .  ( G R A M S )  
t o t a l  . . ............ (GRAMS)  

T o t a l  p a r t i c u l a t e  m a t e r i a l . .  
. . ........ c o l l e c t e d ( g r a m s )  

Gas m e t e r  c o e f f i c i e n t  ....... 
B a r o m e t r i c  p r e s s u r e . .  ( 1 N . H G )  
Avg. 0 r i f . p r e s . d r o p . .  ( 1 N . W C )  
Avg. gas m e t e r  temp..(DEF-F) 

Volume t h r o u g h  gas m e t e r . .  . .  
a t  m e t e r  c o n d i t i o n s  ... ( C F )  
s t a n d a r d  c o n d i t i o n s . ( D S C F )  

T o t a l  s a m p l i n g  t i m e  ....( M I N )  
N o z z l e  d i a m e t e r  ......... ( I N )  
A v g . s t a c k  g a s  temp . . ( D E G - F )  

V o l u m e t r i c  f l o w  r a t e  ........ 
a c t u a l  .............. (ACFH) 
d r y  s t a n d a r d  . ...... (DSCFM) 

I s o k i n e t i c  v a r i a t i o n . . . . . ( % )  

P a r t i c u l a t e  c o n c e n t r a t i o n . . .  
a c t u a l . .  . . ........ ( G R / A C F )  
d r y  s t a n d a r d  . .... ( G R / D S C F )  

P a r t i c l e  mass r a t e  . . .  (LB/HR) 

F - f a c t o r  . . . . . . .  (DSCF/HMBTU) 
E m i s s l o n  F a c t o r . .  . (LB/MMBTU) 

Run 1 Run 2 
0 6 - 2 8 - 9 4  0 6 - 2 8 - 9 4  

8 3 0 /  935 1 0 0 5 / 1 1 1 2  

- 0 . 2 0  - 0 . 2 0  
9 . 1 7  9 . 1 7  
. 8 4 0  . 8 4 0  

0.0 0.0 
3 5 . 0  38 .0  
1 6 . 0  21 .0  
5 1 . 0  59 .0  

0 . 0 5 0 7  0 . 0 5 3 1  

0 . 9 9 6 1  0 . 9 9 6 1  
2 0 . 7 2  2 8 . 7 2  

1 . 5 7  1 . 5 5  
7 6 . 5  9 0 . 4  

4 6 . 4 5  4 6 . 7 5  
4 3 . 0 7  4 3 . 0 3  

6 4 . 0 0  6 4 . 0 0  
. 2 5 0  . 2 5 0  

286  2 8 8  

2 9 2 9 4  2 8 6 8 9  
1 8 8 6 8  1 8 2 5 2  

9 7 . 8  9 9 . 1  

0 . 0 1 3 3 0  0 . 0 1 2 1 2  
0 . 0 2 0 6 6  0 . 0 1 9 0 6  

3 . 3 4 1  2 . 9 8 1  

9 6 0 0  9 6 0 0  
0 . 2 5 7  0 . 2 6 0  

Run 3 
0 6 - 2 8 - 9 4  

1 1 3 7 / 1 2 4 3  

- 0 . 2 0  
9 . 1 7  
. 0 4 0  

0.0 
4 0 . 0  

9 . 0  
49 .0  

0 . 0 3 5 9  

0 . 9 9 6 1  
2 0 . 7 2  

1 . 5 1  
100.7 

4 6 . 5 6  
42 .07  

6 4 . 0 0  
. 2 5 0  

289 

2 8 0 0 7  
17957  

98 .5  

0 . 0 0 8 4 3  
0 . 0 1 3 1 5  

2 . 0 2 4  

9 6 0 0  
0 . 1 7 9  

29 
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I n t e r p o l 1  Labs R e p o r t  No. 4-3252 
L o u i s i a n a  P a c i f i c  C o r p o r a t l o n  

Dungannon, V i  r g i  n l  a 

T e s t  No. 6 
D r y e r  S t a c k  

R e s u l t s  o f  P a r t i c u l a t e  L o a d i n g  D e t e r m i n a t i o n s - - - - - - -  Me thod  5 

Date o f  r u n  

Time r u n  s t a r t / e n d  . . . . .  ( H R S )  

S t a t i c  p r e s s u r e  ...... ( 1 N . W C )  
Cross  s e c t i o n a l  a r e a  (SQ.FT)  
P i t o t  t u b e  c o e f f i c i e n t . .  . . . .  
Water  I n  sample gas  

condenser  . ............ ( M L )  
i m p i n g e r s  . . . . . . . . . .  ( G R A M S )  
d e s i c c a n t  . . . . . . . . . .  ( G R A M S )  
t o t a l  . . . . . . . . . . . . . .  ( G R A M S )  

T o t a l  p a r t i c u l a t e  m a t e r i a l . .  
. . . . . . . . . .  c o l l e c t e d ( g r a m s )  

Gas m e t e r  c o e f f l c l e n t  . . . . . . .  
B a r o m e t r i c  p r e s s u r e . .  ( 1 N . H G )  
Avg. o r 1  f .  p r e s  . d r o p . .  ( 1 N . W C )  
Avg. gas m e t e r  temp. . (DEF-F)  

Volume t h r o u g h  gas  m e t e r . . . .  
a t  m e t e r  c o n d l t l o n s  ... ( C F )  
s t a n d a r d  c o n d i t i o n s .  (DSCF) 

T o t a l  s a m p l l n g  t i m e  .... ( M I N )  
N o z z l e  d i a m e t e r . .  . . . . .  . . ( I N )  
A v g . s t a c k  gas temp ..(DEG-F) 

v o l u m e t r i c  f l o w  r a t e .  ....... 
a c t u a l  ..............( ACFM) 
d r y  s t a n d a r d  . . . . . . .  (DSCFM)  

I s o k i n e t i c  v a r i a t i o n . .  . . .  ( t )  

P a r t i c u l a t e  c o n c e n t r a t i o n . .  . 
a c t u a l  . . .......... ( G R / A C F )  
d r y  s t a n d a r d  ..... (GR/DSCF) 

P a r t i c l e  mass r a t e  ... (LS/HR) 
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Run 1 
06-28-94 

1426/1529 

0.73 
12.57 
.840 

0.0 
135.0 

9.0 
144.0 

0.1386 

0.9997 
28.72 
0.90 
101.9 

33.71 
30.45 

60.00 
.185 
206 

52333 
32628 

104.8 

0.04378 
0.07024 

19.645 

Run 2 
06-28-94 

1641/1742 

0.73 
12.57 
.840 

0.0 
124.0 

9.0 
133.0 

0.0858 

0.9997 
28.72 
0.93 
102.5 

34.15 
30.82 

60.00 
.185 
203 

54677 
34794 

99.4 

0.02732 
0.04295 

12.809 

Run 3 
06-28-94 

1813/1915 

0.73 
12.57 
.840 

0.0 
148.0 

8.0 
156.0 

0.1128 

0.9997 
28.73 
0.92 
102.8 

34.24 
30.90 

60.00 
.105 
203 

54419 
33658 

103.1 

0.03483 
0.05633 

16.251 



3.3 Results of PM-10 Determinations 
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I n t e r p o l l  Labs R e p o r t  No. 4 - 3 2 5 2  

L o u i s i a n a  P a c i f i c  C o r p o r a t i o n  
Dungannon. V i  r g i  n i  a 

D a t e  o f  run 
Run 1 

0 6 - 2 8 - 9 4  

T ime r u n  s t a r t / e n d  . . . . .  (HRS) 1 3 5 5 / 1 5 1 2  

S t a t i c  p r e s s u r e . .  .. 
C r o s s  s e c t i o n a l  a r  
P i t o t  t u b e  c o e f f i c  

Water  i n  sample g a  
c o n d e n s e r .  . . . . . .  
i m p i  n g e r s . .  . . . . .  
d e s i c c a n t  . . . . . . .  
t o t a l . .  . . . . . . . . . .  

. . (1N.WC) 
a (SQ.FT)  
e n t . .  . . . .  

. . . . .  ( M L )  

. . (GRAMS) 

..(GRAMS) 

..(GRAMS) 

T o t a l  PM-10 m a t e r i a l . .  . . . . . .  
. . . . . . . . . .  c o l l e c t e d ( g r a m s )  

Gas m e t e r  c o e f f i c i e n t  . . ..... 
B a r o m e t r i c  p r e s s u r e . .  ( IN .HC)  
Avg. o r i f . p r e s . d r o p . . ( I N . W C )  
Avg. gas m e t e r  temp. . (DEF-F)  

Volume t h r o u g h  g a s  m e t e r . .  .. 
a t  m e t e r  c o n d i t i o n s  . . .  ( C F )  
s t a n d a r d  c o n d i t i o n s .  (DSCF) 

T o t a l  s a m p l i n g  t i m e . .  . .  ( M I N )  
N o z z l e  d i a m e t e r  . . ....... ( I N )  
A v g . s t a c k  gas temp ..(DEG-F) 

V o l u m e t r i c  f l o w  r a t e .  . . ..... 
a c t u a l  . . . . . . . . .  :.. . .(ACFM) 
d r y  s t a n d a r d  . . . . . . .  (DSCFM) 

I s o k i n e t i c  v a r i a t i o n . . . . . ( % )  

PM-10 c u t p o i n t . .  

PM-10 c o n c e n t r a t  
a c t u a l  . . . . . . . .  
d r y  s t a n d a r d . .  

PM-10 mass r a t e .  

. . ..... (urn) 

on. . . . . . . . .  . . .  (GR/ACF) 
. . (GR/DSCF) 

. ... (LB/HR) 

F - f a c t o r  . . ..... (DSCF/MMBTU) 
E m i s s i o n  f a c t o r . .  . (LB/MMBTU) 
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- 0 . 2 0  
9 . 1 7  
. 8 4 0  

0.0 
3 3 . 0  

9 . 0  
4 2 . 0  

0 . 0 1 2 7  

0 . 9 9 6 1  
2 8 . 7 2  

0 . 5 9  
1 0 4 . 2  

3 5 . 4 0  
3 1 . 7 1  

7 5 . 5 3  
. 2 1 0  
2 8 8  

2 8 5 1 0  
1 8 1 7 3  

8 8 . 1  

9 . 9 4  

0 . 0 0 3 9 4  
0 . 0 0 6 1 8  

0 . 9 6 3  

9 6 0 0  
0 . 0 6 3  

Run 2 
0 6 - 2 8 - 9 4  

1 5 3 0 / 1 6 4 6  

- 0 . 2 0  
9 . 1 7  
. 8 4 0  

0.0 
2 7 . 0  
1 8 . 0  
45 .0  

0 . 0 2 5 0  

0 . 9 9 6 1  
2 8 . 7 2  

0 . 5 9  
1 0 4 . 4  

35.50 
3 1 . 7 9  

7 4 . 8 7  
. 2 1 0  
2 8 8  

2 8 5 1 9  
1 8 0 9 9  

8 9 . 5  

9 . 8 8  

0 . 0 0 7 7 0  
0 . 0 1 2 1 3  

1 . 8 8 2  

9 6 0 0  
0 . 1 8 3  

Run 3 
0 6 - 2 8 - 9 4  

1 7 0 3 / 1 8 1 8  

-0 .20 
9 . 1 7  
. 8 4 0  

0 .0 
3 4 . 0  

6 . 0  
4 0 . 0  

0 . 0 1 3 4  

0 . 9 9 6 1  
2 8 . 7 2  

0 . 5 9  
9 9 . 5  

3 4 . 7 0  
3 1 . 3 5  

7 3 . 9 2  
. 2 1 0  

2 8 6  

2 8 3 1 7  
1 8 1 3 9  

8 9 . 2  

9 . 8 3  

0 . 0 0 4 2 2  
0.00660 

1 . 0 2 6  

9 6 0 0  
0.082 



3.4 Results of Oxides of Nitroaen Determinations 
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Interpoll Labs Report No. 4-3252 

Louisiana Pacific Corporation 

Dungannon, Virginia 

Test No. 10 

Dryer Stack 

Results of Oxides of Nitrogen Deterrninations- Method 7E 

Date of run 

Run 1 

6-29-94 

Time run stadend (HRS) 1810-1910 

Total sampling time (MIN) 60 

Volumetric flow rate (DSCFM) 21610 

NO, concentration 

PPmdry 

NO, emission rate (LBIHR) 

18 

2.8 

34 



~. 

I n t e r p o l 1  L a b s  R e p o r t  No. 4-3252 
Lou1  s i  a n a  P a c i  fi c C o r p o r a t i o n  

D u n g a n n o n .  V i r g f n i a  

T e s t  No.  10 
D r y e r  S t a c k  

R e s u l t s  o f  O x i d e s  o f  N i t r o g e n  (NOx) D e t e r m i n a t i o n s - - - - - - - - -  U e t h o d  7 

Run 1 A  Run 18 Run 1 C  Run 10 

D a t e  o f  r u n  . . . . . . . . . . . . . . . .  06-29-94 06-29-94 06-29-94 06-29-94 
T i m e  o f  run . . . . . . . . . . . .  (HRS) 2052 2107 2122 2137 

F l a s k  number  . . . . . . . . . . . . . . . .  55 56 7 9 
Volume o f  f l a s k  . . ....... ( M L )  2086 2069 2081 2080 

D a t a :  t i m e  o f  s a m p l i n g  

f l a s k  t e m p e r a t u r e . .  (DEG-F) 74.00 74.00 74.00 73.00 
b a r .  p r e s s  . . . . . . . . .  (1N.HG)  28.62 28.62 28.62 28.62 
f l a s k  vacuum ....... (1N.HG) 26.35 26.70 26.75 26.60 
f l a s k  a b s .  p r e s s  ... ( I N . H G )  2.27 1.92 1.87 2.02 

D a t a :  T i m e  o f  F l a s k  O p e n i n g  

f l a s k  t e m p e r a t u r e . .  (DEG-F) 76.00 76.00 76.00 76.00 
l a b .  b a r .  p r e s s  . . . .  ( I N . H G j  29.01 29.01 29.01 29.01 
f l a s k  s t a t i c  p r e s s .  (1N.HG) -2.20 -1.40 -2.50 -0.60 
f l a s k  a b s .  p r e s s  . . .  (1N.HG)  26.80 27.61 26.51 28.41 

V o l u m e  gas  s a m p l e d  . ... ( D S U L )  1664 1727 1666 1784 

M o i s t u r e  c o n t e n t  . . . . . .  ( % V / V )  26.27 26.27 26.27 26.27 

N l t r a t e  i n  gas  s a m p l e  ... ( J G )  150.0 190.0 160.0 150.0 
N O 2  i n  gas  s a m p l e  . . . . . . .  ( J G )  111.3 141.0 118.7 111.3 

NOX C o n c e n t r a t i o n  

(GR/DSCF) . ..........,...... 0.0292 0.0357 0.0311 0.0273 
(MG/OSCM) . ................ 67 82 71 62 
( P P M - D R Y )  . . . . . . . . . . . . . . . . .  35 43 37 33 
(PPM-WET) . ................ 26 31 27 24 

NOX E m i s s i o n  r a t e  . . . .  ( L E / H R )  5.42 6.61 5.77 5.05 
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I n t e r p o l 1  Labs  R e p o r t  No. 4 - 3 2 5 2  
Lou i  s i  ana  P a c i  f i c C o r p o r a t  i on 

Dungannon, V i  r g i  n i  a 

T e s t  No. 10 
D r y e r  S t a c k  

R e s u l t s  o f  O x i d e s  o f  N i t r o g e n  (NOx) Oeterminat ions-------- -  Method 7 

Run 2A 

Da te  o f  r u n  . . . . . . . . . . . . . . . .  0 6 - 2 9 - 9 4  
T ime o f  run ............ ( H R S )  

F l a s k  number . . . . . . . . . . . . . . . .  
Volume o f  f l a s k  . . . . . . . . .  (ML) 

Da ta :  t i m e  o f  s a m p l i n g  

f l a s k  tempera ture . . (DEG-F)  
b a r .  p r e s s  . . . . . . . . .  (1N.HG) 
f l a s k  vacuum . . . . . . .  (IN.HG) 
f l a s k  abs .  p r e s s  . . .  (1N.HG) 

Data :  T ime  o f  F l a s k  Opening 

f l a s k  t e m p e r a t u r e . .  ( O E G - F )  
l a b .  b a r .  p r e s s  . ... (IN.HG) 
f l a s k  s t a t i c  p r e s s . ( I N . H G )  
f l a s k  abs .  p r e s s  . . .  (IN.HG) 

Volume gas  samp led  . . . .  (DSML) 

M o i s t u r e  c o n t e n t  . . . . . .  ( % V / V )  

N i t r a t e  i n  gas  sample . . .  ( J G )  
NO2 i n  gas  sample . . . . . . .  ( J C )  

NOx C o n c e n t r a t i o n  

( G R / D S C F )  . . . . . . . . . .  
(MG/DSCM) . . . . . . . . . .  
(PPH-DRY) . . . . . . . . . .  
(PPM-WET) . . . . . . . . . .  

NOX E m i s s i o n  r a t e . . . .  

. . .... . . . . . .  . . . . . .  . . . . . .  
LB/HR)  

2 1 5 6  

10 
2 0 6 3  

7 3 . 0 0  
2 8 . 6 2  
2 6 . 6 5  

1 . 9 7  

7 6 . 0 0  
2 9 . 0 1  
- 0 . 7 0  
2 8 . 3 0  

1 7 6 6  

2 6 . 2 7  

3 8 . 0  
2 8 . 2  

0 . 0 0 7 0  
1 6  

8 
6 

1 . 2 9  

Run 2 8  

0 6 - 2 9 - 9 4  
2 2 1 1  

11 
2 0 6 2  

7 3 . 0 0  
2 8 . 6 2  
2 6 . 7 5  

1 . 8 7  

7 6 . 0 0  
2 9 . 0 1  
-0.50 
2 8 . 5 1  

1 7 8 5  

2 6 . 2 7  

3 4 . 0  
2 5 . 2  

0 . 0 0 6 2  
1 4  

7 
5 

1 . 1 4  

Run 2C 

0 6 - 2 9 - 9 4  
2 2 2 6  

1 2  
2 1 1 1  

7 2 . 0 0  
2 8 . 6 2  
2 6 . 8 0  

1 . 8 2  

7 6 . 0 0  
2 9 . 0 1  
- 0 . 2 0  
2 8 . 8 0  

1 8 5 2  

2 6 . 2 7  

3 0 . 3  
2 2 . 5  

0 . 0 0 5 3  
1 2  

6 
5 

0 . 9 8  

Run 2D 

0 6 - 2 9 - 9 4  
2 2 4 1  

2 8  
2 0 3  1 

7 2 . 0 0  
2 8 . 6 2  
2 6 . 7 5  

1 . 8 7  

7 6 . 0 0  
2 9 . 0 1  
0.00 

2 9 . 0 1  

1 7 9 0  

2 6 . 2 7  

3 3 . 0  
2 4 . 5  

0.0060 
1 4  

7 
5 

1.11 
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3.5 Results of Carbon Monoxide Determinations 
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Interpol1 Labs Report No. 4-3252 

Louisiana Pacific Corporation 

Dungannon, Virginia 

Test No. 5 

Dryer Stack 

Results of Carbon Monoxide Determinations Method10 

Date of run 

Run 1 Run 2 Run 3 

~ a 9 4  6-2894 6-28-94 

Time run stadend (HRS) 123C-1331 1425-1 530 1642-1 743 

Total sampling time (MIN) 60 60 60 

Volumetric flow rate (DSCFM) 35770 32630 34790 

CO concentration 

ppm,dry 

CO emission rate (LBIHR) 

157 

24 

269 

38 

346 

52 
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3.6 Results of Formaldehvde Determinations 
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I n t e r p o l l  Labs R e p o r t  No. 4 - 3 2 5 2  
L o u i s i a n a  P a c i f i c  c o r p o r a t i o n  

Dungannon, V i  r g i  n i  a 

T e s t  NO. 2 
D r y e r  S t a c k  

R e s u l t s  o f  F o r m a l d e h y d e  T e s t s  

D a t e  o f  run 

Time run  s t a r t f e n d . .  . . .  (HRS) 

S t a t i c  p r e s s u r e .  
C r o s s  s e c t i o n a l  
P i  t o t  t u b e  c o e f  

W a t e r  i n  samp le  
c o n d e n s e r . .  . .  
i m p i n g e r s . .  . .  
d e s i c c a n t . .  . .  

..... (1N.WC) 
a r e a  (SQ.FT) 
i c i e n t  ...... 
gas  . . . . . . . .  (ML)  
. . . . .  (GRAMS) . . . . .  (GRAMS) 

t o t a l  . . ............ (GRAMS) 

F o r m a l d e h y d e  i n  sample . .  (uG) 

G a s  m e t e r  c o e f f i c i e n t . .  . . . . .  
B a r o m e t r i c  p r e s s u r e . .  ( IN .HG)  
Avg. o r i f . p r e s . d r o p . . ( I N . W C )  
Avg. gas m e t e r  temp. . (DEF-F)  

Volume t h r o u g h  g a s  m e t e r . . . .  
a t  m e t e r  c o n d i t i o n s . .  . ( C F )  
s t a n d a r d  c o n d i t i o n s . ( O S C F )  

T o t a l  s a m p l i n g  t i m e . .  .. ( M I N )  
N o z z l e  d i a m e t e r  . . . . . . . . .  ( I N )  
A v g . s t a c k  g a s  temp . . (DEG-F) 

V o l u m e t r i c  f l o w  r a t e . . . . . . . .  
a c t u a l  . . . . . . . . . . . . . .  (ACFM) 
d r y  s t a n d a r d  ....... (DSCFM) 

I s o k i n e t i c  v a r i a t i o n . .  . . .  ( 2 )  

CH20 c o n c e n t r a t i o n  .......... 
(GRfOSCF) ................. 
(MG/DSCM) ................. 
(PPM-DRY) . ................ 
(PPM-WET) . ................ 

CH20 e m i s s i o n  r a t e . .  . ( L B I H R )  

CH2O - F o r m a l d e h y d e  

Run 1 
0 6 - 2 8 - 9 4  

850/ 9 5 1  

0 . 7 2  
1 2 . 5 7  

. E 4 0  

0.0 
1 6 8 . 0  

1 4 . 0  
1 8 2 . 0  

4 3 9 0  

0 . 9 9 9 7  
2 8 . 7 2  

2 . 5 8  
8 2 . 2  

5 5 . 5 7  
5 2 . 2 5  

60.00 
. 2 3 9  

1 9 4  

5 5 4 3 1  
3 6 9 6 7  

9 5 . 1  

0 . 0 0 1 3  
2 . 9 9  
2 . 3 9  
2 . 0 6  

0 . 4 1 3 3 3  

Run 2 
0 6 - 2 8 - 9 4  

1 0 2 5 / 1 1 2 7  

0 . 7 2  
1 2 . 5 7  

. 8 4 0  

0 .0  
1 8 6 . 0  

18.0 
2 0 4 . 0  

10800 

0 . 9 9 9 7  
2 8 . 7 2  

2 . 6 8  
9 3 . 3  

5 7 . 0 8  
5 2 . 6 1  

60.00 
. 2 3 9  

2 0 3  

5 4 2 2 6  
3 5 1 0 1  

100.8 

0 . 0 0 3 2  
7 . 3 0  
5 . 8 5  
4 .94  

0 . 9 5 9 2 1  

Run 3 
0 6 - 2 8 - 9 4  

1 2 0 0 / 1 3 0 2  

0 . 7 2  
1 2 . 5 7  

. 8 4 0  

0.0 
1 5 7 . 0  

1 7 . 0  
1 7 4 . 0  

5 4 0 0  

0 . 9 9 9 1  
2 8 . 7 2  

2 . 6 6  
1 0 1 . 4  

5 7 . 5 1  
5 2 . 2 4  

60.00 
. 2 3 9  

2 0 5  

5 4 1 7 7  
3 5 7 6 7  

9 8 . 2  

0 . 0 0 1 6  
3 . 6 8  
2 . 9 4  
2 . 5 5  

0 . 4 9 2 1 5  

A t r a i l i n g  'c' symbol  i n d i c a t e s  t h a t  t h e  t r u e  v a l u e  
i s  l e s s  t h a n  or e q u a l  t o  t h e  r e p o r t e d  v a l u e  4o 

- ~- 
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I n t e r p o l 1  Labs  R e p o r t  No. 4-3252 
L o u i s i a n a  P a c l f l c  C o r p o r a t i o n  

Dungannon, V i  r g i  n l  a 

T e s t  No. 11 
P r e s s  V e n t  S t a c k  

R e s u l t s  o f  F o r m a l d e h y d e  T e s t s  -------------- €PA Method 0011 

Run 1 Run 2 Run 3 
D a t e  o f  r u n  06-29-94 06-29-94 06-29-94 

Time run s t a r t / e n d  . . . . . (  H R S )  1547/1700 1719/1832 1848/2001 

S t a t i c  p r e s s u r e  ...... (IN.WC) 
C r o s s  s e c t i o n a l  a r e a  (SQ.FT)  
P i t o t  t u b e  c o e f f i c l e n t . . .  . . .  
W a t e r  I n  samp le  gas  

c o n d e n s e r .  . . . . . . . . . . . .  (ML) 
i m p l n g e r s  . . . . . . . . . .  (GRAMS) 
d e s i c c a n t  . . . . . . . . . .  (GRAMS) 
t o t a l  . . ............ (GRAMS) 

Formaldehyde i n  sample . . (uG)  

Gas m e t e r  c o e f f i c i e n t  . . . . . . .  
B a r o m e t r i c  p r e s s u r e . . ( I N . H G )  
Avg. o r l f . p r e s . d r o p . . ( I N . W C )  
Avg. gas m e t e r  temp..(DEF-F) 

Volume t h r o u g h  gas  m e t e r . . . .  
a t  m e t e r  c o n d i t i o n s  . . . (  CF)  
s t a n d a r d  c o n d i t l o n s . ( D S C F )  

T o t a l  s a m p l l n g  t i m e  .... ( M I N )  
N o z z l e  d i a m e t e r  . . . . . . . . .(  I N )  
A v g . s t a c k  g a s  temp ..(DEG-F) 

V o l u m e t r i c  f l o w  r a t e . .  . . .... 
a c t u a l  . . ............ (ACFM) 
d r y  s t a n d a r d  ....... (DSCFM) 

I s o k i n e t i c  v a r i a t i o n . .  . . .  ( % )  

CH20 c o n c e n t r a t i o n . . . .  ...... 
(GR/DSCF) ................. 
(MG/DSCM) ................. 
(PPM-DRY) ................. 
(PPM-WET) ................. 

CH2O e m i s s i o n  r a t e  ... ( L B / H R )  

CH2O = F o r m a l d e h y d e  

-0.63 
19.31 
.840 

0.0 
12.0 
19.0 
31.0 

7080 

0.9997 
28.62 
1.79 
97.2 

56.53 
51.44 

72.00 
.184 
97 

83897 
73808 

101.3 

0.0021 
4.88 
3.91 
3.80 

1.34920 

-0.63 
19.31 
.840 

0.0 
22.0 
11.0 
33.0 

5770 

0.9997 
28.62 
1.81 
95.8 

56.74 
51.76 

72.00 
.184 
96 

85286 
75033 

100.3 

0.0017 
3.96 
3.17 
3.08 

1.11088 

-0.63 
19.31 
.840 

0.0 
17.0 
10.0 
27.0 

6140 

0.9997 
28.62 
1.85 
97.4 

57.44 
52.26 

72.00 
.184 
97 

86291 
76209 

99.6 

4.17 
3.34 
3.26 

1.18942 

A t r a l l l n g  ' < '  symbol  I n d i c a t e s  t h a t  t he  t r u e  v a l u e  
I s  l e s s  t h a n  o r  e q u a l  t o  t h e  r e p o r t e d  v a l u e  41 



3.7 Results of MDI Determinations 



I n t e r p o l 1  Labs R e p o r t  No.  4-3252 
L o u i s i a n a  P a c i f i c  C o r p o r a t i o n  

Dungannon, V i  r g i  n i  a 

T e s t  N o .  7 
P r e s s  V e n t  S t a c k  

Resul ts  o f  MDI Determinat ions. .  

D a t e  o f  r u n  

............................. (NITRO ) 

Run 1 Run 2 Run 3 
06-29-94 06-29-94 06-29-94 

Time run s t a r t / e n d  ..... ( H R S )  905/1009 1101/1203 1244/1347 

S t a t i c  p r e s s u r e  . . . . . .  ( 1 N . W C )  -0.63 -0.63 -0.63 
Cross s e c t i o n a l  a r e a  (SQ.FT) 19.31 19.31 19.31 
P i t o t  t u b e  c o e f f i c i e n t  . . .... .840 .840 .E40 

Water  I n  sample g a s  
c o n d e n s e r  . . ........... (ML) 20.0 0.0 0.0 
i m p i n g e r s  . . . . . . . . . .  ( G R A M S )  0 .0  0.0 0.0 
d e s i c c a n t  . . . . . . . . . .  ( G R A M S )  19.0 3 1 . 0  28.0 
t o t a l  . . . . . . . . . . . . . .  ( G R A M S )  39.0 31.0 28.0 

M D I  i n  sample ................ (ug) 326 301 209 

Gas m e t e r  c o e f f i c i e n t .  ...... 0.9961 0.9961 0.9961 
B a r o m e t r i c  p r e s s u r e . .  ( 1 N . H G )  28.62 28.62 28.62 
Avg. o r i f . p r e s . d r o p . . ( I N . W C )  1.81 1.76 1.84 
Avg. gas m e t e r  temp. . (DEF-F)  85.5 90.0 102.6 

Volume t h r o u g h  g a s  m e t e r . . . .  
a t  m e t e r  c o n d i t i o n s . .  . ( C F )  41.30 46.70 48.05 

T o t a l  s a m p l i n g  t i m e  .... (MIN) 60.00 60.00 60.00 
N o z z l e  d i a m e t e r  ......... ( I N )  ,185 .185 .185 
A v g . s t a c k  gas  temp . . ( O E G - F )  96 102 103 

V o l u m e t r i c  f l o w  r a t e . .  . . .... 

s t a n d a r d  c o n d i t i o n s . ( D S C F )  43.81 42.89 43.15 

a c t u a l  . . ............ (ACFM) 84876 85706 86949 
d r y  s t a n d a r d  ....... ( D S C F M )  73904 74419 75613 

I s o k i n e t i c  v a r i a t i o n . .  ... ( t )  102.3 99.4 98.4 

MDI Concentrat.ion ........................ (ppm,d) 0.0253 0.0238 0.0164 

M D I  Emission Rate. ......... (LB/HR) 0.0727 0.0691 0.0484 
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I n t e r p o l 1  Labs  R e p o r t  No. 4-3252 
L o u i s i a n a  P a c i f i c  C o r p o r a t i o n  

Dungannon, V i  r g i  n i  a 

T e s t  No. 8 
Press  V e n t  S t a c k  

Resul ts  o f  MDI D e t e n i  

D a t e  o f  r u n  

Time run s t a r t / e n d .  

i ns .......................... . . ( l ,Z -PP Method) 

.... ( H R S )  

S t a t i c  p r e s s u r e  . ..... (1N.WC)  
C r o s s  s e c t i o n a l  a r e a  (SQ.FT) 
P i t o t  t u b e  c s e f f i c i e n t . . . .  .. 
W a t e r  i n  sample g a s  

c o n d e n s e r  . . ........... (MI.) 
i m p i n g e r s .  ......... (GRAMS) 
d e s i c c a n t .  ......... ( G R A M S )  
t o t a l  . . . . . . . . . . . . . .  (GRAMS) 

MDI in  sample ................. ( u g )  

Gas m e t e r  c o e f f i c i e n t  ....... 
B a r o m e t r i c  p r e s s u r e . .  ( 1 N . H G )  
Avg. o r i f . p r e s . d r o p . .  ( IN .WC)  
Avg. gas  m e t e r  temp..(DEF-F) 

Volume t h r o u g h  g a s  m e t e r . . . .  
a t  m e t e r  c o n d i t i o n s . .  . ( C F )  
s t a n d a r d  c o n d i t i o n s . ( D S C F )  

T o t a l  s a m p l i n g  t i m e  . . . . (  MIN) 
N o z z l e  d i a m e t e r  .........( I N )  
A v g . s t a c k  g a s  temp . . ( D E G - F )  

V o l u m e t r i c  f l o w  r a t e  ........ 
a c t u a l  ............... (ACFM) 
d r y  s t a n d a r d  . . . . . . .  (DSCFM) 

I s o k i n e t i c  v a r i a t i o n . .  ... ( * )  

HDI Concentrat ion ........................ [ppm,dj 

M O I  Emission Rate .......... ( L B / H R )  

Run 1 
06-29-94 

905/1009 

-0.63 
19.31 
.840 

0.0 
10.0 
24.0 
34.0 

206 

0.9997 
28.62 
1.82 
88.1 

47.13 
43.60 

60.00 
.184 
96 

85727 
75017 

101.4 

0.0160 

0.0469 

Run 2 
06-29-94 

1101 /1203 

-0.63 
19.31 
.840 

0.0 
17.0 
25.0 
42.0 

202 

0,9997 
28.62 
1.84 
91.2 

47.70 
43.88 

60.00 
.184 
102 

87734 
75380 

101.5 

0.0156 

0.0459 

Run 3 
06-29-94 

1244/1347 

-0.63 
19.31 
.840 

0.0 
12.0 
12.0 
24.0 

132 

0.9997 
28.62 
1.80 

100.5 

47.34 
42.82 

60.00 
.184 
103 

86830 
75816 

98.5 

0.0105 

0.0309 
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3.8 Results of Phenol Determinations 
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I I n t e r p o l 1  Labs R e p o r t  No. 4-3252  

L o u i s i a n a  P a c i f i c  C o r p o r a t i o n  
Dungannon, V i  r g i  n i  a 

T e s t  No. 1 2  
P r e s s  Vent S t a c k  

R e s u l t s  o f  Pheno l  D e t e r m i n a t i o n s  ........................... 

Date o f  r u n  

T i m e  r u n  s t a r t / e n d  ..... ( H R S )  

B a r o m e t r i c  p r e s s u r e . .  ( 1 N . H G )  

M e t e r  tempera  

M e t e r  c o r r e c t  

u r e . .  . .  (DEG-F) 

on c o e f f i c i e n t  

Volume t h r o u g h  gas m e t e r . . . .  
a t  meter  c o n d i t i o n s . .  . (CF) 
s t a n d a r d  c o n d i t i o n s  ( D S C F )  

T o t a l  s a m p l i n g  t i m e  . . . .  (MIN) 

M o i s t u r e  c o n t e n t  . ..... ( t V / V )  

V o l u m e t r i c  f l o w  r a t e  ( D S C F M )  

Phenol i n  sample . . . . . . . .  (uG)  

Phenol  c o n c e n t r a t i o n  . . . . . . . .  
(GR/lOJOSCF) . . . . . . . . . . . . . .  
(uG/DSCM) . . . . . . . . . . . . . . . . .  
( P P B - D R Y )  . . . . . . . . . . . . . . . . .  
(PPB-WET)  . . ............... 

Phenol e m i  s. r a t e  ( l O - ’ L B / H R )  

Run 1 

0 6 - 2 9 - 9 4  

L 5 4 8 / 1 6 4 9  

2 8 . 6 2  

91.83 

0 . 9 9 6 1  

40 .640  
44 .546  

60 .0  

3 . 4 7  

7 3 8 0 8  

8 4 0 . 0 0 <  

0 . 2 9 1 0 <  
6 6 6 . 4 0 <  
1 7 0 . 2 9 <  
1 6 4 . 3 8 <  

1 8 4 . 0 6 3 <  

Run 2 

0 6 - 2 9 - 9 4  

1 7 2 0 /  1 0 2 2  

2 8 . 6 2  

08.21 

0 . 9 9 6 1  

4 8 . 2 0 0  
4 4 . 4 3 5  

6 0 . 0  

3 . 1 0  

7 5 0 3 3  

8 4 0 . 0 0 <  

0 . 2 9 1 7 <  
6 6 8 . 0 7 <  
1 7 0 . 7 2 c  
1 6 5 . 2 9 C  

107 .580C 

A t r a i l i n g  ’<‘ symbol i n d i c a t e s  t h a t  t h e  t r u e  v a l u e  
i s  l e s s  t h a n  o r  e q u a l  t o  t h e  r e p o r t e d  v a l u e  

A n a l y s i s  p e r f o r m e d  a c c o r d i n g  t o  N I O S H  Method 3 5 0 2  

Run 3 

0 6 - 2 9 - 9 4  

1 8 2 7 / 1 9 2 7  

2 0 . 6 2  

9 0 . 3 8  

0 . 9 9 6 1  

4 6 . 5 6 0  
4 4 . 5 9 2  

60.0 

2 . 9 7  

7 6 2 0 9  

8 4 0 . 0 0 <  

0 . 2 9 0 7 ~  
6 6 5 . 7 2 <  
1 7 0 . 1 2 c  
1 6 5 . 0 7 <  

1 8 9 . 0 5 9 <  
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4 RESULTS OF FUEL ANALYSIS 



Client: 

Laboratory Log Number: 

Sample Type: 

INTERPOLL LABORATORIES, INC. 
Fuel Laboratory 
(612) '786-6020 

LOUISIANA PACIFIC/DUNGANNON, VA 

325242-7804 

WOOD BARK 

811194 

Ultimate Analysis WT 'Yo 

Moisture & Moisture As 
Par meter  Ash Free FITS2 Received 

Maishue. Total 
Ash 
Carbon 
Hydrogen 
Nitrogen 
Oxygen (calculated) 
Sul fur  
Heating Value, BTULB 

59.41 
6.43 
0.59 

33.32 
0.25 
9436 

6.73 
55.41 
6.00 
0.55 

31.08 
0.24 
880 1 

44.74 
3.72 

30.62 
3.31 
0.30 

17.18 
0.22 
4863 

c/ R e s p x f d l y  submitted, 
/ 

Jeannie F O'Neil. Manager 
Inorganic Chemistry Group 

\ 
10523 
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APPENDIX A 

VOLUMETRIC FLOW RATE DFTERMINATIONS 



I n t e r p o l 1  Labs R e p o r t  No . 4-3252 
L o u i s i a n a  P a c i f i c  c o r p o r a t i o n  

Dungannon. V I  r g i  n i  a 

T e s t  No . 1 
Thermal  O i l  H e a t e r  S t a c k  

R e s u l t s  o f  V o l u m e t r i c  F l o u  R a t e  Determination....... H e t h o d  2 

Date  o f  D e t e r m i n a t i o n  . ........... 
Time o f  D e t e r m i n a t i o n  ....... (HRS) 

B a r o m e t r i c  p r e s s u r e  . ...... (1N.HG) 

P i t o t  t u b e  c o e f f l c l e n t  ........... 

Number o f  s a m p l i n g  p o r t s  . . ....... 
T o t a l  number o f  p o l n t s  . .......... 
Shape o f  d u c t  .................... 
S t a c k  d i a m e t e r  . . ............. ( I N )  

D u c t  a r e a  ................. (SQ.FT') 

D i r e c t i o n  o f  f l o w  . ............... 

S t a t i c  p r e s s u r e  ........... ( 1 N . W )  

Avg . gas temp ............. (DEG-F) 

H o l s t u r e  c o n t e n t  .......... ( %  V / V )  

Avg . l i n e a r  v e l o c i t y  ..... (FTISEC) 

Gas d e n s i t y  .............. (LBIACF) 

H o l e c u l a r  w e i g h t  ...... (LB/LBHOLE) 

Mass f l o w  o f  gas  .......... (LB/HR) 

V o l u m e t r i c  f l o w  r a t e  ............. 
a c t u a l  ................... (ACFH) 
d r y  s t a n d a r d  . ........... (DSCFH)  

06-28-94 

800 

20.72 

.84 

2 

16 

Round 

41 

9.17 

UP 

-.2 

282 

5.20 

53.3 

. 05056 
29.10 

88872 

29295 
18960 

A-1 . 



~~ 

1 
I n t e r p o l l  Labs R e p o r t  NO . 4-3252 

L o u i s i a n a  P a c i f i c  C o r p o r a t i o n  
Dungannon . V i  r g i  n i  a 

T e s t  No . 2 
D r y e r  S t a c k  

R e s u l t s  o f  V o l u m e t r i c  F l o w  R a t e  Determination....... Method 2 

D a t e  o f  D e t e r m i n a t  

Time o f  D e t e r m i n a t  

on . . . . . . . . . . . .  
on . . . . . . .  ( H R S )  

B a r o m e t r i c  p r e s s u r e  ....... ( 1 N . H G )  

P i t o t  t u b e  c o e f f i c i e n t  . . ......... 

Number o f  s a m p l i n g  p o r t s  . . . . . . . . .  
T o t a l  number o f  p o i n t s  . .......... 
Shape o f  d u c t  .................... 
S t a c k  d i a m e t e r  . . . . . . . . . . . . . . .  ( I N )  

D u c t  a r e a  . ................ ( S Q . F T )  

D i r e c t i o n  o f  f l o w  . . . . . . . . . . . . . . . .  

S t a t i c  p r e s s u r e  . . . . . . . . . . .  ( 1 N . W C )  

Avg . gas temp . . . . . . . . . . . . .  ( D E G - F )  

M o i s t u r e  c o n t e n t  . . . . . . . . . .  ( ?  V / V )  

Avg . l i n e a r  v e l o c i t y  ..... (FT/SEC) 

Gas d e n s i t y  . . . . . . . . . . . . . .  (LB/ACF) 

M o l e c u l a r  w e i g h t  ...... (LB/LBMOLE) 

Mass P l o w  o f  gas .......... 

V o l u m e t r i c  f l o w  r a t e  . . . . . .  
a c t u a l  . . ................ 
d r y  s t a n d a r d  . . . . . . . . . . . .  

LBIHR) 

. . . . . .  
( A C F M )  
DSCFM) 

06-28 -94  

8 3 1  

2 8 . 7 2  

. 8 4  

2 

24 

Round 

48 

1 2 . 5 7  

UP 

. 7 2  

194 

1 4 . 1 1  

7 3 . 6  

. 0 5 5 5 3  

2 9 . 1 1  

184907 

55493 
37006 



.. _ _  . 

I n t e r p o l l  Labs  R e p o r t  No . 4 - 3 2 5 2  
L o u i  s i  ana Pac i P i c  C o r p o r a t i  on 

Oungannon . V i r g i n i a  

T e s t  No . 3 
Thermal  O i l  H e a t e r  S t a c k  

R e s u l t s  o f  V o l u m e t r i c  F l o w  R a t e  Determination....... U e t h o d  2 

D a t e  o f  D e t e r m i n a t i o n  . . . . . . . . . . . .  
Time o f  D e t e r m i n a t i o n  ....... (HRS) 

B a r o m e t r i c  p r e s s u r e  . . . . . . .  ( 1 N . H G )  

P i t o t  t u b e  c o e P f i c i e n t  . . . . . . . . . . .  

Number o f  s a m p l i n g  p o r t s  . ........ 
T o t a l  number o f  p o i n t s  . . . . . . . . . . .  
Shape o f  d u c t  .................... 
S t a c k  d i a m e t e r  . . ............. ( I N )  
D u c t  a r e a  . ................ (SQ.FT) 
D i r e c t i o n  o f  f l o w  . . . . . . . . . . . . . . . .  

S t a t i c  p r e s s u r e  ........... (1N.WC) 
Avg . gas temp . ............ (DEG-F) 

M o i s t u r e  c o n t e n t  . . . . . . . . . .  ( %  V / V )  

A v g  . l i n e a r  v e l o c i t y  . . . . .  (FT/SEC) 

Gas d e n s i t y  .............. (LB/ACF) 

M o l e c u l a r  w e i g h t  . . . . . .  (LB/LBMOLE) 

Mass f l o w  o f  gas . ......... ( L B / H R )  

V o l u m e t r i c  f l o w  r a t e  . ............ 
a c t u a l  . . . . . . . . . . . . . . . . . . .  (ACFH) 
d r y  s t a n d a r d  ............ (DSCFM) 

0 6 - 2 8 - 9 4  

1 3 4 0  

2 8 . 7 2  

. 8 4  

2 

1 2  

Round 

4 1  

9 . 1 7  

UP 

- . 2  

2 9 0  

5 . 8 8  

5 2 . 6  

. 0 4 9 9 9  

2 9 . 1 6  

8 6 8 4 1  

2 8 9 5 4  
1 8 4 0 6  

A- 3 - 



~ 

I n t e r p o l 1  Labs R e p o r t  No . 4-3252  
Lou1 s i a n a  P a c i  f I c  C o r p o r a t i o n  

Dungannon. V I  r g i  n i  a 

T e s t  No . 7 
P r e s s  Vent  S t a c k  

R e s u l t s  o f  Volumetr ic  F l o w  R a t e  Determlnatlon....... Method 2 

Date  o f  D e t e r m i n a t i o n  . ........... 
T i m e  o f  D e t e r m i n a t i o n  . . . . . . .  ( H R S )  

B a r o m e t r i c  p r e s s u r e  . ...... ( I N . H G )  

P i t o t  t u b e  c o e f f i c i e n t  . . . . . . . . . . .  

Number o f  s a m p l i n g  p o r t s  ......... 
T o t a l  number o f  p o i n t s  ........... 
Shape o f  d u c t  .................... 
S t a c k  d l a m e t e r  ............... ( I N )  

Duc t  a r e a  ................. ( S Q . F T )  

D i r e c t i o n  o f  f l o w  ................ 

S t a t i c  p r e s s u r e  ........... (1N.WC) 

Avg . gas temp ............. ( D E G - F )  

M o i s t u r e  c o n t e n t  .......... ( 5  V I V )  

Avg . l i n e a r  v e l o c i t y  . . . . .  (FT/SEC) 

G a s  d e n s i t y  .............. (LB/ACF) 

M o l e c u l a r  w e i g h t  ...... (LB/LBMOLE) 

Mass f l o w  o f  gas  .......... ( L B / H R )  

V o l u m e t r i c  f l o w  r a t e  ............. 
d r y  s t a n d a r d  ............ (DSCFM) 
a c t u a l  ................... ( A C F M )  

0 6 - 2 9 - 9 4  

851 

29 .62  

. 8 4  

2 

24 

Round 

5 9 . 5  

1 9 . 3 1  

UP 

~~ ~ 

- .63 

9 6  

4 . 0 3  

7 3 . 7  

. 0 6 9 2 4  

28 .84  

3 5 4 6 5 0  

8 5 3 7 0  
7 6 9 0 7  

A-4 



I n t e r p o l 1  Labs R e p o r t  NO . 4 - 3 2 5 2  
L o u i s i a n a  P a c i  P i c  C o r p o r a t i o n  

Dungannon . V i r g i n i a  

T e s t  No . 8 
P r e s s  V e n t  S t a c k  

Results o f  Volumetr ic F l o u  Rate  Detarmlnatlon....... Method 2 

D a t e  o f  D e t e r m i n a t  

Time o f  D e t e r m i n a t  

on  ............ 
on ....... ( H R S )  

B a r o m e t r i c  p r e s s u r e  ....... (1N.HG) 

P i t o t  t u b e  c o e f f i c i e n t  ........... 

Number o f  s a m p l i n g  p o r t s  ......... 
T o t a l  number o f  p o i n t s  . . . . . . . . . . .  
Shape o f  d u c t  .................... 
S t a c k  d i a m e t e r  ............... ( I N )  

D u c t  a r e a  . ................ ( S Q . F T )  

D i r e c t i o n  o f  f l o w  . ............... 

S t a t i c  p r e s s u r e  ............ ( I N . W C )  

Avg . gas temp ............. ( D E G - F )  

M o i s t u r e  c o n t e n t  .......... ( t  V / V )  

t y  ..... ( F T / S E C )  

....... (LBIACF) 

.... (LB/LBMOLE) 

Mass f l o w  o f  g a s  .......... (LB/HR) 

Avg . l i n e a r  v e l o c  

Gas d e n s i t y  ...... 
M o l e c u l a r  w e i g h t  . 

0 6 - 2 9 - 9 4  

8 5 1  

2 8 . 6 2  

. 8 4  

2 

2 4  

Round 

5 9 . 5  

1 9 . 3 1  

UP 

- . 6 3  

9 6  

3 . 5 5  

7 4 . 9  

. 0 6 7 0 2  

2 8 . 8 4  

3 4 8 9 6 2  

V o l u m e t r i c  P l o w  r a t e  ............. 
a c t u a l  ................... (ACFM) 
d r y  s t a n d a r d  ............ ( D S C F M )  

8 6 7 8 2  
7 5 9 1 3  



I n t e r p o l 1  Labs R e p o r t  No . 4 - 3 2 5 2  
L o u i s i a n a  P a c i f i c  C o r p o r a t i o n  

Dungannon . V i r g i n i a  

T e s t  No . 10 
D r y e r  S t a c k  

R e s u l t s  o f  V o l u m e t r i c  Flow R a t e  Determination....... Method 2 

D a t e  o f  D e t e r m i n a t i o n  ............ 
Time o f  D e t e r m i n a t i o n  ....... ( H R S )  

B a r o m e t r i c  p r e s s u r e  . . . . . . .  ( I N . H G )  

P i  t o t  t u b e  c o e f f i c i e n t  ........... 

Number o f  s a m p l i n g  p o r t s  ......... 
T o t a l  number o f  p o i n t s  ........... 
Shape o f  d u c t  .................... 
S t a c k  d i a m e t e r  . . . . . . . . . . . . . . .  ( I N )  

D u c t  a r e a  . . . . . . . . . . . . . . . . .  (SQ.FT) 

D i r e c t i o n  o f  f l o w  ................ 

S t a t i c  p r e s s u r e  ........... .(I N.WC) 

Avg . gas temp ............. (DEG-F) 

M o i s t u r e  c o n t e n t  .......... ( t  V / V )  

. . ... Avg . l i n e a r  v e l o c i t y  (FT/SEC) 

Gas d e n s i t y  .............. (LB/ACF) 

M o l e c u l a r  w e i g h t  . . .... (LB/LBMOLE) 

Mass f l o w  o f  gas .......... (LBIHR)  

V o l u m e t r i c  f l o w  r a t e  ............. 
a c t u a l  ................... (ACFM) 
d r y  s t a n d a r d  ............ (DSCFM) 

. . .  
. _ I  

0 6 - 2 9 - 9 4  

1 8 0 0  

2 8 . 6 2  

. 0 4  

2 

2 4  

Round 

4 1  

9 . 1 7  

U P  

.53 

1 9 5  

2 6 . 2 7  

6 9 . 0  

. 0 5 2 6 1  

29 .17  

1 1 9 8 4 0  

3 7 9 6 5  
2 1 6 1 4  

A-6 



APPENDIX B 

LOCATION OF TEST PORTS 
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' 

Dungannon press vent 
s t a c k  

8 0 , 0 0 0  acfm 
design airflow 

80' - 140' F' 



APPENDIX C 

T H E R M A L  O I L  HEATER FIELD DATA SHEETS 

. 



INTERPOLL LABORATORIES, INC 
(6 121 786-6020 

EfA Method 2 Field Data Sheet 
Drawing o i  Test Site 

Cross-section I Elevation 
View View 



INTERPOLL LABORATORIES, INC. 
(61 2) 786-6020 

Interpoll Laboratories EPA Method 5/17 Sample Lo, Sheet 

/ 
Job k/’h/&+&ddJdN Date I- 3&57%st Run 
Source ~72,&’a~ :%:‘ &/&5/ -SmK No. of traverse points /4 
Method . C F i l t e r  holder: +‘‘*%T Filter type: w~,*gz4--~ ,e;&// 
Sample Train Leak Check 

Pretest: 5 0.02 cfin at I S  i n . H .  ( v a c ) m  
Post test: cfm at F/ in. Hg. (vat)@ 
Particulate Catch Data: 

No. of filters used: 

&72< 

No. of probe wash bottles: 
Sample recovered by: 

Recovery solvenr(s) 

B c e t o n e  
a other(s) - 

F7- 

co 

Integnted Gas Sampling Data: 

B q  Pump No. 2 39 Box No. / BagNo.- 

Pretest leak check cdmin at 
Time start: 

-. n 13 in. Hg. 
/&Ti (HRS) Time end A G 3 U  (HRS) 

Bag Material: 5-laver Aluminized Tedlar Size: 44L 

Sampling rate: *’& cdmin Operator: ‘e-? 

”. 

S/N  of 0, Analyzer used to monitor train outlet: 

IU093-G:?STACK\~METHOEIHODSS4~~ 

c-2 





- , 
1 

INTERPOLL LABORATORIES, INC. 
(61 2) 786-6020 

Interpol1 Laboratories EPA Method 5/17 Sample Log Sheet 
[ 

Job L / / h ' ' A / 4 d d U d  D a t e d - 3 5 4 A e s t  Run 2- 
Source ~ P ~ W L C  H/L h%/%!<,%=.,jC No. of traverse points /h 
Method .C Filter holder: f/'eA-.T Filter rype: Yfl'v%fl<5 ,>&/ 
Sample Train Leak Check: 

Pretest: < 0.02 cfm at 15 i u g .  (vac$d 
Post test: cfm at J in. Hg. ( v a c ) K  

Particulate Catch Data: 

No. of filters used: Recovery solvent(s) 

6 726 A c e t o n e  
0 other(s) 

No. of probe wash bottles: 
Sample recovered by: e-r 

i 

Condensate Data: 

Wei@ (g) 

Final Tare Difference 

/-/ m 
55.58 '3 /?, 

/ q 3 d  /f59 t/ 

Integrated Gas Sampling Data: 

Bag Pump No. ;..3& 
Bag Material: 5-laver Aluminized Tedlar 
Pretest leak chesk D _. 
Time s m :  I d U L  
Sampling rare: -9& 

SM of 0: Analyzer used to monitor wain outlet: 

Box No. 
Size: 44L 
cdrnin at /C in. ~ g .  
(HRS) Time end: (HRS) 
cdrnin Operator: t7- 

L/ B q  No.- % 

r' 

c-4 





INTERPOLL LABORATORIES, INC 
(61 2) 786-6020 

Interpoll Laboratories EPA Method 5/17 Sample Log Sheet 

7 Job &%$'&/<XL#4Ud Date/--Zf.<'fiest I Run - 
Source ~ Z ~ ~ A J L  g , L  P , ~ Z P ~  -TZVX: No. of traverse points 1.L 
Method <Filter holder- Filter type: '/"4//<5 i7%!A 
Sample Train Leak Check: 

Preten: 2 0.02 c h  at  IS^. (vat+ 
Post test: cfrn at in. Hg. (vac .' 

Particulate Catch Data: 

No. of filters used Recovery solvent(s) 

d 7 Z c r  @&,tone 
Uother(s) 

No. of probe wash bottles: 
Sample recovered by: 

/ 
k7- 

Condensate Data: 

Wei@ (g) 

f /@ \ 

Final Tare Difference 

9)  

Desiccant f 

U 

Condenser 

Integnted Gas Sampling Data: 

B q  Pump No. J 3f+ Box No. 

Preten leak check: D cdmin at 
Time stm: 

Bag Material: Slaver Aluminized Tedlar Size: 44L 

Sampling me: q4r-2  , 
9v4 (HRS) Time end 

1. 

cdmin 0 erator: 9 
S I N  of 0, Analyzer used to monitor tmin outlet: c/ 

123093-G:STACK\WhiETHODS\Sd046RR 

C-6 





. 
INTERPOCL LABORATORIES, INC 

(6 121 786-6020 
EPA Method 2 Field Data Sheet 

Drawing oi Test Site 

C:oss-iecrion Elevation 
View View 



InterpoLl Laboratories EPA Method 5/17 Sample Log Sheet 

Pretest: 5 0.02 fm at 13 u. ( v a c ) k  
?ost test: Jfm at .< in. Hg. ( v a c 4  

Particulate Catch Data: 

No. of filters used: Recovery solvent(s) 

No. of probe wash bottles: 
Sample recovered by: 

@acetone 
Eiother(s) 

I 

87- 

Condensate Data: 

Weight (9) 
Final Tare Difference 

3 3  
d 

Intqrated Gas Sampling Data: 

Bag Pump NO. Z P -  Box No. a/ Bag N 0 . L  

Pretesr leak chetk: /-3 
Time srar't: /3<6 
S a p l i n g  rate: i.'M cdmin Operator: 

Bag Material: S-laver Aluminized Tecllar Size: 44L 
cdmin at /c in. Hg. 
(HRS) Time end: 

S/N of 0: Analyzer used to monitor train outlet: 

c-9 



L-1u 



INTERPOLL LABORATORIES, INC. 
(61 2) 786-6020 

Interpoll Laboratories EPA Method 5/17 Sample Log Sheet 

Pretest: S 0.09 c h  at 15 in. Hg. (vat)%- 
Post test: & cfm at < in. Hg. (vac)& 

Particulate Catch Data: 

No. of filters used Recovery sofvent(s) 

62.1 4 
No. of probe wash bottles: 
j m p l e  recovered by: 

&getone 
Clother(s) 

/ 

F- 

c o  

Integrated Gas Sampling Data: 

2. Bag Pump NO. z $&- Box No. tl BagNo.- 

Pretest leak check: .a, cdmin at 7-s in. Hg. Bag Material: 

Time start: 
Sampling rate: 

4 4 L  Slaver Aluminized Tedlar Size: 

/J- 5 /  (HRS) Time end: .,_ 
UTmO cdmin Operator: 

SM of 0, Analyzer used to monitor min outlet: 

i23093C:\STACX\WP\MODS\SM)46RR 

. .  . .  
c-11 



d 



INTERPOLL LABORATORIES, INC. 
(6 12) 786-6020 

Interpoll Laboratories EPA Method 3/17 Sample Log Sheet 

Sample Train Leak Check: 

Pretesr 5 0.02 cfm at 15 in. Hg. (vac$d 
Post test: cfm at ,I- in. Hg. ( v a c ) x  

Particulate Catch Data: 

No. of filters used: Recovery solvent(s) 

Yo. of probe wash bottles: 
Sample recovered by: 

'Placetone 
Gother(s) 

Condensate Data: 

Item Wei@ (g) 

Final Tare Difference 

2-3 9' 3 q  

L 

Integrated Gas Sampling Data: 

Bag Pump N O .  

Pretest leak check: 5 cdmin at - in. Hg. 
Time Srart: (HRS) Time end 

a& Box No. z-/ Bag No.- 3- 
Bag Material: Slaver Aluminized Tedlar Size: 44L 

Sampling m e :  >"I cdmin Operator: / '  
(HW *. 

SiN of 0, Analyzer used to monitor train outlet: 

I2 jEJ3-( i . \STACK\~MODS\Sa046RR 





APPENDIX D 

DRYER FIELD DATA SHEETS 



INTERPOLL LABORATORIES, INC. 
(6 12) 786-6020 

EPA Method 2 Field Data Sheet 
Drawing of Test Site 

Cross-secion Elevation 
20 k . 7 .  1.D *‘.-I46 n n  L A .  I/ 
:wrce .wer  / ( CJ,.k 

:tack Dimen. vt) IN. 
3y Suib j 4 Y  J F  Werbulb 130 “ F  
.b,!anometer i2Reg. z Exp ZElec. 
5arornetric Pressure 28-7r IN.HC 
icaric Pressure f .  7 2  IN.WC 
-.cerators 

- 
L RungOare h -I b . q v  View 

A/I.dLA&tLur L O ,  M.cs  L h 

4 M r  L 

I II 

3: 

- 
?cor No. - .  C, , tv 

I Traverse II Fraaion I Distance 

I Wail (IN.) I From End oi ?or[ (IN.1 Velocity I Temp. oi Cas can !I Oisence From Stack oi 
i NO. 



INTERPOLL LABORATORIES, INC 
(6 12) 786-6020 

Interpoll Laboratories EPA Method 5/17 Sample Log Sheet 

;Ob & F , / A n , m n ,  Date&: 'YY Test A Run / 
Source Ir / 5 +  L C  11 Xo. of aaverse points X Y  
Merhod O O / /  Filter holder. MA Filter type: MA 
Sample Train Ledc Check: 

Pretest: s 0.02 cfm at 15 in. Hs. (vac) 
Pox r e x  -2ch at 1" in. Hg. (vac) 

Pzrciclrlate Catch Data: 

Yo. of filters used. 

F 

Recovey solvent(s) 

- AT4 Laccane 
pother+) /Met/. 

A.dLWL/oCrJ- D .  /;Me r s  5 p 
No. of probe wash bodes: 
Sample recovered by: 

0 

co 

0- 2 



4 

i i ’  
I L  

I 

j 
/ I !  
I / /  I 



INTERPOLL MBORATORIES, INC 
(6 121 786-6020 

i o d  

Interpoll Laboratories EPA Method 5/17 Sample Log Sheet 

: g ~ ~ ~ & 2 $ ? ~ @ ; & ? h ~ ~ ~  I 7# L/ 

:ob L I P .  / f i f l ?  lA#t  4 4  : I// Dateb;-ZV-9# Test 2 Run 
Sourc:&dw / sku6 Xo. of maverse points Z Y  
Mehod CY); I Filter holder. / /A  filter w e :  e4 
Sample Train L d  Check: 

?--re= s 0.02 ciin a~ 15 in. Hg. (vac) 
POST iex: L& cim ar / t in. Hg. (vac) 

Pzrticnlare Catch Data: 

Yo. of iiites used: Recovery solvenr(s) 

No. of jrobe wash bottles: 
Sample recovered by: 

/I I- 

Zacztone 
C / .  

Condensate Data: 

" F F h a l  

Weight 0 
T m  

II hoinoer No. 1 . -  il 

I 
I 
I 
I 

c/7 / 

Condenser , ..F r 

Desiccant 

I 

0-4 



'- 
I \  

2 -. D- 5 



INTERPOLL UBORATORIE5, INC 
(6 121 786-6020 

Interpoll Laboratories EP.4 Method 5/17 Sample Log Sheet 

No. of probe wash bodes: 
jampie recovered by: 

D-6 



lip 
= r  

ai-  
u - r  

D- 7 



INTERPOCL LABORATORIES, INC 
(6121 786-6020 

EPA Method 2 Field Data Sheet 

Job VA 
Sourci 
Tes; ungDate  A - 2. B -4 L, 

.b\anomerer 9 Reg. LKP GElec. 
Barometric Pressure M,7 z IN.HC 
Static Pressure t 4 73  IN.WC 
ODerarors .&,dwA/eL+ D. &4rr>lO 
P:tot No. 2 3 V -  6 - Stack Dtmen. Y 8 IN. 
Drv Sulb &Cl l f l  O F  Wet bulb 1 7 3  O F  

Drawing o i  Test Site 
-I 



INTERPOLL LABORATORIES, INC 
(6i2) 78E-6020 

I 

Interpoll Laboratories EPA Method 5/17 Sample Log Sheet 

Find I Tal= I Diiiercnc I 

I 

/ Impinge: No. I 6 z'i I ./"/q I 
Impinge: No. 1 I I 

I 
I 

&- Impinge: No. 2 I 

No. of probe wash bodcia: 
jampie r c c o v d  by: 

Condensare Dam 
r:1 

Condenser I 
Daiczmt 

I I I 
/ Y j  l? I /YO9 I 9 

I I 
I 





INTERPOLL MBORATORJES, INC 
(6i21 7 8 G 0 2 0  

Weight (g) 

1 D E e r u c  - I LaE 

Impinger so. 1 I A 2 0  I ( /4x I L 

irnpinger Yo. 2 I I I 
Impinger Yo. 5 I I 
Condenser I I 
DCSictulC / rL /b  I /r37 I 9 

I I 

j" FinaI 

I 

- 

Interpoll Laboratories EP-4 Method 5/17 Sample Log Sheet 

Yo. of probe wash bodcl+s: 
jampie recovered by: 





INTERPOLL LABORATORlES, INC 
16 i 2) 78&020 

Interpoll Laboratories EPA Method 5/17 Sample Log Sheet 

L3/3 

YO. of probe wash boaies: 
Sampie movered b y  

Coodensare Data: 

Wei& (g) 

i D S m c  - 
l a  

A a d  I 
Find I 

hp iny2r  Yo. I G VB I /.Y& 
Impinner No. 3 I I I 

I Impin~er Yo. : I 
I I 

0-13 
~ 





INTERPOLL LABORATORIES, INC. 
(61 2) 786-6020 

EPA Method 2 Field Data Sheet 

Test If! 'Run>te 
'/r IN. Stack Dimen. 

Dry Bulb fj3 "F Wetbulb /cz "F 
Manometer Ea Reg. 0 EXP 0 Elec. 

7 -  

- -  
Barometric Pressure t$. 620 IN.HC 
Static Pressure i.. 4 3  IN.WC 
Operators 
Pitot No. % - 6  c, .s4 

I< r( t m II 
- 

Drawing of Test Site 

Cross-section Elevation 
View View 

of From Seck Distance I Wall (IN.) 1 From End of Port (IN.) I Temp. of Car l"R 11 )I Diameter 

D- 15 



In terpol1  Laboratories 
(612)786-6020 

EPA Method 7 Sample Collection 
F i e l d  Data Sheet 

Job ,!.Q/()dAb*d Date 6 -  2s- 9q Bar. Pressure M.6 2 IN.HG. 
Test Location Sample Train No. 

Type 
TechnicianKR t M l (  Pump No. /"-/ 

Leak Rate 
c0.4 IN.HG./MIN. 

S-2t 
0-16 

)z? Yes D NO 
Yes a No 
Yes ff No 
Yes ff No 

Yes c7 No 

ff Yes ff No 
Yes L 7  No 
Yes U No 

D Yes c7 No 
Yes h'o 

ff Yes U No 
a Yes E7 No 
ff Yes D No 
D Yes ff No 
U Yes ff NO 

Yes a NO 
ff Yes ff No 

Yes U NO 
Yes ff No 

0 Yes D No 
ff Yes U No 

Yes ff No 
ff Yes .ff NO 
ff Yes ff No 



APPENDIX E 

PRESS VENT FIELD DATA SHEETS 





INTERPOLL LABORATORIES, INC. 
(61 2) 786-6020 

Interpoll Laboratories EPA Method 5/17 Sample Log Sheet 

Job ~!~%ZVN<WA!~A’~ Datek-&f4/Test  7 Run i 
Source /?Mrc ~ ~ d . 7  Z.Z+=X No. of traverse points 
Method ,*>.‘-Filter holder: S-kL Filter type: 
Sample Tmin Leak Check 

Pretest: s 0.02 cfm at 15 in Hg. (vac) 6. 
Post test: cfin at ./ in. Hg. (vac) 

Particulate Catch Data: 

No. of filters used Recovery solvent(s) 
I 

No. of probe wash bottles: 
Sample recovered by: 

/ 
E?- 

Condensate Data: - 
Weight (5) 

Difference Final TTare 

2.0 d 2 - 0  

/Cd L /sLJ3 /9 

Integrated Gas Sampling Data: 

Bag Pump No. Box No. Bag No.- 

Pretest leak check cdmin at in. Hg. 
Time start: (HRS) Time end: 
Sampling rate: cdmin Operator: 

SM of 0: Analyzer used to monitor train outlet: 

Bag Material: Slaver Aluminized Tedlar Size: E L  

(HRS) 
-. 

I ~W~-G:U?‘ACK\WP\MFIHODS\S~~~~RR 





INTERPOLL LABORATORIES, INC. 
(612) 786-6020 

Interpol1 Laboratories EPA Method 5/17 Sample Log Sheet 

Job ~ / ~ M M & L M & O , ~  Date b z Y - d T e s t  7 Run L 
Source ///%- //,UT- S Z ~ X  No. of traverse points s++ 
Method ,-+a= Filter holder: k - L  
Sample Tnin Leak Check 

Pretest: 5 0.0 cfm at IS in. 
Post test: A c f m  at d n .  Hg. (VX) &, 
Particulate Catch Data: 

No. of filters used: 

Filter me: z;/t ..' 

. (vac)M 

Recovery solvent(s) 

Cacetone 
kotheds) /!i cc z 

/ Yo. of pmbe wash bottles: 
E-,? Sample recovered by: 

Condensate Data: 

Integrated Gas Sampling Data: 

Bag Pump No. 
Bag Material: 5-laver Aluminized Tedlar 
Pretest leak check: 
Time start: 
Samplins rate: 

S/N of 0, Analyzer used to monitor train outlet: 

._ 
Bag No.- 

d k  
Box No. 

44L Size: - 
cdrnin at in. Hg. 
(HRS) Time end: (HRS) 
cdrn in  Operator: 

E-4 





INTERPOLL LABORATORIES, INC 
(61 2 )  786-6020 

Interpoll Laboratories EPA Method 5/17 Sample Log Sheet 

3 

Job ~/?/~;44,~/ NZ'A2d Date b-2 3-g '/Test 7 Run 3 
Source p&$y ></NT-- s?ii4 No. of traverse points 2 .;/ 
Methodi'fi>"L Filter holder: c(Ac Filter type: A??&. 

Sample Tnin  Leak C h e c k  

Pretest: < 0.02 cfm at 15 9 (vac) lB 
Post test: _ & c h a t  in. Hg. ( v a c ) p  

Particulate Catch Data: 

No. of filten used 

. 
Recovery solvent(s) 

No. of probe wash bottles: 
Sample recovered by: 

Condensate Data: 

Wei@t (g) 71 Final Tare Difference 

/s-4v /SVJ z-g 

Integrated Gas Sampling Data: 

Bag Pump No. 
Bag Material: 5-laver Aluminized Tedlar 
Pretest leak check 
Time start: 
Sampling rate: 

SM of 0: Analyzer used to monitor train outlet: 

.. 
- Bag No.- 

A+- 
Box No. 
Size: 44L 
cdmin at in. Hg. 
(HRS) Time end (HRS) 
cdrnin Operator: 

E-6 





INTERPOLL LAB.ORATORIES, INC 
(6 12) 7886020 

EPA Method 2 Field Data Sheet 
Drawing of Test Site 

P-‘+ L c 1 L, 6 Elevation 
Job j I /? / a m -  rc-n:  c/4 7. Crossiecrion 

b Rung’Date 6 . Z Y - Y f  +/ View View 
Sourc? 
Tes: 
Stack Dimen. 5-7* s- IN. 
Dry 3uib /do O F  Wet bulb b 8 J F  

8ai 
P 



INTERPOLL LABORATORIES, I N C  
(61 2) 786-6020 

Interpoll Laboratories EPA Method 5/17 Sample Log Sheet 

Job ,! 1’. / f i f i e c ~ a  a n l  r / / l  Dated-29-7Y Test 8 R u n . i  
Source P.- NO. of traverse points 2.Y 
Methodl-~ p p  Filter holder: ~4 Filter rype: L 
Sample Train Leak Check 

Preten: s 0.02 cfm at 15 in. Hg. (vac) a 
Post testL& cfm at 13 in. Hg. (vac) 

Particulate Catch Data: 

No. of filters used: 

/v;/c 

No. of probe wash bottles: 
Sample recovered by: 

co 

Intqnted Gas Sampling Data: 

Bag Pump No. Box No. Bag No.- 

Pretest leak che$k: 
Time stm: (HRS) Time end: 
Sampling rate: cdmin Operator: 

SM of 0: Analyzer used to monitor -in outlet: 

4 4 L  . Bag Material: Size: - 
cdmin at in. Hg. 

IZj093-G:STACK\WP\MEMODS\Sd046RR 

E- 9 





INTERPOLL LABORATORIES, INC 
(61 2) 786-6020 

Final Tare 

Impinger No. 1 I ?  0 

Im&r&$Js. il /s-L 9 I V b  4 

Desiccant lYcr  L / q L  3 

Impinger No. 2 

Condenser 

Interpoll Laboratories EPA Method 5/17 Sample Log Sheet 

Difference 

f ?  

6 0  

r 

Job L ,  P. / Z L n s h  .* ne-: U d  Date 6,.2'?-?9 Test ?3 Run Z 
Source Pfe\< V P U f -  / <+o. L 
Methodr ' 2  p p  Filter holder: &A Filter type: /%A 

No. of naverse points Z Y  

Sample Train Leak Check: 

Pretest: s 0.02 cfm at 15 in. Hg. (vac) @ 
?ost rests u.olzfm at I 3 in. Hg. (vac) .& 

Particulate Catch Data: 

No. of filters used: Recovery solvent(s) 

Yo. of probe wash bottles: 
Sample recovered by: 

Integrated Gas Sampling Data: 

Bag Pump NO. Box No. Bag No.- 

Pretest leak chezk: cdmin at in. Hg. 

Sampling rate: cdmin Operator: 

SM of 0: Analyzer used to monitor train outlet: 

yl/4 /p.. 4 revL f 

Bag Material: Waver Aluminized Tedlar Size: _. 44L 

Time Stan: (HRS) Time e n d  (HRs) 

I ~ O 9 j C : \ S T ~ C K \ W P \ ~ O D ~ ~ 4 6 ~  





INTERPOLL UBORATORIES, INC. 
(6 12) 786-6020 

Interpoll Laboratories EPA Method 5/17 Sample Log Sheet 

Job A ,?, /,&-*a U A  Date G-L~Y-qqTest 8 Run 3 
Source j p p r L S  un4/- 1 r k . 1  

Sample Train Leak Check 

Pretest: S 0.02 cfm at 15 in. Hg. (vac) 

No. of traverse points zq 
Method /-2 WFilter holder  rY/l Filter type: L 

Particulate Catch Data: 

No. of filters used: Recovery solvent(s) 

M A _  @==-e /Qc*An ‘A, 1- 
@ther(s) 70 /,,+md 

Yo. of probe wash bottles: 
Sample recovered by: 

co 

Integrated Gas Sampling Data: 

Bag Pump No. 
Bag Material: 
Pretesr leak chesk: 

Sampling rate: cdmin Operator: 

S/N of 0: Analyzer used to monitor train outlet: 

Box No. Bag No.- 

cdmin at in. Hg. 
5-laver Aluminized Tedlar Size: _. M L  

Time start: (HRS) Time end: (ms) 

I23W~-G:WACKlWP\MODS\S-0046RR 

E-13 





INTERPOCL LABORATORIES, INC 
(6 12) 786-6020 

EPA Method 2 Field Data Sheet 

View 



INTERPOLL LABORATORIES, INC 
(61 2) 786-6021) 

Interpoll Laboratories EPA Method 5/17 Sample Log Sheet 

Job /. ' 2. / ? J f l ? W  Date 6 - 3 7 - W  Test // Run 1 
Source /per+  (/o,aC 1 c+.ILc.J! 

Sample Train Leak Check 

Pretest: < 0.02 c h  at 15 in. Hg. (vac)M 
Post t e s t Z a c f m  at G in. Hg. (vac) 

Particulate Catch Data: 

No. of filten used: 

No. of traverse points I, U' 
Method a// Filter h 0 I h e r . k  Filter type: - 

P 
Recovery solvent(s) 

No. of probe wash bottles: 
Sample recovered by: 

Condensate Data: 

Weight (g) 

Final Tare Difference 

Impinger No. 1 q3 0 L/b 6 / 2  
Impinger No. 2 

Impinger No. 3 

Condenser 

Desiccant / 1//3 

:$%m#&XB%mEmB 

Box No. Bag No.- 

cdmin at in. Hg. 
(HRS) (HRS) Time end: 

cdmin Operator: 

Slaver Aluminized Tedlar Size: - 44L 

"_ 

Integrated Gas Sampling Data: M&/&4, wf  
Bag Pump No. 
Bag Material: 
Pretest leak check: 
Time start: 
Sampling rate: 

SM of O1 Analyzer used to monitor train outlet: 

I 2 j G 9 3 C I . \ S T A C K \ W P \ ~ M J 3 H O D ~ ~ R R  





INTERPOLL LABORATORIES, INC. 
(61 2)  786-6020 

Interpoll Laboratories EPA Method 5/17 Sample Log Sheet i 

A I?. / Dun?&-#+ I 4  Date 6.24-Zf Test / /  Run 2- 
No. of traverse points Z Y  

Job 
Source P . . ~ . ~  &/ - c c ; k -  

Sample Train Leak Check: 

Pretest: s 0.02 c h  at 15 in. Hg. (vat) $. 
Post r e s t : w f h  at f i  in. Hg. (vat) 

Method 001 I Filter hofder: Filter type: L 

P 
Particulate Catch Data: 

No. of filters used: Recovery solvenr(s) 

/VAL Gacetone 
,%ther(s) /le CIJ  

Yo. of probe wash bottles: 0 
Sample recovered by: M I X  Id,. L f l .  A'. ,&.L/ 

Condensate Data: 

Weight (g) 

Difference Final Tare 

Impinger No. I 

Impinger No. 2 

hpinger  No. 3 

Condenser 

Desiccant 88 

T&I 3 3  

Box No. B q  No.- 

cdmin at 
(HRS) Time end (HRS) 
cdrnin Opentor: 

in. Hg. 
5-laver Aluminized Tedlar Sue: 441 

.. 

Integnted Gas Sampling Data: ~ 4 - / ! ! 5 &  

Bag Pump No. 
Bag Material: 
Pretest leak check: 
Time start: 
Sampling rate: 

SM of 0, Analyzer used to monitor train outlet: 

IU093-G:STACK\WP\METHODS\Sd046RR 

E- 18 





INTERPOLL LABORATORIES, INC. 
(61 2) 786-6020 

Final Tare 

V 9 t  Y7 f 

Impinger No. j 

Condenser 

Desiccant / Y O 0  /39 a 

Interpol1 Laboratories EPA Method 5/17 Sample Log Sheet 

Difference 

J 7  

/O 

Integrated Gas Sampling Data: /y-f./&.(, 

Bag Pump No. Box No. Bag No.- 

Pretest leak check cdmin at in. Hg. 
WRS) Time start: (HRS) Time end: 

Sampling rate: cdmin Operator: 

S/N of 0: Analyzer used to monitor train outlet: 

Bag Material: Slaver Aluminized Tedlar Size: - 44L 
.. 

I2j093-G:\STA~WP\M€lHODSG0046RR 

I 

-A E-20 





INTERPOLL LABORATORIES, INC 
(6 12) 786-6020 

€PA Method 2 Field Data Sheet 

Cros+jecrion 
- fd  View 

l3 

lob A I ? .  /&&cI&m, W A  
Source f r a s  U-L 1 S + a A  
Test CZ Runsbate  6 - 2 4 - N  
Stack Dimen. 54 U J -  IN. 
Dry Bulb l o o  O F  Wet bulb 68 O F  

,\lanometer m e g .  17 Exp 5 Elec. 
8arometric Pressure %b'. 6 2  IN.HC 
Static Pressure -. 63 IN.WC 
Operators A .  d.WALQ.4- 4. A. R.hW & f  
Pitot No. L 

Elevation 
View 



INTERPOLL LABORATORIES, INC 
(6 12) 78&6010 

Interpoll Laboratories EPA Method 5/17 Sample Log Sheet 

Job 1 I ? .  / / X n . $ L & ~ l #  DareL.24-47 T m  /L Run I 
Source p..,,: l/...a.+/ C L / &  No. of uaverse poinu 3 
Method&.&,Filter holber: / A  Filter type: L 
Sample Train Leak Check 

?retest: s 0.02 c k  at IS in. He. (vac) 9 
Posr tm: c-.=fm at /2- in. Hg. (vac) W 

Pirdculate Catch Daw 

No. of filters used: Recover]/ solvent(s) 

No. of probe wash bodes: 
Sample recovered by: 

Condensate Data: 

Weight &) 
Final I Tare Difiermce 

I 
I I 

I 
Imomner No. 3 

I 

Integrated Gas Samplins Data:N&)&L,& 

a% Pump No. Box No. 0% No.- 
8% Material: 5-laver Aluminized Tedlar Size: - U L  

(HFS) Time end: (W) 
?ret& leak check: cdrnin at in. Hg. 
I [me S t a r t :  
Sampling me: ccimin Operaroc 
-. 

s/N of 0, Analyze: used to monitor train outlez 

I 3 0 9 X i : ' S T A C K \ W P \ M E i H O D ~ ~  

~ E-23 



INTCKFCJLL LAEICRFTCRIES 
€PA method 4 and 6 Field Data Sheet 

Job I , ? .  //LA&- Operatsr(s) A, I(cLp.Al* f K I no<, 
Source P.-e,, lit- t / s  f-.4 Meter Box No. 9 Gasmeter coef. ,?SA/ 
Date 1 . 2 9 - 4 . f  Test'& Run - .'UQ /. 7k in.WC B a r .  press- in.Hg 

Sample Train Leak Check: 
Pretest: < 0.02 cfm at 15 in. Hg. t@ 
Posttest: L O . d L  c f m  at a in. Hg. # 

Weight (g) 

Item Final Tare Difference 
F I 

Trav. Samp. Temperatures (OF) Oxygen 

(inWC) inHg Probe I Oven I Impg. 1 Gas/In IGadOuti (%v/v)  
;Point Time 1 No. (min) 

.4 I 2 s  a 26 3 I Impingers 

%bCi 26 7 
i I 

Condensate Data: 

/ 3  
z 

Preliminary results 
of SO, concentration 
determination El Moisture SO=, dry = = 3.47 %v/v 

= 49.550SCF 



. 

Wei@ (g) 

TKe Difierence Final I 
Irnpinger No. 1 I 

I I 
hpinger No. 2 I 
Condensa I 
Desiccant I 

/I_- 
lmpinser No. 7- 

I 

INTERPOLL LABORATORIES, I N C  
(612) 7866020 

InterpoU Laboratories EP.4 Method 5/17 Sample Log Sheet 

4'0. ofprobe wash borrles: 
Sample recovered by: 

I I I I !  

Integrated Gas Sampiin, -D== /YL~/I& b ,& 
Bag Pump No. Box No. B q  No.- 
0% Material: S a v e r  .Aluminized Tedlar Sizc: - Y L  

-. I [me S I M :  (HRS) Time end (HRS) 
Preres leak check: cdmin at in. Hg. 

Sampling me: cdmin Opemor: 

s/~. i  of 0. Analyzer used to monitor min Outlet: 

I Z j G 9 ~ - G : ' s T A C K \ W P \ m o O ~ ~  



~~~ 

~ I T E Z F ~ L L  L A a G K F T T  
€ P A  Method 4 and & Field Data Sheet 

Job f I;? / Dd-rn  n i a n  r/4 Operatar ( 5 )  a- A A. 4 U , m l  / 
tleter BOA No. A Gasmeter coe+. a f Y d /  Source u-b / J + A ~  

Date f 9 , L 9 4 +  Test Run 2. .'H@ /,>@ in.WC Bar. press- i n .Hg  

Sample Train Leak Check: 
Pretest: C 0.02 cfm at in. Hg. 

Item 

Condensate Data: 

~~~~~ ~~~ 

Weight (g)  - 
t 

Final Tare Riff erence 

I 

3 

[ e o  I Impingers 

Condenser 
t 6 7  /3 

- 

Preliminary results 
of SO= concentration 
determination 

V-=d 

Moisture = 4 %V/V 

SO=, dry = PPm I 
SOt, wet = PPm 

I 
I LEl/MPIBtu = 

ZSY , 2.6 I' 
I 

3 



INTERPOLL LABORATORIES, INC 
(6 12) 786-6020 

Item 

fmpinger No. I 

hnpinser No. 2 

Impin,aer No. 2 

Condenser 

Desiccant 

Interpoll Laboratories EPA Method 5/17 Sample Log Sheet 

Weight &) 
Finai I T m  1 D i f f e m c  

I 
I I 
I I 

I 

Job A I t? / a e n n  cv), v3 Dated.tY-9Y Tesr /L Ru% . 
sourc: PcII<+ uu.mi- / 5 +u& No. of traverse poinu 3 

MerhodyAm/ Filter holder Filter p: L 
Sample Thin Leak Check: 

Prerm: s 0.02 cim at 15 in. He. (vac) 
? o s  test:#& c h  a I t in. Hg. ( v a c ) z  

Pirciculate Catch D a k  

So. of filters used: Recovery solven<s) 

No. of probe wash bodes: 
Sample recovered by: 

Inregrated Gas Sampling Data: /vc3-/&6, & 
9 q  Pump No. Box No. B q  No.- 

Prere~t I& check: cdmin at in. Hg. 
I ime sm: 
Sampling me: c d m i n  Opnaror: 

SM of 0, Analyze: used to rnoniror min outlet: 

Bag Material. Slaver Aluminized Tedlar Size: - f i L  

(HRS) Time end: (HRS) .̂ 



EPG Method 4 and A F i e l d  Data S h e e t  

Operator ( 5 )  & (m r-/c f lC uce. +fUd 

Meter B o x  No. 4 G a s m e t e r  coef. ~ 446 1- 
Date &.L* .-9 Y ~ e s t ' A  Run & ̂ He A 7@ i n .  WC Bar. p r e s s  i n .  Hg 

- Job f c ? .  1 , L ) d n w n  I//& 
Source V L  < I/ $/A / , 

P r e t e s t :  i 0.02 c f m  at 15 i n .  Hg. 9 Sample T r a i n  L e a k  Check: 

p o s t t e s t :  L O r c ) C  c f m  at i n .  Hg. P 

C o n d e n s a t e  Data: 

Weight (g) 

I t e m  F i n a l  Tare D i f f e r e n c e  
r 

A (  234 Z G  i 
- a i  z 6 4  2 6 7  z 

Impi n q e r a  / Y  

P r e l i m i n a r y  resul t 5  
of sor. c o n c e n t r a t i o n  
d e t e r m i n a t i o n  

Moisture = 

SO,, d r y  5 



APPENDIX F 

INTERPOLL LABORATORIES ANALYTICAL DATA 

TABLE OF CONTENTS 
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Interpoll Laboratories 
(612) 786-6QZU 

EPA Method 3 Data Reporting Sheet 
O r s a t  Analysis 

~ , t e  Submit 

.. 

Gnthraci tefligni te " li016-1- 1 3  Bituminous 1.~1as-1.2;~ 
Where F,= 20.9-0, 

CCiZ 



Interpoll Laboratories 
(612) 786-60ZB 

7 EPA Method 3 Data Reporting Sheet 
Orsat Flnalysis 

n Source r - e r  Job] ?. bw-=end  Test Site V S  fscK r 

Team Leader " l - I - 9 Y  Date of Test L 2 8 - 9  Y ! 

Run Log Number of C& 0, F, 

M K  

7 No. of Hun5 Completed - -  I G q  Technician C. c(c/to * -  
Date Submitfed 
Test No. 
Date oC CInalysls - 

Z 

Test/ Sample No. Buret Readings (ml) Conc. Cone. 

and Tvoe Rn. Zero Pt. I After CO,IAfter 0= %v/v Dry %v/v D r y  

I I I I I I I I I I 

.... 

Orsat Analyzer System Leak Check 

for fuel type. 
0 Fo Within €PA H-3 Guidelines 

Onthracite/Lignite 1.016-1.1Z0 . 
1.085-1.2Z0 Bituminous 

Disti 1 1  ate 1.260-1.4 I Z  
Residual 1.210-1 - Z 7 0  

Whero FB= ZOc;;h Oil: 

Gas: Natural 1.600-1. SS6 
Propane I. 434-1 * 596 
Butane 1.405-1 - 55: 

1. a00-1.1z0 

LSC-04-BR 

F=Flask (250 cc all glass) 
B-Ted1 ar Ecag (5-1 d y e r )  Wood/Wood Bark F-2 

~ 



2\ 

J o b  L-5 
e m i i  
te SI 

Date 0 
iaat Nl 

ry- Flmbi 
& O r s ;  
0 Fg I 

f o r  

Interpol 1 Laboratories 
( b 17) 786-6020 

EPFI Method 3 Data Reporting Sheet 
Orsat Anal y s i n  

L I I I I I 

I I I 

, 
0 B 0 F Avgl I I !m 

. .. . .  

m Leak Check  

Anthracite/Lignite 1.016-1-150 .' :up1 t y p e .  Bituminous 1.083-1.238 
Where Fm= 20.9-0, 

COZ 
Oil: 

Di sti 11 ate 
Residual 

1.260-1 - 413 
1.210-1.370 



1- 3 
I n t e r p o l  1 Laboratories 

(612) 786-602'0 

EPF\ Methad 3 Data Reporting Sheet 
Oreat analysis 

Is I 

.. . 
.,. ' ,  . . ~::!., .. 

I . .  . . , . . ..~. . . 
. . .  . . .  , .  . . .  . _  . . - ,., , ,- . .. ,. .,  1 . .  . .  

. .  ,-. 
. . .  :..... -. :..>y%: .:.:...I . . .  . . . . . , , ,~.. -. . .  , 

. . '  1 .  I L L  2 

hrnbiant. Air QFI Check EPFI Method 3 Ouidelines 
Orsat Analyzer System Leak Check Fuel Type F0 Range 

f o r  fuel  type. Anthracite/Lignite 1.016-1- 1 3 3  Bi tumi naus 1.083-1.2.70 

COZ Disti 1 1  ate 1.260-1.4 1Z 
Residual 1.210-1.370 

Fe Within EPA H-3 Guidelines Coal : 
8.. 

Where F. = ",0.9-OZ Oil: 

F-Flask (250 cc all glass) 
B=Tedl ar Baa (5-1 aver ) 

_ _ ~  ~ 

Gas: 1.600-1.836 
Propane 1.434-1.586 

1.405-1 - 553 
Natural 

Butane Wood/Wood Bark 1.300-1.1z0 - 
LSC-O&BR F-4 



I n t e r p o l l  Labora to r ies  
($12) 7SS-bQ20 

EPA M e t h o d  5 D a t a  R e p o r t i n g  Sheet 
I m p  i ng er  C a t c h  /P 1 F\-'Loz 

Jcb l * p .  D k m q q - r n h  Source +hara,L 6 ,-L 4a4 ct 
T e a m  Leader CT Tes t  S i t e  5+4cI(c 

T e s t  No. I No. of H u n s  C o m p l e t e d  3 
D a t e  S u b m i t t e d  7 - 1  Y Date  o f  T e s t  6 -  2 8 ' q q  

D a t e  of A n a l y s i s  7-\3-qL! Technic ian e. hc\qcsob " 

I S o l v e n t  Phase I A q u e o u s  Phase 

Q 

1 

T e s t  I R u n L  D i s h  IJo. 17 D i s h  No. ' 3 7 -  212 

S a n m e n  t s S a m p l e  U t .  0 a - Z  g S a m p l s  W t .  0.L)OOY 

T e s t  1 H u n 1  D i s h  No. 21 D i s h  No. 3 Zl 

F i e l d  B l a n k  D i s h  T a r e  W t .  . q D i s h  T a r e  W t . 5 0 .  SC 
Laq k i m b e r 3 Z Z - o l ~  D i s h t S a m p l e  W?-6.%17g D i s h t S a m p l o  Wt- 

Lag N u m b e r  -oLT D i s h  T a r e  W t .  47.5t7q g D i s h  T a r e  Wt.Y3, i1731 g 
C o m m e n t s  D i s h c S a m p l e  Wt.r7.538og D i s h + S a m p l e  W t . u J . q % 7 /  g 

S a m p l e  U t .  d o f o l  q S a m p l e  a t .  0.0 /YO 9 

2 

3 

T e s t l R u n -  D i s h  No. q7 D i s h  No. 3 2 2  
Log N u m b e r  -031: D i s h  T a r e  W t .  4 2 . . 1 6 5 I g  D i s h  T a r e  W t . V r ( , t ~ 5 3  g 
C o m m e n t s  D i s h c S a m p l e  W t .  vErt151g D i s h c S a m p l e  W t . ~ ' - f . ~ O /  g 

S a m p l e  ut. OsUf f4Y  g S a m p l e  W t .  d . d / l t i  g 

Tas t  L R u n L  D i s h  No. 93 D i s h  No. 6 2% 
Lag N u m b e r  -0-+S D i s h  T a r e  U t .  53.7SY8 g D i s h  T a r e  W t . s , 6 Y S l  g 
C a m m e n  t s D i s h c S a m p l e  bJt-s%ifu g D i s h + S a m p l e  Ut.Uf.ks39 g 

S a m p l e  W t .  O.OO/% g S a m p l e  W t .  a 0 6 e 7  g 

4 Test- R u n  - D i s h  No. D i s h  No. 
Log N u m b e r  D i s h  T a r e  U t .  g D i s h  Ta re  U t .  9 
C a m m e n t  H D i  s h + S a m p  1 e U t .  g D i s h c S a m p l e  U t .  9 

S a n p l e  U t .  g I S a m p l e  Ut. 9 

5 
T a s t  R u n  - D i s h  No. D i s h  No. 
Log :!urnbar D i s h  T a r e  U t .  g D i s h  T a r e  W t .  J 
C o m m e n t s  D i s h + S a m p l e  W t .  g D i s h c S a m p l e  U t .  9 

S a m p l e  W t .  g S a m p l e  W t .  g 



I n t s r p a l l  L a t u r s t o r i E s  
(5121 7=5-ta=cl 

n e t h a d  5 Data R e p a r t i n g  Sheet 
Probo/Cyclone Wash 

D i s h  No. 527- I T a s t I R u n  2 

Lcg ::umber 
c i  S a l v a n t  130 m l  Dish Tare U t .  q 7  .QQ 09 '? 

D i s h t S a n p l a  3 
Cammzzn k s  S a m p l e  U t .  0.02 22 9 

- O s ?  Mtf17.0231 

Resu I t: : 
F i e l d  3lk. R I M  1 R u n  2 Run 3 Run 4 Run 5 



Interpol 1 Laboratories 
(612) 796-6020 

€PA Method S Data Reporting Sheet 
Fi 1 ter Gr avi metr i cs 

Q 

1 

? - 

3 

4 

c 
J 

Job L.? PuWmmr\ Source %Lrrn'/ o;( h a A t  
Team Leader J E  7- Test Site ?$ & C k  
Date Submitted - 7 - / 3 9  Date of Test 6-227-9r 
Test No. I No. of Runs C pleted 3 
Date of  Analysis 7- I Z - q H  Techn i ci an e. r : , r k c  

~~ ~ 

Test I R u n L  Filter NO. 6727 
Field Blank Filter Type r " G F  
Log Number 3252 - 0 l F  Filter Tare Ut. .qr(35 9 
Comments Filter+Sample Wt. .4'U6 9 

Sample Wt. 0.000 I 9 

Test L R u n  I Filter NO. 6725 
Log Number - o z F  Filter Type d ' ' G F  
Comment s Filter Tare Wt. .q3& 9 

Filter+Sample Ut. -q'f% 9 
Sample U t .  O.OOq0 9 

T e s t R u n L  Filter No. 6726 
Log Number - 03F Filter Type q ' . G f  
Comments Filter Tare Wt. -7371 9 

Filter+Sample Wt. -7506 9 
Sample. wt. Q . O \ I S  

Test - R u n 3  Filter No. 6728 
Log Number - 04 F Filter Type q " G F  
Commen t 5 Filter Tare Wt. .93/Y 9 

FiltertSampla Ut. .'7'b8 9 
Sample Wt. O.OQqq 9 

Test R u n -  Filtar No. 
Log Number Filter Type 
Comments Filter Tare U t .  9 

Sample Wt. 9 
Filter+Sampl@ Wt. 9 

T e s t R u n -  Fi 1 ter No. 
Log Number Fi 1 ter Type 
Comments Filter Tare Ut. 9 

Fi 1 ter+Sampl e Wt. 9 
Sample Wt. 9 

riesul t s :  
Field Blk. Run 1 Run 2 Run 3 Run 4 Run 5 

I 0.00qo I 0.0 I \ 5 lO.OOS 

\ Field Elk. Run 1 Run 2 Run 3 Run 4 

LSC -02P R 
F- 7 



I n t e r p o l  1 L a b o r a t o r i e s  
(6 12) ?S&-bCI"-B 

EPA M e t h o d  5 D a t a  R e p o r t i n g  Sheet 
I m p i n g e r  Catch/- 1 Y17-U-L 

Job L . 9 .  'I L14* -0 h Source 3 v y c /  
J T e a m  Leader /utk T e s t  S i t e  s w  

D a t e  C-ubmi  t t e d  7 - / + Y  D a t e  of T e s t  6 - 2  8 4 7  
T e s t  No. 6 No. of Runs C c m p l e t e d  3 
D a t e  o f  i k a l y s i s  7 - 1 3 - 9  -f Techn ic ian  CI del4 HJ- 

T e s t  L R u n L  
Log N u m b e r  3 ZSL- L 3 L  
C o m m e n t s  

0 

i 

1 

-, 
L 

5 

4 

5 

D i s h  No. I 
D i s h  T a r e  W t .  <t .?70t 9 
D i s h c S a m p l e  W t .  5 l . G f ~ g  

I Solvent  Phase 

T e s t R u n t  
Log N u m b e r  - W L  
Commen t s 

Log N u m b e r  -2.5s 
T a s t  L R u n L  

C o m m e n t s  

T e s t  - Hun 0 D i s h  !.lo. 
F i e l d  B l a n k  D i s h  T a r e  W t .  
Log N u m b e r  D i s h c S a m p l e  W t .  
C c m m e n  t s S a m p l e  W t .  

D i s h  No. 24 
D i s h  T a r e  W t .  Y6-6JYO g 
D i  s h + S a m p l  e W t  . '%atdLg 
S a m p l e  W t .  0,ClObL g 

S a m p l e  W t .  0.0156 g 

Tes t -  Run- 

C o m m e n t  5 

Log N u m b e r  
D i s h  No. 
D i s h  T a r e  W t .  4 
D i  s h + S a m p l  e W t .  4 
S a m p l e  W t .  4 

Tast- R u n  - 
Log :!umbsr 
C o m m e n t s  

D i s h  No. 
&ish T a r e  U t .  5 
D i s h t S a m p l e  W t .  G 
S a m p l e  W t .  G 

Aqueous Phase 

D i s h  No. 
Dish T a r e  W t .  9 
D i s h + S a m p l s  U t .  9 
S a m p l e  U t .  9 

D i s h  No. 6 V  
D i s h  T a r e  W t .  7?.)47) 
D i s h + S a m p l e  
S a m p l e  W t .  

D i s h  No. f5ToGL 
D i s h  T a r e  W t .  
D i s h c S a m p l e  W t .  5 3 . 0 H  g 
S a m p l e  W t .  U - O d U  g 

D i s h  No. I t  Y 
D i s h  T a r e  W t .  W.6339  g 
D i s h + S a m p l e  Wt.*'f.0* g 
S a m p l e  W t .  0.-0179 g 

D i s h  No. 
Dish T a r e  U t .  9 
D i s h c S a m p l e  W t .  9 
S a m p l e  W t .  9 

C i s h  No. 
D i s h  T a r e  W t .  9 
D i  s h + S a m p l  e S t .  9 
S a m p l e  W t .  9 

B l a n k  S o l v e n t  Wt.0,- 
R u n  4 R u n  5 

1 1 8  * 0 / I 6  I 0.0060 1 O , d l S L /  I I .. 

I 

R e s u l t s  Aqueous Phase:  
F i e l d  E l k .  R u n  1 R u n  2 R u n  3 R u n  4 Run 5 - -  

-. I .. O e O 1 6 b  I O.JO64 I 0.0166 1 1 LSC-03WYF t p  
- 



I a t a - j o l l  L a h u r i c c r i e s  
( 5 1 2 )  70,ta-ta23 

E?A nethod 5 D a t a  Report ing S h e e t  
Prcbo/Cyclcne Wash 

~ 

Tast  & R u n L  C i z h  No. /Ob 
L'ci. c i  Solvent 170 a1 D i s h  T a r e  U t -  4% O( C, q 3 

Ccmmen t E Sample Ut .  0.n7 I 0 4 
Lcq ?!umbz?r - zr? D i  sh+Samp 1 e UT. 93.03  7 L1 J 

T e s t  4 ~un- D i s h  r.10. 3 13 
wol. of 'Zolvent Z l o  m l  D i s h  T a r e  U t .  YLL1577 '3 
 LO^ ?!urntar -253 C t  shtSamgle Ut.LLb.q7 7 8  41 

Sample Ut .  8.0201 Cl Ccmments 

Tast  Run - Di=h  No. 
col .  c+ Solvent- m l  Cish Tare ' U t .  9 
Log N u m c s r  D i  PhcSampl e W t  . ¶ 

C=mmant s Sample Ut .  4 

1:01- o f  Solvent- m l  D i  oh Tare  U t .  9 
~ o g  :!urnbar D i  zh+Samp 1 a U t .  9 
Cxment  E '-, Sample Ut .  3 

T e s t  __ Run- C i s h  NO. 

, 
(n; - - \* 

+sol .;=at ~ ~ s i  due-ug/ml. 4 S a m p l  s W t  . - g) (15PP) 2 i ' J J l -  si Sol .- 
s?s-n~ k e t = n a  Rasidue S l a n k  S p a c .  
RssuI tZ: 
~ i e l d  31k. RLUI 1 

- (7.3 u g i m l  

Run 2 Run 5 Run 4 R u n  5 



Interpol1 Laboratories 
(512) 73h-oQ20 

EPfi Method 5 Data Reporting Sheet 
Filter Gravimetric3 

J o b  k 7 1 D u n q a n a b h  Source D r i e r  
Team Lsader Test Site'SfGck 
Date Submitted 7 - I  -qv Date of Test L-28-9Y 
Test No. 6 
Date o f  Analysis 7- I Z - 4 5 '  

d 

No. o f  Runs 
Technician 

Test- Run 0 Fi 1 ter No. 
Field B l a n k  Fi 1 ter Type 
Log Number Filter Tare Nt. 9 
Comment 5 Filter+Sample Wt. 9 

Sample Wt. 9 

Test 6 R u n I  Filter No. b72q 
Log Number 3252 -23F Filter Type + " G F  
Comments Filter Tare Ut. -427b 9 

Sample Wt. 0.0535 q 
Fi 1 tercSample Wt. .%fl 9 

T e r t L R u n L  Filter No. 6716 
Log Number - ZYF Filter Type 4 " G F  
Comments Filter Tare Ut. .S36( g 

Fi lter+Sample Wt. .?83  9 
Sample Wt. & O S 3 2  9 

~- ~~ ~ 

Test 6 R u n 3  Filter No. 6717 
Log Number - f Filter Type q G F  
Comments Filter Tare Wt. -4- 9 

Filter+Sample Ut. -9921 9 
Sample Wt. 0.062 I 4 

T e s t R u n -  Fi 1 t2r No. 
Log Number Fi 1 ter Type 
Comments Filter Tare Wt. g 

Filter+Sample Wt. q 
Sample Wt. 9 

~ 

Test - Run- Fi 1 ter No. 
Log Number Fi 1 ter Type 
Comments Filter Tare Wt. g 

Fi 1 ter+Sampl e Wt . g 
Sample Ut. 9 

Rerul ts: 
Field Elk. Run 1 Run 2 Run 3 Run 4 Run 5 

Field Blk. Run 1 Run 2 Run 3 Run 4 Run 5 

1 
LSC-02PR 

F-10 _c 



Z n t e r p o l  1 Laboratories . Inc - 
< 612 > 786-6020 

Ion Chmmatography Laboratory 

Flow Rate 

ml/min 

&jml/mln 

DIONEX W E L  4oooi UrlH AHION MICRO IIDBRANE SUPRESSION 

Eluent Flow Rate Suppressor Acid 

2 . 4  aH NazCOa .S 3.0  Ir*( NaHC03 / p l / m i n  

1.8 ut4 NazCO3 & 1.7 mH NaHCO3 m l  /mi n 

nM Sulfuric Acid 

Date of Analysis: 7-/9- 94 - 
Job: cP .Ounwmn- Source: 3iRD1rmI D,/ b A u ~ i  t e  : < 

Analyst: 

m l  /mt n Cradient(List pmgram below) 

Co 1 umn 

,&salts of Slllfatc D e t e ~ n a t i a ,  

Total ug = (Sample Vol . )  x (Dilution)  x (Solution Conc.) 
meq = Total ug 48000 

I 

F-,11 

~~ ~~~ 



3 

1 

2 

4 

5 

I n t e r p o l  1 L a C l ; r  i ccr i 85 
( 5 1 2 )  7zk-&!xa 

nethcd S Data Reocrting Sheet 
PrcbofCyclcne Wash 



0 

1 

2 

3 

4 

5 

0, 0 l L 7  0.02 50 

Interpoll Laboratories 
(512) 795-6020 

EPfi Method S Data Reporting Sheet 
Filter Gravimetrics 

d .  0 134 

Job iPI D U h44n '1 a n  Source d c r - 1  oil H c f , r  
Team Leader 'F  - I Test Site 3 h c k  
Date Submitted 7 - I - 4 Y  Date o f  Test 6 - L S - q L f  
Test No. 3 No. o f  Runs Completed '3 
Date of Analysis 7 - i z  - +I Technician c. GICRE 

Test -Run 0 Filter No. 6 Z t X  
Field Blank Fi 1 ter Type 2 . 5  6 F 
Log Number 3 X ?  - fbC Filter Tare Wt. ,2615 9 
Comments Fi 1 ter+Sampl e Wt. -.26/5? 9 

Sample Wt. 0 , o m  -i 9 

Test L R u n l  Filter No. 6211 
Lcq Number - 17F Filter Type 7 . 5  G f  
Comments Filter Tara Wt. .z615 9 

FiltertSample Wt.2710 9 
Sample Ut. 0.m95 g 

Test L R u n  Filter No. 6214 
Log Number - 1 8  F Filter Type 7 - 5  C,F 
Comments Filter Tare Wt. .2571 g 

FiltercSample Wt. -2681 9 
Sample Wt. 0.0 I OR 9 

T e s t L R u n -  Filter No. 6213 
Log Number - I l f  Filter Type 2 . 5  GI= 
Comments Filter Tare Wt. .259/ 9 

Sample Ut. 0'017'i 7 9 
FiltertSample Wt. .26# 9 

Test - Run - Filter No. 
Log Number Fi 1 ter Type 
Comments Filter Tare Wt. 9 

Filter+Sample Wt. 9 
Sample Wt. 9 

T e s t R u n -  Filter No. 
Log Number Fi 1 ter Type 
Comments Fi 1 ter Tare Wt. 9 

FiltertSample Wt. 9 
Sample Wt. 9 

R 8 S u l t s :  
Field Elk. Run 1 Run 2 Run 3 Run 4 Run 5 

F-13 
~ 
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INTERPOLL LABORATORIES INC. 

Formaldehyde Results Using EPA Method 001 1 
For Dept. 20/LP Dungannon 

Collected 6126-29194 

* = Total Mass of formaldehyde in the sample in UE. 

Reviewed by: 

Page 1 of 1 3252FORM.LPD 

F-16 



INTERPOLL LABORATORIES INC. 

4,4-Methylenebis(phenyl isocyanate) Results Using The EPA 1.2-PP Draft Method 
For Dept. 2O/LP Dungannon Collected 6/29/94 

= Total Mass of MDI in the Sample in ug. 

Reviewed Bv: 

Gregg k. Holrnan 

Page 1 of 1 

F-17 

32521 2PP.LPD 



INTERPOLL LABORATORIES INC. 

Item 
Log # 

MDI (ugP 

4,4-Methylenebis(phenyl isocyanate) Results 
Using the N-p-Nitrobenzyl-N-Propylamine Normal Phase HPLC Method 

For Dept. 2O/LP Dungannon 
Collected 6/29/94 

Test: 7 Source: Press Vent Stack 
Run 0 Run 1 Run 2 Run 3 

3252-52 3252-53 3252-54 3252-55 
< 1.2 326 301 209 

Reviewed By: 

&mW- 
Gregg W. Holman 

Page 1 of 1 
8/3/94 

F- 18 

3252MDI.LPD 



. 

INTERPOLL LABORATORIES INC. 

Phenol Result By EPA Method 8270 
For Dept. 20/LP Dungannon, Collected 6/29/94 

+ = Total mass of the specified compound in the sample in ug. 
* +  = Percent recovery of the field surrogate. ( 59800 ug 2-Fluorophenol and 

5330 ug Phenol-D6 was added to the impinger solution before sampling.) 
I)** = Percent recovery of the lab surrogates. 

Reviewed by: 

&wu- 
Gregg W. Holman 

Page 1 of 1 

F- 19 

3252PHEN.LPD 
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I n t e r p o l  1 L a b o r a t o r i e s  
(612 1 796-irO20 

o f  S p i k e  

5.3316 rr3 D-6 ?he901 ( ?*7) 

l - f ( % o v o @ k e w l  (?a) 4Y.6.1'40 m $ l m L  / . akL  59.776 S WJ 

5, 3316mgI-L 100 *I- 

S p i k i n g  Material 

IMPINGER CATCHES 

P r o j e c t  N a m e :  L.?. ~ b u ~ . t a ~ n O \ ?  O r d e r  Date: 
Date R e q u i r e d :  6 / W I 4 Y  Del ivery  D a t e :  G / L V / q Y  

~ ~~ 

**please r e t u r n  t h i s  f o r m  w i t h  the s a m p l e s .  

F-28 
~~ 



APPENDIX G 

TOTAL HYDROCARBONS AND OXIDES OF NITROGEN STRIPCHARTS 
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APPENDIX H 

ANALYZER SPECIFICATIONS 

: i 
i 



Sensitivity 

Accuracy 

SPECIFICATIONS FOR MODEL 10A 
ROCK MOUNTED CHEWILGUINESCENT 

GAS ANALYZER 

Each instrument is equipped with the 
following ranges: 

0 - 2.5 ppm 
0 - 10 ppm 

0 - 25 ppm 
0 - 100 ppm 
0 - 250 ppm 

0 - 1000 ppm  

0 - 2500 ppm 
0 - 10000 ppm 

Derived from the NO or N4 calibration 
gas, 21% of fullscale 

Response time (0-90%) 
Typical 

1.5 seconds - NO Mode 
1.7 seconds - NO, Mode 

output 0 - 1OmV and 0 - 1OV 

Zero Drift Negligible after 1/2-hour warm-up 

Linearity flX of full scale 

Input Power Requirements 115v/5OHz; 115~/60HZ 



SPECIFICATIONS MR ACS KODEL 3300 CO HDIR 

Measuring principle NDIR single beam method 

Operating ranges 0 - 500 ppm 

0 - 1000 ppm 

Reproducibility s . 5 ~  of full scale 

Stabi 1 i ty 

Noise 

Ambient temperature 

Ambient humidity 

Response time 
(90% of final reading) 

Indicator 

Output signal 

Linearity 

Zero drift; tx of full scale/24H 
Span drift; t% of full scale/24H 

0.5% of full scale 

-5 to 45% 

Less than 90% RH 

Electrical system; 2 sec, 3 sec. 
5 sec (selectabie with connectorj 
Response of actual gas; Wlthin 15 
sec (depending on cell length) 

100 linear division 

OUTPUT 1; DC 0 - 1 V 

OUTPUT 2; DC 0 - 10 mV or DC 0 - 100 mV 
or DC 0 - 1 V or DC 4 - 20 mA 
(Allowable load resistance 
5000 max.) 

Better than 9% of full scale (when 
linearizer is used) 

Power supply AC 115 V f lox, 60 Hz 



Power consumption Approx. 30 VA 

Mater ia ls  o f  gas- 

contact ing par ts  

Measuring c e l l ;  SUS304 
Window; CaF2 

Piping; Polyethylene 

Sample gas f low r a t e  lP/min 2 0.51/mln 

Sample gas temperature 0 t o  55OC 

Purging gas f low r a t e  l# /min ( to  be flowed as occasion 
demands) 

Warmup time Approx. 2 hours 

External dimensions 200 x 250 x 541 (H x W x D) nun 

Weight Approx. 11 kg 

F in i sh  Color MUNSELL N1.5 

Remarks: For combinations o f  measuring ranges f o r  t h e  dualcomponent 

analyzer, i n q u i r y  should be made t o  the manufacturer. 



TOTAL HY OROCARBON ANALYZER. (FLAME IONIZATIOP .hr& Model RS 55 
I N S T I ( U M L W m  

TECHNICAL DATES 

MAINS :115V/60H 
R E C O R D E R  OUTPUT : O  - 5 V I 4r2OmA 

M O D E L :  X Manual swi tching 

HOUSING: - Case, 
- Solenoid valves 

- 19"- R a c k  

1- 
MEASURING RANGES: 1 =  0- 10 

2 = 0 -  100 C1 
3 =  0- 1,000 C1 
4 = 0- 10,000 C l  

SPECIAL OPTIONS : 
.. F!a.me. out. a!qrm. ..................... 
. !.AkcF.. . . . . . . . . . . . . .  ..: ............ 
...................................... Sample line 

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

ANALYZER CONDIT.IONS : 
Temperature : ..169."C 

Zero Point : .3 90 . ,. .... 
Gain : 7,70 

Pressure Setting : Sample/SpangaslZerogas: 200 mbar 
. . . . . . . . . . . . .  

Fuel:  Hydrogen :. . . . . .  . . P135 bar 
Combustion A i r  :.. ....... o,@ bar 

1 
Span Gases : . .300.  ppm Cf 

2.4.9 P.Q. ppm C, 

14-4 
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APPENDIX I 

MEASUREMENT SYSTEMS PERFORMANCE SPECIFICATIONS 



INTERPOLL MEORATORIES, I N C  
(6 12) 786-6020 

EPA Method 2 Field Data Sheet 

Cross-jecrion 
loo A,? .  ,/ hnd-dn I / A  
Sourcz n.,m 1 \+%.k 
Tesc < R&nqDate 11: -20 -9q 
Stack 3irnen. c/B IN. 
Dry 3uib 1Y.l O F  Werbulb /30 “F 
lblancmeter 1% Reg. 5 EXD ZElK. 
Sarcrnetric Pressure 3 t  IN.HC 
Static Pressure $- .71 IN.WC 
Operators k lw * D .  A L P  < < t  1 

P i t a  Xo. -C HA 

Elevation 
4N View 

0 
View 



INTERPOLL LABORATORIES, INC 
(61 2) 786-6020 

EPA Method 25 A 
Calibration Error Check & Drift Determination 

Job I , P. / />vn, ,&Lnnofi  , d.4 
Test </ ' Run ' 0 Date 6.LB.Vv. 
Operator P. h I&/  

THC Calibration (Low Range): Time (HRS) 0926 

Response 
(PPM 1 Span 

0 /O 0 0 
, 2  

74 w o  

Zero Gas 

Low Level 

Mid Level 

High Level 
PHC 

Zero Gas 

Value Response Value 

Zero Gas 0 

Mid Level 

High Level 
CO, Calibration: 

Cylinder Difference x = =  

Value 

- 

- 
Zero Gas 0 

Mid Level 

High Level 

12 1 5 9 3 C : & T A C h l W P \ F O R 2 & 1 4  

1-2 



; 

! 

! 

! 

! 
I 

1-3 
~ 

Xun Time * * *  Cyiinder Anaivzer Resp ( P P W  DiE. Span Yo 

i H RS) Value Ci- jB Val. oi 
(PPMI (PPM) Span ipp:,,,) 1 Cal. Err. I Sys. Bias XL or' 

i 1  Zero Cas 1 0 1 0 0 8 P O  I 0 I 
Cpscale 3 / , t  1 3 / 31 0 / O G  0 1  

j 2  zero cas 1 0 I 8 0 1 0  / O  0 0 
//3' Upscale I 3/,2 I 3 / 3 /  0 1 0 0  0 

j 3  2210 Cas 1 0 1 0 1 I 1 /del i I 
1390 Upscale 1 3) ,  I 31 I 32. I / a 0  1 

j 4  zero cas 1 o 1 0 I I / O  (3 

/O 0 

I 1 I /  I 

! -  

1 6  

a 

9 

11 

,MUST ne 

Zero Cas I 0 1 I I I I 
Upscale I 
Zero cas 1 o I I 

1 Upscale I I I 
Zero Cas 0 I I I 
Upscale 

Zero Cas - 0  

Upscale i - 

Zero Cas 0 1  

Upscale I I 1 
I Zero Cas 0 1  I 

Upscale I I 
Zero Cas 0 1  I I 

rUpscale I , 1 I I 
within 596 or me span ior :ne zero or upscale cal. gas. 



A ,?. d/or .&VLpQ".  1/A 
I <La& 

lob 

Test 
Source 

Stack Dimen. 
Dry Bulb ~ q ' /  O F  Wet bulb 130 O F  

T R h a D a t e  k - L @  c 44 
YU IN. 

t& 

i\l\anornerer LF Reo,. n Exp G Elec. 

Operators +inkF 3- u. A*VII 0 

Pitot No. ll"T - Barometric Pressure 2 5 . 7 7 -  IN.HC 
Static Pressure f . 7 ~  IN.WC 

R or nothing - reg. manometer: 5 - expanded; E - electronic 

03~59.16.\~i~c~wPIFORMS\S-392. I 

1-4 

~ ~~~ A 

Cross-section Elevation 
'?.v View View 



INTERPOLL LABORATORIES, I N C  
(61 2) 786-6020 

EPA Method 25 A 
Calibration Error Check & Drift Determination 

lob ,4 ,P. / o,,  ann^^. c/# 

Test ' 5 as Run 0 Oate L : - A 8 . 7 4  
Operator I @ . /  

T H C  Calibration (Low Range): Time (HRS) 

Response 

Zero Cas 0 

Span 
ibration: 

Value Response Value 

Cylinder Difference Percent 

121 593-(;:6TACK\WPIFORMN-(2014 

1-5  
- 



INTERPOLL LABORATORIES, INC 
(6 i1! 786-6020 

LD System Bias Check 

Operator & , k m & L # / Q . /  

I Run I irne 
(HRS) 

~ 

I 

i 
I 
I. 

OI Cylinder .Analvzer Resp (PPM) Span 10 

Val. oi 
(PPM) Span 

! -. 

I A E D  I (PVMI Cal. Err. Sys. &as (PPM) I 

i ,  Zero Gas 1 0 0 1  0 0 1 molcl 
Upscale I 1 N 6  1 / Y6  c7 c o o  I u 

I Zero Cas I 0 I 0 1  0 1  0 - I C 3  
1 Upscale 1 IC . /&  I 1 c/ d I /Y./ I 2  m . Y  
'Zero Gas I 0 1 & - 1 -2 7- mu J V I  
upscale I /'/L I /4/6 I /y=t c/ n o  I ,A I 

Upscale I / y h  /Y6  1 / Y T  7. . & I  
3 Zero Cas o l o l  / / m . z l  

Upscale /s/6 1 Yd H 5  I 3- J'OO I / ?  I 
6 Zero Cas 0 I 

7 Zerc Cas ' 0 1  I I I I 

/oxo 

/ / 3  2 

I3YO 

15-33 

17Vd 

~ 

I 

6 I / / m ' 2  I 
I 

Zero Cas ~ 0 

- 

~ ~ ~~ ~ 

Upscale' 

I 
0 I 

Upscale i 
a Zero Cas 

Upscale 

9 Zero Cas 0 I 

10 Zero Cas 0 I I 
Upscale I I 

11 Zero Cas 0 I 
Upscale I 

12 Zero Cas 0 1  I 
' Upscale I I I I 

Upscale 

M U S T  be wirhin 5% or me span ior me zero or upscale cal. gas. 
I 



INTERPOLL LABORATORIES - EPA METHOD 2 F IELD DATA SHEET 

Job  1 j? .  / D J A - ~  1 n o f i .  V A  

S o u r c e  /7,c, ,  v J h  t / SifMCh 
T e s t  2 Run 2 D a t e  

D r y  b u l b  /& O F  Wet b u l b  OF 

M a n o m e t e r :  @ R e g .  El E x p .  0 E l e c .  

B a r o m e t r i c  p r e s s u r e  Lg 6 2  i n  H g  

S t a t i c  p r e s s u r e  - . / ,3  i n  WC 

Ope r a t  o r s & , & L  I 
P i t o t  N O .  w b r  c P A  

6 - ~ 9 - 5 ( /  
S t a c k  d l m e n .  j-5. I’ IN. 

C r o s s - s e c t i o n  
V i e w  fl 

E l e v a t i o n  
V i e w  

D r a w i n g  
o f  T e s t .  S l t e  - 

i n .  -4 T i m e  s t a r t :  h r s l  

- : s- exoanded; € - e l e c t r o n i c  S-3921 



i 
S p a n  i ! I I 

I ! 

3, C a : i b r a t ; s r :  Time!HFiS! 

i /I 

CO, Calibration: Ti m e  I HE':) 



---?------ ! I i 
I I I 
! I I ! 

i 

:-_i---- 

i I ' z e r o  g a s !  o 

I i I ( U p s c a l e  ! i I I 

1-9 



INTERPOCL WBORATORIES, INC 
(6 12) 7866020 

EPA'Method 2 Field Data Sheet 

Source &?Lye/ I Cros+jection Elevation 

Stacic Dimen. IN. 
Dry 3uib O F  Wet bulb O F  

,\lanometer E LKQ z Elec. 
3arornetric Pressure d P . 6 -  IN.% 
Static ?:essure IN.WC 
Ooemcrs 
Pito( No. C A  

From End oi Pon (IN.) 

- 
Temo. ,Meas. gevice 3r SIN: I m e  End: 

3. 3f nothing - rex. manometer: S - expanded: E - eleamnic 

1-10 



INTERPOLL LABORATORIES, INC 

System Bias Check 

033 1 geC?STAC:?WP\FORMSS-IZO-; i 

1-11 
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APPENDIX J 

CALIBRATION GAS CERTIFICATION SHEES 
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/ 

NATIONAL SPECIALTY GASES 
630 UNITED DRIVE 
DURHAM,NC 27713 
(91% 544-3772 

CERTIFICATE OF ANALYSIS-EPA PROTOCOL m S  

REFERENCE #: 88-26690 CYLINDER #CC112056 CYL P R E ~ ~ ~ o ~ ~ I G  

EXPIRATION DATE: 9/15/96 LAST ANALySIS DA!l!E:9n5/93 

CUSTOMER'I" CITY OXYGEN P.O.# 6422 
METHOD: EPA PROTOCOL # 1 3.0.4. G I  

STANDARD: 

SRM #1667B 

en #:CLM5046 

CONC.:47.3PPM 

INSTRUMENT: 

COMPONENT: BECRMAN THC 

MODEL#: 400 

SERIAL#: 1003052 

LASTCAL.: 9/1/93 

COMPONENT: PROPANE 
MEAN CONC: 31.2F'PM DATE: 9/13/93 

REPLICATE CONC. 
DATE: 

31.3PPM 
31.lF'PM 
31.3PPM 

COMPONENT: 
MEAN CONC: 

COMPONENT: 
MEAN CONC: 

BALANCE G A S D  

REPLICATE CONC. 
DATE: DATE: 

REPLICATE CONC. 
DATE: DATE: 

J-1 
- 



NATIONAL SPECIALTY GASES 
630 W D  DRIVE 
DURHAM, NC 27713 
(919)544-3772 

CERTIFICATE OF ANALYSS-EPA PRCfI'QCOL MIXTURES 

MEAN CONCSOSPPM MEAN CONC: MEAN CONC: 
REPLICATE CONC. REPLICATE CONC. REPLICATE CONC. 
DATEAiW9.4 DATE: DATE: DATE: DATE: DATE: 
~~ 

303PFTd 
3 0 3 m  
3 w m  

BALANCE GASAIR 

RepLTCATE DATA 

DATE. 3/8/94 
Z 0 R 
R 321.1 Z 
Z 0 C 

REPLICATE DATA 

DATE: 
Z R 
R Z 
Z C 

REPLICATE DKTA 

DATE: 
Z R 
R 2 
Z C 

3212 C 
0 C 
210.4 R 

C 
C 
R 

C 
C 
R 

coMpo"TmoPm 
DATE: 

209.7 Z R 
209.7 R Z 
3212 Z C 

C G r n N D E T :  

DAIPE: 
Z R 
R Z 
Z C 

coMPoNEwp: 

DATE: 
Z R 
R 2 
Z C 

5-2 
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NATIONAL SPECIALTY GASES 
630 UNITED DRIVE 
DURHAM,NC 27713 
(919) 5443772 

CERTIFICATE OF ANALYSBEPA PROTOCOL 0 s  

REFERENCE # 88-26688 CYLINDER #:cC117599 CYL PRESURE2OOOPSIG 

EXPIRATION DATE: 9/15/96 LAST ANALYSIS DA"E!:9/15/93 

CUSTOMER:TWIN CITY OXYGEN P.O.# 6422 
METHOD: EPA PROTOCOL # 1 3.0.4. G-1 

STANDARD: 

SRM # 2 W A  

Cn #:FF27174 

CONC.:4892PPM 

INSTRUMENT: 

COMPONENT: BECKMAN THC 

MODEL# 400 

SERIAL #: 1003052 

W T C A L :  9/1/93 

COMPONENT: PROPANE REPLICATE CONC. 
MEAN CONC: 2750PPM DATE: 9/15/93 DATE: 

275lPPM 
2749PPM 
2748PPM 

COMPONENT: REPLICATE CONC. 
MEAN CONC: DATE: DATE: 

c 0 M P o m .  
MEAN CONC: 

REPLICATE CONC. 
DATE: DATE: 

BALANCE GAS- 

5-3 



NATIONAL SPECIALTY GASES 
630 U"IXD DRNE 
DURHAM, N.C. 27713 
(919) 544-3772 

TO: TWINClTYOXYGEN 

CERTIFICATE OF ANALYSIS 

DATE REPORTED4i2!U94 REFERENCE #S&30855 

MATERIAL SUBMTITED:CARBON M O N O m E  IN " R O G E N ,  CERTIFIED CYL. 
#CC16791 

INFORMATION REQUESTEDRATIO ANALYSIS 

METHOD OF ANALYSISSNFRARE DANALYZER 

RESULT OF INVESTIGATION 

COMPONENT SPECIFICATION CONCENTRATION 

co 15OPPM 146PPM 

N2 BALANCE 

5-4 



NATIONAL SPECIALTY GASES 
630 UNITED DRIVE 
DURHAM, N.C. 27713 
(919) 544-3772 

TO: TWINCITYOXYGEN 

CERTIFICATE OF ANALYSIS 

DATE REPORTED: 420-93 REFERENCE#: 88-23715 

MATERIAL SUB- CARBON MONOXIDE M NITROGEN, CERTIFIED 
CYLI"DERltCC109767 

, INFORMATION REQUESTED RATIO ANALYSIS 

-OD OF ANALYSIS: INFRARED 

RESULT OF INVESTIGATION 

COMPONENT SPECIFICATION 

CARBON MONOXIDE 300 PPM 

CONCENTRATION 

312 PPM 

NITROGEN BALANCE 
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APPENDIX K 

PROCESS RATE INFORMATION 
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Rt 8, BOX 8263 

Hayward. Wisconsin 54843 
(71 5) 634-3454 

TO Interpoll Laboratories 
Circle Pines, MN 55014-1819 

I ! 

I 

DATE: 8/8/94 \JOB NO. 

ATENTION: Shen Palcher 
RE: Dungannon June Test I 

I 

REMARKS 
Please send complete test report via next day service 
ASAS 

Skned: S. M. Somers Copy To: F I E  
K- 1 



DUNGANNON TESTING 6-28-94 THROUGH 6-29-94 
PROCESS DATA 

CONTENTS PAGE 
TEST SCHEDULE 2 

PROCESS DATA SUMMARY 3 

THERMAL OIL HEATER TESTING 6-28-94 
DRYER TESTING 6-28-94 

PRODUCTlONlBTU INPUT 
PRESSCHART 
PRESS REPORT 
DRYERCHART 
DRYER DATA SHEETS 
EFB READINGS 
THERMAL OIL HEATER LOG 
BARK AND FLAKE MOISTURE DATA 

DRYER TESTING 6-29-94 
PRESS VENT TESTING 6-29-94 

PRODUCTlONlBTU INPUT 
PRESS CHARTS 
PRESS REPORTS 
DRYERCHART 
DRYER DATA SHEETS 
EFB READIF4GS 
BARK AND FLAKE MOISTURE DATA 
RESIN CHARTS 

4-8 
9 
10 
11 
12-1 4 
15-1 7 
18-20 
21 

22-24 
25-26 
27-28 
29 
30-31 
32-33 
34 
3 5 4  

K- 2 



DUNGANNON TESTING 6-28-94 THROUGH 6-29-94 
TEST SCHEDULE 

T A T IN -28-94 

6-28 TSP 0830-0935 1005-1 1 12 1 137-1 242 
6-28 PM-10 1350-1512 1530-1646 1703-1818 

DATE POLLUT ANT RUN#l  RUN #2 RUN #3 

DRYER TESTING 6-28-94 
POLLUTANT RUN #1 w RUN #3 

08504951 1025-1 127 1200-1 303 
DATE 

6-28 HCHO ~~ - -~ 

6-28 c0,voc 1230-1330 1426-1529 1641-1744 
6-28 TSP 1426-1 529 1641 -1 744 181 3-1 91 5 

DRYER TESTING 6-29-94 DATE POLLUTANT !W!&l RUN #2 RUN #3 
6-29 NOx 181 0-1 91 o 2055-21 55 21 55-2255 

PRESS VENT TESTING 6-29-94 

6-29 MDI 0906-1009 1 101 -1 204 1244-1 347 
6-29 voc 0904-1 033 1059-1 204 1243-1 348 

DATE POLLUTANT RUN#l RUN #2 RUN #3 

6-29 HCHO 1547-1 700 171 9-1 a32 1848-2001 
6-29 PHENOL 1547-1649 1719-1822 1827-1927 

K- 3 



DUNGANNON TESTING 6-28-94 THROUGH 6-29-94 
PROCESS DATA SUMMARY 

Thermal Oil Heater testing 6-28. TSP 
9.25 = Plant production rate in tons per hour 
0.56 = Estimated Tons of dry fuel input based on temprature differential 

Thermal Oil Heater testing 6-28, pm-IO 
9.53 = Plant production rate in tons per hour 
0.55 = Estimated Tons of dry fuel input based on temprature differential 

Dryer testing 6-28-94, formaldehyde 
9.25 = Plant production rate in tons per hour 
1.67 = Estimated Tons of dry fuel input based on temprature differential 

742 = average inlet temperature in degrees f. 
22261 = Pound per hour of furnish produced by dryer 

42.2% = Moisture content of incoming wood 
8.0% = Moisture content of wood afer drying 

Dryer testing 6-28-94, TSP 
9.56 = Plant production rate in tons per hour 
1.92 = Estimated Tons of dry fuel input based on temprature differential 

838 = average inlet temperature in degrees f. 
23016 = Pound per hour of furnish produced by dryer 

47.7% = Moisture content of incoming wood 
7.5% = Moisture content of wood afer drying 

Dryer testing 6-28-94, CO, VOC 
9.59 = Plant production rate in tons per hour 
1.83 = Estimated Tons of dry fuel input based on temprature differential 

804 = average inlet temperature in degrees f. 
23077 = Pound per hour of furnish produced by dryer 

45.5% = Moisture content of incoming wood 
7.0% = fvioisiure content of wood afer diyiny 

.,a 
Dryer testing 6 a - 9 4 ,  NOx 

9.34 = Plant production rate in tons per hour 
1 .TI = Estimated Tons of dry fuel input based on temprature differential 

930 = average inlet temperature in degrees f. 
22473 = Pound per hour of furnish produced by dryer 

44.3% = Moisture content of incoming wood 
7.8% = Moisture content of wood afer drying 

9.53 =Plant production rate in tons per hour 
200 =MDI usage rate in Ibs per hour 
790 =Liquid Phenolic resin usage rate in pounds per hour (100% solids) 
195 = Wax usage rate in pounds jper hour (100% solids) 

Press vent testing 6-29, MDI and VOC 

Press vent testing 6-29, formaldehyde, phenol 
9.61 =Plant production rate in tons per hour 
200 =MDI usage rate in Ibs per hour 
790 =Liquid Phenolic resin usage rate in pounds per hour (100% solids) 
194 = Wax usage rate in pounds jper hour (100% solids) 

K- 4 
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THERMAL OIL HEATER TESTING 6-2894 
DATA TIME: START= 08:30 END= 13:lO HOURS= 4.67 

BOARD WFIGHTS - I BS 
weights of approximately every 25th untrimmed board (from press tapes) 

TSP 

194 197 
191 187 
184 193 
184 181 
187 189 
189 191 
1 ea 197 
193 198 
194 193 
197 194 

i 

PI ANT PRODUCT ION RATF 

191.05 Ib.=average 
untrimmed 
mat weight 

174.05 Ib.=average finished 
board weight 
(untrimmed mat 
weight-trim weight) 

8.9% =TRIM 

4.67 =hours during testing 

496 =no. of 8k16' boards produced (pressloads x 8 boards per load) 
86329 =It6 of finished product (boards produced x weight of finished board) 
18499 =Ibs of finished product per hour (Its of finshed product I hours) 

62 =pressloads 

9.25 =tons of finished product per hour (Its of finshed product per hour I2000 Ib) 

FUFl BUR NlNG RATF FS TIMATFD BY BARK INPUT 

8.1 1 =RIGHT SIDE FUEL CALIBRATION IN LBICOUNT 
734 =RIGHT SIDE COUNTS DURING TESTING HOURS 

5953 =RIGHT SIDE - LB. OF WET FUEL BURNED DURING TESTING 

5.8 =LEFT SIDE FUEL CALIBRATION IN LWCOUNT 
1052 =LEFT SIDE COUNTS DURING TESTING HOURS 
6102 =LEFT SIDE - LB. OF WET FUEL BURNED DURING TESTING 

4.67 =HOURS DURING TESTING 
12055 =TOTAL LB. OF WET FUEL BURNED DURING TESTING 
40.8% =AVERAGE MOISTURE CONTENT OF FUEL 

7139 =TOTAL LB. OF DRY FUEL BURNED DURING TESTING (LB WET FUEL X (1- % MOISTURE) 
1530 =LB. OF DRY FUEL BURNED PER HOUR (TOTAL LB OF DRY FUEL BURNED I 

0.77 =TONS OF DRY FUEL BURNED PER HOUR (TOTAL LB OF DRY FUEL BURNED PER 
TESTING HOURS 

HOUR I2000 LB) 
9000 = ESTIMATED BTU CONTENT OF DRY FUEL (BTU I LB) 
13.77 = ESTIMATED MMBTU INPUT PER HOUR (LB OF FUELMR x BTU CONTENT) 

FUFl BURNING RATF FSTIMATFD TEMPFRATURF DIFFFRFNTIAI 

515.1 = AVERAGE INCOMING OIL TEMPERATURE IN DEGREES f 
536.3 = AVERAGE INCOMING OIL TEMPERATURE IN DEGREES f 

65 =TEMPERATURE DIFFERENTIAL AT lOOoh CAPACITY IN DEG. F 
21.3 = ACTUAL TEMPERATURE DIFFERENTIAL 

31 = MAXIMUM BTU INPUT IN MM BTUMR 
10.1 = ESTIMATED MMBTU INPUT PER HOUR (ACTUALTEMP. D1FF.I MAX TEMP. DIFF. 

x MAX. HEAT INPUT) 

9000 = ESTIMATED BTU CONTENT OF DRY FUEL (BTU I LB) 
0.56 = ESTIMATED TONS OF DRY FUEL INPUT BASED ON TEMPERATURE DIFFERENTIAL 

(BTU INPUTIBTU CONTENT OF DRY FUEL I2000 Ib) 

input to be verified by f factor 

4 K- 5 



192 189 190 
195 206 191 
190 193 
192 188 
190 197 
190 194 
195 195 
199 1 82 
196 184 
193 189 

PLANT PRODUCTION RATF 

192.27 Ib.=average 
untrimmed 
mat weight 

175.16 Ib.=average finished 
board weight 
(untrimmed mat 
weight-trim weight) 

8.9% =TRIM 

5.00 =hours during testing 

544 =no. of 8 k l 6  boards produced (pressloads x 8 boards per load) 
95287 =Its of finished product (boards produced xweight of finished board) 
19057 =Its of finished product per hour (lbs of finshed product I hours) 

68 =pressloads 

9.53 =tons of finished product per hour ( I t s  of finshed product per hour I2000 Ib) 

FUFl BURNING RATE FSTIMATFD BY BARK INPUT 

8.1 1 =RIGHT SIDE FUEL CALIBRATION IN LBlCOUNT 
860 =RIGHT SIDE COUNTS DURING TESTING HOURS 

6975 =RIGHT SIDE - LB. OF WET FUEL BURNED DURING TESTING 

5.6 =LEFT SIDE FUEL CALIBRATION IN LB/COUM 
1192 =LEFT SIDE COUNTS DURING TESTING HOURS 
6675 =LEFT SIDE - LB. OF WET FUEL BURNED DURING TESTING 

5.00 =HOURS DURING TESTING 
13650 =TOTAL LB. OF WET FUEL BURNED DURING TESTING 
40.3% =AVERAGE MOISTURE CONTENT OF FUEL 

8149 =TOTAL LB. OF DRY FUEL BURNED DURING TESTING (LB WET FUEL X (1- % MOISTURE) 
1630 =LB. OF DRY FUEL BURNED PER HOUR (TOTAL LB OF DRY FUEL BURNED I 

0.82 =TONS OF DRY FUEL BURNED PER HOUR (TOTAL LB OF DRY FUEL BURNED PER 
TESTING HOURS 

HOUR I2000 LB) 
9000 = ESTIMATED BTU CONTENT OF DRY FUEL (BTU I LB) 
14.67 = ESTIMATED MMBTU INPUT PER HOUR (LB OF FUELMR x B N  CONTENT) 

FUFL BURNING RATE FSTIMATFD TFMPFRATURF DlFFFRFNTlAf 

509.9 = AVERAGE INCOMING OIL TEMPERATURE IN DEGREES F 
530.6 = AVERAGE INCOMING OIL TEMPERATURE IN DEGREES F 

65 = TEMPERATURE DIFFERENTIAL AT 100% CAPACIN IN DEG. F 

31 = MAXIMUM BTU INPUT IN MM BTUWR 
9.9 =ESTIMATED MMBTU INPUT PER HOUR (ACTUALTEMP. D1FF.I M A X  TEMP. DIFF. 

20.8 = ACTUAL TEMPERATURE DIFFERENTIAL 

x MAX HEAT INPUT) 

9000 = ESTIMATED BTU CONTENT OF DRY FUEL (BTU I LB) 
0.55 = ESTIMATED TONS OF DRY FUEL INPUT BASED ON TEMPERATURE DIFFERENTIAL 

(BTU INPUTlBN CONTENT OF DRY FUEL/ 2000 Ib) 

input to be verified by f factor 
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DRYER TESTING 6-28-94 HCHO 
DATA TIME: START= 08:30 END= 13:lO HOURS= 4.67 

BOARD WEIGHTS - LBS 
weights of approximately every 25th untrimmed board (from press tapes) 

194 197 
191 187 
184 193 
184 181 
187 189 
189 191 
188 197 
193 198 
194 193 
197 1 94 

191.05 Ib.=average 
untrimmed 
mat weight 

174.05 Ib.=average finished 
board weight 
(untrimmed mat 
weight-trim weight) 

8.9% =TRIM 

PLANT PRODUCTION RATE 

4.67 =hours during testing 

496 =no. of 8x16' boards produced (pressloads x 8 boards per load) 
86329 =Ibs of finished product (boards produced x weight of finished board) 
18499 =Ibs of finished product per hour (Ibs of finshed product I hours) 

9.25 =tons of finished product per hour (Ibs of finshed product per hour I2000 Ib) 

62 =pressloads 

DRYER PRODUCTION RATE: 

22261 =Ib of dryer production per hour (Ib of finished producU(1-(%trim + %fines) 
8.0% =%fines 
8.9% =%trim 

8.0% =moisture content of dried wood 
42.2% =moisture content of incoming wood 

742 =average inlet temerature 

DRYER FUEL BURNING RATE 

7.61 =fuel calibraton in Ibs per count 
2049 =total counts during testing 
4.67 =hours during testing 

15593 =total Ibs. of fuel burned during testing (counts x calibration) 
3341 =Ibs of fuel burned per hour during testing (total Ibs I hours) 

1.67 =tons of fuel bumed per hour during testing (Ibs per hour I 2000 Ibs) 

8600 =estimated BTU content per Ib of fuel 
28.7 =estimated mmETU input per hour (Ibs of fuel per hour x ETU content) 



DRYER TESTING 6-28-94 c0,voc 
DATA TIME: START= 12:20 END= 1750 HOURS= 5.50 

BOARD WEIGHTS - LBS 
weights of approximately every 25th untrimmed board (from press tapes) 

197 195 195 
198 199 182 
193 196 184 
194 193 189 
192 189 
195 206 
190 193 
192 188 
190 197 
190 194 

192.96 Ib.=average 
untrimmed 
mat weight 

175.79 Ib.=average finished 
board weight 
(untrimmed mat 
weight-trim weight) 

8.9% = TRIM 

PLANT PRODUCTION RATE 

5.50 =hours during testing 

600 =no. of 8x1 6' boards produced (pressloads x 8 boards per load) 
105474 =Ibs of finished product (boards produced x weight of finished board) 
19177 =Ibs of finished product per hour (Ibs of finshed product I hours) 

9.59 =tons of finished product per hour (Ibs of tinshed product per hour I2000 Ib) 

75 =pressloads 

~~ ~~ 

DRYER PRODUCTION RATE; 

23077 =Ib of dryer production per hour (Ib of finished product/(l-(%trim + %fines) 
8.0% =%fines 
8.9% =Ohtrim 

7.0% =moisture content of dried wood 
45.5% =moisture content of incoming wood 

804 =average inlet temerature 

DRYER FUEL BURNING RATE 

7.61 =fuel calibraton in Ibs per count 
2649 =total counts during testing 
5.50 =hours during testing 

20159 =total Ibs. of fuel burned during testing (counts x calibration) 
3665 =Ibs of fuel burned per hour during testing (total Ibs I hours) 

1.83 =tons of fuel burned per hour during testing (Ibs per hour I 2000 Ibs) 

8600 =estimated BTU content per Ib of fuel 
31.5 =estimated rnmBTU input per hour (Ibs of fuel per hour x BTU content) 

. 4, 
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DRYER TESTING 6-28-94 TSP 
DATA TIME: START= 14:20 END= 19:20 HOURS= 5.00 

BOARD WEIGHTS - LBS 
weights of approximately every 25th untrimmed board (from press tapes) 

190 197 199 
190 194 189 
195 195 191 
199 182 
196 184 
193 189 
189 190 
206 191 
193 196 
188 202 

PLANT PRODUCTION RATE 

192.96 Ib.=average 
untrimmed 
mat weight 

175.79 Ib.=average finished 
board weight 
(untrimmed mat 
weight-trim weight) 

8.9% = TRIM 

5.00 =hours during testing 

544 =no. of 8x16' boards produced (pressloads x 8 boards per load) 
95630 =Ibs of finished product (boards produced x weight of finished board) 
19126 =Ibs of finished product per hour (Ibs of finshed product I hours) 

68 =pressloads 

9.56 =tons of finished product per hour (Ibs of finshed product per hour I2000 Ib) 

p 

23016 =Ib of dryer production per hour (Ib of finished productl(l-(%trim + %fines) 
8.0% =%fines 
8.9% =Ohtrim 

7.5% =moisture content of dried wood 
47.7% =moisture content of incoming wood 

838 =average inlet temerature 

DRYER FUEL BURNING RATE 

7.61 =fuel calibraton in Ibs per count 
2528 =total counts during testing 
5.00 =hours during testing 

19238 =total Ibs. of fuel burned during testing (counts x calibration) 
3848 =ibs of fuel burned per hour during testing (total lbs I hours) 

1.92 =tons of fuel burned per hour during testing (Ibs per hour I 2000 Ibs) 

8600 =estimated BTU content per Ib of fuel 
33.1 =estimated mmBTU input per hour (Ibs of fuel per hour x BTU content) 

- K-9 
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Th -KNESS: 3 6  ' 
JERALL TIMER: 

"9ESS TEMP: #oo" 

1 LINE SPEED 1 FROM I TO 

I I '.'" I I 7," I 

! 
I 31 

DECOMPRESSION TIME SURFACE 1 7  

CORE SURFACE - 
RESIN RESIN 

BEGIN 150 0 0 s  hS=xP/f? 
END 

Cleaned 
Fprmep hydraulic. &nd. radiater 
blown out -..;-- 
FCOS hydraulic unit' and radiater 
blown out 

- 

_ _ ~  
outfeed conv. tail.pulleys 

REASONS FOR DOWNTIME 

. -. 

0-OPERATOR DOWNTIME CODE: . M-MECHANICAL E-ELECTRICAL 

**** MAINTENANCE/LOCK-OUT FOG ****  

I OUT 
I 
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StNT BY: LOUISIANA-PAC I F  IC ; 3-25-91 ; 1:47PH ; ENGINEERING 0EPT.- 17034672815:u 2 

DRYER DATA SHEET DATE 6 - J q . 9 4  
BY &?A*& 2- 

PLANT: + 
FUEL CALIBRATION: 
REVOLUTiONS per MINUTE: (NOTE AW CHAN-306 IN 8- 



SkN1' 8Y:LOUISIANA-PACIFIC ; 3-25-84 ; 1:47PM ; ENdINEERING 0EPT.- 17034872815:# 2 

DRYER DATA SHER 

PLANT: 

FUEL CALIBRATION: 
AEVOLUTJONS per MINUTE: W E N C " @ E S I N B M  



____ __I--___ 

SENT BY: LOU IS IANA-PAC1 F I  C : 3-25-91 : 1:47PM ; ENQINEERING 0EPT.- . 1?034872815:tl2 

DRYER DATA SHE- 

PLANT. 
REVOLUTIONS pet MINUTE: 
FUEL CALIBRATION: 

I I 

. .  
, -  /4 . ._ . .. . .. . .  .. - .. 
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SENT BY : LOU I S I ANA-PAC I FI C ; 3-28-94 ; 8:OOAM ; ENGINEERING 0EPT.- ., I ? o ~ ~ ~ T z . s I ~ ; ( L .  2 

EFB READINGS 

minut :es) 

.. . .. . 



SENT e Y  : LOUISIANA-PACIFIC ; 3-28-94 : 8:OOAM ; ENGINEERING OEPT.-' 11034872815:# 2 

EFB READINGS 

PLANT: 
(Take readings every 10 minutes) 

. .  



SENT 5Y:LOUISIANA-PACIFIC ; 3-28-84 : 8:OOAM ; ENGINEERINO 0EPT.- 17034872815;~ 2 

E6 READINGS - 2% -9v 

( T a k e  readings every 10 minutes) PLANT: 

. . .-. 

PA 

___i_-_.__ _____.._,_ . .. . .. . . . . 
' I  7 
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S t N i  tiI;LOUISIANk-PACIFIC i 3-25-84 ; 1:4BPM ; ENGINEERING DEPT.4 17034672815:t 3 

MONUS DATA 
PLANT: 

~. 

'/ r . _. .. .- ..-.: . .- . . . . . . . . . _ _  . . . .. . . . .. - 
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- 
S ~ N I  u7:LUUISIANA-PACIFIC ; 3-25-94 ; 1:48PH ; ENOINEERING DEPT.* 110346?2815:# 3 

DATE d - 2 8 -  9 /  
KONUS DATA BY /&! -Z&J 

PLANT: u -  



~~ -- - 

S t N l  uY:LUUISIANA-PACIFIC ; 3-25-94 ; 1:4EPM ; ENOXNEERING DEPT.+ 17034672815;# 3 

KONUS DATA 
PLANT: 

20 . . . . . . . ._ .._.: .- . . . _. . . . . . - - . . .. 
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PRESS VENT TESTING 6-29-94 MDI voc 
DATATIME: START= 09:oo END= 14:OO HOURS= 5.00 

BOARD WFIGHTS - LBS 
weights of approximately every 25th untrimmed board (from press tapes) 

195 187 193 
203 194 190 
198 195 198 
190 188 
194 185 
190 184 
190 182 
188 202 
194 195 
194 192 

192.22 Ib.=average 
Untrimmed 
mat weight 

175.11 Ib.=average finished 
board weight 
(untrimmed mat 
weight-trim weight) 

8.9% = TRIM 

PI ANT PRODUCTION RATE 

5.00 =hours during testing 

544 =no. of 8x16 boards produced (pressloads x 8 boards per load) 
95260 =Ibs of finished product (boards produced x weight of finished board) 
19052 =Ibs of finished product per hour (Ibs of finshed product / houn) 

9.53 =tons of finished product per hour (Ibs of finshed product per hour I2000 Ib) 

68 =pressloads 

RFSIN USAGF FROM FL OW CHARTS 

200 = LBS OF MDI RESIN PER HOUR 
19052 =LBS FINISHED PRODUCT PRODUCED PER HOUR 
1.05% = MDI RESIN USED AS % OF FINAL PRODUCT 

790 = LBS OF LIQUID PHENOLIC RESIN PER HOUR ON A 55% SOLIDS BASIS 
435 = LBS OF LIQUID PHENOLIC RESIN PER HOUR ON A 100% SOLIDS BASIS 

2.28% = LIQUID PHENOLIC RESIN USED AS % OF FINAL PRODUCT 

WAX USAGE FROM DAll Y INVFNTORY SHFFT: 

8226 = LBS OF WAX USED FOR THE DAY @ 48% SOLIDS 
4278 = LBS OF WAX USED FOR THE DAY @ 100% SOLIDS 

357216 =PRODUCTION FOOTAGE FOR THE DAY - 3/8" BASIS 
306185 =PRODUCTION FOOTAGE FOR THE DAY - 7/16" BASIS 

((3/8" FOOTAGE)/ (7116 /3/8')) 
2392 =NO OF 8x16 BOARDS PRODUCED (7/16 FOOTAGE/ (6x16')) 

175.11 =WEIGHT OF FINISHED 8'x167/16 BOARD 
418863 =TOTAL LBS OF BOARD PRODUCED (NO. OF BOAROS x BOARD WEIGHT) 

1.02% =WAX AS % OF FINAL PRODUCT 

19052 =LBS FINISHED PRODUCT PRODUCED PER HOUR 
195 = LBS OF WAX USED PER HOUR DURING TESTING (% WAX x LBS 

FINISHED PRODUCT PER HOUR) 

2 2  
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PRESS VCNT TESTING 6 2 4 9 4  FORMALDEHYDE PHENOL 
DATA TIM E: START= 15:30 END= 20:OO HOURS= 4.50 

BOARD WFlGHTS - I BS 
weights of approximately every 25th untrimmed board (from press tapes) 

192 196 
190 194 
196 194 
198 191 
21 0 193 
208 186 
205 193 
190 193 
187 188 
194 194 

194.6 Ib.=average 
untrimmed 
mat weight 

177.28 Ib.=average finished 
board weight 
(untrimmed mat 
weight-trim weight) 

8.9% =TRIM - 
4.50 =hours during testing 

488 =no. of 8x16' boards produced (pressloads x 8 boards per load) 
86513 =Ibs of finished product (boards produced x weight of finished board) 
19225 =Ibs of finished product per hour (Ibs of finshed product / hours) 

9.61 =tons of finished product per hour (Ibs of finshed product per hour I2000 Ib) 

61 =pressloads 

RFsIN U SAGF FR OM FLOW CHARTS 

200 = LBS OF MDI RESIN PER HOUR 
19225 =LBS FINISHED PRODUCT PRODUCED PER HOUR 
1.04% = MDI RESIN USED AS % OF FINAL PRODUCT 

790 = LBS OF LIQUID PHENOLIC RESIN PER HOUR ON A 55% SOLIDS BASIS 
435 = LBS OF LIQUID PHENOLIC RESIN PER HOUR ON A 100% SOLIDS BASIS 

2.26% = LIQUID PHENOLIC RESIN USED AS % OF FINAL PRODUCT 

WAX USAGF FROM DAILY INVFNTORY SHFFT 

8226 = LBS OF WAX USED FOR THE DAY @ 48% SOLIDS 
4278 = LBS OF WAX USED FOR THE DAY @ 100% SOLIDS 

357216 =PRODUCTION FOOTAGE FOR THE DAY - 318" BASIS 
306185 =PRODUCTION FOOTAGE FOR THE DAY - 7/16  BASIS 

((3/8" FOOTAGE)/ (7/16" / 3/81) 
2392 =NO OF 8x16' BOARDS PRODUCED (7/16 FOOTAGE I (8X16))  

177.28 =WEIGHT OF FINISHED 8k16'7/16" BOARD 

1.01% =WAX AS % OF FINAL PRODUCT 
424054 =TOTAL LBS OF BOARD PRODUCED (NO. OF BOARDS x BOARD WEIGHT) 

._ 

19225 =LBS FINISHED PRODUCT PRODUCED PER HOUR 
194 = LBS OF WAX USED PER HOUR DURING TESTING (% WAX x LBS 

FINISHED PRODUCT PER HOUR) 

23 
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DRYER TESTING 6-29-94 NOX 
DATA TIM START= t8:OO END= 19:20 HOURS= 1.33 

START= 20:50 END= 23:OO HOURS= 2.17 
3.50 

BOARD WEIGHTS - LBS 
weights of approximately every 25th untrimmed board (from press tapes) 

196 186 
194 192 
194 194 
191 196 
193 190 
186 194 
191 180 
192 
185 
190 

190.82 Ib.=average 
untrimmed 
mat weight 

173.84 Ib.=average finished 
board weight 
(untrimmed mat 
weight-trim weight) 

8.9% = TRIM 

PLANT PRODUCTION RATE 

3.50 =hours during testing 

376 =no. of 8x16 boards produced (pressloads x 8 boards per load) 
65364 =Ibs of finished product (boards produced x weight of finished board) 
18675 =Ibs of finished product per hour (Ibs of finshed product I hours) 

9.34 =tons of finished product per hour (Ibs of finshed product per hour I2000 Ib) 

47 =pressloads 

DRYER PRODUCTION RATE: 

22473 =Ib of dryer production per hour (Ib of finished produd(1-(%trim + %fines) 
8.0% =%fines 
8.9% =Ohtrim 

7.8% =moisture content of dried wood 
44.3% =moisture content of incoming wood 

930 =average inlet temerature 

7.61 =fuel calibraton in Ibs per count 
1632 =total counts during testing 
3.50 =hours during testing 

12420 =total Ibs. of fuel burned during testing (counts x calibration) 
3549 =Ibs of fuel burned per hour during testing (total Ibs I hours) 

1.77 =tons of fuel burned per hour during testing (Ibs per hour I2000 Ibs) 

8600 =estimated BTU content per Ib of fuel 
30.5 =estimated mmBTU input per hour (Ibs of fuel per hour x BTU content) 

2 4  
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LOUISIANA-PACIFIC CORPORATION 
5UNGANNON. VIRGINIA 

LINE SPEED I FROM 

3/ 7.. n 

=;. - .  

PRESS REPORT 
.. . .  . . .  . . .  .. 

152q771 6379/?B 
TO 

END 
7 9  Cleaned Bl'ender Shrouds & TracKs 

Fprmep hydr.aulic. and. radiater 
. .  blown o u t  -,.--. - 

FCOS hydraulic unit'and radiater 
. ' blown out 

BRIEF. .DESCRIPTION OF MOTOR # 
LOCKED OUT FROM TO WORK BEING DONE 

\ '  

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

INITIALS OF 
PERSON' LOCKING 
OUT 
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OUISIANA-PACIFIC CORPORATION 
DUNGANNON, VIRGINIA 

I i LINE SPEED I FROM TO 

31 I 7Prn 7MPl 

--i 
PRESS REPORT 

-. . .  . ,. .. 
L 
<I 

f526 75r . '  END 
Cleaned  Bl 'ender S h r o u d s  

JVERALL TIMER: DECOMPRESSION TIME SURFACE / 3  

! 

Fprmep h y d r a u l i c -  and. . radiater  
blown o u t  -.;-. 
FCOS h y d r a u l i c  u n i t ' a n d  r a d i a t e r  
blown o u t  

- 

! 

. . . . . . . .  

BRIEF .DESCRIPTION OF MOTOR # 
LOCKED OUT FROM TO WORK BEING DONE 

. ,  - 
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INITIALS OF 
PERSON LOCKING 
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SEN1 BY :LOUISIANA-PACIFIC ; 3-25-94 ; 1:47PM ; ENOINEERING OEPT.' ', 1?034872815:8 2 

DRYER DATA SHEET 

L 
PUNT: Lp- ,DUA&W&d * 
REVOLUTiONS per MINUTE: 
FUEL CALIBRATiON: 

(NOIEAFFI mk IN 
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LOUISIANA-PACIFIC CORPORATION 
DUNGANNON, VIRGINIA 
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APPENDIX L 

PROCEDURES 



Particulate Loading and Emission Rates 

The particulate emission rates were determined per EPA Methods 1 - 5, CFR Title 40, 

Part 60, Appendix A (revised July 1, 1992). In this procedure a preliminary velocity profile 

of the gases in the flue is  obtained by means of a temperature and velocity traverse. On the 

basis of these values, sampling nozzles of appropriate diameter are selected to allow 

isokinetic sampling, a necessary prerequisite for obtaining a representative sample. 

The sampling train consists of a heated glass-lined sampling probe equipped with a 

Type S pitot and a thermocouple. The probe is  attached to a sampling module which houses 

the all-glass in line filter holder in a temperature controlled oven. The sampling module also 

houses the impinger case and a Drierite filled column. The sampling module is  connected 

by means of an umbilical cord to the control module. The control module houses the dry 

test gas meter, the calibrated orifice, a leakless pump, two inclined manometers, and all 

controls required for operating the sampling train. 

Particulate samples are collected as follows: The sample gas is drawn through the 

sampling probe isokinetically and passed through a 4-inch diameter Celman Type N E  glass 
fiber filter where particulates are removed. The sample gas i s  then passed through an ice- 

cooled impinger train and a desiccant-packed column which absorbs remaining moisture. 

The sample gas then passes through a vacuum pump followed by a dry test gas meter. The 
gas meter integrates the sample gas flow throughout the course of the test. A calibrated 

orifice attached to the outlet of the gasmeter provides real time flow rate data. 

A representative particulate sample was acquired by sampling for equal periods of 

time at the centroid of a number of equal area regions in the duct. The sampling rate is 

adjusted at each test point maintaining isokinetic sampling conditions. Nomographs are used 

for rapid determination of the sampling rate. 

1 03109eC:STACK\WP\PROEDURESUa Pl(1-SI 
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Particulate Loading and Emission Rates 

After sampling i s  complete, the filter is  removed and placed in a clean container. The nozzle and 

inlet side of the filter holder are quantitatively washed with acetone and the washings are stored in a second 

container. A brush is often used in the cleaning step to help dislodge deposits. The samples are returned 

to the laboratory where they are logged in and analyzed. The volume of the acetone rinse (“probe wash”) 

i s  noted and then the rinse is quantitatively transferred to a tared 120 cc porcelain evaporating dish and the 

acetone evaporated off at 97-105 O F .  This temperature i s  used to prevent condensation of atmospheric 

moisture due to the cooling effect induced by the evaporation of acetone. The acetone-free sample i s  then 

transferred to an oven and dried at 105 “C for 30 minutes, cooled in a desiccator over Drierite, and then 

weighed to the nearest .01 mg. The filter sample i s  quantitatively transferred to a &inch watch glass and 

dried in an oven at 105 OC for two hours. The filter and watch glass are then cooled in a desiccator and 

the filter weighed to the nearest .01 mg. All weighing are performed in a balance room where the relative 

humidity is  hydrostatted to less than 50% relative humidity. Microscopic examination of the samples i s  

performed if any unusual characteristics are observed. The weight of the acetone rinse is  corrected for the 

acetone blank. The Drierite column is  weighed on-site and the water collected by Drierite is  added to the 

condensate so that the total amount of absorbed water may be ascertained. 

~~ 
~ 

Integrated flue gas samples for Orsat analysis were collected simultaneously with each pollutant 

sample. The samples were collected in 15-liter gas sampling bags at a constant flow rate throughout each 

particulate run. The bags were at a constant flow rate throughout each particulate run. The bags were then 

returned to the laboratory and analyzed by Orsat analysis. Standard commercially prepared solutions were 

used in the Orsat anaiyzer tsar. KGH for caibon dioxide and rediced me!hyle~e blue for oxygen). 

L-2 
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EN’IIRONMENTAL PROTECTlOH 
AGENCY 

40 CFR Par( 51 

[AP+RL-J97741 

Pnpuztlon Adoptfon, md Submtthl 
of State Implementatton Plan* Ysmod 
for Lleuurnnent of Condedble 
Partlculste Ernluloru From S w O n t r y  
Saurm 

Agencf (FA]. 
ACIIOY: Final d e .  

. i a w x  hviranmental Protection 

SUMYUI: Nerhcd 202 fur &e 
seaawesen! of condensible pwfichte 
matter (BY.) was pmpoacd ut rhe 
Federal RsgLrsr on Oclober l 2  1- at 
(55 FR 41SrSJ. Tb~r action pmrnulgatu 
rhia nethod On Apnl17.1990 at (55 FR 
lUa] EP.4 pmmdzated two methods 
far cceaaunng pxaculate marter FMl 
with an aemdFamic dlamsterol10pn 
ar less pM 
!om very fine parndea in ’he EY,.I,. size 
r a q e  and ara conaidered PM 
emssiona. the Agency IS odditq a 
n-.ehoa far =Icasu;ms 8 M  emissions 
fron slabonEy aourccs to appendix hi 
m 40 CFR ?art SL The p u . r e  of ch* 

Since CPM e&aioru 
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rule is !o provide the States with a 
r.et.od lor rnezsuring CPV. 
E F F E C I I V I  DATS: Decemher 17.19IP.. 
ASORESSEs: Back3round InfOrinatiOn 
3o:crr.en:. 'ik,e 6ackg;ound Lifomalion 
3ocwnant far L\$ ?rumulg3!ed test 
zetho:s may be obtained f run Candace 
Sorre!l cr P e e  '.V?sdin. ML?-19. U.S. 
EPA. Rese;:-.E TeaDale Park. Noith 
Carolina ?.TIL :s!e>tone number [S%l 
SI-I;~.L. F!rase refer to "Sumnary of 
Ccmnex; and Responses for bieihod 
20::. 

cm:3;ning -surials devar . t  to this 
:rinnaki;rg. is availabie for public 
inspecbon ax? copying between &%I 
a.m. to 12 Scan an5 1:X Io 330 p a .  
Monday Friday. at =A's Air 
iI0c.e: S e c t i n  Wa:ersidr MalL mon 
M1XC. 1st Floor. Gallery 1.401 M Stnet  
SW.. Washina!on DC M .  A 
reasonable fae may be charged for 
copying. 

Candace Sorrel\ or Peter West l i i  
Lnissicn >!easurernent S r ~ i c h  bC-19). 
Tsctnical Suppon Division. US. 
;.vironmental Fro!ection Agency. 
Rezearcfi Tfangle Park Xo*brth Camlina 
Z m ? ,  telepkne number :9l9! 541-1064. 

I. The Rdemuking 
The a?. is proposiq to add a mc*od 

for measuring CPM emissions to 
acpent3.x !vi in 40 CFR pact 51 to pmvide 
a mettod tkhr S!ates can use in their 
State iqlementaron plau.  
II. Public P&apation 

The o;?onuniiy to hold a public 
hearing oc Eiovember Z 19Xl at 10 am. 
was presented in the pmpassl notice. 
but no one desked to make an oral 
prefentston The public comment 
perin2 ?as >om October 1z 1990 to 
Decexaer I?. 19%). 
m. S i ~ i e W t  Cammenu and Ckmm 
10 the Aoposed RIJIELIU~~S  

 DOC^^:. "Yoc!<et SO. .&S(w3. 

FOR FURTWER I?WORYATION COMTACX 

- 
- 

SUPPLEMEKIRY IMFORMIT1OK 

stx ccmment lettez were received 
from the ~ K O F O S U I  rulezmking. A 
dctniled discussion of rhese c,-mmenU is 
cao:sined in the bacitgoucd document 
5c~ t l ed  %*munary of Cornen3 and 
aespanses lor Method mT' which is 
referred to in 5 e  A9)0R€SSFS section 
o i  this pteizMe. Tne major co-enU 
raised in h s e  I s t e n  a d  tha Agency's 
responses follow. 

One cornenter ruggesb that EPA 
detem3e the chemical composition of 
!he material collected in the samphg 
cain IO verity that it will form ambient 
condeniibles. 

The e.+ believes that ma:efial *.dl 
collect ir: the im$nse= only by 

cjndensadon or dissolutioc. Dissolved 
gases will evaporate du+r.g analysis and 
..vi!l not be neasurzd unless :he gases 
react :o form a solid or !i+.' w%le they 
are in 3olu:ion. The EPA has :',?si&ned 
Stethod 202 to pr+*;ent Ikr fcrmation of 
rea::ion materiais from 2issok:ed gases. 
The S A  believes :h.i: an). remaining 
material cnlle:t+d and neasured by 
Merhod 202 represects h e  material h a t  
WOU!~! condense in the azbien: air. 
Additicnal analysis of chemical 
composition is not neczsscry. 

that rhe mathod may collect some 
portion of the scifur diaxide [SG) as 
ccndensible. 

The diqsolution of SO- in wa:er 
does not lead immediately to the 
formation of suifiaic acid [&SO.), 
but tends to !ower the sohion pH. 
whicfi further inhibits sulfate or 
&SO. formation. The method 
includes a purgirsj pmc-due wkch 
effecrively removes SO. before 
significant oxidation occcs. XO 
additionai revisions are necessary. 

allow+~g Method 20:. to be used :3 
ccnicnction with Method 
another dry catch procedce :o 
c!ete.de the total PbI:o 
measurement the combiced m e h d s  
shodd  be tested for precision. 

The imprecision assoda!ed with 
combining Mehod 702 hlettod ZOl 
cr or any otter dry catch 
p rccehre  is cot additive because each 
train provides a sepazate measurement 
Since the total precision associated with 
thhz combined methods iaraot be lager 
than the !east precise sampling method 
a precisian evaluation o i a  combined 
s a n p l i q  system is unnecessary. 

.% commeater suggests that EP.4 add 
specific langage :o the applicability 
seceon of the method sWin? that 
Method 202 cannot be used on wet 
svLxes. He notes *at Methzd 17 U 
excluded h r n  we OJ wet sources. and 
Me*ods M1 and XlA are not 
:e:xnmended for wet sources. 

The ETA agrees that Me'hod 202 with 
an Lq-stadc W.er is not recommended for 
wet sources. aad such a statesent has 
been added IO the applicability. 
Hswever. a hea!ed Method 5 Slter wdd 
j e  used in Method 202 instead of the h- 
stack filter which wodd allcw 
application to wet sources. 

One zommenter reqaests that EPA 
clearly state *.at Siehcd 202 should not 
be used for asseasing compliance with 
emission h i &  set cn the besis of data 
derived bom a different measurement 
approach. 

The EF'A agr%es that a violation must 
be shown. in the l i n t  instance. hy means 
of measuremenu made with the 

Artother c o r x e n :  xises &e concern 

The commenter fe& that iS 

or 201A or 

applicable :est rne:hod. Once such a 
showing is rcade. however. sezti?n 
113(e) of 'ha Clean .iir Act allows tke 
@n;y :o rely on any credible evidezce. 
including eviden-e other *a? !he 
ipplicable test ne!hod. to establis5 *e 
dcrarion of :he geriod of no::compl: s axe  
:or Lqe ;r.;r?oses ci assessizg a pens!!?. 

A commenrdr ieiieves k a t  h e  sande 
collection efficiency and nethod 
grecisim may be affected by Lte 
samplirg conditions suc! as LTpirger 
temperature and sampling flow w e  scli 
the method should address ;his 
pcssibili!y. 

The f"A a ~ e e s  that the n a w e  of the 
materid in the sample ges n a y  a&rt 
collection elfiaency. For example. a 
field deaonsaation of Mekod ZO2 a: an 
oil-fired boiler :esulted in about i5 
percent impinger collection efficiency. 
This collection e s d e n c y  can he 
kpmved  +.th the addition of a second 
Elter piace between the second and 
third inpinger. This option has been 
hduded in *e method with a 
discusaian of applicability. 

The cornenter  feels the 1-hour 
nitrogen (N I j purge is too !ow. He 
believes :he maiority of the SOI is 
removed in h e  first few minutes. He 
sugaes's rhe method be revised to 
rsduce the p q e  time in conjunction 
with maintaining the sample under cold 
condisons and analyring it w i t h i  48 
h o w .  

the purge time. Laboratory teats Save 
shown that a 1-hour ?urge rime L 
necessar; to ensure the adequate 
reaoval of S a -  from the ffipinger 
golution. 

Another cornenter  suggest3 that the 
method should be revised to give credit 
for ammonium sulfate (IML)IScb) 
d i h y h e  and other conderuible 
paniculate matter formed in the gas 
stream due to armronia ( " 3 1  injection 
used to enhance the efficiency of a 
conk01 device. 

The EP.4 does not agree. The 
condensibie pa r t ida t e  matter fomed i 
h e  gas seeam due to NIL injecticn is 
emitted :o the atmosphere. ?he EPA 
believes that coedensible particuke 
met:er emitted from the source s h d d  
be coun:ed as such even if it is a p?Xk 
of a pollution-contml technique. 

=e commenur suggests t h t  EP4 
consider an altenative !o MeCL 
consistent with the Monkeal Rstccol. 

f i e  EF.4 investigated the 
efiectiveness of a ch!orofom-ethrr 
e-uaction during the seckod 
development phase. The drlomfarm- 
&er was not as effective as the S!eCI 
in removing organic ma:erials; howavt 
he ch2omfom-ether procedure was 

The EP4 does not a p e  with reducing 

L- 5 
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foaxd :3 be acceptable k r  o ~ a z k  
ex>acrion. The method has been revised 
:o allcvr a chlorofor.-ether axtracdon 

R e  cirglenter supports :he exclusion 
a i  axacdqum chlor;de as (I condensible: 
hc,.ve;.er. he zxpresses c3nce.m aboxt 
;S>L;:3C!+ f o c i @  ic the inpingen. 

?he S, p u p  removes SCh before 
sipi.5can: oxidation occurs. If .% is 
p;eser.t in the flue gas. b e  ( h X ~ S 0 a  
formed in the impingen would not be 
csmted a3 a conaesible. although the 
.%SO.. which reac:zd with WL. would 
be ccunted as a condensible. Mechod 
202 cccecu  lor the h4-k by measurins 
the su!fa!e using an IC analysis and 
szbcac2q  out t i e  aznon iun  ion 
(?.X-] mass. 
TCa commelter aqrees that &e N-L 

ddde:! during the tieation should be 
xbaac:ed irom the h a 1  weight. 
However. he does not agree with a d d i q  
ba& in the water removed by *e acid- 
base ~ ~ c t i o n  

Because &SO. k hygmscopic the 
%SO. =ass found in h e  atmosphere 
w c t d  have the water attached to it. The 
n e h d  has been revised to allow the 
souxe :o correct ior only the 3%- or for 
bolt: Sri' and weter as an option 
de?en&g on the ba3is for L!e 
regAation. 
.+. Docket 

The dodtst is an organized and 
coriplere 5 i e  of all b e  infornation 
sIjbmi:ted to or otherwise considered by 
@.A in 'be development of this proposed 
der.a&g. The principle purposes of 
&e docket are to: (1) Allow interested 
parries to identify and locate documents 
so kat they can effectively partidpate 

.e rvcera. [., ;zr:e 
as the record in case of judicial review 
except for interagency review materials 
[Section W[d)[7)(A)]. 

B. Office of Management and Wu&ef 
Re-iiew 

Under Executive Order 122% EF'A 
m ~ z t  ju&e whether a regdation is 
"majo:'. and. therefore. subject to the 
roqukexent of a regulatory impact 
aralysis. This ruiemaking would not 
=suit in MY of the advene economic 
ezects set forth in Sec5on 1 of the Order 
as g;ou3& for finding a "major de ."  It 
v;ill neither have an m u a l  effect on the 
economy of Slw million or more. nor 
wil! i! :esdt in a major increase in costs 
or prices. There will be no signii7cant 
adverse effec'4 on ccapetitioa 
employment. investment. productivity. 
innovation. or on the ability of US.- 
based enterprises to compete with 
foreign-based enterprisea in domestic or 
sxpor: markets. This miem- was 
s-bmi:tcd to the Office of Management 

m L-, - &mang ~ - - -  _- ---I *I 

e.:?. Ejdget ;O%E) for review as 
requirec by &xecu!ive Order Urn. 

C. R:?p'arJ.ry i.'.k&'ky Act  
C2.i?;!i:.7cz 

P u s r r a t  to L5e provisiom of 5 U.SC 
ecl5[bl. I hereby cert2f *&at fhii attached 
.?;!e. if pnm:!ga:ed. will not have any 
economic inpact 03 soaU entities 
becaue 20 additicnal cosu will be 
k l C f X e d .  
This d e  does not contain any 

information wUecCor. s q u l u n e n t s  
ju'cject to OhB review under the 
Paprwork RedJction Act of 19Bo. 4.4 
U.S.C. 3301 et seq. 

F. Henry Habicht U 
Ac::cg .4&iniststor. 

List of Subjects in 40 CFR Part a 
A W s e a t i v e  practice and 

procedure. 
Air pollr;aon controL 
Carbon Monoxide. 
1n:er-gove.mental relations. 
b i d .  
Sitrogen dioxide. 
Czone. 
Pkdcdate  matter. 
Reporriyl ar.d recordkcepirq 

S h  Oxides. 
Vo!atiIe Organic Compoundr 
The EPA amen& title 10. chapter L 

Edled: D e c z m k  E, 1991. 

reaciremenu. 

parr 51 01 t i e  Gx!e of Federal 
RsguIations as  follows: 

P A X  51+AMENDEDI 
1. The authority citation for part 51 

continues to read as  follows 
A~'!korib: Section 110 n! the dun Air Act 

as amended [U U.SC 74101. 

Z Appendix M. to part 5 1  Table of, 
Contents k amended by ad* an entry 
to read an follow: 
Method zo2--I)etsrmiortion of 
Condensibla Particulate Emtaions Fmm 
stationary source¶ 

3. By addL-4 Lfethod to2 to Appendix 
M to >art 11 to raad as follows: 
Mathod 2m--Gs(erminalkm of CODdenriib 
Pvip lLfa  Enbsimu From St.- 
sursa 

I. .4pp/ica5iIiry a d  P.rincple 
1.1 Appl!cability. LLl Thi, method 

n;rpUes to the determinrdon of coadedble 
paniculate matter [BM] cnisskm fmm 
ata l ionay sources. It in intencki to represeal 
condensible maltcr rn material that 
condensas after grraing tbmugh Uta md 
as m e a i d  by &is method ( N e  The RIter 
cat& cea be analyred a c w c d i q  to the 
ropmpriate method). 
1.11 This method may be usmi in 

coniunc!ion with Method ZOl or rmA If the 

L-6 

p b e s  a t  ~lass.lineb Using Mettod ;m in 
canjunc2on wlth MeWod M or m%, mJy 
L:c :z;iqer .ah can5gm!im 3rd malysb 
is adkewed by Ais method The w p l e  
wain o;rention 
a-alyiiz shag be conducted accordirg io 
.Uethod 3ll or MlA 

mensue r a ; e r i l l  &at conderuei a1 other 
temperarues ty s;ecif$;ng +he filter and 
probe :empen:.r?. A heated Methcd S out- 
of.itack Sker s a y  be used instead of the in- 
sta& filter to d a m e  conduuib!e 
emissioru a1 r e t  s a w e x  

1.2 R i n d p l r  1.21 The CM Is CDiItned 
in the im;inger Fartion of a Method 17 
(appendix ;C 4U 574 pdR W] :ne sazxpliog 
mia The *.pinper camem arn immediately 
p q e d  after h e  w with ritmoqen [&I lb 
reeove dissol:.e.' rSur diozirlc [Sa] gaacr 
from ;he k..pLcger ccntenu. R e  i m p a m  
soiubn is +hrn exwcted n+h methykne 
chloride (MeCLI. The organic and awema 
fnctioru are then taken to dTy3c.s and h e  
residus weigked n e  total of bo& h a c t f ~ n r  
reprcsenu the CPM 

effiacncy m i s t  at oil-fked bailen. To 
impmve the collec'ion effiaency at t h e  
type of sources. an additional filterplaud 
between the xcond and third &..p&er is 
recommendeh 
2. ?.rxisio.: a d  itrerferrncr 

Recision ?be pmuion based an 
method developcent tcs1) 01 aa d-M 
bailer and a calalytic cracker were lV and 
4.8 p c x e n ~  reapecdvely. 
22 Interfcrencc. Ammonia In sources 

that use m a n i a  injection as a amml 
techniqne for tyd-m chloride Wl. the 
unmonia interferes by reachq with HQ in 
the gai  strean m form ammonium Cyorids 
[.XH.CI) w h i d  would be m e d  u Sst 
The sanple ~ a y  k analyzed lor chloride and 
the eqlliva!er.: mo*unt of M L C I  can bs 
subcacred ban 'he (SM wcigkt. Howeva iI 
".C1 u to be counted a i  CPM the inoganic 
frxxion should be takm to ac6r dWK¶8 @u 
than 1 ml Ilquid] h the oven and then 
dowed to air dry at ambirnt :emperam 0 
prevent any K-LCI h m  v n p o w  

3. Appafahn 

17. section ZL with the following a ~ e p t i ~ n r  
noted 'below (see Fgurn UU-11. No&: 
Mendon of mde n o e s  or spacLSc pnduCt¶ 
does n3t co1~13m:c endonement bg EP.4 

Tne p n t e  esansiaz shaU ';a @a- 

h n t  end ?twvery and 

1.1.3 IXs method may a i m  be modified LO 

1 1 2  'I% potential for low wlludon 

21 

3.1 Sampling T n h  Same as in hlachod 

3.1.1 
h.ed or Teiion. 

Both the iimt and second i m p h B m  
rhYU be of the Creenbum-SnLh desi- with 
3.12 

the standard tip. 

d e a n 4  prim LO h e  test with soap and eP 
water. water. and rimed unina tap water. 
water. acetoac. and Laally. MeCL. I t  k 
kponant to wcple!e!y removc all sU1cone 
grease fmm areas tha: will be exposed to the 
hleCL during ¶amp!= rrsOvcrY. 

Sample Recovery. Same a i  in Method 
17. secton u with the foUowi.lg a d d i t i a :  

fitLings capstle of delivedJg 0 lo 28 kml 
min of & gas ! D  !he impinger t-ain fmm a 

3.13 Au r a s ~ k  min g l a s s n r n  ahall be 

3 2  

3 2 1  N, FwTe Line. inen m b q  and 
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s t a d i r d  gas qlir.icr (see Figure s t - 2 ) .  
Sta.IddGtd 0.95 an ('+-inch) plastic tubing and 
cap re i s ion  Atlngs in coniunctian with M 
a:iuitablc pressure -lator ilnd nee& 
' d v e  may be wed. 

3.Z.2 Rotaccter. Ca;abic of measurirg 
gzs !low at 4 !iter,!mix. 
1.3 Analysis. F.e !dlo*ring eqriamenl is 

necelsary in dddition to L5at listed in Method 
I;. section 23: 

31.1 Separat,r/ FumcL Glass. 1-liSr. 
1.3.2 Wci@iq Tins. 3Xl.d. 
31.3 Cry Equipment Hot plats and oven 

1.3.1 Fipe!s. sd 
1.3.5 Ion C!uonatogapb Same as in 

!-lethod SF, S z c 3 n  =I.@. 

f. .%-asenis 

with te=pcrafure conmL 

Cnleas o.Lc.-isc kdio:ed all reagenu 

-stabliibed by tkc Conmicw on .4na!ydul 
Xeaqcnb of 'he .+merican t h e m i u l  SoaeV. 
Where such specificrtiona uc not availablr 
' s e  the best availablc grade. 

section 3.1. m A  the addition of deionilcd 
d i d l e d  water to ccnform to the A m c r i a  
h c i e y  for tes t ing  acd Material. 
Specification 0 11Sfi. Type U m d  the 
omitlance of section 3.1.1 

.. , section 1 1  wirb :!e foUowing additiolu: 

;-nws high exmgt. IO provide a flow of 4 
:ke-/min !or 1 hour through the U n p b g  
cain 

43-2 Methylene C5Joride. ACS p d e .  
31a& shall be mn prior to u e  d only 
aethyleni =-hide wit5 low b W ;  vpluar 
(COX percent) ihaU be used. 
42.1 Water. Same u in xcfion CL 
4 2  Analysis. Same u in Method V. 

section 3.3. with i te  following additionr: 
4.3.1 Me'hylcne Goride.  k&e a8 section 

4-22  
4.32 Ap3~onium Hydmdde. 

Conccnuatcd (14.8 W >XOK 
4.32 Water. bme aa in secfion CL 
4.3.4 Phenolphthalein The pH indiolor 

~olu t iop  (205 pvFcnt in 50 puant d&L 
5. Procedure 

5.1 Samp'kg. Sasc u in Mettod l7. 
section 4.1. nith the followin8 u c ~ p d c l u :  

s . I . ~  P!ac 100 ml of wafer in th4 &It 
erne impingen.' 

1.1.2 The uie of silicone gnasc in h.in 
assemti! is cct recommended because it la 
V C ~  soluble m MeC. which may result in 
sample SonLamimtion Tenon tape or similar 
meam may be wed lo pmvida le&.& 
connections b c w c m  g k a s w u r  

s.z Sample Recovery. u in Method 
17. section 4 2  w'.th the addition of I pat-test 
N. pugc  and x p d c  changu in bridling of 
individual aampler as described below. 

E d t -  SO.. (Nofe: step is 
recommended but u 0pt io~l . l  With little or 
DO SO. u present in the gas sueam. LL the 
DH d the imoinner solution u seater than 

mUSt WtliOrm :O YpedkdtiON 

4.1 S a m p b .  Sans a8 in Method 17. 

42 

4.2.1 

Sample Recvcry. slme as in Method .- 
N. Gas. Zero h; gas 81 C+Liuy 

SLI hat-test N. purse for Sources 

t5e impinger box to prevent removal of 
moiiture dunnq the p q e .  If neceasaq. add 
more ice d u n g  !he purge to maicta, h e  gas 
tempratwe below ZD 'C no flow of gas 
u a u g h  the i!ean purge line and fitfings. 
aaach it to *.e U:put oi fhe impinpcr t i i n  
(see Figure 20.2-21. To a7oid over. or undcr- 
prawsizing the 'mpinger array. slowly 
cornmexe the N. gas flow lhmugh the iiie 
while sunultaneously opening the meter box 
p-mp vaive(3). When using L5e gas cylinder 
prosrun to push the purge gas Ihmugh the 
sample vain adjust the ilow rate to 20 litenl 
PA f h u g h  the mrarneler. When pulling the 
purge gss fhmugh the sanqle hain using the 
meter box vacuum pun?. set h e  orircc 
pressure diiferential to af i  and mainfain an 
overflow :ate through rhe rotameter of In. 
ttan 2 Litenlmih This will warantee that the 
S. delivery system is operailnq a: greater 
fhan rm5ient pressure and prevenu the 
possikiiity of pass- azb ien t  air [raher than 
N.1 tsro@ the impiraen. Cantince ?he p q e  
-der these conditiocu for 1 hour. c h e m  
the rotameter and Jif  value!^) pcriodizally. 
rl'tcr : hour, simul'aneousiy turn OS the 
delivery and pumping systems. 

catch is to be determined. as detailed ;a 
Method 17. aection 42. 

5"' Container So. 4 (Impinger 
Conicnu). Measure thc liquid in the b i t  
tiuee inpineen to x-i~hin 1 ml wing a dean 
graduated cylinder or by weigh@ i t  to within 
0 3  g u s i q  a balance. Record the volume or 
weight of liquid present to be w e d  to 
calculate the moisture content of the cl!Juent 
gas. Qvantilatively kanrier  *is liquid into a 
d e a n  sample bonle (@ma or plastick rinw 
ea& impinger and the comcc~ alasswarr 
h d u d i q  pmbe exteluion. twicc nith water. 
recover the rinse water. and arid it to the 
s a c  sample bode. Mark rhe liquid level on 
the b0tt:e. 

S L ~ I  Container No. s (hleU. Rinul. 
FGIIOW the water rimer of r a d  impinger and 
the cannecting glasawarc. including the pmbe 
extension with two b a s  of McCL: aave the 
MSC pmducta in I dean & s a  sample jar. 
Mark the liquid level on tbe jar. 

Once durlng each field test. place SW ml of 
wntcr in a separate sample confainor. 

Once d e  each field teak pia- in I 
scparate glass sample jar a volume of McCL 
ap:roximatcly equivdcnt to the volume used 
to :;nduc: the hlcCI. rirue t:f the impingen 

halysis .  Record the r ? ~ t a  required on 
a ¶heel such as the one shorn in F i g v c  201- 
3. Handle each a m p l e  container as follows: 

u t &  u aMlyzed. as  detailed in .Method l7, 

5.22 Sample Handling. 
5 . ~ 1  Container Nor I. 2 and 3. U 6ltcr 

52.24 Container No. 8 (wa.rr Blank). 

32.2s Container No. 7 ( M e U  Blank). 

1.3 

52.1 Container Noa. I. z and 3. If Uter 

section 4.3. 

level of liquid in h e  containen and can6rm 
on the analytical data aheet whether lenknge 
o c d  during wansport. If a noticeable 
a m o u f  of leakage has ocsumd. either void 
tlm sample or ure methoda. ruhied u) the 
approval ofthe Adminishslor. lo cnrrecl the 
final resulta. Measure the liquid in Container 
Pia. 4 either volumeuically to =1 ml or 
vavimcttiulllv to =O.S s. Remove a 5-d 

5 2 2  Container Noa. I and 5. Note the 

.~~ .~ 
43. p q i q  hasixen found to & 
u~ncccrs8y.)  Ad man as posaibla after the 
poat.tcmt leak chedi  detach the pmbs and 
filter from the i m p i q e r  main. k a v a  the ice in. ;!iquot and &I aside fo;laler ion 

chromalographic [IC] analyrir Of *dates .  
(Noic: Do not use ?Ai* diquat 10 deternine 
c.Uoedca since h e  HCl will be .\-wonted 
during he E:SI hiFa 
a procedure fGr >tis rnslysis.1 

fmction of 'he sample by adding 
of Container No. 
Container No. I ir. a 1aC-ml i rpara tov  
funnel. . u e r  mixing. allow the aqceoua and 
orqwic phases to fully st pant^ and drain 
off most of the organicjhlecl. phase. Thm 
add 71 ml of MlcCl, to the fuaneL nix We& 
m d  drain off &e lower organic phase. Repeat 
with another 7s ml of MeCI, This cxuaction 
should yield about 350 ml of orga=ic ea%cL 
Each time. leave a small amount of the 
organidMeCI, phase in h e  wpara!ory funnel 
ensuing that no water is collected in tte 
orpanic )has=. Place the organic extract in a 
tared IjQml weighing rih 

5 . 3 . u  Organic Fraction .Weight 
Determinadon [Organic P h a x  from 
Container Nos. 4 and 5). Evamrale &e 
organic extract at mom t ernpram and 
pressure in a lahoratoy h o d  FoUo*ieg 
evaporation desicratc the ogarric haction 
for :4 hotm in a desiccator containing 
anhydmur calcium idlate. Weigh to a 
constant weight and report the results to the 
r.earesc 0.1 mg. 

5 .313  Inorqazic Fnction Weight 
Determination (Note: U W U  u Io be 
counted as CPM. the i n o g d c  h c 5 o n  
should be taken to near dryness oms ?haa I 
m! liquid) in the oven and ken allow to air 
dry at ambient temperarm. ff multiple acid 
cmirsiow are suspected. the ammonia 
ti-tion p m c e d m  in restion a1 may be 
prefemed.) Using a bot plate. or quiv;llrnk 
evaporate the aqumlu phase fa 
approximately 50 ml. then. evaporate (0 

dryness in a 105 'Coven Rcdiuovk the 
residue in lm ml of water. Add 5ve dmps of 
phenclphthalcin to lhis solutiorr: then add 
concenuatcd (14.8 M) =OH nadl 
sample turns pink. Any e x w s  . W H  will 
be evaporated during b e  step. 
Evaporate the sample to dryness in 1.105 'C 
.oven desiccate the sample for 24 bun 
weigh to a coNfanL( WeighL urd rzaud the 
rcsulb to the nearest 0.1 mg. (NotcTha 
addition of ",OH la mmmmended. but is 
oprionel when little or no Sa u p m m l  in 
the gas s m a m  i.e, when &e pH of the 
impingcr soiution is g-zatcr than 4 5  the 
iddition of ".OH is not nemsary.1 

5 2 2 1  Analysis of Sulfate by IC to 
Octernine Ammuniw lon pJtL-1 Retained in 
the Sample. (Sole: ff ".OH u no: added. 
omit this step.] Ocrersine the amount of 
sulfate in the aliquot d e n  kam Container 
No. 4 earlier as described in Method SF 
[appendix h 40 CFR part M!- Sased 011 the IC 
SO.-'analyiis of the aliquor calcdak the 
corrcctios factor to subpactthe W' 
retained in the sample and lo add the 
cimbined water removed by the acid-base 
reaction (see section 721. 
5.3.1 Analysis of Water sad M d 3 L  Blanks 

(Container Nom. 8 and7). AMlW these 
sample blarJrs as  deaaibed'above in secrioni 
5.3.23 and 5 . 3 . z  rtspectirclY. 

-.ion a.z delaiis 

5.3.21 Ecrac!ion. sepantc  thc o w n i c  

(>IeCl,] to the Contents 
conten3 
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- Flow 

Flow determinations were ca r r i ed  ou t  i n  accordance w i th  EPA Method 

2, CFR T i t l e  40, Par t  60, Appendix A (Revised Ju ly  1, 1987). A type S 
p i t o t  was used t o  sense v e l o c i t y  pressure and an inc l ined  manometer was 
used t o  measure v e l o c i t y  pressures. Gas temperatures were measured using 

a ca l ib ra ted  Type K thennocouple and d i g i t a l  temperature meter. Gas 

densi ty ( i .e.  molecular weight) was ca lcu lated f r u n  the composition of the 

gas which was determined by Orsat. 

Gas Flow Density 

Gas compositions were determined as per Method 3 by Orsat analysis 

o f  an integrated gas sample.col1ected frm the stack dur ing the oxides o f  

n i t rogen de ten ina t i ons .  Standard commercially prepared so lut ions were 

used i n  the Orsat analyzer (sat .  KOH f o r  carbon d iox ide and reduced 

methylene b lue f o r  oxygen). 

Oxides o f  Nitroqen 

Oxides o f  n i t rogen concentrat ions were co l lected i n  accordance w i th  

EPA Method 7 (see above-cited reference) w i t h  a spec ia l l y  designed a l l  
glass manifold and va l v ing  assembly and a heated s ta in less  s tee l - l ined 

probe. Samples were co l l ec ted  i n  two- l i t e r  evacuated insulated f lasks  

which contained 25 cc o f  a c i d i f i e d  peroxide so lu t ion  (Method 7 reagent). 

Nine sets o r  more o f  th ree  samples each were co l lected over a per iod o f  

4 . 5  t o  5 hours. 

The sampling t r a i n  was leak checked through the  probe a t  the 
beginning and end o f  t h e  t e s t  and, i n  addi t ion,  the system leak checked 

a t  the t ime o f  evacuation o f  each f lask .  Before the  samples were 

co l lected,  the probe was purged t o  e l im ina te  dead volume e f fec ts  and t o  

ra i se  the temperature o f  the  probe o u t l e t  and manifold assembly t o  

minimize condensation o f  moisture. A p lug o f  mic ro f iber  glass wool 
inser ted i n  the probe i n l e t  was used t o  prevent pa r t i cu la te  mater ia l  from 

enter ing i n t o  the  f lask .  The temperature o f  the f lask ,  vacuum i n  the 

L- 13 



f l a s k  and barometric pressure a t  the  tlme o f  sampling was recorded for  
each f lask.  Af ter  sampling was complete, as evidenced by the  in- l ine 

vacuum gauge, the  f lask  valve was closed, the f l a s k  assembly disconnected 

from the manifold/valve assembly and the f l ask  shook f o r  several minutes 
t o  promote ox ldat ion and absorption. The recovered oxides o f  n i t rogen 
samples were returned t o  the  laboratory  and analyzed immediately by Ion 

chromatography as per €PA 7A. 

The in te rna l  volume o f  each numbered f l a s k  assembly has been 

measured p r i o r  t o  i n i t i a l  use by f i l l i n g  wlth water, weighing before and 

a f t e r  and then convert ing the weight o f  water t o  volume by means o f  the 

densi ty  o f  water a t  room temperature. Flask volumes are stored i n  the 
computer and recal led automat ica l ly  i n  the computer calculat ion.  
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Environmental Protection Agency Pt. 60, App. A, Meth. 7E 

W o n  'IE-D-ATIoN o? Nm- 
oXmL5 m S S I 0 H S  -OX STATIONARY 
sormcu (bsln-AL A?iALYzE€l PRO- 
(IzDURE) 

1. Applicability and R i n c i p l e  
1.1 Applicability. This method Is applica- 

ble to the determination of nitrogen oxides 
(NO.) concentrations in emissions from sta- 
tionary sources only when specifled withla 
the regulations. 
1.2 Principle. A gas simple Is continuous- 

ly extracted from a stack. and a portion of 
the sample is conveyed to an lnstnunental 
chemiluminescent analyzer for determlna- 
tton of NO. concentration Performance 
specificstions and test ptocedures are pm- 
vfded to emure reliable data. 
2. Range and Sms i t iu i t y  

Same ss Method BC. Sections 2.1 and 22. 
3. Dehnitionr 
3.1 Measurement System. The total 

equtpment required for the determination 
of NO. concentration The measurement 
system consists of the following m o r  sub- 
systems 
3.1.1 Sample Interface. W Bnalgzer. 

and Data Recorder. Same as Method BC. 
Sections 3.1.1.3.1.2. and 3.1.3. 
3.1.2 NOI to NO Converter. A device that 

converts the nitrogen dloxide (NO,) In the 
sample gss to nitrogen oxlde (NO). 
3.2 Span. Calibration Gas, Analyzer Call- 

bration Error. Sampling System Bias. Zero 
Drift, Calibration DNt. and Response m e .  
Same as Method BC. Sections 3.2 through 
3.8. 
3.3 Interference Response. The output 

response of the measurement s y s t e m  to a 
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6.3 Measurement System Preparation & 
alyzer Callbration Enor. and Sample 
System Bias Check F d o W  Sections 63 
h u h  6.4 of Method 6C. 

6.4 NOI to NO Conversion EiLldw. 
U n l a  data are presented to demo- 
that the NO, concentrstion wi thh  the 
sample stream Is not greater than 5 percent 
of the NO, concentration. conduct an No, 
to NO conversion efficiency test In accord. 
ance with Section 5.6 of Method 20. 
7. Emission T a t  Apcedure 

7.1 Selectlon of Sampling Site and Sam- 
~ U n p  PoIntn Select a measurement site pnd 
sampling points using the Same criteria u 
are applicable to tests performed usim 

7" -,n _,I. I \.-.-.- --."Y" 

component in the sample gas. other than 
the gas component b e h g  measured. 
4. Mecuurnncnt System Perfrmance Speci -  
J%cafionr 

Same as Method 6C. Sections 4.1 through 
4.4. 
5. A p p a r a t w  and Reagenh  

5.1 Measurement System. Any measure- 
ment system for NO, that meets the specifi- 
cations of this method. A schematic of an 
acceptable measurement system !s shown Fn 
Figure 6C-1 of Method 6C. T h e  went ia l  
components of the measurement system =e 
described below. 
5.1.1 Sample Robe. Sample Line, Cali- 

bration Valve Membly. Moisture Removal 
System. Particulate Filter. Sample Pump. 
Sample Flow Rate Control. Sample Gss 
Manifold. and Data Recorder. Same BS 
Method 6C. Sections 5.1.1 through 5.1.9. and 
5.1.11. 
5.1.2 NO, to NO Converter. That portion 

of the system that converts the nitrogen di- 
oxide (NO,) In the sample gas to nitrogen 
oxide (NO). An NO, to NO converter is not 
necesary lf data are presented to demon- 
strate that the NO, portion of the exhaust 
gss is less than 5 percent of the total NO, 
concentration 

5.1.3 NO, Analyzer. An analyzer b s e d  on 
the principles of chernlluminescence. to de- 
termine continuously the NO. concentration 
in the sample gas stream. The analyzer 
shall meet the aDplkabk performance spec- 
Ulcations of Section 4. A me- of control- 
ling the maimer flow rate and a device for 
determining proper sample flow rate (e.g.. 
precision rotameter. pressure gauge down- 
stream of all flow controk. et.c.) shall be 
provided a t  the analyzer. 

5.2 NO, Calibration Gases. T h e  &bra- 
tion gases for the NO, analyzer shall be NO 
In N,. Three calibration g8ses. as specified Ln 
Sections 5.3.1 through 5.3.3. of Method 6C. 
shall be used Ambient air may be used for 
the zero gas. 
6. h f e a r u r m t  System Perfamance TuL 
Proceduru 

Perform the following procedures before 
measurement of emissions (Section 7). 

6.1 Calibration Gas Concentratfon Perill- 
cation. Follow Section 6.1 cf Method 6C. 
except if callbration gas analysis is required. 
use Method 7. and change all 5 percent per- 
formance values to IO percent (or 10 ppm 
whichever Is greater). 

6.2 Interference Response. Conduct sn Ln- 
terference response test of the analyzer 
prior to I t s  initial use in the field. Thereaf- 
ter. recheck the measurement system if 
changes are made In the instrumentation 
that could alter the interference response 
te.g.. changes in the gas detector). Conduct 
the interference response Ln accordance 
6 t h  Section 5.4 of Method 20. 

- 
Method 7. 

7.2 Sample Collection. Position the a. 
~ l i n ~  urobe at the f l r s t  meanvement ~ o i n i  - ~- 
-&d begin sampling at the Same rate BS used 
during the system calibration drift tesl 
Maintain constalt rate sampling (1% +IO 
percent) during the entire n n  The sam. 
piing t h e  per run shall be the same as the 
total t h e  required to perform a run ustag 
Method 7. plus twice the system respanu 
time. For each run. use only those measure 
ments obtained aiter twice the responre 
time of the measurement system hac 
elapsed. to determine the average effluent 
concentration 

7.3 Zero and Calibration Drift TesL 
Follow Sectlon 7.4 of Method 6C. 
8. Emission Calculation 

Follow Section 8 of Method 6C. 
9. Eibliogmphy 

Same as bibliography of Method 6C. 
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4.2 Performance Evaluation Tests. The 
omer of a lidar System shall subject such a 
um system to the performance verification 

described in Section 3. prior to first use 
of this method The annual calibration shall 
be performed for three separate. complete - and the results of each should be re- 
corded. The. requirements of .Section 3.3.1 
mwt be fulfllled for each of the three runs. 

Once the conditions of the annual calibra. 
uon are fulfilled the lidar shall be subjected 

the routine verification for three sepa- 
rate complete runs. The requirements of 
section 3.3.2 must be fulfilled for each of 
the three runs and the results should be re- 
corded. The Administrator may request that  
the results of the performance evaluation 
be submit:ed for review. 
5. Ruerences 

5.1 The Use of Lidar for Emissions 
Source Opacity Determination. U.S. Envi- 
ronmental Protection Agency. National En- 
forcement Investigations Center. Denver. 
CO. EPA-330/1-79-003-R. Arthur W. Dyb- 
dahl. current edition [NTIS No. PB81- 
2466621. 

5.2 Field Evaluation of Mobile Lidar for 
the Measurement of Smoke Plume Opacity. 
U.S. Environmental Protection Agency. Na- 
tional Enforcement Investigations Center. 
Denver. CO. EPA/NEIC-TS-128. February 
1976. 

5.3 Remote Measurement of Smoke 
Plume Transmittance Using Lidar. C. S. 
Cwk. G. W. Bethke, W. D. Comer (=A/ 
RTP). Applied Optics 11. pg 1742. August 
1912. 

5.4 Lidar Studies of Stack Plumes in 
Rural and Urban Environments. EPA-650/ 
4-73-002. October 1973. 

5.5 American National Standard for the  
%!e Use cf dUSI Z 136.1-176. March 
8. 1976. 

5.6 US. Army Technical Manual TB 
MED 279. Control of Hazards to Health 
from I s e r  Radiation. February 1969. 

5.7 Laser Institute of America Laser 
WetY Manual. 4th Edition. 
5.8 U.S. Department of Health. Educa- 

tlon and Welfare. Regulations for the Ad- 
ministration and Enforcement of the Fadi- 
ation Control for Health and Safety Act of 
1468. January 1976. 

5.9 Laser Safety Handbook. Alex Mallow. 
Leon Chabot. Van Nostrand Reinhold Co.. 
1978. 

-OD ~O-D-NATION OF CARBON 
MONOXIDE EMISSIONS mO?d STATIONARY 
SOURCES 

h h c i p l e  and Applicability 
1.1 Principle. An integrated or continuous 

sample is extracted from a SamPkg  
W h t  and analyzed for carbon monoxide 

(CO) content using a Luft-type nondisper- 
sive infrared analyzer [NDIR) or equivalent 

1.2 ApPlicabUity. This method is applica- 
ble for the determination of carbon monox- 
ide emissions from stationary sources only 
when specified by the test procedures for 
determining compliance with new source 
performance standards. The test procedure 
will indicate whether a continuous or an in- 
tegrated sample is to be used. 
2. Range and Semitiuily 

2.1 Range. 0 to 1.000 ppm. . 
2.2 Sensitivity. Minimum detectable con- 

centration is 20 ppm for a 0 to 1,000 ppm 
span. 
3. Interferences 

Any substance having a strong absorption 
of infrared energy will interfere. to some 
extent. For example, discrimination ratios 
for water (H,O) and carbon dioxide (Cod 
are 3.5 percent H,O per 7 ppm CO and 10 
percent CO, per 10 pprn CO. respectlvely. 
for devices measuring in the 1.500 to 3.000 
ppm range. For devices measuring in the 0 
to 100 ppm range. interference ratios can be 
as high as 3.5 percent H . 0  per 25 ppm CO 
and 10 percent CO, per 50 ppm CO. The use 
of silica gel and ascarite traps will alleviate 
the major interference problems. The meas- 
ured gas volume must be corrected if these 
traps are used. 
4. Precision and Accuracy 

4.1 Precision. The precision of most NDIR 
andyzers  is approximately r 2  percent of 
span. 

4.2 Accuracy. The accuracy of most NDIR 
analyzers is approximately 2 5  percent of 
span after calibration. 
5. ApparatuS 

, 

5.i Continuous Sarnpie (Figure io-1;. 
5.1.1 Robe. Stainless steel or sheathed 

Pyrex' glass. equipped wi th  a fiiter to 
remove particulate matter. 

5.1.2 Air-Cooled Condenser or Equivalent. 
To remove any excess moisture. 

5.2 Integrated Sample (Figure 10-2). 
5.2.1 Robe. Stainless steel or sheathed 

Pyrex glars; .equipped with a filter to 
remove particulate matter. . 

5.2.2 AirCooled Condenser or Equivalent 
To remove any  excess moisture. 

5.2.3 Valve. Needle valve. or equivalent, to 
to adjust 'flow rate. 

5.2.4 Pump. Leak-free diaphragm type. or 
eauivalent. to transport gas. 

5.2.5 Rate Meter. Rotameter. or equiva- 
lent. to measure a flow range from 0 to 1.0 
liter per rnin (0.035 cfm). 

' Mention of trade names or specific pmd- 
ucts does not constitute endorsement by the 
Environmental Protection Agency. 
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5.2.6 Flexible Bag. Tedlar. or equivalent. 
with a capacity Of 60 to 90 lites (2 to 3 it'). 
Le&-test the bag in the labaraton before 
uslng by evacuating bag with a P U ~ P  fol- 
lowed by a dm gas meter. When evacuation 
is complete. there shoula be no flow 
through the meter. 

5.2.7 Pitot Tube. Type S. or equivalent. at- 
tached to the urobe so that the sampling 
rate can be regulated proportional to the 
stack gas velocity when velocity is varying 
with the time or a sample traverse fs con- 
ducted. 

5.3 Analysis (Flgiue 10-3). 
5.3.1 Carbon Monoxide Analyzer. Nondk- 

persive infrared spectrometer. or ecluivalenl 
This instrument should be demonstrated. 
preferably by the manufacturer. to meet or 
exceed manufacturer's specifications and 
those described in this method 

5.3.2 Drying Tube. To con- approxi- 
mately 200 g of silica gel. 

5.3.3 Calibration Gas Refer to section 6.1. 
5.3.4 Filter. As recommended by NDIR 

manufacturer. 

,=\ 

*C. ID.. ylw 0.. ..11.1 N 

5.3.5 CO, Removal Tube To contain aD- 

5.3.6 Ice Water Bath. For ascarire and 

5.3.7 Valve. Needle valve. or equivalent. to 

proximately 500 g of Sscarite. 

SLUca gel tubes. 

adjust flow rate 

40 CFR Ch. I (7-1-92 Edition) 

5.3.8 h r e  Meter. Rotameter or equivalent 
to measure gas flow rate of 0 to 1.O.liter per 
min (0.035 cim) through NDIR. 

5.3.9 Recorder (Ogt iond) .  To provide PW- 
manent record of NDIR reaalngs. 
6. Reagents 

6.1 Calibration Gases. Known concentra- 
tion of CO in nitrogen CN,) for imtrument 
span. prepurified grade of N, for zero, and 
two additional concentrations corresponding 
approximately to 60 percent and 30 percent 
span. T h e  span concentration shall not 
exceed 1.5 times the applicable source per- 
formance standard. The calibration gares 
shall be certified by the manufacturer to be 
within =2 percent of the.specIfied concen- 
tration. 

U M  

I*.. 1 0 1 .  b..*lk.l .-IC.. 

6.2 Silica Gel. Indicating type. 6 to 16 
mesh. dried at 175' C (347' F) for 2 hours. 

6.3 Acarite. Commercially available. 
7. Procedure 

7.1 Sampling. 
7.1.1 Continuous Sampling. Set up the 

equipment as shown in Figure 10-1 makine 
sure all connections are le& free. Place the 
probe in the stack at a sampling point and 
purge the sampling line. Connect the ana- 
lyzer and begin drawing sample into the an- 
alyzer. Allow 5 minutes for the system to 
stabilize, then record the analyzer reading 
as required by the test procedure. (See sec- 
tion 7.2 and 8) .  CO, content of the Pas may 
be determined by.using the Method 3 inte- 
grated sample procedure, or by weighing the 
ascarite CO, removal tube and comuutlng 
CO. concentration from the gas volume 

7.1.2 Integrated Sampling. hracuate the 
flexible bag. Set up the equipment IU shown 
in Figure 10-2 with the bag disconnected 
Place the probe. in the stack and purge the 
sampling l i e .  Connect the bag. making sure 
that all connections are leak free. Sample at 
a rate uroportional to the stack velocity. 
CO. content of the gas may be determined 
by using the Method 3 Integrated sample 
procedures, or by weighing the M t e  COS 
removal tube and computing CO, concenta-, 

. sampled and the weight gain of the tube. 
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tion from the gas volume sampled and the 

Range (minimum) .... 
Ovtput (minimum) 
Minimum aelectabta sen* 

U i  time. 90 percent (mab 

F ~ I I  time. 90 percent (ma& 

zero ann (maimurn) .-... 
SeSn dnn (maximum) 
R-n (mirUmMI) 

L~M& (maomurn asvia6cn). 

v. 
mum). 

mum). 

N h  (&mum) 

Interference +n ratio-... 

welght gain of the  tube. 
7.2 CO Analysis. Assemble the apparatus 

O - t O W  ppm 
0-lOmV. 
20 ppm. 

30 semndr 

30 -s. 

10% in 8 hours. 
10% in 8 haus. 
-2% of lull sale. 

2% 01 M s c a ~ ~  
1% 01 hrll d S  

cO,-~oOo to 1. Mo--yx) 
(0 1. 

G shown in Figure 10-3. calibrate the in- 
strument. and perform other required oper- 
ations as described in section 8. Purge ana- 
!per  with N. prior tn introduction of each 
sample. Direct the sample stream through 
Lhe instrument for the test period. record- 
ing the readings. Check the zero and span 
again after the test to assure that any d r i f t  
or meliunction is detected. Record the  
sample data on Table 10-1. 
8. Calibration 

Assemble the apparatus according to 
Figure 10-3. Generally an instrument re- 

a warm-up period before stability is 
2btained. Follow the manufacturer's in- 
structions for specific procedure. Allow a 
minimum time of 1 hour for warm-up. 
During this time check the sample condi- 
tioning apparatus. i.e.. filter, condenser. 
drying tube. and CO, removal tube. to 
ensure that  each component is in good oper- 
ating condition Zero and calibrate the in- 
strument according to the manufacturer's 
2rocedures using. respectively, nitrogen and 
the calibration gases. 

TABLE 10-1-FIELD DATA 

Commenm 

3. Calculation 
Calculate the concentration of carbon 

nonoxide in.the srack using Equation 10-1. 

c, YLI" c, mr'(1 -F-,) 
Es. 10-1 

Where: 
-OD -=Concentration of CO in stack. vpm 

by volume (dry bask). 
C, -=Concentration of CO measured by 

NDIR analyzer. ppm by Volume Cdn, 
basis). 

Fcu,=Volume fac t ion  of CO. in sample. i.e.. 
Percent CO. from Orsat analysis divided 
by loo. 

P 

Pt. 60, App. A. Meth. 10 

IO. Alternotine Procedures 
10.1 Interference Trap. The sample con- 

ditioning system derribed in Method IOA 
sections 2.1.2 and 4.2. may be used 8s an al- 
ternative to the silica gel and ascarite traps. 
,11. Bibliogra?hy 
1. McElroy. Ranlc. The Intertech ND&- 

CO Analyzer. Presented at 11th Meth- 
ods Conference on Air Pollution, Univer- 
sity of California Berkeley, CA. April 1. 
1970. 

2. Jacobs. M. B.. et al.. Continuous Deter- 
mination of Carbon Monoxide and Hy- 
drocarbons in Air by a Modified Infra- 
red Analyzer, J. Air Pollution Control 
Association R2): 110-114. August 1959. 

3. hLSA LIRA Infrared Gas and Liquid An- 
alyzer Instruction Book. Mine Safety 

sion. Pittsburgh. PA. 
4. Models 215A. 315A. and 415A Infrared 

Analyzers. Beckman Instruments. Inc., 
Beckman Instructions 1635-B. Fuller- 
ton. CA. October 1967. 

5. Continuous CO Monitoring System. 
Model A5611. Intertech Corp.. Prince- 

Appliances Co.. Techllical Products Divi- 

ton. NJ. 
6. UNOR Infrared Gas Analyzers. Bendlx 

Corp.. Ronceverte. W V  

B. Definitions of Perfonnance Specifica- 
tions. 

. Range-The minimum and maXimum 
measurement limits. 

Output-Electrical signal which is provor- 
tional to the measurement: intended for 
connection to readout or  data processing de- 
vices. Usually expressed as millivolts or mil- 
liamps full scale at a given impedaace. 

Full scale-The maximum measuring knit 
for a given range. 

Minimum detectable sensitivitv-The ... 
smallest amount of input concentration that 
CM be detected as the  concentration ap- 
proaches zero. 
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flE?HOO 201A - OETERMINATION Of PH,, EMISSIONS 

(Constant Sampling Rate Procedure) 

( 5 5  FR 14246) 

1. ADDlicabilitv and Princiole 

1.1 Applicability. This method applies to the in-stack measurement of 

particulate matter (PM) emissions equal to or less than an aerodynamic 

diameter of nominally 10 pn (PM,,) from stationary sources. 

recognizes that condensible emissions not collected by an in-stack method are 

a l s o  PM,,, and that emissions that contribute to ambient PM,, levels are the 

sum of condensible emissions and emissions measured by an in-stack PM,, 

method, such as this method or Method 201. Therefore, for establishing source 

contributions to ambient levels of PM,,, such as for emission inventory 

purposes, EPA suggests that source PM,, measurement include both in-stack PM,, 

and condensible emissions. 

impinger analysis in combination with this method. 

The EPA 

Condensible emissions may be measured by an 

1.2 Principle. A gas sample is extracted.at a constant flow rate 

through an in-stack sizing device, which separates PM greater than PM,,. 

Variations from isokinetic sampling conditions are maintained within 

well-defined limits. 

removal of uncombined water. 

2. Aooaratus 

The particulate mass is determined gravimetrically after 

NOTE: Methods cited in this method are part of 40 CFR Part 60, 

Appendix A. 

2.1 Sampling Train. A schematic of the Method 201A sampling train is 

With the exception of the PM,, sizing device and in-stack shown in Figure 1. 

filter, this train is the same as an EPA Method 17 train. . 

2.1.1 Nozzle. Stainless steel (316 or equivalent) with a sharp tapered 

leading edge. Eleven nozzles that meet the design specifications in Figure 2 

1 



are recommended. 

increase the likelihood t h a t  a s ing le  nozzle  can be used f o r  the en t i r e  

traverse.  

then the nozzles must meet the  c r i t e r i a  i n  Section 5.2. 

A large number o f  nozzles w i t h  small nozzle increments 

I f  the nozzles do n o t  meet the  design specifications i n  Figure 2, 

2.1.2 PM,, Sizer. S ta in less  steel (316 o r  equivalent), capable, o f  

determining the PM,, fraction. The s iz ing device shall be e i ther  a cyclone 

tha t  meets the specifications i n  Section 5 .2  o r  a cascade impactor t h a t  has 

been cal ibrated us ing  the procedure i n  Section 5.4. 

2.1.3 Fil ter  Holder. 63-mn, stainless s tee l .  An Andersen f i l t e r ,  par t  

number SE274. has been found t o  be acceptable f o r  the  in-stack f i l t e r .  

m: Mention of  trade names o r  spec i f ic  products does n o t  const i tute  

endorsement by the Environmental  Protection Agency. 

2.1.4 Pitot  Tube. Same as i n  Method 5, Section 2.1.3. The p i t o t  l ines  

shall be made o f  heat r e s i s t an t  tubing and attached t o  the probe w i t h  

s ta in less  steel f i t t i ngs .  

2.1.5 Probe Liner. Optional, same as i n  Method 5. Section 2.1.2.  

2.1.6 Differential Pressure Gauge, Condenser, Metering System, 

Barcneter, 2nd Gas Density Determination Equipment. Same as i n  Method 5, 

Sections 2.1.4, and 2.1.7 through 2.1.10, respectively. 

2.2 Sampl e Recovery. 

2.2.1 Nozzle, Sizing Device, Probe, and F i l t e r  Holder Brushes. Nylon 

b r i s t l e  brushes w i t h  s t a in l e s s  s t ee l  wire shafts and handles, properly sized 

and shaped for  cleaning the nozzle, s iz ing  device, probe or probe l iner ,  and 

f l l  t e r  holders. 

2.2.2 Wash Bottles, 6 lass  Sample Storage Containers, Petri  Dishes, 

Graduated Cylinder and Balance, P l a s t i c  Storage Containers, Funnel and Rubber 

2 

L-22 



Policeman, and Funnel. 

respectively. 

Same as in Method 5, Sections 2.2.2 through 2.2.8, 

2.3 Analysis. Same as in Method 5, Section 2.3. 

3. Reaaents 

The reagents for sampling, sample recovery, and analysis are the same as 

that specified in Method 5, Sections 3.1, 3.2, and 3.3, respectively. 

4. Procedure 

4.1 Sampling. The complexity of this method is such that, in order to 

obtain reliable results, testers should be trained and experienced with the 

test procedures. 

4.1.1 Pretest Preparation. Same as in Method 5, Section 4.1.1. 

4.1.2 Preliminary Determinations. Same as in Method 5, Section 4.1 .2 ,  

except use the directions on nozzle size selection and sampling time in this 

method. 

sampling port diameter of 6 inches. 

traverse points at any location shall be 12. 

ICs: c:1, ? Lr.: Use of any nozzle greater that 0.16 in. in diameter require a 
22 Also, the required maximum number of 

4.1.2.1 The sizing device must be in-stack or maintained at stack 

temperature during sampling. 

will be minimal if the cross-sectional area of the sampling assemble is 

3 percent or less of the cross-sectional area of the duct 

cross-sectional area of the assembly is greater than 3 percent o f  the 

The.blockage effect of the CSR sampling assembly 

i t  Ds ;fltL L * I L  

i\ 
cross-sectional area of the duct, then either determine the pitot coefficient 

at sampling conditions or use a standard pitot with a known coefficient in a 

configuration with the CSR sampling assembly such that f l o w  disturbances are 

minimized. 
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4.1.2.2 The setup calculat ions can be perfonned by us ing  the f o l l o w i n g  

procedures. 

4.1.2.2.1 In order t o  maintain a cu t  s ize  of 10 pn in the sizing 

device, t he  flow ra te  th rough  t he  s i z ing  device must be maintained a t  a 

constant, d i scre te  value during the r u n .  

tha t  meets the  design specifications i n  Figure 3, use the equations i n  

Figure 4 t o  calculate three o r i f i c e  h-ds (AH): one a t  the average s t a c k  

temperature, and t h e  other two a t  temperatures t28'C (t50.F) o f  the average 

stack temperature. Use the AH calculated a t  the average stack temperature as 
otd icr  

the pressure head for the sample f l o w  rate as long as the stack temperature fi 
during the r u n  is w i t h i n  28'C (SO'F) o f  the average stack temperature. 

stack temperature varies by more than 28'C (50'F). then use the 

appropriate AH. 

I f  the sizing device is a cyclone 

pcss-r.. &p' 

I f  the 

4.1.2.2.3 To selecz a nozzle, use the equations i n  Figure 5 t o  

calculate  Ap,,, and Apu f o r  each nozzle a t  a l l  three temperatures. I f  the 

sizing device i s  a cyclone t h a t  does not  meet the design specifications i n  

Figure 3,  the  example worksheets can be used. 

4.1.2.2.4 Correct the Method 2 p i t o t  readings t o  Method 201A p i t o t  

readings by multiplying the Method 2 p i t o t  readings by the square of a r a t i o  

of  the Method 201A p i t o t  coeff ic ient  t o  the Method 2 p i t o t  coefficient.  

\ Select the nozzle for which Apm3, and Ap- bracket a l l  of the corrected 
r 

I 

Method 2 p i t o t  readings. I f  more than one nozzle meets th i s  requirement, i 
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select  the nozzle giving the  greatest  s p e t r y .  

p i to t  reading fo r  one or more points i s  near a l imi t  for a chosen nozzle, i t  

may be outside the l imits  a t  the time of the run .  

Note t h a t  i f  the expected 

4.1.2.2.5 Vary the dwell time, o r  sampling time, a t  each traverse point 

proportionately w i t h  the point velocity.  

calculate the  dwell time a t  the  f i r s t  point and a t  each subsequent point. I t  

i s  recornended t h a t  the number o f  minutes sampled a t  each point be rounded t o  

the nearest 15 seconds. 

Use the equations i n  Figure 6 t o  

4.1.3 Preparation of Collection Train.  Same as i n  Method 5, 

Section 4.1.3,  except o m i t  direct ions about a glass  cyclone. 

4.1.4 Leak-Check Procedure. The s iz ing device is  removed before the 

post-test  leak-check t o  prevent any disturbance of the collected sample prior 

t o  analysis. 

4.1 .4 .1  Pretest  Leak-Check. A pre tes t  leak-check o f  the  en t i re  

sampling t r a i n ,  including the  sizing device, is  required. Use the  leak-check 

procedure i n  Method 5 ,  Section 4.1 .4 .1  t o  conduct a pretest  leak-check. 

4.1.4.2 Leak-Checks During Sample Run. Same as i n  Method 5,  
- 

Section 4.1.4.1.  

4.1.4.3 Post-Test Leak-Check. A leak-check is  required a t  the 

conclusion o f  each sampling run .  

prevent the vacuum created by the  cooling of the probe from disturbing the 

collected sample and use the procedure i n  Method 5, Section 4.1.4.3 t o  conduct 

a post-test  leak-check. 

Remove the cyclone before the leak-check t o  

4.1.5 Method 201A Train  Operation. Same as i n  Method 5, Section 4.1.5, 

except use the  procedures i n  t h i s  section f o r  isokinetic sampl ing  and f l o w  

ra te  adjustment. Maintain the  f l o w  r a t e  calculated i n  Section 4.1.2.2.1 
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t h r o u g h o u t  the r u n  provided the  stack temperature i s  within 28'C (SO'F) O f  the 

temperature used t o  calculate  AH. I f  stack temperatures vary by more than 

28.c ( W ' F ) ,  use the appropriate AH value calculated i n  Section 4.1.2.2.1.  

Calculate the dwell time a t  each t raverse  point as i n  Figure 6. 

4.2 Sample Recovery. I f  a cascade impactor i s  used, use the 

manufacturer's recommended procedures f o r  sample recovery. 

used, use the same sample recovery as t h a t  i n  Method 5 ,  Section 4.2 ,  except an 

increased number of sample recovery containers i s  required. 

If a cyclone is  

4.2.1 Container Number 1 (In-Stack Fi l te r ) .  The recovery s h a l l  be the 

same as tha t  f o r  Container Number 1 in Method 5, Section 4.2. 

4.2.3 Container Number 2 (Cyclone o r  Large PM Catch). This step is 

optional. 

than the e r ror  f o r  the PH,, catch. 

a t o t a l  PM catch i s  n o t  as accurate as  Method 5 ar Method 201. Disassemble 

the cyclone and remove the  nozzle t o  recover t h e  large PM catch. 

Quant i ta t ively recover the PH from the in te r ior  surfaces o f  the nozzle and 

cyclone, excluding the "turn around" cup and the in te r ior  surfaces of the exit  

tube. The recovery shail  be the  same as t ha t  f a r  container Nuniber 2 i n  

Method 5,  Section 4.2. 

The anisokinetic. error fo r  the cyclone PM is theoretically larger 

Therefore, adding a l l  the fractions t o  get 

4.2.4 Container Number 3 (PM,,). Quantitatively recover the PM from 

a l l  o f  the  surfaces from t h e  cyclone ex i t  t o  the front half  of the in-stack 

f i l t e r  holder, including the "turn around' cup ins ide  the cyclone and the 

I n t e r i o r  surfaces of the e x i t  tube. 

fo r  Container Number 2 i n  Method 5, Section 4.2. 

The recovery shall be the same as  t h a t  

4.2.6 Container Number 4 (S i l ica  Gel). The recovery shall be the same 

as that  for Container Number 3 i n  Method 5,  Section 4.2.  

6 
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4.2.7 Imoinuer Water. Same as in Method 5, Section 4.2, under 

'Impinger Water.' 

Method 201A Container Number 1 like Container Number 1, Method 201A Cont iner 

Numbers 2 and 3 like Container Number 2, and Method 201A Container Number 4 

like Container Number 3. 

Use Figure 5-3 in Method 5, Section 4.3, to record the volume of water 
collected. 

4.3 Analysis. Same as in Method 5, Section 4.3, except handle 

Use Figure 7 to record the weights o f  PM collected. 

4.4 Quality Control Procedures. Same as in Method 5. Section 4.4. 

4.5 PM,, Emission Calculation and Acceptability of Results. Use the 

procedures in Section 6 to calculate PM,, emissions and the criteria in 
Section 6.3.5 to determine the acceptabillty of the results. 
5. Calibration 

Maintain an accurate laboratory log of all calibrations. 
5.1 Probe Nozzle, Pitot Tube, Metering System, Probe Heater 

Calibration, Temperature Gauges, Leak-check o f  Metering System, and Barometer. 

Same as in Method 5, Section 5.1 through 5.7, respectively. 

7 
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6. Calculations 
Calculations are as specified in Method 5, Sections 6.3 through 6.7. and 

6.9 through 6.11, with the addition of the following: 

6.1 Nomenclature. 

8, - Moisture fraction of stack, by volume, dimensionless. 
C, - Viscosity constant, 51.12 micropoise for 'K (51.05 micropoise 

for OR). 

C, - Viscosity constant, 0.372 micropoise/'K (0.207 micropoise/'R). - Viscosity constant, 1-05 x lo-* micropoise/'K2 
(3.24 x lo-' micropoise/'R'): 

C, - Viscosity constant, 53.147 micropoise/fraction 02. 

C, - Viscosity constant, 74.143 micropoise/fraction H,O. 
D,, - Diameter of particles having a 50 percent probability of 

penetration, .~IIII. 
f,, - Stack gas fraction 0,. by volume, dry basis. 
K, - 0.3858 'K/m Hg (17.64 'win. Hg). 

M, - Wet molecular weight of the stack gas, g/g-mole (lb/lb-mole). 

M, - Dry molecular weight of stack gas, g/g-mole (lb/lb-mole). . . .  
P,, - Barometric pressure at sampling site, ram Hg (in. Hg). 

P, - Absolute stack pressure, rmn Hg (in. Hg). 
, 

9, - Total cyclone flow rate at wet cyclone conditions, n?/min 
A 

Y € < .  

( ft3/mi n . - Total cyclone f l o w  rate at "2 andard conditions, dscm/min Y E S  ! 
Q.m 

(dscf/min). 3SCFM 

T, - Average absolute temperature of dry meter, 'K (.R). 
1, - Average absolute stack gas temperature, 'K (OR). 

17 
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Vl'ld, = Volume of  gas measured by the dry  gas meter, corrected t o  

standard conditions,  dscm (dscf).  

""(Std, = Volume of water vapor i n  gas sample (standard conditions), 

scm (scf ) .  

8 - Total sampling time, m i n .  

p ,  - Viscosity o f  s tack  gas, micropoise. 

6.2 Analysis of Cascade Impactor Data. Use the manufacturer's 

recommended procedures t o  analyze da ta  f rom cascade impactors. 

6.3 Analysis of Cyclone Data. Use t h e  following procedures t o  analyze 

data from a s ingle  stage cyclone. 

6.3.1 PM,,, Weight. Determine the PH catch i n  the PH,, range from the 

sum o f  the weights obtained from Container Numbers 1 and 3 l e s s  the acetone 

blank. 

6.3.2 Total PM Weight (optional) .  Determine the PM catch f o r  greater 

than PM,, from the  weight obtained from Container-Number 2 l ess  the acetone 

blank, and add i t  t o  the PM,, weight. 

6.3.3 PM,, Fraction. Determine the  PM,, fraction of the t o t a l  

par t iculate  weight by dividing the PM,, part iculate  weight by the to ta l  

particulate weight. 

6.3.4 Aerodynamic C u t  Size. Calculate the stack gas viscosity as  

f 01 1 ows : 

ps = C, + C,.T, + C, f + C, fa - C, 8, 
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I .  6.3 .4 .1  The PM,, flow ra t e ,  a t  actual cyclone cqnditions. i s  calculated 

L 

6.3.4.2 Calculate t h e  molecular weight on a wet basis o f  the stack gas 

as follows: 
rZ, = H, (1-8,) + 18.0 (E,) , 

6.3.4.3 Calculate t h e  actual os, o f  the cyclone .Jr the given 

condi t ions as follows: 
- 

0.7091 

rb-- 

where E, - 0.027754 f o r  metric u n i t s  (0.15625 for English units) .  

6.3.5 Acceptable Results. '.The resu l t s  are acceptable i f  two condi t ions  

are  met. 

sampling points  are outside Ap,,, and Ap,, o r  t h a t  80 percent 2 I < I20 
percent and no more than one sampling p o i n t  is outside Apmi, and Ap,. 

is l e s s  than 9.0 pn, r e j e c t  t he ' r e su l t s  and repeat the test. 

The first is t h a t  9.0 /JIII < 0, < 11.0 pn. The second i s  that  no 

If Os, 
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Nozzle  
D i v e t e e  
( inches )  

0.136 
0.150 
0.164 
0.180 
0.197 
0.21s 
0 -233 
0.264 
0 -300 
0.342 
0.390 

, '  1 
I 

/ / / / / !  I 

Cone . 
Angle, 8 
(degrees)  

4 
4. 
5 
6 
6 
6 
6 
5 
4 -  
4 
3 - 

Cuts ide  
t a p e r ,  + 
(degrees )  

15 
15 
15 
15 ' '  

.. 1 5 
15 
15 
1.5 
15 
15 
15 

- 

S t r a i g h t  f n l e t  
. l e n s & ,  I 
'.. ( inches )  

c 0 .05 
(0.05 
co.05 
c o . 0 5  
C0.05 
co.05 
ca.os 
C 0.05 
co.05 
C0.05 , 

C 0 . 0 5  

Figure 2. Nozzle design specifications. . 
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Total Lengtb 
L 

( inches)  - 
2 - 6532 0.0 5 
2.SS>2OS05 
1.97020.05 
1 .5720 .0  5 
1.49120.05 
1.45 3 . 0 5  
1.45 tO.05 
1.45 tO.05 

1.45 50.05 
1.45 20 .05  

1 - 4 8  ~0.05 

- 
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Cyclone  Interior Dimensions 

kD-i 

cm 
in. 

\ 

t 
Did D D e  B H h 2 S - ~ k p D e ' D o  E 
1.27 447 1.60 1.88 6.96 224 A71 1.67 226 4 6  1.02 124 0.25 

D . ~ O  1-78 D.SS D.74 274 0.88 1.86 0.62 D.BS 1.76 0.40 0.49 0.10 

. .  . .  . .  
a .  . .  

'. De' 

Dimensions (+0.02 cm, +0.01 in.) I I  

Figure 3. Cyclone des ign  specifications. 
23 
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Barometric pressure, P , i n .  Hg - 
Stack s t a t i c  pressure, 6; i n .  
Average s t ack  temperature ,  t,, 

Meter tempera ture ,  t,, 'F - 
Orifice A%, i n .  4 0  - 

%; 1 

6as analysis :  
rto, = 

x o -  
Fraction mois ture  conten t ,  B, - *+%ctL  

Molecular weight of s t ack  gas ,  dry b a s i s :  
Hd - 0.44(XOz) +.32(M2) + 0.28(%N2+X0)=- l b / l b  mole 

Molecular weight o f  s t ack  gas ,  wet bas i s :  
\= Hd(1-8,)+ 18(B,) = - 1 b/l b mole 

Absolute s t a c k  pressure: 

- i n .  Hg p!3 P,= Pbr+ - = 
13.6 

Viscosi ty  Q f  s t a c k  gas: 

p, = 152.418 + 0.2552 t, + 3.2355 x l o 5  t: + 0.53147 (q) - 74.143 B,=- micropoise 

Cyclone flow rate: 

0.29L9 t,+ 460 
Qs= 0.002837 p, [ H, p, ] =- ft3//min 

Figure 4. Example worksheet 1 (Page 1 o f  2).  cyclone f l o w  r a t e  and AH. 
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,?A 
,*b' 

O r i f i c e  pressure head (AH) needed for cyc1one"flow rate: 
/ 

1 

t., 'F 

Calculate AH for three temperatures: 

Figure 4. Example worksheet 1 (Page 2 o f  2) ,  cyclone flow rate and AH.  
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Stack viscosi ty ,  par micropoise - 
Absolute stack pressure, Pa,  i n .  Hg - 

Average stack temperature, t,. 'F = 
Meter temperature, t , 'F = 

Method 2 O l A  p i t o t  c o e f f i s i e d ,  C, - 
Cyclone f l o w  ra te .  f t / m i n ,  Q, = 

Method 2 p i t o t  coef f ic ien t ,  C - 
Molecular weight of s tack gas, wet basis ,  4 = 

Nozzle diameter, On, i n .  = 

Nozzle velocity 

v, = - - ft/sec 
3.056 Q, 

4 

Haximum and minimum velocit ies:  

Calculate kin. 

- kin 10.2457 * 0.3072 - f 

1.5 I Vn . 

If kn is less than 0.5, 
bin, use Equation 1 t o  calculate  v,,~. 

i f  an imaginary number occurs when calculating 
Otherwise, use Equation 2. 

Calculate %. 

Figure 5. Example worksheet 2 (page 1 of 2).  nozzle selection. 
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i s  greater than 1 . 5 .  use Equation 3 t o  calculate v,. Otherwise, 
use I f  $. quation 4 .  

Eq. 3 v, - V, (1 .5)  - f t / s e c  

Eq. 4 V, = V, %, - ft/sec 

Maximum and minimum velocity head values: 

AP,~,, = 1.3686 X = - in .  H20 Pa rt (Vmin)' 

(ta+ 460) C: 

2 - in.  H20 Pa EL ('-1 Ap- = 1.3686 x lo4  
( t ,+  460) C: 

Velocity traverse data: 

Ap(Method 201A)= 

4- / / -4 /  
Figure 5. Example worksheet 2 (page 2 of  2 ) .  nozzle se lect ion.  
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Total r u n  time, minutes - 
Number o f  traverse p o i n t s  = 

Total r u n  time 
Number of points 

where: 

t, = dwell time a t  first t raverse  point, minutes. 

Ap', - the velocity head a t  the  f irst  traverse p o i n t  (from a previous 

t raverse) ,  i n .  YO- 
Ap'- = the  square o f  the average square root of the Ap's (from a 

previous velocity t raverse) ,  i n .  H,O. 

A t  subsequent t raverse  points,  measure the velocity Ap and 

calculate the dwell time by using t h e  following equation: 

t l  t, = - 6, where n = 2,3., . . . . to ta l  number of sampling points 
& 

where: 

t, - dwell time a t  t raverse  point n,  minutes. 

Apn = measured velocity head a t  point n ,  i n .  H,O. 

Ap, - measured veloci ty  head a t  point 1, in.  bo.  

Figure 6. Example worksheet 3 (page 1 of 2) ,  dwell time. 

za 
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Port No Port No P o r t  No . Port No 

.- 

Figure 6 .  Example worksheet 3 (page 2 o f  2) ,  dwell time. 
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Plant 

mmbef 

1 

3 

Date 
Run no. 
Filter no. 
Amount of liquid lost during transport 
Acetone blank volume, mi 
Acetone wash volume, ml (4) 
Acetone blank wnc., mg/mg (Equation 5-4, Method 5) 
Acetone wash blank, mg (Equation 5-5, Method 5) 

(5) 

WeightotPM1O (me) 

F d  weight Tare weight Weighf gain 

.- Total ........-.._.........- .- 

M Less acetone blank.... 

Weim of PMlO .......... I 1 

. Figure 7. Method 201A analysis sheet. 
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Parameter 
1. Collection efficiency 

2. Cyclone cut size (D5,) 
I 

Units Specification 
Percent Such that collection efficiency 

falls within envelope specified 
by Section 5.2.6 and Figure 8. 

10 5 1 pn aerodynamic diameter Irm 

TABLE 2. 'PARTICLE SIZES AND NOMINAL GAS VELOCITIES FOR EFFICIENCY 

Particle size (p)' 

5 f 0.5 

7 i 0.5 

10 i 0.5 

. 14 i 1.0 

20 f 1.0 

Target gas velocities (m/sec) 
7 f 1-0 15 2 1.5 25 f 2.5 
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Figure 9.  Efficiency envelope for f i r s t  calibration stage. 
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1 2 * 4  6 6 10 20 4a 

gRODYNAMIC DIAMETER bun) ....a. 

Figure 8. Efficiency envelope for the PM,, cyclone. 
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E P A  
KETHOD 0011 

ONARY SOURCEJUL 1 6  1990 SAVLING FOR FOWLDEXYDE N I  SSIONS FROM STAT1 

1.0 SCOPE AND ADPLICATION b ’ 4 S f n u r n  
1.1 This method is applicable to the determination of.Destruction and Removal 
Efficiency (DE) of formaldehyde, CAS Registry number 50-00-0, and possibly other 
aldehydes and ketones from stationary sources as specified in the .regulations. 
The methodology has been applied specifically to fomldehyde: however, many 
laboratories have extended the application to other ‘aldehydes and ketones. 
C O Q ~ O ~ ~ ~ S  derivatized vith 2.L-dinicrophenylhydrazine can be detected as lov as 
6 . k  x IO-’ lbs/cu ft (1.8 ppbv) in stack gas over a 1 h sampling period, sampling 
approximately L5 cu ft. 

2.0 S U h W R Y  OF H R H O D  

2.1 Gaseous and particulate pollutants are vithdrawn isokinetically from an 
emission source and are collected in aqueous acidic Z,~-dinitrophsnylhydrarina. 
Formaldehyde present in the emissions reacts with the 2.6-dinitrophenylhydrazine 
to form the formaldehyde dinirrophenylhydrazone derivative. The dinitrophenyl- 
hydrazone derivative is extracted, solvent-exchanged. concentrated, and then 
analyzed by high performance liquid chromatography. 

3.0 I”CES 

3.1 A decomposition product of 2,4-dinitrophenylhydrazine, 2,h-dinitroaniline, 
:an be an analytical incerferent if concentrations are high. 2.6-dinitrodline 
can coelute vith the 2.4-dinitrophenylhydrazone of formaldehyde under high 
performance liqufd chromatography conditions vhich may be used for the analysis. 
-High concentrations of highly oxygenazed compounds, especially acetone. that have 
the same retention time or nearly the same retention time as the dinitrophenyl- 
hydrazone of forsaldehyde and that also absorb at 360 nm will interfere vith the 
analysis. 

Formaldehyde. acecone. and 2.h-dinltroaniline contamination of the aqueous acidic 
2,4-dinitrophenylhydrarine (DNPH) reagent is frequently encountered. The reagent 
must be prepared within five days of use in the field and wt be stored in an 
uncontaminated environment both before and after sampling in order to minimize 
blank problems. Some level of acetone contamination is unavoidable, because 
acetone is ubiquitous in laboratory and field operations. Hovever, the acetone 
contamination must be minimized. 

4 .o APPARATUS AND HAT.z2rn 

L.1 A schematic of the sampling train is shovn in Figure 1. This sampling train 
configuration is adapted from EPA Kethod 5 procedures. The sampling train 
consists of the folloving components: Probe Nozzle. Pitot Tube, Differential 
Pressure Gauge, Ketering System, Barometer, and Gas Density Determination 
Equipment. 

1.1.1 probe Nozzle: Quaru or glass vith sharp. tapered (30’ angle) leading 
edge. The taper shall be on the outside to preserve a constant inner diameter. 
The nozzle shall be buttonhook or elbov design. A range of nozzle sizes suitable 

INTERPOLL WEORATORIES 
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ClRCLr PINES, MN 550161819 
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f o r  i sok ine t i c  r q l i n g  should be ava i lab le  i n  increments of 0.16 cm (1/16 i n ) ,  
e .g . ,  0.32 t o  1.27 c m  (1/8 t o  1/2 i n ) .  or l a r g e r  i f  higher volume sampling t ra ins  
a r e  used. Each nozzle s h a l l  be ca l ib ra t ed  according t o  the procedures outlined 
i n  Sect ion 8.1. 

4.1.2 Pr obe t i n  er: Boros i l i ca t e  gSass or q u a r t r  x h a l l  be used f o r  the probe 
l i n e r .  The t e s t e r  should n o t  a l l o v  the  temperacure in t he  probe t o  exceed 120 
t 14'C (248 t 25'F). 

4.1.3 P i t o t  Tube: The P i t o t  tube shall be Type S. as descr ibed in .Sect ion 2.1 
of EPA Xethod 2 ,  or any o t h e r  appropriate  . device. .The p i t o t  tube shall be 
*attached to the  probe t o  a l low constant  monitoring o f - t h e  s t ack  gas velocity., 
The impact (high pressure)  opening plane of t h e  p i t o t  d e  s h a l l  be even v i th  or 
above the  nozzle e n t r y  p lane  (see EPA Xethod 2. Figure 2-6b) during sampling. 
The Type S p i t o t  tube  assembly s h a l l  have a known c o e f f i c i e n t ,  determined as 
out l ined  i n  Sec t ion  4 of EPA Xethod 2.  

4.1.4 p i f f  e r e n t i a l  Pressure Cauee.: The d i f f e r e n t i a l  p re s su re  gauge shall be M 

inc l ined  manometer o r  equiva len t  device as descr ibed in Sec t ion  2.2 of EPA Method 
2 .  One manometer shal l  be used f o r  veloeiry-head readings and the other for 
o r i f i c e  d i f f e r e n t i a l  p re s su re  readings.  

4 . 1 . 5  I m i n e  e-: The sampling t r a i n  r equ i r e s  a minimum of  four  Lmpingers. 
connected a s  shown i n  Figure 1. vith-'ground glass (or equiva len t )  vacuum-tight 
f i t t i n g s .  For t h e  first.  f i i r d ,  and fou r th  Fmpingers, use t he  Greenburg-Smith 
design, modified by r ep lac ing  the t i p  vith a 1 . 3 - c m  i n s i d e  diameter (1/2 i n )  
glass tube extending t o  1.3 cm (1/2 i n )  from the bottom of  t h e  f l a sk .  For the 
second impinger. use a Greenburg-Smith fmpinger v i th  t h e  s tandard t i p .  Place a 
thermometer capable of  measuring temperature t o  vithin 1'C (2'F) a t  the  ou t l e t  
of t he  f o u r t h  impinger f o r  monitoring purposes. 

4.1.6 kleterine Svsteq: The necessary components are a vacuum gauge, leak-free 
pump, thermometers capable of measuring temperature v i t h i n  3'C (5 .b'F), dry-gas 
meter capable of measuring volume t o  v i t h i n  1 X .  and r e l a t e d  equipment as shovn 
i n  Figure 1. A: a minimum. the  pump should be capable of  4 cfm f r e e  f lov .  and 

reso lu t ion  o f  0.005 cu  f t .  Other metering systems may be used vhich a r e  capable 
of maintaining sampling r a t e s  wi th in  1 O X  of i s o k i n e t i c  co l l ec t ion  and of 
determining sample volumes t o  v i t h i n  Z X .  The metering system may be used i n  
conjunction v i t h  a p i t o t  cube t o  enable checks of  i s o k i n e t i c  sampling ra tes .  

4.1.7 Barometer: The barometer may be mercury, anero id ,  o r  other  barometer 
capable of measuring atmospheric pressure t o  vithin 2.5 mm Hg (0 .1  i n  Hg). I n  
many cases ,  t he  barometr ic  reading may be obtained from a nearby National Weather 
Service S t a t i o n ,  i n  vhich case t h e  s t a t i o n  va lue  (which is t he  absolute 
barometric pressure)  i s  requested and an Adjustment f o r  e l eva t ion  differences 
beween the  vea ther  s t a t i o n  and sampling p o i n t  is app l i ed  a t  a r a t e  of minus 2.5 
mm Hg (0.1 i n  He) p e r  30 m (100 f t )  e l e v a t i o n  increase  (v ice  ve r sa  f o r  elevation 
decrease).  

.. 
b .  

.. 

t>,e d-- LJ b-2 --- - u e ~ s r  --- - b A w ~ l d  -L-. h3-7: a recerd ing  CEpaCiCy Qf 0 - 9 9 9 . 9  CU f t  Vith a 

4 . 1 . 8  Gas .Densitv Determination Eauiument: Temperature sensor and pressure 
gauge (as  descr ibed i n  Sec t ions  2 .3  and 2.4 of  EPA Xethod Z), and gas analyzer, 
i f  necessary ( a s  descr ibed i n  EPA Method 3 ) .  The temperature sensor ideal ly  
should be permanently a t t ached  t o  t h e  p i t o t  tube or sampling probe i n  a fixed 
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configuration such that the t i p  of the teruor extends beyond the leading edge of 
the probe sheath m d  does not touch my metal. A l t e r ru t ive~y ,  the  8easor EAy be 
attached j u s t  p r io r  t o  use in the  f i e l d .  Note. hovever. that f f  the temperature 
SenSOr is attached i n  t h e  f ie ld .  t h e  E e I l S O r  mast be placed h A l l  interference- 
f r ee  arrangement with respect t o  the Type S p i t o t  tube,opedrys (Pee EPA Method 
2. Figure 2-7). As a second a l te rna t ive .  if a difference of no more than 11 in  
the average velocicy measurement is t o  be introduced, the  temperahrre gauge need 
not be attached t o  the  probe or p i t o t  M e .  

6.2 Sample Recovery 

6.2.1 pr obe t i n  ex: Probe nozzle m d  brushes; T e f l 0 3  b r i s t l e  brushes with 
s ta inless  s t e e l  wire handles are  required. The probe brush sha l l  have extensions 
o f  s ta inless  s t e e l .  Teflon@. or inert material  a t  l e a s t  as long as the probe. 
The brushes sha l l  be properly sized m d  shaped t o  brush out the probe l iner .  the 
probe nozzle, m d  the lmpingerr. 

4.2.2 Wash Bottles: Three wash b o t t l e s  are required. Teflon@ or glass wash 
bot t les  are recommended; polyethylene wash bo t t l e s  should not be used because 
organic contaminants may be extracted by exposure to o r g d c  solvents used for 

.. . .  

sample recovery. 

6.2.3 Graduated C v l f n d e r  and/or Befance: A graduated cylinder or balance is 
required t o  measure condensed water t o  the nearest  1 d. or 1 g. Graduated 
cylinders s h a l l  have divisions not >2 d.. Laboratory balances capable of 
weighing t o  t0.5 g are required. 

6.2.6 Nber  G l a s s  Storaee Containers: One-li ter wide-mouth amber f l i n t  glass 
bot t les  v i t h  TeflonQ-lined caps are required t o  s to re  lmpinger water samples. 
Ihe bot t les  m u s t  be sealed v i th  T e f l o d  tape. 

6.2.5 
ro aid in the t ransfer  of materials i n t o  and out of containers in thd f ie ld .  

5 .0  REAGEKTS 

Reagent grade chemicals or b e t t e r  grades s h a l l  be used i n  all t es t s .  Unless 
otherwise indicated,  all reagenrs shall conform to the tpecifications of the 
Committee on Analytical Reagents of the American C h d c a l  Society, where such 
specifications a re  ava i labh .  

5 . 1  h w :  
ocher applications i n  the sampling t r a in .  

5.2 S i l l  ea G e l :  Si l ica  gel s h a l l  be indicating w e .  6-16 mesh. If the s i l i c a  
gel has been used previously. dry a t  175'C (350'F) for 2 h before using. New 
s i l i c a  gel may be used as received. Alternatively.  other w e s  of desiccants 
(equivalent ~r be t t e r )  may be used. 

5.3 C r u s  hed Ice: Quantities ranging from 10-50 lb  may be necessary during a 
sampling run, depending upon ambient temperacure. Samples which have been taken 
musc be stored and shipped cold; s u f f i c i e n t  i c e  for this purpose must be 
allowed. 

Rubber Policeman and Funn e l :  A rubber policeman and funnel a r e  required 

HTLC-grade vater  is used i n  preparation of  DNPH reagent and in all 

L-47 



5 . 6  2 . 6 - D f n i  cronhenvlhvdrazine R eAeent: The 2.6-dinitrophenylhydruine reagent 
nust be prepared in the l a b o r a t o r y  vithhin f i v e  days of sampling uoe in the  f i e l d .  
Preparat ion of D N "  can also be  done in  the f i e l d .  Vith considerat ion Of 
appropriate  procedures r equ i r ed  f o r  safe  handling of aolvent i n  the  f i e l d .  When 
a container  of prepared DNPH reagent  is opened in the f h l d .  the Contents of the 
opened container should be used within 0 8  hours. All l abora tory  g las rvare  must 
be washed with detergent  and water  and r i n s e d  Vith v a t e i .  methanol. and methylene 
ch lor ide  p r io r  to use. 

m: The glassware must not be rinsed with acetone OF wcceptab1e Levels of 
acetone contamination vi11 be introduced. If f i e l d  prepara t ion  of DNPH is 
performed. caut ion must be exerc ised  in avoiding acetoria contamination. 

Reagent b o t t l e s  f o r  s torage  of c leaned D N "  der iva t iz ing  solution must be rinsed 
with a c e t o n i t r i l e  and d r i e d  be fo re  use. Baked glassware is not e s s e n t i a l  for 
preparat ion of DNPH reagent.  

m: D N "  crystals o r  DNF'H s o l u t i o n  should be handled vi& p l a s t i c  gloves at 
all times, v i t h  prornpr m d  extens ive  use of  running vi te r  in case of  skin 
exposure. 

5 . 6 . 1  preoarat ion of Aa ueous Aci d i e  DNPH : 
a r e  required fo r  prepara t ion  of the -2.eagent. 

5.4.1.1 Bottles/Caus: amber 1- o r  0 L b o t t l e s  w i t h  fe f lon@-l ined  caps a re  
required f o r  s to r ing  cleaned DNPH so lu t ion .  A d d i t i o n a l  6-L b o t t l e s  a r e  required 
t o  c o l l e c t  waste organic so lven t s .  

5.6.1.2 Jare e Glass Container: 
is required for mixing che aqueous a c i d i c  D m  solut ion.  

5.4.1.3 S t i r  P l a t e b r g  e S t i r  B a r s l S r i r  Bat Retrievex: a magnetic stir p l a t e  
and l a r g e  stir ba r  a re  r equ i r ed  f o r  the  mixing of the  aqueous a c i d i c  DNPH 
so lu t ion .  A stir bar r e t r i e v e r  is needed f o r  removing the stir bar from che 
l a rge  container  holding t h e  DNPH so lu t ion .  

5.6.1.4 a l a r g e  f i l t e r  flask (2-4 L) 
with a buchndr f i l t e r ,  appropr ia te  rubber stopper.  f i l t e r  paper. and connecting 
tubing a r e  required f o r  f i l t e r i n g  the aqueous ac id i c  D m  s o l u t i o n  p r i o r  t o  
c leaning.  

5.6.1.5 SeDaratorv Funnels: a t  l e a s t  one l a rge  reparatory funnel (2  L) is 
required f o r  cleaning the Dh'pH p r i o r  t o  use. 

5.6.1.6 Beakers: beakers  (150 m L .  250 mL. and 600 mL) a r e  usefu l  f o r  
holding/measuring organic l i q u i d s  vhen c leaning  the aqueous acidic DNPH solu t ion  
and f o r  weighing DNPH crystals. 

5.6.1.7 funnels: 
a c i d i c  DNPH i n to  the  separa tory  funnel. 

5.4.1.8 Graduated C v l f n d e r s :  a t  least  one l a rge  graduated cy l inder  (1 KO 2 L) 
is required f o r  measuring HPLC-grade water and ac id  when preparing the DNPH 
so lu t ion .  

.. 
I. 

The following mater ia l s  and reagents 

a t  least one la rge  glass conta iner  (8  to 1 6  L) 

Buchner F i l  t e r  / F i l  t e r  I2 a s k n i l  t e r  PaBex: 

a t  l e a s t  one l a r g e  funnel is needed f o r  pouring t h e  aqueous 
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5 . 4 . 1 . 9  roo-toadinn B alancc: A one-place top loading balance it needed for 
veighing out the DNFH crysuls used to prepare the aqueous acidic DNPH solution. 

5.4.1.10 Suatulap: spatulas are needed for veighing out ~ r n  vhen preparing the 
AqueoUS DNPH solution. 

5.4.1.11 p p ~  C-Grade Uatex: vater (HPLC-grade) is reiuired to miX.the 'aqueous - _  DNPH tolution. e. 
1 .  

5.4.1.12 pvdrochloric A cid: 
1s required for acidifying the aqueous DNPli solution.' 

5.4.1.13 2.~-Dinftrouhenvlhvdrazine: a supply of moist solid 2.4- 
dinitrophenylhydrarine (DNFH) is required for preparation of Aqueous acidic DNPH 
solution. The quantity of vater may vary from 10 to 302. Reagent grade or 
equivalent is required. 

5.4.1.14 Hethvlene C h l  oride: methylene chloride (suitable for residue and 
pesticide analysis. C C f l .  HpLt. CC, Spectrophotometry or equivalent) is required 
for cleaning the aqueous acidic DNPH solution, rimfag glasrvare, and recovery 
of sample trains. 

5. 4. 1.15 Cvclohexane : 
aqueous acidic DNTH solution. 

m: Do not use spectxoanalyzed grades of cyclohexane if this sampling 
methodology is extended to aldehydes and ketones vith four or more carbon atoms. 

5.4.1.16 Methanol: methanol (HPLC grade or equivalent) is required for rinsing 
glassvare. 

reagent grade hydrochloric.acid ( a p p r o i ~ t e l y  1w) 

cyclohexane.-(HPLC grade) is required for cleaning the 

5.4.1.17 Acetonitrile: acetonitrile (HPLC grade or equivalent) is required for 
rinsing glassvare. 

5.4.1.18 Formaldehvde: Analytical grade or equivalent formaldehyde is required 
for preparation of standards. If other aldehydes or ketones are used. analytical 
grade or equivalent is required. 

5 . 4 . 2  Each batch of 
DhTH reagent should be prepared and purified w i t h i n  five days of sampling, 
according to the procedure described belov. 

5.4.2.1 Add a 
large stir bar and fill the  container half full of HPLC-grade vater. 
empty bottle from HPLC-grade vater. Start the stirring bar and adjust the stir 
rate to be as fast as possible. Using a graduated cylinder. measure 1.4 mt of 
concentrated hydrochloric acid. Slovly pour the acid into the stirring vater. 
h e s  may be generated and the vater may become varm. Weigh the DHPH crystals 
on a one-place balance (see Table 1 for approxhie amounts) and add t o  the  
stirring acid solution. Fill the 8 L container to the 8 Lmark vith HPLC vater 
and stir overnight. If all'of the DNPH crystals have dissolved overnight, add 
additional DNPH and stir for t v o  more hours. Continue the prpcess of adding DNPH 
vith additional stirring until a saturated solution has been formed. Filter the 
DNPH solution using vacuum filtration. Gravity filtration may be used, but a 

pr cuaration of Aa U ~ O U S  Acidic DNPH D e r i v a t u  R eaeenq: 

Place an 8-L container under a fume hood on a magnetic stirrer. 
Save the. 



.. 
much longer t i n e  is required.  
room temperature. 

S t o r e  t h e  f i l t e r e d  so lu t ion  i n  an amber b o t t l e  a t  

T U L E  1. APPROXIHATE M O U N T  OF CRYSTALLINE DHPH USED 
TO PREPARE A SATURATED SOUTION 

Amount of Moisture i n  DNPH Fieight Required per  8 L of. . .. Solut ion 

10 w e i g h t  percent 
15 weight percent 
30 weight percent 

Within f i v e  days of proposed use.  place about 1.6 L of the  DNPH reagent  i n  a 2 
L separa tory  funnel.  Add approximately 200 mL of  methylene ch lor ide  and stopper 
t h e  funnel.  Vrap the s toppe r  of the funnel vith paper tove l s  t o  absorb my 
leakage. Inve r t  and vent  the funnel. Then shake vigorously f o r  3 minutes. 
I n i t i a l l y ,  the funnel should be vented  f requent ly  (every 10 - 15 see ) .  Af te r  the . 
l a y e r s  have separated.  d i s c a r d  the l o v q r  (organic) layer .  

Ext rac t  t he  DKPH a second time v€th methylene chlor ide and f i n a l l y  vi& 
cyclohexane. When the cyclohexane l a y e r  has separated from the DNFH reagent ,  t he  
cyclohexane layer  vi11 be the  top  l a y e r  i n  the separatory funnel.  Drain the 
lover  l a y e r  ( the  cleaned e x t r a c t e d  DNF” reagent so lu t ion)  i n t o  an amber b o t t l e  
t h a t  has been r insed  vich a c e t o n i t r i l e  and alloved t o  dry. 

5 . 4 . 3  gu a l i t v  Control : .  Take NO a l i q u o t s  of  the ex t rac ted  DNPH reagent .  The 
s i z e  of Khe a l iquo t s  i s  dependent upon t h e  exact  sampling procedure used, bu t  100 
mL is  reasonably representa t ive .  Io ensure t h a t  t he  background in  the  reagent 
i s  acceptable  f o r  f i e l d  u s e ,  analyze one a l iquo t  of the reagent according t o  the 
procedure o f  EPA Draft Method 8315.  Save the  other  s’liquot of aqueous ac id i c  
DNF” f o r  use a s  a method b lank  vhen t h e  ana lys i s  is performed. 

5 . 6 . 4  T i g h t l y  cap  the b o t t l e  containing ex t r ac t ed  D F f 3  
reagent us ing  a Tef lo f l - l i ned  cap. After  the 
b o t t l e  i s  labe led ,  the b o t t l e  may be p laced  i n  a f r i c t i o n - t o p  can (pa in t  can o r  
equiva len t )  containing a 1 - 2  inch l a y e r  of  granulated charcoal and s tored  at 
ambient temperature u n t i l  use .  

I f  t he  DNPH reagent has passed the Quality Control c r i t e r i a ,  t he  reagent  may be 
packaged t o  meet necessary shipping requirements and t e n t  t o  the sampling a rea .  
I f  the Quality Control c r i t e r i a  are not  met. t h e  reagent  s o l u t l o n  may be re- 
ex t r ac t ed  o r  t he  so lu t ion  may be re-prepared and the  e x t r a c t i o n  sequence 
repeated.  

If the  DNF” reagent is n o t  used i n  the f i e l d  within f i v e  days of  ex t rac i ion .  an 
a l iquo t  may be taken and analyzed as descr ibed  Draft  Hethod 8315. If the  reagent 
meets the QualiKy Control requirements ,  &e reagent may be used. If the reagent 
does not  meet Qual i ty  Concrol requirements .  the reagent must be discarded and nev 
reagent must be prepared and t e s t e d .  

iument t o  the F ie ld :  
S e a l  t he  b o t t l e  vith Teflona tape.  
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5 . 6 . 5  CAlcul  a t i o n  of Acceat able Levels of 7-b~ i n  DNPH Rea* em: The 
acceptable impuriry level (AIL, pg/mL) is ca~cu la t ed  from the expected -1yte 
level  i n  the sampled gas (a. ppbv), t h e  volume of a i r  that rill be ssmpled a t  
Standard conditions (NOL, L),  the formula w e i g h t  of the amlyte (m, g/mol), and 
the volume of DNRI reagent that w i l l  be used i n  the lipingers (RVOL. a): 
AIL - 
*ere 0 . 1  is the acceptable contaminant level .  22.0 is s factor r e l a t ing  ppbv t o  
g/L, 180 is a factor r e l a t i n g  the underivatized uulyce t o  the dcr iv i t iz td  

0.1 x [EAL x N O L  x iW/22.6 x (N + 180)/FJ]j(RVOL x 1000). 
>;-. 

analyte, And 1000 is a u n i t  conversion factor. .. 
5 . 6 . 6  p i  SDOSal O f  Excess D"?H ReAP-Tlf : Excess DHPH reagent may be returned t o  
the laboratory and recycled o r  t rea ted  as aqueous waste f o r  disposal purposes. 
2.6-Dinitrophenylhydrlrine is a fl-able so l id  when dry so water should not be 
evaporated fron the solution of the reagent. 

5 . 5  f i e ld  Saike Standard Premaration: To prepare a formaldehyde f i e l d  spiking 
standard at 6.01 mg/mL. use a 5OOpL syringe to transfer 0.5 mL of 372 by w e i & t  
of formaldehyde ( & O l m g / m L )  t o  a 50 mL volumetric flask containing approximately 
60 mL of  methanol. Dfluce t o  SO mL vi& methanol. 

6.0 SWLE COUCTION. PRESERVATION: AND HANDLING 

6.1 Because of the conplexity o f  t h i s  method. f i e ld  personnel should be trained 
i n  and experienced with the test procedures i n  order t o  obtain re l iab le  resul ts .  

6 . 2  boratow P r  eaaracion: 

6.2.1 All the components s h a l l  be maintained and calibrated according to the 
. procedure described i n  hpTD-0516, unless othervise specified. 

6.2.2 Uei gh several 200- t o  300-g portions of s i l i c a  gel i n  a i r t i  ght containers 
t o  the nearest 0 . 5  g .  Record on each container the total weight of the s i l i c a  
g e l  plus containers. As an a l t e rna t ive  to  preveighing the silica gel,  it my 
instead be weighed direct ly  i n  t h e  impinger o r  sampling holder just pr ior  to 
t r a i n  assembly. 

6.3 P -: elim 

6.3.1 Select the sampling s i t e  and the minimum number of sampling points 
according t o  EPA Method 1 o r  other relevant c r i t e r i a .  Determine the stack 
pressure,  temperature. and range of veloci ty  heads using EPA Method 2. A leak- 
check of =he p i t o t  l ines  according t o  EPA Method 2.  Section 3.1. m u s t  be 
performed. Determine the s tack  gas moisture content using EPA Approximation 
Method 6 or its alternarives to es tab l i sh  e s tba t e s  of isokinetic sampling-rate 
sett ings.  Determine the s tack  gas dry molecular weight, as described in EPA 
Xethod 2 ,  Section 3.6. If integrated EF'A Hethod 3 sampling is used f o r  molecular 
weight determimiion. the integrated bag sample sha l l  be taken s b u l t a n e o u l y  
with. and for  the same t o t a l  length of time as, t h e  sample run. 

6.3.2 Select a nozzle s ize  based on the range of velocity heads so that  it is 

races belov 28 L/min (1.0 c f m ) .  During the run, do not change the nozzle. 
I not necessary to change the nozzle s i ze  in  order t o  maintain isokinetic sampling 



Ensure that the proper differential pressure gauge is chosen for the range Of 
velocity heads encountered (see Section 2 . 2  of EPA Xethod 2 ) .  

6 . 3 . 3  Select A suitable probe liner and probe length so.that a11 traverse points 
can be sampled. For large stacks, to reduce the length of the probe, co&ider 
sampling from opposite sides of the stack. - 
6 . 3 . b  A minimtun of 45 ft3 of sample volume is required for the dieemination of 
the Destruction and Removal Efficiency (DE) of fomaldehyde from incineration 
systems (65ft’ is equivalent t o  one hour of sampling aC 0.75 dscf). Additional 
sample volume shall be collected as ecessitated by the capacity of the DNPH’. 
reagent and analytical detection limit constraints. To de‘termine the minimum 
sample volume required, refer to sample calcuhtions in Section 10. 

6 . 3 . 5  Determine the total length of sampling time needed t o  obtain the 
identified minimum volume by comparlng the anticipated average sampling rate w i t h  
the volume requirement. Allocate the same time to all travcrse.points defined 
by EPA Xethod 1. To avoid timekeeping errors, the length of time sampled at  each 
traverse point should be an integer or m integer plus 0.5 min. 

6 . 3 . 6  In some circumstances ( e . g . .  batih cycles) it may be necessary t o  sample 
for shorter times at the traverse.-points and to obtain smaller gas-volume 
samples. In these cases, careful documentation must be maintained in order to 
allov accurate calculation of concenuations. 

6.6 preoararfon of Collection Traiq: 

6 . 4 . 1  &ring preparation and assembly of the sampling train. keep all openings 
where contamination can occu= covered with Teflod’ film or aluminvm foil until 
just prior to assembly or until sampling is about to begin. 

6 . 6 . 2  Place 100 mL of cleaned DNPH solution in each of the  first NO impingers. 
and leave the third impinger empty. If additional capacity is required for high 
expected concentrations of formaldehyde in the stack gas. 200 m L  of DNPH per 
impinger may be used or additional impingers may be used for sampling. Transfer 
approximately 200 to 300 g of pre-veighed silica gel from its container to the 
fourth impinger. Care should be taken to ensure that the silica gel is not 
entrained and carried out from t h e  impinger during sampling. Place the silica 
gel container in a clean place for later use in the sample recovery. 
Alternatively, the veight of the silica gel plus impinger may be determined to 
the nearest 0 . 5  g and recorded. 

6 . 6 . 3  With a glass or quartz liner. install the selected nozzle using a Viton-A 
O-ring vhen stack temperatures are Q60’C (500’F) and a voven glass-fiber gasket 
when temperatures are higher. See hpID-0576 (Rom. 1972) for details. Other 
connecting systems utilizing either 3 1 6  stainless steel or Teflo- ferrules may 
be used. nark the probe vith heat-resistant tape or by come other method to 
denote the proper distance into the stack or duct for each sampling point. . 

6 . 6 . 4  Assemble the train as shown in Figure 1. During assembly, do not use any 
silicone grease on ground-glass joints upstream of the impingers. Use TeflonQ 
tape. if required. A very light coating of silicone grease may be used on 
ground-glass joints dovnstream of the impingers. but the silicone grease should 
be limited to the outer portion (see APID-0576) of the ground-glass joints to 

- 

- .  

’- 

. 
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minimize s i l icone grease contamination. If necessary, Tef lo+ tape may be used 
t o  r ea l  leaks. Connect a11 temperature sensors t o  m appropriate 
potentiometer/display uni t .  Check a l l  temperacure sensors a t  ambient 
tenperamre. 

6.L.5 Place crushed ice a l l  around the  hpingers .  ._ 
6.L.6 Turn on 8nd s e t  the probe heating system a t  the desired operatlng . .  temperature. A1low t ime f o r  the temperature t o  atabil ize.  . .  

6.5 ak-Check P r  oc edure s : 

6.5.1 Pr  e - t e s t  Leak Check: 

6.5.1.1 After the sampling t r a i n  has been assembled, turn on uul s e t  the probe 
heating system a t  the desired operating temperawe. Allov time f o r  the 
temperature t o  stabi l ize .  If a Viton-A O-ring or other leak-free connection i s  
used i n  assembling the probe nozzle t o  the probe l iner .  leak-check the t r a in  AC 
the sampling site by plugging the nozzle and pulling a 381-~mn Hg (15 i n  Hg) 
vacuum. 

a: 
Curing the t e s t .  

6.5.1.2 I f  an asbestos s t r i n g  is used, do not connect t h e  probe t o  t h e  t ra in  
during the leak check. Instead. leak-check t h e  t ra in  by f i r s t  attaching a 
carbon-filled leak check Lmpinger t o  the  i n l e t  and then plugging the  in le r  and 
pulling a 381-mc Hg (15 in Hg) vacuum. (A lower vacuum may be used i f  t h i s  lover 
Vacuum is not exceeded during the t e s t . )  Then connect the probe t o  the t r a in  and 
leak-check a r  about 25 nxn Hg (1 i n  H g )  vacuum. Alternatively, leak-check t h e  
probe w i c h  the r e s t  of the sampling t r a i n  i n  one step a t  381 n Hg (15 i n  Hg) 
vacuum. Leakage rates i n  excess of 4 X  of the average sampling rate  or >0.00057 
c’/min (0.02 cfm). whichever is l e s s ,  a r e  acceptable. 

6 . 5 . 1 . 3  The fol lovingleak check instruct ions f o r  the sampling t r a i n  described 
i n  hpID-0576 and APTD-0581 may be helpful.  S t a r t  the pump v i&  the fine-adjust  
valve fu l ly  open and Coarse-adjust valve completely closed. P a x i a l l y  open the 
coarse-adjust valve and s lovly close the fine-adjust valve until  the desired 
vacuum is  reached. Do nor reverse d i rec t ion  of the fine-adjust valve. as liquid 
v f l l b a c k  up in to  the t ra in .  If the desired vacuum is exceeded, e i ther  perform 
the leak check a t  this  higher vacuum o r  end the leak check, as shown below, and 
s r a r t  over. 

6.5.1.1 When the leak check is completed, first slowly remove the plug f r o m  the 
i n l e t  t o  the probe. m e n  the vacuum drops t o  127 m~ (5 in)  Hg or  less. 
innedfately close the COarSe-adjUSt valve.  Svitch off the pumping system and 
reopen the fine-adjust  Val-Je. Do not  reopen the fine-adjust  valve u n t i l  the 
coarse-adjust valve has been closed t o  prevent the liquid i n  t h e  impingers from 
being forced backward into the sampling l i n e  and s i l i c a  gel f rom being entrained 
backward into the third inpinger. 

’, 
A lover vacuum may be used, proafded that the lower vacuu i s  not exceeded 

6.5.2 Lr ak Checks Durfne Samuline Runs: 

6.5.2.1 I f ,  during t h e  sanpling run. a component change (1 .e . .  i q i n g e r )  becomes 

c ..- 
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necessary, a leak check shall be conducted i=edirtely after the interruption of 
sampling and before the change 1s made. The leak check shall be done according 
to the procedure described in Section 6.5.1. except t hac  it shall be done at A 
vacuum greater than or equal t o  the m a x i m u m  value recorded up to that point in 
the test. If the leahge race is feud to be no greater than 0.00057 mJ/min 
(0.02 cfm) or 41 of the average sampling rate (vhicliever is less). the results 
are acceptable. If a higher leahge rate is obtained,-the tester must void the 
sampling run. .- . -. 
m: 
of the pollutant concentration data generated and must'be avoided. 

Any correction of the sample volume by calculation reducer &e integrity 

6.5.2.2 Immediately after a component change and before sampling is re- 
initiated. a leak check similar to a pre-test leak check must also be conducted. 

6 . 5 . 3  post-test Leak Check: 

6.5.3.1 The 
leak check shall be done vith the same procedures as the pre-test leak check, 
except that the post-test leak check shall be conducted at a vacuum greater than 

If the leakage 
rate is f o w d  to be no greater than 0.00057 m'/min (0.02 cfm) or 42 of the 
average sampling rate (vhichever is- less), the results are acceptable. If, 
hovever. a higher leakage rate is obtained, the tester shall record the leakage 
rate and void the raqling run. 

A leak check is mandatory At the conclusion of each sampling run. 

. or equal to the m a x i m u m  value reached during the sampling run. 

6.6 S a m 1  ine Train Doeration: 

6.6.1 
102 of true isokinetic, belov 28 L / m h  (1.0 cfm). 

During the sampling run, maintain an isokinetic sampling rate to within 
Maintain a temperature around 

, the probe of 120' : 16.C (248' 25'F). 

6.6.2 For each run, record the data on a data sheet such as the one shovn in 
Figure 2. Be sure to record the initial dry-gas meter reading. Record the dry- 
gas u.a:ez rea&i;.gs a: =\e begi;s?ing and e-d of +a=?: r q l i r r g  tin+ i n c r e m m t ,  when 
changes in f l o v  races are made, before and after each leak check, and when 
sampling is halted. Take other readings required by Figure 2 ac least once at 
each sample 'pofnt during each time increment and additional readings when 
significant adjustments (202 variation in velocfry head readings) necessitate 
additional adjustments in flov rate. Level and zero the manometer. Because the 
manometer level and zero may drift due to vibrations and temperature changes, 
make periodic checks during the traverse. 

6.6.3 Clean the stack access ports prior to the test m to eliminate the chance 
of sampling deposited material. To begin sampling. remove the nozzle cap. verify 
that the filter and probe heating systems are at the specified temperature, and 
verify that the pitot tube and probe arc properly positioned. Position the 
nozzle at the first traverse point, vith the tip pointing directly into the gas 
Strean. Immediately start the pump and adjust the flov to isokinetic conditions. 
Nomographs, which aid in the rapid adjustment of the isokinetic sampling rate 
without excessive conputations, are available. These nomographs are designed for 
use When the Type S pirot tube coefficient is 0.84 : 0.02 and the stack gas 
equivalent density (dry molecular 'weight) is equal to 29 t 4. APID-0576 details 
the procedure for using the nomographs. If the stack gas molecular weight and 
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the P i t o t  rube coe f f i c i en t  are o u t s i d e  the  above ranges, do n o t  use the 
nonographs unless  appropriate s t e p s  a r e  taken to compensate f o r  the devia t ions .  

6.6.4 Uhen the  s tack  is under s i g n i f i c a n t  negative pressure (equivalent  t o  the  
he igh t  of the impinger stem), t ake  c a r e  t o  c lose  the ccmrse -ad ju t  va lve  before  
i n s e r t i n g  the probe in to  t h e  stack i n  order  t o  prevent l iqu id .  from backfng up 
through the  t r a i n .  I f  necessary,  the pump may be turned on w i t h  the 'coarse- 
a d j u t  va lve  closed. . .  

ii 

6.6.5 %en the probe is i n  p o s i t i o n .  b l o c k  o f f  the openings around &e probe and 
s t ack  access po r t  to prevent un rep resen ta t ive  d i lu t ion '  of the gas stream. 

6.6.6 Traverse the stack c r o s s  s e c t i o n ,  as required by EPA Hethod 1, being 
c a r e f u l  n o t  t o  bump the probe nozz le  i n t o  t h e  s t ack  walls vhen sampling near  the 
w a l l s  o r  vhen removing o r  i n s e r t i n g  the probe through the access po r t .  in order 
t o  minimize the  chance o f  extracting depos i ted  marerial. 

6.6.7 During the  t e s t  nm.  make p e r i o d i c  adjustments t o  keep the tcmperahlIe 
around the probe a t  the proper levels. Add more i c e  and. i f  necessary. sa l t .  t o  
maintain a temperamre o f  QO'C (68'F) a t  the si l ica gel o u t l e t .  Also, 
per iod ica l ly  check the l e v e l  and zero o f  the manometer. 

6.6.8 A s i n g l e  t r a i n  s h a l l  be u s e d ' f b r  t h e  e n t i r e  s q l i n g  run. except  i n  cases 
vhere simultaneous s a q l i n g  is r e q u i r e d  i n  NO o r  more separate ducts  o r  a t  NO 
o r  more d i f f e r e n t  loca t ions  w i t h i n  the same duct ,  o r  i n  cases where equipment 
f a i l u r e  necess i t a t e s  a..change of  trains. h addi t iona l  t r a i n  o r  add i t iona l  
t r a i n s  may also be used f o r  sampling vhen the capacity o f  6 s i n g l e  t r a i n  is 
exceeded. 

6.6.9 When NO or more t r a i n s  a r e  used. separa:e -lyses of components f r o m  
.. each t r a i n  shall be performed. If m u l t i p l e  trains have been used because the 

capaci ty  o f  a s ingle  t r a i n  vould be exceeded, f i r s t  lmpingers f rom each t r a i n  may 
be combined, and second Lmpingers from each t r a i n  may be combined. 

6.6.10 A t  the end of the sampling run. ~ r n  o f f  the coarse-adjust  va lve ,  remove 
the  probe and nozzle from the stack. turn o f f  the pwzp, record t h e  f inal  dry gas 
meter  reading. and conduct a p o s t - t e s t  leak check. Also. l eak  check the  p i t o r  
lines as  described i n  E?A Hethod 2. The l i n e s  must pass t h i s  leak check i n  order  
t o  v a l i d a t e  the velocity-head data. 

6.6.11 
run vas v a l i d  o r  another t e s t  should  be made. 

7 . 0  S M L E  RECOVERY 

7 . 1  Pr euarat ion:  

7 .1 .1  Proper cleanup procedure begins as soon as the  probe is removed f r o m  the  
s t a c k  a t  the  end,of  the sampling pe r iod .  When the 
probe can be handled s a f e l y ,  v i p e  o f f  a l l  ex te rna l  pa r t i cu la t e  mat ter  near  the 
t i p  of the probe nozzle and p l ace  a cap  over  the  t i p  t o  prevent los ing  o r  gaining 
p a r t i c u l a t e  matter. Do n o t  cap t h e  probe t i p  t i g h t l y  while the sampling t r a i n  
is coolfng because a vacuum will be c r e a t e d ,  drawing Ifquid from the  impingers 
back through the  sampling t r a i n .  

.. 

Calculate  percent i s o k i n e t i c i t y  (see Kethod 2) t o  determine whether the 

Allow the 'probe t o  cool.  



7.1.2 Before moving the sampling t r a i n  t o  the  cleanup s i t e .  remove the probe 
from the ssmpling t r a i n  md cap t h e  open o u t l e t ,  being carefu l  no t  t o  lo se  any 
condensate that might be present .  Remove the umbilical cord from Lle last 
impinger and cap the impinger. .If 6 f l e x i b l e  l i n e  is used, l e t  my condensed 
v a t e r  o r  l i q u i d  dra in  i n t o  the impfngers. Cap o f f  any'open impinger i d e t s  md 
o u t l e t s .  Ground glass stoppers ,  T e f l o f l  caps ,  o r  caps of other  i n e r t  macerials 
MY be used t o  s e a l  all openings. 

7.1.3 Transfer the probe and fntpinger assembly t o  an area t h a t ' i o  .c lean and 
protected from wind so that the  chancer of  contaminating o r  los ing  the  s a q l e  are  
minimized. 

7 .1 .6  Inspect  the t r a i n  before and dur ing  disassembly, and note any abnormal 
conditions.  

7.1.5 
f o r  cleanup as a blank. 
b o t t l e  being used and place each i n  a sepa ra t e ,  pre-labeled s q l e  container .  

.. 

Save a port ion o f  all washing s o l u t i o n s  (methylene chlor ide,  water) used  
Transfer  200 mL o f  each so lu t ion  d i r e c t l y  from the wash 

7.2 S a m 1  e Containen: 

7 .2 .1  -Container 1: Pr obe and Imf nzer Catches. Using a graduated cyl inder ,  
measure t o  the nearest  mt, and record  '&e volume of the so lu t ion  in the first 
three impingers. Alternat ively.  the  s o l u t i o n  may be weighed t o  the  nea res t  
0.5 g. Transfer the 
impinger so lu t ion  from the graduated c y l i n d e r  i n t o  the smber f l i n t  glass b o t t l e .  
Taking care  t h a t  dust  on the  outs ide o f  t h e  probe o r  other  ex te r io r  sur faces  does 
not  ge t  i n t o  the sample, clean a11 su r faces  t o  which the sample is exposed 
(including the probe nozzle,  probe f i t t i n g ,  probe l iner ,  first impinger. and 
impinger connector) with methylene c h l o r i d e .  Use l e s s  than 500 mL f o r  t h e  e n t i r e  
wash (250 mL would be b e t t e r ,  lf p o s s i b l e ) .  Add the washings t o  t h e  sample 
container .  

7 . 2 . 1 . 1  Carefully remove the probe nozz le  and r i n s e  the inside sur face  w i t h  
mechyiene chior ide from a uath b o c t l e .  E r s l i  vtL\ a T:fhn@ b r i s t l e - b r u s h .  and 
rinse unt i l  t h e  r in se  shows no v i s i b l e  p a r t i c l e s  o r  yellow co lo r ,  a f t e r  which 
make a f i n a l  r i n s e  of the  inside surface. B r u s h  and rinse the  in s ide  p a r u  of  
the  Svageloke f i t t i n g  w i t h  methylene c h l o r i d e  i n  a similar way. 

7.2.1.2 Rinse the probe l i n e r  with methylene chlor ide.  While s q u i r t i n g  the 
methylene chloride in to  t h e  upper end o f  t h e  probe, tilt and r o t a t e  the  probe so 
t h a t  all ins ide  surfaces  will be we t t ed  v i t h  methylene ch lor ide .  Let the  
methylene chlor ide drain from the  lower end i n t o  the sample container .  The 
t e s t e r  may use a funnel (glass o r  polyethylene)  to a id  i n  t r ans fe r r ing  the  l i q u i d  
washes t o  the container.  Hold t h e  probe 
i n  an inc l ined  posi t ion,  and s q u i r t  methylene chlor ide inco the upper end as the  
probe brush is being pushed v i t h  a m i s t i n g  ac t ion  through the  probe. Hold the 
sample container  underneath t h e  lower end of the probe, and catch any methylene 
chlor ide,  va t e r .  and pa r t i cu la t e  matter. &at is brushed from the probe. . R u n  the 
brush through the probe three  times o r  more.. Vi th  s t a i n l e s s  s t e e l  o r  o ther  metal 
probes. run the  %rush through i n  the  above prescr ibed manner a t  least  s i x  times 
s ince  there  may be small c rev ices  i n  which p a r t i c u l a t e  matter can be entrapped. 
Rinse the brush with methylene c h l o r i d e  o r  water ,  and quan t i t a t ive ly  col lecc 
these washings i n  the sample container .  A f t e r  t h e  bnuh ings .  make a final r in se  

Include any condensate i n  the  probe i n  t h i s  determination. 

Follow che rinse with a T e f l o M b n u h .  



of the  probe a= described above. 

m: Two people should c l e a n  t h e  probe in order to minimize sample lo s ses .  
&ween  sampling r u m ,  brushes D W ~  b e  kep t  clean m d  f ree  from cant-ination. 

7 . 2 . 1 . 3  Rinse the in s ide  s u r f a c e  of each of the f i rs t  chree fmpingers (and 
connecting tubing) three  s e p a r a t e  t k e s .  Use a rmill por t ion  0.f methylene 
ch lor ide  f o r  each rinse, and b ru rh  each  sur face  t o  which sample 1r . rxposed  w i t h  
a TefloM b r i s t l e  brush to ensure recovery  of f ine  pa r t i cu la t e  G t F e r .  Vater 
w i l l  be requi red  f o r  the recovery of t h e  hpingers  in addi t ion to the spec i f i ed  
quant i ty  of  methylene ch lo r ide .  There  vi11 be a t  .Ieast cwo phases i n  the 
implngerr. This tao-phase mixture does n o t  pour wel l ,  .hnd a s i g n i f i c a n t  amount 
of the  h p i n g e r  catch v i l l  be l e f t  on t h e  valls. The use of water as a r i n s e  
makes the recovery q u a n t i t a t i v e .  Xake final r in se  of each sur face  and of the 
brush,  using both methylene c h l o r i d e  and water .  

7 . 2 . 1  .O Afte r  a11 methylene c h l o r i d e  and water  washings and p a r t i c u l a t e  mat ter  
have been co l l ec t ed  in t he  ssmple c o n t a i n e r ,  t fghten the l i d  so t h a t  so lven t ,  
water ,  and DN?H reagent vi11 not leak out when the  c o n u i n a r  is chipped t o  the 
labora tory .  Xark the height of  the f l u i d  l e v e l  to determine whether leakage 
occurs duzing t ranspor t .  S e a l  the cantainer vith Teflon@ tape. Label t h e  
container  c l e a r l y  t o  i d e n t i f y  its con'ccnts. 

7.2.1.5 If the f i rs :  NO impingers are t o  be analyzed separately to check f o r  
breakthrough. separa te  the  COntentS and rinses of the two lmpingers i n t o  
ind iv idua l  containers .  Care m u s t  be -ken to 6VOfd physical carryover  from t h e  
f i r s t  i q i n g e r  t o  t he  second. The formaldehyde hydrazone is a s o l i d  vhich  f l o a t s  
and f r o t h s  on top of the impinger s o l u t i o n .  h y  physical carryover of  c o l l e c t e d  
moisture i n t o  the second impinger vi11 i n v a l i d a t e  a breakthrough assessment. 

. 7 . 2 . 2  Ccmratner 2 :  Samle  Blank. P repa re  a blank by using an amber f l i n t  g l a s s  
container  and adding a volume of DHPH r e a g e n t  and methylene chlor ide equal  to the  
t o t a l  volume in Container 1. Process t h e  b lank  in the  same manner as Container 
1. 

1 . 2 . 3  Container 3 :  Silica G e l .  Note che c o l o r  of the ind ica t ing  s i l i c a  g e l  to 
determine whether it has been comple te ly  spent  and make a n o t a t i o n  of ftt 
condi t ion.  The Lmpinger con ta in ing  the s i l i c a  gel  may be used as a sample 
t r anspor t  container  with bo th  ends s e a l e d  wi th  t i g h t l y  f i t t i n g  caps o r  plugs.  
Ground-glass s toppers  or Teflo+ caps may be wed .  The si l ica g e l  impinger 
should then be labeled.  covered v i c h  aluminum f o i l ,  and packaged on i c e  f o r  
t r anspor t  t o  the labora tory .  I f  t h e  s i l i c a  g e l  is removed from the  lmpinger. t he  
t e s t e r  may use a funnel t o  pour  t h e  s i l i c a  gel and a rubber policeman t o  remove 
the s i l i c a  gel from the impinger. I t  is not necessary to  remove the s m a l l  amomt 
of dus t  p a r t i c l e s  t h a t  may adliere t o  the impinger wall and a r e  d i f f i c u l t  t o  
remove. Since the gain i n  weight is to be rrced f o r  moisture ca lcu la t ions ,  do no t  
w e  water o r  o ther  l i q u i d s  t o  t r a n s f e r  t h e  silica gel. If a balance is ava i l ab le  
i n  t h e  f i e l d .  the spent  s i l i ca  g e l  ( o r  silica ge l  plus  impinger) may be weighed 
t o  t h e  n e a r e s t  0 .5  g. 

7 . 2 . 4  Sample containers  should be p laced  i n  a cooler ,  cooled by although no t  i n  
contac t  with ice. Smple  c o n t a i n e r s  m u s t  b e  placed v e r t i c a l l y  and. s ince  they 
a r e  g l a s s ,  protecced from breakage c u r i n g  shipment. Samples should be cooled 
during shipment so they v i l l  be  r ece ived  co ld  a t  the laboratory.  

* 
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8.0 CALIBUTION 

8.1 Prob e Forzlr  : Probe nozz les  s h a l l  be ca l ib ra t ed  before  their i n i t i a l  use  
i n  t he  f i e l d .  Using a micrometer. measure t h e  in s ide  diameter of t he  nozzle t o  
the neares t  0.025 mm (0.001 i n ) .  f i k c  measurements a t  th ree  separa te  places 
across  the diameter and o b t a i n  the  average of  the measlfTements. The di f fe rence  
beween the  h igh  and lov numbers s h a l l  no t  exceed 0 . 1  mm (0.0W in) .  When che 
nozzles become nicked o r  corroded,  they  s h a l l  be replaced and c a l i b r a t e d  before 
use. Each nozzle must be permanently m d  uniquely iden t i f i ed .  ‘ . .  
8.2  p i t o t  tube: The Type S p i t o t  tube assembly s h a l i  be c a l i b r a t e d  according 
t o  the procedure ou t l ined  i n  Sec t ion  L of EPA Xethod 2, o r  assigned a nominal 
coe f f i c i en t  of 0.86 i f  it is no t  v i s ib ly  nicked o r  corroded and i f  it meets 
design and intercomponent spacing s p e c i f i c a t i o n s .  

8.3 Meterinn s v s t a :  

8.3.1 Before its ini t ia l  w e  in the f i e l d ,  the metering system shal l  be 
ca l ib ra t ed  according to the procedure ou t l ined  i n  APTD-0576. Ins tead  of 
physical ly  ad jus t ing  t h e  dry-gas meter dial  readings t o  correspond t o  the vet- 
t e s t  meter readings.  c a l i b r a t i o n  f a c t o r s  may be used t o  c o r r e c t  the gas meter 
d i a l  readings mathematically t o  the proper  values .  Before c a l i b r a t i n g  t h e  
metering system. i t  is suggesced t h a t  a l eak  check be conducted. For metering 
systems having diaphragm pumps. the  n o m a 1  l e a k  check procedure vi11 no t  d e t e c t  
leakages v i t h i n  the p q .  For these cases .  the fo l lov ing  leak  check procedure 
vi11 apply: A t  
the  end of the run. take the  d i f f e r e n c e  of  the measured v e t - t e s t  and dry-gas 
meter volumes and divide t h e  d i f f e rence  by 10 t o  ge t  the l eak  r a t e .  The l eak  
r a t e  should not exceed 0.00057 m’/min (0.02 cfm). 

8.3.2 After  each f i e l d  u s e .  check the c a l i b r a t i o n  of the metering system by 
performing three  c a l i b r a t i o n  runs a t  a s i n g l e  intermediate o r i f i c e  s e t t i n g  (based 
on the previous f i e l d  t e s t ) .  S e t  t he  vacuum a t  the  maximum value reached during 
the t e s t  s e r i e s .  To ad jus t  t he  vacuum, i r s e r t  a valve between the v e t - t e s t  meter 
and t h e  inlet of  &e meter ing system. Calculate  the average value of &e 
c a l i b r a t i o n  f a c t o r .  If the  c a l i b r a t i o n  has  changed by more than 51,  r e c a l i b r a t e  
the meter over t he  f u l l  range of  o r i f i c e  s e t t i n g s .  as ou t l ined  i n  APTD-0576. 

8.3 .3  Leak check of meterine svsteq: m e  por t ion  of  the sampling t r a i n  from the 
p u p  t o  the o r i f i c e  meter ( s ee  Figure 1) s h o u l d b e  leak-checked p r i o r  t o  i n i t i a l  
use and a f t e r  each shipment. Leakage a f t e r  t h e  pump vi11 r e s u l t  i n  less volume 
being recorded than is a c t u a l l y  sampled. Use t h e  fo l lov ing  procedure: Close the  
main valve on the  meter box. I n s e r t  a one-hole  rubber s topper  v i t h  rubber tubing 
at tached i n t o  the  o r i f i c e  exhaut  pipe.  Disconnect and vent  the  l o v  s i d e  of t he  
o r i f i c e  manometer. Close o f f  t h e  low s i d e  o r i f i c e  tap.  Pressur ize  the system 
t o  13 - 18 em (5 - 7 i n )  v a t e r  column by  bloving i n t o  t he  rubber tubing. Pinch 
off t he  tubing an& observe t h e  manometer f o r  l m i n .  A loss of pressure  on the 
manometer i nd ica t e s  a leak  i n  t h e  meter box. Le& must be corrected.  

make a ten-minute c a l i b r a t i o n  run a t  0.00057 m’/min (0.02 cfm). 

k9I.E: I f  the dry-gas-meter c o e f f i c i e n t  va lues  obtained before  and a f t e r  a t e s t  
s e r i e s  d i f f e r  by > 5 2 .  e i t h e r  t h e  t e s t  s e r i e s  m u s t  be voided o r  ca l cu la t ions  f o r  
t e s t  s e r i e s  must be performed using vhichever  meter c o e f f i c i e n i  va lue  ( i . e . .  
before o r  a f t e r )  gives  the  l o v e r  va lue  of t o t a l  sample volume. 



8 . b  Probe heater: The probe heating system must be calibrated before its 
initid Ute in the field according to the procedure outlined i n  M T D - 0 5 7 6 .  
Probes constructed according t o  MTD-0581 need not be calibrated if the 
calibration curves in hPl3-0576 are used. 

8 . 5  Iemerature naueey: Each thermocouple must be permanently and uniquely 
marked on the casting. All mercury-in-glass reference thermometers muft  conform 
to A S M  E-1 63C or 63F specifications. Thermocouples should be calibrated in the 
laboratory w i t h  and without the use of extension leads. If exten$ion leads are 
used in the field, the thermocouple readings at ambient air temperitirres, with 
and w i t h o u t  t h e  extension lead. w t  be noted and ricorded. Correction is 
necessary if the use of an extension lead produces A change >1.5X. 

8 . 5 . 1  For t h e  thermocouples used to 
measure the temperacure of the gas leaving the hpinger train. three-point 
calibration at ice water, room air. and boiling vater temperatures is necessary. 
Accept the rhermocouples only if the readings at all three temperatures agree to 
12'C (3.6.F) w i t h  those of the absolute value of the reference thermometer. 

8.5 .2  Probe and stack thermocounle : For the thermocouples used to indicate the 
probe and stack temperatures, a three-point calibration at ice vater. boiling 
water, and hot oil bath temperatures mast be performed. Use of A point at room 
air temperature is recommended. The.'thermometer and thermocouple must agree co 
vichfn 1.52 at each of the calibration points. A calibration e w e  (equation) 
may be constructed (calculated) and the data extrapolated to cover the entire 
temperature range suggested by the manufacturer. 

8.6 Barometer: Adjust the barometer initially and before each test series to 
agree to within +2.5 am Hg (0.1 in Hg) of the'mercury barometer or the corrected 
barometric pressure value reported by a nearby National Weather Service Station 
(same altitude above sea level). 

8.7 Triole-beam balance: Calibrate the triple-beam balance before each test 
series, using Class S standard weights. The weights BNSK be vichin +0.52 of the 
standards. or the balance m u s t  be adjusted to meet these limits. 

9.0 CALCLTLATIONS 

Carry out calculations, retaining at least one extra decimal figure beyond that 
of the acquired data. 

9.1 Calculation of Total Formaldehvde: 

To determine the total formaldehyde in mg.  use the following equation: 

Ins, fneer and drv-eas meter thermocouuleq : 

Round off figures after final calculation. 



Total mg formaldehyde - C, x V x DF x 

([g/molc aldehyde]/[g/mole DNFH derivative]) x 

16’ m g / w  . .  

where: 

C, - measured concentration of DNPH-formaldehyde derivative, &I,, 

V - organic extract volume, mL 

. 
.. 
. -  

DF - dilution factor 

9.2 Formaldehvdc concentration in s tack 982: 

Determine the formaldehyde concentration in the stack gas using ?he folloving 
equation: 

CL - K [total fomaldehyde, mg] /.YmCgu, 
. -  

vhere: - 
K - 35.31 ft’/m’ if VmC,td, is expressed in English units 

- 1.00 m’/m’ if vmC.+d, is expressed in metric units 

- 
standard conditio=, &up (&cf) 

volume of gas sample as measured by dry gas meter, corrected to 

9.3 Average Dry Cas Keter Temperature and Average Orifice Pressure Drop are 
obtained from the data sheet. 

9.4 prv Gas Volume: Calculate VoCgtd, and adjust for leakage, if necessary, 
using the equation in Section 6.3 of EPA nethod 5 .  

9.5 
vapor and moisture content from equations 5-2 m d  5-3 of EPA Xethod 5. 

10.0 

To determine the minimum r q l e  volume to be collected, use the following 
sequence of equations. 

10.1 From prior analysis of the waste feed, the concentration of formaldehyde 
(TOM) introduced inco the combustion system can be calculated. The degree of 
destruction and removal efficiency that is required is used tn determine *e 
maximum amount of FORn allowed to be present in the effluent. This amount may 
be expressed as: 

Volume o f  Water Vaoor and Holsture Content: Calculate the volume of water 

DETERHINATION OF VOLUKF. IO BE SAKPLED 



lLax FO&Wa.r - 
1 W) (mq conc) (100 - XDBE) ] / 100 

where : 

VF - mass f l o w  rate of waste feed per h. g/h (lb/h)’ 

roRn, 

DRE - percent Destruction m d  Removal Efficiency reqhrad 

Max FOR.. 

- concentration of FDRn (a 2 )  introduced into the combu6tion . .  process , .  

- mass flow rate (g/h [lb/h]) of FOR. emitted from the combustion 
oource 

10.2 The average discharge concentration of the FQRH in the effluent gas is 
determined by comparing the Hax FORH w i t h  the volumetric f lov  rate being 
exhausted from the source. Volumetric f lov  rate &u are rvrillble AS a result 
of preliminary EPA Xethod 1 - 0 determinations: 

K4X FORPI, Cone - FOR% MASS I t l  W.m.w 
‘ *. vhere: . <  

DV.LLc*ud) 

FORX, conc - 
- volumetric f l o v  rate of exhaust gas. dscm ( b c f )  

anticipated concentration of the FOR!! in the exhrusr gas stream, 
g/dsup ( lb/dscf)  

10.3 In raking this calculation, It is recommended that a safery margin of at 
. least ten be included. 

[ U h  x 101 /[FOR% .,.I - v,, 
vhere : 

L D k  - detectable amount of FORM in entire sampling train 

V,, - mfnimum dry standard volume to be collected at dry-gas meter 

1O.b The folloving analytical detection limits and DNPH Reagent Capaciq (based 
on a rota1 volume of 200 mL in NO Fmpingerr) must also be considered In 
determining a volume to be sampled. 
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Table 2. InstlrurPent Detection Limits and Reagent Capacicy for Fomaldehyde 
hlyclr' 

Analyte Detection Limit. ppbG , Reagent Capacity, p p w  

f omaldehyde 1 . 8  . 66 
70 

acrolein 1.5 , .75 
acetone/propionaldehyde 1.5 . 75 
butyraldehyde 1.5 79 

isovaleraldehyde 1 . k  a4 

benzaldehyde 1 . k  a4 
o-/m-/p-tolualdebyde 1.3 89 
dimethylbenzaldehyde 1.2 . 9 3  

ace taldehyde 1.7 

79 
84 

methyl ethyl ketone 1.5 
valeraldehyde 1.5 

hexaldehyde 1.3 88 

Oxygenated compounds in addition to formaldehyde are included for comparison 
extension of the methodology to other compounds is possible. 

These values therefore represent 

w i t h  formaldehyde; 
. *  

Detection limits are determined in-solvent. 
the optimum capability of the methodology. 

11.0 QUALITY CONTROL 

11.1 Samulix: See EPk Xanual 600/4-??-027b for Hethod 5 quality control. 

. 11.2 Analvsis: The quality assurance program required for this method includes 
the analysis of field and method blanks. procedure validations, and a'halysis of 
field spikes. The assessment of combustion data and positive identification and 
quaniitation of formaldehyde are dependent on &e incegrity 05 the olmplas 
received and the precision and accuracy of t h e  analytical methodology. QudliCy 
Assurance procedures for this method are designed to monitor the performance of 
the analytical methodology and to provide t h e  required information to take 
corrective action if problems are  observed in laboratory operatiom or in field 
sampling activities. 

11.2.1 Field Blanks: Field blanks must be submitted w i t h  the samples collected 
A t  each sampling site. The field blanks include the sample.bottles containing 
aliquots of sample recovery solvents, merhylene chloride and water. and unused 
DNPH reagent. A t  a minimum. one complete sampling train vi11 be assembled in the 
field staging area. taken to the sampling area. and leak-checked at the begirming 
urd end of t h e  testing (or  for the came total number of times IS the actual 
s q l i n g  train). The probe of the blank train must be heated during the sample 
test. The train vi11 be recovered as if it were an actual.test sample. No 
gaseous sample will be passed through the Blank sampling train. 

11.2.2 Herhod .Blanks:  A method blank must be prepared for each set of 
analytical operations. to evaluate contamination and artifacts chat c a n  be 
derived from glassware, reagents. and sample handling in the hboratory. 



11.2.3 Field zpilll: A f i e l d  spike 1s performed by introducing 200 PL Of the 
Field Spike Standard in to  .p impfnger eonuining 200 EL of DNPH solution. 
Standard fmpinger recovery procedures are followed and the f i e l d  spike s q l e  is 
returned t o  the laboratory f o r  analysis. The f i e l d  spike is usad 8s check on 
f i e ld  handling and recovezy procedures. An al iquot  of.&= ' f ie ld  Spike standard 
is retained i n  the laboratory for  dar ivat izat ion lad comparative analysis. 

12.0 "OD P ~ R M N C E  
.. 

0 . .  
1. 

12.1 Hethod uerforman ce evaluation : The following expacted method'performance 
parameters f o r  precision. accuracy. and detection lh l t s  are  provided i n  Table 
3. .. 

Table 3. Expacted nethod Performance f o r  Formaldchyds 

Parameter Precision 'Accura+ Detection Limit'  

Hdtrix: mal t152 BPD t201 1.5 x lo-' lb/ft' 
(1.8 ppbv) .# 

trains 

- a  

* 
' 

Relarive percent difference l imi t  f o r  dual t ra ins .  
Limit f o r  f i e l d  spike recoveries. 
The lover reporting l imi t  having l e s s  than 11 probabiliry of fa l se  positive 

detection. 

c. 
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t n v i r p  Agency 

-OD 25A-DE?ZRXINATION O? TOTAL GAS- 
mus ORGANIC CONCZNTZUTION Usmc A 
F U b f E  IOlrruTION &AL- 

1. Applicability and Principle 
1.1 Applicability. This method applies to 

the m-ement of total gaseous organic 
concentration of vapors consisting primarily 
of W e s .  alkenes. and/or arenes (aromatic 
Wdrocarbons). The concentration is ex- 
prpssed in terms of propane (or other appro- 
priate organic calibration -) or in terms of 
carbon 

1.2 Principle. A gas sample is extracted 
from the source through a heated sample 
line. if necessary. and glass fiber fLlter to a 
flame ionization analyzer (FTA). Results are 
reported BS volume concentration equiva- 
lents of the calibration ffas or as carbon 
equivalents. 
2. Definitiolu 

2.1 Measurement Systan The total 
equipment required for the determination 
of the gas concentration. The system con- 
sists of the following major subsystems 
2.1.1 Sample Interface. That portion of 

the system that is used for one or more of 
the follo- sample acquisition. sample 
OaPSportation sample conditioning, or pro- 
tection of the analyzer from the effects of 
the stack effluent. 

2.1.2 Organic Analyzer. That portion of 
the system that senses organic concentra- 
Uon and generates an output proportional 
u) the gss concentration. 

2.2 Span Value. The upper limit of a gas 
mncentration measurement range that is 

IT. eo, APP. A. mein. =A- 

specified for affected source categories in 
the applicable part of the regulations. The 
span Value is established in the applicable 
regulation and is usrully 1.5 to 2.5 times the 
applicable emission limit. If no span d u e  is 
provided. use a span value equivalent to 1.5 
to 2.5 times the expected concentration. Far 
convenience. the span value should corre- 
spond to 100 percent of the recorder scale. 

2.3 Calibration Gas. A known concentra- 
tion of a gas in an appropriate diluent gas 

2.4 Zero Drift. The difference in the 
measurement system response to a zero 
level calibration gas before and after a 
stated period of operation during which no 
unscheduled maintenance. reuair. or dust- 
ment took place. 

2.5 Calibration Drift. The difference in 
the measurement system response to a mid- 
level calibration gas before and after a 
stated period of operation during which no 
unscheduled maintenance. repair or adlust- 
ment took place. 

2.6 Response Time. The h e  intend 
from a step change in pollutant concentra- 
tion at the lalet to the emlssion meanrre- 
ment system to the time at which 95 per- 
cent of the corresponding final value is 
reached as displayed on the recorder. 

2.7 Calibration Error. The difference hp 
tween the gas concentration indicated by 
the measurement system and the known 
concentration of the callbration gas. 
3. Aypamtut 

A schematic of an acceptable mensure 
ment system is shown in F¶gure 25A-1. The 
essential components of the measurement 
system are described below: 

ORGANIC 
ANALYZEW n - c . A N D  
nC;cijnnEn 

Pf8-E 

PARTICULATE 
CAI I B R A T I O  CILTER 

W I  E VALVE 
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3.1 Organic Concentration Analyzer. A 
flame IontzatiOn analyzer tFIA) capable of 
meeting or eXCeedlng the specifications in 
this method. 
3.2 Sample Probe. Stainless steel. or 

equivalent. three-hole rake type. Sample 
holes shall be 4 mm in diameter or smaller 
and located at  16.7. 50, and 83.3 percent of 
the equivalent stack diameter. Alternative- 
ly. a single openlng probe m a y  be used so 
that a gas sample Is collected from the cen- 
trally located 10 percent area of the stack 
cross-section. 
3.3 Sample M e .  Stainlw steel or 

Teflon' tubing to tiansport the sample gas 
to the analyzer. The sample llne should be 
heated, If necessary. to prevent condensa- 
tion in the me. 
3.4 Callbration Valve Assembly. A three- 

way valve assembly to direct the zero and 
calibration gases to the analyzers Is recom- 
mended. Otner methods. such as quickcon- 
nect lines, to route callbration gas to the 
analyzers are applicable. 

.3.5 Fnrticulate Fllter. An in-stack or an 
out-of-sxack glass fiber filter Is recommend- 
ed if exhaust ~ 8 5  particulate loading Is sig- 
nificant. An out-of-stack filter should be 
heated to prevent any condensation 
3.6 Recorder. A stripchart recorder. 

analog computer. or digital recorder for re- 
cording measurement data The minimum 
data recordhg requirement is one mesure-  
ment value per minute. Note: Thls method 
Is often applied in highly explosive areas. 
..Caution and Care should be exercised In 
choice of equipment and Installation. 
4. Calibmtion and Other k c s  

Gases used for calibrations. fuel. and com- 
bustion ah (lf required) are contained in 
compresed gas cyllnders. Preparation of 
callbration gases shall be done according to 
the procedure in Protocol No. 1. llsted in 
Reference 9.2. Additionally. the manufac- 
turer of the cylinder should provide a rec- 
ommended shelf Me for each callbration ga9 
cyllnder over which the concentration does 
not change more than =2 percent from the 
certified value. For calibration gas values 
not generally available (Le.. organics be- 
tween l and 10 percent by volume). alterna- 
tive methods for preparing callbration gas 
mixtures. swh as dilution systems. may be 
used with prior approval of the Administra- 
tor. 

Calibration gases usually consist of pro- 
pane in air or nitrogen and a n  determined 
in terms of the span value. Organic com- 
pounds other than propane can be used fol- 
lowing the above guidelines and making the 
appropriate mrrectioru for response factor. 

Mention of trade names or specific prod- 
ucts does not constitute endoncment by the 
Environmental Protection Agency. 

4.1 Fuel. A 40 percent HJ60 percent Ee 
or 40 percent EJ60 percent N, gas mlxtUre 
is recommended to avold an Oxygen Syner. 
glsm effect that reportedly -'When 
oxygen concentration varies steniffcantly 
from a mean value. 
4.2 Zero Gas. Hlgh purity air with less 

than 0.1 parts per mIllion by Volume (DPmv) 
of 0-c matertal (propane or carbon 
equivalent1 or less than 0.1 percent Of the 
span value. whichever Is greater. 
4.3 Low-level Calibration Gas. An organic 

calibration gas with a concentration equiva- 
lent to 25 to 35 percent of the applicable 
span value. 
4.4 Mid-level Calibration Gas An organic 

csllbration gas with a concentration equiva- 
lent to 45 to 55 percent of the applicable 
span value. 
4.5 Hlgh-level Calibration Gas. An organ- 

ic callbration gas with a concentration 
equivalent to 80 to 90 percent of the appli- 
cable span value. 
5. bfeleosurrmerrt System Performance Speci- 
ficrrtforrJ 
5.1 Zero Drift. Less than 2 3  percent of 

the span value. 
5.2 Callbration DrJft. Less than =3 per- 

cent of span value. 
5.3 Callbration Error. Les than r 5  per- 

cent of the callbration gas value. 
6. Pretest Repamtioru 
6.1 Selection of Sampling Site. The l o a -  

tion of the sampling site Is generally sped- 
fied by the applicable regulation or purpose 
of the tesf' Le.. exhaust stack, lnlet line. etc 
The sample port shall be located at least 1.5 
metem or  2 equivalent diameters upstream 
of the gas discharge to the atmosphere. 
6.2 Location of Sample Probe. Install the 

sample probe so that the probe Is cen td lY  
located in the stack. pipe. or duct and Is 
sealed tightly at the stack port connection 
6.3 Mesnvement System Preparation 

Prior to the &on test. assemble the 
measurement system following the manu- 
facturer's written Instructions in prep- 
the sample interface and the organic 808- 
W r .  W e  the system operable. 
FLA equipment can be calibrated for 

almost any  range of total organics con&n- 
tratiors. For high concentrations of organ- 
ics ( > L O  percent by volume as propane) 
modifications to most commonly available 
analyzers are necessary. One accepted 
method of equipment modification Is to d e  
c r e s e  the size of the sample to the anal- 
through the use of a smaller diameter 
sample capillary. Direct and continuOU 
measurement of olgaaic concentration Is a 
necessary consideration when determininB 
any modification design. 
6.4 Calibration Error Test. ImmediatelY 

prior to the test series. (within z h o r n  of 
the star. of the test) introduce zero gas and 
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high-level calibration gas at the calibration 
valve assembly. Adjust the analyzer output 
to the appropriate levels. if necessary. Cal- 
culate the predicted response for the low- 
level and mid-level gases based on a linear 
rspOme line between the zero and high- 
level responses. Then introduce low-level 
m d  mld-level calibration gases successively 
to the measurement system. Record the an- 
d@er responses for low-level and mid-level 
csllbration gases and determine the differ- 
ences between the measurement system re- 
sponses and the predicted responses. These 
differences must be less than 5 percent of 
the respective calibration gas value. If not. 
the measurement system is not acceptable 
and must be replaced or repaired prior to 
testing. No adjustments to the measurement 
system shall be conducted after the calibra- 
tion and before the drift check (Section 7.3). 
If adjustments are neceSSary before the 
completion of the test series. perform the 
drift checks prior to the resuired adlust 
ments and repeat the calibration following 
the adjustments. If multiple electmnic 
ranges are to be used, each additional range 
must be checked with a mid-level calibration 
gas to verify the multiplication factor. 

6.5 Response Tlme Test. Introduce zero 
gas into the measurement system at the 
&!bration valve assembly. When the 
system output has stabilized. switch pulcklY 
to the high-level calibration gas. Record the 
time from the concentmtion change to the 
measurement system response equivalent to 
95 percent of the step cbange. Repeat the 
test three times and average the results. 
7. Emission M e m r e m e n t  Test Procedure 
7.1 Organic Mesurement. Be- sam- 

pling at the start of the test period. record- 
ing time and any  required process informa- 
tion as appropriate. In particular. note on 
the recording chart periods of process Inter- 
ruption or cyclic operation. 

7.2 Drift Determination. Immediately 
following the completion of the test period 
and hourly during the test period reintm- 
duce the zero and mid-level calibration 
gases, one at a time, to the measurement 
S y s t e m  at the calibration valve sssembly. 
(Make no adjustments to the measurement 
satem Until after both the zero and callbra- 
tion drift checks are made.) Record the ana- 
lyzer response. If the drift values exceed the 
specified Hmits. invalidate the test results 
Precedthg the check and repeat the test fol- 
lowing corrections to the measurement 
Spstem. Alternatively. recalibrate the test 
measurement system as in Section 6.4 and 
=Port the results using both sets of calibra- 
tion data (Le.. data determined prior to the 
test period and data determined following 

a. Orpanic Concentration Cakadatwnr 
Determine the average organic concentrs- 

tion in terms of ppmv as propane or other 

the kSt period). 

calibration gas. The average shall be deter- 
mined by the integration of the output re- 
cording over the period specified in the ap- 
plicable regulation. 

If results y e  muired in terms of pvmv as 
carbon, adjust measured concentrations 
using EQuation 25A-1. 

C,=K C, EQ. 25A-1 
Where: 
C.=Organic concentration as carbon. ppmv. 
C-=Organic concentration as measured, 

K=Carbon equivalent correction factor. 
PDmV. 

K=2 for ethane. 
K=3  for propane. 
K=4 for butane. 
K=Appropriate response factor for other 

organic calibration gasg. 
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PHENOL 

Phenol samples were collected using a Method 5 sampling train at 0.75 CFM using 
neutral-buffered absorbing reagent. The first impinger in each sampling was spiked with 

isotopically-labeled phenol (phenold,) and 2-fluorophenol for sampling and recovery 

efficiency surrogates. The recovered samples were extracted and the extracts analyzed by 

GUMS for phenol, phenol-d, and 2-fluorophenol as per €PA Method 8270. The recoveries 

of phenold, and 2-fluorophenol were used to adjust the measured phenol concentrations. 



C O N  F I  O E N T I A L  

1nrer:cll Laborstor!es 

Hethcd 11-3701 

c. t tara:cat  ion .if J ,  4' -MeShy:ext is  

<;henyl isocyana:e)(HOI! i n  

'Nocd Board P ress  Vent Exhausts 

Th is  method i s  a m o d i f i c a t i o n  o f  NIOSH Method 347 i n  which a known 

vclume s f  stack gas i s  drawn o u t  o f  t h e  s tack  through a g l a s s - f i b e r  f i i t e r  

impre5na tsdh f th  N-p-nitrobenzyl-N-propylamine ti c q l l e i t  %I. NO1 T d l C t Z  

w i t h  t h i s  reagent t o  form a s t a b l e  urea. The urea derivative i s  analyzsd 

by HPLC. The m o d i f i c a t i o n s  and t h e  r a t i o n a l e  t h e r e f o r  a re  enumerated 

below. The m o d i f i c a t i o n s  used i n  t h i s  work were chosen e x o r e s s l y  t o  

accomodate t h e  c o n d i t i o n s  no rma l l y  encountered i n  board press exhaust gss 

s tacks  and ma-i no t  be a o o r i o r i s t e  f o r  o the r  sources. 

The method was m o d i f i e d  by  I n t e r p o l l  Labora tor ies  t o  !) p r o t e c t  t h e  

tired d a r i v a t i v e  frcm exposure t o  h i g h  temperature; 2 )  t o  p r o v i d e  f o r  

i s a k i n e t i c  c o l l e c t i o n  o f  samples, s i n c e  some M O I  w i l l  be assoc ia ted  w i t h  

p a r t i c l e s  l a r g e r  than  3 microns  i n  d iameter ;  3) t o  make p o s s i b l e  f i e l d  

recovery o f  samples, s i n c e  s t a c k  t e s t i n g  requ i res  r e p e t i t i v e  determina- 

t i c n s  wi th  l a r g e  s o p h i s t i c a t e d  sampl ing t r a i n s ;  4)  t o  inc rease t h e  

s e n s i t i v i t y  of t h e  de te rm ina t ion ;  5) and t o  more r i g o r o u s l y  p r o t e c t  the  

c o l l e c t e d  samples s i n c e  s tack  sampl ing  normal ly  requ i res  t r a n s p o r t  of t h e  

semples by t r u c k  f o r  extended p e r i o d s  o f  t ime. 

The NIGSH was m o d i f i e d  t o  meet t h e  requirement o f  i s o k i n e t i c  

c o l l e c t i c P  by us ing  a l a r g e r  f i l t e r  so t h a t  t h e  same o r  a lower face 

v e l a c i t y  than t h a t  s p e c i f i e d  i n  the NIOSH Method i s  maintained, s ince  t h e  

1 
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.A xn-heat% ;-sCs 1 inar sod OUT-SS~.:’: f; lte.7 hclder assembly wi 1 1  be USBC 

70 samciS tk:a denti since tb.e jas t s  essentially ambrent air (lOO-;lS -.=! 

with very low moisture content. The filtsr holder will be of the “Out- 
stack” type to minimize the effect af increased temperature on break- 
through. Sampling will be isaKinetii :aensure representative collectim 
. 3 i  parti.;lis which may have MDi adsorSad on their surfaces. 

jampi? rscovery u i :  1 be quantitative using methylene chloride as the 
rxovery sc’vent. Samcles will be recovered into amber jars with Teflon 
!ids and stsr;d an ice or in a refrigerator until analysis. The filter 
and probe r inse .will be recovered into the same container t o  initiatz 
extraction immediately upon reccvery in the field. 

Criteria used in developing stack procedure: 

1. The method as conceived for OSHA work uses a filter with an 
effective filtering area diameter of 1 crn. A flow rate of 1 

LPM is recommended. A t  this superficial velocity, the 
collection efficiency for M D I  was found to be >99.3%. 

.I 
I _  

If t, 518 ‘ C  then 0 <lo  HRS 

18 5tG: 529 ‘C then 0 5 5 . 5  HRS 

29 540 ‘C then 0 53 HRS 

where 0 = total sampling time 

2 



:;ace same o f  ?he YGi ar Jther diisocyanates ~.OIsl cculd and 
.iilil be asssciated 3ith pdrticGlate mateiia?. samples uill 3e 
,rsllectec! isokineti,cal!y. 

Since breakthrough is temperature dependent, it i s  necessary 
to use an out-stazk filter holder. The prcbe and filter 
holder should not be heated. 

jince interferences form sn long standing especially in the 
presence of light, sa7ples are to bi rccoierad icto amber 
bottles and scored 2t 4 'C. 

Methylene chloride should be used as the recovery solvent. 
7 k  filter and the jrcbe wash should be placed in the same 
cintainer. The filter must be preweighed as ire11 as the 
s m p l e  coctainer. After the sample i s  recovered, the container 
is weighed again. The total volume of methylene chloride may 
then be calculated from the above weigiits and the density of 
methy lene ch 1 or i de. 

Note: This method of recovery initiates extraction of the urea 
derivative immediately and probably increases the 
stability of the samples. 

The total volume o f  CHIC1, should be about 35-50 ml. The 
aliquot for HPLC analysis may then be drawn directly from the 
sample container (after sonication). 

. -  

Alternatively, the entire mixture may be filtered through a 
methylene chloride rinsed glass fiber filter, the filter 

3 
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5 .  A 2 . 5  inch glass fiber filter vith an effective filtration 
diameter 3f 5.59 cm will allow sampling at a flow rate 3 2 . 4  

times greater than t5e NIOSH procedure and stlll maintain the 
:me superficial velccity. Thus 3 flsw rate af up to ? . ? 4  CFM 

:an 52 usea and stil: give a collection efficiency o f  299.2%. 

- , Fr-r an H5 5amp;ing trzin, this means that an orifice pressure 
drop as high as 4.3 1N.K. can be used without concern about 
reSucticn in the collection efficiency of M D I .  At a tempera- 
Z ' J E  up +s 104 :i (sa J ~ ) ,  samoling can be perfcrmed for a 
period up to ~ h r a e  nours without concern of Sreakthrough. 

a. Gased on the above consideration, a normal MDI sampling will 
consist o f  three one-hour samplings at a flow rate not to 
exceed 1 . 1 4  CFM., 

Note: (qpb v/v) = 0.0978 X (ug/Nm) 
.4 
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4,4'-METHYLENEBIS(PHENYL ISOCYANGTE) (MDI) 

Methods Research Branch 

Analytical Method 
II-S791 

Analyte: A urea derivative Method No: PbtAn 347 
of HOI 0 .  '13 tu 7% fpb 

Range: 4.4 to 800 ug1m3 

Precision: 0.078 
Matt i x: Air 

Procedure: Collection and 

derivatization impregnated filter, on 
HPLC 

r'?E = G.OY,Y,J/~ '> 
Date Issued: 8/31/81 

Date Revised: Classification: E (Proposed) 

1. Synopsis 

1.1 A known volume o f  air is drawn through a glass-fiber filter 
impregnated with a reagent, N-e-nitrobenzyl-N-propylamine. to 
collect HDI. M3I reacts witTi the reagent to-form - -  N, N"-(methylenedi-4 .l-phenylene) bi s[ N'-[  (4-ni trophenyl )methyl]- 
- N'-propylurea] (MOIU) as a derivatTve. (Reference 11.1) 

recover the urea derivative. 

The dichloromethane solution is analyzed by high pressure liquid 
chromatography (HPLC) with an ultraviolet detector set at 254 run 

. to determine the concentration of MOIU. 

The concentration of MDI in air i s  calculated from the quantity 
of MDIU on the filter and the volume of air sampled. 

Working Range, Sensitivity and Detection Limit 

2.1 MDI in air an be quantified at concentrations ranging from 4.4 

concentrations ranging from 80 to 1000 ug/ for 10-L a i r  
samples. The range useful for quantitation of the urea 
derivative (HDIU) in solution is equivalent to 0.8 to more than 
150 ug HDI per mL of solution when 50-vL aliquots are injected 
into the HPLC. 

1.2 The impregnated filter is treated with dichloromethane to 

1.3 

1.4 

2. 

3 to 800 ug/ 3 for 180-L air samples and at c iling 
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2.2 The impregnated filter can collect more than 298 ug of M O I  
(greater than 99.3'; of the Mil I )  at a concentration of 
500 ug/m3 during a 10-hour sampling period at 1 Llmin when t h e  
air tel;;pera:ure i s  18 'c. 
I t  has been estimated that MSI at a concentration of 0.6 ug/m3 
could be detected in a 180-L air sample. The detection limit o f  
MDlU in solution is equivalent t o  approximately 0.1 "9 o f  HDI 
per mi if a 5O-uL aliquot is injected into the HPLC. 

2.3 

3. Interferences 

3.1 When other compounds are known or suspected to be present in t h e  
air, sach inforcation, inclueing their suspected identities, 
shoula be transmitted with t h e  sample. 

- N-e-Nitrobenzyl-N-propylamine on glass fiber filters is unstable 
in the presence Tif light and i s  unstable t o  a smaller degree 
during storage in the dark at room temperature. 
during HPLC analysis may result if impregnated filters in f i l t e r  
holders are exposed to light f o r  an excessive period or are 
stored in the dark at room ten2erature for an excessive period. 
Expcsure of  t w a  impregnated filters inside filter holders t o  
fluorescent lighting for 25 hours gave rise t o  interferences 
during HPLC analysis which corresponded t o  roughly 2 ug of MDI 
per filter. Storzge of  three impregnated filters for 41 days in 
the dzrk (33 days ai roon tem2erature and 8 days at -21 'c) gave 
rise t o  interferences which corresponded t o  an average of 
roughly 0.C ug KSi per filter. Storage of six impregnated 
filKers for 42 days in the dark at -21 'C gave rise to no 
interferences during HPLC analysis. 

The following compounds would not interfere with the analysis of 
M O I  in this method: toluene-2.4-di i socyanate (2,4-TD1), 
to luene-2 .6-d i isocyanate  (2.6-T01), and hexamethylene 
diisocyanate ( K D I ) .  

Any compound which has the same retention time as that of HDIU 
and is detected under the HPLC conditions indicated i n  this 
method is an interference. 

3.2 

Interference 

3.3 

3.4 
' 

4. Precision and Accuracy 

4.1 The pooled relative standard deviation for the sampling and 
analytic 1 method in t h e  approximate range from 170 to 
80i) ,,g/mg was 0.060 when critical orifices were used t o  
maintain sampling rates near 1 L/min. The relative standard 
deviation for the sampling and analytical method in the same 
approximate range of concentrations would be 0.078 if a pump 
error of 0.05 is assumed f o r  personal-sampling pumps. 
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4.2 Average recoveries of MaIU from impregnated f.ilters ranged from 
0.96 to 0.99 over the range 0.8 to 67 ug of HOI per filter. 
pooled relative standard deviation for the average recoveries 
was 0.030. 

MOIU on impregnated filters is stable during storage a: room 
temperature in tne dark for at least 15 days. 

The 

4.3 

5 .  Advantages and Disadvantages 

5.1 Advantages of tne method are: 
portable and convenient for personal sampling; (b) the sampler 
can collect M3i in both vapor and aerosol forms; and (c) the 
analytical method is specific for MDI. 

approximately 21 days for storage of impregnated filters at room 
temperature i n  the dark because of the instability of the 
reagent, N-e-nitrobenzyl-N-propylamine; (b) a need to.protect 
impregnat$d filters from Tight; and (c) a need to wash the HPLC 
column when N-o-ni trobenryl-e-propylamine causes a large 
detector response (see Sections 3.2 and 8.3.6). 

(a) the sampler is small. 

5.2 Disadvantages of the method are: (a) a time limitation of 

6. Apparatus 

6.1 Sampling Equipment 

6.1.1 Samplers. Each sampler contains a glass-fiber filter. . 
13 m in diameter, which has been impregnated with 
.,- N-pnitrobenzyl-N-propylamine. The impregnated filter 
i s  housed in a 13-mn filter holder (Catalogue No. 
SXOO 013 00, Millipore Corporation, Eedford. MA, or 
equivalent). The internal diameter of the inlet of 
the filter holder is 4 mn. 
"rapped rith black tape in order to help protect the 
impregnated filters from light. Seal the inlets and 
outlets o f  the filter holders with plastic tfpe for 
storage. The samplers may be stored at -21 
dark for at least 6 weeks. 
the samplers at room temperature in the dark to 
approximately 21 days (see Section 3.2). 

6.1.2 Impregnated Filters. Place 300 mg (0.0013 mole) of 
N- -nitrobenzyl-E-propylamine hydrochloride into a 
T 2 g - m ~  separatory funnel. Add 25 m: of deionized 
water and shake the mixture until all of the 
hydrochloride has dissolved. Cause free amine to 
separate from the solution by adding 15 mL of 1 N NaOH 
solution and shaking the mixture. Extract the 
- N-pnitrobenzyl-'-propylamine with 50 mL of hexane. 

The filter holders may be 

c in the 
Limit the storage time of 
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Place Six glass-fiber filters which are free Of 
binders and 6 mC of the hexane solution into a 50-mL 
beaker. In dim light, allow hexane to evaporate from 
the beaker with the aid of a stream o f  nitrogen. 
Occasionally swirl the mixture. The filters are 
sufficiently dry when they no longer cling to the 
beaker. It has been estimated that there is 4 . 5  mg Of 
- N-e-nitrobenzyl-N-propylamine - on each impregnated 
f i Iter. 

sampling pump should be calibrated for the recomended 
flow rate o f  1 Llmin with a representative sampler in 
line. 

6.1.3 Calibrated Personal-Sampling Pump. The personal 

6 .1 .4  Stopwatch. 

6.1.5 Thermometer. 

High pressure liquid chromatograph with .an ultraviolet 'detector 
set at 254 nm. 

HPLC column, 25-cm x 4.6-rm internal diameter. packed with 
Partisil 10 (a porous silica packing; diameter, 10 um; Surface 
area. 400 dig; Uhatman. inc., Clifton, NJ). 

Frits, 0.5-micrometer pore diameter, for use in front o f  the 
packing in  the HPLC column. 

Partisil 10 or other silica packing for use in replacing packing 
which may be last from the H P L C  column (see Section 8.3.7). 

Spectrophotometer set at 555 nm. 

Quartz cells f o r  spectrophotometer, 5-cm path length.' 

6.2 

6 . 3  

6.4 

6.5 

6.6 

6 . 7  

6.8 

6.9 

6.10 

6 .11  Tweezers. 

. Glass vials, I-mL, with caps lined with polytetrafluoroethylene. 

Volumetric flasks, 5-mL and other convenient sizes.  

Graduated cylinders, 10-. 25-. 105 .  and ~ 0 0 0 4 .  

7. Reagents 

Except where otherwise indicated, each reagent should be of ACS reagent 
grade or better. 

7 - 1  4,4'-Methylenebis(phenyl isocyanate) (HOI). practical grade or 
better. 
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7.2 

7.3 

7.4 

7.5 

7.6 

7.7 

7.8 

7.9 

7.10 

7.11 

7.12 

- N-pNitrobenZy1-n-propylamine hydrochloride. 

Dichloromethane, distilled in glass. 

Solution of Mil1 in dichloromethane. 
200 nL of dichloromethane. 
frit of fine porosity. 
according to Section 9.1. 

Hater. deionized. 

W I U .  
amine hydrochloride with 25 mC of deionized water i n  a 125-mL 
separatory funnel. 
solution by adding 15 mC of 1 N NaOH and shaking the mixture. 
Extract the N-p-nitrobenzyl-N-propylamine with 50 mL of hexane. 
Determine th; volume of the Tolution prepared according to 
Section 7 .4  which would contain 577 mg (0.00231 mole) of M o l ,  
and add 577 mg of MOI in solution to 40 d of the hexane 
solution. 
ITL with a rotary evaporator. Collect the solid by filtration. 
W a s h  the solid with several portions of hexane. Recrystallize 
the product f rom benzene by dissolving the product in hot 
benzene, f ilrering the solution quickly, and allowing the 
filtrate to cool. 
dry the product -- in vacuo at 80 
(Reference 11.2) 

NOTE: 
in a ventilated fume hood. 

4,4'-Methylenedianiline, high purity. 

Acetic acid, glacial. 

Standard solution of 4,4'-methylenedianiline. 
of 4,4'-methylenedianiline in 700 ml o f  glacial acetic acid. 
Dilute the solution to 1 liter with deionized water. 

Hydrochloric acid, 12 H. 

Hydrochloric acid-acetic acid solution. 
hydrochloric acid and 22 mL of glacial- acetic acid to 600 ml Of 
deionized water. Dilute the solution to 1 liter with deionized 
water. 

Sodium nitrite-sodium bromide solution. 
sodium nitrite and 5.0 g of sodium bromide in deionized water 
and dilute the solution to 100 ml. 
week. 

Mix 2.0 g 0: MDI with 

Determine the concentration of MOI 
Filter the solution with a glass 

Nix 1.500 g (0.00650 mole) of N-p-nitrobenzyl-r(-propyl- 

Cause free amine to separate from the 

Reduce the volume of the mixture to approximately 25 

Collect the trystals in a Buchner funnel, and 
C. Melting point o 161-162 'C. 

Benzene is a carcinogen and should be handled with care 

Dissolve 238 mg 

Add 35 ml of  12 M 

Dissolve 3.0 9 of 

Discard the solution after 1 
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7.13 

7.14 Sodium carbonate solution. Dissolve 16.0 g of anhydrous sodium 
carbonate in deionized water and dilute the solution to 100 d. 
Discard the solution after 1 week. 

- N-( 1-Naphthyl )ethylenedi ami ne di hydrochloride solution. 
Dissolve 1.0 g of N-(1-naphthy1)ethylenedimine dihydrochloride 
i n  5 0  mL of deioniied water, add 2 mL of 12 H hydrochloric acid. 
and dilute the solution to 100 mi. Discard the solution after 1 
week. 

Sulfamic acid solution. 
100 d of deionized water. 

Dissolve 10.0 g of sulfamic acid in 

7.15 

7.16 -*- N N-Dimethyl formamide-hydrochlor ic acid solution. Mix 90 d O f  - -  N.N-dime:hylformamide with 10 mL of 6 M hydrochloric acid. 
Discard the solution after 1 week. 

7.17 2-Propanol. distilled in glass. 

8. Procedure 

8.1 Cleaning of Equipment. 
analysis should be washed with detergent and rinsed thoroughly 
with tap water and deionized water. 

Collection and Shipping of Samples 

8.2.1 

All glassware to be used for laboratory 

8.2 

In each set o f  samplers consisting of Six or fewer 
samplers, label two samplers as "blank" samplers. The 
"blank" samplers and the corresponding samplers used 
in actual air sampling should contain impregnated 
filters from the same batch (Section 6.1.2). 

8.2.2 Handle the "blank" samplers and other samplers under 
the same conditions of temperature, light exposure and 
storage time. 
through the 'blank" samplers. 

Imnediately before sarnpl ing, unseal the inlet and 
outlet of the sampler. 

Connect the sampler to a calibrated personal-sampling 
pump with flexible tubing. . 
Sample at a flow rate of 1 Llmin for 10 h o y s  or less 
if the maximum air temperature will be 18 C or less: 
(Expriments were performed at air temperatures near 
18 C, and 12 hours of sampling was borderline f o r  
breakthrough to occur. 
expected to decrease with increases in concentration 

00 not unseal and do not draw air 

8.2.3 

8.2.4 

8.2.5 

Breakthrough volumes would be 
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8.2.6 

8.2.7 

8.2.8 

8.2.9 

of MOI vapor, and the maximum vapor concentration o f  
M D I  would increase with temperature. Maximum sampling 
periods should be decreased with increases in air 
temperature.) Sample at 1 L/min for 5.5 hours o r  jess 
if t h e  maximum air temperature will be between 1 8  
and 29 'C. 
the maximum air temperature will be between 29 C and 
40 'C. 

Record pertinent data in regard to sampling including 
sampling time, air temperatures, and atmospheric 
pressures. 
the elevation. 

After sampling, seal the inlets and outlets of the 
samplers with plastic tape. 
the 'blank" samplers in the dark and, if practical. at 
-21 'C until analyses are performed. 
are stored at room temperature. limit the total 
storage time at room temperature to approximately 21 
days. Consider storage time before sampling as part 
o f  the total storage time. The samplers may be stored 
in the dark at -21 'C for at least 6 weeks. 

If a bulk sangle of material suspected to contain MOI 
i s  to be submitted to the laboratory, place the bulk 
sample into a glass container, and seal it with a cap 
lined with polytetrafluoroethylene. 
place with tape. 

00 not transport the bulk sample and the air samples 
in the same container. 

C 
Sample at 1 Llmin for 3 hours or leSs if 

I f  pressure data are not available, record 

Store these samplers and 

If the samplers 

Secure the cap in 

8.3 Analysis of Samples 

Preparation of Samples. 
from the fiirer holder with treezerse and place the 
filter into a 1- in^ glass vial. 
dichloromethane into the vial. Seal the vial with a 
cap lined with polytetrafluoroethylene. 
vial vigorously for approximately 1 minute. 

8.3.2 HPLC Conditions. Operating cbnditions for high 
pressure liquid chromatography are: 

Column temperature: Room temperature 
Mobile phase: 1.4 :98.6 2-Propanol- 

Flow rate: 2.0 mllmin 
Oe t ec tor: UY (254 nm) 

Remove the impregnated-filter -... 8.3.1 

Place 1 ml of 

Shake the 

di c hl orome thane (vl v ) 
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8 .3 .3  

8.3.4 

8.3.5 

8.3.6 

Injection volume: 50 U L  
Column efficiency: Approximately 300 

theoretical plates 
for MOIU 

Ad j ust ed 
Retention Capac i t y  

Compound* Volume ( V a l )  Factor (k') 

MOIU 4.1 mL 1.9 
2,4-T0 IU 11.1 m: 5.0 
Z16-TD1 U >18.4 mL >8.3 
HDIU >30 mL >13.6 

*2.4-TOIU, 2,6-TDIU, and HDIU are the corresponding 
urea derivatives of toluene-2.4-diisocyanate 
(2,4-TOI ) , toluene-2,6-di isocyanate (2.6-TDI ) , and 
hexamethylene diisocyanate (HOI), respectively. 

NOTE: If HPLC conditions are e w l o y e d  which are 
different from those mentioned for this method, 
"blank" impregnated filters should be analyzed after 
storage of sucn filters and after exposure of such 
filters to light in order to help determine 
possioilities of interference. 

Inject a 5O-uL aliquot of sample solution into t h e  
high pressure l i q u i d  chromatogrzph. and determine t h e  
size of the peak corresponding to MOIU. 

If the quantity o f  M3IU is above the lower 
quanti,tation limit, analyze another aliquot of. t h e  
sample solution with two  standards at concentrations 
above and below that of the MDIU in the samp?e 
solution. Precede and follow an injection of sample 
solution with an injection of standard solution. 

Analyze the "blank" samples with the field samples. 

After an aliquot of sample solution has been injected 
into the liquid chromatograph, N-pnitrobenzyl-N- 
propylanine will emerge eventuaTly from the HPL'I: 
column and cause a large response in the detector. 
Wash the column periodically to remove excess 
N-E-niirobenzyl-N-propylamine by pumping 50:SO 
7-propanol-dichloromethane (v/v) at 2 mllmin through 
the column for at least 1 minute. Then pump 1.4:98.6 
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2-propanol-dicnloromethane (vlv) at 2 mL/min through 
the column for 15 minutes before tne next injection. 

Replace the frit in front of the column packing when 
pressure becomes excessive (see Section 6 . 4 ) .  If a 
small quantity of packing i s  lost, replace the lost 
packing witn fresh Partisil 10 or other silica packing. 

Measure either peak heights or peak areas. 

the two adjacent standards ( s e e  Section 8.3.4). 

8.3.7 

8.3.8 

8.3.9 Construct a calibration curve for each sample based on 

8.4 Determination of Analytical-Method Recovery 

8.4.1 Significance of Deternination. The determination of 
analytical-metnod recovery may provioe information 
ahicn would aid in correcting for bias, if any, in the 
analytical method. Analytical-method recoveries 
should be determined at tnree levels o f  MDI which span 
the range of interest. 

dicnlorc,zethane -at concentrations appropriate for the 
application of approximately lO-,,L aliquots to filters 
(a solution at a concentration of 0.08 ug/uL would be 
appropriate for tne application o f  0.8 ug of K i l l  per 
filter). Determine the concentrations of MSI 
according to Section 9.2. Place 18 impregnated 
filters (six filters for each level of MDI) into 
separate 1-mL glass vials. and add a known quantity of 
M i l l  in approximately 10 "L of dichloronethane solution 
to each filter. Seal each vial with a cap lined with 
polytetrafluoroethylene, and store each vial at room 

the samples and nine "blanks" (three "blanks' for each 
level) according to Section 8.3. 

The analytical-method recovery for a level of MDI 
equals the average quantity of MOlU found in the 
samples corrected for the average blank and divided by 
the quafliity of MDIU corresponding to the quantity of 
Mil1 applied. 

Construct a curve of recovery versus average quantity 
of MDlU found. 

8.4.2 Procedure. Prepare three solutions of MOI in 

I ^  Lc1;,;2ratiir2 in the dark for ceveral hnurs. Analyze 
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9- Calibration and Standardization 

9.1 Determination of Concentration of MDI in Dichloromethane 
Solution by a Colorimetric Method. (Reference 11.3) 

9.1.1 

9.1.2 

9.1.3 

9.1.4 

9.1.5 

9.1.6 

9.1.7 

9.1.8 

9.1.9 

9.1.10 

Mix 1 0  ml of the standard solution of 
4,4'-methylefledianiline (Section 7.9) with 3 5  ml of 
12 M hydrochloric acid and 15 mL of glacial acetic 
acid, and dilute the solution to 1 liter with 
deionized water. 

Prepare a series of standards i n  the range from 1.2 t o  
12 ug 4,4'-methylenedianiline per 15 mL of solution by 
di1u:ing aliquots of  the diluted standard Solution 
(Section 9.1.1) with hydrochloric acid-acetic acid 
solution (Section 7.11). 

Take 15 ml of hydrochloric acid-acetic acid solution 
(Section 7.11) as a blank. 

Mix 0.5 ml. of sodium nitrite-sodium bromide solution 
with 15 m; of each standard solution prepared 
according to Section 9.1.2 and with the blank (Section 
9.1.3). 

Add 1 mL of sulfaxic acid solution to each mixture, 
stir each mixture for 0.5 minute, and allow each 
mixture to stand for 2 minutes. 

Add 1.5 mL of sodium carbonate solution to each 
mixture, and stir each mixture. 

Add 1 mL of N-(1-naphthy1)ethylenediamine 
dihydrochlorTde solution to each mixture, and stir 
each mixture. 

Transfer a portion of each solution to a 5-cm cell 15 
minutes after the addition of N-(1-naphthy1)ethylene- 
diamine dihydrochloride solution. and measure the 
absorbance of each solution within 15 minutes after 
transfer. 

Construct a calibration curv'e of absorbance versus 
quantity of 4,4'-methylenedianiline in ~g per 15 mL o f  
solution. 

nix four 0.5-mL samples of the solution of MI in 
dichloromethane with quantities of - _  N,N-dimethylformamide-hydrochloric acid solution 

Water may be placed into the reference cell. 

347-10 

L-83 



(Section 7.16) i n  10-mL graduated cylinders sufficient 
to make 9.5 mL of solution for each sample. 

Add 10 uL of each solution prepared according to 
Section 9.1.10 to a separate 14-mL quantity of 
hydrochloric acid-acetic acid solution (Section 7.11). 
and dilute each solution to 15 mL with hydrochloric 
acid-acetic acid solution. 

9.1.11 

9.1.12 Analyze each sample solution according to Sections 

9.1.13 

9.1.3 through 9.1.8. 

Determine the quantity of 4,4'-methylenedianiline i .n 
each 15-mL quantity o f  the sample solution (Section 
9.1.11) from the calibration curve. 

Calculate the concentration, D, of MDI in each sample 
of dichloromethane solution i n  mg/mL according to the 
following equation: 

9.1.14 

D = 2.39 x B 

where: 2.39 = a value bdSed on three volumes (9.5 mL, 
10 ,,L and 0.5 mL) specified in 
Sections 9.1.10 and 9.1.11 and the 
molecular weights of Ma1 and 
4,4'-methylenedianiline (250.26 and 
198.27. respectively) 

B = quantity of 4,4'-methylenedianiline in 
,,g. i n  15 mL of solution according to 
the calibration curve (see Section 
9.1.13). 

9.1.15 Calculate the average concentration of HDI. 

9.2 Determination of Concentration ~f ME! i n  Dichloromethane, 
Solution by an HPLC Method. 

9.2.1 nix f o u r  1 G U L  aliquots of the solution of MDI in 
dichloromethane with separate volumes o f  a solution Of 
N-p-nitrobenryl-N-propylamine in hexane sufficient t o  
KaFe l-mL quantiyies of solution (see Section 6.1.2 
for preparation of a solution of - -  N-p-nitrobenzyl-N- - 
propylamine in hexane). 

Analyze each solution according to Section 8.3. 

calibration curve (see Section 8.3.9). 

9.2.2 

9.2.3 Determine eacn concentration of MDIU from a 
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9.2.4 Calculate the concentration o f  MDI in each sample of 
dichloromethane solution, D‘. in Ug/”L according t o  
the following equation: 

D ’  = 0.0392 x J 

where: 0.0392 = a value based on the 10-uL aliquot of 
solution o f  MDI and the molecular 
weights of MDI and M O I U  (250.26 and 
638.73, respectively) 

J = the concentration of MOIU in ug/mL. 

9.2.5 Calculate the average concentration o f  M D I .  

Y.3 Construction o f  Calibration Curve. A calibration curve will be 
an aid in selecting standards to Be analyzed with Samples. 
Prepare 5 mL o f  a dichlorometnane solution containing 50 mg of 
MOIU.  
ranging from 0.3 t o  380 ,,g MOIU per mL of  solution. 
50-”L aliquots o f  the standards according t o  the HPLC conditions 
indicated in Section 8.3. Construct a calibration curve of 
either peak height or peak area versus concentration of MOIU.  

Prepare a series of standard solutions at concentrations 
Analyze 

10. Calculations 

10.1 Determine the auantitv o f  MOIU in uq found on the imDreqnated . -  
filter from the appropriate calibraiion curve (see Section 
8 . 3 . 9 ) ,  

10.2 Correct the quantity of M31U f o r  the corresponding ‘Blank” Value. 

10.3 Determine the value o f  t h e  recovery, R ,  f rom the recovery curve 
(see Section 8 . 4 . 2 ) .  

1 0 . 4  Correct the quantity o f  MDIU for recovery by dividing the 
quantity by R. 

Calculate the concentration of MDI. C. in vg/m3 in the air 
sample according to tne following equation: 

10.5 

392 x P 
c = T  

where: 392 = a value,based on 1000 liters/m3 and the 
molecular weights o f  MOI and MOIU (250.26 and 
638.73, respectively) 

p = the corrected quantity of MDIU in ug 

Y = the volume of air sampled in liters. 

347-1 2 

L-85 
L- - 



~- 
I 

11. References 

11.1 

11.2 

11.3 

Tucker. 5. p., and J. E .  Arnold, "Sampling and Analytical 
Methods for Toluene-2.4-diisocyanate and 
4,4'-Methylenebis(phenyl isocyanate) in Air" (report in 
preparation). 

Hastings Vogt. C. R., C. Y .  KO and T. R. Ryan, 'Simple Ureas 
Derived from Oiisocyantes and Their Liquid Chromatography on a 
5-cm Column." 2. Chrornatogr., - 134. 451-458 (1977). 

Hethod No. PLItAM 142. "p,p- Diphenylmethane OiiSOCyanate ( M o I )  
in Air," in - NIOSH Manual o f  Analytical Methods, Vol. 1, Second 
Ed., 0. G. Taylor. Ed., Ndtional Institute f o r  Occupational 
Safety and Health, Cincinnati, Ohio. 1977. 
Publication No. 77-157-A. 

OHEW (NIOSH) 

Samuel P. Tucker, Ph.0. 
James E. Arnold 
Alexander W. Teass, Ph.0. 
Organic Methods Development Sect ion 

347-13 

L-86 



IXX NO.: 93-275-065-55U7 
Radian No.: 275-065-55 
EPA NO.: 68-DIa10 

FIELD TEST OF A GENERIC -OD FOR 
SAMPLING AND ANALYSIS OF ISOCYANATES 

Prepred for: 

Frank Wilshire 
AGnospheric Research and Exposure Assessment LaborauXy 

M e w  Research and Development Division 
Source Mesh& Research Branch 

U.S. Emironmental -on Agency 
Research Triangle Park, NC 27711 

- 

Prrpared by: 

J. F. McGaughey 
S. C. Fona 
R. G. McrriU 

P.O. Box 13000 
Rcsearch Triangle Park, NC 27709 

July 1993 



DRAFT 
0’  

DISCLAIMER 

The idonnation in rhis document has been funded wholly by 
the United States Environmental Protection Agency under 
EPA Conaaa Number 6&D1-(1010 to Radian It has been 

dve review, and subjected to the Agency‘s peer and 2 

it has been approved for publication as an EPA document 
Mention of trade names or commercial products does not 
consrimtc endorsement or recommendation for use. 

. .  

ii 
L-88 



We wish to acknowledge the contributions of the following -&+iduals to the success c 
this program: Mark Owens, Danny Harrison, DarreIl Doerle' and Jim Southeriand 

iii 
L-89 



Isocyanates are used extensively in the production of polyurethane materials such 

as flexible foam, enamel wire coatings, pah t  formulations and in binders for the pressed 

board i nhuy .  Because of their widespread use and known adverse physiological 
effects, several isoCyanatc~ have be= lined in 'Title III of the Clean Air Act 

&nendmeno of 1990. The isocyanates of interest are: Wtoluene diisocyanare (TDI), 
methylene diphenyl diisocyanatc (MDI), 1,6-huamethylene diisocyanate (HDI) and 
methyl isocyanate 0. Previously. no validated sampling and adyrical methodology 
far these compounds relative to stationary sources existed. 

, 

The field validation study presented in this report is a culmination of laboratory 
investigations, performed under previous work assignments. which were designed to 
develop and evaluate a viable approach for the determination of isocyanate emissions 
from stationary sources. M e r  the successful completion of the laboratory srudies, the 

sampling and analysis approach was formulated and a field validation test was initiated. 
At the direcrion of the EPA TDI was seiected as the primary analyre. 

The test site selected was a flexible foam manufacturing faciliry in High Point. 
North Carolina, which used TDI in the manufacuing process. The approximare Ievei of 

TDI in the emission sueam was determined by the analysis of samples collected during a 

presurvey. A sampling scheme was then designed to ensure the collection of sufficient 

samples to yield statistically valid data  Following the EPA Method 301 protocol, 
quadruplicate aains (QUAD) were operated simultaneously with four co-located probes. 
Two of the pains were spiked with TDI and two were unspiked. Samples from eight 
QUAD runs (minimum of six valid run?, required by Method 301) were retuned to the 
laboratory and analyzed according to the analytical procedure developed in laboratory 
studies. These data were statistically evaluated following Method 301 protocol to 
determine the performance of the method relative to bias and precision. These results 

are summarized in the following table. The precision for both the spiked and unspiked 
trains was less than 5% RSD, which is well within the precision criteria (% RSD 40) 
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Mothnrl Validation Statistical Summary ~ 

m o u n t  Spiked (as TDI) 
Average Percent Recovered 

'Results are based on the average of seven QUAD rum (14 spiked trains and 14 
unspikcd trains). TDI was present in the sack emissions and was therefore 
collected as background in the unspiked trains as well as in the spiked trains. 

7828 pg 
95 

Method 301 requires the precision to be ~ 5 0 %  RSD for the method to be 

Method 301 requires the caicdated Correction Factor to be beween 0.7 and 

acceptable. 

13 for the method to be acceptable. 
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for an acceptable method as tested. Using the data from. all  eight NI~S, the bias was 

found to be significant at the 95% level of coddence thus requixing the use of a 
correction factor of 1.053. Using the data from only seven runs (eliminating run number 
cighht due to a qutstionable leak check for one of the trains)’the bias was not signif~cant 

and therefore did not require the calculation of a correaion factor. In either case, the 
method was well wiM the bias acceptance criteria (correction factor between 0.7.and 
13)  for an acceptable method as tested. 
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1.0 XNTRODUCIION 

Sampling and analyrical methods for a particular .analyte or group of 
d y t e s  can be evaluated and validated by demonsuating thkir performance in field 
t q  thereby establishing the precision and bias of the methods experimentally. Few 
methods have been fully validated for sampling and analyzing the organic compounds 
listed in Title III of the Clean Air Act Amendments of 1990. For some analytes, 

rnetbods have been validated for sample analysis, but not for sample collection F d  
validation for both sampling and analyrical methods, for both field and laboratory 
operations, is available for fewer than 10 percent of the analytes listed in Tide III of the 

Qcan Air A n  Amendments at any source category. Field validadon may be performed 

by side-by-side comparison of a candidate method to a validated method to establish 
cozlparable performancc for the same analytes in the same matrix (same source 
category). Another procedure for validation of a method is to spike known quantities of 

axlyres into the collecrion appararus in the field so that the precision and bias of the 
method can be dernonsuared from sample collem~on rhrough analysis. 

E P A  under the authority of Ede Ill of the Clean Air Act Amendments 
( C . U )  of 1990, requires the identiiiarion and validation of sampiing and analyrical 

methods for the isocyanate compounds whicn are listed among the 189 hazardous air 
pollutanrs identified in Title III. These isocyanate compounds are listed in Table 1-1. 

Development of sampling and analytical methods for these four compounds was 

accomplished under Work Assignments 11.21, and 40 on EP.4 Conuact No. 68-D1-0010. 
.At the direction of EP& initial effons were directed to the measurement of 2,4-toluene 

diisocyanate P I )  emissions. 

The objective of this work assignment was to validate the isocyanate 
sampling and analyhd test method through field testing at an operating stationary 

source. The method was validated by collecting flue gas samples for the analysis of 
f ~ m I ,  and evaluating the data for bias and precision EPA Method 501, "Field 

Validation of Pollutant Measurement Methods from Various Waste Media," was used as 

! 
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Isocyanates Listed 

Table 

in the Clean 

1-1 

Air Act 

Huamethylcne-1.6-diisocyanate (HDI) 
2,4-Toinent d u m p n t e  

Methylene diphenyl diiocyanatc (MDI) 
vr>' _. 

Amendments of 1990 

I 
MerhyI isocyanate ( M I )  

The 2.6 T D I  isomer may also be present but is not 
listed in the CAAA. 

- 
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model for the validation protocol. h a l y t e  spiking was used with quadruplicate 

sampling trains to generate the required da ta  The field validation was performed at an 
indusuial facility which manufacrurcs flexible foam products. Only  two of the 

quadruplicate trains were spiked for each run. The two unsgiked trains were used to 

establish the background level of target compound in the stack gas. 

'Ibe sampling method utiltes a Method 5-type sampling uain, which 

operates with a solunon of I-(Z-pyridyl) piperazine and toluene in the impingen. Stack 

gas is m a e d  from the source through a heated probe and drawn through the 

i q i q c r s .  TDI presenx in the stack gas r e a m  with the piperazine to form an isocyanate 

derivative. The quantity of isocyanate is determined by solvent exchange of the toluene 

solution with acetoninile followed by high pressure liquid chromatographic (HPLC) 
analysis. 

This report discusses the details of the field validation study. Section 2.0, 
Condusions and Recommendaxiom, summarizes 'the results and provides 

recommendations for future work. Sections 3.0 and 4.0 provide derails of the sampling 

and analysis procedures respectively. Secrion 5.0 is a detailed discussion of the 

procedures, calculations and qualiry control. 

i 
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2 0  CONCLUSIONS AND RECOMMENDATIONS 

Based on the results presented in Seaion 6.0 of this repon, the following 

conclusions can be made concerning the validity of the methbd as tested under the 

conditions described in this report 

0 The calculated values for precision (%RSD) for both the spiked and 
unspiked trains, 355 and 4.72 respectively, are both well within the 
acceptance criteria of less than 50% RSD found in Secrion 63 of 
the EPA Method 301. Therefore, the method as tested ar the 
source category dcsmied meets the precision requirements; 

The method bias, at the concentration levels tested, was found to be 
sigificantly different from zero at the 95% level of confidence when 
the data from all eight runs (minimum of six runs required) were 
used in the calculations. A correction factor of 1.053 would be 
required if all eight runs are included in the bias calculation Good 
technical reasons exist for excluding one of eight QUAD runs. If 
this run is eliminated. no bias correction is required. In either w e  
the cornenion factor is well within the acceptance criteria of 0.7 to 
13 found in Section 1 2  of the EPA Method 301. Therefore, the 
method as tested at the source category described meets the bias 
and correction factor requiremenu; and 

The method as tested is sufiiciently robust to allow testing at 
sources similar to the source tested in this study where the stack gas 
moisture is less ihm i7o by volume, the iiz.ik teiiipeizrze is !ess 
than 30 degees C and the presence of other compounds that may 
interfere with the analysis are minimal. 

Recommendations for future testing and validation of the method for the 

sampling and analysis of isocyanaies include the following: 

0 Identify a source for testing that has more than one isocyanate 
present in the stack gas; 

Spike as many of the four C h  target isocyanates as possible into 
the train before sampling in order to gain as much information as 
possible €rom the field test; and 
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a Design the condense: between the fint and second impinger of the 
train to more effiacntiy reduce the loss of toluene from the first 
impinger and minimkc compound breakrhrough due enmined 
aerosols. 
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3.0 

The objective of this program was to perform a'field test to establish the 

b i z  and precision of a samphg and d y L k d  method for isocyanate compounds listed 
in xde EI of tbe a e a n  Air Aa Amendments of 1990. The method evaluation in this 
ten series resatttd from unensive literature reviews, indusuy consultation and laboratory 
development To achieve the ICR objective, an industrial source with known emissions of 
TDI was selected as a field tcsi site. Factors in the site selection were casy access, 
ample space for the quadruple sampling rrainS and proximiry to Radian's office and 

laboratory in Research Triangle Park, N o d  Carolina. 

3.1 Site Desm'otioa 

The field validation test was performed at a flexible foam production plant 

located in High Poins North Carolina. In the manufacruring process sranidg materials 
(TDI, w e r ,  a polyether res& methylene chloride, an amine catalyst. and coloring 
addiuves) are blended and continuously fed onto a conveyer belt The TDI reacts with 
water and reieasa CO, which causes foaming in the r a i n  material. Dichloromethaue 

@CM) can be added as a supplemental "blowing" or foaming agent. The heat from the 
reaction of TDI and water causes the DCM to vaporize, resulting in increased foaming. 
The density of the foam is controlled by the amount of TDI, water and DCM added. . 

The foaming action continues as the material proceeds down the conveyer belt F i h e d  

produa is hen allowed to m e  a d  degas for 24 to 48 hours. ' 

I 3 2  *ume Lnca tioa 

Figure 3-1 presents a schematic view of the sampling location. 'Three 
induced draft (ID) fans are used to exhaust TDI and DCM vapors from the production 

process through three separate uninsulated sheet metal ducts that. exrend through the 
roof. Two of the ducts are connected by a 30-foot horizontal dua, 34 inches in diameter, 

which then exrends verrically to a height of 25 feet above the roof top. A 6 inch 
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diameter sampling port is located in the horizontal d u a  midway between vertical d u m  
number 2 and 3, approximately 5 feet above the roof level. The roof level is 
approximately 15 feet above the ground. 

A recovery d e r  was located on the ground immediately in front of the 

sampling area, allowing easy communication between the sampling a e w  and recovery 
area Two-way radio communication between the fidliry production personnel and the 
sampling crew allowed coordination between produaion startup and the StM of each 

sampling - 
33 Test Schedule 

The recovery d e r  and test equipment were mobilized on Saturday, 

February 20. 1993. Equiprnenr setup took place Saturday afternoon and Sunday, and 
testing began Monday morning. 

The sampling schedule is shown in Table 3-1. Eight runs were completed, 

which included two exua runs above the required minimum of six. 

3.4 Samuie Coiiecdon 

3.4.1 ~ u a d  probe 

Sampling was performed by withdrawing stack gas kom a single port in the 
stack +mgh a quad probe,'then directing the sampled gas simultaneously to four 

independently operated sampling trains. The quad probe contains four similar heated 

sampling probes that were inserted into the stack as one unit, as shown in Figure 3-2. 
The front end of the quad probe was positioned in the center of the stack and remained 
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in that location during each t e s t  The stack was not traversed nor were suck gas veloaty 

meaSurementS made, because determination of the true concentxition and emission rate 
oi the target compound in the stack gas was not required to meet the objectives of this 

program. 

Method 301 of 40 CFR Part 63 dtscn'bes field validadon procedures. and 

details the criteria for the quadruple sampling probe tip arrangement This method 
requires the inside edge of -piing probe tips to be simated in a 6.0 cm x 6.0 cm 
square area The area encompassed by the probe tip arrangement should occupy lcss 

&a 5% of the sack cross-sectional area. The cross-sectional area of the probe tip 
arrangement used in this test MS 5.8 square inches as measured from the probejnozzle 

cxnerlines. 
inches, which sarisfies the Method 301 criterion. 

area k less than 1% of the stack cross-secdod area of 908 square 

3.42 Quad-Train Assembly 

Four independent sampling trains made up the quad-train assembly. 

Athougb four meter boxes were required, the velocity head (AP) was determined using 
only one set of pirot tubes. Tne sampling rains were idenrified as Train 
Two of the four trains were spiked before each run. The spiking compound was added 

to the first impinger of these trains in the field for bias determination. The sampling 

*& t a t  matrix is given in Table 3-2. 

B, C, and D. 

35 S a m ~ l i n ~  Prcuaration 

35.1 GIassware Preparation 

AU glassware used for sampling was thoroughly cleaned prior to use. This 
included the probe, impingen, all sample bodes  and al l  utensils used during sample 
recovery. AU glassware was washed with hot soapy water, rinsed wirh hot tap water, 
h e d  with distilled water and baked in a oven at 300 'C for four hours. The glassware 



Table 3-2 

Sampling Train Test Matrix . 
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was then triple-rinsed with HPLC grade acetonitrile. followed by triple-rinsing with 

HPLC -de toluene. Open ends of glassware were covered with aluminum foil to 
minimize potential contamination during transportation and set-up. 

3 5 2  R e p a d o n  of Inspingex Absorbing Solution 

Historical data available from the host t a t  site faciliry and dara resulting 

from the collection of preliminary samples by Radian indicated that the concenuauon of 
TDI in the process exhaust was 1 ppm or less. depending on the densiry of foam being 

produced on any given day. At this concentratio% a 30 cubic foot sample size would 

result in the collecrion of approximately 7 mg of l D I .  Using the reaction stoichiometry 
of two moles of 1.2-PP per mole of lDI, the piperazine in toluene solution was &en 

prepared at a concentration level three times the calculated minimum needed, or 
133 p g / m L  This would provide a total of approximately 40 mg of 1.2-PP in 300 mL of 
impinger solution in the fh impinger available for reacion with TDI. At this 

concentration, approximately 22 mg of TDI could be collected in the first impinger 
before the reagent was exhausted. This solution was prepared in the laboratory just 

prior to use in the field. and was used Within 10 days of preparation 

353 Reparation of T D I  SpiLing Solution 

The TDI spiking solution was prepared at a concentration of 15 mg of the 

derivatktd TDI per 1 mL of aceronitrilc Fifreen mL of this spiking solution was spiked 
into the first impinger of two of the four 6 prior to each QUAD run ?his spiking 
scheme resulted in a total spike amount of derivatized TDI of 225 rag, which is 
equivalent to 7.83 mg of underivatized TDI. This is an amount equivalent to the amount 
of TDI expected to be collected in the train from the stack gas based on preswey 

samples. Therefore, the amount present in the two spiked trains was designed to be at 

least nvice the amount present in the two unspikcd trains. 
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35.4 Sampling Equipment Preparation 

Final sampling uain preparations included d ibrauon and leak checking of 

all the uain equipment. inciuding meter boxes, thermocoupks, nodes,  pitot tubes, and 

umbilicals. Reference caliiranon procedures were followed when available. and the 
results were properly documented and archived. If a referenced calibration technique 

for a particular piece of apparatus was not available, then a state-of-the-art technique 
was used. A discussion of the techniques used to calibrate this equipment is presented 

below. 

SType Pitot Tube Caliiration 

Tne EPA has specified guidelines concerning the construction and 

geometry of an acceptable S-Type pitot tube. If the specified design and construction 
guidelines are met, a pitot tube coefficient of 0.84 can be used. Information penaining 
to the design and conrrruction of the Type-S pitot rube is presented in detail in 

Seaion 4.1.1 of EPA Document 600/4-77027b. Only S-Type pitot tubes meeting the 

required EPX specifjcations were used. Pitot tubes were inspected and'documented as 
meeting EPA specifications prior to field sampling. 

Sampling N d e  Calibration 

Glass nozzles were used for sampling. All nozzles were thoroughly 
cleaned, visually inspeaed for damage ,' and d i r a t e d  according to the procedure 
outlined in Section 4.42 of EPA Document 600/4-77-02lb. 

Dry Gas Meter Cahiration 

Dry gas meters (DGMs) were used in the sample u@ns to measure the 

sample volume and sampling rate. All DGMs were calibrated to document the volume 
correction factor prior to Ihe departure of the equipment to the field. Post-test 
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d % r ~ i o n  checks were performed after the equipment was returned to Radian's 

laboratory. Pre- and post-test calibrations agreed to within 5 percent 

Prior to calibration. a positive pressure leak ch'eck of the system w 

performed using the procedure outlined in Secrion 432 of EPA Document 600/4-77-23b. 
The system was placed under approximately 10 inches of water pressure and an oil 
manometer was used to determine if the pressure decreased over a one-minute period 

After the sampling console was assembled and leak checked, the pump was 

aliawed to run for 15 &tes to allow the pump and DGM to warm up. The valve was 

then adjusted to obrain the desired flow rate. For the pre-test calibrations, data were 

collected at the or&: manometer settings (AH) of 05 ,  1.0, 15, 20, 3.0. and 4.0 inches 

oi water. Gas volumes of 5 f? were used for the wo lower orifice se:tings, and volumes 

of 10 f? were used for the higher setdngs. The individual gas meter correction factors 

(-,i) were calculated for each orifice setting and averaged. The method requires that 

:a& of the individual correction facrors fall within 22% of the average correction factor 

or the meter must be deaned, adjusted, and recalibrated. In addition, Radian requires 

that the average correcrion factor be 1.00 2 1 percent. For the post-test calibration. the 

m c c r  was calibrated three times at the average orific: setting and vacuum which were 

used during the actual test. 

Dry gas meter calibrations were performed at Radian's laboratory using an 
American@ wet test meter as an intermediate standard. The intermediate nandard is 
clliorated every six months against the EPA spirometer at EPAs Emission Measurement 

Laboratory in Research Triangle Park (RTP), North Carolina. 

3-53 - sampling operations 

Vent gas samples were collected isokinetically from a single sampling point 

located in the center of the duct. Preliminary information about the stack gas velocity 

useful in selecung n o d e  size and calculating the K-factor was obtained during the 



pre-site survey. Prior to testin& a leak check of pitot lines was performed according to 

EPA Method 2. Oxygen (03 and carbon dioxide (COJ concentrations were ambient 
levels as determined by EPA Method 3. Tke stack gas moisture data was measured by 
the host facility as the relative humidity. 

R e p d o n  of Sampling Train 

The four sampling trains for each QUAD run were charged and assembled 
in the recovery nailer. The impinger buckets were marked as Train 4 B, C. or D. 
Tared impingers were used. Approximately 300 mL of the absorbing reagent was 

nansferred to the firn impinger and 200 mL to the second impinger. The 6rst impinger 
of each main was of a Greenburg-Smith design and all remaining impingers were of the 
modified Greenburg-Smith design The third impinger was empty, 200 to 300 g of silica 

gel was placed in the fourth impinger and 400 g of charcoal was placed in the fifth 
impinger. A water jacketed condenser was placed berween the outlet of the first 
impinger and the inlet to the second impinger to promote cooling and minimize 
evaporative loses of toluene from the first impinger. Fifteen (15) mL of the 'spiking 
solution was pipetted into the first impinger of Trains A and B. Openings were covered 
with Teflon@ film or aluminum foil after the assembly of the trains. 

Final assembly of the sampling trains occurred at the sampling location 
The complete uain codguration is shown in Figure 3-3. Thermocouples were anached 
to measure the stack temperature and probe outlet and impinger outlet tempera~res.  

Crushed ice was added to each impinger buckch and the probe heaters were turned on 
and dowed to stabilize at 12V e 12°C (248" 2 25°F). 

The isocyanate trains were leak checked before and after each sampling 
run. as required in EPA Method 5. To leak check the assembled rrain, the nozzle end 
was capped off and the sampling train evacuated to a vacuum of 15 inches of Hg. After 

the system was evacuated and the pump isolated from the train, ;he volume of gas 

flowing through the system was timed for 60 seconds. The leak rate is required to be 

i 
i 
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Figure 3-3. Sampling Train for Isocyanate 



1- &a 0.02 adm or 1% of the average sampling rate, whichever is less. M e r  the leak 

rate was determined the cap was slowly removed from the n o d e  end until the vacuum 

in the aain returned to atmospheric pressure and then the pump was turned off. 

The leak rates and sampling s t a r t  and stop times were recorded on the 

sampling rask log. Also. any other evenu that ouxu during sampling were recorded on 
the task log (such as pitot cleaning, thermocouple malfunctions, heater malfundons, and 
any other unusual occurrences). A nominal sample size of 30 cubic feet was collected in 
al l  sampling uain. ?his was accomplished by sampling at a flowrate of 0 5  cubic feet per 

minute for 60 minutes. The sample volumes for each nain by QUAD run are presented 

in Table 3-3. 

35.6 Sample Recovery 

The sample bottles containing the probe and n o d e  washings and the 
impinger pomon of the sampling trains were moved to the recovery trailer. 

Each impinger was carefully removed from the impinger bu&et, the 
ourside was wiped dry, and &e final impinger weight was determined and recorded to 

calculate stack rnoisrurr. The isoqzna:e sarrnple was &en mUccted in the following nvo 
fractions: 

a Fm impinger contents, toluene rinses from the nonle/probe liner 
and toluene/acetonitrile rinses of the first impinger and connecdng 
glassware; and 

Contents and toluene/acetonitrile rinses from the second and third 
impinges and the condenser. 

0 

Recovery procedures are detailed in this section. All recovery bottles were wide mouth 
amber glass with TeflonQ lined lids. 
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Table 3-3. 

Quad Train Sample Volumes. 



Cnntainer 1 - Robe and First Impinger Contents 

The contenrs and rinses of each of the 6rst impingen and f is t  impinger 
connecton were combined with the corresponding probe/ndale washing solurion. The 
endre contcntf of the k t  impinger were recovered as a single sample, even if two 

phases were present The fim irnpinger and connecting tubing were rimed three times 
wirh 15 mL aliquots of toluene. A 5 . d  rinse of the impinger with acetoniuile was also 

ne- to remove any water left on the impinger wall and to recover any remaining 

derivatizcd TDI. 

CnntainCr 2 - Semnd and Third Impinger Conttnts/Condewr Rinse 

The contcnrs and roluene/ac:tonitrile rinses of the second and third 

impingers and the condenser of each uain were collected in the same manner used for 

the first impinger described above. The contenrs of these impingen were analyzed 
separately from the contents collected in the fint impinger to check for breakthrough; 
therefore, c u e  was taken to avoid physical carryover from the fim impinger to the 
second. T h e  contents of the fourth and fifth impingers were weighed as previously 
desmitd and then discarded. 

Field Blank 

Four field blanks were prepared and recovered during the test, one on 
each day of testing. The four field blank, were prepared using Trains A, B, C, and D 
frc= the two sets of glasnvare used during the testing. A sampling uain was assembled 

in the sraging area, taken to the sampling location, and leak-checked. The probe of the 
blank aain was heated during the generation of the field blank, but no gas sample was 

passed through the sampling train. The sampling nain for the field blank was recovered 
with the same procedure described for authentic source samples.. 

*llm(n=ls) 
n-Uqt 3-15 
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Reagent Blank(s) 

iUiquots of each lot of toluene, acetonitrile and absorbing reagent were 
collected daily to be analyzed as reagent blanks. 

k l p k S t o r a g C a p d S h i F + l g  

labels h i bee Sample containers were chedrcd to ensure thr mmplc 1 

affixed. The labels identified Trains A, B, C or D. as appropriate. Tenone lids were 
nghtsned and secured with Teflon@ tape. The sample bodes were stored in a cooler 
packed with ice and were returned to Radian’s laboratory in these C O O k K  at the end of 

the field test  

3.6 oualitv Control 

?he following quality control measures were implemented during the field 
testing phase of rhis program: 

All dry gas meters were calibrated. Calibration procedures were 
followed for the pitot mbe/probe assembly and a l l  thermocouple 
readout devices. 

0 Temperatures of the sampling train were maintained at the specified 
serting (1202 1PC) during each sampling run a1 levels prescribed in 
the test plan 

0 

Sampling trains were leak-checked both prior to and after sampling. 

AU gIasnvare was washed and oven-baked following approp~iate 
method protocol, given in the t a t  plan. 

0 All recovery solvents were HPLC grade and an aliquot of each was 
collected daily as reagent blanks. 

One field blank was collected for every two sampling rum. 



Chain of Custody forms and log book were filled in at the 
completion of each day of samphg. 
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4.0 ANALyncALpRocEDuREs 

4-1 SamDle Rarara tioa 

me samples were rurivcd in the laboratory in sucw-zappd glau bottles' 

with T d d - W  QPS scaled with T&rn@ tape and stored m coolas packed w& icc 
Samples were loggcd into the laboratmy sample nacJdng system and nored in a sernre, 

rcfiiguatcd (4-C) sample storage area prior to anal+ Sampies were prepared for 
anal* within 30 days of m i l d o n  and anal@ wirhin 30 days of prepatanon 

All labware was washed with detergent and water and rinsed with hor tap 
water, rinsed wirh deionized water. baked at 3WC, riased with acetonitrile and toluene 
prior to use. Solvents used were HPLC grade or equivalent 

- 
Each of the two recovered samples from each pain was transfeked along 

with rinses to separate SO0 mL round bottom flasks and then evaporated to dryness 
under racxmm in a 65°C water bath. Each round-bottom €lask was then r%sed three 
tima wirh separate two (2) mL aliquots of actoniuile (ACN) and the iinses Panderred 

to a 10-mZ. volumebic fIask The sample was then brought to volume with ACN and 

Pansferred to a 15-mL vial and sealed with a Teflon@-Lined lid The vial was stored in a 

reeerarcd sample aorage area at 4°C until anal* 

The procedures for the HPLC analyses of the samples are described in the 

following sections. 

4 2 1  Standard Preparation 

A 300 p g / d  stock solution of TDI p i p e k e  urea derivative uas 

prepzed by dissolving 7 5  mg of the p d e d  crystals of the derintized TDI in 25 mL of 
L-119 - 



The HPLC system operating panmeten analysis of s t a n ~ d s  and . .  
samples were as follows: 

Inmument: RAWIN HPXL Delivery System 
Watin 7:OE ?VIS? atxaq!:r 

Nelson 2600 (1 volt) 

2arba.x ODS (4.6 mm ID x 25 an) 

Acetonitde/O.lM Ammonium Acetate Buffer 

Data System: 

COIUXIlX 

Mobile Phase: 

Gradient 25:75 ACN/O.I m ammonium acetate buffer, pH 62, 
hold 2 minutes, then to 60.40 by 195 minutes. 

Deteaoc RAIMN Dynamax Dual-Wavelength, Ultraviolet at 
254 'nm 

Row Rate: 2 mt/min 

Injector Volume: 50 pL 

Retention T i c :  2,4-TDI. 102 min; U-TDI 8 5  min 

L-120 



lnmuman Calibration 

Cdiirarion standards were prepared at seven I e e l s  as d s m i  in 
Section 421. Eacb Qk’brarion standard was injected in duplicate. Liaear regression 
ana$& of peak area response versus conanuatiom of I D 1  was wed to prepare a 
d i m i o n  m e .  Linearity of the d i i m  a w e  ws anfirmed by visual inspekion 
and verified by a axrefarion coeffiaeat of 099%. Afrcr an initial &ration curve was 

obtained, the calibration check standard described in Se&ion 4 2 1  was anatyrcd This . 
scaadard was injected after every 3 samples, and was used for M y  ca3iiration. This 
chedc standard consistemiy agreed to Within 10% of rhe true value. 

All samples were analyzed in aiplicate on the HPLC An acctoniuile 

blank was analyzed once per day to enswe that the system was not conlaminated A 

check standard was d p d  prior to sample analysis, after every 3 samples, and at the 

end of the sample analysis each day. 

ouahame Idcnti5atioa - .  
43 

Anayrcs were identified by retention time. The retention time for 2,4-TDI 

was 102 min and 8 5  min for Z6-TDL Fwcs 4-1 and 4-2 show chromatograms €mom 

the analysis of Em impingcr antents from QUAD run number 4 for the unspiked and 
spiked aains rcspc&ciy. As seen in the dxomatograrm, the TDL peaks are well 

separattd from the peak for unrcaaed 1-2 PP. n e  peak at 175 fnin was not identified 

4-4 calculalions 

4.4.1 Calcnlafjon of the Amount of koqanak coueacd 

A least squares linear regression analysis of the &ration data was used 

to calcula~e a correlation coeffiaenh slope, and intercept Concentration was used as the 

independent or X-variable and response was used as the dependent or Y-variable. 
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Unspiked Train 
Quad Run Number 4 

L 
I 1 i I i 1 .  I I I I 1 

2 4 6 0 10 12 14 16 la . 20 0 
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Spiked Train 
Quad Run Number 4 

I I 1 I 1 1 1 I 1 
0 2 4 6 8 10 12 14 16 



The concentration of (as the derivative) in the concentrated 

samples was then dadated as follow: 

Conccnnation = (Sample R C S ~ I S C  - h ~ e p t )  
s o p e  

4 1  

The total amount (pg) c o U d  in a sample was then calatlated by dfiplying the 
cunen!rarion ( u g / d )  k the final volume (10 mL) of ACN used to redissolve the 

concentrated sample. 

A m o m  TDI derivative = Conmuation (ug/mL) x 

Frnal Volume (10 mL) 

4-2 

The q u k l e n t  amount of T D I  required to generate this much derivative was d d a i e d  
by multiplying the ratio of the moleadax weights of TDI (174) and the T D I  derivative 

(501) times the amount of T D I  derivative (determined by using +uafion 4-2). 

The total amount of 2.4-TDI (underivarized) collected in the unspiked and spiked trains 

is given in Table 4-1 and Table 4-2 respectively. 

4-42 No '- .'on of the Amount o f h c p u a k  Collected 

In order to simplify the comparison of the analytical results of the four 
hains in each QUAD run for subsequent dadations of bias and precision. the test plan 
called for the collecwd of 30 fz of sample in c& pain Due to operational variabilities 
inherent to each tr& aamaie but slightly differing sampIe wiumes resulted as shown 
in TabIe 3-3. 'Iherefore, it was ne& to normalize the data presented in'Tabies 4-1 

and 4-2 to a cOmmon sample volume. The sample volume to which all  data were 

normalired was selected to be 3531 f? which is w e n t  to 11x1'. 'Ihe following 

stepwise calculations were used to normalizt the data The data from QUAD run 
number 1 are used as an example. 
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:tep I Normalize unspiked Trains C and D fis t  impinger amounts @g) to the 

sample voiume collected (cubic feet) in spiked Train A; 

Train D 33-42 flJ X 4416 pg = 4461 pg 
33.04 333 

4-3A 

4-3B 

Step 2 Average the normalized, unspiked uain amounts from step 1 above. 

A s u m h g  the collection effiaency of all trains to be the same, this value 

would also be he amount of TDI that would be collected by Train A due 
to sampling the sack gas; 

step 3 Subuaa the average value (step 2) born the uncorrected amounr (sampled 

amount pIus spike) for spiked Train 4 h t  impinger, to get recovered 
spike amount; 

4-5 11943 pg - 4465 pg = 7478 pg 

Step 4 PJormalizc the amount collected in spiked Train 4 first impinger to . 

3531 f? using the sample volume for Train A and the value obtained in 

step 2; 

3531 
33.42 ft’ ’ 

X 44.65 pg = 4718 pg 46 

Step 5 Normalize the amount collected in the second impinger of spiked Train A 

to 35-31 f? using the sample volume for Train A and the amounr 

determined by HPLC 
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3531 ” X 63.9 pg = 675 pg 
33.42 ft’ 

4-7 

S e p  6 S u m  the values determined kom steps 3, 4 and 5 to get the total amount of 
TDI found in spiked Train 4 normalized to 3531 fr? 

‘ 4 - 8  7478 pg + 4718 pg + 67Jpg = 12264 pg 

Steps 1-6 can be repeated for similar dculanons for spiked Train B. The total amount 
of TDI conecrcd in each of tbe unspiked Pains can be deurmined by first normali2ing 
the amounts found in the two impingeen of each train to Id and then summing the two 

values. The raw and normalized data for all analysis results are presented in 
Appendix A The resuiting normalized values are Nmmarized in Tables 4-3 and 44. 

4 5  Oualitv Control 

Qualiry control procedures that were implemented for this program 
indude: 

Adhering to applicable sampling and analysis protocols; 

Collecting and analyzing field blanks, trip blanks, reagent blanks,. 
and laboratory blanks; 

Tracking samples &om collection to analysis; 

Calibrating all arraly+cal equipment prior to use: 

Maintaining atcurare and complete written documentation; 

If any changes were made to the analytical system (ie., column 
changed, column maintenance), a &%ration check was performed 
to verify the validity of the caliiration curve. If the calibration 
check did not meet acceptance criteria, the analytical system was 
recalibrated. 
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Analysis of field spiked QC samples; and 

Analysis of check standards every 3 samples. 



5.0 RESULTS AND DISCUSSION 

This section presents the results of the eight sampling NIIS relative to the 

criteria for method precision and bias. Fractional results arc &O presented to show the 

a m o u t  of isocyanate breakthrough occurring in the impinger Pain All sample fractions 

were prepared and analyzed for toiuene diisocyanate at Radian’s Research Triangle Park 
laboratory. 

.. 5.1 Bias and F’recln 0q 

Table 5-1 is a summary table which presenis the results of the statistical 

evaluation of the t s f  data following the EP.4 Method 301 criteria showing the method 

precision and bias for 2 1  TDI. Method 301 requires valid data from a minimum of six 
QUAD NIX. Table 5-1 presents dara from all eight rum. Recision is shown as the 

percent relative standard deviation of the measured amounts of T D I  in the samples. 

Results for precision of both the spiked and unspiked samples were less than 5 percent 

RSD, which is well wihin the limits of acc:ptable precision (upper Emit of 50%) given 

in EPA Method 301. 

TJshg the data from all eight QUAD runs, method bias was measured at 
-395 micrograms. This value was determined to be statistically sig~Scant at the 95% 

confidence level. using the t natisdc calculated for the analytical data A correction 

factor of 1.053 was calculated for use with the method to compensate for the bias should 

the method be used to measure TDI emissions from similar sources. 

Using the data from only seven QUAD runs (eliminating run 8 because 

this run had the lowest average 5% recovery and the final leak chedr for one of the trains 
was quesrionabk), the method bias was -295 micrograms. This bias was not s t a t k u d y  

signiiicant and therefore no correction factor was &dated. In either case, the criteria 

for an acceptable method were met (Le., a correction factor beween 0.7 and 13). 
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Table 5-1 

Summary of Method 301 Statistical Calculations 

'Values are presented as ps of underivatized TDI 

5-2 

i 

L-139 



5 2  Breakthr ough and Recovery 

This section presents details of the breakthrough and recovery results for 

the field samples, as well as recovery information for the sp.iked compound (2,4TDI). 

5 2 1  Breakthrough 

Tables 4-1 and 4-2 provide a summaxy of the combined total mass of 
ZeTDI mllecud in the probe/iTrst impinger and secondlthird impinger samples for the 

unspiked and spiked trains, respecrively. These totals are used as a basis for calculating 
brea!drou& of the TDI &om the first &pinger to the second &pinger. The m a s  of 
compound found in &e probe/€irst impinger fracrion and in the second impinger baaion' 

were each divided by the total mass of TDI for that Vain and then multiplied by 100 to 
yield the percent of the total TDI found in the separate train sections. The results are 
presented in Table 5-2 and 5-3 for the spiked and uaspiked trains respectively. 

The average breakthrough for the spiked trains was 15% and for the 

unspiked uains 1.1%. More than 98% of the TDI was collected in the first impinger 
under the sampling conditions used in this study. 

The amomt of the toluene contained in the k r  impingen of each of the 

trains was reduced by approldmately 25% (by weight) during the sampling run due to' 
evaporation T h e  second  impinge^ showed, on the average, a net gain of approximately 
5%. The remainder was colIected in the f i e a  gel and the charcoal, both of which 

showed net weight gains. The total weight gained in the train components fo l lodg  &e 

hs impinger more than compensate for lcses from the fim impinger, probably due to 
the coHection of a small amount of moisture. The loss of toluene from the first impinger 
was minimi-rrd by keeping the impingers in an ice bath and placing a water cooled 
condenser berween the outlet of the fmt impinge; and the inlet of the second impinger. 
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One of the objectives of this test program was to obtain bias and precision 
data to validate the proposed test method for isocyanates. Samples from two of the four 
rains of each quad asscrnbly were spiked with T D I  before each sampling mn. 
The esdmarion of method bias is based on the percentage of the TDI spikes recovered 
Analydcal results used for this calculation are the averages of the triplicate 
results for each spiked sample. A summary of the spiked T D I  recovery percentages is 
presented in Tabie 5-4. 

The pe r rn t  recovery was calculated for each spiked uain for each run 
following the caIcuIanon procedures oudined in steps 1-3 of Section 5.0. The d u e  

obtained at step 3, the amount of spike recovered, is divided by the acrual amount of 

TDI spiked, 7827 pg, multiplied by 100. An average recovery was determined by 
averaging the 16 individual xun recoveries. 

The recovery for TDI ranged between 83 and 112 percent and averaged 

95 percent with a %RSD of 82. 

As a part of the testing for Work Assignment No. 55, Radian designed and 
implemented a quality asnuanc+/qualiv conrrol (QA/QC) effon tailored to meet the 

specific needs of this projecr The taring was conducted in accordme with QA/QC 
procedures described in the Quality Assnrance Project Plan (QAPP). The r d t s  of the 

QA/QC effort demonstmte that the data are reliable and meet pmjea objectives for 
completeness and representativeness. ’Ihe data met the QA objectives for precision and 

accuracy and there are no data q~aliv issues that effect condusions regarding the 
objectives of this project- 
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The primary objectives of the QA/QC effon were to control, assess, and 

document data quality. In order to accomplish these objectives. the QA/QC approach 

consisred of the following key elements: 

Dekition of data quality objectives that reflect the overall technical 
objectives of the projeq 

Design of a campling, analytical, QA/QC, and data analysis $tern 
to meet these objectives; and 

Initiation of corrective acrion when measurement *rem 
performance did not meet the specifications. 

These elemenrs include the use of selected standard sampling and anal$& p r ~ ~ e d u r e s  

as components of the overall approach in addition to, spef ied calibration requirements, 

QC checks, data reduction and validation procedures, and sample uacking. 

A summary of aadysis results for QA/QC samples, which includes 

measures of precision and accuracy and limitations in the use of these data is presented 
in this secrion 

53.1 Overview of Data Quality 

The QAPjP established spefific QA objectives for precision (15% RSD). 

accuracy (230%). and completeness (looO/c) for the determination of TDI emissions. 
The statistical results presented in Table 5-1 and the % recovery values given in 
Table 5-4 show that the obje&ves were 'met The dam qualiry acceptance uileria and 

the experimental results arc Nmmarized in Table 5-5. Resuits for spike/spike duplicates 
and triplicate analysa were compared with the criteria In a l l  cases the criteria were 

met Other data qualiv indicators for each type of analysis are also presented 

throughout the remainder of Secrion 53. 

' 

There are no cases where data quality issues impair &e study's conclusions 

with respect to the validity of the s a p l i n g  and analy~'cal test method procedures. With 
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Table 5-5 

Data Quality Acceptance Criteria and Results - 
paramacr 

I D 1  Spike Re-ev 

ID1 Analysis Results QUAD 

Individual DGM Correction 
Factor Agreement 

Analycid Balance 

HPLC Linearity Correlation 
Coeff. 

HPLC Retention T i e  
Variation 

HPLC calibration Check 

HPLC System Blank 

HPLC Replicate Analyses 

HPLC Metbod Spikes 

r- % RSD 
15% 

22% of Avg 

50.1 g of Class S Weighrs 

=. 0.995 

2 15% 

2 10% of Curve 

< 0.1% Analyte level 

= 10% of Isst injection 

220% of theorerid 

5-9 

R d k  
83 - 112% 

5% 

<2% 

co.1 g 

0.9995 

2 10% 

= 9% 

COS% 

-2% 

2 5 %  



exception of a limited number of samples, the quality of meaSurement data generated for 
the test parameters fully meets the'data quality objecrives outlined in the QAPjT. 

532 sampling Quality control 

Quality control activities associated with the field sampling are described in 
the QAF'P. These acciViues indude adherence to accepted reference method protocols, 
use of nandardized data recording sheets, equipment calibration, and collection of field 

blanks. 

Stack sampling QC daw including sampling rates. sample volume 
collected, maximum recorded leak rate, and marimllm allowable leak rate, are 

summarked in Table 5-6 for each run. All of the data quality indicators are wid& 
acceptable limits, with the exception of a slightly high leak rate value for Train C Run 8. 
However, this train was leak checked at a vacuum of 7 inches of mercury which was 

almost Nsice that achieved during sampling and the leak would therefore have very little, 
if any, effea on the data. The leak rate crirerion is < 4% of &e average sampling rare 

or 0.02 dsd, whichever is less. 

533 Sample Storage and Holding T i e  

Sample hold times specified in the QAPP were met for all samples. All 

samples were prepared wirhin 30 days of colleaion arid analyzed within 30 days of 

preparation. 

53.4 AnaIytical Quality Control 

Results for method spikes, field spikes, field blanks, reagent blanks and 
method blank are summarized in Table 5-7. These samples served the dual purpose of 
~~ntroll ing and assessing measurement data quality, and providing the basis for predsion 

a d  accuracy esumates. The QC acceptance criceria for each of these types of samples 
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Table 5-6 

Sampling Train Leak Summary 

IA 
1B 
IC 
lD 
24 
28 
2c 
2D 
3A 
3B 
3c 
3D 
4A 
4B 
4c 
4D 
SA 
5B 
SC 
5D 
6A 
6B 
6c 
6D 
7A 
7B 
7c 
7D 
SA 
BB 
8C 
8D 

gdyerrral 
V- 
(&4 . 
33.42 
3289 
33132 
33.04 
29.07 
W.6S 
28.67 
z.40 
3424 
35.15 
33.75 
33.01 
3060 
31.17 
3035 

3414 
34.70 
34.46 
3 u 9  
35.10 
35.17 
34.49 
33-78 
3Lll 
3194 
30.14 
29.91 
3089 
29.73 
30.49 
3195 

w n 

-* - 
(-1 
a70 
a753 

B s s  

0.734 
0.734 
a m  
0.741 
0.717 
a.no 
om 
O S  
0563 
0554 
0.765 
0.m 
0.759 
0.m 
0 3  
0 9 8  
0574 
0543 
0.780 
0.782 
0.765 

0.778 
0.799 

0.748 
a772 
a743 
0.762 . 
0.799 

a751 

0.754 

hiaaimm 
wad 
(&@ in 
Hg) 

0.010 @ 10 
OD10 @ 15 
OD10 @ 8 
QOM @ 10 

0.009 @ 8 
0.010 @ 7 
0.010 @ 8 
0.ou @ 10 
0.010 @ 8 
0.009 @ 8. 
0.023 @ 5 
0.012 @ 8 
0.013. @ 7 
0.008 @ 7 
0.0s @ 10 
0.014 @ 10 
0.012 @ 8 
o.ol2 @ 8 
0.016 @ 7 
0.007 @ 7 
0.010 @ 8 
ODaS@7 
.am @ io 
0.015 @ 9 
0.011 @ 8 
0.009 @ 7 
0.014 @ 10 
0.m @ 10 
0.011 @ 8 
0.021 @ 7 
oals @ 8 

0.016 @ 8 

P 

4% spnplc 
Ibk 

(-1 ' 

0130 
0130 
O m S  
0.029 
0929 
O m 0  
O m S  
O m 8  
0.023 
0.023 
OD23 
0.022 
0.031 
0.031 
0.0% 
O m 0  
OD23 
0.023 
0.m 
0.m 
0.031 
0.031 
om1 
0.030 
om1 
0.032 
0.m 
O m 0  
om1 
O m 0  
O m 0  
0.032 

P I 

Ya 
YCS 
YeS 
YU 
YU 
YCS 
Ycs 
YU 
Ycs 
YCS 
YU 
Y CS 

YU 
YCS 
YU 
YCS 
YU 
YCS 
YCZ 
YU 
YCS 
Yes 
Yes 
YU 
YU 
YU ' 

YCS 
YC5 
YU 
YCS 
NO 
YCS - 

L 

! 

I 
4 -1 

I 
I' I 
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sample ID 
Field Blank A 

Field Blank B 

Field Blank C 

Field Spike 1 

Field Spike 2 

Method Spike 1 

Method Spike 2 

Mechod Spike 3 

Method Spike 4 

Toluene Reagent Blank' 

ACN Reagent Bla& 

Method B l d  

rotal  tu 
b% 

25 

a 3  

6.4 

7570 

7686 

8 120 

7838 

7890 

7945 

0 5  

0.4 

102 

'Average of four, ranging from 0.1 u pg 
'Average of four, ranging from 0.1 t0 0.8 pg 
'Average of three, 
'NA, Not Applicable 

from 03 ta 20.7 pg 

- 

. neoretical 
Pg 

NA' 

NA 

NA 

7828 

7828 

. 7828 

7828 

7828 

7828 

NA 

NA 

NA 

NA 

NA 

NA 

96.7 

982 

104 

100 

101 

101 

NA 

NA 

NA 
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were met as shown in Table 5-5. Field blanks were collected by assembling a sampling 

pain as if to collect a sample, musporting to the sampling IoCarion, leak checking and 
rerurning the uain to the onsite laboratory for recovery. Field spikes and method spikes 

were prepared by spiking approximately 300 mL of the toluene 1,Z-PP solution with 
15 mL of the field spiking solution. Method and reagent blanks were prepared by 
-raring appro-& 300 mL of Sohrent to dryness and dissolving any residue *with 

10 mL of ACN. AIl spikes and blanks met the data acceptance criteria listed in 

Table 5-5. 

No blank conramhasion problems were identified k g  the anaiysis of 
field and laboratory blanks and no blank correaions were performed for the reponed 
data All blank anal@ data are presented along with ocher QC and field sample rcsults 

in Appendix A 



APPENDIX A 

Data for SampIes, Blanks, Spikes and 

Quality Conpol Samples 
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APPENDIX M 

CALCULATION EQUATIONS 



METHOD 2 
C.4LCULATION EOUATIONS 

4.995 Q s d  G, 
1 - B, 

4.585 x lo-’ Pa. 

‘Alternate equations for calculating rnoisrure content from wet bulb and dry bulb data. 

032294-C:\STACK\WFWFTHOON-EQ. I5 
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A 

a 
B, 

CP 

c, 
c, 

EA 

SYiMBOLS 

Cross Sectional area of stack SQ. FT. 

Cross sectional area of nozzle, SQ. FT. 

Water vapor in gas swam, proportion by volume 

Pitot tube coefficient, dimensionless 

Concentration of paniculate maner in stack gas, wet basis, GWACF 

Concentration of paniculate matter in stack gas, dry basis, corrected to standard 
conditions, GWDSCF 

Excess air, percent by volume 

Dry test meter correction factor, dimensionless 

Specific gaviry (relative to air), dimensionless 

Isokinetic variation, percent by volume 

Molecular weight of stack gas, dry basis, g/g - mole. 

Mass flow of wet flue gas, LB/HR 

Particulate mass flow, LB/HR 

Molecular weight of nack p, wet basis, g/g mole. 

Total amount of parriculace matter collected, g 

Atmospheric pressure, IN. HG. (uncompensated) 

Stack static gas pressure, IN. WC. 

Absolute pressure of stack gas, IN. HG. 

Standard absolute pressure, 29.92 IN. HG. 

A c d  volumetric stack gas flow me, A C M  

Dry volumetric stack gas flow rate corrected to standard conditions, 

Relative humidity, % 

- 

S FM 

032294C:l5T.4CK\WP\MfTHO!JSSEQ. 15 
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Tdb 

%db 

I 

P 

Dry bulb temperature of stack gas, "F 

Wet bulb temperature of srack gas, O F  

Absolute average dry gas meter temperature, O R  

Absolute average stack temperature, aR 

Standard absolute temperature, 528 O R  (68 OF) 

Total sampling time, min. 

Total volume of liquid collected in impinges and silica gel, ml 

Volume of gas sample as measured by dry gas meter, CF 

Volume of gas sample measured by the dry gas meter corrected to standard 
conditions, DSCF 

Volume of water vapor in the gas sample corrected to nandard conditions, SCF 

Average actual stack gas velocity. FT/SEC 

Vapor pressure at Tdb. IN. HG. 

Vapor pressure at T+, IN. HG. 

Average pressure differential across the orifice meter, IN. WC. 

Velocity pressure of stack gas, IN. WC. 

Dry test meter correction coefficienq dimensionless 

Actual gas density, LBIACF 



METHOD 3 
CALCULATION EOUATIONS 

%.EA 

Md = 

M, = 

E- = 

100(%0, - 0.5% CO) 
0.264% N, - %O, 05% CO 

- - 

0.44(%C02) * 0.32 (960,) + 0.28 

Md ( I  - BJ + 0.18 B, 

4 

% CO) 

03229~:\STACK\WPM.tETHOD"EQ. 15 



!METHOD 5 
CALCULATION EOUATIONS 

- 
P, + AHl13.6 

V- = 17.65 V, y ( ) 

Vdm = 0.0472 V, 

15.43 M, 
c, = 

Vmcm 

(nid, = 8.5714 .x IO-' C, Q% 

5 
03229.LC:~T~CK\WP\METHODNEQ. 15 
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METHOD 7 

V,,, = 17.64 (Vf - 

C, = 6.243 x 

E 

C.iLCULATION EOUATIONS 

M 10-5 - 
V d d  

2090 Cy 
20.9 - 3. o, 

pi --I 
Ti 

c, @pm-3% 0,) = 8.37552 x Id c, 

C, @pm-wer) = 8.37552 x 106 C, (1 

11 + 

- 
E' - 3 

20.9 - E'+ [ "  I1 
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C, (GWDSCF) = 

C, (MGIDSCM)= 

SYMBOLS 

Average oxygen content in flue gas, % vlv 

Concentration of nitrogen oxides in flue gas, dq! basis, corrected to srandatd 
conditions, LBlDSCF 

Concentration of niwgen oxides in flue gas, dry basis, corrected to standard 
conditions, GRlDSCF 

Concentmion of nitrogen oxides in flue gas, dry basis, corrected to standard 
conditions, MGIDSCM 

Emission factor, LB/106BTU 

F-Factor for given fuel type, DSCF/IO'BTU 

Mass of nirrogen oxides as nitrogen dioxide in gas sample, ug 

Moisture content of flue gas, % 

Final absolute pressure in flask, IN. HG 

Initial absolute pressure in flask, IN. HG 

Concentration of nitrogen oxides in flue gas, dry basis, (v/v), 
PPm 

Concentration of nitrogen oxides in flue gas, dry basis, corrected to 3% 0,, 
(v/v) ppm 

Concentration of nitrogen oxides in flue gas, wet basis, (v/v), 
PPm 

Final absolute temperature in flask, "R 

initial absolute temperature in flask, O R  

Volume of flask and valve, cc 

Sample volume at standard conditions, dry basis, cc 

M-8 



CALCULATION EOUATIONS 

METHOD IO 

CO.PPM.DRY = CO, - free, dry, uvg (1 - CO,, 4100) 

CO.PPMWET = CO.PPM.DRY (1  - MC/lOO) 

GRJDSCF = 5.0885 x io4 (CO-PPMDRYI  

mgldccm = 1.165 (CO.PPM.DRY) 

ni = 8.5714 x lo'' (GRJDSCF) (QJ 

2.9857 x lo-' FA (GRJDSCF) 
E =  " 

20.9 - 0, 

where: 

CO, - @e, dry, mg 

- - average of two' determination fcart monoxide on a dry, CO, - fke 
integrated flue gas sample reported in ppm by volume 

- - carbon dioxide concentration of flue gas on a dry percent by volume basis 

oxygen concentration of flue gas on a dry p e n t  by volume basis - - 



- MC - 

C 0 .PPM.DRY = 

C O.PPM.WET = 

GRJDSCF 

mg/dscm 

m 

Q, d 

E 

F d  

moisture content of flue gas on a percent by volume basis 

carbon monoxide concentration in ppm by volume on a dry basis 

carbon monoxide concentration in ppm by volume on a wet or actual basis 

concentration of carbon monoxide in flue gas on a gmins per dry standard cubic 
foot basis (68 OF, 29.92 IN. HG.) 

concentration of carbon monoxide in flue gas on a milligrams per dry standard 
cubic meter basis (60 "F, 29.92 IN. HG.) 

emissions or mass rate of carbon monoxide on a LBiHR basis 

volumemc flow rate of flue gas in dry standard cubic feet per minute 

emission factor of carbon monoxide in pounds of carbon monoxide emitted per 
million BTU heat input (LBIMMBTU) 

F-Factor of respective fuel in dry standard cubic feet of exhaust gas at 0% 
oxygen per million BTU of heat input @SCF/MMBTU) 

. .  



. . . ._ .. - . . -. . - . . . -. . . . . .. 

INTERPOLL LABORATORIES. INC. ~~ 

(61 2 )  786-6020 

PM - 10 Equations 

Preliminary Run Calculations: 

Md = 0.44 

Ms 

v 152.418 + 0.2552 

AH = 

BCOZ 

= Md 

0.32 Bo: 

M C  
-) 100 

+ 0.28 (BNl 

+ 0.18 (MC)  

P, = P, + - P8 
13.6 

3.2355 x t:+ 0.53147 (B,) - 0.74143 

Q, = 2.837 x 

MC 



Dwell Times: 

First point 

Other points 

A f n  = (- ) 6 P m  where n = 2,3, ..., 12 m, 

Post Test Calculations: 

5.669 x IO-' (c + 460) 
Q, = [Vmw + 0.04707 (V, - y)] 

e p,  

p = 152.418 + 0.2552 < + 3.2355 x IO-' + 0.53147 Bq - 0.74143 MC 

MC M, E M~ (1 - -) + 0.18 MC 
100 

- 
D,, = 0.15625 ( f, + 460 )02091 (y)o.ml 

MP, Q, 

122093C:5TACK\WWORMnPM-I O(21 

M-12 



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

& molecular weight of exhaust gas 
percent volume of CO, in exhaust gas on a dry basis 
percent by volume of 0, in exhaust gas on a dry basis 
percent by volume of N, in exhaust gas on a dry basis 
percent by volume of CO in exhaust gas on a dry basis 
percent by volume of water vapor in exhaust gas 
actual molecular weight of exhaust gas 
absolute pressure of exhaust gas, IN.HC 
static pressure of exhaust gas, IN.WC 
absolute barometric pressure, IN.HC 
average exhaust gas temperature from preliminary determination or point gas 
temperature, a F 
cyclone flow rate at actual (or stack) conditions, ACFM 
cyclone flow rate at dry standard conditions, DSCFM 
pressure drop across calibrated orifice, IN.WC 
orifice coefficient or pressure drop across calibrated orifice @ 0.75 DSCFM, IN.WC 
temperature of dry test meter, "F 
velocity pressure of gas stream as measured with S - type pitot attached to cyclone, 
IN.WC 
velocity pressure of gas stream as measured with S-type pitot tube as per EPA Method 
2 (preliminary traverse), IN.WC 
pitot tube coefficient of S - type pitot attached to cyclone, dimensionless 
pitot tube coefficient oiS - type pitot tube used in preliminary traverse, dimensionless 
dwell time at traverse point n, where n - 2,3, ... 12, minutes 
dwell time at the first sampling point, minutes 

average stack gas temperature during test run, O F  

total run time, minutes 
total dry volume of gas sampled, DSCF 
final volume of water in sampling train condenser system, ml 
initial volume of water in sampling train condenser system, ml 
average temperature of dry test meter during run, O F  
dry test meter coefficient, dimensionless 

average pressure drop across the calibrated orifice in the sampling train during the 
run, IN.WC 
volume of dry gas sampled as measured by the dry test meter at meter conditions, 
CF 
actual or achieved 50% cutpoint for a given run of the device or cyclone used to 
remove or skim off those particles with aerodynamic equivalent diameters greater than 
or equal to 10 microns, microns 



METHOD 25A 

Total Gaseous Oreania Calculation Equation 

GR C/SCF 

GR C/DSCF 

LB C/HR 

where: 

GR C/SCF 

GR C/DSCF 

LB C/HR 

= 2.180 x lo4 (ppm, w) 

= 2.180 x io4 (ppm, w)/(l-MC/lOO) 

= 8.5714 x 10.’ (GRiDSCF) (DSCFM) 

= grains of total gaseous organics as carbon per actual (wet) standard cubic foot 

= grains of total gaseous organics as carbon per dry standard cubic foot 

= pounds of total gaseous organics as carbon emitted per hour 

Note I: The Ran 
filter, sal 

Note 2: ppm. C = 

s normally operated with a heated 
pm, w. 

03 1894C:\STACK\WP\METHODNEQ.07 
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CALCULATION EOUATIONS 

Chromotrooic Acid Method for Formaldehvde 

where: 

m, 

mz - - mass of formaldehyde in aliquot in ug 

v,, - - 

'Ai, 
- - 

PPM.DRY = 0.0283 m, 

- - mass of formaldehyde in total sample in ug 

volume of total sample in cc (500 cc normally) 

volume of aliquot taken for analysis in cc 

vu6 

PPMWJ2T = PPM.DRY (l-MC/IOO) 

GRJDSCF - - 5.45 x 10' (PPM.DRY) 

mg/dscm - - 1.249 (PPM .DRY) 
m - - 8.5714 x IO '  (GWDSCF) (Q, 

where: 

PPM.DRY = 

PPMWET = 

concentration of formaldehyde in parts per million by volume on a dry basis 

concentration of formaldehyde in parts per million by volume on an actual or 
wet basis 

moisture content of gas on a percent by volume basis 

concentration of formaldehyde in gas on a grains per dry standard cubic foot 
basis (68 "F, 29.92 IN. HG.) 
emission or mass m e  of formaldehyde in pounds per hour (LBER) 

dry gas volume as measured by the dry gar meter, corrected to standard 
conditions (at 68 "F and I atmosphere) DSCF 

MC - - 

GWDSCF - - 

m 

V%d 

- - 
- - 

03 IX94-G:\STACK\WP\METHODS!S-EQ.03 
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4-3252.202 

EPA Method 202 Calculations 

Job: LOUISIANA PACIFIC. DUNGANNON 
Date: 28-Jun-94 
Thermal Oil Heater ENTER IN 

Report No, 4-3252 

Vic Sulfate Mc Mr Mi Mo Mb CPM COMPUTER 
RUN (ml) imglrnl) (mg) (rng) Img) (me) Img) (mg) (e) 

1 250 1.38E-03 0.06 13.6 13.54 9.9 0.6 22.84 0.022837 
2 250 1.19E-03 0.05 11.4 11.35 9.2 0.6 19.95 0.01 9945 
3 250 1.09E-03 0.05 8.3 8.25 1.6 0.6 9.25 0.00925 

EPA Method 201A1202 Totals 

Probe Filter CPM Total 
RUN (rng) lrng) (mg) (mg) 

1 26.9 9 22.84 58.73652 
2 21.7 11.5 19.95 53.14526 
3 17.2 9.4 9.25 35.84986 

Date: 28-Jun-94 
Dryer Stack ENTER IN 

Vic Sulfate Mc Mr Mi Mo Mb CPM COMPUTER 
RUN (ml) lmglmll (mg) (mg) (mg) (mg) (me) (mg) Igl 

1 250 1.27E-03 0.06 16.6 16.54 11.6 0.6 27.54 0.027542 
2 250 1.69E-04 0.01 6.9 6.89 6 0.6 12.29 0.01 2292 
3 250 1.92E-04 0.01 16.6 16.59 15.4 0.6 31.39 0.031391 

EPA Method 201A1202 Totals 

Probe Filter CPM Total 
RUN lmg) Img) lmg) (rng) 

1 57.6 53.5 27.54 138.6416 
2 20.3 53.2 12.29 85.79223 
3 19.3 62.1 31.39 112.791 2 
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APPENDIX N 

SAMPLING TRAIN CALIBRATION DATA 



INTERPOLL LABORATORIES 
EPA Method 5 G a s  H e t e r i n a  S y s t e m  
g u a l i t v  C o n t r o l  C h e c k  D a t a  S h e e t  

I n s t r u c t i o n s :  O p e r a t e  t h e  c o n t r o l  m o d u l e  a t  a Plow r a t e  e q u a l  
t o  ^H@ f o r  10 m i n u t e s  b e f o r e  a t t a c h i n g  t h e  um- 
b i l i c a l .  R e c o r d  t h e  f o l l o w i n g  d a t a :  

Bar p r e s s  -?S.J-,~ i n .  Hg. .T - - , 49d/ ^H@ /,.717 i n .  W.C. 

me Volume 
l m i n l  

C a l c u l a t e  Y o n  a s  follows: 

1 .786  ptm ib460Tj 0.5  
Y c n  = 

7 

If Y o n  I s  not w i t h i n  t h e  r a n g e  o f  0 . 9 7  t o  1 . 0 3 ,  ' t h e  volume 
meter ing  s y s t e m  s h o u l d  b e  i n v e s t i g a t e d  b e f o r e  b e g i n n i n g . '  

CFR T l t l e  4 0 .  P a r t  6 0 .  A p p e n d i x  A .  Method  5 .  S e c t t o n  4 . 4 . 1  

S - 4 3 2  



1 

T i  me 
I m i n )  

INTERPOLL LABORATORIES 
E P A  Method 5 Gas M e t e r l n s  S V S t e m  
g u a l l t v  C o n t r o l  Check Da ta  Sheet  

M e t e r  Temp. ( O F )  

(CF) I n l e t  O u t l e t  
V o l  ume 

O p e r a t o r  M t k a e k  14 / Module No. 

I n s t r u c t l o n s :  Opera te  t h e  c o n t r o l  module a t  a f l o w  r a t e  e q u a l  
t o  ^ H @  f o r  10 m l n u t e s  b e f o r e  a t t a c h i n g  t h e  um- 
b l l i c a l .  R e c o r d  t h e  f o l l o w i n g  d a t a :  

B a r  p r e s s  Eg.72  in .  H g .  .r = , f ? q 7  ^ H @  /*7? I n .  W.C. 

C a l c u l a t e  Y o n  a s  f o l l o w s :  

1.786 [ [ t-  ;b460)] 0.5 
Y c n  = 

7 v= 

I f  Y a m  i s  n o t  w i t h l n  t h e  r a n g e  o f  0.97 t o  1.03. ' t h e  Volume 
m e t e r l n g  system s h o u l d  b e  i n v e s t l g a t e d  b e f o r e  b e g i n n i n g . '  

CFR T i t l e  40. P a r t  60. A p p e n d l x  A .  Method 5 ,  S e c t l o n  4 . 4 . 1  

S-432 



INTERPOLL LABORATORIES 
€PA Method 5 Gas M e t e r i n a  System 
g u a l i t v  C o n t r o l  Check Data Sheet  

I n s t r u c t i o n s :  Opera te  t h e  c o n t r o l  module a t  a f l o w  r a t e  e q u a l  
t o  & H @  f o r  10 m i n u t e s  b e f o r e  a t t a c h i n g  t h e  um- 
b i l i c a l .  R e c o r d  t h e  f o l l o w i n g  d a t a :  

. .  

C a l c u l a t e  Y o n  a s  f o l l o w s :  

1.786 [ ( t m  ib46O,] 0.5 
Y c a  = 

7 "a 

I f  Y o n  I s  n o t  w i t h i n  t h e  r a n g e  o f  0.97 t o  1.03, * t h e  vo lume 
m e t e r i n g  s y s t e m  s h o u l d  be I n v e s t l g a t e d  b e f o r e  beginning.. 

C F R  T l t l e  40. P a r t  6 0 .  Append ix  A .  Method 5 .  S e c t i o n  4 . 4 . 1  

S - 4 3 2  



I N T E R P O L L  LABORATORIES 

T i  me V o l u m e  
( m i n )  (CF1 

€ P A  Method 5 G a s  Meter inq  S y s t e m  
Q u a l i t y  C o n t r o l  C h e c k  D a t a  S h e e t  

M e t e r  Temp. ( O F )  

I n l e t  O u t l e t  

I n s t r u c t i o n s :  O p e r a t e  t h e  c o n t r o l  modu le  a t  a f l o w  r a t e  e q u a l  
t o  ^ H @  f o r  10 m i n u t e s  b e f o r e  a t t a c h i n g  t h e  um- 
b i l i c a l .  R e c o r d  t h e  f o l l o w i n g  d a t a :  

Bar p r e s s  z g r b L  i n .  Hg. = I os,'// ,',# A H @  7X' i n .  W . C .  

C a l c u l a t e  Y o n  a s  f o l l o w s :  

0.5 
Y o n  = 1 . 7 8 6  ['.- ;b460)] 

7 

'-. 

If Y o n  is n o t  w i t h i n  t h e  r a n g e  o f  0 . 9 7  t o  1 . 0 3 .  ' t h e  volume 
m e t e r i n g  s y s t e m  s h o u l d  b e  i n v e s t i g a t e d  b e f o r e  b e g i n n i n g . '  

C F R  T i t l e  4 0 ,  P a r t  6 0 ,  A p p e n d i x  A .  Method f .  S e c t i o n  4 . 4 . 1  

54-432 
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I n t e r p o l l  Laboratories, Inc.  

(612) 786-6020 

Nozzle Ca l ib ra t ion  

Data Sheet 

Date o f  Calibrat ion: 06-28-94 

Tec hn i c i an : Ed Trowbridge 

Nozzle Number 6-4 

The nozzle i s  rotated i n  60 degree increments and the diameter a t  each 

po in t  i s  measured t o  the nearest 0.001 inch. The observed readings and 

average are shown below. 

Posi t ion Diameter 

I inches I 

1 .250 

2 .250 

3 .249 

Average : .250 

N-10 



I n t e r p o l l  Laboratories. Inc .  

(612)  786-6020 

Nozzle Ca l ibra t ion  

Data Sheet 

Date o f  Cal ibrat ion:  06-28-94 

Technician: Mark Kaehler 

Nozzle Number 7-3 

The nozzle i s  rotated i n  60 degree increments and the diameter a t  each 

point  i s  measured t o  the nearest 0.001 inch. The observed readings and 

average are shown below. 

Posl t l o n  Diameter 

( i nches ) 

1 .185 

2 .185 

Average : .185 



I n t e r p o l l  Laboratories, Inc. 

(612) 786-6020 

Nozzle Ca l i  b ra t i on  

Data Sheet 

Date o f  Cal ibrat ion:  06-28-94 

Glass-4 

Technic1 an: Mark Kaehler 

Nozz le Number 

. .  

The nozzle i s  rotated i n  60 degree increments and the diameter a t  each 

point  i s  measured t o  the nearest 0.001 inch. The observed readings and 

average are shown below. 

Pos i ti on Diameter 

( i nches ) 

1 .2 40 

2 .238 

3 .239 

Average : .239 

N- 12 



I n t e r p o l l  Laboratories. Inc .  

(612)  786-6020 

Nozzle Cal ibra t ion  

Data Sheet 

Date o f  Cal ibrat ion:  06-28-94 

Technician: Ed Trowbridge 

Nozzle Nunter PMlO-1 

The nozzle i s  rotated i n  60 degree increments and the diameter a t  each 

point  i s  measured t o  the nearest 0.001 inch. The observed readings and 

average are shown below. 

Posl t l o n  D i  ameter 

( inches) 

1 .210 

2 .210 

Average : .210 



In terpol  1 Laboratories, I n c .  

(612) 786-6020 

Nozzle Ca l ibra t ion  

Data Sheet 

Date o f  Cal i  brat ion:  06-29-94 

Technician: Ed Trowbridge 

Nozzle Number 6-3 

The nozzle i s  rotated i n  60 degree increments and the diameter a t  each 

point i s  measured t o  the nearest 0.001 inch. The observed readings and 

average are shown below. 

Pos i ti on Diameter 

( i nches ) 

1 .186 

2 .184 

Average: -185 

N-14 



In terpol1  Laboratories, Inc .  

(612)  786-6020 

Nozzle Cal i bra t ion  

Data Sheet 

Date o f  Cal ibrat ion:  06-29-94 

Glass-3 

Technician: Mark Kaehler 

N o z z l e  Number 

The nozzle i s  rotated i n  60 degree increments and the diameter a t  each 

point i s  measured t o  the nearest 0.001 inch. The observed readings and 

average are  shown below. 

Posit ion Diameter 

( inches)  

1 .184 

2 .184 

3 .184 

Average: .184 



Interwll Laboratories. Inc. 

Des1 red Temperature o f  Reswnse o f  Oeviation 
Standard or  Unit Under Test 

Ncuninal Simulated Temp (OF) ( O F )  At ( O F )  ( X I  
Teff10 (OF) 

--I 1 .z'L 
100 /a0 - 0 0 

L 
0 

200 - lor I 
300 ?dn 306 L - 
400 yo0 A I & 
500 tno J4Li 1 2 

& 600 boo b o /  1 
/b 700 TIDn 0 

2 
A 90 / 1 

800 Boo 
/ O O /  -I!- A 

900 90n 
1 /do r) -e 

1000 / D U B  

/2 f 3 Y  
1100 //nn 
1200 /zoo 
1300 /3 D c 3  a - 

/ Y  r, L a A L L  /r 0 0  

& m 3 1600 a 
I 
2 

1700 /76/ 
/4 0 4 1800 /g 00 a 

A 1900 0 R I  -L 

I ,oc/ 
2000 A0 00  - 
2100 R / o o  m 

/c 0 1' .08 

- 0 D 

0 

A 

- - +  
1"* 1400 1500 4 

I - 
- 

Averages : 

Temwrature Measurement Oevice 
Calibration Sheet 

Unit under test: 
Vendor C h ~ a ,  
Mode 1 H i t  R I  Serial Number 7 3  J X  / C / ~ J  
Range - I on OF 

Oate of Calibration - -  Technician 

Method o f  calibration: 
a Conoarison agains: ASTW w n r v  i n  glass theruraerer using a tneraastat:ed and insuiatad a l u l i n u i  aloct designes 

cn nraride u n i f o r i  taanericure. The terneracure i s  adlusted by aoJusClnq the valcaqa 08 me Dlocr heater 
artr i dqa . 
omega Maeel CL-joo Tvoe I Thcmcoanle s i i u i a t o r  r h i c t  JrovldeS 22 Drecise teinerarura eaaivaicm i i l l i v o i c  
signals. The CL-100 IS C J I ~  junccion coanensated. Calibracion a c r n r i c ~  i s  ?. 0.1S'of  rnan ~ 2 l O O ~ l  I dagre? 
l f o r  negative teroeriCures led The CL-I00 simulates exactly. the i i l l i v o l t a g e  I f  i TToe K 
chcrwcounle ac the i n t i c m a  : a s o m w e .  

2 deqrees. 

OF = o f f  scale reswnse by unit under tesr (OF) 
X dev = 100 At / (460 + t) 

@ unit in tolerance 
Unit was not in tolerance: recalibrated - See new calibration sheet. 

5-433 

N- 16 



- 
. .. 

Interpoll Laboratories, Inc. 
Y -f '5 ,r, . ' 

remcerature m a s u m a n t  O e v l y  
Calibration Sheet 

Oesi red 
Temp (%I 

Ncrninal 

0 
100 
200 
300 
400 
500 
600 
TOO 
800 
900 

1000 
1100 
1200 
1300 
1 a00 
1500 
1600 
1700 
1800 
1900 
2000 
2100 

Temperaturn o f  
standard o r  

Slmulated T e m ~  (OF) 

-~ 
Responsa o f  

unit Under Test 

OF = o f f  scale reswnse by unit under tesc (OF1 
X dev = 100 At / (460 + t) 

E untt in tolerance 
fl Unit was not in tolerance: recallbrat&- See new calibration sheet. 

~ 
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Interwll Laboratories. Inc. 

Ternoerature neasurement Device 
Calibration Sheet 

Unit under test: 
Vendor b 8 V E L f i  

Range -fiq0F - 2 ) D O C  I= OF Thermocouple Type 
Serial Number vi/ rxc  345, 

Technician /f &mh\L 

Hodel ,LtbI PI  

Date o f  Calibration Y- 73- ?./ 

Method o f  Calibration: 
.K Conoarison agains: AS111 a t r rdr !  i n  glass theraonerer  u s l n j  i tneraos;at:ed and insu la te0  aluainua block deslqner 

to nrovide u n i f o r n  i e n o e r i r u r e .  Tne tenoerature IS  adlusted by ao~usting m e  vol:aqe on tne Olock heater  
car t r idge .  
Oleqa Model CL-300 Type K Thtrnocouplc S i n u l a t o r  i h i c h  nrovides 22 prec ise  renoerature couiralcnt  0 

signals. The ~ ~ - 1 0 0  i s  cold junct ion cowensated.  C a l i b r a r i o n  accuracy i s  ?. 0.1% of snan (2100 FI 
l for  negat ive  te ioeracures  add t 2 degrees. 

. a Iilli~Olt 
1 degrEe 

lne Cl-300 s l n u l a t e s  e x a c t l y  the n i l l i v o l r a g e  of  a Tloe K 

0 
100 
200 
300 
400 
500 
600 
700 
800 
900 

1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 
2100 

OF = o f f  scale reswnse by unit under test (OF) 
% dev = 100 At / (460 + t) 

Unit In tolerance 
Unit was not in tolerance: recalibrated - See new calibration sheet. ff 

5-433 

N-18 



Interpoll Laboratories, Inc. 
(612) 7866020 

-t 

Pitot Tube N o . 3 J - L  

Pitot tube dimension%: 

.. Tf‘ IN. 

qhd IN. 

t ’&8 IN. 

1. External tubing diametw (DJ 

2. Base to Side h opening plane (PA) 

3. Base to Side B opening plane (PJ 

Alifznmenf: 

4. a, c 100 +. 
5. a, < loo 

Distance from Pitot to Probe Comoonens: 

I 7 5 D  IN. 10. Pitot to 0.500 IN. nozzle 

r.0 IN. 1 1. Pitot to probe sheath 

5.0 IN. 

7 k o i N .  

12. Pitot to thermocouple [parallel to probe) 

13. Pitot to thermocouple (perpendicular to probe) 

k. M e e n  all €PA design criteria thus C, - 0.84 
0 Does not meet €PA design criteria - thus calibrate in wind tunnel. 

c,- 

Date of Inspeaion: 

flM4 
CFR Title 40 Pan 60 Appenidix A Method 2 

Inspected by: 

5-348 



Interpoll Laboratories, Inc. 
(612) 786-6020 

S-Tvoe Pitot Tube lnsoection Sheet 

Pitot Tube N 0 ~ 2 2 - 5 -  

Pitot tube dimensions: 

I .  External tubing diametw (DJ , 3 fb IN. 

2. Base to Side A opening plane (PA) I q d ' D  IN. 

3. Base to Side B opening plane (Pd 4 IN. 

Alianrnenf: 

5. u2 < loo 

a. z c . 1 2 5 "  , DZ- 
9. W <.0625" 

Distance from Pitot to Probe Comoonentz 

10. Pitot to 0.500 IN. nozzle . 7@ IN. 

1 1. Pitot to probe sheath 3 . 0  IN. 

12. Pitot to thermocouple (parallel to probe) 3 . 0  IN. 

13. Pitot to thermocouple (perpendicular to probe) ,740 IN. 

Meets a l l  €PA design criteria thus C, - 0.84 
Does not meet €PA design criteria - thus calibrate in wind tunnel. 
c,- 

Date of Inspection: Inspecred by: 

CFR Title 40 Pan 60 Appenidix A Method 2 
5-348 

N-20 



Interpoll Laboratories, Inc. 
(612) 781x020 

STvoe Pitot Tube lnsoection Sheet 

Pitot Tube No.d& 

Pitot tube dimensions: 

1. External tubing diameter (D,) 516 IN. 

2. Base to Side h opening plane (PA) I L/bt) IN. 

3. Base to Side B opening plane (PJ , IN. 

Alicnmenf: 

4. a, < loo D 
5.  0, c 1 0 0 - 7 -  

8. Z <.l25" < 

9. W <.0625" ; /9 2 5' 

Distance from Pitot to Probe Comoonenrq: 

10. Pitot to 0.500 IN. nozzle I 75%" 

1 1. Pitot to probe sheath 3, 0 IN. 

12. Pitot to thermocouple (parallel to probe) 5' IN. 

13. Pitot to thermocouple (perpendicular to probe) , 7kd IN. 

a e e t s  al l  EPA design criteria thus C, - 0.84 
0 Does not meet EPA design criteria - thus calibrate in wind funnel. 

5 - 

Dare of Inspection: Inspected by: 

CFR Title 40 Pan 60 Appendix A Method 2 
S-348 



Interpoll Laboratories, Inc. 
(612) 786-6020 

STWe pitot Tube lnsoection Sheet 

Pitot Tube No.- A 
Pitot tube dimensions: 

1 IN. 

* &d IN. 

' IN. 

I .  External tubing diameter (DJ 

2. Base to Side A opening plane (PA) 

3. Base to Side B opening plane (PSI 

Alignment: 

4. a, < lo0 0 
5. a2 < 1 0 0 2  

6 .  B, < 5" 
7. B, < 5' .A 

8. Z <.125" 5 
9. W <.0625" . ZS-- 

Distance from Pitot to Probe Cornoonena: 

I '7sO IN. 10. Pitot to 0.500 IN. nozzle 

1 I .  Pitot to probe sheath 3 t  IN. 

12. Pitot to thermocouple (parallel to probe) 5 0 IN. 

13. Pitot to thermocouple (perpendicular to probe) 7&& IN. 

k Meets all €PA design criteria thus 'C, - 0.84 
Does not meet €PA design criteria - thus calibrate in wind tunnel. 
C, -  

inspected by: Date of InsDection: 

CFR Title 40 Pan 60 Appenidix A Merhod 2 
5-348 

N-22 



INTERPOLL LABORATORIES 
(612)786-6020 

Stack Sampling Department - QA 
Aneroid Barometer Calibration Sheet 

Actual Mercury 
Barometer Read 

Oate 5-/3,93 
Technician mn. / ,  AknLi,.?/ 
Mercury Column Barometer No. 
Aneroid Barometer No. T 6 0 8 /  

I 
/!(A13 - /  

Temperature 
Ambient Correction Adjsted Mercury Initial Aneriod Difference 
Temp. Factor Barometer Read Barometer Read (Pba-Pbm) 

Has this barometer shown any consistent problems with calibration? 
yes, explain. 

Y e s 6  If 

Has problem been alleviated? Yes/No. How? 

*Note 

Aneroid barometers will be calibrated periodically against a mercury column 
barometer. The aneroid barometer to be calibrated should be placed in close 
proximity to the mercury barometer and left to equilibrate for 20-30 minutes 
before calibrating. Aneriod barometer will be calibrated to the adjusted 
mercury barometer readings. 5-312 \. 

?I-23 -_ 
L _  




