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RESULTS OF THE NOVEMBER 8 & 9, 1994 
RELATIVE ACCURACY CERTIFICATIONS 

AT THE LOUISIANA PACIFIC PLANT 
LOCATED IN HAYWARD, WISCONSIN 



Route 8.,Box 8263 
Hayward, Wisconsin 54843 
7151634-3332 
FAX 7151634-5117 

November 23. 1994 

Mr. Michael F. Wood, Director 
Mr. Laxmi Kesari 
Multi Media Enforcement & Strategic 
Planning Division US. EPA 
Aerials Rios Boulevard 
1200.Pennsylvania N.W., 7th Floor 
Room 7120A 
Washington D.C. 20004 

RE: Clean Air Enforcement Action - United States v. Louisiana Pacific Cornoration 
No. CV 93-0869 (W.D. La.) 

Subject: Continuous Monitoring Equipment Certification: L-P Hayward OSB 
CO, Flow and Opacity Drift Test Results. 

Gentlemen: 

Enclosed please find the re-certification test results ( Interpoll Labs. Inc. Report 
# 4-4294 dated November 21, 1994) for the Line #1 Dryer RTO carbon monoxide 

(CO) and Line #2 Press RTO Flow monitoring systems installed at Louisiana Pacific's 
OSB plant in Hayward, WI. These are submitted in conjunction with the September 
30, 1994 (request for an extension) letter from Elizabeth Smith, Director of 
Environmental Affairs - Louisiana Pacific Corporation, Portland, Oregon. Attach these 
test results to you copy of the Interpoll Laboratories, Inc. Report No. 4-3688R dated 
September 27, 1994. Also enclosed are the Opacity Zero & Calibration Drift 
calculations of relative accuracy for the four (4) US1 Opacity Monitors (one for each 
of the RTO stacks). 
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Mr. Michael Wood/Laxmi Kesari 
November 23, 1994 
Page 2 

If you have any questions or need additional information please contact me. 

Sincerely, 

W 
Robert W. Schultz 
Environmental Engineer 
Hayward, WI - Engineering Office 

cc w/encls: Tom Parker - Graseby STI 
Jim Lake - Hayward OSB Plant Manager 
Liz Smith - Director of Environmental Affairs 
Jim Ross - WI DNR 
File: HA 613.0 CEMS 

cc w/out encls: Julie Domike U.S. EPA 
U.S. EPA, Region 5 
Jim Evensen - Hayden Lake 
Keith Seelig - Hayward Environmental 
Bert Krages - Portland 
Norm Radford Jr. - Vinson & Elkins, Dallas, TX 
Brad Pyre - WI DNR Park Falls, WI 
A.E. Cavadeas - Hayward Engineering 
Mark Becker - Hayward Environmental 

Chicago, I1 
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ACFM 
cc (mi) 
DSCFM 
DSML 

DIA. 
FP 
FTISEC 

DEC-F ('FI 

g 
CPM 
CWACF 
CWDSCF 
.g/dscm 
HP 
HRS 
IN. 
IN.HC. 
IN.WC. 
LB 
LB/DSCF 
L B/H R 
LEI1 06BTU 
LBIMMBTU 
LTPD 
M W  
mg/Nm' 
ug/Nm' 
microns (urn) 
MIN. 
"g 
ohm-cm 
PM 
PPH 
PPM 
PPmC 
PPmrd 
PPmw 
PPt 
PSI 
SQ.FT. 
TPD 
ug 
vlv 
wlw 
< 

ABBREVIATIONS 

actual cubic feet per minute 
cubic centimeter (milliliter) 
dry standard cubic foot of dry gas per minute 
dry standard milliliter 
degrees Fahrenheit 
diameter 
finished product for plant 
feet per second 
gram 
gallons per minute 
grains per actual cubic foot 
grains per dry standard cubic foot 
grams per dry standard cubic meter 
horsepower 
hours 
inches 
inches of mercury 
inches of water 
pound 
pounds per dry standard cubic foot 
pounds per hour 
pounds per million British Thermal Units heat input 
pounds per million British Thermal Units heat input 
long tons per day 
megawatt 
milligrams per dry standard cubic meter 
micrograms per dry standard cubic meter 
micrometer 
minutes 
nanograms 
ohm-centimeter 
particulate matter 
pounds per hour 
parts per million 
parts per million carbon 
parts per million, dry 
parts per million, wet 
parts per trillion 
pounds per square inch 
square feet 
tons per day 
micrograms 
percent by volume 
percent by weight 
5 (when following a number) 

Standard conditions are defined as 68OF (20°8 and 29.92 IN. of mercury pressure. 
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1 INTRODUCTION 

On November 8 & 9, 1994, Interpol1 Laboratories personnel conducted Relative 

Accuracy Certification Tests of the CO CEM installed on the Line 1 Dryer RTO Stack, and 

the Flow Monitor installed on the Line 2 Press RTO Stack at the Louisiana Pacific 

Corporation Plant in Hayward, Wisconsin. The certifications were performed on the 

following: 

Monitor 

Tvpe Manufacturer Model Serial No. Location 

co TECO 48 48-47743-279 Line 1 Dryer 

Flow United Sciences 100 9401 658 Line 2 Press 

On-site testing was performed by Ed Trowbridge and Ken Nuessmeier. Coordination 

between testing activities and plant operation was provided by Bob Schultz of Louisiana 

Pacific. The test was witnessed by Jim Ross of the Wisconsin Department of Natural 

Resources. 

The Relative Accuracy Cenifications were performed in accordance with Specification 

4, CFR Title 40, Part 60 Appendix B (revised July 1, 1993). Evaluations were performed in 

accordance with €PA Method 10 Ilbid: Appendix A). A slip stream of exhaust gas was drawn 

from the exhaust gas stream using test ports provided by the plant using a heat-traced probe 

and filter assembly. Aftertpassing through the filter, the gas passed through a chilled 

condenser to remove moisture. The particulate-free dry gas was then split, half the sample 

was collected directly in &Liter Tedlar bags. The other half of the sample gas stream was 

passed through an alkaline potassium permanganate scrubber to remove interferences and 

then collected in 44-Liter Tedlar bags. Each set of bags was then analyzed: the scrubbed 

sample for CO, the unscrubbed sample for 0, and CO,. The CO, level was also measured 

in the scrubbed sample to correct for residual CO,. The 0,, CO, and CO analyzers were 

calibrated on-site using EPA Protocol standard gases. A three-way valve on the probe was 

used to introduce standard gas for the "system bias check". The analog response of the CO 

analyzer was recorded using a strip chart recorder. Moisture determinations were performed 

in accordance with EPA Method 4. Volumetric Flow Rate Determinations were performed 

in accordance with EPA Method 2. 

1 
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# I  Twelve 21-minute test runs for CO were performed on the Line 1 Dryer RTO Stack 

using a 3Gminute cycle. During each run, the sample probe was moved through a three- 

point traverse ( l h ,  3/6, 516 of the stack dial. 
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The important results of the tests are summarized in Tables 1 & 2. Field data and all 

other supporting information are presented in the appendices. 

2 



2 SUMMARY AND DISCUSSION 

The important results of the Relative Accuracy Certifications are summarized in Tables 

1 & 2 . No difiiculties were encountered in the field or in the data reduction. On the basis 

of this fact and a complete review of all of the data, it is our opinion that the concentrations 

reported herein are accurate and closely reflect the actual values which existed at the time 

the test was performed. 
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* Note: Runs 5, 7, and 10 not used in the calculation of 
relative accuracy. 

Table 1. Summary of the Results of the November 8, 1994 Relative Accuracy 

Certification of the CO CEM installed on the l ine 1 Drver RTO Stack at the 

Louisiana Pacific Plant in Hayward, Wisconsin. 

Run Time CO@pm,d) 

(HRS) RM CEM DlFF 
1 0945- 1 0 1 5 326 306 -20 
2 1030-1 100 366 360 -6 

3 11 15-1 145 327 320 -7 
4 1200-1230 356 353 -3 
5' 1 245- 1 3 1 5 3 74 40 1 27 
6 1330-1400 394 389 -5 
7' 141 5-1 445 329 308 -2 1 

8 1500-1 530 3 76 3 72 -4 

9 1545-1 61 5 394 389 -3 

10' 1630-1 700 41 1 3s8 -53 
11 171 5-1 745 263 353 -10 

- 

12 1800-1830 29 1 283 -8 - 
Average 10 

Confidence Coefficient 11.5 

Standard Deviation 5.13 

Relative Accuracy 5.9 
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Table 2. Summary of the Results of the November 9, 1994 Relative Accuracy 

Certification of the Flow Monitor installed on the Line 2 Press Stack at 

the Louisiana Pacific Plant in Hayward, Wisconsin. 

Run Time Flow (KCFM) 

(HRS) RM CEM DlFF 
1 1000-1030 110 100 -10 

2 1045-1 11 5 110 100 -10 

3 1200-1 230 110 101 -9 

4 1245-1 31 5 112 101 -1 1 

5' 1330-1400 111 100 -1 1 

6* 141 5-1 445 112 101 - 1  1 

7' 1500-1 530 113 100 -13 

8 1545-1 61 5 110 101 -9 

9 1630-1 700 110 102 -8 

10 171 5-1 745 109 101 -8 

11 1800-1830 111 101 -10 

12 1845-1 91 5 110 101 -9 

Average 10 

Confidence Coefficient 0.92 

Standard Deviation 1 

Relative Accuracy 9.8 

* Note: Runs 5, 6, and 7 not used in the calculation of 

relative accuracy. 

I 
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2.1 Results of Volumetric Flow Rate Determinations 
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Round 
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-.3 
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7.19 

58.3 
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110269 
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7 6  

3 1 . 5 0  

UP 

.. 4 6  

2 4 1  

6 . 4 2  

58 .5  

. 0 5 3 3 3  

2 8 . 8 4  

3 5 3 7 3 7  

1 1 0 5 4 5  
7 5 4 8 4  

....... .... 
~ 
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I n t e r p o l 1  L a b s  R e p o r t  No. 4-4294 
G r a s e b y  S T I  - LP H a y w a r d  I H a y w a r d ,  W I  

I 
I 
I 
I 
I 
I 
I 
1 
I 
1 
I 
I 
I 
I 
I 
I 
I 

T e s t  No. 2 
L i n e  2 P r e s s  RTO 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  Rate D e t e r m i n a t l o n - - - - - - -  M 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  . . . . . . . . . . . .  
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  . . . . . . .  (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  . . . . . . . . . . . . . . . . .  (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 .  g a s  t e m p  . . . . . . . . . . . . .  (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  g a s  . ......... (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  . . . . . . . . . . . . . . . . . . .  (ACFM) 
d r y  s t a n d a r d  . . . . . . . . . . . .  (DSCFM) 

11-09-94 

1415 

29.02 

.84 

2 

16 

Round 

76 

31.50 

UP 

-. 47 
241 

8.24 

59.0 

.05296 

2 8 . 8 4  

354633 

111608 
74729 

12 



I 
T e s t  No . 2 
L i n e  2 P r e s s  RTO S t a c k  

I 
I 
I 
I 

I 
I 
I 
I 
I 
r 
I 

I n t e r p o l 1  L a b s  R e p o r t  No . 4-4294 
G r a s e b y  S T I  . LP H a y w a r d  

Hayward .  W I  

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....... M 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  . . . . . . . . . . . .  
T ime  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.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  . . . . . . . . . . .  ( 1 N . W C )  

A v g  . gas  temp . . . . . . . . . . . . .  (DEG-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 f l o w  o f  g a s  . . . . . . . . . .  (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  . . . . . . . . . . . . . . . . . . .  (ACFM) 
d r y  s t a n d a r d  . . . . . . . . . . . .  (DSCFM) 

11-09-94 

1500 

29. 02 

.84 

2 

16 

Round 

76 

31.50 

UP 

.. 42 
241 

7.49 

59.5 

. 05312 
20.84 

350643 

112528 
75971 

13 



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

I n t e r p o l 1  L a b s  R e p o r t  No. 4 - 4 2 9 4  
G r a s e b y  S T I  - LP H a y w a r d  

Hayward ,  W I  

T e s t  No. 2 
L i n e  2 Press  RTO 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  D e t e r m i n a t i o n - - - - - - -  Method 2 

D a t e  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 . .  . . . . .  (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 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) 

A v g .  g a s  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  g a s  . . . . . . . . . .  (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  . . . . . . . . . . . . . . . . . . .  (ACFM) 
d r y  s t a n d a r d  . . . . . . . . . . . .  (DSCFM) 

1 1 - 0 9 - 9 4  

1 5 4 5  

2 9 . 0 2  

. 8 4  

2 

1 6  

Round 

7 6  

31.50 

U P  

- .  4 3  

2 3 8  

7 . 2 3  

5 8 . 2  

. 0 5 3 4 0  

2 8 . 8 4  

3 5 2 2 7 9  

1 0 9 9 5 3  
7 4 7 5 4  



T e s t  No . 2 
L i n e  2 P r e s s  RTO S t a c k  

1- 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I n t e r p o l 1  L a b s  R e p o r t  No . 4-4294 
G r a s e b y  S T I  . LP H a y w a r d  

Hayward .  W I  

R e s u l t s  o f  V o l u m e t r l c  F l o w  R a t e  Determination....... M 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  . . . . . . . . . . . .  
T ime  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 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  . . . . . . . . . . . . . . .  (IN) 
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 . g a s  temp . ............ ( D E G - 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  g a s  . . . . . . . . . .  (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  ................... (ACFM) 
d r y  s t a n d a r d  . . . . . . . . . . . .  (DSCFM) 

11-09-94 

1630 

29.02 

.84 

2 

16 

Round 

7 6  

31.50 

UP 

-.41 

237 

6.57 

58.4 

. 05362 
20.84 

355051 
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I n t e r p o l 1  L a b s  R e p o r t  No . 4 - 4 2 9 4  
G r a s e b y  S T I  . LP Hayward  

Hayward .  W I  

T e s t  No . 2 
L i n e  2 P r e s s  RTO 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....... M 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  . ........... 
T ime  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 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  PO 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 C )  

Avg . g a s  t e m p  . . . . . . . . . . . . .  (DEG-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  

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

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

....... (LB/ACF)  

. . . .  (LB/LBMOLE) 

Mass f l o w  o f  g a s  . ......... (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  . . . . . . . . . . . . . . . . . . .  (ACFM) 
d r y  s t a n d a r d  . . . . . . . . . . . .  (DSCFM) 

16 

1 1 - 0 9 - 9 4  

1 7 1 5  

2 9 . 0 2  

. a 4  

2 

16 

Round 

7 6  

3 1 . 5 0  

UP 

- . 4  

2 3 8  

6 . 8 8  

5 7 . 7  

. 0 5 3 4 8  

2 8 . 8 4  

3 4 9 9 3 9  

1 0 9 0 6 5  
7 4 4 4 1  

. 



I 
I n t e r p o l 1  L a b s  R e p o r t  No . 4-4294 

G r a s e b y  S T I  . LP H a y w a r d  
Hayward .  W I  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
. I  

T e s t  No . 2 
L i n e  2 P r e s s  RTO 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 i o n  . . . . . . . . . . . .  
T ime  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  ....... ( 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  . . . . . . . . . . .  (1N.WC) 

Avg . g a s  temp . . . . . . . . . . . . .  (DEG-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 f l o w  o f  g a s  . .......... (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  . . ................. (ACFM 
d r y  s t a n d a r d  . ........... (DSCFM 

11-09-94 

1800 

29.02 

.04 

2 

16 

Round 

76 

31.50 

UP 

.. 47 
236 

6.95 

513.0 

. 05360 
20.84 

357559 

111172 
76022 
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I n t e r p o l l  L a b s  R e p o r t  No. 4 -4294  
G r a s e b y  S T I  - LP Hayward  I Hayward ,  W I  
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I 
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T e s t  No. 2 
L i n e  2 P r e s s  RTO 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  D e t e r m i n a t i o n - - - - - - - n 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  . . . . . . . . . . . .  
T ime  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 f f i c i e n t  . . . . . . . . . . .  

11-09 -94  

1 8 4 5  

2 9 . 0 2  

. 8 4  

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 . . . . .  . . . . . . . . . . .  

2 

16  

Round 

7 6  

31 .50  

UP 

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

Avg .  g a s  temp . . . . . . . . . . . . .  (DEG-F) 

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

-. 4 8  

2 3 5  

6 . 9 9  

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

5 8 . 4  

.05367  

28 .84  

3 5 5 3 6 4  

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) 

1 1 0 3 4 9  
7 5 5 3 6  
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SAMPLING TRAIN CALIBRATION DATA 
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Interwll Laboratories. Inc. 

Temoerature neasurement Device 
Calibration Sheet 

Unit under test: . _  

Vendor &M/=GA- 
node1 ArnFO.4 Serial Number "38 
Range FJ OF Thermocouple Type fr, - Date o f  Calibratlon re98 .I 2 g  ,'r4.# Technlclan N UC,..,*,,Y- 

nethod o f  Callbration: 
a Conoarison aqains: A I T W  nercirj i n  q lass  t n e r a o a e t e r  using a t n e r n o s t a t t e d  and insu la ted  alualnun block desiqne'. 

to Drov ide  uniforr t e n o e r a t u r e .  Tne t e m e r a r u r e  i s  ad jus ted  by a a ~ u s t t n q  m e  vol:aqe on tne Block heater  
c a r t r i d g e .  
Oiega node1 CL-ZOO TyDe K Theraocouole Siiulator rhich orov ides  22 orec ise  tcaoera ture  c c u i r a l e n t  sillivolt 
slgnals. The CL-300 i s  c o l d  j u n c t i o n  conoensated. C a l l b r a t i o n  accuracy i b  0.1s of SDan l2lOO F l  f 1 degree 
i f o r  negative teaoera tures  add f 2 degrees.  The CL-300 s l a u l a t e s  eractly. the i i l l i v o l t a g e  of a Type K 
theruotouole  at the i n d i c a t t d  tenoera ture .  

a 
0 

Oesi red 
TemD (OF1 

~ o m i  nal 

0 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 
2100 

~ 

Temperature o f  
Standard or 

Simulated Temp (OF) 

r, 
100 

A 
3 D O  
4 c s  

'i- .€WQ 

L 
L 

poc 
' 7 E  L 

4 C @  
10CO 

/ I D 0  

I 7 t C  

I I t C  
, Fee 

1.790 
> 000 
,94" 

&ab 

A 

I.ILC0 

I'd00 

Response of 
U n i t  under Test 

(OF) 

Oevii 

A t  (%I  

OF = o f f  scale response by unit under test (OF) 
x dev = 100 At / (460 + t) 

ff unit in tolerance a Unit was not in tolerance: recalibrated - See new calibratibn sheet. 

A-1 

5-433 



lnterpoll Laboratories, Inc. 
(612) 786-6020 

S-Tvoe Pitot Tube InsDection Sheet 

Pitot Tube N o 2  7- f 
Pitot tube dimensions: 

1. External tubing diameter (03 

2. Base to Side A opening plane (PA) 

3. Base to Side B opening plane (Pd 

. 31.d IN. 

: VLd IN. 

> d d d  IN. 

Alianrnent: 

4. u, < 10" d 
5. 0, < l 0 O Z  

6. B, < 5' d 
7. B, < 50 n 

a. z <.125" ~7 
9. W <.0625" 

Distance from Pitot to Probe Comoonents: 

10. Pitot to 0.500 IN. nozzle 1 7c* IN. 

1 I .  Pitot to probe sheath -? .& IN. 

12. Pitot to thermocouple (parallel to probe) 7. IN. 

13. Pitot to thermocouple (perpendicular to probe) 7dd IN. 

b e e t s  all EPA design criteria thus C, - 0.84 
0 Does not meet EPA design criteria - thus calibrate in wind tunnel. 

CP - 

Date of Inspection: Inspected by: 

CFR Title 40 Pan 60 Appenidix A Method 2 
5-348 
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INTERPOLL LABORATORIES 
(612)786-6020 

.... Stack Sampling Department - QA 
Aneroid Barometer Cal ibrat ion Sheet 

Actual Mercury 
Barometer Read 

28 .75  

Date 
Technician . 
Mercury Column Barometer No. &LL,.M&XF/ f l , 4  d L  /a  
Aneroid Barometer No. sd -/'/La 7Q8 s 

Temperature 
Ambient Correction Adjsted Mercury I n i t i a l  Aneriod Dif fe rence  

Temp. Factor Barometer Read Barometer Read ( P b a - P h )  

&d , 1 3 Y  .8- 6lB Z B I  (9' ~ B 3L 

Has t h i s  ba rme te r  shown any cons i s t en t  problems w i t h  ca l ibra t ion?  Yes/No. If 
yes. explain. N o  

Has problem been a l l ev ia t ed?  Yes/No. How? 

*Note 

Aneroid barometers will be c a l i b r a t e d  pe r iod ica l ly  against  a mercury column 
barometer. The aneroid barometer t o  be ca l ib ra t ed  should be placed in c l o s e  
proximity t o  the mercury barometer and l e f t  t o  equ i l ib ra t e  for 20-30 minutes 
before ca l ibra t ing .  Aneriod barometer will be ca l ibra ted  to  the ad jus t ed  
mercury barometer readings. 5-312 

A-3 
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4-4294.RAT 

I I I 
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GRASEBY STI - LP HAYWARD I 
Hayward, Wisconsin 

Report No. 4-4294 

Source: Line 1 Dryer RTO Stack I 
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4-4294.RAT 

I I 

I 

I I 
I 
I ]Repon No. 4-4294 

I 1 
I I I I 
GRASEBY STI - LP HAYWARD I I 

I 

1 
Hayward. Wisconsin 

Source: Line 1 Dryer RTO Stack 
I 

I 
Page 
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. 4-4294.RAT 

IReport No. 4-4294 
I 
IGRASEEY STI - LP HAYWARD 
I Hayward, Wisconsin 
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I INTERPOLL LABORATORIES, INC. 
(6 12) 786-6020 

EPA Method 2 Field Data Sheet 
Drawing of Test Site 

Velmty Temp. of Cas ( O R  

Traverse Diztance 
From Stack Distance 
Wall (IN.) 

Point 

From End of Port (IN I I, 

Temp. Meas. Device & VN: f D i - -  78, 
or nothing - q. manometer; 5 - expanded; E - electronic I( 

032594-G:WACK\WP\FORMN392.1 

c -1  



Job 
Source &&&L z f i *S5 .  k*rr 5 - 3 2 L  
Te5 3 RunsDare // - g-./+l 
Siack Dimen. 7 c  IN. 
Dry Buib z4/ O F  Werbulb ,' k P F  
Manomerer ;I Reg. E Exp OElec. 
Barometric Pressure w; ar IN.HC 

IN.WC Static Pressure - 
Operators Er9& 
Pitor No. 2 7v-s1 c. I F 4  

I 

I 
I 
I 

Cross-section Elevation 
View View 

4 c n  
,-4 

B d .  

I 
I 
I 
I 
I 
I 
I 
1 

~ 

c-2 



&A,> z .  /%55 47-2 774- 
-7 

Cross-section Elevation 

7 4  IN. 
O F  Wetbulb 13 5 O F  

Stack Dimen. 

1?znt::ter @Reg. E Exp c! Elec. 
aaromerric Pressure 2 q : a z  IN.HC 
Static Pressure - I  5d IN.WC 
Doerators &7=&d 
Pirot No. -171/- 52 c I f4 I 



Source LinL A i z s s  &D S/XCT-LK 

Test RunADate //-Y.e? c/ 
Stxk Dimen. 7 L IN. 

tblanometer ,x Reg. 0 Exp GElec. 
Barometric Pressure 7-9.a 1 IN.HC 
Static Pressure - 1 5 5 -  IN.WC 
Operators E /  W A  
Pitot No. z 7 y - 9  C. , sv  

D N  Bulb O F  Wet bulb /'/q O F  

- 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1 
I 
I 

Cross-section Elevation 
View View 



- 

I 
I 
I 
I 
I 
I 

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

€PA Method 2 Field Data Sheet 

loo G&PAJ S71- 
5ource I* 2 / ;2,  Re’ 5z.z& 
Tesr RunDate6‘- 9-9 Y 
Siack Dimen. 7 /, IN. 
3 r d  Bulb O F  Wet bulb / / 7  “ F  
\lanometer e Exp 0 Elec. 
Saromerric Pressure Z $ . d F  IN.HC 
Static Pressure L IN.WC - 

Drawing oi Tesi Site 
I, I1 

I1 Cross-secrion I Elevation II 

Operators &TFLXA/ 
Pitor No. 2 71/-6 C, , cqLl 

Velocity Temp. of cas ( o n  

Fraaion Dinance 

Diameter Wall (IN.) Fmm End of Port (IN.) 
of From Seck Disnnce 

R or nothing - reg. manameteer; 5 - expanded; E - elecuanic 

03259eC:WAC~WFVORM~392 .1  

c-5 



Cross-section 
View 

74 IN. 

Source 
Tesi 
Stack Dirnen. 
Dry Bulb O F  Wetbulb 'Zz-  O F  

Manometer @Reg. G Exp GElec. 
Barometric Pressure 2 9 . 6 J L  IN.HC 

IN.WC Static Pressure L .  

Operators 2 - 7 -  <N 
Pitot NO. 2 7 Y -  C, I r q  

Temp. Meas. Device & VN: ?F 
R or nothing - reg. manometer; S - expanded; E - electronic 

.+I 

Elevation 
View 

I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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INTERPOLL LABORATORIES, INC. 
1612) 7866020 

EPA Method 2 Field Data Sheet  
Drawing oi Test Site 

Cross-section Elevation 

Dry Bulb " F  Werbulb /a0 O F  

-Manometer H e g .  E Exp CIElK. 
Barometric Pressure Z $ /  z- IN.HC 

IN.WC Static Pressure - 
Operators 6 T-&d 
Pitot No. 22f-g c , ? /  

I' I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I R or nothing - reg. manometer; 5 - expanded; E - electronic 

I 



Job ,$/&/A/ 57-2 
Source 1 &&4A/r , 95Z%Q 
Test 7 bunsDate //-e49 
Stack Dimen. 74 IN. 

tbtanometer m e g .  13 Exp ‘DElec. 
Barometric Pressure L9, o c  IN.HC 
Static Pressure I c/3 IN.WC 

OF/ Bulb “F Wet bulb /I? “F 

Operators ET- xr/ 
Pitot NO. ;r 71/- s c& 

03259G:\STACfiWRFORMN392.1 

C-8 

- - 

1 
1 
I 

Cross-section Elevation 
View View 

I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
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I 
m 

Cross-section 
View 

INTERPOLL LABORATORIES, INC. 
(6 121 786-6020 

EPA Method 2 Field Data Sheet 

Elevation 
View 

Job +$4%4/ 57z I 
Source 
Test 2- RunfDate /I+ -9 
Stack Dimen. 7 L- IN. 
Drv Bulb "F Wet bulb / / 7  " F  

Barometric Pressure t 9  ,d L IN.HC 
I IN.WC 

C/&d c PAST A?-,, TELL 

1 i\lanometer m e -  0. C; Exp 0 Elec. 

I Static Pressure - 
Operators F 7-42 
Pitot NO. 27fi S c , S% 

Temp. Meas. OWI- & YN: 3c Tme End) 7~78 HRS 

From End oi Port IN. 

I 
I 
I 

I 

I 
I 

I 

I 

IH I ice 7 37.1- 

I 
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INTERPOLL LABORATORIES, INC. I 
1 

(612) 786-6020 
€PA Method 2 Field Data Sheet 

Drawing of Test Site 
Job M!AdC%Z 
Source a' z-&KdATd .sz& Cross-section 
Tes: Z R u n U a t e  /!9-9 L/ 

Crv Bulb O F  Wetbulb //g O F  

Manometer @Reg. G Exp GElec. 
Barometric Pressure 2-9, / z IN.HC 
Static Pressure IN.WC 
Operators 
Pitot No. d7f- 

Stack Dimen. 7 L  IN. 

c-10 
I 0325944:WACkAWFVORMN392.1 

- 



Source '24 L A A& &o Am1 Cross-section 

Stack Dimen. 76 IN. 
"F Wet bulb //P O F  1 %nft:ter =Reg. 0 Exp OElec. 

Elevation 

2 9,) L IN.HG 
I 7 IN.WC 

, _ -  - 
Barometric Pressure 
Static Pressure - 
Operators PI- AJd 
Pitot No. 2Yv- 5? C" I C  /7 

I 

__ - - - _ _ _ _ ~  

- 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
-1 
I 
I c-11 

R or nothmg - reg. manometer; S - expanded; E - elecnonic 

0 3 2 5 9 4 4  \ s T A C K \ W p \ F O ~ 3 9 2 . 1  



Source LL& 2 P w  P 770 SrACx 
~- ~ 

Stack Dirnen. 7 d  IN. 

l\lanometer E Exp ClElec. 
Barometric Pressure 2-9. D 'Z IN.HC 
Static Pressure - /  4LT IN.WC 

Dry Bulb O F  Wet bulb / / c  O F  

Operators ,3-7--/c 
Pitot No. 2 7 Y -  2 c ,<Yo 

Cross-section Elevation 

Traverse 
Point 
No. 

I I 

Fraaian Dinance 

Diameter Wall (IN.) From End of Pan (IN.) Velocity 
of From Seck Distance 

I 
I 
I 
I 

c-12 
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APPENDIX D 

MEASUREMENT SYSTEM PERFORMANCE SPECIFICATIONS 
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Cy1 i nder Analyzer  
*** Value Response Difference 

(PPm) (PPm) (PPm) 

INTERPOLL LABORATORIES 

Calibration Error Check 

. Span Percent 
Value of 
(ppm) Span 

1 

Ti me (HRS) NO, Ca1 ibrati on: 

Difference 

Time (HRS) 

Di 2. f er ence 

COII Calibration: Ti me (URS) 
~ 

Cy1 i nder Anal yzor Span Percent 

(ppm) (ppm) (PPm) (ppm) Span 
**+ Val UI Response Di? f erence Value of 

Zero gas 0 d fd z-uo 
Mid level /@ zt/ ,B 

5-420- 10 Hust be within Z of the span for each calibration gas 

D-1 Page 8 
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INTERPOLL MBORATORIES, INC 
(6 1 2) 786-6020 

b'- System Bias Check 
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INTERPOLL UBORATORIES, INC 
(6 i 1) 786-6020 

/OZ--- System Bias Check 

Source LW z /Z 

0 3 3 1 9 ~ c : \ s i A C K \ W F V O R M ~ 2 0 - 1 1  / e .  Y D-6 

1 
I 
I 
I 
I 
1~ 
I 
I 
1 
I 
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I 
I 
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INTERPOLL WEORATORIES, INC 
(6 i ?I 786-6020 

2 - System Bias Check 

lob 6hsc4., J / s ~  ~ ~ ? K ~ ~ ~ L ~ ~ J  Source L/& 7, hFG a 77 
.2r Run / -  1- Dare /-?c?f Site -mz%LL - 

i est 
Operator 

MUSI be within 5% or the span ror ihe zero or upscale car. gas. 

0331 9eC:\STACMWP\FORMN420-11 
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Scott Specialty Gases, Inc. 

COMPONENT 

rCARBON MONOX I DE 
N I TFICGEN 

REQUESTE9 ANALYSIS 1 
CONCENTHAT I ON ( MOLES) U/M 

250 .0  PPM 249.  ' F'F'M 
BALANCE N/A  

NOTES: CEET I F I ED MASTER GAS 

ANALYTICAL METHOG: CMG 

PLUMSTEADVIUE. PENNSYLVANIA i moy, MICHIGAN i HOUSTON. TEXAS I DURHAM. mum CAROUNA 
SOUTH PUINFIELO. NEW JERSM I FREMONT. UUFORNIA I WAKEFIELO. MASSACHUSElTS I LWGMONT. COLORaDO 

BATON ROUGE LOUISIANA 
E-I. 



-- 

Scott Specialty Gases, Inc. 

GENEX 
4 0  1 8 DUNCAN AVENUE 

ST L O U  I S  MO 631 10-0000 
I 

COMFONENT 

CARBON MClNOX I DE 
N I TROGEN 

REWESTE3 ANALYSIS 1 
CONCENTRATION ( MOLES) U/M 

600.0 PFM 5 9 4 .  FFM 
BALANCE N/A 

NOTES: CERTIFIED MASTER GAS 

ANALYT I CAL METHOD : CMG 

DATE O F  ANALYSIS: 7 , L Q  
4 m 

ANALYST : 

PLUHSEADVILLE. PENNSYLVANU I TROY. MICHIGAN I HOUSTON TEXAS I WRHAM. NORTH CAROLINA 
SOIJ" PUINFIOD. NEW JERSEY I FREMONT. UUFORNIA I WAUEFIELO. H*ss*o1lJS6ms I LONOUONT. COLORAW 

BITON mwE LOUKIANA E-2 
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NATIONAL SPECZALTY GASES 
630 UNlTED D m  
DURHAM, N.C. 27713 
(919) 544-3772 

TO. TWIN CITY OXYGEN 
\ 

CERTIFICATE'OF ANALYSIS 
i 

I 
DATE R.EPORTED9/29/91 REFERENCE #S8-34130 

MATERIAL SUBMlTTElXOXYGEN, CARBON DIOXIDE IN NITROGEN, 
CERTIFIED CYL. #CC111962 

INFORMATION REQUESTEDaTIO ANALYSIS 

METHOD OF ANALYSIS.0XYGEN ANAL- INFRARED 

. -  

RESULT OF INVESTIGATION: 

COMPONENT SPECIFICATION CONCENTRATION 

OXYGEN 
CARBON DIOXIDE 

13.5% 
11% 

13.5% 
10.9% 

NITROGEN BALANCE 

AUTHOFUZED SIGNATURE 

E-3 
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NATIONAL SPECIALTY GASES 
630 UNITED DRIVE 
DURHAM, N.C. 27713 
(919) 544-3772 

TO: TWINCrrYOXYGEN 

CERTIFICATE OF ANALYSIS 

DATE REPORTED. 12/13/93 REFERENCE #S8-28413 

MATERIAL SUBMlTTED:CARBON DIOXIDE AND OXYGEN IN "I'ROGEN, 
CERTIFIED CYL. #CCll2272 

INFORMATION REQUESTEDSLATIO ANALYSIS 

METHOD OF ANfiYSIS5N3XMG3 AND OXYGEN ANfiYZERS 

RESULT OF INVESTIGATION: 

COMPONENT 

c o 2  
0 2  

N2 

SPECIFICATION 

17% 
21% 

CONCENTRATION 

16.4% 
21.2% 

BALANCE 

E-4 
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SPECIFICATIONS FOR ACS WODEL 3300 CO NDIR 

Measuring p r i n c i p l e  

Operating ranges 

Reproducibi l i ty  

Stabi 1 i t y  

Noise 

Ambient temperature 

Ambient humidity 

Response time 

(90% o f  f i n a l  reading) 

Ind ica tor  

Output s ignal  

L inea r i t y  

Power supply 

NDIR s ing le  beam method 

0 - 500 ppm 

0 - 1000 ppm 

3.5% o f  f u l l  scale 

Zero d r i f t ;  5 o f  f u l l  scale/24H 

Span d r i f t ;  5 o f  f u l l  scale/24H 

0.5% of f u l l  scale 

-5 t o  45% 

Less than 90% RH 

E l e c t r i c a l  system; 2 sec, 3 sec. 

5 sec (selectable w i th  connector) 

Response o f  actual gas; Within 15 

sec (depending on c e l l  length) 

100 l i n e a r  d i v i s i o n  

OUTPUT 1 ;  DC 0 - 1 V 

OUTPUT 2; DC D - 10 mV o r  DC 0 - 100 mV 

o r  DC 0 - 1 V o r  DC 4 - 20 mA 

(Allowable load resistance 

500Q max.) 

Be t te r  than 5!% o f  f u l l  scale (when 

l i n e a r i z e r  i s  used) 

AC 115 V f lo%, 60 HZ 

F-1 
. . .. . 

~- __ 



Power consumption 

Mater ia ls o f  gas- 

contacting par ts  

Approx. 30 VA 

Measuring c e l l ;  SUS304 

Window; CaF2 

Piping; Polyethylene 

Sample gas f low r a t e  lb/min k O.Sb/min 

Sample gas temperature 0 t o  55% 

Purging gas f low r a t e  l t /m in  ( t o  be flowed as occasion 

demands) 

Wannup time Approx. 2 hours 

External dimensions 200 x 250 x 541 (H x W x D) mm 

Weight Approx. 11 kg 

F in ish Color MUNSELL N1.5 

Remarks: For combinations o f  measuring ranges f o r  the dualcomponent 

analyzer, i nqu i r y  should be made t o  the  manufacturer. 

F-2 
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Servomex 

I420 
Oxygen Analyser 

Instruction Manual 
Ref: 01420/001A/O 

Order as part No. 01420001A 

was (7982-2842) 

I F-3 



1.3 Samplinq System 

The sampling system of the ana lyse r  includes a combination 
f i l t e r / a u t o m a t i c  flow c o n t r o l  device ,  designed t o  keep a 
cons t an t  flow of sample gas through the  measuring ce l l  f o r  
vary ing  i n p u t  p re s su res  and t o  prevent  the  en t rance  of 
p a r t i c u l a t e  m a t t e r  i n t o  t h e  measuring c e l l .  Excess flow is 
vented t o  the by-pass. 

- 

- 1 . 4  S p e c i f i c a t i o n  

performance S p e c i f i c a t i o n  (typical) 

Repea tab i l i t y :  

D r i f t :  

ou tpu t s  

Display: 

Output: 

Option : 

Flow a la rm output :  

Sample requirements 

Condition: 

r I n l e t  p ressure :  

Flowrate:  

F i l t e r i n g :  

Date 12.11 .87  

B e t t e r  than +/ -0 .2% 02 under cons tan t  
cond i t ions .  

L e s s  than 0 .2% 0 2  p e r  week under 
cons t an t  condi t ions.  (Excluding 
v a r i a t i o n  due t o  barometric p re s su re  
changes; reading  i s  propor t iona l  t o  
barometr ic  pressure . )  

3 1 / 2  d i g i t  LCD reading 0.0 t o  100.0% 
oxygen with overrange capab i l i t y .  

0 t o  1 V  (non-isolated)  f o r  0 t o  100% oxygen 
a v a i l a b l e  on ‘D’ type connector loca ted  
on t h e  back panel  of t h e  instrument. 
Output impedance is less than 1 0  ohms. 

4 - 20mA i s o l a t e d ,  Max impedance 500 ohms. 

Change over  r e l ay  contact  r a t e d  a t  
3A/115V a c ,  1 A / 2 4 0 V  ac  o r  I A / 2 8 V  dc. 
4 sets of s i n g l e  pole changeover contac ts .  
Alarm becomes a c t i v e  when sample gas flow 
through t h e  ana lyser  f a i l s .  

Clean,  d r y  gas  vi*& d e w  po in t  5 2eg C 
below ambient temperature. 

0.5 t o  3ps ig  (3.5 t o  2lkPa). I n l e t  
p re s su re  changes within t h i s  range w i l l  
change t h e  reading by less than 0 .1% 0 2 .  
May be operated up t o  lOpsig (70kPa) 
wi th  degraded s t a b i l i t y .  

1.5 t o  6 l i t r e s /minu te  approximately 
depending on sample pressure.  

0 .6  micron r e p l a c e a b l e ’ f i l t e r  i n t e g r a l  t o  
the . au tomat i c  flow cont ro l  device. 

F-4 
Paoe 4 
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Response time: L e s s  t h a n  15 secs. t o  90% a t  a n  i n l e t  
p r e s s u r e  of 3 p s i g  (2 lkPa ) .  

I n l e t / v e n t  
connec t ions :  1 / 4  i n c h  OD t u b e  ( s t a i n l e s s  s teel)  

s u i t a b l e  f o r  6 m  I D  f l e x i b l e  t u b i n g  o r  
1/4 i n c h  OD com?ression f i t t i n g s .  

P i a t e r i a l s  exposed 
t o  t h e  sample: S t a i n l e s s  s teel ,  Pyrex g lass ,  b r a s s ,  - 

p l a t i n u m ,  epoxy r e s i n ,  Vi ton ,  
p o l y p r o p y l e n e  and,  glass f i b r e  f i l t e r .  

P h y s i c a l  C h a r a c t e r i s t i c s  

C a s e :  S t e e l  and, aluminium f i n i s h e d  i n  epoxy 
powder p a i n t .  

C a s e  c l a s s i f i c a t i o n :  I P  20 ( I Z C  529)  when f i t t e d  i n t o  the 
Servomex 1400 series 1 9  i nch  case. 

Dimensions: S e e  F i g u r e  2 - 1 -  

W e  i g h  t : l O K g  ( 2 2 l b )  approximately.  

Electrical  

AC Supply: 1 1 0  t o  l20V AC or 220 t o  240V AC, 
+/-lo%, 4 8  t o  62Hz. Voltage selected by 
a vol tage s e l e c t o r  i n t e g r a l  t o  t h e  I E C  
s u p p l y  P l u g -  

Power required: l5VA maximum. 

Environmenta l  L i m i t s  

O p e r a t i n g  ambient  0 t o  +40 deg  C (32 t o  1 0 4  deg ' i )  

S t o r a g e  temp. -20 t o  +70 de9 C ( -4  t o  158 de9 F )  

t e m p e r a t u r e  : 

r ange  : 

R e l a t i v e  humidi ty :  0 - 8 5 % ,  non-condensing. 

F-5 



SPECIFICATIONS FOR ACS MODEL 3300 C4- NOIR 

Heasuri ng principle 

Measurable gas components 
and measuring range 

Reproducibility 

Stabi 1 i ty 

Noise 

Ambient temperature 

Ambient humidity 

Response time 
(90% of final reading) 

indicator 

Output signal 

Linearity 

Power supply 

NDiR single beam method 

0 - 20% 

% . 5 %  of full scale 

Zero drift; i% of full scale/24H 
Span drift; ?% of full scale/24H 

0.5% of full scale 

-5 to 45% 

Less than 90% RH 

Electrical system; 2 sec, 3 sec, 
5 sec (selectable with connector) 
Response of actual gas; Within 15 
sec (depending on cell length) 

100 linear division 

OUTPUT 1 ;  DC 0 - 1 V 
OUTPUT 2; OC 0 - 10 mV or DC 0 - 100 mV 

o r D C O -  1 V o r D C 4 - 2 0 m A  
(Allowable load resistance 
500Q max. ) 

Better than 22% of full scale (when 
linearizer is used) 

AC 115 V 2 10%. 60 Hz 

F- 6 
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power consumption Approx. 30 VA 

Materials of gas- 
con tac t ing  p a r t s  

Measuring ce l l ;  SUS304 
Window; CaF2 
P i  p i  ng ; Pol ye thyl  ene 

Sample gas  flow r a t e  

sample gas  tempera ture  

f ? / m i n  k O.S?/min 

0 t o  55oc 

Purging gas  flow rate I l /min  ( t o  be flowed a s  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 i n i s h  Color MUNSELL N1.5 

Remarks: For combina t ions  o f ,  measuring ranges for  t h e  dua lcmponen t  
ana lyze r ,  i n q u i r y  s h o u l d  be  made t o  t h e  manufacturer. 
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APPENDIX G 

CEM INSTRUMENT INFORMATION SHEET 
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APPENDIX H 

CEM DATA 



I 
REP'ORTING F'ERIOD 

Hour 91 462.0 
Hour  101 253.9 
H o u r  1 1 1  277.5 
S o u r  121 346. 5 
Hour 131 394.2 
H o u r  141 429.0 
How- 151 3 6 2 . 3  
Hoi.ir 1i.l 386.3 
A o u r  171 386.3 
H o u r  131 303.7 
H o u r  191 -1.Q 
H o u r  201 -1.0 
H o u r  $11 -1.0 
H o u r  l??f -1.0 
H o u r  221 -1.0 
Hour 01 - i .0  
Hour 11 -1.0 
H o u r  21 -1.0 
H o u r  31 -1.0 
H o u r  41 -1.0 
H o u r  51 -1.0 

I 
I 
I 
I 
1 
I 

0 
0 
0 
0 
0 
0 

-1 
-1 
-1 

0 I 386.9 
0 I i 6 7 . 5  
0 I 442.1 
0 I 340.9 
0 I 323.? 
0 I 357.0 

- - , . a  
L I L .  9 
381.5 
444.1 
411.2 
261.9 
-1. 0 
-1.0 
-1.0 

-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 

---, 

0 I 440.2 
0 I 463.3 
0 I 490.5 
0 I 413.6 
0 I 316.4 
0 I 331.2 
8 I 403.6 
0 I 342.4 
0 I 394.9 
0 I 394.5 
0 I 295.5 
0 I -1.0 

-1 I -1.0 
-1 I -1.0 
-1 I -l.Q 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 

0 1 434.4 
0 I 471.9 
0 I 357. 1 
0 I 306.4 
0 I 316.2 
0 I 407.8 
0 
0 
0 
0 
0 

-1 
-1 
-1 
-1 

374.5 
354.6 
291.2 
321.9 

-1.0 
-1.0 
-1.8 
-1.0 

31s. a 

-1 I -1.0 
-1 I -?.0 
-1 I -1.0 
.-1 I ' -1.0 
-1  I -1.0 
-1 I -' ,.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 

0 I 3Y1.8 
0 I 495.7 
0 I 437.9 
0 I 32'9.7 

0 I 361.1 
0 I 339.8 
0 I 350.0 

0 I 386.7 
0 I 352.4 

-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1  I -1.0 
-1 I -1.0 
-1 I -1.0 

0 I 308.3 

0 I 3az.s 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
- 1  
-1 
-1 



H o u r  71 100.2 0 I 100.3 0 I 1Qfil.3 0 I i w . 6  0 I 100.9 
Hour- 9 1  101. a 0 I 103.1 0 I 1 m . a  0 I 102.6 0 I 102.0 
H o u r  91 102.2 0 I 101.8 0 I 101.1 0 I 100.1 0 I 101.3 
Hour- 101 101. 4 @ 0 I 98.9 0 I 99.5 0 I 9a.3@ 0 I %i3 
H o u r -  111 100.2' I 102.2 0 I 1wp1a 0 I 101.1 0 I 101.2 
Hour. 121 101.2- 0 I 101.2 0 I 99.2 - 0 I 102.4 8 0 I 101.0 

H o u r  141 101. 1 0 I i08.a 
H o u r  151 101.4 - @0 I 99.5 0 

H o u r  131 100.bw 0 I 101.2 

H o u r  161 100.7@ 0 I 10a.0 ,J 0 
H o u r  171 100.4 99.7 0 

0 
H o u r  191 100.0 0 I -1.0 -1 
H o u r  201 -1.0 -1 I -1.0 -1 
H o r u r  211 -1.0 -1 I -1.0 -1 

101.2 0 I 94.4 0 ~~ 

100. b 0 1  

100. 4 
103.1 0 1  
99. 6 0 1  
-1.0 -1 I 
-1.0 -1 I 
-1.0 -1 I 

101.3 0 

1WZ. 6 0 

101. 6 

1 0 1 . d  0 

-1.0 -1 
-1.0 -1 
-1.0 -1 

100.6 
100. 9 
100. 5 
101. 0 
101. 0 
100. 6 
-1. 0 
-1.0 
-1.0 

.>3 L L I  -1.0 -1 I -1.0 -1 I -1.0 -1 I -1.0 -1 I -1.0 
H o u r  231 -1.9 -1 I -1.0 -1 I -1.0 -1  I -1.0 -1 I -1.0 
H o u r  01 -1.0 -1 I -1.0 -1 I -1,121 -1 I -1.0 -1 I -1.0 
H o u r  11 -1.0 -1 I -1.0 -1 I -1.0 -1 I -1.0 -1 I -1.0 
H o u r  21 -1.0 -1 I -1.0 -1 I -1.0 -1 I -1.0 -1 I -1.0 
H o u r  31 -1.0 -1 I -1.0 -1 I -1.0 -1 I -1.0 -1 I -1.0 
H o u r  41 -1.0 -1 I -1.0 -1 I -1.0 -1 I -1.0 -1 I -1.0 
H o u r  51 -1.0 -1 I -1.0 -1 I -1.0 -1 I -1.0 -1 I -1.0 

.. ;- ... H o u r  61 -1.0 -1 I -1.0 - 1  I -1.0 -1 I -1.0 - i  I -1.0 .... 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 

a 

. .. i 
., ., ... 
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I 
I 
I 
I 
I 
i 
I 
I 
I 
I 
I 
I 
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I 
I 
I 
I 
I 
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I F e r i o d  
I 

Ciour 7 
H o u r  8 
H o u r  9 
Ha u r  10 
H o u r  11 
H o u r  12 
H o u r  13 
H o u r  14 
H o u r  15 
H o u r  16 

15 I 30 I 45 I 60 I H r .  RUG. I 
Read. S t a t .  I Read. S t a t .  I Read. S t a t .  I Read. S t a t .  I Read. S t a l  

H o u r  171 220.6 
H o u r  101 219.0 
H o u r  191 218. 1 
H o u r  201 -1.0 
H o u r  211 -1.0 
H o u r  221 -1.D 
H o u r  221 -1.0 
H o u r  01 0.0 
H o u r  11 0.0 
H o u r  21 0.0 
H o u r  31 0.0 
H o u r  41 0.0 
H o u r  51 0.0 
H o u r  61 0.0 

8 I 2 1 3 . 4  
0 I 2 1 4 . 3  
0 I 218.2 
0 1 222.4 
0 I 2.22. a 
0 I 223.0 
0 I 225.9 
0 I 323.3 
0 I 223.5 
0 I 33.2 c 

0 I 220.8 
0 I 217.6 
0 I -1.0 

-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
0 I 0.0 
0 I 0.0 
0 I 0-0 
0 I 0.0 
0 I 0.0 
0 I 0.0 
0 I 0.0 

LLL. J 

0 I 212.8 
0 I 215.6 
0 I 219.7 
0 I .:..>-, 

LLC. 1 
0 I 2'26.3 
0 I 225.1 
0 I 2'25.2 
0 I 2'24.6 
0 I 223.7 
0 I 2'22.2 

0 I 210.9 
-1 I -1.0 
-1 I - i .0  
-1 I -1.0 
-1 I -1.D 
-1 I -1.0 
0 I 0.0 
0 I 0.0 
0 I 0.0 
0 I 0.0 
0 I 0.0 
0 I 0.0 
0 I 0-0 

0 I 217.8 

0 I 213.4 
0 I 2 i 6 . Z  
0 I 228.9 
0 I 222.6 
0 I 2 2 4 . 2  
0 I .-.-' CL4.4 
0 --"3= CLJ. 0 
0 ZZ3.8 
0 '2'3.8 
0 221.1 
0 2 1 9 . 8  
0 218.7 

-1 -1. 0 
-1 -1.0 
-1 -1.0 
-1 I -1.0 
-1 I -1.0 
0 I 0.0 
0 I 0.0 
0 1 0.0 
0 I 0.0 
0 1 0.0 
0 I 0.0 
0 I 0.0 

a ! 213.0 
0 I 2 1 4 . 9  
0 I 2 1 9 . 2  
0 I 2 2 z 0  
8 I 2 2 4 . 3  
0 I 225.1 
0 
0 
0 
0 
0 
0 

-1 
-1 
-1 

2 2 5 . 4  
zz4. 1 
dd3.7 
222. 7 
.- - 
2 1 9 .  a 
218.8 
-1. 0 
-1.0 
-1. 0 

-1 I -1.0 
-1 I -1.0 
0 I 0.0 
0 I 0.0 
0 I 0.0 

0 I 0.0 
0 I 0.0 
0 I 0.0 

0 I 0.0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

-1 
-1 
-1 
-1 
-1 
0 
0 
0 
0 
0 
0 
0 
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DRILY FLOL4 SUMMFIRY REPORT 

L i n e  +Z Press FLCL; kcis FIFTEEN MINUTE RUESAGES 
LgUISIRNG FGCIFTC 

Haywai -a :  W i  

--- I ~ u G Y ’ S  DATE: 11-09-1444 REPORTING PERICD 

I Fer iod 
I --_----- 
! + o u r  7 
H o u r  a 
H o u r  9 
H o u r  10 
Hour’ 1 1 
H o u r  12 
lioour 13 

100.2 

182.2 
101.4 
100. 2 
101.2 
108. b 

101. a 

H o u r  141 -1.0 
H o u r  151 -1.0 
H o u r  161 -1.0 
Hour. 171 -1.0 
H o u r  1BI -1.0 
H o u r  191 -1.0 
H o u r  201 -1.0 
Hour 21 I -1. 0 
Haiir  221 -1.0 
H o u r  231 -1.8 
i i o u r  01 -1. 0 
H o u r  11 -1.0 
H o u r  21 -1.0 
H o u r  31 -1.8 
H o u r  41 -1.0 
H o u r  51 -1.0 

8 I 100.3 
0 I 103.1 
0 I 101.9 
0 I 99.8 
0 I 102.2 
0 I 101.2 
0 I 101.2 

-1 I -1.0 
-1 I -1.0 
-1 I -1 .0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1-0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.8 
-1 I -1.0 

0 I 100.3 

0 I 101.1 
0 I 99.5 
Q I 101.3 
0 I 99.2 
0 I 101.2 

-1 I -1.0 
-1 I -1.8 
-1 I -1.8 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.8 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 

Q I i00.a i 0 I 102.6 0 I 100.9 0 
0 I 102.6 0 I 10?.0 0 
0 1  
0 1  
0 1  
8 1  
0 1  

-1 I 
-1 I 
-1 I 
-1 I 
-1 I 
-1 I 
-1 I 
-1 I 
-1 I 
-1 I 
-1 I 
-1 I 
-1 I 
-1 I 
-1 I 
-1 I 

180.1 

101.1 
98.3 

x 0  
-1.0 
-1.0 
-1. 0 
-1. 0 
-1. 0 
-1. 8 
-1.0 
-1. 0 
-1. 0 
-1.0 
-1.0 
-1.0 
-1. 0 
-1. 0 
-1.0 

0 1  
0 1  
0 1  
0 1  
0 1  

-1 I 
-1 I 
-1 I 
-1 I 
-1 1 
-1 I 
-1 I 
-1 I 
-1 I 
-1 I 
-1 I 
-1 I 
-1 I 
-1 I 
-1 I 
-1 I 

101.3 0 
99.5 0 

101.2 0 
0 

-1.0 -1 
-1.0 -1 
-1.0 -1 
-1.0 -1 
-1.0 -1 
-1.0 -1 

1 

1 
1 1 JD 0 . 6  0 l84.0 

1 
1 

-1.0 -1 
-1.0 -1 
-1.0 -1 
-1.0 -1 
-1.0 -1 
-1.0 -1 
-1.0 -1 
-1.0 -1 
-1.0 -1 
-1.0 -1 
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. .  GGILY FLOW SUMMFIRY REF'ORT 

Line #i? Press FLOW k c f m  FIFTEEN MINUTE PL'ERGGES 
L O U  IS IRbi f i  G R C I F ' I C  

H a y w a r d .  W I 

I 
1 TODGY' S DPTE:  11-09-1994 REPORTING P E R I O D  

TIME: iz:46:0a DGY: N o v e m b e r  9 _-_____----__-----______________________-------------------------------- 
I r l e r i o d  I 15 I 30 I 45 I 60 I H r .  FIVG. I 

I Read.  S t a t .  I Read.  S t a t .  I Read.  S t a t .  I Read.  S t a t .  I Read.  S t a l  

I 
I 
I 
I 
I 
I: 
I 
I 
I 
I 
I 
I 

.. 

Hour 71 100.Z 0 I 100.3 a I 100.2 
H o c l r  81 101.8 Q I 103.1 0 I 100.8 
H o u r  91 102.2 0 I 101.8 0 I 101.1 

/ 0 6 . / H a U r  101 101. 4 0 I 98.0 0 I 99.5 
' H o u r  1 1 1  10 0 I 18L-q 0 I 101.3 -5 7 

I 
I H o u r  121 Q I 0 I 99.Z 

H o u r  131 4 -1 I - .0 
H o u r  141 -1.0 
H o u r  151 -1.0 
H o u r  161 -1.0 
H o u r  171 -1.0 
H o u r  181 -1.0 
H o u r  191 -1.0 
H o u r  201 -1.0 
H o u r  211 -1.0 
H o u r  221 -1.0 
H o u r  231 -1.0 
H o u r  01 -1.0 
H o u r  11 -1.0 
H o u r  21 -1.0 
H o u r  31 -1..0 
H o u r  41 -1.0 
H o u r  51 -1.0 
H o u r  61 -1.0 

-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 

-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 

-1 I -1.0 

-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1  I -1 .0  
-1  I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 

-1  I -1.0 
-1 I -1.0 

-1 I -1.0 

0 I 102.6 
0 I 102.6 
0 I 100.1 
8 I 98.3 
0 I 101:1 
0 I -1.8 

-1 I -1:0 
- 1  I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1  I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 

0 I 11616.3 
0 I 1Q2.0 

0 1  I lw 
0 I 101.2 

-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 
-1 I -1.0 

16 
0 
0 
0 
0 

- 1  
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 



D F i l i Y  TEMP SUMMGRY REPORT 

L i n e  #2 P r e s s  T E W  Deg-F F I F T E E N  MINUTE G V E S R G E S  
LOUISIGNG FCICIFIC 

Ha:/wat-d, WI 

TODRY'S DRTE: 11-09-1994 REPORTING PERIOD 
T I M E :  12:4&:16 DFIY: N o v e m b e r  9 

I P e r - i o d  I 1 5  I 30 I 45 I 6 0  I Ht-. RVG. I 
I I Read. Stat. I Read. Stat. I Read. Stat. I Read. Stat. I Read. Stal 

Ha ur  71 212.4 

H o u r  91 218.0 
H o u r  1 0 1  220.8 
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Hour- 11 In 
H o u r  121 CZS. 
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H o u r  141 -1.8 
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H o u r  141 -1.0 
S o u r  151 -1.0 
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H o u r  191 -1.0 
H o u r  201 -1.0 
H o u r  211 -1.0 
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H o u r  231 -1.0 
H o u r  01 -1.0 
H o u r  1 I -1.0 
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L i n e  #Z  P r e s s  TEMP Deg-F F I F T E E N  MINUTE QVERGGES 
L O U I S I P N P  P R C I F i C  

Haywar-d,,  W I  

TODPY'S DPTE: 11-09-1994 REPORTING PERIOD 
T IME:  10:36:27 DPY: N o v e m b e r  9 ______________-_____---------------------------------------------------- 

I P e r i o d  I 15 I 3121 I 45 I 60 I Hr-. PVG. I 
I I Read. S t a t .  I Read. S t a t .  I Read. S t a t .  I Read. S t a t .  I Read. S t a l  

Ho.ur- 7 I 212. 4 0 I 213.4 0 I Z l 2 . 8  0 I 213.4 0 I Z 1 3 . B  0 
H o u r  81 213.7 0 I 214.3 0 I Z15.6 0 I 216 . L  C, 0 I 214.9 0 
H o u r  91 218.0 0 I 219.2 0 I 219.7 0 I z20.9 0 I 219.2 0 
Hour-  101 220. 8 0 I 222.4 0 I -1.0 -1 I -1.0 -1 I -1.0 -1 
H o u r  111 -1.D -1 1 -1.0 -1 I -1.0 -1 I -1.0 -1 I -1.0 -1 
sour 121 -1.0 -1 I -1.0 -1 I -1.0 -1 I -1.0 -1 I -1.0 -1 
H o u r  131 -1.0 -1 I -1.0 - 1  I -1.0 -1 I -1.0 -1 I -1.0 -1 
h o u r  141 -1.0 -1 I -1.0 - 1  I -1.0 -1 I -1.0 -1 I -1.0 -1 
H o u r  151 -1.U -1 I -1.0 -1 I -1.0 -1 I -1.0 -1 I -l.W -1 
f i o n r  161 -1.0 -1 I -1.0 -1 I - 1 . B  -1 I -1.0 -1 I -1.0 -1 
H o u r  171 -1.0 -1 I - l . W  -1 I -1.0 -1 I -1.0 -1 I -1.0 -1 
H o u r  181 -1.0 -1 I .-1.0 -1 I -1 .B  -1 I -1.0 -1 I -1.0 -1 
H o u r  191 -1.0 -1 I -1.0 -1 I -1.0 -1 I -1.0 -1 I -l.W -1 
H o u r  201 -1.0 -1 I -1.0 -1 I -1.0 -1 I -1.0 -1 I -1.0 -1 
h o u r  211 -1.0 -1 I -1.0 - 1  I -1.0 -1 I -1.0 -1 I -1.0 -1 

,lr .).> L L I  -1.0 -1 I - l . B  -1 I -1.0 -1 I -1.0 -1 I -1.0 -1 
H o u r  231 -1.0 -1 I -1.0 -1 I -1.0 -1 I -1.0 -1 I -1.0 -1 
H o u r  01 0.0 0 I 0.0 0 I 0.0 0 I 0.0 B I 0.0 0 
H o u r  11 0.0 0 I 0.0 0 I 0.0 0 I 0.0 0 I 0.0 0 
H o u r  21 0.0 0 I 0.0 0 I 0.0 0 I 0.0 a I 0.0 0 
H o u r  31 0.0 0 I 0.0 0 I 0.0 0 I 0.0 0 I 0.0 0 
H o u r  41 0.0 0 I 0.0 0 I 0.0 0 I 0.0 0 I 0.0 0 
H o u r  51 0.0 la I 0.0 B I 0.m 0 I 0.0 0 I 0.0 0 
H o u r  61 0.0 0 I 0.0 0 I 0.0 0 I 0.0 0 I 0.0 0 

______________-_____---------------------------------------------------- 
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M m o D  ~ - - D ~ R ~ ~ ~ A I T o R  OI STACK GAS 
V - m  AKD VOLWMF~~IC Row RATZ 
(TYPL S prrcrr m) 

1. Principle and App[icabiliLu 
1.1 Principle. T h e  average gas velocity in 

a stack Ls determined from the g8s density 
and from measurement of the average veloc- 
ity head with a T Y P ~  S (Stausscheibe or re- 
verse type) pitot tube. 
1.2 Applicability. Thls method is applica- 

ble for measurement of the average VelodtY 
of a gas stream and for quantifying gas 
flow. 

This procedure is not appllcable a t  meas- 
urement sites which fall to meet the criteria 
of Method 1. Section 2.1. Also, the method 
Cannot be used for direct measurement in 
cyclonic or swirling gar streams; Section 2.4 
of Method 1 shows how to determine CY- 
clonlc or swirling flow conditions. When un- 
acceptable conditions exist. alternative pro- 
cedures. subject to the approval of the Ad- 
ministrator. US. Environmental Protection 
Agency, must be employed to make a c c m t e  
flow rate determinations; examples of such 
alternative procedures are: (1) to install 
straightening vanes: (2) to calculate the 
total volumetric flow rate stoichlornetrlcal- 
ly. or (3)  to move to another measurement 
site at whlchthe flow.is acceptable. 
2 Apparatus 

Specifications for the apparatus are dven 
below. Any other apparatus that has been 
demonstrated (subject to approval of the 
Administrator) to be capable of meeting the 
specifications will  be considered acceptable. 



SENSOE 

TYPE 5 FITOT TUBE 

COlWECTliiNS 

I 
I 

'SUGGESTEO (INTERFERENCE FREE) 
WTOT TUBE. THERMOCOUPLE SPACING 

Figure 2.1. Type S pitot tube manometer assembiy. 

2.1 Type S Pitot Tube. The Type S pitot 
tube (Figure 2-1) shall be made of metal 
tubing (e.g.. s t a l n l w  steel). It is recom- 
mended that the external tubing diameter 
(dimension D, Figure 2-2b) be between 0.48 
and 0.95 centimeter (%a and 56 Inch). There 
shall be an equal distance from the base of 
each leg of the pitot tube to its face-opening 
plane (dimensions PA and Pa Figure 2-2b): it 
is recommended that this distance be be- 
tween 1.05 and 1.50 times the external 

tubing diameter. The face openings of, the 
pitot tube shall. preferably. be aligned as 
shown in Figure 2-2; however, slight mis- 
alignments of the openings are pem'&5ible 

The Type S pitot tube shall have a known 
coefficient. determined as outlined in Sec- 
tton 4. An identification niunber shall be as- 
signed to the pitot tube: thls number shall 
be permanently marked or engraved on the 
body of the tube. 

(See Flsure 2-3). 
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a- .-- 

(d 
F.lgwe 2-2 Property constructed Type S pitot tube. shown in: (a) end view: face opening planes perpendicular 

to transverse axis; @) top Vigrv; face opening planes parallel to longitudinal axis: (c) side VW both legs Of 
equal length and centerfines coinddanl, when viewed from both sides. Baseline coefficient values Of 0.84 
may be assigned to pitot tubes constructed this way. 
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i 
Type S pitot tubas. These wil! not affect Me baseline value of Q(s) so long as a1 and &? c 10'. B1 and 
82 c 5'. z c 0.32 an (118 in.) and w c 0.08 un (1132 in.) (citation 11 in Section 6). I 

Fqure 2-3. Types of faca-opening misalgnment that can result from field USE (x impropec mnstrucrio 

A standard pitot tube may be used instead 
of a m e  S. provided that it meek the spec- 
ifications of Sections 2.7 and 4.2: note, how- 
ever, that  the static and impact pressure 
holes of standard pitot tubes are susceptible 
to plugging In particulate-laden gas streams. 
Therefore. whenever a standard pitot tube 
is used to perform a traverse. adequate 
proof must be furnished that the openings 
of the pitot tube have not plugged up 
during the traverse period: this can be done 
by taking a velocity head ( A p )  readlng at  
the final traverse point. cleaning out the 
impact and static holes of the  Standard 

Pitot tube by "back-purghg" w l t h  pressur- 
ized air. and then t&ing another A p  read- 
ing. If the AP readings made before and 
after the air purge are the same ( 2 5  per- 
cent). the traveme is acceptable. Otherwise, 
reject the m. Note that if A p  at  the final 
traverse point is unsuitably low. another 
point may be selected. If "back-purging" a t  
regular intervals 15 part of the procedure. 
then comparative AP resdtngs shall be 
taken, as above. for the last two back purges 
at  which suitably high AP readings are ob- 
served. 
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2.2 Differential P r w u r e  Gauge. An in- 
clined manometer or equivalent device Is 
used. Most sampling trains are equipped 
with a 10-in. (water column) inclined-verti- 
cal manometer, having 0.01-in. H.0 divisions 
on the 0-to 1-in. inclined scale. and 0.1-in. 
H.0 divisions on the 1- to 10-in. vertical 
scale. This type of manometer (or other 
gauge of equivalent sensitivity) is satisfac- 
tory for the mesurement of A p  values as 
low as 1.3 mm (0.05 in.) H.O. However, a dif- 
ferential pressure gauge of greater sensitivi- 
ty shall be used (subject to the approval of 
t h e  Administrator). it any of the following 
ls found to be true: (1) the arithmetic aver- 
age of all bp readings at  the traverse points 
in the stack ls less than 1.3 mm (0.05 in.) 
H,O: (2) for traverses of 12 or more points. 
more than 10 percent of the individual AP 
reading8 are below 1.3 mm (0.05 in.) H.0: (3)  
for traverses of fewer than 12 points, more 
than one bp readhg is below 1.3 mm (0.05 
in.) H,O. Citation 18 in Section 6 describes 
commercially available instrumentation for 
the mesurement of low-range gas veloci- 
ties. 
AS an alternative to criteria (1) through 

(3) above. the following calculation may be 
performed to determine the necessity of 
using a more sensitive differential pressure 
gauge: 

n 

~ 

i= I 

Where: 
Ap,=Individual velocity head reading at  a 

traverse point, mm H,O tin. H,O). 
n=Total number of traverse points. 
K=0.13 mm H,O when metric units are used 

and 0.005 in. H,O when English units 
are used. 

If T Is greater than 1.05. the velocity head 
data are unacceptable and a more sensitive 
differential pressure gauge must be used. 

N o m  If differential pressure gauges other 
than inclined manometers are used (e&. 
magnehelic gauges). their calibration must 
be checked after each test series. To check 
the calibration of a differential pressure 
gauge. compare A p  readings of the gauge 
with those of a gauge-oil manometer a t  a 
minimum of three points. approximately 
representing the range of A P  values in the 
stack If. at each point, the values of A p  as 
read by the differential pressure gauge and 
gauge-oil manometer agree to  within 5 per- 
cent. the differential pressure gauge shall 
be considered to be in proper calibration. 
Otherwise. the test series shall either be 
voided, or procedures to adjust the meas- 

ured A p  values and f i n a l  results shall be 
used subject to the approval of the Adminis- 
trator. 
2.3 Temperature Gauge. A thermocou- 

ple. llquid-filled bulb thermometer, bimetal- 
lic thermometer, mercury-in-glass thermom- 
eter. or other gauge, capable of measuring 
temperature to within 1.5 percent of the 
minimum absolute stack temperature shall 
be used. The temperature gauge shall be at- 
tached to the pitot tube such that the 
sensor tip does not touch any metal: the 
gauge shall be in an interference-free ar- 
rangement wi th  respect to the pitot tube 
face openings (see Figure 2-1 and also 
Figure 2-7 in Section 4). Alternate positions 
may be used if the pitot tube-temperature 
gauge system is calibrated according to the 
procedure of Section 4 Provided that a dif- 
ference of not more than 1 percent in the 
average velocity measurement is introduced. 
the temperature gauge need not be attached 
to the pitot tube; this alternative is subject 
to  the approval of the Administrator. 
2.4 Pressure Probe and Gauge. A p i m m -  

eter tube and mercury- or water-filled U- 
tube manometer capable of measuring stack 
pressure to within 2.5 mm (0.1 in.) Hg is 
used The static t ap  of a standard type pitot 
tube or one leg of a Type S pitot tube with 
the face opening planes positioned parailel 
to  the gas flow may also be used as the pres- 
s u r e  probe. 
2.5 Barometer. A mercury, aneroid. or 

other barometer capable of measuring at- 
mospheric presiure to within 2.5 I1M Hg 
(0.1 in. Hg) may be used. In many cases, the 
barometric reading may be obtained from a 
nearby National Weather Service station. in 
which case the station value (which is the 
absolute barometric pressure) shall be r e  
quested and an adjustment for elevation dif- 
ferences between the weather station and 
the  sampling point shall be applied at a rate 
of minus 2.5 mm (0.1 in.) Hg per 30-meter 
(100 foot) elevation increase or vice-versa 
for elevation decrease. 
2.6 Gas Density Determination Equip- 

ment. Method 3 equipment. if needed (see 
Section 3.6). to determine the stack gas dry 
molecular weight. and Reference Method 4 
or  Method 5 equipment for moisture con- 
tent determination: other methods may be 
used subject to approval of the Administra- 
tor. 
2.7 Calibration Pilot Tube. When calibra- 

tion of the Type S pitot tube is necessary 
(see Section 4). a standard pitot tube is used 
as a reference. The standard pitot tube 
shall. preferably. have a known coefficient, 
obtained either (1) directly from the Nation- 
al Bureau of Standards. Route 270. Quince 
Orchard Road. Gaithersburg. Maryland, or 
(2) by calibration against another standard 
pitot tube with an NBS-traceable coeffi- 
cient. Alternatively. a standard pitot. tube 
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designed according to the criteria given in 
2.7.1 through 2.7.5 below and illustrated in 
Figure 2-4 tsee also Citations 7. 8. and 17 in 
Section 6 )  may be used. Pitot tubes designed 
according to these specifications will have 
baseline coefficients of about 0.99rtO.01. 

2.7.1 Hemispherical (shown in Figure 2- 
4). ellipsoidal. or conical tip. 

2.7.2 A minimum of six diameters 
straight run (based upon D, the external di- 
ameter of the tube) between the tip and the 
static pressure holes. 

2.7.3 A minimum of eight diameters 
straight run between the static pressure 
holes and the centerline of the external 
tube, following the 90 degree bend. 

2.7.4 Static pressure holes of equal size 
(approximately 0.1 D), equally spaced in a 
piezometer ring configuration. 

2.7.5 Ninety degree bend. with curved or 
mitered junction. 

2.8 Differential Pressure Gauge for Type 
S Pitot Tube Calibration. An inclined ma- 
nometer or equivalent is used. If the single- 
velocity calibration technique is employed 
tsee Section 4.1.2.3). the calibration differ- 
ential pressure gauge shall be readable to 
the nearest 0.13 mm H,O (0.005 in. H,O). 
For multivelocity calibrations, the gauge 
shall be readable to the nearest 0.13 mm 
H,O (0.005 in. H,O) for Ap values between 
1.3 and 25 mm H.0 (0.05 and 1.0 in. H,O). 
and to the nearest 1.3 mm H.0 (0.05 in. 
H,O) for Ap values above 25 mm H,O (1.0 in. 
H,OL A special. more sensitive gauge will be 
required to read AP values below 1.3 mm 
H,O r0.05 in. H.O1 (see Citation 18 in Sec- 
tion 6).  
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3. Procedure 
3.1 Set up the BPPafatus as shown in 

Figure 2-1. Capillary tubing or surge tanks 
installed between the manometer and pitot 
tube may be used tu dampen Ap fluctua- 
tions. It is recommended. but not required, 
that a pretest leak-check be conducted. as 
follows: (1) blow through the pitot impact 
opening until at least 7.6 cm (3 in.) H,O ve- 
locity pressure registen on the manometer: 
then, close off the impact opening. The 
pressure shall remain stable for at least 15 
seconds: (2) do the same for the static pres- 
sure side. except usine suction to obtain the 
minimum of 7.6 cm (3 h) H,O. Other leak- 
check procedures. subject to the approval of 
the Administrator, may be used. 
3.2 Level and zero the manometer. Be- 

cause the manometer level and zero may 

! 

i 

? 

I 

I 
I 
I- 
I 
I 
I 

drift due to vibrations and temperature 
changes, make wriodic checgs during the 
traverse. Record all necessary data as shown 
in the example data sheet (Figure 2-5). 
3.3 Measure the velocity head and tem- 

perature at the traverse points specified by 
Method 1. ENure that the proper differen- 
tial pressure gauge is being used for the 
range of A p  values encountered (see Geetion 
2.2). If it is necessary to change to a more 
sensitive ksuge. do so, and remeasure the A p  
and temperature readhgs at each traverse 
point. Conduct a post-test lealr-check (man- 
datory). as described in Section 3.1 above, to 
validate the traveme run. 
3.4 Measure the static pressure in the 

stack. One reading is usually adequate. 
3.5 Determine the atmospheric pressure. 
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CLAN1 
DATE RUN NO. 
STACK OIAMETER O R  OIMENSIONS, d i n . )  
BAROMETRIC PRESSURE. mm Hq (in. Hq) 
CROSSSECTIONAL AREA, mz(h2) 
OPERATORS 
PITOT TUBE 1.0. NO. 

AVG. COEFFICIENT. Cp 
SCHEMATIC OF STACK 

CROSS SECTION 
LAST DATE CALIBRATED 

Figure 2-5. Velocity traverx data. 
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3.8 Determine the stack gas dry molecular 

esses that emit essentially CO,. 0,. CO. and 
N,. use Method 3. For processes emitting es- 
sentially air. an analysis need not be con- 
ducted: use a dry molecular weight of 29.0. 
For other processes. other methods. subject 
to the approval of the Administrator. must 
be used. 

3.7 Obtain the moisture content from 
Reference Method 4 (or equivalent) or from 
Method 5. 

3.8 Determine the cross-sectional area of 
the stack or duct a t  the sampling location. 
Whenever possible. physically measure the 
stack dimensions rather than using blue- 
prints. 
4. Cdibration 

4.1 Type S Pitot Tube. Before its initial 
use. carefully examine the Type S pitot 
tube in top. side, and end views to verify 
that the face openings of the tube are 
aligned within the specifications illustrated 
in Figure 2-2 or 2-3. The Pitot tube shall 
not be used if it fails to meet these align- 
ment specifications. 

After verifying the face opening align- 
ment. measure and record the following di- 
mensions of the pitot tube: (a) the external 
tubing diameter (dimension D,. Figure 2-2b): 
and (b)  the base-to-opening plane distances 
(dimensions PA and Pa. Figure 2-2b). If D, is 
between 0.48 and 0.95 cm ( K a  and 36 in.) and 
if PA and P. are equal and between 1.05 and 
1.50 D,. there are two possible options: (1) 
the pitot tube may be calibrated according 
to the procedure outlined in Sections 4.1.2 
through 4.1.5 below. or (2) a baseline (isolat- 
ed tube) coefficient value of 0.84 may be as- 
signed to the pitot tube. Note, however, that 
if the pitot tube is part of an assembly. cali- 
bration may still be required. despite knowl- 
edge of the baseline coefficient value (see 
Section 4.1.1). 

I weight. For combustion processes or proc. 

? 

If D,. PA. and Pa are outside the specified 
limits. the pitot tube must be calibrated as 
outlfned in 4.1.2 through 4.1.5 below. 

4.1.1 T m e  S Pitot Tube Assemblies. 
During sample and velocity traverses. the 
isolated Type S pitot tube is not always 
used: in many instances. the pitot tube is 
used in combination with other source-sam- 
pling components (thermocouple. sampling 
probe. nozzle) as part of an “assembly.“ The 
presence of other sampling components can 
sometimes affect the baseline value of the 
Type S pitot tube coefficient (Citation 9 in 
Section 6): therefore an assigned (or other- 
wise known) baseline coefficient value may 
or may not be valid for a given assembly. 
The baseline and assembly coefficient 
values will be identical only when the rela- 
tive placement of the components in the as- 
sembly is such that aerodynamic interfer- 
ence effects are eliminated. Figures 2-6 
through 2-8 illustrate interference-free 
component arrangements for Type S pitot 
tubes having external tubing diameters be- 
tween 0.48 and 0.95 cm (VIS and % in.). Type 
S pitot tube assemblies that fail to meet a n y  
or all of the specifications of Figures 2-6 
through 2-8 shall be calibrated according to 
the procedure outlined in Sections 4.1.2 
through 4.1.5 below, and prior to calibra- 
tion. the values of the intercomponent spac- 
ings (pitot-nozzle. pitot-thermocouple. pitot- 
probe sheath) shall be measured and record- 
ed. 

NOTE: Do not use any Type S pitot tube 
assembly which is constructed such that the 
impact pressure opening plane of the pitot 
tube is below the entry plane of the nozzle 
(see Figure 2-6b). 

4.1.2 Calibration Setup. If the Type S 
pitot tube is to be calibrated. one leg of the 
tube shall be permanently marked A. and 
the other. B. Calibration shall be done in a 
flow system having the following essential 
design features: 
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4.1.2.1 The flowing gas stream must be 
confined to a duct of definite cross-sectional 
area. either circular or rectangular. For cir- 
cular cross-sections. the minimum duct dl- 
ameter shall be 30.5 cm (12 in.); for rectan- 
gular cross-sections. the width (shorter side) 
shall be at least 25.4 cm (10 in.). 

4.1.2.2 The cross-sectional area of the 
calibration duct must be constant over a dis- 
tance of 10 or more duct diameters. For a 
rectangular cross-section. use an equivalent 
diameter. ’ calculated from the following 
equation. to determine the number of duct 
diameters: 

2L w 
Eq. 2-1 

Where: 
D, = Equivalent diameter 
L=Length 
W =  Width 

To ensure the presence of stable, fully de- 
veloped flow patterns a t  the calibration site. 
or “test section,” the site must be located at  
least eight diameters downstream and two 
diameters upstream from the nearest dis- 
turbances. 

Nom The eight- and two-diameter crite- 
ria are not absolute: other test section loca- 
tions may be used (subject to approval of 
the Administrator). provided that the flow 
at  the test site is stable and demonstrably 
parallel to the duct axis. 

4.1.2.3 The flow system shall have the ca- 
pacity to generate a test-section velocity 
around 915 m/min (3.000 ft/min). This ve- 
locity must be constant with time to guaran- 
tee steady flow during Calibration. Note that  
Type S pitot tube coefficients obtained by 
single-velocity calibration at  915 m/min 
(3.000 ft/min) will generally be valid to  
within 2 3  percent for the measurement of 
velocittes above 305 m/min (1.000 ft/min) 
and to within 2 5  to 6 percent for the meas- 
urement of velocities between 180 and 305 
m/min (600 and 1.000 ft/min). If a more 
precise correlation between C, and velocity 
is desired, the flow system shall have the ca- 
pacity to generate a t  lesst four distinct, 
time-invariant test-section velocities cover- 
ing the velocity range from 180 to 1,525 m/ 
min (600 to 5.000 ft/min). and calibration 
data shall be taken at  regular velocity inter- 
vals over this range (see Citations 9 and 14 
in Section 6 for details). 

4.1.2.4 Two entry ports. one each for the 
standard and Type S pitot tubes. shall be 
cut in the test section; the standard pitot 
entry port shall be located slightly down- 

stream of the Type S port, so that the 
standard and Type S impact openings will 
lie in the same cross-sectional plane during 
calibration. To facilitate alignment of the 
pitot tubes during calibration. it is advisable 
that the test section be constructed of plex- 
iglas or some other transparent material. 

4.1.3 Calibration Procedure. Note that 
this procedure is a general one and must not 
be used without first referring t o  the special 
considerations presented in Section 4.1.5. 
Note also that this procedure applies only 
to single-velocity calibration. To obtain cali- 
bration data for the A and B sides of the 
Type S pitot tube, proceed as follows: 

4.1.3.1 Make sure that the manometer is 
properly filled and that the oil is free from 
contamination and is of the proper density. 
Inspect and leak-check all pitot lines: repair 
or replace if necessary. 

4.1.3.2 Level and zero the manometer. 
Turn on the fan and allow the flow to stabi- 
lize. Seal the Type S entry port. 

4.1.3.3 Ensure that the manometer is 
level and zeroed. Position the standard pitot 
tube at  the calibration point (determined as 
outlined in Section 4.1.5.1). and align the 
tube so that i t s  tip is pointed directly into 
the flow. Particular care should be taken in 
aligning the tube to avoid yaw and pitch 
angles. Make sure that the entry port sur- 
rounding the tube is properly sealed. 

4.1.3.4 Read Ap.,., and record its value in a 
data table similar to the one shown in 
Figure 2-9. Remove the standard pitot tube 
from the duct and disconnect i t  from the 
manometer. Seal the standard entry port. 

4.1.3.5 Connect the Type S pitot tube to 
the manometer. Open the Type S entry 
port. Check the manometer level and zero. 
Insert and align the Type S pitot tube so 
that its A side impact opening is a t  the same 
point as was the standard pitot tube and is 
pointed directly into the flow. Make sure 
that the entry port surrounding the tube is 
properly sealed. 

4.1.3.6 Read An, and enter its value in the 
data table. Remove the Type S pitot tube 
from the duct and disconnect i t  from the 
manometer. 

4.1.3.7 Repeat steps 4.1.3.3 through 
4.1.3.6 above until three pairs of AP readings 
have been obtained. 

4.1.3.8 Repeat steps 4.1.3.3 through 
4.1.3.7 above for the B side of the Type S 
pitot tube. 

4.1.3.9 Perform calculations. as described 
in Section 4.1.4 below. 

4.1.4 Calculations. 
4.1.4.1 For each of the six pairs of A p  

readings (Le.. three from side A and three 
from side B) obtained in Section 4.1.3 above. 
calculate the value of the Type S pitot tube 
coefficient as follows: 
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Figure 2-9. Pitot tube calibration data. 
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Where: 
CPbr=Type S pitot tube coefficient 
CPbd=Standard pitot tube coefficient: use 

0.99 if the coefficient is unknown and 
the tube is designed according tD the cri- 
teria of Sections 2.7.1 to 2.7.5 of this 
method. 

APaa=Velocity head measured by the stand- 
ard pitot tube. cm H,O tin. H,O) 

Ap,=Velocity head measured by the Type S 
pitot tube, cm H,O tin. H,O) 

4.1.4.2 Calculate C, (side A). the mean A- 
side coefficient, and C, (side B). the mean B- 
side coefficient: calculate the difference be- 
tween these two average Values. 

4.1.4.3 Ca!culate the deviation of each of 
the three A-side values of C.W from C, (side 
A). and the deviation of each E-side value of 
Cpb, from C, (side B). Use the following 
equation: 

L)evintion=C.,,!-??D(A or B )  
Equation 2-3 

4.1.4.4 Calculate 6. the average deviation 
from the mean. for both the A and B sides 
of the pitot tube. Use the following equa- 
tion: 

3 

I 
CIC.,,,-ZAA or 1311 

u (side A or B )  = 
3 

ICquntion 2-4 

I 
4.1.4.5 Use the Type S pitot tube only if 

the values of 6 (side A) and 6 (side B) are 
less than or equal to 0.01 and if the absolute 
value of the difference between C, (A) and 
Cp (B) Is 0.01 or less. 

4.1.5 Special considerations. 
4.1.5.1 Selection of calibration point. 
4.1.5.1.1 When an isolated Type S pitot 

tube is caiibrated. select a calibration point 
a t  or near the center of the duct. and follow 
the procedures outlined in Sections 4.1.3 
and 4.1.4 above. The Type S pitot coeffi- 
cients so obtained. i.e.. C, (side A) and Cp 
(side B). will be valid, so long as either (1)  
the isolated pitot tube is used: or (2)  the 

pitot tube is used with other components 
(nozzle. thermocouple. sample probe) in an 
arrangement that is free fror.: aerodynamic 
interference effects (see Mgures 2-8 
through 2-8). 

4.1.5.1.2 For Type S pitot tube-thermo- 
couple combinations (without sample 
jrobe). select a calibration point a t  or near 
the center of the duct. and follow the proce- 
dures outIined in Sections 4.1.3 and 4.1.4 
above. The coefficients so obtained will be 
valid so long as the pitot tube-thermocouple 
combination is used by itself or with other 
components in an interference-free arrange- 
ment (Figures 2-6 and 2-8). 

4.1.5.1.3 For assemblies with Sample 
probes. the calibration point should be lo- 
cated at  or nezr  the center of the duct: how- 
ever. insertion of a probe sheath into a 
small duct may cause significant cross-sec- 
tional area blockage and yield incorrect co- 
efficient values (Citation 9 in Section 6). 
Therefore, to minimize the blockage effect. 
the calibration point may be a few inches 
offcenter if necessary. The  zctual blockage 
effect will be negligible when the theoreti- 
cal blockage. as determined by a projected- 
area model of the probe sheath. is 2 percent 
or less of the duct cross-sectional ares for 
assemblies without external sheaths (Figure 
2-loa). and 3 percent or less for assemblies 
with external sheaths (Figure 2-lob). 

4.1.5.2 For those probe assemblies in 
which pitot tube-node interference is a 
factor (Le., those in which the pitot-node 
separation distance fa i l s  t4 meet the specifi- 
cation Uustrated in Figure Z-6a). the value 
of C,, depends upon the amount of free- 
space between the tube ar;d n o d e ,  and 
therefore is a function of noz’e size. In 
these instances. separate calibrations shall 
be performed with each of the commonly 
used nozzle sizes in place. Note that the 
single-velocity calibration technique is ac- 
ceptable for this purpose. even though the 
larger n o d e  sizes (>0.635 crn or YI in.) are 
not ordinarily used for isokinetic sampling 
a t  velocities around 915 m/min (3.000 f t /  
&I. which is the calibration velocity: note 
also that it  is not necessary to draw an iso- 
kinetic sample during calibration (see Cita- 
tion 19 in Section 6). 

4.1.5.3 For a probe assemtily constructed 
such that its pitot tube is always used in the 
same orientation. only one side of the pitot 
tube need be calibrated ( the side which WiLl 
face the flow). The pitot tube must still 
meet the alignment specifications of Figure 
2-2 or 2-3. however. and must have an aver- 
age deviation (6) value of 0.01 or less (see 
Section 4.1.4.4). 
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4.1.6 Field Use and Recalibration. 
4.1.6.1 Field Use. 
4.1.6.1.1 When a Type S pitot tube t i s o -  

lated tube or sssembly) is used in the field. 
the appropriate coefficient value (whether 
assigned or obtained by calibration) shall be 
used to perform velocity calculations. For 
calibrated Type S pitot tubes. the A side co- 
efficient shall be used when the A side of 
the tube faces the flow, and the B side coef- 
ficient shall be used when the B side faces 
the flow: alternatively, the arithmetic aver- 
age of the A and B side coefficient values 
may be used. irrespective of which side faces 
the flow. 
4.1.6.1.2 When a probe assembly is used 

to sample a small duct (12 to 36 in. in diame- 
ter). the probe sheath sometimes blocks a 
significant part of the duct cross-section. 
causing a reduction in the effective value of 
C,,,. Consult Citation 9 in Section 6 for de- 
taiIs. Conventional pitot-sampling probe as- 
semblies are not recommended for use in 
ducts having inside diameters smaller than 
12 inches (Citation 16 in Section 6). 
4.1.6.2 Recalibration. 
4.1.6.2.1 Isolated Pitot Tubes. After each 

field use, the pitot tube shall be carefully 
reexamined in top. side. and end views. If 
the pitot face openings are still aligned 
within the specifications illustrated in 
Figure 2-2 or 2-3, it can be assumed that the 
baseline coefficient of the pitot tube has not 
changed. If. however, the tube has been 
damaged to the extent that it no loneer 
meets the specificatiom of Figure 2-2 or 2- 
3. the damage shall either be repaired to re- 
store proper alignment of the face openings 
or the tube shall be discarded. 
4.1.6.2.2 Pitot Tube Assemblies. After ~~~~ ~ 

each field use. check the face opening align- 
ment of the pitot tube, as in Section 
4.1.6.2.1: also. remesure the intercompon- 
ent spacings of the assembly. If the inter- 
component spacings have not changed and 
the face opening alignment is acceptable. it  
can be assumed that the coefficient of the 
assembly has not changed. If the face open- 
ing alignment is no longer within the speci- 
fications of Figures 2-2 or 2-3. either repair 
the damage or replace the pitot tube (cali- 
brating the new, assembly, if necessary). If 
the intercomponent .spacings have changed. 
restore the original spacings or recalibrate 
the assembly. 
4.2 Standard pitot tube (if applicable). If 

a standard pitot tube is used for the velocity 
traverse. the tube shall be constructed ac- 
cording to the criteria of Section 2.7 and 
shall be s i g n e d  a baseline coefficient Value 
of 0.99. If the standard pitot tube is used as 
part  of an assembly, the tube shall be in an 
interference-free arrangement (subject to 
the approval of the Administrator). 
4.3 Temperature Gauges. After each 

field use. calibrate dIal thermometers. 
liquid-filled bulb thermometers. thermocou- 

ple-potentiometer systems. and other 
gauges at a temperature within 10 percent 
of the average ahsolute stack temperature. 
For temperatures UP to 405' C (761' F). use 
an As"&l mercury-in-glass reference ther- 
mometer, or equivalent. as a reference: al- 
ternatively. either a reference thermocouple 
and potentiometer (calibrated by NBS) or 
thermometric fixed points. ex., ice bath and 
boiling water (corrected for barometric pres- 
sure) may be used. For temperatures above 
405' C (761' F). use an NBS-calibrated refer- 
ence thermocouple-potentiometer system or 
an alternate reference, subject to the ap- 
proval of the Administrator. 

If. during calibration. the absolute tem- 
peratures measured with the gauge being 
calibrated and the reference gauge agree 
within 1.5 percent. the temperature data 
taken in the field shall be considered valid. 
Otherwise. the pollutant emission test shall 
either be considered invalid or adiustments 
(if appropriate) of the test results shall be 
made. subject to the approval of the Admin- 
istrator. 
4.4 Barometer. Cabra t e  the barometer 

used against a mercury barometer. 
5. CaLcvlatiom 

Carry out calculations. retaining a t  least 
one extra decimal figure beyond that of the 
acquired data. Round off figures after f i n a l  
calculation. 

A=Crw-sectional area of stack, m'(ft3. 
&=Water vapor in the gas stream (from 

Method 5 or Reference Method 4). pro- 
portion by volume. 

C,=Pitot tube coefficient, dimensionless. 

5.1 Nomenclature. 

Ku=Pitot tube constant. 

for the metric system and 

(Ib/lb-mole)(in. I I R )  IC 1 8.5.49 - f t  [ ("R)(in.H,Oj- 
sec 

for the Englfsh system. 
&=Molecular weight of stack gas. dry basis 

X=Molecular weight of stack gas. wet 
(see Section 3.6) g/g-mole (lb/lb-mole). 

basis. g/g-mole (lb/lb-mole). 
=& (I-B-1 t I 8 . 0  L 

m. 2-5 
P,=Barometric pressure at  measurement 

P,=Stack statlc pressure. mm Hg (in. Hg). 
P.=Absolute stack g u  pressure. mm Hg t in .  

=P,+P, 

site. mm Hg (in. Eg). 

Hg). 
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Eq. 2-6 
P,=Standard absolute presure. 760 mm 

Hg (29.92 in. Hg). 

rected to standard conditions, dscm/hr 
(dscf/hr). 

&=Dry volumetric Stack gas flow rate cor- 

&=Stack temperature. 'C ('F). 
T.=Absolute stack temperature. 'K, (*RL 

~ 

CFR Ch; I (7-1-87 - Edition-) - -- 
- 

=2"3+& for metric. 

=460+& for English. 
Eq. 2-7 

Eq. 2-8 
T,=Standard absolute temperature. 293 'E 

&=Average stack gas velocity. m/sec ( f t /  

&=Velocity head of stack gas. mm H,O tin. 

3,60O=ConversIon factor. sec/hr. 
18.0=Molecular weight of water. g/g-mole 

5.2 Average Stack Gas Velocity. 

(528' R). 

Set). 

HtO). 

(Ib/lb-mole). 

Equation 2-9 

5.3 Average Stack Gas Dry Volumetric 
Flow Rate. 

Eq. 2-10 
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Method 3 A 4 e t e r m i n a t i o n  o f  Oxygen and  Carbon D i o x i d e  
C o n c e n t r a t i o n s  i n  E m i s s i o n s  F r o m  S t a t i o n a r y  S o u r c e s  ( I n s t r u m e n t a l  
A n a l y z e r  P rocedure  1 

1. A p p l i c a b i l i t y  and P r i n c i p l e  

1.1 A p p l i c a b i l i t y .  T h i s  me thod  i s  a p p l i c a b l e  t o  t h e  
d e t e r m i n a t i o n  o f  o x y g e n  ( 0 1 )  and  c a r b o n  d i o x i d e  (COI) 
c o n c e n t r a t i o n s  i n  e m i s s i o n s  f r o m  s t a t i o n a r y  s o u r c e s  o n l y  when 
s p e c i f i e d  w i t h i n  t h e  r e g u l a t i o n s .  

1 . 2  P r i n c i p l e .  A samp le  i s  c o n t i n u o u s l y  e x t r a c t e d  f r o m  t h e  
e f f l u e n t  s t ream:  a p o r t i o n  o f  t h e  sample  s t r e a m  i s  c o n v e y e d  t o  
an i n s t r u m e n t a l .  a n a l y z e r ( s )  f o r  d e t e r m i n a t i o n  o f  O1 and COI 
c o n c e n t r a t i o n (  s). P e r f o r m a n c e  s p e c i f i c a t i o n s  and t e s t  p r o c e d u r e s  
a r e  p r o v i d e d  t o  e n s u r e  r e l i a b l e  d a t a .  

2.  Range and S e n s i t i v i t y  

Same as Method 6C. S e c t i o n s  2 . 1  and  2.2. e x c e p t  t h a t  t h e  span o f  
t h e  m o n i t o r i n g  s y s t e m  s h a l l  b e  s e l e c t e d  such  t h a t  t h e  a v e r a g e  0, 
o r  COl c o n c e n t r a t i o n  i s  n o t  l e s s  t h a n  20 p e r c e n t  o f  t h e  span.  

3. D e f i n i t i o n s  

3 . 1  Measurement Sys tem.  The t o t a l  e q u i p m e n t  r e q u i r e d  f o r  t h e  
d e t e r m i n a t i o n  o f  t h e  O 1  o r  COI c o n c e n t r a t i o n .  The measurement  
sys tem c o n s i s t s  o f  t h e  same m a j o r  subsys tems  as  d e f i n e d  i n  
Method 6C. S e c t i o n s  3 . 1 . 1 .  3 . 1 . 2 .  and 3 . 1 . 3 .  

3.2 Span, C a l i b r a t i o n  Gas. A n a l y z e r  C a l i b r a t i o n  E r r o r ,  S a m p l i n g  
System B i a s ,  Z e r o  D r i f t .  C a l i b r a t i o n  D r i f t ,  Response T ime.  and 
C a l i b r a t i o n  Curve .  Same as  M e t h o d  6C. S e c t i o n s  3 .2  t h r o u g h  3 .8 .  
and 3 . 1 0 .  

3 . 3  I n t e r f e r e n c e  Response .  The o u t p u t  r e s p o n s e  o f  t h e  
measurement s y s t e m  t o  a component  i n  t h e  sample gas ,  o t h e r  t h a n  
t h e  gas  component b e i n g  measured .  

4 .  Measurement Sys tem P e r f o r m a n c e  S p e c i f i c a t i o n s  

Same as Method 6 C .  S e c t i o n s  4 . 1  t h r o u g h  4 . 4 .  

5. A p p a r a t u s  and R e a g e n t s  

5 . 1  Measurement Sys tem.  Any measurement  s y s t e m  f o r  0, o r  C 0 2  t h a t  
meets t h e  s p e c i f i c a t i o n s  o f  t h i s  method. A s c h e m a t i c  o f  an 
a c c e p t a b l e  measurement  s y s t e m  i s  shown i n  F i g u r e  6C-1 o f  Method 
6 C .  The e s s e n t i a l  componen ts  o f  t h e  measurement s y s t e m  a r e  
d e s c r i b e d  b e l  ow: 

5 . 1 . 1  Sample P r o b e .  A l e a k - f r e e  p r o b e .  o f  s u f f i c i e n t  l e n g t h  
t o  t r a v e r s e  t h e  sample  p o i n t s .  
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5.1.2 S a m p l e  L i n e .  Tub ing ,  t o  t r a n s p o r t  t h e  s a m p l e  g a s  f r o m  
t h e  p r o b e  t o  t h e  m o i 5 t u r e  r e m o v a l  s y s t e m .  A h e a t e d  s a m p l e  
l i n e  i s  n o t  r e q u i r e d  f o r  s y s t e m s  t h a t  m e a s u r e  t h e  O l  o r  C O 1  
c o n c e n t r a t i o n  o n  a d r y  b a s i s ,  o r  t r a n s p o r t  d r y  g a s e s .  

5.1.3 S a m p l e  T r a n s p o r t  L i n e .  C a l i b r a t i o n  V a l u e  A s s e m b l y ,  
M o i s t u r e  Removal  S y s t e m ,  P a r t i c u l a t e  F i l t e r ,  Samp le  Pump. 
S a m p l e  F l o w  R a t e  C o n t r o l .  S a m p l e  Gas M a n i f o l d ,  and  D a t a  
R e c o r d e r .  Same a s  M e t h o d  6C. S e c t i o n s  5 . 1 . 3  t h r o u g h  5 . 1 . 9 .  
a n d  5.1.11. e x c e p t  t h a t  t h e  r e q u i r e m e n t s  t o  u s e  s t a i n l e s s  
s t e e l .  T e f l o n ,  a n d  n o n r e a c t i v e  g l a s s  f i l t e r s  d o  n o t  a p p l y .  

5 . 1 . 4  Gas A n a l y z e r .  An a n a l y z e r  t o  d e t e r m i n e  c o n t i n u o u s l y  t h e  
02 o r  C O Z  c o n c e n t r a t i o n  i n  t h e  s a m p l e  g a s  s t r e a m .  The  
a n a l y z e r  s h a l l  m e e t  t h e  a p p l i c a b l e  p e r f o r m a n c e  s p e c i f i c a t i o n s  
o f  S e c t i o n  4 .  A means o f  c o n t r o l l i n g  t h e  a n a l y z e r  f l o w  r a t e  
a n d  a d e v i c e  f o r  d e t e r m i n i n g  p r o p e r  s a m p l e  f l o w  r a t e  ( e . g . .  
p r e c i s i o n  r o t a m e t e r ,  p r e s s u r e  g a u g e  d o w n s t r e a m  o f  a l l  f l o w  
c o n t r o l s .  e t c . )  s h a l l  b e  p r o v i d e d  a t  t h e  a n a l y z e r .  The 
r e q u i r e m e n t s  f o r  m e a s u r i n g  a n d  c o n t r o l l i n g  t h e  a n a l y z e r  f l o w  
r a t e  a r e  n o t  a p p l i c a b l e  i f  d a t a  a r e  p r e s e n t e d  t h a t  
d e m o n s t r a t e  t h e  a n a l y z e r  i s  i n s e n s i t i v e  t o  f l o w  v a r i a t i o n s  
o v e r  t h e  r a n g e  e n c o u n t e r e d  d u r i n g  t h e  t e s t .  

5 .2  C a l i b r a t i o n  Gases .  T h e  c a l i b r a t i o n  g a s e s  f o r  CO, a n a l y z e r s  
s h a l l  b e  CO, i n  N 1  o r  CO, i n  a i r .  A l t e r n a t i v e l y .  CO,/SO,, O , / S O ,  . o r  O,/COI/SOl g a s  m i x t u r e s  i n  N, may b e  u s e d .  T h r e e  c a l i b r a t i o n  
g a s e s ,  a s  s p e c i f i e d  S e c t i o n  5 . 3 . 1  t h r o u g h  5 . 3 . 3  o f  M e t h o d  6C. 
s h a l l  b e  u s e d .  F o r  0, m o n i t o r s  t h a t  c a n n o t  a n a l y z e  z e r o  g a s .  a 
c a l i b r a t i o n  g a s  c o n c e n t r a t i o n  e q u i v a l e n t  t o  l e s s  t h a n  10 p e r c e n t  
o f  t h e  s p a n  may be u s e d  i n  p l a c e  o f  z e r o  g a s .  

6 .  M e a s u r e m e n t  S y s t e m  P e r f o r m a n c e  T e s t  P r o c e d u r e s  

P e r f o r m  t h e  f o l l o w i n g  p r o c e d u r e s  b e f o r e  m e a s u r e m e n t  o f  e m i s s i o n s  
( S e c t i o n  7). 

6 . 1  C a l i b r a t i o n  C o n c e n t r a t i o n  V e r i f i c a r i o n .  F o l i o w  S e c t i o n  6 . 1  
o f  M e t h o d  6 C .  e x c e p t  i f  c a l i b r a t i o n  g a s  a n a l y s i s  i s  r e q u i r e d .  
u s e  M e t h o d  3 a n d  c h a n g e  t h e  a c c e p t a n c e  c r i t e r i a  f o r  a g r e e m e n t  
among M e t h o d  3 r e s u l t s  t o  5 p e r c e n t  ( o r  0.2 p e r c e n t  b y  v o l u m e ,  
w h i c h e v e r  i s g r e a t e r ) .  

6 . 2  I n t e r f e r e n c e  R e s p o n s e .  C o n d u c t  a n  i n t e r f e r e n c e  r e s p o n s e  
t e s t  o f  t h e  a n a l y z e r  p r i o r  t o  i t s  i n i t i a l  u s e  i n  t h e  f i e l d .  
T h e r e a f t e r ,  r e c h e c k  t h e  m e a s u r e m e n t  s y s t e m  i f  c h a n g e s  a r e  made 
i n  t h e  i n s t r u m e n t a t i o n  t h a t  c o u l d  a l t e r  t h e  i n t e r f e r e n c e  
r e s p o n s e  ( e . g . ,  c h a n g e s  i n  t h e  t y p e  o f  g a s  d e t e c t o r ) .  C o n d u c t  
t h e  i n t e r f e r e n c e  r e s p o n s e  i n  a c c o r d a n c e  w i t h  S e c t i o n  5 . 4  o f  
M e t h o d  20. 

6 .3  M e a s u r e m e n t  S y s t e m  P r e p a r a t i o n ,  A n a l y z e r  C a l i b r a t i o n  E r r o r .  
a n d  S a m p l i n g  S y s t e m  B i a s  C h e c k .  F o l l o w  S e c t i o n s  6 . 2  t h r o u g h  6 . 4  
o f  M e t h o d  6C. 
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7 .  E m i s s i o n  T e s t  P r o c e d u r e  

7 . 1  S e l e c t i o n  o f  S a m p l i n g  S i t e  a n d  S a m p l i n g  P o i n t s .  S e l e c t  a 
measurement  s i t e  and s a m p l i n g  p o i n t s  u s i n g  t h e  same c r i t e r i a  
t h a t  a r e  a p p l i c a b l e  t o  t e s t s  p e r f o r m e d  u s i n g  Method 3 .  

7.2 Sample C o l l e c t i o n .  P o s i t i o n  t h e  s a m p l i n g  p r o b e  a t  t h e  f i r s t  
measurement  p o i n t ,  and b e g i n  s a m p l i n g  a t  t h e  same r a t e  as u s e d  
d u r i n g  t h e  s a m p l i n g  sys tem b i a s  c h e c k .  M a i n t a i n  c o n s t a n t  P a t e  
s a m p l i n g  ( i . e . .  2 10 p e r c e n t )  d u r i n g  t h e  e n t i r e  r u n .  The 
s a m p l i n g  t i m e  p e r  r u n  s h a l l  be t h e  same as  f o r  t e s t s  c o n d u c t e d  
u s i n g  Me thod  3 p l u s  t w i c e  t h e  s y s t e m  r e s p o n s e  t i m e .  F o r  each  
r u n .  u s e  o n l y  t h o s e  measurements o b t a i n e d  a f t e r  t w i c e  t h e  
r e s p o n s e  t i m e  o f  t h e  measurement s y s t e m  h a s  e l a p s e d  t o  d e t e r m i n e  
t h e  a v e r a g e  e f f l u e n t  c o n c e n t r a t i o n .  

7 . 3  Z e r o  and  C a l i b r a t i o n  D r i f t  T e s t .  F o l l o w  S e c t i o n  7 . 4  o f  
Method 6C. 

8. Q u a l i t y  C o n t r o l  P r o c e d u r e s  

The f o l l o w i n g  q u a l i t y  c o n t r o l  p r o c e d u r e s  a r e  recommended when 
t h e  r e s u l t s  o f  t h i s  method a r e  u s e d  f o r  an e m i s s i o n  r a t e  
c o r r e c t i o n  f a c t o r .  o r  excess  a i r  d e t e r m i n a t i o n .  The t e s t e r  
s h o u l d  s e l e c t  one o f  t h e  f o l l o w i n g  o p t i o n s  f o r  v a l i d a t i n g  
measurement  r e s u l t s :  

8.1 I f  b o t h  0, and  CO, a r e  measured  u s i n g  Method 3 A ,  t h e  
p r o c e d u r e s  d e s c r i b e d  i n  S e c t i o n  4 . 4  o f  Method 3 s h o u l d  be 
f o l l o w e d  t o  v a l i d a t e  t h e  O2 and CO, measurement  r e s u l t s .  

8.2 I f  o n l y  0, i s  measured u s i n g  M e t h o d  3 A .  measurements o f  t h e  
sample  s t r e a m  CO, c o n c e n t r a t i o n  s h o u l d  be o b t a i n e d  a t  t h e  sample 
by -pass  v e n t  d i s c h a r g e  u s i n g  a n  O r s a t  o r  F y r i t e  a n a l y z e r ,  o r  
e q u i v a l e n t .  D u p l i c a t e  samples s h o u l d  be o b t a i n e d  c o n c u r r e n t  w i t h  
a t  l e a s t  one r u n .  Ave rage  t h e  d u p l i c a t e  O r s a t  o r  F y r i t e  a n a l y s i s  
r e s u l t s  f o r  e a c h  run.  U s e  t h e  a v e r a g e  CO1 v a l u e s  f o r  c o m p a r i s o n  
w i t h  t h e  O2 measurements i n  a c c o r d a n c e  w i t h  t h e  p r o c e d u r e s  
d e s c r i b e d  i n  S e c t i o n  4 . 4  o f  M e t h o d  3 .  

8.3 I f  o n l y  CO1 i s  measured u s i n g  Method 3 A .  c o n c u r r e n t  
measurements o f  t h e  sample s t r e a m  CO, c o n c e n t r a t i o n  s h o u l d  be 
o b t a i n e d  u s i n g  an O r s a t  o r  F y r i t e  a n a l y z e r  as d e s c r i b e d  i n  
S e c t i o n  8.2.  F o r  each  r u n .  d i f f e r e n c e s  g r e a t e r  t h a n  0 .5  p e r c e n t  
be tween  t h e  Method 3A r e s u l t s  a n d  t h e  a v e r a g e  o f  t h e  d u p l i c a t e  
F y r i t e  a n a l y s i s  s h o u l d  be i n v e s t i g a t e d .  

9. E m i s s i o n  C a l c u l a t i o n  

F o r  a l l  CO, a n a l y z e r s ,  and f o r  0, a n a l y z e r s  t h a t  can  be 
c a l i b r a t e d  w i t h  z e r o  gas ,  f o l l o w  S e c t i o n  8 o f  Method 6C. e x c e p t  
e x p r e s s  a l l  c o n c e n t r a t i o n s  a s  p e r c e n t .  r a t h e r  t h a n  ppm. 

F o r  0, a n a l y z e r s  t h a t  use a l o w - l e v e l  c a l i b r a t i o n  gas i n  p l a c e  
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o f  a z e r o  gas .  
E q u a t i o n  3 A - 1 .  

c a l c u l a t e  t h e  e f f l u e n t  gas  c o n c e n t r a t i o n  u s i n g  

Where: 

cl,, = E f f l u e n t  gas c o n c e n t r a t i o n ,  d r y  b a s i s ,  p e r c e n t .  
c,, = A c t u a l  c o n c e n t r a t i o n  o f  t h e  u p s c a l e  c a l i b r a t i o n  gas .  

c,, = A c t u a l  . c o n c e n t r a t i o n  o f  t h e  l o w - l e v e l  c a l i b r a t i o n  gas .  

C. = Average o f  i n i t i a l  and f i n a l  s y s t e m  c a l i b r a t i o n  b i a s  c h e c k  

C, = Average  o f  i n i t i a l  and f i n a l  s y s t e m  c a l i b r a t i o n  b i a s  c h e c k  
- r e s p o n s e s  f o r  t h e  l o w - l e v e l  gas .  p e r c e n t .  
C = Average gas c o n c e n t r a t i o n  i n d i c a t e d  b y  t h e  gas a n a l y z e r ,  

p e r c e n t .  

p e r c e n t .  

responses  f o r  t h e  u p s c a l e  c a l i b r a t i o n  gas ,  p e r c e n t .  

d r y  b a s i s ,  p e r c e n t .  

10. B i b l i o g r a p h y  

Same as b i b l i o g r a p h y  o f  Method 6 C .  
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4.2 Performance Evaluation Tests. The 
Owner of a lidar system shall subject such a 
Udar system to the performance verification 
wts described in Secrion 3. prior to f i r s t  use 
of this method. The annual calibration shall 
be performed for three sepaate. complete - and the results of each should be re- 
corded. The requirements of Section 3.3.1 
must be fulfilled for each of the three NU. 

Once the conditions of the annual calibra- 
tion are fulfilled the lidar shall be subjected 
o, the routine verification for three sepa- 
rate complete runs. The requirements of 
*tion 3.3.2 must be fulfilled for each of 
the three mns and the results should be re- 
corded. The Administrator may request that 
the results of the performance evaluation 
be submitted for review. 
5. Relerences 
5.1 The Use of Lidar for Emissions 

Source Opacity Determination. US. 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 

Environmental Protection Agency 

the Measurement of Smoke Plume Opacity. 
US. Environmenral Protection Agency. Na- 
t i o d  Enforcement Investigations Center. 
Denver. CO. EPA/NEIC-TS-128. February 
1976. 
5.3 Remote Measure3ltnc of Smoke 

Plume Transmittance Using Lidar. C. S. 
Cook. G. W. Bethke. W. D. Conner (EPA/ 
RTP). Applled Optics 11. pg 1742. August 
1972. 
5.4 Lidar Studies of Stack Plumes in 

Rural and Urban Snviromeno.  EP.4-650/ 
4-73-002. October 1973. 
5.5 Amencan National Standard for t h e  

Safe Use of Lasers ANSI 2 136.1-176. March 
8. 1976. 
5.6 U S .  .4rmy Technical Manual TB 

MED 279. Control of Fbzards to Health 
from Laser W a t i o n .  February 1969. 
5.7 Laser Institute of America Laser 

WetY Manual. 4th Edition. 
5.8 U.S. Department of Health. Educa- 

tion and Welfare. Regulations for the Ad- 
minisvation and Enforcement of the Padi- 
ation Control for Health and Safety Act of 
1968. January 1976. 
5.9 Laser Safety Handbook. Alex Mallou~. 

k n  Chabot. Van Nostiand Reinhold Co.. 
1978. 

-OD IO-DET~RMINATION 01 CAREON 
MONOXIDE EUSIONS -oar STATIONARY 
SOURCZS 

L PrinciPk and Applicability 
1.1 Principle. ~n inregrated or continuous 

Oas sample is extracted from a sampling 
Poht and anal- for carbon monoxide 

(CO) content using a Luft-type nondisper- 
sive infrared analyzer (NDIR) or equivalent 
1.2 Applicability. This method is applica- 

ble for the  determination of carbon monox- 
ide emissions from stationary sources only 
when specified by the test procedures for 
derermining compliance with new source 
performance standards. The test procedure 
will indicate Khether a continuous or an in- 
tegrated sample is to be used. 
2. Range and Sensitivity 
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 COX per 10 ppm CO. respectively. 
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,O 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 t h e e  
traps are used. 
4. Precision and Accuracy 
4.1 Precision. The precision of most NDIR 

analyzers is approximately ~2 percent of 
span. 

4.2 Accuracy. The accuracy of most NDIX 
analyzers is approximarely 2 5  percent of 
span af ter  calibration. 
5. Apparatus 

, 

5.1 Continuous Sample (Figure 10-1). 
5.1.1 Robe.  Stainless steel or sheathed 

Pyrex' glass. equipped with a filter to 
remove particulate matter. 
5.1.2 Air-Cooled Condenser or Equivalent 

To remove any excess moisture. 
5.2 Integrated Sample (Flgure 10-2). 
5.2.1 Robe.  Stainless steel or sheathed 

Pyrex glass. .equipped with a filter to 
remove particulate matter. ' 

5.2.2 Air-Cooled 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 

equivalent. to transport gas. 
5.2.5 Rate Meter. Rotameter. or equiva- 

lent. to measure a flow range from 0 to 1.0 
liter per min (0.035 cfm). 

Mention of trade names or  specific prod- 
ucts does not  constitute endorsement by the 
Environmental Protection Agency. 
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52.6 Flexible Bag. Tedlar. or eauivalent. 
with  a capacity of  60 to 90 Ute= (2  r0 3 ft"). 
Lesk-test the bag in the laboraton before 
ustng by evacuating bag with a pump fol- 
lowed by a dry gas meter. When evacuation 

complete. there shoula be no flow 
through the meter. 

5.2.7 Pftot Tube. Type S. or equivalenk at- 
tached to the probe 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 is con- 
ducted. 
5.3 Analysis (Fi&re 10-3). 
5.3.1 Carbon Monoxide Analyzer. Nondis- 

persive infrared spectrometer. or equivalent. 
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 contain approxi- 

mately 200 g of silica gel. 
5.3.3 Calibration Gas. Refer to section 6.1. 
5.3.4 Filter. As recommended by "DIR 

' 

manufacturer. 

5.3.5 CO, Removal Tube. To con& ap- 

5.3.6 Ice Water Bath. For ascarite and 

5.3.7 Valve. Needle valve. or equivalent. to 

PmCimately 500 g of ascarite. 

&ca gel tubes. 

must flow rate 

- -- -- - 
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5.3.8 Rate Meter. Rotameter or equivalent 
to measure gas flow rate of 0 to 1.O.liter per 
min (0.035 cfm) through NDIR. 
5.3.9 Recorder (optional). To provide Per- 

manent record of NDIR readings. 
6. ReagenLs 

6.1 Calibration Gases. Known concentra- 
tion of CO in nitrogen (N,) for instrument 
span. prepurified grade of N, for zero. and 
two additional concentrations corresponding 
approximately to 60 percent and 30 percent 
s p a  The span concentration shall not 
exceed 1.5 times the applicable source per- 
formance srandarh The calibration gases 
shall be certified by the manufacturer to be 
within =2 percent of the.specified concen- 
tration. 

,* 3- Wlylul WC.. 

6.2 Silica Gel. Indicating type, 6 to 16 
mesh, dried at  175' C (347' F) for 2 hours. 

6.3 Ascarite. Commercially avallable. 
7. Procedure 
7.1 Sampling. 
7.1.1 Continuous Sampling. Set UP the 

equipment as shown in Figure 10-1 making 
sure all connections are leak free. Place the 
probe in the stadr at a sampling point and 
purge the sampling line. Connect the ana- 
lyzer and begin daring 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 g8i map 
be determined by-using the Method 3 Inte- 
grated sample procedure, or by weighing the 
ascarite COS removal tube and computing 
CO, concentration from the gas volume 
sampled and the weight gain of the tube. 
7.1.2 Integrated Sampling. Evacuate the 

flexible bag. Set up the equipment sll shown 
in Figure 10-2 w i t h  the bag disconnected 
Place the probe in the stack and purge the 
sampling fine. Connect the bag. ma!dng sure 
that all connections are leak free. Sample at 
a rate proportional to the stack velocity. 
CO, content of the gas may be determined 
by  using the Method 3 Integrated sample 
procedures. or by weighing the ascarite CO, 
removal tube and computing CO, conceqtn- 
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tion from the gas volume sampled and the 
weight gain of the tube. 

7.2 CO Analysis. Assemble the apparatus 
as shown in Figure 10-3. calibrate the in- 
s:nunent. and perform other required oper- 
ations as described in section 8. Purge ana- 
lyzer with N, prior to introduction of each 
sample. Direct the sample stream through 
the 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  mrlfunction is detected. Record the 
sample data on Table 10-1. 
a. Calibration 

Assemble the apparatus according to 
Figure  10-3. Generally M instrument re- 
quires a warm-up period before stability is 
3btained. Follow the manufacturer's in- 
structions for specific procedure. Allow a 
minimum time of 1 hour for warm-up. 
During this time check the sqnple condi- 
tioning apparatus. i.e.. filter. condemer. 
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 
:he calibration gases. 

TABLE 10-1-FfELO DATA 

. . 

Comments 

Rotameter rsllirq. liten per 
minute (N&c reel per m*nrtO) 

3. Cakdation 
Calculate the concentration Of carbon 

Uonoxide in-the stack using Equation 10-1. 

Cm - = Cm sw(1 -F-,) 
Eq. 10-1 

n e r e :  
Q -=Concentration of CO in s r a c k  ppm 

by volume (dry basis). 
C, mn=Concentration of CO measured by 
NDIR analyzer. ppm by volume (dry 
kis). 

-pm.=Volee fraction of co. in sample. i.e.. 
Percent CO, from Orsat analysis divided 
by 100. 

r. 
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IO. Alternative Procedures 
Interference Tra~. The sample con- 

ditioning system described in Method 10A 
sections 2.1.2 and 4.2. may be used as an al- 
ternative to the silica gel and asCarite traps: 
11. Bibliogra2hy 
1. McElroy. FranlL The Intertech NDIR- 

CO Analyzer. Presented at 11th MeCh- 
ods Conference on Air  PollutioR Univer- 
sity of California, Berkeley. C A  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. 9(2): 110-114. August 1959. 

3. MSA LIRA Infrared Gas and Liquid An- 
alyzer Instruction Book. Mine Safety 
Appliances Co.. Technical Products Divi- 
sion. Pittsburgh. PA. 

4. Models 215A. 315A. and 415A Infrared 
Analyzers. Beckman Instruments. Inc., 
Beckman Instructions 1635-B. Nler -  
ton. CA. October 1967. 

5. Continuous CO Monitoring System. 
Model A5611. Intertech Corp.. Prince- 
ton, NJ. 

6. UNOR Infrared Gas Analyzers. BendIx 
Corp.. Roncserte.  WV 

ADDZNDA 

A. PERFORMANCE SPECIFICATIONS FOR NDIR 
CARBON MONOXIDE ANALYZERS 

10.1 

B. Definitions of Perfonnance Specifica- 
tions. 

Range-The minimum and m u m  
measurement limits. 

Output-Electrical signal which  is pmpor- 
ti0na.l to the measurement: intended for 
connection to readout or data procwing  de- 
vices. Usually expressed bs millivolts or mil- 
liamps full scale at  a given impedance. 
Full scale-The maximum measuring limit 

for a given range. 
Minimum detectable snuitimty-The 

smallest amount of input concentration that 
can be detected as the concentration a p  
proaches zero. 

875 
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Accuracy-The degree of agreement be- 
tween a measured value and the true value: 
usually expressed as = percent of full scale. 

Time to 90 percent responre-The time in- 
terval from a step change in the input con- 
centration at the instrument inlet to a read- 
ing of 90 percent of the ul thate  recorded 
concentration 

Eire Time ( 9 0  percent)-The interval be- 
tween initial response time and time to  90 
percent response after a step increase in the  
inlet concentration. 

Fall Time (90 percent)-The interval be- 
tween initial response time and time to 90 
percent response after a step decrease in the  
inlet concentration. 

Zero Drift-The change in instrument 
output over a stated time period. usually 24 
hours, of unadjusted continuous operation 
when the input concentration is zero: usual- 
ly expressed as percent full scale. 

Span Drift-The change in instrument 
output over a stated time period. usually 24 
hours. of unadjusted continuous operation 
when the input concentration is a stated 
upscale value: usually expressed as percent 
full scale. 

Precision-The degree of agreement be- 
tween repeated measurements of the same 
concentration. expressed as the  average de- 
viation of the single results from the mean. 

Noise4pontaneous deviations from a 
mean output not caused by input concentra- 
tion changes. 

Linearity-The maximum deviation be- 
tween an actual instrument reading and the  
reading predicted by a straight line drawn 
between upper and lower calibration points. 

MEIHOD ~OA-D~RMINATION OF CARBON 
MONOXIDE EMISSIONS IN CEBTIFYING 
CONTINUOUS EMISSION MONITORING SYS- 
TEMS AT P E I R O L m M  REFINERlZs 

I. ApplicabiliLy cnd Penciple 
1.1 Applicability. This method applies to  

the measurement of carbon monoxide (CO) 
at petroleum refineries. This method serves 
as the  reference method in the relative ac- 
curacy test for nondispersive infrared 
(NDIR) CO continuous emission monitoring 
systems (CEXS's) that are required to be in- 

- 
40 CFR Ch. I(7-1-92 Edition) j: 

stalled in petroleum refineries on fluid ea(r. - 
lytic cracking unit catalyst regenerators [ i o  
CFR Part 60.105(a)(2)1. 

1.2 Principle ~n integrated gas sample 
extracted from the stack. passed through 
alkaline permanganate solution to remove 
sulfur and nitrogen oxides, and collected 
a Tedlar bag. The CO concentration in the 
sample is mesared spectrophotometriw 
using the reaction of CO with Psulfaminp 
benzoic acid. 

1.3 Range and Senritiuity. 
1.3.1 Range Approximately 3 to 1800 ppm 

CO. Samples having concentrations below 
400 ppm are analyzed a t  425 run. and sam. 
ples having concentrations above 400 ppm 
are analyzed at 600 run. 

1.3.2 Sensitivity. The detection limit is 3 
ppm based on three times the standard devi- 
ation of the mean reagent blank values. 

1.4 Inferferences. Sulfur oxides, nitric 
oxide. and other acid gases interfere wtth 
the colorimetric reaction. They are removed 
by passing the sampled gas through an alkn- 
line potaSSium permanganate scrubbing so- 
lution. Carbon dioxide (Cod does not inter- 
fere. but. because it is removed by the scrub, 
bing solution, i t s  concentration must be 
measured independently and an appropriate 
volume correction made to the sampled gas. 

1.5 Precision Accuracy, and Sfability. 
1.5.1 Precision. The estimated intralabora- 

tory standard deviation of the method is 3 
percent of the mean for gas samples ana- 
lyzed in duplicate in the concentration 
range of 39 to 412 ppm. The interlaboratory 
precision has not been established. 

1.5.2 Accuracy. The method cont.ains no 
significant biases when compared to an 
NDIR analyzer calibrated with National 
Bureau of Standards'(NBS1 standards. 

1.5.3 Stability. The individual components 
of the  colorimetric reagent are stable for at 
least 1 month. The colorimetric reagent 
must be used within 2 days after prepara- 
tion to avbid excessive blwA ccrrection. The 
samples in the Tedlar 1 bag should be stable 
for at least 1 week if the bags are leak-free. 

2. Appamtus 
2.1 Sampling. The sampling train is shown 

in Figure 10A-1. and component parts are 
discussed below: 

2 Mention of trade names or commercial 
products in this publication does not consti- 

tute the endorsement or recommendation 
for use by the Environmental hotection 
Agency. 
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I METHOD 2 
CALCULATION EOUATIONS 
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S W O L S  

Cross Sectional area of stack, SQ. FT. 

Cross sectional area of nozzle, SQ. FT. 

Water vapor in gas stream, proportion by volume 

Pitot tube coefficienf dimensionless 

Concentration of particulate matter in stack gas, wet basis, GWACF 

Concentration of particulate matter in stack gas, dry basis, corrected to standard 
conditions, GR/DSCF 

Excess air, percent by volume 

Dry test meter correction factor, dimensionless 

Specific gravity (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, LBI"R 

Particulate mass flow, LB/HR 

Molecular weight of stack gas, wet basis, g/g mole. 

Total amount of particulate 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 M. HG. 

Actual volumemc stack gas flow rate, ACFM 

Dry volumemc stack gas flow rare corrected to standard conditions, DSCFM 

Relative humidity, % 

2 
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Dry bulb temperature of stack gas, OF 

Wet bulb temperature of stack gas. "F 

Absolute average dry gas meter temperature, "R 

Absolute average stack temperature, "R 

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 standard conditions, SCF 

Average actual stack gas velocity, FT/SEC 

Vapor pressure at T,, IN. HG. 

Vapor pressure at T,, M. HG. 

Average pressure differential across the orifice meter, IN. WC. 

Velocity pressure of stack gas, IN. WC. 

Dry test meter correction coefficient, dimensionless 

Actual gas density, LB/ACF 
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METHOD 3 
CALCULATION EQUATIONS 

100(%0. - 0.5% CO) ~. 1 %EA = 
0.264% N2 - %02 + 0.5% CO 

M~ = 0.4(%CO2) + 0.32 (%OJ + 0.28 (%N, + %CO) 

M, = Md (I - EJ + 0.18 E, 

032294-C:\STACK\WP\M€THODNEO. 15 
4 

K-4 



1 

II 
I 
I 
I 

METHOD 10 
j I 'I CALCULATION EQUATIONS 

CO.PPM.DRY = CO, - free. d v ,  avg (1 - C02, ~$100) 
i l  

CO.PPM.WET = CO.PPM.DRY (1 - MC/lOO) 

j 'I 
GWDSCF = 5.0885 X (CO.PPMDRY) I 

I 
I 
I 
I 
I 
1 
I 

mglakcm = 1.165 (CO.PPMDRY) 

m = 8.5714 x lo-' (GWDSCJ) (QsJ 

2.9857 x IO-' F,, (GWDSCF) 
E =  I 

20.9 - O2 

where: 

coc*z - free, dry. avg 

avenge of two determinations of carbon monoxide on a dry, CO, - h e  
integrated flue gas sample reported in ppm by volume 

carbon dioxide concentration of flue gas on a dry percent by voiume basis 

oxygen concentration of  flue gas on a dry percent by volume basis 

- - 

cox d 
- - 
- - 0, d 

G\STACK\WP\METHODS\EQ.MIO 
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- - MC 

CO.PPM.DRY 

CO.PPM.WET = 

GRDSCF = 

- mgldscm - 

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 p i n s  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 LB/HR basis 

volumetric flow rate of flue gas in dry standard cubic f e t  per minute 

emission factor of carbon monoxide in pounds of carbon monoxide emitted per 
million BTLJ heat input (LB/MMBTU) 

F-Factor of respective fuel in dry standard cubic feet of exhaust gas at 0% 
oxygen per million BTLJ of heat input (DSCFIMMBTU) 
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