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LouishnaPacific Corporation 

Route 8, Box 8263 
Hayward, Wisconsin 54843 
71 51634.3454 

February 17, 1994 

Director, Stationary Source Compliance Division 
Director, Office of Civil Enforcement 
Environmental Protection Agency 
401 M. Street, S.W. 
Washington, D.C. 20560 
ATTN: Mr. Laxmi Kesari 

EPA Regional Administrator 
USEPA - Region 5 
Mail Code: R-19J 
77 W. Jackson Blvd. 
Chicago, IL 60604 
AlTN: Mr. Ferro Assadi 

Wisconsin DNR 
Bureau of Air Management 
P.O. Box 7921 
101 S. Webster 
Madison, WI 53703 
A T N :  Joe Perez 

SUBJECT: Emissions testing at the Tomahawk OS8 Manufacturing Facility - 
Thermal Oil Heater testing conducted February 1, 1994. 

Gentlemen: 

Enclosed please find one copy of Interpoll Laboratories report no. 4-2197 
entitled "Results of the February 1, 1994 Air Emission Compliance test on the 
Geka at the Louisiana-Pacific OSB Plant in Tomahawk, Wisconsin." 

Particulate testing was performed to demonstrate compliance with the air 
emission permit issued for this facility by the State of Wisconsin, and in 
response to a Notice of Violation issued to the facility on November 9, 1993. 
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* 1) 
February 17, 1994 
Page 2 

The NOV resulted from the failure of this equipment to perform as 
designed during initial compliance testing conducted August 1993. In addition, 
CO testing was conducted to demonstrate compliance under high winter loading 
rates. 

My review of these results indicate that the unit is operating within permit 
limits with particulate emissions of 0.018 lb/MM BTU (permit limit of 0.15 IblMM 
BTU), and CO emissions of 4.0 lb/Ton of dry fuel (permit limit of 17.8 lbrron of 
dry fuel). 

If you have any questions or comments regarding this information please 
contact me. 

Sincerely, 

Susan Somers 

cc: Chris Forslund wlenc. 
Elizabeth Smith wlenc. 
Biren Patel wlenc. 
Norman Radford wlenc. 
Bert Krages w/enc. 
Jim Evensen wlenc. 
Michele De Brock-Owens w/enc. 
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ACFM 
cc (ml) 
DSCFM 
DSML 

DIA. 
FP 
FT/SEC 
g 
CPM 
CWACF 
CWDSCF 
g/dscm 
HP 
H RS 
IN. 
IN.HC. 
IN.WC. 
LB 
LB/DSCF 
LBIHR 
LB/1 06BTU 
LBIMMBTU 
LTPD 
M W  
mg/Nm3 
ug/Nm3 
microns (urn) 
MIN. 
ng 
ohm-cm 
P M  
PPH 
PPM 

DEC-F ('0 

PPmC 
PPmd 
PPmtw 
PPt 
PSI 
SQ.FT. 
TPD 
ug 
VIV 

WIW 

< 

AB B REVIATI ONS 

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 

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) 

. grains per dry standard cubic foot 

Standard contitions are defined as 68OF (20°C) and 29.92 IN. of mercury pressure. 
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1 INTRODUCTION 

On February 1, 1994 lnterpoll Laboratories personnel conducted a particulate and 

carbon monoxide emission compliance test on the Thermal Oil Heater at the Louisiana 

Pacific Corporation (LPI Waferboard Plant located in Tomahawk, Wisconsin. On-site testing 

was performed by R. Rosenthal and D. Marso. Coordination between testing activities and 

plant operation was provided by Sue Somers of LP. The test was witnessed by Biren Patel 

of the Wisconsin DNR. 

The Thermal Oil Heater tested was manufactured by CEKA in 1992. It is equipped 

with a ram-type stoker and is fired with a mixture of wet bark and wood. The unit has a 

design heat input capacity of 30 106BTU/HR. Particulate emissions from the G E M  are 

controlled by a large diameter cyclone in series with a fabric filter dust collector rnanufac- 

tured by C.E. Preheater. The baghouse has a pulsed air cleaning system. Cleaned flue gas 

is emitted to the atmosphere by a 75-foot high radial steel stack which has a diameter of 42 

inches. 

Particulate evaluations were performed in accordance with EPA Methods 2-5, CFR 
Title 40, Part 60, Appendix A (revised July 1, 1992). A preliminary determination of the gas 

linear velocity profile was made before the first particulate determination to allow selection 

of the appropriate nozzle diameter for isokinetic sample withdrawal. An lnterpoll Labs 
sampling train which meets or exceeds specifications in the abovecited reference was used 

to isokinetically extract particulate samples by means of a heated glass-lined probe. Wet 

catch samples were collected in the back half of the Method 5 sampling train and analyzed 

in accordance with Wisconsin DNR protocol. 

Integrated flue gas samples were extracted using a specially designed gas sampling 

system. Integrated flue gas samples were collected in 44-liter Tedlar bags housed in a 

protective aluminum container. After sampling was complete, the bags were sealed and 

analyzed on site or returned to the laboratory for Orsat analysis. Prior to sampling, the 

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

detectable inleakage are discarded. The integrated flue gas samples were also analyzed for 

carbon monoxide in accordance with EPA Method 10 (NDIR). 

1 
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Testing on the Thermal Oil Heater was conducted from two test ports oriented at 90 

degrees on the stack. These test ports are located 6.1 stack diameters from the nearest flow 

disturbance and 2.3 diameters from the stack exit. A 24-point traverse was used to collect 

representative samples. Each traverse point was sampled for 2.5 minutes to give a total 

sampling time of 60 minutes per run. 

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

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

appendices. 

2 
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The important results of the particulate emission compliance test are summarized in 

Tables l a  and 1 b. As will be noted, the particulate concentration averaged 0.0031 CWDSCF 
(dry + organidinorganic wet catch) and 0.00075 CWDSCF (dry catch only) and the 
particulate emission factor averaged 0.01 8 LBll 06BTU (dry + organidinorganic wet catch) 

and 0.0043 LB/106 BTU (dry catch only). 

A summary of the carbon monoxide results is presented in Table 2. The carbon 

monoxide concentration averaged 67 ppm,d with a corresponding emission factor of 0.20 

LB/106BTU. 

No difficulties were encountered in the field by Interpoll Labs or in the laboratory 

evaluation of the samples which were conducted by Interpoll Labs. On the basis of this fact 

and a complete review of the entire data and results, it is our opinion that the results 

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

the test was performed. 

I 
I 
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2 SUMMARY AND DISCUSSION 

The important results of the particulate emission compliance test are summarized in 

Tables l a  and 1 b. As will be noted, the particulate concentration averaged 0.0031 CWDSCF 

(dry + organidinorganic wet catch) and 0.00075 CWDSCF (dry catch only) and the 

particulate emission factor averaged 0.01 8 LB/106BTU (dry + organidinorganic wet catch) 

and 0.0043 LB/106 BTU (dry catch only). 

A summary of the carbon monoxide results is presented in Table 2. The carbon 

monoxide concentration averaged 67 ppm,d with a corresponding emission factor of 0.20 

LB/lO6BTU. 

No difficulties were encountered in the field sampling or in the laboratory evaluation 

of the samples conducted by Interpoll Labs. On the basis of these facts and a complete 

review of the entire data and results, it is our opinion that the results reported herein are 

accurate and closely reflect the actual values which existed at the time the test was 

performed. 
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Table 2. Summary of the February 1, 1994 Carbon Monoxide Emission Compliance 

Test on the Thermal Oil Heater at the Louisiana Pacific Waferboard Plant in 

Tomahawk, Wisconsin. 

Concentration Emission Rate Emission Factor 

Time (DDm,d) (LB/HR) (LBTTDF) (LB/1 06BTU) 

1 105-1 21 3 78 5.6 4.6 0.23 

13 15-1425 61 4.4 3.6 0.18 

1745-1850 61 4.5 3.7 0.18 

Avg. 67 4.8 4.0 0.20 

TDF - Ton of Dry Fuel (1.22 TPH 2/1/94) 

7 
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The results of all field and laboratory evaluations are presented in this section. Gas 

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

particulate and carbon monoxide results. Preliminary measurements including test port 
locations are given in the appendices. 

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

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

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

The emission rates have been calculated using the product of the concentration times I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 

flow method. 
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3.1 Results of Orsat and Moisture Determinations 
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I n t e r p o l 1  Labs  R e p o r t  N o .  4-2197 
L o u i s i a n a  P a c i f i c  - Tomahawk 

Tomahawk, W I  

T e s t  No. 1 
G E K A  S t a c k  

R e s u l t s  of O r s a t  S M o i s t u r e  Ana lyses- - - - -  M e t h o d s  3 ti 4 ( % v / v )  

D a t e  o f  r u n  

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

Run 1 Run 2 Run 3 
02-01-94 02-01-94 02-01-94 

c a r b o n  d i o x i d e .  . . . . . . . . . . .  4.50 

o x y g e n  .................... 16.10 

n i t r o g e n  . . . . . . . . . . . . . . . . . .  79.40 

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

4.30 4.50 

16.30 16.10 

79.40 79.40 

c a r b o n  d i o x i d e  . . . . . . . . . . . .  4.19 3.97 

o x y g e n  .................... 14.99 1 5 . 0 5  

n i t r o g e n  73.94 73.29 

w a t e r  v a p o r .  . . . . . . . . . . . . . .  6.88 7.70 

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

D r y  m o l e c u l a r  w e i g h t  . . . . . . . .  29.36 29.34 

Wet m o l e c u l a r  w e i g h t  . . . . . . . .  28.58 28.47 

S p e c i f i c  g r a v i t y  . . . . . . . . . . . .  0.987 0.983 

W a t e r  mass f l o w  . . . . . .  ( L B / H R )  3410 3892 

FO 1.067 1.070 

10 

4.17 

14.92 

73.56 

7.35 

29.36 

28.53 

0.985 

3712 

1.067 



3.2 Results of Particulate Determinations 
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I n t e r p o l l  Labs  R e p o r t  No. 4-2197 
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L o u i s i a n a  P a c i f i c  - Tomahawk 
Tomahawk. W I  

T e s t  No. 1 
G E K A  S t a c k  

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

D a t e  o f  r u n  

T ime  run  s t a r t / e n d  . . . . . (  HRS) 

S t a t i c  p r e s s u r e  ... . . . ( I N . W C )  
C r o s s  s e c t i o n a l  a r e a  ( S Q . F T )  
P i t o t  t u b e  c o e f f i c i e n t .  . . . . .  
W a t e r  i n  samp le  g a s  

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

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

Gas m e t e r  c o e f f i c i e n t  . . . . . . .  
B a r o m e t r i c  p r e s s u r e . .  
Avg .  o r i f . p r e s . d r o p . .  
Avg .  gas  m e t e r  t e m p . .  

Volume t h r o u g h  gas  me 
a t  m e t e r  c o n d i t i o n s  
s t a n d a r d  c o n d i t i o n s  

I N . H G )  
I N . W C )  
DEF-F)  

e r . .  . . 
. . ( C F )  
(DSCF) 

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

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

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

P a r t i c u l a t e  c o n c e n t r a t i o n . ,  . 
a c t u a l  . . . . . . . . . . . . (  GR/ACF) 
d r y  s t a n d a r d  . . . . .  (GR/DSCF) 

P a r t i c l e  mass r a t e  . . .  ( L B / H R )  

12 

Run 1 
02-01-94 

1105/ 1213 

-0.35 
9.62 
.840 

0.0 
48.0 
6.0 

54.0 

0.0073 

0.9981 
27.91 
1.22 
61.9 

36.49 
34 * 47 

60.00 
.249 
365 

29644 
16457 

99.4 

0.00181 
0.00327 

0.461 

Run 2 
02-01-94 

1315/1425 

-0.35 
9.62 
.840 

0.0 
52.0 
10.0 
62.0 

0.0080 

0.9981 
27.92 
1.28 
71.5 

37.78 
35.06 

60.00 
.249 
362 

30110 
16642 

100.0 

0.00195 
0.00352 

0.502 

Run 3 
02-01-94 

1516/1627 

-0.35 
9.62 
.840 

0.0 
51 .O 
8.0 

59.0 

0.0056 

0.9981 
27.92 
1.29 
75.4 

38.04 
35.04 

60.00 
.249 
359 

29939 
16671 

99.7 1 
0.00137 
0.00247 1 

1 0.352 
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I n t e r p o l 1  Labs  R e p o r t  No. 4-2197 
LP - Tomahawk 

Tomahawk, W I  

T e s t  No. 1 
G E K A  S t a c k  

R e s u l t s  o f  CO D e t e r m i n a t i o n s  ...................... Method 10 

Run 1 Run 2 Run 3 

D a t e  o f  r u n  02-01-94 02-01-94 02-01-94 

T ime run s t a r t / e n d  . . . . .  (HRS) 1105/1213 1315/1425 1516/1627 

T o t a l  s a m p l i n g  t i m e  ....( M I N )  60.0 60.0 60.0 

M o i s t u r e  c o n t e n t  . . . . . .  ( % V / V )  6.88 7.70 7.35 

02 C o n c e n t r a t i o n  . . . . . .  ( % V / V )  16.10 16.30 16.10 

V o l u m e t r i c  f l o w  r a t e  ( D S C F M )  16457 16642 16671 

C O  c o n c e n t r a t i o n  . . . . . . . . . . . .  
(GR/DSCF) . . . . . . . . . . . . . . . . .  0.0395 0.0309 0.0311 
(MG/DSCM) . . . . . . . . . . . . . . . . .  90.52 70.83 71.30 
(PPM-WET) . . . . . . . . . . . . . . . . .  72.35 56.12 56.70 
(PPM-DRY) . . . . . . . . . . . . . . . . .  77.70 60.80 61.20 
(PPM-DRY C 7% 02) . . . . . . . . .  222 .oo 181.11 174.86 

C O  e m i s s i o n  r a t e  . . . . . (  LB/HR) 5.577 4.413 4.450 

co emission f a c t o r  (LB/~O~BTU). .. 0.23 0.18 0.18 

Emiss ion f a c t o r  c a l c u l a t e d  using the dry 02 F - fac to r  method 

F - f a c t o r  = 9240 DSCF/106BTU 

CO = C a r b o n  m o n o x i d e  

A t r a i l i n g  '-z' symbo l  i n d i c a t e s  t h a t  t h e  t r u e  v a l u e  
i s  l e s s  t h a n  o r  e q u a l  t o  t h e  r e p o r t e d  v a l u e  

I 
I 
I 14 
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Client : 

Laboratory Log Number : 

Sample Type: 

Sample Identification : 

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

2/11/94 

LOUISIANA PACIFIC/TOMAHAW 

219748-71 11 

WOODBARK 

TEST 1, RUNS 1,2,3 

Short Proximate Analysis WT % 

Moisture As Moisture & 

Free Received Parameter Ash Free 

Moisture,Total , 46.47 

Ash 

Sulfur 

Heating Value, BTULB. 

0.23 

9582 

1.79 

0.23 

9410 

0.96 

0.12 

5037 

Respectfully submitted, 

[ Jeannie F. O’Neil, Manager 
Inorganic Chernistry Group 
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I n t e r p o l l  L a b s  R e p o r t  No . 4-2197 
L o u i s i a n a  P a c i f i c  . Tomahawk 

Tomahawk. W I  

T e s t  No . 1 
GEKA 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  . . . . . . .  (1N.HG) 

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

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

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

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

S t a t i c  p r e s s u r e  . .......... 
Avg . gas temp . . . . . . . . . . . . .  
M o i s t u r e  c o n t e n t  . . ........ 

. . . . . .  

I N . W C  

DEG-F  

% 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  . . ............ ( L B I A C F )  

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)  

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  . . . . . . . . . . . .  (OSCFM) 

A- 1 

02-01-94 

1000 

27.92 

.84 

1 

1 2  

Round 

42 

9.62 

UP 

.. 35 
365 

8.15 

53.3 

. 04406 
29.36 

81375 

30779 
16868 
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.) INTERPOLL LABORATORIES - EPA METHOD 2 F I E L D  DATA SHEET 

Job  1, %I /7077),4/94&& 
S o u r c e  G & h  S7ACk 

3) P7 

T e s t  1 Run 0- D a t e  

S t a c k  d i m e n .  42 IN. 
D r y  b u l b  X o F  Wet b u l b  O F  

M a n o m e t e r :  0 R e g .  0 E x p .  0 E l e c .  

B a r o m e t r i c  P r e s s u r e  27-92 i n  Hg 

S t a t i c  p r e s s u r e  - . 35  i n  WC 

P i t o t  ~ 0 . 3 1 ~ -  4' c p  . 

2 - / - ? 4  

Ope r a t  o r & i  auAI.cAAI *, s)f.uu23 3WJO 



' I '  INTERFOLL LAFORATORIES EF'A METHOD 5 /17  SAMPLE LOG SHEET 

t Weight  (9) 
I t e m  

F i n a l  Tare I Dif f e r e n c e  

1 s37 ! 4f I 
Impinge r  No. 1 

S a m p l e  T r a i n  Leak  C h e c k :  

FretEst:  < O.i?2 cfm et 15 i n .  Hg. ( v a c )  
Fostest : - .OD cfm a t  i n .  ~ g .  (vat) 6 
pZ707J C- T z u  h.  . 0 c c / m d  0 

P a r t i c u l a t e  C a t c h  Data: 

N0.5  of f i l t e r s  Ll5Ed: EECOVEr'f  5OlVEnt ( 5 )  

6 a c e t o n e  
0 o t h e r ( 5 )  

s a 0  

79, 
NO. of  p r o b e  wash b o t t l e s :  
Sample  r e c o v e r e d  by: . ,  

I 

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

... 

I m p i n g e r  No. 2 a 
II Impinge r  No. 3 

Condense r  

D e s i c c a n t  II 1357 I /3 f /  6 

I n t e g r a t e d  G a s  Sampl ing  Data: 

/6 Bag NO. / Fag Pump NO. 3)A. BO:: NO. 

Bag Material: % l a y e r  A l u m i n i z e d  T e d l a r  S i z e :  4 s  

P r E t E 5 t  l e a k  check: 0 c c / m i n  a t  i n .  Hg. 

T i m E  s t a r t :  //or (HES) T i m E  End: / 2 /3  (HFiS)  

Sampl ing  r a t e :  400 c c i m i n  O p e r a t o r :  ?,? 
S i t 4  O <  O= A n a l y z e r  u s e d  t o  m o n i t o r  t r a i n  o u t l e t :  & 

CF-r:,ZT 

S-0046RR 

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

c-2 





' I  
I 

INTEKFOLL LABOKATOKIES E F A  METHOD 5/17  SAMPLE LOG SHEET 

D a t E  2-f-FY T e s t  Ficin 2 
No. of  t r a v e r s e  p i n t s  
F i l t e r  t y p e :  3p*sr p z G  1 

dl? 7 
E o u r c e  STA C L  
E e t h o d  S F l l t e r  h o l d e r :  4.3lk5.5 

Sample  T r a i n  L e a k  Check: 

P r e t e s t :  ( 0.I:C cfm a t  15 in. Hg. ( v a c )  e: 
~ o s t e s t :  - .DD cfm a t  '7 i n .  ~ g .  (vac)  p 
Pzmu 0 4 M W  6% 10 74 us. 

P a r t i c u l a t e  C a t c h  Data: 

No.5 o f  filters used:  R e c o v e r y  s o l v e n t  ( 5 )  

@- a c e t o n e  
0 o t h e r ( 5 )  

ss'cj/ 
I 

No. of p r o b e  W a s h  b o t t l e s :  
Sample  r e c o v e r e d  by: I .  c Dam. 

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

Weight  (g) 
Item 

F i n a l  . 1 T a r e  /D i f f e rence11  
.. . I1 I I I 

Impinge r  No. 1 

Impinge r  No. 2 

Condense r  

I n t e g r a t e d  G a s  Sampl ing  Data: 

gag Fump NO. 31.9- so;: No. 16 gag No. 2 
Bag Material: 5 - l a y e r  A l u m i n i z e d  T e d l a r  Size: 4% 

P r r t ~ s t  leal: check :  6 c c / m i n  a t  /o  i n .  Hg. 

T i m e  s t a r t :  1 a . r  (HRS) T i m e  end: i 4 6 ~ )  
Sampl ing  r a t e :  4a, c c / m i n  O p e r a t o r :  T t  
S / N  of 0- A n a l y z e r  u s e d  t o  m o n i t o r  t r a i n  o u t l e t :  3 

CF-I:I~T 

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

I 
I 
I 

S-0046RR I 
c-4 



c-5 



- INTERFOLL LABORATORIES EPA METHOD 5/17 SAMPLE LOG SHEET 

Sample T r a i n  Leak Check: 

P a r t i c u l a t e  Catch Data: 

t4o.s o f  f i l t e r s  used: RECDVET’ j  SOlVEnt ( 5 )  

, acetone 
0 o t h e r ( s )  

5-847 

I No. of probe w a s h  b o t t l e s :  
Sample recovered by: 72.2. d O.m.  

Condensate Data: 

.. 

f f erence . .. 
~. 

. .  ... . 

~. 

.. 

Des iccant  

I n t e g r a t e d  Gas Sampling Data: 

5aq Fump NO. 31~- BOX NV. /d Baq No. 3 
Bag M a t e r i a l :  5 - layer  A lumin ized Ted lar  Size: 4 3  

F r a t e s t  l e a k  check: 0 cc/min a t  /O i n .  H!. 

Time s t a r t :  /g/L (HRS) Time end: /627 (HFS) 

Sampling r a t e :  @ cc/min  Operator:  

S i t 4  of O=. AnAlyzrr  used t o  mon i to r  t r a i n  o u t l e t :  4 
cF-i:i:T 

I 
I 
I 
I 
I 
I 
1- 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I C-6 

S-0046RR 
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APPENDIX D 

INTERPOLL LABORATORIES ANALYTICAL DATA 

TABLE OF CONTENTS 

Orsat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

Particulate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 

Sample Deposition Sheets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 
Carbon Monoxide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 



.) Interpol 1 L a b o r a t o r i e s  
(6 12) 786-60213 

EPPl Method 3 Data Reporting Sheet 
Orsat Analyci si 

I 

Fuel Type F0 Range 
Coal : 

Anthracite/Ligni te 1.015-1.133 
Bi tuminaus 1. (383-1.2Z0 

co, Disti 1 late 1.260-1.413 
Kesi dual 1.210-1. .Z70 

Natural 1.600-1. SZ.5 
Propane 1.43-1.596 

F-Flask (250 cc all qlass) Butane 1.405-1.55.5 

Where F,= 20.9-0, O i l :  

Gas: I 
I H=Tedlar Hag (%layer) D-1 +Wood/Wood Bark 1. 3c)c)-l.150 

LSC-04-BR 



c ‘I 

I 

T e s t  H u n L  
F i e l d  B lank  

Comments 
Log Number 2147-011 

Test-Hun- 
Log Number WLZ 
Comments 

T e s t R u n L  
Log Number -0 <x 
Comments 

I n t e r p o l l  L a b o r a t o r i e s  
(612) 79$-682Q 

EPA Method 5 D a t a  R e p o r t i n g  S h e e t  
I m p i n g e r  C a t c h / W i s c o n s i n  P r o t o c o l  

S o l v e n t  Phase AquRous Phase 

D i s h  f4o. Lq D i s h  No. 51 
D i s h  T a r e  Wt.qP.@SS g D i s h  T a r e  ~ t . 98 .8S1I  4 

S a m p l e  W t .  Q .QOOY g S a m p l e  W t . O e 0 e 0 Y  9 

D i s h  No. 3 6  D i s h  N o .  52 
D i s h  T a r e  Wt.y7SL3 5 g D i s h  T a r e  Wt.SO.88q7 9 

S a m p l e  U t .  0 ~7 g S a m p l e  Wt.Q.CQq7 9 

D i s h  NO. 3 9  D i s h  NO. 5 3  

D i s h + S a m p l e  WtY8.66Sq g D i s h + S a m p l e  Wt.Y&.SSi‘i g 

D i s h + S a m p l e  Wt935LSb g D i s h + S a m p l e  WtSQ873’3 g 

D i s h  T a r e  Wt.’jq.L(365 g D i s h  T a r e  lJt.’Il.%53 g 
D i s h c S a m p l e  WtnqtCl03 q D i s h + S a m p l e  Ut.-g 

9 S a m p l e  U t .  0 , O Q W  g S a m p l e  w t . b 7  

- I 

J o b  < p  . larr\&* d k  S o u r c e  Gckc. 
T e a m  L e a d e r  R e  T e s t  S i t e  S k L k  
Date S u b m i t t e d  > -Z-‘+V Date of T e s t  2 - 1-9\.1 

Date of  A n a l y s i s  2-3-99 T e c h n i c i a n  C.Hdw u- 
T e s t  N o .  I No. of Huns C o m p l e t e d  3 a 

T s s t l H u n -  
Log Number - 0 q z  
Comments 

IQ 

D i s h  No. 41 D i s h  No. 5-9 
D i s h  T a r e  W t . y S . 3 ~ 0 5  g D i s h  T a r e  W t .  Yq.bL.93 g 
D i s h c S a m p l e  W t $ > 2 3 9  g D i s h + S a m p l e  kJt.*’?,67C3 g 

- 
u 
I 
I 

T e s t  - Run - 
Log Number 
Comment s 

Tes t -  Hun - 
Log Numbw 
Comment 5 

1 4  

IC J 

S a m p l e  U t .  0.0029 g S a m p l e  W t .  Q~QOIO g 

D i s h  N o .  D i s h  No. 
D i s h  T a r e  W t .  g D i s h  T a r e  U t .  9 
D i s h + S a m p l e  W t .  g Dish+Sarnp le  U t .  9 
S a m p l e  W t .  g S a m p l e  U t .  9 

D i s h  T a r e  k i t .  9 D i s h  T a r e  W t .  9 
D i  sh+Samp 1 e W t  . g D i s h c S a m p l e  U t .  9 
S a m p l e  W t .  g S a m p l e  W t .  9 

D i s h  No. C i 5 h  No. 

R e s u l t s  S o l v e n t  Phase:  B l a n k  S o l v e n t  W t .  - 9 
Run i Run 2 Run 3 Run 4 Run 5 , O.OQ\-l 1 Q c 0 0 3 V  I O . O d 2 S  I I 7. 

B lield 
R e s u l t s  Aqueous Phase:  1 F i e l d  E l k .  Run 1 Run 2 Run 3 Run 4 Run 5 

1 10.009.3 I 0.003 3 /0.0006 r -  I 1 LSC-0311YR 
n ?  

I 



., 
I 

f i s h  No. 2 3  ..- 
Test L R u n L  
F i e l d  B l a n k  D i s h  T a r e  W t .  ~L.nS)'I l  g 
Log ?!umber 2141 - O I P  D i s h + S a m p l e  W t . u . O %  Lf5 9 
'Jol. of S o l v e n t ( o a m 1  Sample W t .  0 .oooq 9 
+ S o l v e n t  R e s i d u e  q.Q uq /ml  

T e ' s t R u n l  D i s h  No. 3 5  
V O I .  of S o l v e n t  VO ml D i s h  T a r e  W t .  Lic(.3'13L 13 
Lag Number -e rP D i s h L S a m p l e  Wt .uq-3q  '16 9 
Catnmen t s S a m p l e  W t .  O * O O , O  13 

T e s t l R u n L  D i s h  No. 2 d  
' .~ol.  o f  S o l v e n t a m 1  D i s h  T a r e  N t .  YF.3Fqq 13 
Log ?!umber -0% P D i s h + S a n p l e  Wt. ' I r ,W 5 6 9 
Commen t s S a m p l e  W t .  @ ' d o l  2 9 

T e s t ,  L R u n  3 D i s h  rlo.. .2!? 
V O ~ .  of  ~ o l v e n t ~ m l  D i s h  T a r e  W t .  q6.0 CI i o  '3 

Comments S a m p l e  W t .  6 . 0 0  I Z  9 ,  
Log r!unber -0- P D i s h c S a m p l e  W t .  ' IL .cc(  2 7  

I 

~~ 

T e s t  Run - D i s h  No. 
'201. o f  S o l v e n t -  m l  D i s h  T a r e  W t .  Y 
Log Number D i  s h + S a m p l e  W t .  9 

I n t e r p o l l  L a b o r a t o r l e s  
(612) 7e5-533x3 

€Pa Method 5 D a t a  R e p o r t i n g  S h e e t  
P r o b e / C y c l o n e  Wash 

0 . 0 0 0  1 

I J o b L , P . /  I a m c L . J  k Source G c L  

I 

- 
Team Le 'ader  f?R T e s t  S l t e  f5-k c.L k 
Date Silbmi t t e d  2-2-94 D a t e  of  T e s t  2-\-4c( 
T e s t  r.10. No. o f  R u n s  C o m p l e t e d  3 
D a t e  of A n a l y s i s  2-3-9~ T e c h  n i c 1 a n  e- H L \ r  
T r a n s p o r t  L e a k a q e  -0 m l  S o l v e n t  A&* 

0-3 
LSC-01 Y R Q . O O ( 0  0.0a.10 

I 
C "  
I, 
I 
I= 
1: 
I 

1, 
1 
I 

14 

Run - D i s h  No. 
Vol. o f  S o l v e n t -  m l  D i s h  T a r e  W t .  9 
Log N u m b e r  D i s h t S a m p l e  U t .  9 r- Comments  S a m p l e  W t .  Y 

I I 
~~ 
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F i l ter+Sample W t .  9 
Sample W t .  9 

T e s t R u n -  F i  1 t e r  No. 
Log Number F i l t e r  Type 
Commen t s  F i l t e r  Tare W t .  9 

F i l  ter+Sample W t .  9 
9 Sample W t .  
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Interpoll Laboratories 

Sample Deposition 
(6 12) 786-6020 

Source O&L& 
I Test Site S 7 4 C l -  

Job LP/lm.& AN k 
Date Submitted - -  Date of  Test- 2 - -  / 94 
Test No. 1 No. of Runs Corn 

Field Engineer p. wa $4 7 h b  
I 

II 1 

Sample Type Analysis 

Probe Wash: 
&Acetone 

MeCI2 
0 DI Water 0 Other 
0 

$AS per EPA M-5 
0 AS per EPA M-29 
0 AS per EPA M-201A 

Filter: @,As per €PA M-5 
E+'' Class 
0 SS Thimbie 
0 2.5" Class 
0 Pallflex 0 Other 

Impingers: O MN Protocol 
WDl Water R W l  Protocol 

0 1N NaOH 
0 KOH (Cr VI) 
a H,SO, (HCI) 0 Formaldehyde 
0 2,4-DNPH 
0 
0 0 Other 

Integrated Gas Sample 
qTedlar Bag 
0 0 Other 

(NOJ 0 Other 

AS per EPA M-29 

AS per EPA M-17 
0 AS per EPA M - 2 0 1 ~  

3%H2O2 0 AS per EPA M-202 
0 AS per EPA ~ - 6 , 8  
0 Acid Cases 

0 AS per EPA M-29 
0 As per EPA M-26 

=As per EPA M-3 
i@ AS per EPA M-10 

Oxides of Nitrogen 0 AS per EPA M-7A 

Fuel Sample -%Attached Form 

Particle Size 0 X-Ray Sedigraph 

Aggregate 5-01 63 

Cascade Impactor 
Other 

0 AS per €PA M-6 Mist Samples 
0 0 AS per EPA M-7A 
0 0 Other 

Z L F U  

Comments 

~ 

Type of Source: %Jr..p Q&h 
Fuel Type: m: OBituminous wood: W o o d  Waste Oir: OWaste Oil 0 Natural Cas 

OAnthracite ODust  UNO. 2 0 RDF 
OLignite OBark ONO. 6 Other 

< 
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CONTFNT S P s E  

TEST SCHEDULE 2 

DATA SPECIFIED IN TEST PLAN 3-5 

PROCESS DATA SUMMARY 6 

THERMAL OIL HEATER TESTING 2-1-94 - TSP and CO 
BOARD WEIGHTS / PRODUCTION 7 
PRESS CHARTS 8-9 
PRESS REPORT 10 
BTU INPUT 11 
THERMAL OIL HEATER LOG 12-14 
BARK MOISTURE DATA 15 
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TOMAHAWK THERMAL OIL HEATER TESTING FEB. 1,1994 
TEST SCHEDULE 

JHFRMAL 011 H F G R  TFSTING 2 - -  1 94 - TSP and co 
UTANT R!.!tiH FL!lY32 E!a.#3 RAIE POL' 

1516-1627 2-1 co 1105-1213 1315-1425 
2-1 TSP 1105-1213 131 5-1425 1516-1627 
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PRETEST INFORMATION FOR TOMAHAWK, WISCONSIN 

1. Description of the air pollution control equipment associated with the process: 

THERMAL OIL HEATER 

a) Particulate emissions from the GEKA thermal oil heater are controlled by a cy- 

clone installed in series with a baghouse. 

The baghouse is designed to operate at a pressure drop of 2 to 6 inches of water 

column. 

The maximum design airflow through the stack is 32,600 acfm. The rated heat 

input capacity of the heater is 30mm BTUs. Control efficiencies of the cyclone 

and baghouse are estimated to be 50% and 99% respectively. 

Collected material is presently stored temporarily on site. In the future this materi- 

al will be either landfilled or spread as a soil amendment. 

b) 

c) 

d) 

DRYER 

a) Particulate emissions from each MEC dryer are controlled by a set of 

. multicyclones installed in series with a E-TUBE wet electrostatic precipitator. 

b) Specific multicyclone operating parameters are not monitored. The wet electrostat- 

ic precipitator operates within the following ranges: 

voltage - 45 to 65 kv 

amperage - 50 to 600 ma 

spark rate - up to 300 sparks per minute 

c) The maximum design airflow through the stack is 100,000 acfm. The rated heat 

Tomahawk fcsl Feb 1994 
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2. 

3. 

4. 

5 .  

6. 

I. 

input capacity of each burner is 32mm BTUs. Control efficiencies of the 

multicyclones and wet electrostatic precipitators are estimated to be 60% and 90% 

respectively. 

Collected material is mixed with bark and sold or burned in the thermal oil heat- 

er. 

d) 

Diagrams of the sampling trains are enclosed in the attachments. 

Descriptions of the sampling and analysis procedures are enclosed in the attachments. 

Sketches indicating the flow of the exhaust gases through the equipment are enclosed 

in the attachments. 

a) . Elevation views of each stack are shown in the attachments. 

b) 

Estimated flue gas conditions are indicated on the attached stack drawings. 

PROCESS AND CONTROL EQUrPMENT OPEUTING DATA 

a) 

Cross-sectional views of each stack are provided in the attachments. 

THERMAL OIL HEATER OPERATING DATA: 

Design heat input is 30mm BTU's per hour. Operating heat input will be 

determined by f factor. Heat output will be estimated based on an efficien- 

cy of 66%. 

Type of fuel to be burned is green wood bark and fines. 

Acfm of exhaust gas through the thermal oil heater will be determined. 

Tons of fuel burned in the thermal oil heater on a dry basis during testing 

will be determined based on the number of ram infeed counts and moisture 

content of the fuel during testing. 

Tomahawk lest Feb 1994 
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5 )  Plant production rate during testing will be determined from board weights 

and press charts. 

Thermal oil heater operating parameters to be recorded during testing in- 

clude the following: 

*refractory temperature 

sincoming oil temperature 

.outgoing oil temperature 

.Fuel feed setting 

*thermal oil temperature setpoint 

7) 

6 )  

Thermal oil heater control equipment operating parameters to be 

recorded during testing include the following: 

*baghouse pressure drop 

b. . DRYER OPERATING DATA 

1) The moisture content of wet and dry wafers will be recorded during test- 

ing. 

2) It is anticipated that the plant will process a minimum of 99% green wood 

and a maximum of 1% dry dead wood. 

It is anticipated that the plant will process approximately 90% hardwood 

and 10% softwood as required by the air emission permit during testing. 

The dryer inlet and outlet temperatures during testing will be recorded. 

Design airflow rate is 80,000 acfm. Actual airflow rate will be determined 

during testing. 

3) 

4) 

5 )  

Tomahawk test Feb 1994 I 
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TOMAHAWK THERMAL OIL HEATER TESTING FEB. 1,1994 

PROCESS DATA SUMMARY 

THFRMAL 011 HFATFR TFSTING 12 - -  14 93 
8.04 =PLANT PRODUCTION RATE IN TONS PER HOUR 

1.22 = ESTIMATED TONS OF DRY FUEL INPUT BASED ON FUEL MEASUREME 
21.93 = ESTIMATED MMBTUMR tNPUT BASED FUEL MEASUREMENT 

1.36 = ESTIMATED TONS OF DRY FUEL INPUT BASED ON F FACTOR 
24.5 = ESTIMATED MMBTUHR INPUT BASED ON F FACTOR 

Tomahawk test Fcb 1994 
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THERMAL OIL HEATER TESTING 2-1-94 - TSP and CO 
DATA TIME: START= 11:oo END= 16:30 HOURS= 5.50 

BOARD Wl GHTS - LBS 
WEIGHTS OF APPROXIMATELY EVERY 25TH 
UNTRIMMED BOARD FROM TAPES 

183 194 
191 190 
197 197 
197 189 
1 ea 187 
183 184 
189 I83  
194 
187 
187 
191 
192 
190 
187 
190 

189.7 LB =AVERAGE 
UNTRIMMED 
MAT WEIGHT 

172.63 LB = AVERAGE 
FINISHED BOARD 
WEIGHT 
(UNTRIMMED MAT 
WEIGHT - TRIM 
WEIGHT) 

9.0% = TRIM 

PLANT PRODUCTION RATF 

5.5 =HOURS DURING TESTING 
64 =PRESSLOADS 

512 =NO. OF (8' X 16') BOARDS PRODUCED (PRESSLOADS x 8 BOARDULOAD) 
88387 =LBS FINISHED PRODUCT (BOARDS x WEIGHT OF FINISHED BOARD) 
16070 =LBS FINISHED PRODUCT PRODUCED PER HOUR (LBS FINISHED 

PROD.mESTING HOURS) 

PER HR I2000 LB) 
8.04 =TONS FINISHED PRODUCT PRODUCED PER HOUR (LB FINISHED PRODUCT 

note: the press production rate during testing was lower than the rate proposed in the 
original test protocol due to cold weather. The ambient temperature was approximatley -25 deg. 
f.'the morning of the test and warmed to approximatley + I O  deg. f during the afternoon. 
The press ran at the maximum rate possible considering the rate of material being dried. 
The dryers were required to dry cold/frozen material within the temperature limitations 
contained in the operating permit. 
During testing the thermal oil heater operated at a rate which was approximatley 1/3 greater 
than in August 1993. 

Tomahawk lesi Feb 1994 
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I PRESS LOADS I E - Tube Shutdowns / Hammermill Dumps 
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Face Shutdown 

Face Shutdown 

I lCore Shutdown I I 
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., 
THERMAL OIL HEATER TESTING 2-1-94 - TSP and CO 
DATA TIME: START= 11:oo END= 16:30 HOURS= 5.50 

FUFl BURNING RATF FSTIMATFD BY BARK INPUT 

105 =GEKA FUEL CALIBRATION IN LB/COUNT 
228 =COUNTS DURING TESTING HOURS 

23940 =LS. OF WET FUEL BURNED DURING TESTING 

5.50 =HOURS DURING TESTING 
23940 =TOTAL LB. OF WET FUEL BURNED DURING TESTING 
44.0% =AVERAGE MOISTURE CONTENT OF FUEL 
13406 =TOTAL LB. OF DRY FUEL BURNED DURING TESTING (LB WET FUEL X (I- % MOISTURE) 
2437 =LE. OF DRY FUEL BURNED PER HOUR (TOTAL LB OF DRY FUEL BURNED I 

1.22 =TONS OF DRY FUEL BURNED PER HOUR (TOTAL LB OF DRY FUEL BURNED PER 
TESTING HOURS 

HOUR I2000 LB) 
9000 = ESTIMATED BTU CONTENT OF DRY FUEL (BTU I LB) 

21.93 = ESTIMATED MMBTU INPUT PER HOUR (LB OF FUEUHR x BTU CONTENT) 

FUEL BURNING RATE FSTlM ATFD BY f Fador see test reooit) 
24.5 = ESTIMATED MMBTU INPUT PER HOUR 
1.36 = ESTIMATED TONS OF DRY FUEL INPUT BASED ON F FACTOR 

Tomahawk test Feb 1994 
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T-0 HEATER LOG PLANT: TOMAHAWK 
DATE: BY: 

1. READINGS EVERY 10 MINUTES. 
2. BARK MOISTURE ONCE PER HOUR. 
3. NOTE IF SET-POINTS ARE CHANGED. 

FUEL 
OIL TEMP COUNT FURNACE 
IN OUT TEMP 

TIME 
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T-0 HEATER LOG 
DATE: 

PIAM: TOMAHAWK 
BY: 

1. READINGS EVERY 10 MINUTES. 
2. BARK MOISTURE ONCE PER HOUR. 
3. NOTE IF SET-POINTS ARE CHANGED. 

FUEL 
TIME OIL TEMP COUNT FURNACE 

E-13 



T-0 HEATER LOG PLANT: TOMAHAWK 
DATE: BY: 

1. READINGS EVERY 60 MINUTES. 
2. BARK MOISTURE ONCE PER HOUR. 
3. NOTE IF SET-POINTS ARE CHANGED. 

TIME aifflow bark baghouse . 

I 
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I G E K A  W O O D F U E L  1 
C A L I B R A T I O N  

Nine barrels with a tare weight of 6.8 Ibs each were used. 
Total weight of fuel in feed hopper was 629.8 Ibs. 
Feed hopper ram pushed 6 complete times to empty hopper 
105 Ibs per ram stroke. 
40.4 % moisture content. 

Barrel Gross Tare Net 

Total 691 .O 61.2 629.8 

Tomahawk fcrt Feb 1994 
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APPENDIX F 

PROCEDURES 



Par t i cu la te  Loadinqs and Emission Rates 

The p a r t i c u l a t e  emission r a t e s  were determined per EPA Methods 
1-5, CFR t i t l e  40, Par t  60, Appendix A ( rev ised July 1, 1987). I n  t h i s  
procedure, a p re l im inary  v e l o c i t y  p r o f i l e  o f  the gases i n  the  f l u e  i s  
obtained by means o f  a temperature and v e l o c i t y  traverse. On the  basis 

o f  these values, sampling nozzles o f  appropr iate diameter are selected 
t o  al low i s o k i n e t i c  sampling, a necessary p rerequ is i te  f o r  obtaining a 

representat ive sample. 

The sampling t r a i n  cons is ts  o f  a heated glass- l ined sampling 

probe equipped w i th  a Type 5 p i t o t  and a thermocouple. The probe i s  
attached t o  a sampling module which houses the  a l l -g lass  i n  l i n e  f i l t e r  

holder i n  a temperature c o n t r o l l e d  oven. In addit ion, the  sampling 
module also houses the  impinger case and a D r i e r i t e  drying column. The 
sampling module i s  connected by  means o f  an umbi l ica l  cord t o  the 

cont ro l  module which houses the  d r y  t e s t  gasmeter, the ca l ib ra ted  
o r i f i c e ,  a leakless pump, two i n c l i n e d  manometers, and a l l  controls 
required f o r  operat ing the sampling t r a i n .  

Pa r t i cu la te  samples were c o l l e c t e d  as fo l lows:  'The sample gas 

was drawn i n  through the  sampling probe i s o k i n e t i c a l l y  and passed 
through a 4-inch diameter Gelman Type A/E glass f i b e r  f i l t e r .  - The 

par t i cu la tes  were removed a t  t h i s  p o i n t  and co l lec ted  on the f i l t e r .  
The gases then passed through an ice-cooled impinger t r a i n  and a 
desiccant-packed dry ing  column which q u a n t i t a t i v e l y  absorb a l l  moisture 
f r o m  the sample gas stream a f te r  which the  sample gas passes through the  

pump and the  dry  t e s t  gasmeter which in tegrates the sample gas f l ow  
throughout t h e  course of t he  t e s t .  A ca l i b ra ted  o r i f i c e  attached t o  the  
o u t l e t  o f  t he  gasmeter provides instantaneous f low r a t e  data.. 

A representat ive p a r t i c u l a t e  sample was acquired by sampling 

f o r  equal periods o f  t ime a t  t h e  cen t ro id  o f  a number o f  equal area 
regions i n  the  duct. The sampling r a t e  i s  adjusted a t  each s i t e  such 

t h a t  an i s o k i n e t i c  sampling cond i t ion  prevai ls .  Nomographs are used t o  

a id  i n  the  r a p i d  determinat ion o f  t he  sampling rate.  

F- 1 
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After sampling i s  complete. t h e  f i l t e r  i s  removed and placed 
i n  a clean container. The nozzle and i n l e t  side of  the f i l t e r  holder 
are quantitatively washed w i t h  acetone and the washings are stored i n  a 
second container. A brush i s  often used i n  the cleaning step t o  help 
dislodge deposits. The samples are returned t o  the laboratory where 
they are logged i n  and analyzed. The volume of the acetone rinse 
("probe wash") is noted and then  the r inse is quantitatively transferred 
t o  a tared 120 cc porcelain evaporating d i s h  and the acetone evaporated 
off a t  97-105 OF. This  temperature is used t o  prevent condensation of  
atmospheric moisture due t o  the cooling effect induced by the 
evaporation of acetone. The acetone-free sample i s  t h e n  transferred t o  
an oven and dried a t  105 OC for 30 minutes, cooled i n  a desiccator over 
Drierite, and then weighed t o  the nearest .01 mg. The f i l t e r  sample is 
quantitatively transferred t o  a 6-inch watch glass and dried i n  an oven 
a t  105 OC for two hours. The f i l t e r  and watch glass are then cooled i n  
a desiccator and the f i l t e r  weighed t o  the nearest .01 mg. All 
weighings are performed i n  a balance room where the relative humidity is  
hydrostatted t o  l e s s  than 50% re la t ive  humidity. Microscopic 
examination of the samples i s  performed if any unusual characteristics . 
are observed. The weight of the acetone rinse is corrected for the 
acetone blank. The Drierite column i s  weighed on-site and the water 
collected by Drierite is .added t o  the condensate so that the total  
amount of absorbed water may be ascertained. 

Integrated f lue  gas samples f o r  Orsat analysis were collected 
simultaneously from the stack and from the  breeching a t  the inlet  t o  the 
wet scrubber. The samples were collected i n  15-liter gas sampling bags 
a t  a constant flow r a t e  throughout each particulate run. The bags were 
t h e n  returned to t h e  laboratory and analyzed by Orsat analysis. 
Standard comercially prepared solutions were used i n  the Orsat analyzer 
(sat. KDH for  carbon dioxide  and reduced methylene blue for oxygen). 
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Interpol1 Laboratories 
(612)786-6020 

t o n d e n s i b l c  Oroanic Gmpounds Analysis 
(S ta te  o f  Wisconsin - EPA Hethod 5 )  

Method 11-867241 

Equipment: Separatory funnel - 500 cc w i t h  Teflon stopcock 

Powder f u n n e l  - 75 mn ID w i t h  a glass wood plug 

Evaporating dish(es) - 200 cc or 250 cc beaker 

Reagents: Methylene chlor ide 

Sodium su l f a t e  - ( A S )  granular anhydrous (purif ied by 
heating for  four  hours In a shallow tray)  

W P L I N G :  
An a l l -g lass  impinger assembly is used i n  the back ha l f  of 

t he  EPA Method 5 sampling t r a i n  when an organic wet catch is to be 
col lec ted .  The impinger assembly cons i s t s  of a modified impinger. a 
Greenburg Smith impinger followed by another modified impinger. The 
t h i r d  impinger should  have a temperature measuring device a t  t h e - o u t l e t  
upstream of a f i n a l  impinger or desiccant column t o  monitor  t h e  
temperature of the o u t l e t  gas stream. Prior t o  the start of the tes t ,  
each of t h e  f i r s t  two impingers should be charged w i t h  100 g of Class I 
water. The Hethod 5 t r a i n  should be operated a s  provided for i n  EPA 
Method 5. Ice should be added t o  the impinger b a t h  , t o  keep the 
temperature o f  the gas  a t  the  o u t l e t  a t  or less t h a n  68 OF. After t h e  
post t e s t  leak check. the irnpinger t r a i n  i s  removed and impinger 
conten ts  poured i n t o  a tared a l l -g l a s s  sample bottle and closed w i t h  a 
Teflon-lined cap. The sample bo t t l e  i s  then weighed and the  t o t a l  
condensate calculated by subtract ion o f  the bot t le  tare  weight and the 
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weight  of i n i t l a l  water added t o  t h e  implngers (200 9). A label Is 
a f f l x e d  and the sample is returned t o  the laboratory for analysls .  The 
sample should  be stored a t  4 O C  i f  the analysis i s  n o t  conducted w f t h i n  
48 hours. 

AmAlYSIS: 

1. 

2. 

3. 

4. 

5. 

6. 

Sample b o t t l e s  a r e  removed from storage and t he  contents 
quant i ta t ive ly  t ransfer red  t o  a clean 500 cc  separatory funnel 
equlpped w i t h  a Teflon stopcock. 

Rinse t h e  sample container  w i t h  d i s t i l l ed  water and add t o  
separatory funnel. 

Then r in se  the sample container w i t h  acetone and pour through 
sodium s u l f a t e  i n t o  a t a r e  beaker marked A. 

.The sample is  then extracted consecutively w l t h  t h ree  50 cc 
al lquots  of methylene chloride.  The extractlon I s  perfomed 
according t o  normal laboratory pract ice  observing t h e  
customary sa fe ty  precaution o f  releasing excess pressure a f t e r  
each s h a k i n g .  

After each of  the three  extractions are completed, the organlc 
so lven t  should be d r i e d  by passlng i t  through a funnel 
containing anhydrous sodium su l f a t e  and col lect lng I t  and two 
50 cc r inses  i n  t he  tared beaker marked A (the same one used 
t o  catch the acetone Container rinse).  

Evaporate t o  dryness I n  a hood a t  70 OF or less. Do not  
evaporate so quickly as t o  allow evaporative cooling t o  lower 
the temperature o f  t h e  container below the  dew point o t h e n f s e  
water wi l l  be condensed i n  the container. 
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Version 1.2 

11 /87 I - 
7. Desiccate  f o r  two hours i n  a s ea l ed  d e s i c c a t o r  and f i n a l  

weigh. Report  a l l  results I n  grams. A l l  weighings should be 
made t o  n e a r e s t  0.1 mg ( fou r  places) .  I 

I 
I 
I 
1 

8. The remalning l i q u i d  i n  t h e  sepa ra to ry  funnel is t h e n  
t r a n s f e r r e d  t o  a t a r e d  beaker marked B and is evaporated t o  
dryness a t  220 OF The a n a l y s t  may take  an a l i q u o t  o f  
the sample, t r a n s f e r r i n g  i t  t o  a ta red  bea&er and evaporate  t o  
dryness a t  220 O F  2 10 OF. I f  an a l i q u o t  Is used, the weight  
of t h e  sample and a l i q u o t  rill have t o  be taken to  c o r r e c t  for 
the t o t a l  sample weight. 

10 OF. 

1 9.  After  the dry ing  step, the  sample is cooled i n  a d e s i c c a t o r  
and weighted t o  a cons t an t  weight t o  the nea res t  0.1 mg. 

ca lcu la t ion  (if a l i q u o t  f s  taken):  

I 
I 

grams - b r a m s  recovered from a l i q u o t )  x ( t o t a l  volume ( m l )  or qrams of  sample1 
( a l i q u o t  volume (ml) or grams used) 

If volume is used, i t  must be used f o r  both t h e  a l i q u o t  and 
sample. The same goes f o r  us ing  weight. 

10. A f i e l d  blank should be analyzed i n  an i d e n t i c a l  manner. If a 
f i e l d  blank is not  submitted, take  an a l i q u o t  o f  Class I water  
equal i n  volume t o  the samples and analyze i n  a s i m i l a r  
manner. 

11. The results f o r  c o n t a i n e r  A a r e  to be marked i n  the  o rgan ic  
sec t ion  of I n t e r p o l l  Form tLSC-036. 

12. The r e s u l t s  for c o n t a i n e r  B a r e  t o  be marked i n  the inorganic  
sec t ion  of In t e rpo l l  Form tLSC-036. 
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4.2 Performance Evaluation Tests. The 
omer  of a lidar system shall subject such a 

system to the performance verification 
rests described in Section 3. prior to first use 
of this method. The annual calibration shall 
be performed for three separate. complete - and the results of each should be re- 
corded. The requirements of Section 3.3.1 

be fulfilled for each of the three runs. 
Once the conditions of the annual calibra- 

tion are fulfilled the lidar shall be subjected 
fo the routine verification for three sepa- 
rate complete NN. The requirements of 
a t i o n  3.3.2 must be fulfilled for each of 
the three runs and the results should be re- 
corded. The Administrator may request that 
the results' of the performance evaluation 
be submit:ed for review. 
5. References 

5.1 The Use of Lidar for Emissions 
Source Opacity Determination. U.S. Envi- 
ronmental Protection Agency. National En- 
forcement Investigations Center. Denver, 
CO. EPA-330/1-79-003-R. Arthur W. Dyb- 
dahl. current edition INTIS No. PB81- 
2466621. 

5.2 Field Evaluation of Mobile Lidar for 
the Measurement of Smoke Plume Opacity. 
U.S. Environmental Protection Agency, Na- 
tional Enforcement Investigations Center. 
Denver. CO. EPA/NEIC-TS-128. February 
1976. 

5.3 Remote Measurem?nC of Smoke 
Plume Transmittance Using Lidar, C. S. 
Cook. G. W. Bethke. W. D. Conner (EPA/ 
RTP). Applied Optics 11. pg 1742. August 
1972. 

5.4 Lidar Studies of Stack Plumes in 
Rural and Urban Environments. EPA-650/ 
4-73-002. October 1973. 

5.5 American National Standard for the  
safe Use of Lasen ANSI Z 136.1-176. March 
8. 1976. 

5.6 US. Army Technical Manual TB 
MED 279. Control of Hazards to Health 
from Laser Radiation. February 1969. 

5.1 Laser Institute of America Laser 
WetY Manual. 4th Edition. 

5.8 US. Department of Eealth, Educa- 
tion and Welfare. Regulations for the Ad- 
ministration and Enforcement of the PAdi- 
ation Control for Health and Safety Act Of 
1468. January 1976. 

5.9 Laser Safety Handbook. Alex Mallow. 
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~~O-~FIZRMINATION OF CARBON 
MONOXIDE EMISSIONS Fkox STATIONARY 
S U R C E S  

L PrincipL and Applicability 
1.1 Principle. An integrated or continuous 

sample is extracted from a sampling 
mint and analyzed for carbon monoxide 

Pt. 60, App. A, Meth. 10 

( C O )  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 
determining compliance with new source 
performance standards. The test procedure 
will indicate whether a continuous or an in- 
tegrated sample is to be used. 
2. Range and Sentitivity 
2.1 Range. 0 to 1.000 ppm. . 
2.2 Sensitivity. Minimum detectable con- 

centration u 20 ppm for a 0 to 1,000 ppm 
span. 
3. InterJerences 

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 (CO,) 
are 3.5 percent H,O per 7 ppm CO and 10 
percent CO, 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 pprn CO 
and 10 percent CO, per 50 ppm CO. The use 
of silica gel and ascarite trass will alleviate 
the major interference problems. The meas- 
ured gas volume must be corrected if t h q 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 NDIR 
analyzers is approximately 2 5  percent of 
span after 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 (Figure 10-2). 
5.2.1 Robe. Stainless steel or sheathed 

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

5.2.2 AirCooled Condenser or Equivalent 
To remove any excess moisture. 

5.2.3 Valve. Needle valve. or equivalent. to 
to adjust flow rate. 

5.2.4 Pump. Leak-free diaphragm type. or 
equivalent. to transport gas. 

5.2.5 Rate Meter. Rotameter. or equiva- 
lent. to measure a flow range from o to 1.0 
liter per min (0.03.5 cfm). 

Mention of trade names or specific prod- 
ucts does not constitute endorsement by the 
EnvLronmental Protection Agency. 
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5.2.6 Flexible Bag. Tedlar. or equivalent. 
with a capacity of 60 to 90 liters (2 to 3 it"). 
Le&-test the bag in the laborabrg before 
using by evacuating bag with a pump fol- 
lowed by a dry gas meter. evacuation 
is complete. there should be no flow 
through the meter. 

5.2.7 Pitot Tube. Type S. or equivalent, 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 t i e  or a sample traverse is con- 
ducted. 
5.3 Analysis ( F i ~ r e  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 NDIR 

manufacturer. 

5.3.5 CO, Removal Tube. To contain ap- 

5.3.6 Ice Water Bath. For ascarite and 

5.3.7 Valve. Needle valve. or equivalent. to 

proximately 500 g of aXarite. 

silica gel tubes. 

adjust flow rate 

--- 
_ I  

I 
I 

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

5.3.8 Rate Meter. Rotameter or equivalent 
to measure gas now rate of 0 to 1.0.liter Der 
min (0.035 cfm) through NDIR. 

5.3.9 Recorder toptiond).  To provide per- 
manent record of NDIR readings. 
6. Reagents 

. ,  
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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 
span. The span concentration shall not 
exceed 1.5 times the applicable source per- 
formance standard. The calibration gases 
shall be certified by the manufacturer to be 
within =2 percent of the.specified concen- 
tration. 

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

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 stack at a sampllng point and 
purge the sampling line. Connect the ana- 
lyzer and begin drawing sample into the an- 
alyzer. W o w  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 g& m a y  
be determined by using the Method 3 Inte- 
grated sample procedure. or by weighing the 
ascarite CO, 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 as shown 
in FIgure 10-2 with the bag disconnected 
Place the probe in the stack and purge the 
sampling line. Connect the bag. rnaklng sure 
that all connections are leak free. Sample at 
a rate proportional to the sta& velocity. 
CO, content of the gas may be determlned 
by using the Method 3 Integrated sample 
procedures. or by weighing the ascarlte COX 
removal tube and computing CO. concentra- 
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mum). 
Zero dritl (marimurn) 
Span dritl (maximum) ................ 
Reasion (minimum) 
Nolwr (maximum) ~ ...... 
Lineariry (maximum deviation). 
Inlellwnce reieclion ratio 

Environmental Protection Agency 

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- 
strument, and perform other required oper- 
ations as described in section 8. Purge ana- 
ljzer 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 a n y  d n f t  
or mzlfunction is detected. Record the 
sample data on Table 10-1. 
a. Calibragion. 

Assemble the apparatus according to 
Figure 10-3. Generally an instrument re- 
quires a warm-up period before stability is 
Jbtained. Follow the manufacturer's in- 
structions for specific procedure. Allow a 
minimum time of 1 hour for warm-up. 
During this time check the sample condi- 
tioning apparatus. i.e.. filter. condenser. 
drying tube. and CO, removal tube. to 
ensure that each component is in good oper- 
ating condition. Zero and calibrate the in- 
strument according to the manufacturer's 
xocedures using. respectively. nitrogen and 
;he calibration gases. 

TABLE 10-I-FlELD DATA 

10% in 8 hMT. 
10% in 8 hourr 
~ 2 %  of full scale. 
t 1 X  01 full scats. 
2% of full &. 
M.-1OW 10 1. H&W 
10 1. 

Comments 

iccafion ._ ....... : 
:ert .............................................. 
Dale 
Operator . 

ucd time Rolameter,sening. Men per 
minute (cubic feel per ninufel 

3. Calculation 
Calculate the concentration of carbon 

nonoxide in-the stack using Equation 10-1. 

P -01 -=Concentration of CO in stack. ppm 
by volume (dry basis). 

C, mm=Concentration of CO measured by 
mIR analyzer. ppm by volume (dry  
baris). 

f'a.=Voiume fraction of CO, in sample. i.e.. 
Dement CO, from Orsat analysis divided 
by loo. 

Pt. 60, App. A, Meth. 10 

IO. Alternatiue Procedures 
10.1 Interference Trap. The sample con- 

ditioning system described in Method 10A 
sections 2.1.2 and 4.2. may be used 85 an al- 
ternative to the silica gel and a s d k  traps. 
11. Bibliogra7hy 
1. McElroy. Frank. The Intertech NDIR- 

CO Analyzer. Presented at 11th Meth- 
ods Conference on Air Pollution. Univer- 
sity of California. Berkeley. CA. April 1. 
1970. 

2. Jacobs. M. B.. et al.. Continuous Deter- 
mination of Carbon Monoxide and Hy- 
drocarbons in Air by a Modified Infra- 
red Analyzer, J. Air Pollution Control 
Association. X2): 110-114. August 1959. 

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

4. Models 215A. 315A. and 415A Infrared 
-4nalyzers. Beckman Instruments. Inc.. 
Beckman Instructions 1635-B. F'uller- 
ton, CA. October 1967. 

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

6. UNOR Infrared Gas Analyzers. Bendix 
Corp.. Ronceverte. Urv 

ADDENDA 

A. PERFORMANCE SPECIFICATIONS FOR NDIR 
CAREON MONOXIDE ANALYZERS 

Range (minimt,ml 1 0-1000 ppm. 
Ouout (mommum) ...................... 0-tOmV. 
Minimum aeleclaole SenYlm- 20 Opm. 

v. 
mum). 

Rise time. 90 parcent (maxi- 

Fall time. 90 percenl (maxi- 

70 seconds. 

30 seconds. 

875 
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Range-The minimum and maximum 
measurement limits. 

Output-Electrical signal which is propor- 
tional to the measurement: intended for 
connection to readout or data procesing de- 
vices. Usually expressed as millivolts or mil- 
liamps full scale at a given impedance. 

FULL scale-The maximum measuring Limit . 
for a given range. 

Minimum detectable sensitimtu-The 
smallest amount of input concentration that 
can be detected as the concentration a p  
proaches zero. 
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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 response-The time in- 
terval from a step change in the input con- 
centration at the instrument inlet to a read- 
 in^ of 90 percent of the ultimate recorded 
coicentration. 

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

FaK 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 f u l l  scale. 

Span Drift-The change in instrument 
output over a stated time period. usually 24 
hours, of unadjusted continuous operation 
when the input concentraticn 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. 

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

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

-OD ~OA-DI~~~RMIXAIION OF CARSON 
MONOXIDE EMISSIONS IN CERTIFYING 
CONTI~JOU~ EMISSION MONITORING SYS- 
m s  AT PEIROLEUM RZFINIRIES 

1. AppZicabiZify and Principle 
1.1 Applicability. This method applies to 

the measurement of carbon monoxide (120) 
at petroleum refineries. This method serves 
as the reference method in the relative ac- 
curacy test for nOndispeKiVe infrared 
(NDIR) CO continuous emission monitoring 
systems (CEMS's) that are required to be in- 

stalled in petroleum refineries on fluid - 
lytic cracking unit catalyst regenerators ~4~ 
CFR P a n  60.105(a)(2)1. 

1.2 Principle. An 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 th. --. 
sample is measxed spectrophotometricaUp 
using the reaction of CO with p - s u l f a h  -- 
benzoic acid. 

1.3 Range and Sexsitiuity. 
1.3.1 Range Approximately 3 to 1800 pDm 

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

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

1.4 Interferences. Sulfur oxides, nitric 
oxide, and other acid gases interfere with 
the colorimetric reaction. They are removed 
by passing the sampled gas through an alka- 
line potassium permanganate scrubbing so. 
lution. Carbon dioxide (Cot) does not inter- 
fere. but. because it is removed by the scrub. 
bing solution. i ts  concentration must be 
measured independently and a? appropriate 
vclume correction made to the sampled gas. 
1.5 Precision, Accuracy, and Stability. 
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 4i2 ppm. The interlaboratory 
precision has not been established. 
I.5.2 Accuracy. The method cont.ains no 

significant biases when compared to an 
NDIR analyzer calibrated with National 
Bureau of Standar&'(NBS) standards. 

1.5.3 Stability. The individual components 
of t h e  colorimetric reagent are stable for at 
least 1 month. The colorimetric reagent 
must be used within 2 days after prepara- 
tion t o  avoid excessive blank correction. The 
samples in the Tedlar 1 bag should be stable 
for at least 1 week if the bags are leak-free. 

40 CFil Ch. I (7-1-92 Edition) 4 ' 
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2. Apparatw 
2.1 Sampling. The sampling train is shown 

in Figure ~ O A - L .  and component parts are 
discussed below: 

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

tute the endorsement or recommendation 
for use by the Environmental Protection 
Agency. 
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METHOD 2 
I CALCULATION EOUATIONS 

Q, = 60 A 1 

+t. I 
'1 

4.585 x lo-' PM. I 
I 
I 
I 
I 
I 
I 
I 

'Alternate equations for calculating moisture content from wet bulb and dry bulb data. 
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CALCULATION EOUATIONS 

METHOD 2 

Qo = 60 A 

I 
I 
I 
I 
I 
1 
I 

4.995 Q,, G, n i =  
1 - Bw* 8 

i7H* = 100 ( V P ~ ~  - 0.0003641 P, (T, - TVb)/V& 

*Alternate equations for calculating moisture conrenr from wet b u b a n d  dry bulb data. 

I2-189;-G:\ST~CK\WP\METHODS\EQ.Mj 
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Absolute pressure of stack gas, IN. HG. 

Standard absolute pressure, 29.92 IN. HG. 

Actual volumetric stack gas flow rate, ACFM 

Dry volumetric stack gas flow rate corrected to standard conditions, DSCFM 

Relative humidity, % 

Dry bulb temperature of stack gas, "F 

Wet bulb temperature of stack gas, "F 

Absolute average dry gas meter temperature, "R 

Absolute average stack temperature, "F 

Standard absolute temperature, 528 "F (68 OF) 

Total sampling time, min. 

Total volume of liquid collected in impingers 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 correcred to standard 
conditions, DSCF 

Volume of wafer vapor in the gas sample corrected to standard conditions, SCF 

Average actual stack gas velocity, FT/SEC 

Vapor pressure at Tdb, IN. HG. 

Vapor pressure at Twb, IN. 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 

G- 3 



CALCULATION EOUATIONS 

METHOD 3 

lOO(%O, - 0.5% CO) 

0.264% N, - %0, + 0.5% CO %E4 = 
- 

Md = 0.44(%CO2) + 0.32 (%O,) - + 0.28 (%N, + %CO) 

M ,  = Md (I - B,J + 0.18 B, 

G- 4 
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CALCULATION EQUATIONS 

METHOD 5 

VNsm = 0.0472 V, 

15.43 M, c, = 
"mcgd, 

= 8.5714 x lo-' C, Q,,, 

6-5  



SYMBOLS 

Cross Sectional area of stack, SQ. FT. 

Cross sectional area of noule. SQ. FT  

Water vapor in gas stream, proportion by volume 

Pitot tube coefficient, dimensionless 

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

Concentration of particulate matter in stack gas, dry basis, corrected to standard 
conditions, GFUDSCF 

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. s’g - mole. 

Mass flow of wet flue gas, LB/HR 

Particulate mass flow, LB/HR 

Molecular weight of stack gas. wet basis, is ,  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. “3. 

Actual volumetric stack gas flow rate, ACFM 

Dry volumetric stack gas flow rate corrected to standard conditions, DSCFM 

Relative humidity, % 

Dry bulb temperature of stack gas. O F  

I2?89j-G:\STACK\WODS\E~.~5 
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Wet bulb temperature of stack gas, O F  

Absolute average dry gas meter temperature, "R 

Absolute avenge stack temperature. "R 

Standard absolute temperature, 528 O F  (68 OF) 

Total sampling time, min. 

Total volume of liquid collected in impingers 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 acmal stack gas velocity, FTiSEC 

Vapor pressure at T,,, IN. HG. 

1 ?3893-G:!STACK\WP\hlfTHODS\EQ.M5 
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I 
CALCULATION EQUATIONS I 

CO-PPM-WET = CO-PPMJORY (1 - MC/100) 

t 

GRIDSCF = 5.0885 x 10-4 (CO-PPM-DRY) 1 

mg/dscm = 1.165 (CO-PPM-DRY) 

. 
m = 8.5714 x (GR/DSCF)(Qs,d: 

2.9857 x  IO-^ F~ (GR/DSCF) 
5 

20.9 - 02,d E 

Where 
COC02-free,dry,avg = average o f  two determinations o f  carbon 

monoxide on a dry. *-free in tegrated 
f l u e  gas sample reported i n  ppm by 
volume 

C02,d 

O2.d 

= carbon dioxide. concentration o f  f l u e  
gas on a dry percent by volune basis 

= oxygen concentration of f l u e  gas on a 
dry percent by volume basis 

1 
I 
I 
I 
I 
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ut 

CO*PPM-DRY 

CO-PPM-WET ' 

GWDSCF 

mg/dsan 

. 
m 

Qs .d 

E 

f d 

= moisture content o f  f l u e  gas on a percent 
by volume basis 

= carbon monoxide concentration i n  ppm by 
' volume on a dry basis 

= carbon monoxide concentration i n  ppn by 
volume on a wet or actual basis 

= concentration o f  carbon monoxide i n  
f l u e  gas on a grains per dry  standard 
cubic foo t  basis (68 OF, 29.92 1N.HG.) 

= concentration o f  carbon monoxide i n  
f l u e  gas on a mi l l igrams per dry 
standard cubic meter basis (60 OF, 
29.92 1 N . H G . )  

= emission or mass r a t e  o f  carbon 
monoxide on a LB/HR basis 

= volumetric f l o w  r a t e  o f  f l u e  gas I n  d r y  
standard cubic fee t  per minute 

= emission fac to r  o f  carbon monoxide i n  
pounds o f  carbon monoxide emitted per 
m i l l i o n  BTU heat Input (LB/FMBTU) 

- F-Factor o f  respective fue l  i n  dry 
standard cubic feet o f  exhaust gas a t  
0% oxygen per m i l l i o n  BTU o f  heat Input  
(DSCF/MMBTU) 
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T i  me 
( m i n )  

INTERPOLL LABORATORIES 
€ P A  Method 5 Gas M e t e r i n q  S v s t e m  
Q u a l i t v  C o n t r o l  C h e c k  D a t a  S h e e t  

Meter T e m p .  ( O F )  

( C F )  I n l e t  I O u t l e t  
Volume 

Ope r a  t o r Module No. 2 
I n s t r u c t i o n s :  O p e r a t e  t h e  c o n t r o l  m o d u l e  a t  a f l o w  r a t e  e q u a l  

t o  ^ H @  f o r  10 m i n u t e s  b e f o r e  a t t a c h i n g  t h e  um- 
b i l i c a l .  R e c o r d  t h e  f o l l o w i n g  d a t a :  

Bar p r e s s a 7 - ? /  i n .  Hg. 7 - - 4 Rw/ * H B  / 9 6  i n .  W . C .  

C a l c u l a t e  Y c n  a s  f o l l o w s :  

1.786 [ f t -  ;b4601] 0.5 
Y c n  = 

7 
7,  SS6 

4.2da- 

0 . 5  
) + 460 1 

1 
Y c n  = 1.786 

( 1 

I f  Y c n  i s  n o t  w i t h i n  t h e  r a n g e  o f  0.97 t o  1.03, ' t h e  v o l u m e  
m e t e r i n g  s y s t e m  s h o u l d  b e  i n v e s t i g a t e d  b e f o r e  beg inn ing :  

C F R  T i t l e  40. P a r t  60 .  A p p e n d i x  A .  Method 5 .  S e c t i o n  4.4.1 

S-432 
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I n t e r p o l 1  Laboratories, I n c .  

(612)  786-6020 

Nozzle C a l i b r a t i o n  

Data Sheet 

Date o f  Cal ibrat ion:  02-01-94 

Technician: Ron Rosenthal 

Nozzle Number 9-4 

The nozzle i s  rotated i n  60 degree increments and the diameter a t  each 

point  i s  measured t o  the nearest 0.001 inch. The observed readings and 

average are shown below. 

Posi t i  on D i  ame t e  r 

(inches ) 

1 .240 

2 .250 

3 .249 

Average : .249 

H- 5 



Interpoll Laboratories, Inc. 

Temwrature Measurement Device 
Calibration Sheet 

I 
I 

PD7-a0 
Serial Number :jy 1 vendor zuow t- 

node1 140 /If2 7 
Range OF Thermocouple Type 

I Date of Calibration / / - / r - 4 3  Technician / osrukrr/ 

I Method o f  Calibration: 
Conoarison apalnst ASTR aercurv in glass thermometer uslnq a thermostatted and Insulated aluminua block designed - 
to provide unifora temperature. The tenoerature is adjusted b y  adjusting the voltage on tne block heater 
cartridge. 
Onega nadel CL-300 Type I Theraocouole Simulator which oravides 22 precise tenoerature eauivalent aillivolt 
sipnals. The CL-300 is cold junction Connensated. Calibration accuracy is ?. 0 . l X  o f  m a n  12100'FI I deqret 
(for negative temperatures add ?. 2 degrees. The CL-300 siflulates exactly the nillivoltaje a t  a Tgoe r. 
thernocauole at the indicated tenoerature. 

Desi red 
Temp (OF) 
Nominal 

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) 

Response o f  Deviation 
Unit Under Test 

(OF) 

5 Averages: 

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

a unit in tolerance 
unit was not in tolerance: recalibrated - See new calibration sheet. 

s-433 
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Interpoll Laboratories, IN. 
(612) 786-6020 

STvoe Pitot Tube lnsoection Sheet 

Pitot Tube No. 31-K 
Pitot tube dimensions: 

1. External tubing diameter (DJ 716 IN. 

2. Base to Side A opening plane (PA) 

3. Base to Side B opening plane (PJ 

* {dd IN. 

I &J IN. 

Alienment: 

4. a, < 100 0 
5. a, < 1 0 0 1  

6. B, < 5' D 
7. B, < 5' 1 

8. Z <.125" 8 
9. W <.0625" G' 2- 

Distance from Pitot to Probe Comooneng: 

10. Pitot to 0.500 IN. nozzle 1 754 IN. 

1 1. Pitot to probe sheath 3, 0 IN. 

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

13. Pitot to thermocouple (perpendicular to probe) , 7 h  IN. 

Meets all €PA design criteria thus C, - 0.84 
%D oes not meet €PA design criteria - thus calibrate in wind tunnel. 

$ -  

Date of Inspection: Inspected by: 

q-s -93  
CFR Title 40 Part 60 Appenidix A Method 2 

5-348 
C7-93 C : L V A O c l w p K ) W 3 M  
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IZ - .. 

Temperature 
Actual Mercury Ambient Correction Adjsted Mercury I n i t i a l  Aneriod Di f ference 
Barometer Read Temp. Factor Barometer Read Barometer Read (Pba-Ph) 

.29..36 72 . l i6 2 %2 44 37.3q 0 

. 

INTERPOLL LABORATORIES 
(612)786-6020 

Stack Sampling Department - QA 
Aneroid Barometer Cal ibrat ion Sheet 

Date / I -  /s -5-3 
Technician . “OSCIJ*h4 / 
Mercury Column Barometer No. &OVA - 1 
Aneroid Barometer No. 

Has t h i s  barometer shown any consistent problems w i th  ca l ib ra t ion? Yes@ 
yes, explain. 

If 

Has problem been a l lev ia ted? Yes/No. How? 

*Note 

Aneroid barometers w i l l  be cal ibrated per iod ica l l y  against a mercury column 
barometer. The aneroid barometer t o  be cal ibrated should be placed i n  c lose 
proximity t o  the mercury barometer and l e f t  t o  equ i l ib ra te  for 20-30 minutes 
before cal ibrat ing.  Aneriod barometer w i l l  be ca l ibrated to  the adjusted 
mercury barometer readings. 5-312 
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