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AB B REV 1 AT 1 0 N S 

ACFM 
cc (ml) 
DSCFM 
OSML 

OIA. 
FP 
FriSEC 
g 
CPM 
CWACF 
GWDSCF 
gldscm 
HP 
HRS 
IN. 
IN.HG. 
IN.WC. 
LB 
LBIDSCF 
LBlHR 

LBIMMBTU 
LTPD 
MW 
mg/Nm’ 
uglNml 
microns (urn) 
MIN. 
ng 
ohmtm 
PM 
PPH 
PPM 
PPmC 
P P d  
PPm.w 
PPt 
PSI 
SQ.FT. 
TPD 
ug 
vrv 
wlw 

DEC-F (OR 

L B ~ I  O%TU 

< 

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 
ohmtentimeter 
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 (2OoO and 29.92 IN. of mercury pressure. 
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INTRODUCTION 

On October 7, 8 and 12 , 1999 Interpoll Laboratories personnel conducted an air 

emission compliance test on the Mathy Construction /Monarch Paving No. 46 Asphalt Plant 
located near Danbury, Wisconsin. The plant was tested while fired with waste oil. On-site 

testing was performed by Mark Kaehler, Jim Thoma, and Dave Hall. Coordination between 

testing activities and plant operation was provided by Dennis Goldberg of Mathy Construc- 

tion. The tests were not witnessed by a representative of the Wisconsin Department of 

Natural Resources. 

. 

The No. 46 Asphalt Plant i s  a Standard Haven 7.5 x 40 AF60 Cencor AstroFlame 

drum mix asphalt plant which has a rated capacity of 350 TON/HR at 5% moisture. 

Particulate emissions are controlled by a Barber Greene CE 18 x 155 fabric filter baghouse 

which has a normal pressure drop of 4 1N.W.C. The plant i s  fired with waste oil. 

Particulate determinations were performed in accordance with EPA Methods 1 - 5, 

CFR Title 40, Part 60, Appendix A (revised July 1, 1999). A preliminary determination of the 

gas linear velocity profile was made before the first particulate determination to select the 
appropriate nozzle diameter for isokinetic sample withdrawal. An Interpoll Labs sampling 

train which meet or exceed specifications in the above-cited reference was used to extract 

particulate samples by means of a heated glass-lined probe. 

The 0,, CO,, SO, determinations were performed in accordance with CFR Title 40, 

Part 60 Appendix B (revised July 1, 1998). Evaluations were performed in accordance with 

EPA Methods 3A and 6C . For oxygen, carbon dioxide, and sulfur dioxide analysis, a slip 

stream of sample gas was withdrawn from the exhaust gas stream using test ports (provided 

by the plant) on the stack using a heat-traced probe and filter assembly. After passing through 

the filter, the gas passed through two condenser-type moisture removal systems operating in 

series. The particulatefree dry gas was then transported to the oxygen analyzer with the 

excess exhausted to the atmosphere through a calibrated orifice which was used to ensure 

that the flow from the stack exceeds the requirements of the analyzer. The analog response 

of the analyzers was recorded using a computer data logger and backed up with a strip chart 

recorder. 
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The 0,, SO,, and CO, analyzers were calibrated with National Specialty Gases and 

Air Products and Chemicals standard gases. The instruments were calibrated before and after 

each run as per €PA Method 3A and 6C. The sample probe was moved through a three- 

point traverse (116, 3/6, 516 of the stack diameter). 

Formaldehyde samples were collected using €PA Method 001 1 (SW 846 3rd 

Ed.). The samples were collected isokinetically using a Method 5 sampling train with an 

aqueous acidic 2,klinitrophenylhydrazine absorbing solution and analyzed by high 

performance liquid chromatography. 

An integrated flue gas sample was extracted simultaneously with each of the 

formaldehyde samples using a specially designed gas sampling system. Integrated flue gas 

samples were collected in &liter Tedlar bags housed in a protective aluminum container. 

After sampling was complete, the bags were sealed and returned to the laboratory for Orsat 

analysis. Prior to sampling, the Tedlar bags are leakchecked at 15 IN.HC. vacuum with an 

in-line rotameter. Bags with any detectable in-leakage are discarded. 

Testing on the No.46 Asphalt Plant Stack was conducted from a set of five test ports 

situated horizontally on the vertical stack. These test ports are located 3.86 stack diameter 

equivalents downstream 1.03 stack diameter equivalents upstream of the nearest flow 

disturbances. A 25-point traverse was used to collect representative particulate samples. 

Each traverse point was sampled 2.5 minutes to give a total sampling time of 62.5 minutes 

per run. Three hours of visible emissions were read by Dave Hall, a certified reader. 

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. 
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2 SUMMARY AND DISCUSSION 

The important results of the air emission compliance tests are summarized in Tables 

1 - 3. An overview of all results i s  presented below: 

PARAMETER LIMIT MEASURED 

N0.46 ASPHALT PLANT STACK 
PM 
DRY CATCH ONLY ...... (GWDSCF) 0.04 0.01 97 .................... (LB/HR) N/A 4.17 
Sulfur Dioxide .................... (ppm,w) N/A 37.0 ..................... (LBIHR) N/A 13.2 

. . . . . . . . . . . . . . . . . . .  (mg/dscm) N/A 3.42 
Formaldehyde 

.................... (LB/HR) N/A 0.33 

Opacity ........................ (%) 20% 11.25 

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 these 

facts and a complete review of the data and results, it i s  our opinion that the results reported 

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

was performed. ' 



SO2 EMISSIONS CALCULATIONS e 
Mathy Construction / Monarch Paving Asphalt Plant # 46 

Sulfur in Burner Fuel 

S = 0.36% by weight 

Mass of Oil = 7.38 lblgallon 

Mass Flow of Sulfur Dioxide from the Burner 

Burner fuel use = 506 gllons/hour. 
506 gallons / hour x 7.38 lbslgallon x .36/100 sulfurloil x 2 S02 lS  = 

26.89 Ibs S02/hour generated in the plant drum by combustion 

Mass Flow of Sulfur Dioxide from the Plant Stack 

13.2 lbslhour 

Sulfur Dioxide Capture Efficiency 

EF = 100 x (Burner SO2 - Stack SO21 / Burner SO2 

EF = 50.91 % 

comp\plt\soZtest 
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Table 2. Summary of the Results of the Sulfur Dioxide Emission Test on the Mathy 

Construction No. 46 Asphalt Plant Stack Located Near Danbury, Wisconsin. 

Time Concentration Emission Rate 
Date (HRS) (Dprn.w) (LWHR) 

No. 46 Asphalt Plant 

io-oagg 070O-0819 33.2 11.9 

i o-oaw 0855-0956 39.0 14.1 

1048-99 1030-1 131 3 8 . 6  13.6 
Avg 37.0 13.2 

Table 3. Summary of the Results of the Formaldehyde Emission Test on the Mathy 

Construction No. 46 Asphalt Plant Stack Located Near Danbury, Wisconsin. 

Time Concentration Emission Rate 
Date (HRS) (pom.w) (LBIHR) 

No. 46 Asphalt Plant 
. io-oagg 1225-1 410 , 1.96 . 0.35 

1 o-oa99 i440-1556 1.69 0.29 

1 o-oa99* 1605-1 709 1.89 0.34 

Avg 1.85 0.33 

* Note - Run 3 was shortened due to a halt in asphalt production 

5 



3 RESULTS 

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

(gas composition) and moisture i s  presented first followed by the computer printout of the 

particulate, sulfur dioxide, opacity and formaldehyde results. Preliminary measurements 

including test port locations are given in the appendices. 

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

Extended BASIC specifically for source testing calculations. EPA-published equations have 
been used as the basis of the calculation techniques in these programs. The emission rates 

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

6 



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 .  9-13597 
M a t h y  / M o n a r c h  P a v i n g  

D a n b u r y .  W i s c o n s i n  

T e s t  N o .  2 
A s p h a l t  P l a n t  No.  46 

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

D a t e  o f  r u n  

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

Run 1 R u n  2 Run 3 
10-08-99 10-08-99 10-08-99 

c a r b o n  d i o x i d e  . . . . . . . . . . . .  6 . 0 7  

o x y g e n . .  .................. 12.36 

n i t r o g e n  . . . . . . . . . . . . . . . . . .  81.57 

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

c a r b o n  d i o x i d e  . . . . . . . . . . . .  4.11 

o x y g e n  .................... 8.37 

n i t r o g e n  . . . . . . . . . . . . . . . . . .  55.21 

w a t e r  v a p o r  . . . . . . . . . . . . . . .  32.32 

D r y  m o l e c u l a r  w e i g h t  . . . . . . . .  29.47 

Wet m o l e c u l a r  w e i g h t  . . . . . . . .  25.76 

S p e c i f i c  g r a v i t y . .  . . . . . . . . . .  0.890 

W a t e r  mass f l o w  . . . . . .  ( L B / H R )  3 3 0 5 7  

FO 1.407 

6.50 6.56 

12.14 11.95 

81.36 81.49 

4.55 

8.51 

57 .OO 

29.94 

29.53 

26.08 

0.901 

30401 

A.46 

8.12 

55.37 

32.05 

29.53 

25.83 

0.892 

32097 

1.348 1. 364 

8 



I n t e r p o l l  L a b s  R e p o r t  N o .  9-13597 
k la thy  / M o n a r c h  P a v i n g  

U a n b u r y .  W i s c o n s i n  

T e s t  No. 5 
A s p h a l t  P l a n t  No. 46 S t a c k  

R e s u l t s  o f  O r s a t  & M o i s t u r e  A n a l y s e s - - - - - M e t h o d s  3 8 4(%v/v) 

D a t e  o f  r u n  

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

Run 1 Run 2 Run 3 
10-08-99 10-08-99 10-08-99 

c a r b o n  d i o x i d e  ............ 6.46 

o x y g e n  .................... 12.11 

c a r b o n  m o n o x i d e  . . . . . . . . . . .  0.00 

n i t r o g e n  . . . . . . . . . . . . . . . . . .  81.43 

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

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

o x y g e n  .................... 8.44 

c a r b o n  m o n o x i d e  . .......... 0.00 

n i t r o g e n  . . . . . . . . . . . . . . . . . .  56.75 

w a t e r  v a p o r  . . . . . . . . . . . . . . .  30.31 

D r y  m o l e c u l a r  w e i g h t  . . . . . . . .  29.52 

Wet m o l e c u l a r  w e i g h t  . . . . . . . .  26.03 

S p e c i f i c  g r a v i t y  . . .......... 0.899 

W a t e r  mass f l o w .  . . . . .  ( L B / H R )  0.00 

6.48 6.49 

12.11 12.11 

0.00 0.00 

81.41 81.40 

4.50 

8.42 

0.00 

56.58 

30.50 

29.52 

26.01 

0.898 

0.00 

4.14 

7.73 

0.00 

51.97 

36.15 

29.52 

25.36 

0.876 

0.00 

9 
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0 3.2 Results of Particulate Determinations 
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I n t e r p o l 1  Labs  R e p o r t  No. 9-13597 
N a t h y  / I4onarch  P a v i n g  

D a n b u r y .  W i s c o n s i n  

T e s t  No. 2 
A s p h a l t  P l a n t  -No. 46 

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

D a t e  o f  run  

T i m e  r u n  s t a r t / e n d . .  . . .  (HRS) 

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

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

..... ( I N . WC ) 
a r e a  (SQ.FT)  
i c i e n t  . . . . . .  
gas . . . . . . . .  ( M L )  . . . . .  (GRAMS) . ... . ( G R A M S )  
. . . . .  (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 . .  ( I N .  H G )  
A v g .  o r i f . p r e s . d r o p . . ( I N . W C )  
Avg.  gas  m e t e r  temp. . (DEF-F)  

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

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

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

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

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

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

Run 1 
10-08-99 

700/ 824 

-0.17 
13.38 

.84 

0.0 
395.0 
23.0 

418.0 

0.0571 

1.0020 
28.68 
1.55 
74.0 

43.30 
41.27 

62.50 
.252 
249 

51161 
24676 

103.4 

0.01029 
0.02135 

4.516 

Run 2 
10-08-99 

855/1001 

-0.17 
13.38 

.84 

0.0 
349.0 
10.0 

359.0 

0.0472 

1.0020 
28.68 
1.44 
75.7 

41.71 
39.62 

62.50 
.252 
251 

50925 
25365 

96.6 

0.009 15 
0.01838 

3.997 

Run 3 
10-08-99 

1030/1134 

-0.77 
13.38 

.84 

0.0 
387.0 
13.0 

400.0 

0.0499 

1.0020 
28.68 
1.48 
76.5 

42.15 
39.98 

62.50 
.252 
250 

50191 
24255 

101.9 

0.009 30 
0.01926 

4.004 

11 



e 3.3 Results of Sulfur Dioxide Determinations 



Interpol1 Labs Report No. 9-13597 

Mathy Construction / Monarch Paving 

Danbury, WI 

Test No. 4 

No. 46 Asphalt Plant Stack 

Results of Sulfur Dioxide Determinations Method 6C 

Date of run 

Time run stadend (HRS) 

Total sampling time (MIN) 

Moisture content (%VN) 

Oxygen content ( % V N  dry) 

Volumetric flow rate (DSCFM) 

SO, concentration 

pprn wet 

SO, emission rate (LBIHR) 

Run 1 

i0-0a99 

0700-08 19 

60 

32.28 

12.36 

24360 

33.22 

11.9 

Run 2 

10-08-99 

0855-0956 

60 

29.9 

12.14 

25390 

38.98 

14.06 

Run 3 

10-08-99 

1030-1131 

60 

32.01 

11.95 

24030 

38.76 

13.64 



3.4 Results of ODacitv Determinations 



Report No. 9.13597 
Math! ConrmctiaNMorurch Paving 

DanbuT. Wisconsin 

Tal No. 6A 
No. 44 Asphalt Plm Sack 

RESULTS OF OPACITY OBSERVATIONS EPA Method 9 

SECONDS 

I >  I" 1" ID  
I O  I O  10 5 
I O  S 5 10 
I O  I O  5 5 
5 5 I O  10 r ," ." -, 

1, I I" I 1" I I" 
IO I I O  I IO I 5 
10 I O  I I O  I 5 
I 5  I I O  10 5 

.^ I 
5 5 5 5 
5 5 I O  S 
5 10 S I O  
I O  5 I O  I O  

7 

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

I I I I 

I 1 I I 
I I I I I L I I I I 
I I I I I 

I 

I 
I 
I 

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

Average Opacity 
Highest six-minute average 

O b n  : David Hall 
Csn Date : 1016199 
D i l ~  of Obcrvuim : I O I I u 9 9  
T i o l o b u i m :  1105.1133 

4.10 
11.25 

9.79 
9.58 
9.17 
8.96 
7.71 
7.92 
8.33 
8.96 
9.79 
10.42 
11.x 
11.04 
10.83 
10.63 
9.58 
8.75 
7.92 
7.29 
6.67 
5.83 
5.63 
5.42 
5.63 
6 . X  

4.58 
3.75 
2.71 
1.46 
0.W 
0.W 
0.W 
0.W 
0.00 
0.W 
0.W 
0.W 
0.W 
0.W 
0.W 
0.W 
0.00 
0.W 
0.W 
0.W 
0.00 
0.00 
0.W 
0.W 
0.W 
0.00 
0.W 
0.W 
0.W 
0.W 

P h l s l q @  s.42 



Repon No. 9-13597 
MahY ConrrmcrionlMonarch Paving 

Dmbury. Wisconsin 

Test No. 68 
NO. 46 hrph.lt F'lm Suck 

RESULTS OF OPACITY OBSERVATIONS EPA Method 9 

I" I 1" I I 
IO I 10 I 10 I IO 
20 I I5 15 I5 
10 I IO I I5 I 10 ." 
I" .,.,.,. .,..,.,. ~ _.,. .... :...:.:.,.~ ...̂ .,., *:T<:.:$:<li.:.:.:.q I I I I I 

IO I 10 I S I IO 
. . . . ..,...,., ,.ii,... : ~ ~ ~ : : ~ : ~ ; ~ ~ : : ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  I 
..................................................... I n 1" I 

.I ~. ....._.I.__*) .......... ~ ............,.. ....... . . ...,. ,.,., ." I 
IO 1U I" 1" 

S IO 10 5 
5 10 10 10 
10 IO 10 5 
S 5 IO 5 
S 5 5 IO 
S 5 IO 5 

P ,* I" In :.:.:.:.:.:.:~.:.:.:..:.:,~.:.:.:~.::.:.:.:~.:.:.q I I" I" ." I . . . . . . . . . . . . . . . . . . I 
5 I 5 I 5 I 10 
IO I I O  5 5 

I" I IO I I <  .- ._ .- ." .. ... :.:...:...:...: .... :.~-__.~..:...c..: I IS IU I 1" J 

5 10 I 5 5 
5 10 I S S 
5 5 I 5 5 
S S I 5 5 
S 10 I 5 10 

5 1 S I S I 5 :::.<.:.:::.:.:...:.?<.m,y .:.:.:.: :": ................. :., , **<..~ .... ... =,.. : . ~ ~ . ~  ..; :.:.~,.~. . . . . .. . ., ... . I I I ............................................ .1 , I 
S 3 a , 
S 5 5 5 
S 5 5 5 
5 5 5 5 
S 5 S S 

5 I S I 5 I 5 
5 S S I 5 

I" I" .~. . . . . . . .~. . . . . . .~. . . ... . . . ..,: :~~.:...~~.:.~ ." ." I 

.:.:.:.: ................................. I 
5 3 a I a 
S IO 5 I 5 
5 S S I 5 
S 10 S 1 5 
5 5 S I 5 
0 0 0 1 0 

n " .......................... ;.................. ;.,"-?.e*F:.j I " I " I " I " I 
0 I 0 I 0 I 0 
0 0 I 0 0 
0 I 0 I 0 I 0 " n . . . . . . . . ,... .:. ..::., , I 

t I I I 
I I 

I 
I 1 

Average Opadty 
High& six-minute average 

Obtmsr : David IWl 
CsnDuc: 1016/99 
Due of Obwrvadm : IOllU99 
Timof Obwrvalia: 1112.1401 

5.71 
10.63 

10.63 
9.38 
9.11 
7.71 
6.88 
7.50 
1.50 
8.13 
8.13 
7.92 
1.92 
7.29 
1.50 
1.08 
6.88 
1.50 
8.13 
8.13 
1.71 
1.50 
7.08 
6.61 
6.25 
6.25 
6.04 
6.04 
6.04 
5.63 
5.21 
5.00 
5 .w  
5 .w  
5.00 
5.00 
5.00 
5 . w  
S . M  
5.42 
5.42 
5.63 
5.63 
5.81 
5.83 
5.63 
5.63 
4.58 
3.15 
2.11 
1.88 



Repon Sa. 9-13597 
MahY CoNuuctian/Monarrh Paving 

Vanbury. Wisconsin 

Test No. M 
No. 46 Asphall P l a t  Suck 

RESULTS OF OPACITY OBSERVATIONS EPA Method 9 

SECONDS 

3 , > I 3 

10 10 5 S 

S S 5 5 

5 S 10 I 10 

5 S 5 I 5 . 

11 
0 0 0 0 
0 0 0 0 
0 0 0 0 

a a J " 
0 S 5 0 
S S S 5 
5 0 5 5 
5 S S 5 

J J J S 
S S S 5 
S S 5 5 
S S 5 5 
S 10 5 S 
S 10 5 10 

I I 5 I S 5 S I ~~ 

> I > I 5 I 5 
5 I 5 I 5 I 5 
5 5 5 I 5 
5 I 5 I 5 5 

I I 0 I 0 0 0 I ~ ~~ 

~ 

I I I S I S S 5 

Average Opacity 
Highest six-minute avvage 

h a :  DavidHall 
C a D a ~ s :  1016199 
DueafObvrmion: lOlluW 
r i 0 f o b - h :  IUS-is41 

4.13 
6.04 

5.63 
6.04 
5.83 
5.83 
5.83 
5.63 
5.21 
4.19 
4 . 9  
4 5 8  
4.38 
3.75 
3.54 
2.92 
2.29 
1.46 
0.83 
0.83 
0.21 
0.03 
0.42 
1.04 
1.46 
2.29 
2.92 
3.15 
4.11 
4.38 
4.79 
4.79 
5.00 
4.38 
4.38 
4.38 
4.38 
1.38 
4.38 
5.21 
5.63 
5.63 
5.63 
5.63 
5.63 
5.42 
4.79 
4.79 
4.79 
4.79 
4.19 
4.79 
4.79 
3.96 
3.96 
3.96 
3.96 



0 3.5 Results of Formaldehvde Determinations 
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I n t e r p o l l  L a b s  R e p o r t  No. 9-13597 
F la thy  / M o n a r c h  P a v i n g  

O a n b u r y .  W i s c o n s i n  

T e s t  No.  5 
A s p h a l t  P l a n t  No. 46 S t a c k  

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

D a t e  o f  run 
Run 1 

10-08-99 

T ime r u n  s t a r t / e n d  . . . . .  (HRS) 1225/1410 

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

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

F o r m a l d e h y d e  i n  s a m p l e . . ( u G )  

. . . .  

Gas m e t e r  c o e f f i c i e n t  . . ..... 
B a r o m e t r i c  p r e s s u r e . .  (1N.HG) 
A v g .  o r i  f . p r e s  . d r o p . .  (1N.WC) 
Avg.  g a s  m e t e r  t e m p . . ( O E F - F )  

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

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

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

I s o k l n e t i c  v a r i a t i o n . .  . . .  ( t  1 

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

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

-0.81 
13.38 
.840 

0.0 
445.0 
20.0 

465.0 

5000.00 

1.0020 
28.86 
1.60 
78.8 

53.03 
50.41 

75.00 
.253 
252 

53050 
26404 

97.6 

0.0015 
3.52 
2.82 
1.96 

0.35 

Run 2 
10-08-99 

1440/1556 

-0.81 
13.38 
.840 

0.0 
452.0 
15.0 

467.0 

4300.00 

1.0020 
28.86 
1.59 
80.1 

52.90 
50.16 

75.00 
.253 
256 

52177 
25747 

99.6 

0.0013 
3.04 
2.44 
1.69 

0.29 

Run 3 
10-08-99 

1605/1709 

-0.81 
13.38 
.840 

0.0 
376.0 
15.0 

391.0 

3400.00 

1.0020 
28.86 
1.63 
78.1 

34.20 
32.56 

48.00 
.253 
249 

53268 
24388 

106.7 

0.0016 
3.70 
2.97 
1.89 

0.34 



4 RESULTS OF FUEL ANALYSIS 



INTERPOLL LABORATORIES, INC. 
(612)7864020 

Mathy Construction 
Sample Log No. 13597-1 7 

Results of Waste Oil Analysis 

Source: Asphalt Plant Stack 
Sample Description: 

Sample Type: Waste Oil Composite 

Test 2. Runs 1-3 

Parameter Units Method As Received 

Gross heating value 

Sulfur 

Ash 

Flashpoint 

Acidity 

Specific gravity 

Total fluorine 

Total chlorine 

Total bromine 

Total lead 

Total PCB 

BTURB 

% 

% 

OF 

pH units 

60/60'F 

%WhV 

%WhV 

%WhV 

% W h  

m m g  

ASTM D240 

ASTM D129 

ASTM D482 

ASTM D93 

ASTM D1093 

ASTM D1298 

SW-846,5050/9056 

SW-846.5050/9056 

SW-846.5050/9056 

EPA SW-846.6010A 

EPA sw-846,80a2 

18636 

0.36 

0.64 

> 200 

6.6 

0.8848 

e 0.014 

e 0.027 

0.068 

0.0030 

e 10 

Respectfully submitted, 

David J. Schneider, Manager 
Chemistry Department 

DJSIcg 

'As requested by Mathy Construdion, the sample was analyzed following the cited 
ASTM method. This method, however, is not applicable to the analysis of used oils. 

Revised 
12/8/99 
.- 







I n t e r p o l l  L a b s  R e p o r t  No . 9-13597 
M a t h  / M o n a r c h  P a v i n g  

i a n b u r y  . W i s c o n s i n  

T e s t  No . 2 
A s D h a l t  P l a n t  NO . 46 

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  . ...... ( 1 N . H G )  

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

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

D u c t  l e n g t h  . . . . . . . . . . . . . . . . . .  ( I N )  

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

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

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

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

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

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

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

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

IMass 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  . . . . . . . . . . . . . . . . . . .  ( A C F M )  
d r y  s t a n d a r d  . . . . . . . . . . . .  (DSCFM) 

10-08-99 

1700 

29.12 

.a4 

5 

25 

R e c t a n g u l a r  

47 

41 

13.38 

UP 

.. 77 
252 

32.32 

61.8 

. 04819 
29.47 

143506 

49635 
24198 

A- 1  
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Figure 1 Site Description Form 

?lo& -#: 4b 
Hot Mix Asphalt Plant Exhaust Stack 

SAMPLING LOCATION DATA 
Dud cross-sectional Dimension; 
Traverse Depth, inches ..................... 48.0 
Rectangular Width, inches ................ 42.0 
Equivalent Diameter, inches ............. 44.8 

Before ports, inches ........................... 204 
Length of straight, undisturbed flow; 

After ports, inches ............................... 45 
Before ports, stack diameten ............. 4.6 
After ports. stack diamaen ................ 1.0 

Number of sampling points; 
Required by EPA Method 1 ................. 25 
Adually used ....................................... 25 

Number of ports ................................ 5 
Number ofpoints per port ................. 5 

hticulate test sampling time- ' 

h4inutes per point ................................ 2.5 
Minutes per test run .......................... 62.5 

SAMPLING POINT LOCATION WIT" STACK CROSSSECTION 

5- 
Point Percent Inches 

6- Number ofTnverse 60171 Wall 
1 10.0 4.8 Points 3-  
2 ............. 30.0 ............. 14.4 

2- 3 ............. 50.0 ............. 24.0 
4 ............. 70.0 ............. 33.6 1- 
5 ............. 90.0 ............. 43.2 

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

Ports A B C D E 

9 

f 204" 

SAMPLING SITE SCHEMATIC 
~ 

~ 0 0 0 0  

p- 42" __Bf 

B-1  







INTERPOLL LABORATORIES, INC. 
(612) 786-6020 

EPA Method 2 Field Data Sheet 

Job 
Source 
Test 
Stack Dimen. 4 2  Y Y I  IN. 
Dry Bulb O F  Wetbulb-F 

Barometric Pressure X 9 r / L  IN.HC 
-, 77 IN.WC Static Pressure 

Operators 

Ae-& /%wf VZ; ,/ /L A/ T U .  w I 
r l f  ?/ /“ : :F  /fcurl 1 .  9 RunLDate > o - k - j Y  

Manometer F e g .  OExp OElec. 

Pitot No. 3 / v - q  c- 
L&-f  I .  7 % l o n ? u  

- 

Cross-section 
View View 

, 

! 

032594-G:\STACK\WP\F0RMS\SS-392.1 . 

^ .  - 



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

Interpoll Laboratories EPA Method 51202 Sample Log Sheet 

lob M,/ &j, L- :ID/ Date /0-@-49 Test 5 Run ( 
Source A,>/ ” /  / -, / . No. of traverse points a)’ 
Meth0d-A Filter holder Ghc 5 Filter Type V‘&,,K 

Sample train Leak Check: 
Pretest: S 0.02 cfm @ 15 In. Hg (vac) 
Post testLO* 01- d m  @ I >c ~g (vac) 

/ 

Particulate Catch Data 
No. of filters used Recovery Solvents 

/2&2 Acetone Me GI* 
Others HPL L 

No. of probe wash bottles: f 
Sample recovered by:-# 

Condensate Data: e 

EPA Method 202 Data: 
PH of lmpinger Catch 3 3 Purge: r) Time: bO Date: io ‘‘/-Gq 
Tare weight of imp catch jar: 4 3 9  g 

Integrated Bag Sample: 
Bag Pump No. 
Bag Material 5-laver aluminized Tedlar 
Pretest Leak Check: cdmin @ In.Hg 
Time Start: Time End 

Box No. __ Bag No. - 
Size: 

SIN of 0 2  Analyzer x6L 





INTERPOLL LABORATORIES, INC. 
(61 2) 7866020 

Interpoll Laboratories EPA Method 5/202 Sample Log Sheet 

Oate 4 . 6 - H  Test 2- Run z Job_Ala& 46 /Dcm Lor .  .. u / /  
SourceAr fl , u t  t 7% e4 No. of traverse points 2- )- 
Method >?$L ’ ’ Filter holder-Filter Type 4 

Sample train Leak Check 
Pretest: S 0.02 d m  @ 15 In. Hg (vac) 
Post test L J * Y t f m  @ L H g  (vac) 

Particulate Catch Data 
No. of filters used Recovery Solvents 

/ L @ 3  Acetone /Me WL 
Others # ? L c  

No. of probe wash bottles:-- 
Sample recovered by:-/& t 7 I E4-a 

0 

EPA Method 202 Data: 
pH of lmpinger Catch: 2 3 Purge: Time: br? Date:&$& 
Tare weight of imp catch jar: %Sd g 

Integrated Bag Sample: 
Bag Pump No. 
Bag Material 5-laver aluminized Tedlar 
Pretest Leak Check: cdmin @I In.Hg 
Time Start: Time End 

SIN of 0 2  Analyzer 

Box No. - Bag No. - 
Size: 

7 I;! & 

t Uiack\WPIFormsW046 



4 'I 



INTERPOLL LABORATORIES, INC. 

Interpoll Laboratories EPA Method 5/202 Sample Log Sheet 
(61 2) 7a6-6020 

job,a%!d& V& /& h d r w i  u/i  Date/'&W9 Test 2- Run 3 
Source&F (L, r C  A /'4&n.~ 
Method 

Sample train Leak Check: 
Pretest: 20.02 cfrn.@ 15 In. Hg (vac) 
Post test &'dUfrn @ / 6 H g  (vac) 

No. of traverse points L\- 
f / W L  Filter holder-Filter Type Y "6 ,fi - 

Particulate Catch Data 
No. of filters used Recovery Solvents 

Others /q r 'LL 
12 (%v Acetone GIL 

No. of probe wash bottles: f 
Sample recovered by: ~,.d& -e TafillcR'rzh 

Condensate Data: 

0 

EPA Method 202 Data: 
pH of lrnpinger Catch: 'y Purge: Y Time: 63 Date:@%-& 
Tare weight of imp catch jar: g 

Integrated Bag Sample: 
Bag Pump No. 
Bag Material 5-laver aluminized Tedlar 
Pretest Leak Check c h i n  @ In.Hg 
Time Start: Time End 

Box No. - Bag No. - 
Size: 

S/N of 0 2  Analyzer Th L 



! 



1 .  

Cross-section 
View 

'. 

Elevation 
View 

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

EPA Method 2 Field Data Sheet 

Source 
Test 
Stack Dimen. W J / Y  / IN. 
Dry Bulb L-IL O F  Wet bulb / Y R  O F  

Manometer e e g .  OExp OElec. 
Barometric Pressure 2i9. w: IN.HC 

Operators /UII&&.FP. 6- 
Static Pressure - e@/ IN.WC 

Pitot No. /u -v t ,e 
r 



INTERPOLL LABORATORIES, INC. 
(612) 786-6020 

Interpoll Laboratories EPA Method 5/202 Sample Log Sheet 

Job_AarAG +'L,/.> anhcq., /ai Date,w-B-99 Test Run 1 
Source&lp /A ?/-L/ <A,,.d/ 
Method no/f Filter holder AM- Filter Type 44 

No. of traverse points t 

Sample train Leak Check 
Pretest: 20.02 drn @ 15 In. Hg (vac) 
Post testL&cfrn @ L H g  (vac) 

Particulate Catch Data 
No. of filters used Recovery Solvents 

Others 
-- - 

: ii 

Condensate Data: 

0, 

EPA Method 202 Data: 44 
pH of lmpinger Catch: .Purge: Time: Date: 
Tare weight of imp catch jar: g 

Integrated Bag Sample: 
Bag Pump No. /ST4 Box No. &Bag NO. 
Bag Material 5-laver aluminized Tedlar 
Pretest Leak C h e k  13 .cdrnin @ < In.Hg 
Time Start: / I t  < Time End /q[o 

Size: 

SIN of 0 2  Analyzer 3/A 

0' C:WaCk\W~ormsWO46 





INTERPOLL LABORATORIES, INC. 

Interpol1 laboratories EPA Method 5/202 Sample log Sheet 
(61 2) 786-6020 . .  

lob_ddcr+k 46 ,/ ik IIA'V,. I f / (  Date m.09'7 Test < Run 2- 
S o u r c e d  ?L..+ /<LA No. of traverse points zT 
Method DO r r  Filter holder 44 Filter Type & 

Sample train leak Check 
Pretest: < 0.02 d m  @ 15 in. Hg (vad 
Post test LV. dL dm @ L H g  (vac) 

Particulate Catch Data 
No. of filters used 

I '  

Recovery Solvents -- /Id c/, 
Others 

No. of probe wash bottles:&d k Z+. 
Sample recovered b y d l  & I L t r,l-%lme 

Condensate Data: 

ERA Method 202 Data: 
pH of impinger Catch: 4 A  Purge: Time: Date: 
Tare weight of imp catch jar: g 

Integrated Bag Sample: 
Bag Pump No. 4 / 2 2  Box No. &Bag No. & 
Bag Material 5-laver aluminized Tedlar 
Pretest Leak Che& 0 c h i n  @ / r In.Hg 
Time Start: f Y V 0  Time End / r3-6 

Size: 

i 

! 

S/N of 0 2  Analyzer 3 /A  





INTERPOLL LABORATORIES, INC. 

Interpol1 Laboratories EPA Method 5/202 Sample Log Sheet 
(61 2) 786-6020 

Job&+&+&klu/ Date /o-b-yj Test Run 3 
Source+ ik ?/me / SL* .  No. of traverse points L.-C 
Method / ? A l l  Filter holder &xZ Filter Type .+I 

Sample train Leak Check 
Pretest: 5 0.02 d m  @ 15 In. Hg (vac) 
Post testLO* c)L d m  @ X H g  (vac) 

Particulate Catch Data 
No. of filters used Recovery Solvents 

Others 
&A %retcGe At& L / L  

No. of probe wash bottles: &!dd &* I 

Sample recovered by: AI ldd .I-*$. n t m  
I 

Condensate Data: 

.I 
i 

i 
i 

EPA Method 202 Data: 

Tare weight of imp catch jar: g 
pH of lmpinger Catch: P+.+ Purge: Time: Date: 

3 
Integrated Bag Sample: 
Bag Pump No. 
Bag Material 5-laver aluminized Tedlar Size: & 
Pretest Leak Check n c h i n  @ ( f In.Hg 
Time Start: / d e r  Time End- 

S/N of 0 2  Analyzer 

Box No. L B a g  No. - 

? /4 
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EPA 

VISIBLE EMISSION OBSERVATION FORM 1 
*..- ~1.a la- or) 

L C m V  Du zlyl h r  I 

I 

I 
L'EOF 1.1 
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0 VISIBLE EMISSIONS 
EVAL U AT0 R 

This is to certify that 

met the specifications of Federal Reference Method 9 
and qualified as a visible emissions evaluator. 
Maximum deviation on white and black smoke did not 
exceed 7.5% opacity and no single error exceeding 
15% opacity was incurred during the certification test 
conducted by Eastern Technical Associates of Raleigh, 
North Carolina. This certificate is valid for six months 
from date of issue. 
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APPENDIX D 

INTERPOLL LABORATORIES ANALYTICAL DATA 



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

EPA Method 3A Data Reporting Sheet Wo,fQ 0 .  I 
Fuel Type: S33L /llL 
Analyzer: Servomex Model I 400 
Range: 0 2 5 %  0 2  
Range: 020% C 0 2  

lob Name 
Source 
Date o i  .Analysis 

Team Leader Date of Test m 4 - 9 5  

a 

0 

Fuel Type 
Coal: 

AnthracitdLignite 
Bituminous 

Distillate 
Residual 

Oil: 

€PA Method 3 Guidelines 
Fo Range Fuel Type Fo Range 

Gas: 
1.01€-1.130 Natural 1.6001 A36 
1.083-1.230 Propane 1.434-1 586 

Butane 1.405-1.553 
1.2601.413 Wood/wood Bark: 1.0001.130 
1.21O-1.37/ 

Note 1: The analyzer must be zeroed and spanned immediately before and atier sample analysis. Additional checks may be 
performed between sample analyses if required. 

Note 2: C,-Cc-Cd C,J(L-CJ 
analyzer; C,- Average of zero calibration values; Cm- ARual concentration of calibration gas; C,- Average of initial and final 
upscale readings. 

Nole 3: Fo-2O.9-0UCO2 (use C, values1 

Note 4 All calibration values should be within 2% of the analyzer span. 

where: C,- Effluent gas concentration; e-  Average gas concentration indicated by gas 

Comen1s:- a 
022897-G:\STACK\WP\FORMS\S-j8 j 
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INTERPOLL LABORATORIES, INC. 
(61 2) 786-6020 

/. . 

lmpinger Catch Data Reporting Sheet 

Date Submitted 

Note: Faaor - Sample VolumdAliquot Volume Blank Solvent Wt. g 

RUN 0 RUN ) RUN 7 RUN 3 
I 
1 
I 

Results of Solvent Phase g 0~0000 O . Q l Z - 7  0.0087 6.60@ 
Res~~lts of Aqueous Phase 

,072 3 ,868 2. 



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

e GRAVIMETRICS DATA SHEET 

lob P$4f,4 Source PAN/ #UL /+ A & A k /  a k  
Test No. 2- 
Technician %?,Ge l%fe~ 

Date Collected /O / f / f?  
Date of Analysis h h / f P  

/ 

Cl 

010397G:&TACK\WP\FORMS\S-491 

0-3 



0 
0 

0 a 
C .- 

C .- 
In 
In 

E - m 
0 
F 
c 

: .  .. 
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. .  

Nature of Spike Spike 

Interpoll Laboratories, Inc. 

(612)786-6020 

Total Mass 

Imoinger Catch Preoaration Work 

Order Form 

Project Name: M b W  Order Date: I ' .  q / f  b 3 / fq 

Date Required: Id /+I94 Delivery Date: 4/3/55 

SPECIAL REOUIREh4ENTS 

**Please return this form with the samples. 



I 

E 
1 
- 
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APPENDIX E 

COMPUTER DATALOCCER PRINTOUTS 



FIELD CALCULATION 
MATHY 46 

DANBURY, WI 
ASPHALT PLANT 

STACK 
TEST 4 / RUN 1 

0 

10/8/99 

RAW DATA TABLE 

I I 

s o 2  PPM (WET) 33.22 s o 2  LBS/HR 11.90 1 
0 2  % (WET) 8.37 

co2 % (WET) 4.11 

I F0 

1.406 MOISTURE 
DSCFM I 32.29 

24360 

I I 
INSTRUMENT 

RAW ZERO SPAN GAS C GAS 
SO2 PPM (DRY) 49.09 -0.38 78.18 77.90 49.05 
0 2  % (DRY) 12.44 0.00 10.97 10.90 12.36 
c02 % (DRY) 6.04 -0.01 10.95 11 .oo 6.07 

RESULTS 

E-1  
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FIELD CALCULATION 
MATHV 46 

DANEURV, WI 
ASPHALT PLANT 

STACK 
TEST 4 / RUN 2 

1018199 

RAW DATA TABLE 

s o 2  PPM (WET) 38 98 s o 2  LBSIHR 14 06 

0 2  YO (WETI 8 51 

c 0 2  % (WET1 4.55 

L 

I F0 
1.349 MOISTURE 

DSCFM 1 29.90 
25390 

INSTRUMENT 

RAW ZERO SPAN GAS 
s o 2  PPM (DRY1 55.76 -0.15 78.18 77.90 
0 2  % (DRY1 12.25 0.02 11.01 10.90 
c02 % (DRY) 6.49 0.01 10.99 11 .oo 

C GAS 
55.60 
12.14 
6.50 

E-3 



MATHV 46 
DANBURY. WI 

TIME 

ASPHALT R A N T  
STACK 

TEST 4 I RUN 2 

so2 0 2  to2 
PPM % % 

AVERAGE AVERAGE AVERAGE 

55.76 12.25 6.49 

E-4 
I 
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FIELD CALCULATION 
MATHY 46 

DANBURY, WI 
ASPHALT PLANT 

STACK 
TEST 4 I RUN 3 

10/8/99 

RAW DATA TABLE 

- 
.. 

so2 PPM (WET) 38.76 so2 LBS/HR 13.64 

02 % (WET) 8.12 

c02 46 (WET) 4.46 

I B 

I F0 

1.364 MOISTURE 
DSCFM I 32.01 

24030 

1 B 
INSTRUMENT 

RAW ZERO SPAN GAS C GAS 
SO2 PPM (DRY) 57.41 0.75 78.18 77.90 57.01 

c02 % (DRY) 6.73 0.23 11.13 1 1  .oo 6.56 
02 56 (DRY) 12.05 0.08 1 1  .oo 10.90 11.95 

e 
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MATHY 46 
OANBURY. WI 

ASPHALT PLANT 
STACK 

TEST 4 I RUN 3 
10/8/99 

AVERAGE AVERAGE AVERAGE 

57.41 12.05 6.73 - - 
E- 6 
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5.1.1 Sample Probe. Class, 5tainless steel. or equivalent, o i  sufficient length to traverse the 
wrnpie points. The %mplins pobe  A I !  ?.e keateci :o prevenc condensarion. 

5 .1  .? Sample Line. Heated i.sufiicienr ro prevenr condensation) stainless steei or Tetlon 
iubing, to transport the sample gas to the moisture removal system. 

5 . 1 . 3  Sample Transport Lines. Stainless steel or Teflon tubing, to transport the sample from 
the moisture removal system to the sample pump, sample flow rate control, and sample gas 
manifold. 

5.1.4 Calibration Valve Assembly. A three-way valve assembly, or equivalent, for 
blocking the sample gas flow and introducing calibration gases to the measurement system 
at the outlet of the sampling probe when in the calibration mode. 

5.1.5 Moisture Removal System. A refrigerator-type condenser or similar device (e.g., 
permeation dryer), to remove condensate continuously from the sample gas while 
maintaining minimal contact between the condensate and the sample gas. The moisture 
removal system i s  not necessary for analyzers that can measure gas concentrations on a wet 
basis; for these analyzers, (1) heat the sample line and al l  interface components up to the 
inlet of the analyzer sufficiently to prevent condensation, and ( 2 )  determine the moisture 
content and correct the measured gas concentrations to a dry basis using appropriate 
methods, subject to the approval of the Administrator. The determination of sample 
moisture content i s  not necessary for pollutant analyzers that measure concentrations on 
a wet basis when (1)  a wet basis CO, analyzer operated according to Method 3A is used 
to obtain simultaneous measurements, and (2) the pollutantKO, measurements are used 
to determine emissions in units of the standard. 

5.1.6 Particulate Filter. An in-stack or heated (sufficient to prevent water condensation) 
out-4-stack filter. The filter shall be borosilicate or quartz glass wool, or glass fiber mat. 
.Additional filters at the inlet or outlet of the moisture removal system and inlet of the 

system and extend the useful life of the components. All filters shall be fabricated oi 
materials that are nonreactive to the gas being sampled. 

5.1.7 Sample Pump. A leak-free pump, to pull the sample gas through the system at a flow 
rate sufficient to minimize the response time of the measurement system. The pump may 
be constructed of any material that i s  nonreactive to the gas being sampled. 

5.1.8 Sample Flow Rate Control. A sample flow rate control valve and rotameter, or 
equivalent, to maintain a constant sampling rate within 10 percent. 

(Note: The tester may elect to install a back-pressure regulator to maintain the sample gas 
manifold at a constant pressure in order to protect the analyzer(s1 from over pressurization, 
and to minimize the need for flow rate adjustments.) 

... 

- 
analyzer may be used to prevent accumulation of particulate material in the measurement - 

3 0-1?694-G:\STI\CK~W~ETHODS\S-METH .6C 



5.1 .C, Sample Cas ,Manifold. .A sample %as manifold, to divert a portion of the sample sa5 

stream to the analyzer. dnd the remainder to !he by-pass discharge vent. The jample gas 
manifold should also iiiclude provisions ior intrcducing calibration gases directlv to the 
analyzer. The manifold may be constructed of any material that i s  nonreactive to the gas 
being sampled. 

5.1.10 Gas Analyzer. A UV or NDlR absorption or fluorescence analyzer, to determine' 
continuously the SO, concentration in the sample gas stream. The analyzer shall meet the 
applicable petiormance specifications of Section 4. A means of controlling the analyzer 
flow rate and a device for determining proper sample flow rate (e.g., precision rotameter, 
pressure gauge downstream of all flow controls, etc.) shall be provided at the analyzer. 

(Note: Housing the analyzeds) in a clean, thermally-stable, vibration-free environment will 
minimize drift in the analyzer calibration.) 

5.1.1 1 Data Recorder. A strip chart recorder, analog computer, or digital recorder, for 
recording measurement data. The data recorder resolution (i.e., readability) shall be 0.5 
percent of span. Alternatively, a digital or analog meter having a resolution of 0.5 percent 
of span may be used to obtain the analyzer responses and the readings may be recorded 
manually. If this alternative is used, the readings shall be obtained at equally spaced 
intervals over the duration of the sampling run. For sampling run durations of less than 1 
hour, measurements at  1-minute intervals or a minimum of 30 measurements, whichever 
i s  less restrictive, shall be obtained. For sampling run durations greater than 1 hour, 
measurements at 2-minute intervals or a minimum of 96 measurements, whichever i s  less 
restrictive, shall be obtained. 

0 

5.2 Method 6 Apparatus and Reagents. The apparatus and reagents described in Method 6, and 
shown by the schematic of the sampling train in Figure 6C-2, to conduct the interference check. 

5.3 SO2 Calibration Cases. The calibration gases for the gas analyzer shall be SO, in N, or SO1 
in air. Alternatively, SOJCO,, SOJO,, or SOJCO,IO1 gas mixtures in N, may be used. For 
fluorescence-based analyzers, the 0, and CO, concentrations of the calibration gases as 
introduced to the analyzer shall be within 1 percent (absolute) 0, and 1 percent (absolute) CO, 
of the 0, and Co, concentrations of the effluent samples as introduced to the analyzer. 
Alternatively, for fluorescence-based analyzers, use calibration blends of SO, in air and the 
nornographs provided by the vendor to determine the quenching correction factor (the effluent 
0, and CO, concentrations must be known). Use three calibration gases a3 specified below: 

5.3.1 High-Range Gas. Concentration equivalent to 80 to 100 percent of the span. 

5.3.2 Mid-Range Cas. Concentration equivalent to 40 to 60 percent of the span. 

5.3.3 Zero Gas. Concentration of less than 0.25 percent of the span. Purified ambient air 
may be used for the zero gas by passing air through a charcoal filter, or through one or 
more impingers containing a solution of 3 percent H,O,. 

4 042694-C:\STACK\WPNElHODS\S-METH.6C 0 
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,\lethod 6C-Determination of Sulfur Dioxide Emissions From Stationary Sources (Instrumental 
Analyzer Procedure) 

1. .Aoolic&iIitv and Princiole 

1.1 Applicability. This method is  applicable ;o the determination of sulfur dioxide (SO,) 
concentrations i n  controlled and uncontrolled emissions from stationary sources only when 
specified within the regulations. 

1.2 Principle. A gas sample is continuously extracted from a stack, and a portion of the sample 
is  conveyed to an instrumental analyzer for determination of SO, gas concentration using an 
ultraviolet (UV), nondispersive infrared (NDIR), or fluorescence analyzer. Performance 
specifications and test procedures are provided to ensure reliable data. 

2. Ranne and Sensitivitv 

2.1 Analytical Range. The analytical range is  determined by the instrumental design. For this 
method, a portion of the analytical range i s  selected by choosing the span of the monitoring 
system. The span of the monitoring system shall be selected such that the pollutant gas 
concentration equivalent to the emission standard i s  not less than 30 percent of the span. If at 
any time during a run the measured .. gas concentration exceeds the span, the run shall be 
considered invalid. 

2.2 Sensitivity. The minimum. detectable limit depends on the analytical. range, span, and 
signal-twnoise ratio of the measurement system. For a well designed system, the minimum 
detectable limit should be less than 2 percent of the span. 0 

3. Definitions 

3.1 Measurement System. The total equipment required for the determination of gas 
concentration. The measurement system consists of the following major subsystems: 

3.1.1 Sample Interface. That portion of a system used for one or more of the following: 

from the effects of the stack effluent. 

3.1.2 Gas Analyzer. That portion of the system that senses the gas to be measured and 
generates an output proportional to i ts Concentration. 

3.1.3 Data Recorder. A strip chart recorder, analog computer, or digital recorder for 
recording measurement data from the analyzer output. 

sample acquisition, sample transport, sample conditioning, or protection of the analyzers ! 

3.2 Span. The upper limit of the gas concentration measurement range displayed on the data 
recorder. 

3.3 Calibration Gas. A known concentration of a gas in an appropriate diluent gas. 

1 OJ2694-C:~TACK\WP\MFIHODS\S-METH.6C 
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3.1 .Analyzer Calibration Error. The difference between :he gas concentration exhibited bv :he 
gas .it?aivzer and ;he k n o w  concentration of the caiibration gas when the calibration gas i s  
intr(duced directly to the arialyzer. 

3.5 Sampling System Bias. The difference Detween the gas concentrations exhibited bv ine 
measurement sys:em when a known concentration gas is  introduced at the outlet of the 
sampling probe and when the same gas is introduced directly to the analyzer. 

3.6 Zero Drift. The difference in the measurement system output reading from the initial 
calibration response at the zero concentration level after a stated period of operation during 
which no unscheduled maintenance, repair, or adjustment took place. 

3.7 Calibration Drift. The difference in the measurement system output reading from the initial 
calibration response at a mid-range calibration value after a stated period of operation during 
.which no unscheduled maintenance, repair, or adjustment took place. 

.3.8 Response Time. The amount of time required for the measurement system to display 95 
percent of a step change in  gas concentration on the data recorder. 

3.9 Interference Check. A method for detecting analytical interferences and excessive biases 
through direct comparison of gas concentrations provided by the measurement system and by 
a modified Method 6 procedure. For this check, the modified Method 6 samples are acquired 
at the sample by-pass discharge vent. 

3.10 Calibration Curve. A graph or other systematic method of establishing the relationship 
between the analyzer response and the actual gas concentration introduced to the analyzer. 

e 

4. Measurement Svstem Performance Soecifications 

4.1 Analyzer Calibration Error. Less than 
high-range calibration gases. 

4.2 Sampling System Bias. Less than f 5 percent of the span for the zero, and mid- or 
high-range calibration gases. 

4.3 Zero Drift. Less than ~t: 3 percent of the span over the period of each run. 

2 percent of the span for the zero, mid-range, and 

4.4 Calibration Drift. Less than ~t: 3 percent of the span over the period of each run. 

4.3 Interference Check. Less than f 7 percent of the modified Method 6 result for each run. 

5 .  ADoaratus and Reacents 

5.1 Measurement System. ,4ny measurement system for SO, that meets the specifications of this 
method. A schematic of an acceptable measurement system i s  shown in Figure 6C-1. The 
essential components of the measurement system are described below: 

2 04269J-C:\STACK\LV~,~lETHODS\S-METH.6C e 
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APPENDIX F 

GAS ANALYZER SPECIFICATIONS 



. , I ,  

Servomex 

e 
1420 

Oxygen Analyser 
Instruction Manual 

Ref: 01?20/001.~0 

Order as part No. 01420001.4 

was (79SZ-2S4Z) 



1 4 S P e c i f i c a t i o n  

Perfo-maace S u e c i f i c a t i o n  (t-rJica1) 

- 

- x e p e a t r b i l i t v :  - ~ e t t e r  than +/-0.2% 0 2  czeer c o n s t a n t  
c o z 2 i t i c n s  - 

D r i f k :  

O U t J U t S  

a i s?  l r y  : 

G U t ? E t :  

Less thl i l  0 . 2 8  0 2  p e z  wee!< ur.de= 
c o c s t a n t  cocdizions . (Excludinq 
v z r i c t i o n  due  t? bazcmet=ic p r e s s u r e  
c3ances ;  reaelcg is ? = o p a r t i o o r l  
b r z c c e t z i c  ?ressil==.) 

* 
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- , - ? a- - _ _ _  - - / v  en = 
c z azectioci : I/$ inch CD =*&e (s;+inl=ss s=oel]  

s u i t a b l e  f o r  6- I D  f l ex ib le  tchinq or 
1 1 4  inch 00 csrn2ression fittings. 

. .  
“a : e z i 3 1 s exso 5 Sc? 
to :he s a l g i e :  S t a i n l e s s  s ~ e e l ,  Pyrex glass, br+ss, 

p lz t inun ,  e F o F  resin,’  V i t o n ,  
pol-ypropylene zit. q l a s s  fibre zxl ter .  -. 

Phvsica l  Charzc ter i s t i c s  

C a s e :  

C a s e  c i a s s i f i c a t i o n :  13 20 (IZC 5 2 5 )  =he?- Zittee into the 
S e r m m e x  1400  s e r i e s  39 i=cn c+se- 

E 1 ec t r i c a l  

xc Sc29ly: 

Enviromental  L h i t s  

Opezrtinq arcbie?t 0 to - 4 0  l e q  C ( 3 2  tc 104 Eec 21 
t ZT,? era  tL-e : 

Storrg? t a p .  
range : 



SPECIFICATIONS FOR ACS HODEL 3300 Cq- NDIR 

Measuring principle 

Measurable gas components 
and measuring range 

Reproducibility 

Stabi 1 ity 

Noise 

Ambient temperature 

Ambient humidity 

Reswnse time 
(90% of final reading) 

Indicator 

Output signal 

Linearity 

Power supply 

NDIR single beam method 

0 - 20% 

9 . 5 : :  of full scale 

Zero drift: 2% of full scale/24H 
Span drift; % of full scale/24H 

0.5% of full scale 

-5 to S9C 

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; DC 0 - 10 mV o r  DC 0 - 100 mV 

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

(Allowable load resistance 
500Q max.) 

Better than ?2% o f  full scale (when 
linearizer i s  used) 

AC 115 V 2 lo%,  60 H Z  



k w e r  cmscmpcion Approx. 30 VA 

Mater ia ls  o f  gzs- 

contact ing par ts  

Measuring c e l l ;  SUS304 

Window; CaF2 

P i  p ing;  Polyethylene 

Sample gas flow r a t e  t ? / m i n  5 O.S?/min 

Sample gas temperature 0 t o  55OC 

Purging gas f low r a t e  1C/min (to be flowed as occasion 

demands) 

Warmup t ime Approx. 2 hours 

External  dimensions 2@0 x 250 x 541 (H x W x D) mm 

.Weight Approx. 11 kg 

F i n i s h  Color MUNSELL N l .  5 

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

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

F-5 



SPECIFICATIONS FOR SO? ANALYZER 

WESTERN RESEARCH WODEL 721ATZ 

Measuring p r i n c i p l e  NDUV double beam method which uses 285 nm 

UV l i g h t  f o r  Sq measurement and 5 8 5  nm 

v i s i b l e  l i g h t  t o  compensate f o r  contamina- 

t i o n  o f  a l l  windows, de tec to r  d r i f t  o r  

changes i n  t h e  i n t e n s i t y  o f  t he  r a d i a t i o n  

source 

Range 

~ c c u r a c y  

Temperature d r i f t  

Noise 

Ambient temperature 

Ambient humid i ty  

Response t ime  

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

O p t i c a l  c e l l  l e n g t h  

SOz: 0 - 500 ppm and 0 - 1000 ppm; b u t  low 

range may be reduced t o  0 - 100 ppm wi th  

f u l l  sca le analog output ;  t o t a l  dynamic 

range o f  0 - 5000 ppm wi th  1 ppm r e a d a b i l i -  

t Y  . .  

22% f . s . ,  worst case. T y p i c a l l y  b e t t e r  

t han  ? l %  f . s .  

0 .5% o f  f u l l  sca le,  worst case 

0 t o  40 'C 

Less than 100% RH 

t 5  seconds 

35 cm 

Output s igna l  Panel d i s p l a y  i s  d i g i t a l  - d i r e c t  read ing  

i n  ppm,w; ou tpu t  s igna l :  7 f i e l d - s e l e c t a b l e  

p o t e n t i o m e t r i c  outputs  o f  l V ,  2V, 5V, 1OV 

OC and 100, 200, 500 mV DC. Two ou tpu ts  

pe r  range are provided a t  t he  r e a r  o f  t he  

F-6 



I n t e r f e r e n c e s  

L i n e a r i t y  

Power supply 

Power consumption 

E l e c t r o n i c  span va lue  

Sample gas f l o w  

Sample gas temperature 

Warmup t ime  

Ex terna l  dimensions 

Weight 

inst rument ,  standard. U n i t  equipped a l so  

w i th  4 - 20 mA 

No known in te r fe rences  from 02, CO?, CO 0.r. 

hydrocarbons; i n t e r n a l l y  compensated f o r  NO 

i n t e r f e r e n c e  

+1.5% o f  f u l l  sca le 

AC 115 V 2 10%. 60 HZ 

Less than 575 wat ts  

Nominal 766 @ 77 OF and 2 9 . 9 2  i n  Hg 

1.0 - 5.0 LP!4 t o  g ive  d e s i r e d  response t ime 

0 t o  40 'C 

Approximately 30 minutes 

7 x 19 x 2 2  ( H  x W x D)  i n c h  

40 LB 

F-7 
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APPENDIX C 

MEASUREMENT SYSTEMS PERFORMANCE SPECIFICATIONS 
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Cylinder Value Analyzer Resp. Difference 

% % % 
Zero Gas 0.0 0.1 0.09 
Mid Level 10.9 11.1 0.16 

INTERPOLL LABORATORIES. INC 
(612) 786-6020 

Span Value Percent of Span 

% 
25.00 0.36 
25.00 0.64 

ANALYZER LINEARITY CHECK 0 
MATHY 46 

DANBURY. WI 

10/8/99 
CONDUCTED BY: 
MARK KAEHLER 

High Level 20.9 21 .o 0.1 1 25.00 0.44 

Must be within 2% of the span for each calibration gas. 

Cylinder Value Analyzer Resp. Difference Span Value Percent of Span 
% % % % 

Zero Gas 0.0 0.0 0.02 20.00 0.10 

Mid Level 11.0 10.8 0.19 20.00 0.95 
High Level 16.8 16.9 0.09 20.00 0.45 

G- 1 

Cylinder Value Analyzer Resp. Difference Span Value 

(ppm) (ppm) (ppm) (ppml 

Zero Gas 0.0 0.6 0.58 150.00 
Mid Level 77.9 76.7 1.23 150.00 
High Level 140.0 138.9 1.07 150.00 

Percent of Span 

0.39 
0.82 
0.71 



INTERPOLL LABORATORIES, INC. 
(6121 786-6020 

- 
Cy1 Val Response (% / ppml Diff. 

Zero Gas 0.0 0.6 3.4 -2.9 
so2 Upscale 77.9 76.7 73.8 2.9 

Zero Gas 0.0 0.1 0.1 0.0 
0 2  Upscale 10.9 11.1 11.1 0.0 

. I .  Zero Gas 0.0 0.0 -0.1 0.0 

Instrument (% / pprnl Analyzer System (Anal - Sysl 

c02 Upscale 11.0 10.8 10.9 -0.1 

SYSTEM BIAS CHECK 

Span Val. % Of 

(% / ppml Span 

150.00 1 .so 
150.00 1 .so 
25.00 0.08 
25.00 0.00 
20.00 0.20 
20.00 0.45 

, I  . I 

MATHY 46 
DANBURY. WI 

10/8/99 
CONDUCTED BY: 

MARK KAEHLER 
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INTERPOLL LABORATORIES, INC. 
(6121 786-6020 

02 CAL DRIFT CHECK 

MATHY 46 
DANBURY, WI 

ASPHALT PLANT 
STACK 

TEST 1 I RUNS 1-3 
10/8/99 

Must be within 3% of the span for the zero and upscale cal. gases 



INTERPOLL LABORATORIES, INC. 
1612) 786-6020 

C 0 2  CAL DRIFT CHECK 

< Y  . I 

MATHY 46 
DANBURY. WI 

ASPHALT PLANT 
STACK 

TEST 1 / RUNS 1-3 
10/8/99 

I CylVal I System Response 

Must be within 3% of the span for the zero and upscale cal. gases 

6-4 
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INTERPOLL LABORATORIES, INC. 
(612) 786-6020 

SO2 CAL DRIFT CHECK 

MATHY 4 6  
DANBURY, WI 

ASPHALT PLANT 
STACK 

TEST 1 / RUNS 1-3 
10/8/99 

1 cy1 Val 1 System Response - 
C 

49.09 

55.76 

57.41 

Must be within 3% of the span for the zero and upscale cal. gases 

G- 5 
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APPENDIX H 

CALIBRATION GAS CERTIFICATION SHEETS 
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APPENDIX I 

PROCESS RATE INFORMATION 



, . . C  

Trst Fuellnput 
No. (gayhr) 
- 

5 05 .. 
Run I 

Run2 

Run 3 
50 3  
5 l G  

OPERATING DATA SUMMARY FOR ASPHALT SOURCES 

TestDate(s): / 0 - 8 - 9 9  

Heat Content Heat Input % Moisturcof 
(Btdga1-a received) (SW) % - 200 fines Virgin Aggregate Material 

/.yo. r x . 9 0  70,7CO, o s  4.9 6. ,? 
L . 3  /%900 7 1 .  aLo.003 4 . 9  

7a 5a.q *a 9.9 Lr 3 lw.*4 

General Information: All blanks must be f a d  in, use N/A where approprlate, clrcIe all that apply 

This plant IS: :>, P o r t a t a o v e d  around for majority of year] 

Plant Type: Batch Mix Parallel F!O<LXi., Countemow Drum Continuous Mi 

, /-- -. . ..._ 
Starionaty [in one place for a majority of year] 

- . .._ 

nthrr 

Other Control Equipment Parameters 
Cleaning Cycles flubricfilfer) 

A i  to Cloth Ratios flabricfilfer) 

No. o f  spray bars and psi (scrubber) 

No. of nozzles per spray bar (scrubber) 

Water flow rate in gpm (scrubber) 

~~ 

Design During Testing 

24 SW 

L.<? 

Note: 
AI1 infirmation required must be completedandsubmittedas part of the&ormunce test report. Failure to submit the required 
in/onation will result in on ihcomplete~ormance fert report. 
n k  form provides an& a sununary of the operating condilions drrring the pHormanee test. Addlllonal and more detailed rccordc 
are rqulred to meet the requlremenb ofMinn R 701 7.2035. Thbform k lo be subminrd aspart of thepeg?onnance I& r90r1 t~ 

. North, Metro, or South District, Pevormance Test Coordinator, Minnesota Pollution Control Agency, 520 Lafayme Rd, Sr Paul, 
MN 5515S-4194. 

Page 1 of 2 



'I . 
Environmental Programs Daily Tracking Form 

..-, Piant i+: 4 b Date: \O - %  -s9 

plant Foreman: 3 qq 5Jd* 
Location. 

I 

AIR OtJALlTY MONITORING 
Production: 
Total Asphalr Mix Tonnage: d73q id. - 
Diesel Fuel Gallons for Generator: b I o  . I 

RAP tons: 
Mix Temperature (degrees F): 
Hours of Operation: 1% 

Process fuel: 
FuelType: ~ g 3  Q' .\ Amt: 5088 

0 Burner Pressure: lobp Fuel Temp:- 

Burner Pressure: Fuel Temp: 
Spec. Sheet De1ivered:Jes __ no 
Bughouse: 
Magnehelic dP: .&sk9 inches of water 
Photohelic dP: ..?A'- ,% inches of water 
Optimum photohelic range h m  bumer 

tune-up: . - -4s inches ofwater 
Phorohelic malEction: yes/no 
(If yes, next day DNR notification required) 
Weekly Inspection of dnun and door seals, 

u p  % in mix: 

Fuel Type: Amt: 

1 

ducts,photohelic, damper, & other 
systcmparts: j yes no 

Maintenance Performed: 

Baghouse Inspection: 
no 

Number of Bags Replaccd: 
Fugitive Dust Control: 
Control Measures: 3 yes no 

Water Arnt. Applied: 
Chemical Amt. Applied: 
Speed Limit Control (mph): 10 

L 

soil Remediation: 
Soil Remediation Pcrformcd:-_yesJno 
Type: commercial- own spill 
Documented:- yes 
(If yes, Complete Contaminated Soil 

Tracking form and Monthly Soil 
Remediation Summary form) 

SPILL PREVENTION PLAN tSPCCl 
Plant Inspection Conducted per SPCC 
Inspection Outline (Attachment # 9) 

Systems Locked out: ""J ycs no 
Petroleum Equipment Maintenance: 

__L 

- 
Weekly SPCC Meeting: J yes 
Containment Water R e l c a s e d : - z z o  
(If yes, complete Water Drainage Form) 

0 STORMWATER RI JNOFF 0 UALITY 
Best Mgmt.Practices (BMP)AppliedJ>es-no 
Petroleum Products Secure:Jes no 
Site Runoff Naturally Contained on Site: 

If no, has containment been constructed: 
Y e 5  

Erosion Control Practices used &e. silt fence. 
site seeding, slopes): 

J yes no 

no 

Rain Amount in lmt 24 hrs: !b'' 
Any known P e t r o . C o n t a m i n a t i o n : ~ e s ~ - n O  
Sediment Content: 

(Water Containment Drainage 

inches 

Medium, ___ High L L O W  - 
documentation is covered by SPCC) 

To thc hsnt of my ability w d  to the extcnl that I am bhle 10 

n,hscrvc uridcr the condiziuns of lhis sitc. 1 h w c  due diligcntly 
completed this d d y  form Sigriaturc means that the inrpccliollr 

tcd and any ohservcd dclicicncic:. h a w  hetn 
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Test 
No. 

Run I 

Run 2 

Run 3 

Note: 

AI! information required must be completed and submitted as pan of the performance test report. Failure to submit the required 
information will result in an incomplete performance test report. 

Thisform provides only a summary of the operating conditions during iheperformance test. Additional and more detailed records 
are required Io meet the requirements of Minn. R 7017.2035. This form is to be submitted aspari of theperformance test repari to: 
Norih, Metro, or South District, Performance Test Coordinofor, Minnesofa Pollution Control Agency, 520 Lafayme Rd., SI. Paul, 
MN 55I55-4194. 

Fuel Input Heat Content Heat Input % Moisture of 
(gafi) (Bhdgal-as received) % - 200 lines Virgin Aggregate Material 

50 3 /Jo,oCO 70,4&. 3?s 4.9 "0 6 , 3"'. 
'5-m / 40, J(. ,400 I 330 4.9 '27 6 . 3 %  
so 5 I40,000 70,7eO.-- I / .  9 %o 6.390 

Page 1 of2  

Other Control Equipment Parameters 
Cleaning Cycles fabricfilter) 

Air to Cloth Ratios fabricfilter) 

No. of spray bars and psi (scrubber) 

No. of nozzles per spray bar (scrubber) 

Water flow rate in gpm (scrubber) 

1-4 

Design During Testine. 

2 L/ 5ec. 

Lo. 3 



I- 

I 
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APPENDIX J 

PROCEDURES 



Particulate Loading and Emission Rates 

me paniculate emission rates were determind per €PA Mec'ods T - 5, CFR Trle 40, 
Pan 60, Appendix A (revised July 1, 1992). In this prccedure a preliminary velociv pro512 

of the gases in the flue is obtained by means of a tempenture and ve!ocity tiaverse. On t,,e 
b z i s  of these values, sampling nozzles of appropriate diameter are s e l e c d  to allow 
isokinetic sampling, a necessary prerequisite for obtaining a representative sample. 

The sampling train consists of a heated giass-hed sampling probe equipped with a 
Type S pitot and a thermocouple. The probe is attached to a sampling module which houses 

the all-glass in line filter holder in a temperature conhulled oven. Tie sampling module also 
houses the impinger case and a Drien'te filled column. Tne sampling module is c o n n e e d  
by means of an umbilical cord to the control module. Tine control module houses the d y  
tesi gas meter, the calibrated orifice, a leakless pump, two indined manometers, and all 
controls required for operating the sampling train. . 

Particulate samples are collected as follows: Tne sample p is drawn through the 
sampling probe isokinetidly and passed through a binch diameter Gelman Type ME glass 

fiber filter where particulates are removed. Tne sarzgle gas is then p a e d  through an ics- 
cooled impinger train and a desiccantpacked column which zbsohs remaining moisiure. 
Tne sample gas then passes through a v x w m  pump ~ollowed by a dry test gas meter. The 
gas meter integrates the sample gas flow throughout t!!e course of the test. A calibTcted 

orifice amched to the outlet of the ,-meter provides real time flow iate ,dah. 

A representative particulate sample was acquired by sampling for equal periods of 
time at the centroid of a number of equal area regions in the d u e  The sampling rate is 
adjusted at each test point maintaining isokineticsamplingconditions. Nomograph are used 
for rapid determination of the sampling rate. 



* I  Particulate Loading and Emission Rates 

When sampling i s  complete the filter i s  removed with tweezers and placed in a clean container. 

The nozzle, pitot tube and inlet side of the filter holder are quantitatively washed with acetone and the 

washings are stored in a second container. A brush is  often used in the cleaning step to help dislodge 

deposits. The samples are returned to the laboratory where they are logged in and analyzed. The volume 

of the acetone rinse ("probe wash") i s  noted and the rinse is  transferred to a tared 120 cc porcelain 

evaporating dish. At this elevated temperature 

condensation of atmospheric moisture is  prevented. The acetone-free sample i s  then dried at 105 O C  for 

30 minutes, cooled in a desiccator over Drierite, and weighed to the nearest 0.01 mg. The filter sample i s  

transferred to a 6 inch watch glass and dried at 105 "C for two hours. The filter and watch glass are then 

cooled in a desiccator and the filter weighed to the nearest 0.01 mg. All weighing are performed in a 

balance room where the relative humidity i s  maintained at less than 50%. Microscopic examination of the 

samples i s  performed if any unusual characteristics are observed. The weight of the acetone rinse blank i s  

subtracted from the samples. The Drierite column is  weighed on-site and the water absorbed by the Drierite 

i s  added to the condensate to give the total amount of absorbed water. 

The acetone is  then evaporated off at 97 - 105 OF. 

J-2 
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Method 3A-Determination of Oxygen and Carbon Dioxide Concentrations in Emissions Frorn 
Stationary Sources (Instrumental Analyzer Procedure) 

1. Apoiicabiiitv and Princide e 
1 . 1  Applicability. This method i s  applicable to the determination of oxygen (0,) and carbon dioxide 
(COJ concentrations in emissions from stationary sources only when specified within the regulations. 

1.2 Principle. A sample i s  continuously extracted from the effluent stream: a portion of the sample 
stream is  conveyed to an instrumental analyzer(s) for determination of 0, and CO, concentration(s). 
Performance specifications and test procedures are provided to ensure reliable data. 

2. Ranee and Sensitivity 

Same as Method 6C, Sections 2.1 and 2.2, except that the span of the monitoring system shall be 
selected such that the average 0, or CO, concentration is not less than 20 percent of the span. 

3. Definitions 

3.1 Measurement System. The total equipment required for the determination of the 0, or CO, 
concentration. The measurement system consists of the same major subsystems as defined in Method 
6C, Sections 3.1.1, 3.1.2, and 3.1.3. 

3.2 Span, Calibration Gas, Analyzer Calibration Error, Sampling Svstem Bias, Zero Drift, Calibration 
Drift, Response Time, and Calibration Curve. Same as Method 6C, Sections 3.2 through 3.8, and 3.10. 

3.3 Interference Response. The output response of the measurement system to a component in th 
sample gas, other than the gas component being measured. a 

4. h.\easurement Svstem Performance Specifications 

Same as Method 6C, Sections 4.1 through 4.4. 

5. Aoparatus and Reaaents 

5.1 Measurement System. Any measurement system for 0, or CO, that meets the specifications of this 
method. A schematic of an acceptable measurement system is shown in Figure 6C-1 of Method 6C. The 
essential components of the measurement system are described below: 

5.1. I Sample Probe. A leak-free probe, of sufficient length to traverse the sample points. 

5.1.2 Sample Line. Tubing, to transport the sample gas from the probe to the mcisture removal 
system. A heated sample line is not required for systems that measure the 0, or CO, concentration 
on a dry basis, or transport dry gases. 

5.1.3 Sample Transport Line, Calibration Value Assembly, Moisture Removal System, Particulate 
Filter, Sample Pump, Sample Flow Rate Control, Sample Gas Manifold, and Data Recorder. Same 
as Method 6C, Sections 5.1.3 through 5.1.9, and 5.1.11, except that the requirements to use 
stainless steel, Teflon, and nonreactive glass filters do not apply. 

1 0421 94-C:\STACK\WPWETHODSMFTH.3A 
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5.1.4 Cas Analyzer. An analyzer to determine continuously the 0, or CO, concentration in the 
sample gas stream. The analyzer shall meet the applicable performance specifications of Section 
4. A means of controlling the analyzer flow rate and a device for determining proper sample flow 
rate (e.g., precision rotameter, pressure gauge downstream of all flow controls, etc.) shall be 
provided at the analyzer. The requirements for measuring and controlling the analyzer flow rate 
are not applicable if data are presented that demonstrate the analyzer is insensitive to flow 
variations over the range encountered during the test. 

'0 

5.2 Calibration Gases. The calibration gases for CO, analyzers shall be CO, in N, or CO, in air. 
Alternatively, COJSO,, OJSO,, or OJCOJSO, gas mixtures in N, may be used. Three calibration 
gases, as specified Section 5.3.1 through 5.3.3 of.Method 6C, shall be used. For 0, monitors that 
cannot analyze zero gas, a calibration gas concentration equivalent to less than 10 percent of the span 
may be used in place of zero gas. 

6. Measurement System Performance Test Procedures 

Perform the following procedures before measurement of emissions (Section 7). 

6.1 Calibration Concentration Verification. Follow Section 6.1 of Method 6C, except i f  calibration gas 
analysis i s  required, use Method 3 and change the acceptance criteria for agreement among Method 
3 results to 5 percent (or 0.2 percent by volume, whichever i s  greater). 

1 

~ 6.2 Interference Response. Conduct an interference response test of the analyzer prior to its initial use , 

i in the field. Thereafter, recheck the measurement system if changes are made in the instrumentation 
that could alter the interference response (e.g., changes in the type of gas detector). Conduct the 
interference response in accordance with Section 5.4 of Method 20. 

I 6.3 bleasurement System Preparation, Analyzer Calibration Error, and Sampling System Bias Check. ! 
Follow Sections 6.2 through 6.4 of Method 6C. 

'I 
7. Emission Test Procedure i 

7.1 Selection of Sampling Site and Sampling Points. Select a measurement site and sampling points 
using the same criteria that are applicable to tests performed using Method 3. 

7.2 Sample Collection. Position the sampling probe at the first measurement point, and begin sampling 
at the same rate as used during the sampling system bias check. Maintain constant rate sampling (i.e., 

10 percent) during the entire run. The sampling time per run shall be the same as for tests conducted 
using Method 3 plus twice the system response time. For each run, use only those measurements 
obtained after twice the response time of the measurement system has elapsed to determine the average 
effluent concentration. 

7.3 Zero and Calibration Drift Test. follow Section 7.4 of Method 6C. 

i 

8. Qualitv Control Procedures 

The following quality control procedures are recommended when the results of this method are used 
for an emission rate correction factor, or excess air determination. The tester should select one of the 
following options for validating measurement results: (0 

I 
2 0421 9J-C:l5TACK\WF?METHODSES-METH.3A 
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8.1 If both 0, and CO, are measured using Method 3A, the procedures described in Section 4.4 of 
Method 3 should be followed to validate the 0, and CO, measurement results. 

8.2 If only 0, i s  measured using Method 3A, measurements of the sample stream CO, concentration 
should be obtained at the sample by-pass vent discharge using an Orsat or Fyrite analyzer, or 
equivalent. Duplicate samples shodd be obtained concurrent with at least one run. Average the 
duplicate Orsat or Fyrite analysis results for each run. Use the average CO, values for comparison With 
the 0, measurements in accordance with the procedures described in Section 4.4 of Method 3. 

8.3 If only CO, i s  measured using Method 3A, concurrent measurements of the sample stream co, 
concentration should be obtained using an Orsat or Fyrite analyzer as described in Section 8.2. For each 
run, differences greater than 0.5 percent between the Method 3A results and the average of the 
duplicate Fyrite analysis should be investigated. 

9. Emission Calculation 

For all CO, analyzers, and for 0, analyzers that can be calibrated with zero gas, follow Section 8 of 
Method 6C, except express all concentrations as percent, rather than ppm. 

For 0, analyzers that use a low-level calibration gas in place of a zero gas, calculate the effluent gas 
concentration using Equation 3A-1. 

Effluent gas concentration, dry basis, percent. 
Actual concentration of the upscale calibration gas, percent. 
Actual concentration of the low-level calibration gas, percent. 
Average of initial and final system calibration bias check responses for the upscale 
calibration gas, percent. 
Average of initial and final system calibration bias check responses for the low-level 
gas, percent. 

Average gas concentration indicated by the gas analyzer, dry basis, percent. 

10. Bibliography 

Same as bibliography of Method 6C. 

3 042 194-C:KTACflWP\METHODN-METH.3A 
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6. Lleasuremenr Svstem Performance Test Procedure.: 

Pert, r m  the following procedures beiore measurement or emissions :Section 71. 

e 

6.1 Calibration Cas Concentration Verification. There are two alternatives for es&lishing the 
concentrations o i  calibration gases. Alternative Number 1 i s  preferred. 

6.1.1 Alternative Number 1-Use of calibration gases that are analyzed following the 
Environmental Protection Agency Traceability Protocol Number 1 (see Citation 1 in  the 
Bibliography). Obtain a certification from the gas manufacturer that Protocol Number 1 was 
followed. 

6.1.2 Alternative Number 2-Use of calibration gases not prepared according to Protocol 
Number 1. If this alternative i s  chosen, obtain gas mixtures with a manufacturer’s tolerance 
not to exceed f 2 percent of the tag value. Within 6 months before the emission test, 
analyze each of the calibration gases in triplicate using Method 6. Citation 2 in the 
Bibliography describes procedures and techniques that may be used for this analysis. 
Record the results on a data sheet (example i s  shown in Figure 6C-3). Each of the individual 
SO, analytical results for each calibration gas shall be within 5 percent (or 5 PPM, 
whichever i s  greater) of the triplicate set average; otherwise, discard the entire set, and 
repeat the triplicate analyses. If the average of the triplicate analyses i s  within 5 percent of 
the calibration gas manufacturer’s cylinder tag value, use the tag value; otherwise, conduct 
at least three additional analyses until the results of six consecutive runs Zqee with 5 
percent (or 5 PPM, whichever is greater) of their average. Then use this average for the 
cylinder value. 

6.2 Measurement System Preparation. Assemble the measurement system by following the 
manufacturer‘s written instructions for preparing and preconditioning the gas analyzer and, as 
applicable, the other system components. Introduce the calibration gases in any sequence, and 
make all necessary adjustments to calibrate the analyzer and the data recorder. Adjust system 
components to achieve correct sampling rates. 

6.3 Analyzer Calibration Error. Conduct the analyzer calibration error check by introducing 
calibration gases to the measurement system at any point upstream of the gas analyzer as 
fol lows: 

6.3.1 After the measurement system has been prepared for use, i r i t rduce the zero, 
mid-range, and high-range gases to the analyzer. During this check, make no adjustments 
to the system except those necessary to achieve the correct calibration gas flow rate at the 
analyzer. Record the analyzer responses to each calibration gas on a form similar to Figure 
6C-4. 

Note: A calibration curve established prior to the analyzer calibration error check may be 
used to convert the analyzer response to the equivalent gas concentration introduced to the 
analyzer. However, the same correction procedure shall be used for all effluent and 
calibration measurements obtained during the test. 

3 042694-C:bTACK\WP\METHODS\S-METH .6C 



6.3.2 Tne analyzer calibration error check shall be considered invalid i f  the gas 
*:oncentration displayed by the analyzer exceeds + 2 percent o i  the span for any of the 
*calibration gases. If d n  invalid calibration i s  exhibited, take corrective action, and repeat 
the analyzer calibration error check until acceptable performance is  achieved, 

6.4 Sampling System Bias Check. Perform the sampling system bias check by introducing 
calibration gases at the calibration valve installed at the outlet of the sampling probe. A zero gas 
and either the mid-range or high-range gas, whichever most closely approximates the effluent 
concentrations, shall be used for this check as follows: 

6.4.1 Introduce the upscale calibration gas, and record the gas concentration displayed by 
the analyzer on a form similar to Figure 6C-5. Then introduce zero gas, and record the gas 
concentration displayed by the analyzer. During the sampling system bias check, operate 
the system at the normal sampling rate, and make no adjustments to the measurement 
system other than those necessary to achieve proper calibration gas flow rates at the 
analyzer. Alternately introduce the zero and upscale gases until a stable response i s  
achieved. The tester shall determine the measurement system response time by observing 
the times required to achieve a stable response for both the zero and upscale gases. Note 
the longer of the two times as the response time. 

6.4.2 The sampling system bias check shall be considered invalid i f  the difference between 
the gas concentrations displayed by the measurement system for the analyzer calibration 
error check and for the sampling system bias check exceeds + 5 percent of the span for 
either the zero or upscale calibration gas. If an invalid calibration . is exhibited, take 
corrective action, and repeat the sampling system bias check until acceptable performance 
i s  achieved. If adjustment to the analyzer i s  required, first repeat the analyzer calibration 
error check, then repeat the sampling system bias check. 

7. Emission Test Procedure 

7.1 Selection of Sampling Site and Sampling Points. Select a measurement site and sampling 
points using the same criteria that are applicable to Method 6. 

Z.2 Interference Check Preparation. For each individual analyzer, conduct an interference 
check for at least three runs during the initial field test on a particular source category. Retain 
.the results, and report them with each test performed on that source categow. If an interference 
check i s  being performed, assemble the modified Method 6 train (flow control valve, two 
midget impingers containing 3 percent H,O,, and dry gas meter) as shown in Figure 6C-2. 
Install the sampling train to obtain a sample at the measurement system sample by-pass 
discharge vent. Record the initial dry gas meter reading. 

.. 

6 0~269J-C:\STACK\LV~~iETHODS\S-METH.6C 
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- .3  SamF 
sampling 
rampling 
as ior I\ 

measurer 
determinl 
the flow 
sampling 

) le Collection. Position the samplinz probe at the first measurement point, m d  besin 
at the same rate as used during the sampling system bias check. Maintain constant rate 
ii.e., i 10 percent, during the entire run. The sampling time per run shall be the same 

,lethod 6 plus twice the system response time. For each run, use only those 
nents obtained aiter twice response time of the measurement system has elapsed; to 
e the average effluent concentration. l ian  interference check i s  being performed, open 
control valve on the modified Method 6 train concurrent with the initiation of the 
period, and adjust the flow to 1 liter per minute ( 2  10 percent). 

(Note: If a pump i s  not used in the modified Method 6 train, caution should be exercised in 
adjusting the flow rate since overpressurization of the impingers may cause leakage in  the 
impinger train, resulting in positively biased results). 

7.4 Zero and Calibration Drift Tests. Immediately preceding and following each run, or if 
adjustments are necessary for the measurement system during the run, repeat the sampling 
system bias check procedure described in Section 6.4 (Make no adjustments to the measurement 
system until after the drift checks are completed.) Record and analyzer’s responses on a form 
similar to Figure 6C-5. 

7.4.1 If either the zero or upscale calibration value exceeds the sampling system bias 
specification, then the run is  considered invalid. Repeat both the analyzer calibration error 
check procedure (Section 6.3) and the sampling system bias check procedure (Section 6.4) 
before repeating the run. 

7.4.2 If both the zero and upscale calibration values are within the sampling system bias 
specification, then use the average of the initial and final bias check values to calculate the 
gas concentration for the run. l i the zero or upscale calibration drift value exceeds the drift 
limits, based on the dimerence between the sampling system bias check responses 
immediately before and after the run, repeat both the analyzer calibration error check 
procedure (Section 6.3) and the sampling system bias check procedure (Section 6.4) before 
conducting additional runs. 

7.5 Interference Check (if performed). After completing the run, record the final dry gas meter 
reading, meter temperature, and barometric pressure. Recover and analyze the contents o i  the 
midget impingers, and determine the SO; gas concentration using the procedures of Method 6. 
(It i s  not necessary to analyze EPA performance audit samples for Method 6.) Determine the 
average gas concentration exhibited by the analyzer for the run. If the gas concentrations 
provided by the analyzer and the modified Method 6 differ by more thait 7 percent of the 
modified Method 6 result, the run i s  invalidated. 

7 OJ?69.1,C:~TMIC~\V~~ETHODS\S-METH.6C 
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8. Emission Calculation 

The average gas eiiluent concentration is determined from the average gas concentration 
displayed by the gas analyzer, and i s  adjusted for the zero and upscale sampling system bias checks, 
as determined in accordance with Section 7.4. The average gas concentration displayed by the 
analyzer may be determined by integration of the area under the curve for chart recorders, or by,  
averaging all o i  the eifluent measurements. Alternatively, the average may be calculated from 
measurements recorded at equally spaced intervals over the entire duration of therun.. For sampling 
run durations of less than 1 hour, measurements at 1-minute intervals or a minimum of 30 
measurements, whichever i s  less restrictive, shall be used. For sampling run durations greater than 
1 hour, measurements at 2-minute intervals or a minimum of 96 measurements, whichever i s  less 
restrictive, shall be used. Calculate the effluent gas concentration using Equation 6C-1. 

Eq. 6C - 1 
- c,  = (C -Co) c, - c o  

Where: 

C,, - Effluent gas concentration, dry basis, PPM. 
- 

0 C = Average gas concentration indicated by gas analyzer, dry basis, PPM. 

Co = Average of initial and final system calibration bias check responses for the zero gas, PPM. 

C, = Average of initial and final system calibration bias check responses for the upscale 
calibration gas, PPM. 

C,, = Actual concentration of the upscale calibration gas, PPM. 

9. Bibliography 
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METHOD 001 1 

SAMPLING FOR SELECTED ALDEHYDE AND KETONE EMISSIONS 
FROM STATIONARY SOURCES 

1.0 SCOPE AND APPLICATION 

1.1 This method is applicable to the determination of Destruction and Removal Efficiency 
(DRE) of the analytes listed in the following table: 

c 

Analyte CAS No.' 

Fomaldehyde 50-00-0 
Acetaldehye 75-07-0 
Acetophenone 9 8 - 8 6 - 2 
lsophorone 78-59-1 
Propionaldehyde 123-38-6 

a Chemical Abstract Service Registry Number 

This method has been applied specifically to the above analytes. Many laboratories have 
extended method application to other aldehydes and ketones. This method is possibly applicable to 
other aldehydes and ketones from stationary sources as specified in the regulations. However, this 
method is not applicable to quinone (CAS No. 106-51-4), acrolein (CAS No. 107-02-06), methyl ethyl 
ketone (CAS No. 78-93-3), and methyl isobutyl ketone (CAS No. 108-10-1). 

i . 2  The detection limit for a 30 it' (840 L) sample over a 1 hour sampling period may be as 
low as i o  ppbv for aceicphenone and isophorone, 6'2 ppbv for propionaldehyde. 40 ppbv for 
acetaldehyde, and 90 ppbv for formaldehyde. Because !he derivatization reaction is  based on the 
fornation of an equilibfium s:ate CeWeen reacants and pri-ucts. for same cwnpounds quantitative 
recoveries may not be achieved until the concentration exceeds 200 ppbv. 

1.3 This method is restricted to use by, or under the close supervision of, analysts 
experienced in sampling organic compounds in air. Each analyst must demonstrate the ability to 
generate acceptable results with this method. 

2.0 SUMMARY OF METHOD 

Gaseous and particulate pollutants are withdrawn isokinetically from an emission source and 
are collected in aqueous acidic 2,4-dinitrophenylhydrazine. Formaldehyde present in the emissions 
reacts with the 2,4-dinitrophenylhydrazine to form the formaldehyde dinitrophenylhydrazone 
derivative. The dinitrophenylhydrazone derivative is extracted, solvent-exchanged, concentrated, 
and then analyzed by high performance liquid chromatography (HPLC) according to Method 8315 
or other appropriate technique. 
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3.0 INTERFERENCES 

1 ,  

: ~ 

3.1 A decomposition produd of 2.4-dinitrophenylhydrazine. 2,4-dinitroaniline, can be an 
analytical interferant if concentrations are high. The 2,cdinitroaniline can coelute with the 2,4- 
dinitrophenylhydrazone of formaldehyde under the high performance liquid chromatographa 
conditions used for the analysis. High concentrations of highly oxygenated compounds, especially 
acetone, that have the same retention time or nearly the same retention time as the 
dinitrophenylhydrazone of formaldehyde, and that also absorb at 360 nm, will interfere with the 
analysis. 

3.2 Formaldehyde, acetone, and 2,4-dinitroaniline contamination of the aqueous acidic 2,4- 
dinitrophenylhydrazine (DNPH) reagent is frequently encountered. The reagent must be prepared 
within five days of use in the field and must be stored in an uncontaminated environment both before 
and after sampling, in order to minimize blank problems. Some concentration of acetone 
contamination is unavoidable, because acetone is ubiquitous in laboratory and field operations. 
However, the acetone Contamination must be minimized. 

Dimethylolurea creates a slight positive interference; and hexamethylenetetramine and 
paraformaldehyde significantly interfere with the determination of formaldehyde. These compounds 
can decompose in the acidic reagent used to collect the sample to form formaldehyde; 

chroma tographically; 

3.3 

3.4 Tolualdehyde interferes with the determination of acetophenone because they coelute 

3.5 High levels of nitrogen dioxide can interfere by consuming all of the reagent. 

4.0 APPARATUS AND MATERIALS 

4.1 This sampling train configuration is adapted from Method 5 (see Ref. 1) procedures. T h e .  
sampling train consists of the following components: Probe nozzle, pitot tube, differential pressure 
gauge, retering system. barometer, and gas density determifiation equipment. A schematic of :he 
stmpling train is shown in Figure 1. 

4.1.1 Probe Nozzle - The probe nozzle shall be quartz or glass with sharp, tapered (30' 
ancle) lezding edge. Tine ttper shall be on :he outside is preserve a constant inner diameter. 
The nozzle shall be buttonhook or elbow design. A range of nozzle sizes suitable for isokinetic 
sampling should be available in incremixs of 0.16 c n  (1116 in.), e.g.. 0.32 to 1.27 cm (1/8 to 
'/2 in.), or larger if higher volume sampling trains are used. Each nozzle shall be calibrated 
according to the procedures outlined in Sec. 8.1. 

4.1.2 Probe Liner - Borosilicate glass or quartz shall be used for the probe liner. The 
tester should not allow the temperature in the probe to exceed 120 f14'C (248 f25"F). 

Pitot Tube - The pitot tube shall be Type S or any other appropriate device. The 
Type S pitot tube shall be made of metal tubing (e.g., stainless steel). It is recommended that 
the external tubing diameter be between 0.48 and 0.95 cm. There shall be an equal distance 
from the base of each leg to its face-opening plane; it is recommended that this distance be 
between 1.05 and 1.50 times the external tubing diameter. The face openings of the pitot tube 
shall, preferably, be aligned but slight misalignments of the openings are permissible. The 
Type S pitot tube assembly shall have a known coefficient. determined as outlined in Method 
2 (see Ref. 1). The pitot tube shall be attached to the probe to allow constant monitoring of 

4.1.3 
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the stack gas velocity. The impact (high pressure) opening plane of the pitot tube shall be 
even with or above the nozzle entry plane (see Method 2) during sampling. 

4.1.4 Differential Pressure Gauge - The differential pressure gauge shall be an inclined 
manometer or equivalent device as described in Method 2. One manometer shall be used for 
velocity-head readings and the other for orifice differential pressure readings. 

e 
4.1.5 lmpingers - The sampling train req&es a minimum of five impingers, connected 

as shown in Figure 1. with ground glass (or equivalent) vacuum-tight fittings. For the first, 
third, fourth, and fifth impingers, use the Greenburg-Smith design, modified by replacing the 
tip with a 1.27 cm (% in) inside diameter glass tube extending to 1.27 cm ?A in.) from the 
bottom of the flask. For the second impinger, use a Greenburg-Smith impinger with the 
standard tip. Place a thermometer capable of measuring temperature to within 1 "C (2'F) at 
the outlet of the fifth impinger for monitoring purposes. 

Metering System - The necessary components of the metering system are a 
vacuum gauge, leak-free pump, thermometers capable of measuring temperature within 3°C 
(54°F). dry-gas meter capable of measuring volume to within 1%. and related equipment as 
shown in Figure 1. At a minimum, the pump should be capable of 4 cfm free flow, and the dry 
gas meter should have a recording capacity of 0-999.9 cu ft with a resolution of 0.005 cu A. 
Other metering systems may be used which are capable of maintaining sample volumes to 
within 2%. The metering system may be used in conjunction with a pitot tube to. enable checks 
of isokinetic sampling rates. 

4.1.6 

4.1.7 Barometer - The barometer may be mercury. aneroid, or other barometer capable 
of measuring atmospheric pressure to within 2.5 mm Hg (0.1 in. Hg). 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) .is. requested and an 
adjustment for elevation differences-between the weather station and sampling point is applied 
at a rate of minus 2.5 mm Hg (0.1 in. Hg) per 30 m (100 ft) elevation increase (vice versa for 
elevation decrease). 

e 
4.1.6 Gas Density De:e.mination Equipneni - Tne gas density determination equipment 

inciudas a temperi:ilre senjar and pressure gauge (as described in Method 2) and gas 
analyzer, i f  necessary (an Orsat of Fyrite type combustion gas analyzer, or equivalent. For 
inal;.r?: main:enancs ana operation procedures, i C i i O w  tha instructions recommended by the 
manufac:urer). The temperatlire sensor ideally should be permanently attached to the pitot 
;&e or samgling probe in a fixed configuration such that the tip of the sensor extends beyond 
the leacing edge of the probe sheath and does not touch any metal. Alternatively, the sensor 
may be attached just prior to use in the field. Note, however, that if the temperature sensor 
is attached in the field, the sensor must be placed in an interference-free arrangement with 
respect to the Type S pilot tube openings (see Method 2). As a second alternative, if a 
difference of no more than 1 % in the average velocity measurement is to be introduced, the 
1empera:ure gauge need not be attached to the probe or pitot tube. 

4.2 Sample Recovery 

4.2.1 Probe Liner - Probe nozzle and brushes; Teflon@ bristle brushes with stainless 
steel wire handles are required. The probe brush shall have extensions of stainless steel, 
Teflon@, or inert material at least as long as the probe. The brushes shall be properly sized 
and shaped to brush out the probe liner, the probe nozzle. and the impingers. 
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4.2.2 Wash Botlles - Three wash bottles are required. Teflon@ or glass wash bottles 
are recommended. Polyethylene wash bottles should not be used because organic 
contaminants may be extracted by exposure to the organic solvents used for sample recovery. 

4.2.3 Graduated Cylinder andlor Balance - A graduated cylinder or balance is required e 
to measure condensed water to the nearest 1 mL or 1 g. Graduated cylinders shall have 
divisions not greater than 2 mL. Laboratory balances capable of weighing to i0.5 g are 
required. 

4.2.4 Amber Glass Storage Containers - One-liter wide-mouth amber flint glass bottles 
with Teflon@lined caps are required to store impinger water samples. The bottles must be 
sealed with Teflon@ tape. 

4.2.5 Rubber Policeman and Funnel - A rubber policeman and funnel are required to 
aid in the transfer of materials into and out of containers in the field. 

4.3 Reagent Preparation 

4.3.1 BottleslCaps - Amber 1 - 4 L bottles with Teflon@lined caps are required for 
storing cleaned DNPH solution. Additional 4-L bottles are required to collect waste organic 
solvents. 

4.3.2 Large Glass Container - At least one large glass (8 to 16 L) is required for mixing 
the aqueous acidic DNPH solution. 

4.3.3 Stir PlatelLarge Stir BarslStir Bar Retriever - A magnetic stir plate and large stir 
bar are required for the mixing of the aqueous acidic DNPH solution. A stir bar retriever is 
needed for removing the stir bar from the large container holding the DNPH solution. 

4.3.4 Buchner Filter/Filter FlasklFilter Paper - A large filter flask (2-4 L) with a buchner 
filter. appropriate rubber stopper, filter paper, and connecting tubing are required for filtering 
:he aqueol;s acidic DNP% solclion prior to cleaning. 

4.3.5 Separatory Funnel - At least one large separatory funnel (2 L) is required for 
clesning !he DNPH prior to use. 

4.3.6 Geakers - Beakers (150 rnC, 250 rnL, and 400 mL) are useful for 
holdingimeasuring organic liquids when cleaning the aqueous acidic DNPH solution and for 
weighing DNPH crystals. 

4.3.7 Funnels - At least one large funnel is needed for pouring the aqueous acidic 
DNPH into the separatory funnel. 

4.3.8 Graduated Cylinders -At least one large graduated cylinder (1 to 2 L) is required 
for measuring organic-free reagent water and acid when preparing the DNPH solution. 

4.3.9 Top-loading Balance - A one-place top loading balance is needed for weighing 
out the DNPH crystals used to prepare the aqueous acidic DNPH solution. 

4.3.10 Spatulas - Spatulas are needed for weighing out DNPH when preparing the 
aqueous DNPH solution. 
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4.4 Crushed Ice - Quantities of crushed ice ranging from 10-50 Ib may be necessary during 
a sampling run, depending upon ambient temperature. Samples which have been taken must be 
stored and shipped cold; sufficient ice for this purpose must be allowed. 

0 

e 

5.0 REAGENTS 

5.1 Reagent Grade Chemicals - Reagent grade inorganic chemicals shall be used in all tests. 
Unless otherwise indicated, it is intended that all reagents shall conform to the specifications of the 
Committee on Analytical Reagents of the American Chemical Society, where such specifications are 
available. Other grades may be used, provided il is first ascertained that the reagent is of sufficiently 
high punty to permit its use without lessening the accuracy of the determination. 

Organic-free Reagent Water - All references to water in this method refer to organic-free 5.2 
reagent water, as defined in Chapter One. 

5.3 Silica Gel - Silica'gel shall be indicating lype. 6-16 mesh. If the silica gel has been used 
previously, dry at 175°C (350°F) for 2 hours before using. New silica gel may be used as received. 
Alternatively. other types of desiccants (equivalent or better) may be used. 

2,&Dinitrophenylhydrazine (DNPH), [2.4-(02N),C,HJNHNH, - The quantity of water may 

The 2,Cdinitrophenylhydrazine reagent must be  prepared in the laboratory within 
five days of sampling use in the field. Preparation of DNPH can also be done in the field, with 
consideration of appropriate procedures required for safe handling of'solvent in the field. 
When a container of prepared DNPH reagent is opened in the field. the contents of the opened 
container should be used within 48 hours. All laboratory glassware must be washed with 
detergent and water and rinsed with water, methanol, and methylene chloride prior to use. 

5.4 
vary from 10 to 30%. 

5.4.1 

~ 

NOTE: DNPH crystals and DNPH solution are potential carcinogens and should be 
handled with plastic glovps a: all times, with prompt and extensive use of 
running water in case cf skin exposure. 

- 

5.4.2 Preparaiion of Aqueous Acidic DNPH De5vatizing Reagent - Each batch of ONPH 
reagent should be prepared and purified within five days. of sampling, according to the 
procedure described below. 

NOTE: Reagent bo;tles for storage of cleaned DNPH derivatizing solution must be 
rinsed with acetonitrile and dried before use. Baked glassware is not 
essential for preparation of DNPH reagent. The glassware must not be 
rinsed with acetone or an unacceptable concentration of acetone 
contamination will be introduced. If field preparation of DNPH is performed. 
caution must be exercised in avoiding acetone contamination. 

5.4.2.1 Place an 8 L container under a fume hood on a magnetic stirrer. Add 
a large stir bar and fill the container half full of organic-free reagent water.' Save the 
empty bottle from the organic-free reagent water. Start the stirring bar and adjust the stir 
rate to be as fast as possible. Using a graduated cylinder, measure 1.4 L of 
concentrated hydrochloric acid. Slowiy pour the acid into the stimng water. Fumes may 
be generated and the water may become warm. Weigh the DNPH crystals to iO.1 g (see 
Table 1 for approximate amounts) and add to the stirring acid solution. Fill the 8 L 
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container to the 8 L mark with organic-free reagent water and stir overnight. If all of the 
DNPH crystals have dissolved overnight, add additional DNPH and stir for two more 
hours. Continue the process of adding DNPH with additional stirring until a saturated 
solution has been formed, as evidenced by the presence of visible crystals a f t e r e  
continued stirring. Filter the DNPH solution using vacuum filtration. Gravity filtration may 
be used, but a much longer time is required. Store the filtered solution in an amber bottle 
at room temperature. 

5.4.2.2 Within five days of proposed use, place about 1.6, L of the DNPH 
reagent in a 2 L separatory funnel. Add approximately200 mL of methylene chloride and 
stopper the funnel. Wrap the stopper of the funnel with paper towels to absorb any 
leakage. Invert and vent the funnel. Then shake vigorously for 3 minutes. Initially, the 
funnel should be vented frequently (every 10 - 15 seconds). After the layers have 
separated, discard the lower (organic) layer. 

Extract the DNPH a second time with methylene chloride and finally with 
cyclohexane. When the cyclohexane layer has separated from the DNPH reagent, the 
cyclohexane layer will be the top layer in the separatory funnel. Drain the lower layer (the 
cleaned extracted DNPH reagent solution) into an amber bottle that has been rinsed with 
acetonitrile and allowed to dry. 

5.4.3 DNPH Reagent Check -Take two aliquots of the extracted DNPH reagent. The 
size of the aliquots is dependent upon the exact sampling procedure used, but 100 mL is 
reasonably representative. Analyze one aliquot of the reagent according to Sec. 7 of Method 
8315 as a Quality Control check to ensure that the background in the reagent is acceptable for 
field use. Save the other aliquot of aqueous acidic DNPH for use as a method blank when the 
analysis is performed. The reagent is acceptable for use if the background meets the AIC 
(Acceptable Impurity Concentration) as specified in Sec. 5.4.5. 

5.4.2.3 

0 
5.4.4 Shipment to the Field -Tightly cap the bo:tle containing extracted DNPH reagent 

usin9 a Teflonalined cap. Seal the bottle with Teflon6 !ape. After the bot!le is labeled, the 
bot:k may be placed in i iricdon-:op can (pair,t can or equivalent) con:aining a 1-2 inch layer 
e.< ---_I s;.~la:ed zhzrcoal 2n.i stored a! ambimi temperz::ire ontil U S B .  

5 .L .A .1  If t?*  DN?H reaSen; bas passe? 5 s  Cluility Control cri:e:ia, the reagent 
n a y  be packaged io meet necessary shipping requiremenis and sent to the sampling 
area. If :he Quality Cmtrol criteria are no! .?et. the reqent solution may be re-extrac:ed 
or the solution may be re-prepared and the extrac:ion sequence repeated. 

5.4.4.2 If the DNPH reagent is not used in the field within five days of extraction, 
an aliquot may be taken and analyzed as described in Sec. 7 of Method 8315. If the 
reagent meets the Quality Control requirements, the reagent may be used. If the reagent 
does not meet the Quality Control requirements, the reagent must be discarded and new 
reagent must be prepared and tested. 

5.4.5 Calculation of Acceptable Concentrations of Impurities in DNPH Reagent - The 
acceptable impurity concentration (AIC. pglml) is calculated from the expected analyte 
concentration in the sampled gas (EAC. ppbv), the volume of air that will be sampled at 
standard conditions (SVOL, L), the formula weight of the analyte (FW, ghol).  and the volume 
of DNPH reagent that will be used in the impingers (RVOL, mL): 

AIC = 0.1 x [EAC x SVOL x FW/24.4 x (FW + 180)/FW](RVOU1,000) 
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where: 

0.1 is the acceptable contaminant concentration. 
24.4 is a factor relating ppbv to gIL, 
180 is a factor relating underivatized to derivatized analyte, and 
1,000 is a unit conversion factor. 

5.4.6 Disposal of Excess DNPH Reagen! - Excess DNPH reagent may be returned to 
the laboratory and recycled or treated as aqueous waste for disposal purposes. 2 .4 
Dinitrophenylhydrazine is a flammable solid when dry, so water should not be evaporated from 
the solution of the reagent. 

5.5 Field Spike Standard Preparation - To prepare a formaldehyde field spiking standard at 
4010 mglr, use a 500 VL syringe to transfer 0.5 mL of 37% by weight of formaldehyde (401 911) to 
a 50 mL. vplumetric flask containing approximately 40 mL of methanol. Dilute to 50 mL with 
methanol. 

5.6 Hydrochloric Add, HCI - Reagent grade hydrochloric add (approximately 12N) is required 
for acidifying the aqueous DNPH solution. 

Methylene Chloride, CH,CI, - Methylene chloride (suitable for residue and pesticide 
analysis, GCIMS, HPLC, GC, Spectrophotometry or equivalent) is required for cleaning the aqueous 
acidic DNPH solution, rinsing glassware, and recovery of sample trains. 

5.7 

5.8 Cyclohexane, C,H,2 - Cyclohexane (HPLC grade) is required for cleaning the aqueous 
acidic DNPH solution. 

NOTE: Do not use spectroanalyzed grades of cyclohexane if this sampling methodology 
is extended to aldehydes and ketones with four or more carbon atoms. 

Methanol. CH20H - Methanol (HPLC grade or equivalent) is necessary for rinsing 5.9 
GI as  s':/are. 

5.10 Acetonitrile, CH,CN - Acetonitrile (HPLC grade or equivalent) is required for rinsing 
glajsware. 

5.1 i Forma!dshyde, HCHO - Formzldehyde (anabJi;zI reagent grade, or equivalent) is 
required for preparation of standards. If other aldehydes or ketones are used, analytical reagent 
grade, or equivalent, is required. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 Because of the complexity of this method, field personnel should be trained in and 
experienced with the test procedures in order to obtain reliable results. 

6.2 Laboratory Preparation 

6.2.1 All the components shall be maintained and calibrated according to the procedure 
desuibed in APTD0576 (Air Pollution Technical Document. see references), unless otherwise 
specified. 
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6.2.2 Weigh several 200 to 300 g portions of silica gel in airtight containers to the 
nearest 0.5 g. Record on each container the total weight of the silica gel plus containers. As 
an alternative to preweighing the silica gel, it may instead be weighed directly in the impinger 
or sampling holder just prior to train assembly. 

6.3 Preliminary Field Determinations 
e 

6.3.1 Select the sampling site and the minimum number of sampling points according 
lo Method 1 (see Ref. 1) or other relevant uiteria. Determine the stack pressure, temperature, 
and range of velocity heads using Method 2. A leak-check of the pitot lines according to 
Method 2 must be performed. Determine the stack gas moisture content using Approximation 
Method 4 (see Ref. 1) or its alternatives to establish estimates of isokinetic sampling-rate 
settings. Determine the stack gas dry molecular weight, as described in Method 2.  If 
integrated Method 3 (see Ref. 1) sampling is used for molecular weight determination, the 
integrated bag sample shall be taken simultaneously with, and for the same total length of time 
as, the sample run. 

6.3.2 Select a nozzle size based on the range of velocity heads so that it is not 
necessary to change the nozzle size in order to maintain isokinetic sampling rates below 28 
Umin (1.0 dm). During the run, do not change the nozzle. Ensure that the proper differential 
pressure gauge is chosen for the range of velocity heads encountered (see Sec. 2 of Method 
2). 

6.3.3 Select a suitable probe liner and probe length so that all traverse points can be 
sampled. For large stacks, to reduce the length of the probe, consider sampling from opposite 
sides of the stack. 

A minimum of 45 ft' of sample volume is required for the'determination of the 
Destruction and Removal Efficiency (DRE) of formaldehyde from incineration systems (45 ft3 
is equivalent to one hour of sampling at 0.75 dscf). Additional sample volume shall be 
collected as necessitated by the capacity of the DNPH reagent and analytical detection limit 
cons:rain:s. To de:errnine :he minimum sample volume reqgired, refer to S E E P ! ?  calculatic,?: 
in Sec. 10.0. 

6.3.4 

6.3.5 Determine the total length of sampling time needed to obtain the iden:i-;led 
minimum volume by comparing the anticipated average samp!ing rate with the volume 
requirement. Allocate the same time to all traverse points defined by Method 1. To avoid 
timekeeping errors, the length of time sampled at each traverst point should be an integer c: 
an integer plus 0.5 min. 

6.3.6 In some circumstances (e.9.. batch cycles) it may be necessary to sample for 
shorter times at the traverse points and to obtain smaller gas-volume samples. In these cases, 
careful documentation must be maintained in order to allow accurate calculation of 
concentrations. 

6.4 Preparation of Collection Train 

6.4.1 During preparation and assembly of the sampling train, keep all openings where 
contamination can occur covered with Teflon@ film or aluminum foil until just prior to assembly 
or until sampling is about to begin. 
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- NOTE: Appendix A at the end of this procedure contains guidance on the addition of 
a filter as a check on the suwival of particulate material through the impinger 
system. This filter can be added to the impinger train either after the second 
impinger or after the third impinger. 

6.4.2 Place 200 mL of purified DNPH reagent in the first impinger and 100 mL of 
reagent in the second and third impingem, and leave the fourth impinger empty. Transfer 
approximately 200 to 300 g of preweighed silica gel from its container to the fifth impinger. 
Care should be taken to ensure that the silica gel is not entrained and carried out from the 
impinger during sampling. Place the silica gel container in a clean place for later use in the 
sample recovery. Alternatively, the weight of the silica gel plus impinger may be determined 
to the nearest 0.5 g and recorded. 

c 6.4.3 With a glass or quartz liner, install the selected nozzle using a Won-A O-ring 
when stack temperatures are less than 260°C (500°F) and a woven glass-fiber gasket when 
temperatures are higher. See APTD-0576 (Rom, 1972) for details. Other connecting systems 
utilizing either 316 stainless steel or Teflon@ fermles may be used. Mark the probe with heat- 
resistant tape or by some other method to denote the proper distance into the stack or duct 
for each sampling point. 

6.4.4 Assemble the train as shown in Figure 1. During assembly, do not use any 
silicone grease on ground-glass joints upstream of the impingers. Use Teflon@ tape, if 
required. A very light coating of silicone grease may be used on ground-glass joints 
downstream of the impingers. but the silicone grease should be limited to the outer portion 
(see APTC-0576) of the ground-glass joints to minimize silicone grease Contamination. If 
necessary, Teflon@ tape may be used to seal leaks. Connect all temperature sensors lo an 
appropriate potentiometer/display unit. Check all temperature sensors at ambient temperature. 

6.4.5 

6.4.6 

Place crushed ice all around the impingers. 

Turn on and set the probe heating system at the desired operating temperature 
N low time for the tmpra:ure to stabilize. 

6.5 Leak-Check Procedures 

5.5.1 Pre-trs; Leak Check 

6.5.1.1 After the sampling train has been assembled. turn on and set the probe 
heating system at the desired operating tempera:ure. Allow time for the temperature to 
stabilize. If a Viton-A O-ring or other leak-Free connection is used in assembling the 
probe nozzle to the probe liner, leak-check the train at the sampling site by plugging the 
nozzle and pulling a 381 mm Hg (15 in. Hg) vacuum. 

- NOTE: A lower vacuum may be used, provided that the lower vacuum is not 
exceeded during the test. 

If an asbestos string is used, do not connect the probe'to the train 
during the leak check. Instead. leak-check the train by first attaching a carbon-filled leak 
check impinger to the inlet and then plugging the inlet and pulling a 381 mm Hg (15 in. 
Hg) vacuum. (A lower vacuum may be used if this lower vacuum is not exceeded during 
the test.) Then connect the probe to the train and leak-check at about 25 mm Hg (1 in. 
Hg) vacuum. Alternatively. leak-check the probe with the rest of the sampling train in one 

6.5.1.2 
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step at 381 mm Hg (15 in. Hg) vacuum. Leakage rates no greater than 4% of the 
average sampling rate or less than or equal to 0.00057 m'/min (0.02 cfm), whichever is 
less, are acceptable. 

6.5.1.3 The following leak check instntctions for the sampling train described e 
in APTC-0576 and APTD0581 may be helpful. Start the pump with the fine-adjust valve 
fully open and coarse-adjust valve completely closed. Partially open the coarse-adjust 
valve and slowly dose the fine-adjust valve until the desired vacuum is reached. Do pJ 
reverse direction of the tine-adjust valve, as liquid will back up into the train. If the 
desired vacuum is exceeded, either perform the leak check at this higher vacuum or end 
the leak check, as shown below, and start over. 

... ... 

6.5.1.4 When the leak check is completed. first slowly remove the plug from the 
inlet to the probe. When the vacuum drops to 127 mm (5 in.) Hg or less, immediately 
close the cnane-adjust valve. Switch ofi the pumping system and reopen the fine-adjust 
valve. Do not reopen the fine-adjust valve until the coarse-adjust valve has been closed 
to prevent the liquid in the impingers from being forced backward into the sampling line 
and silica gel from being entrained backward into the third impinger. 

6.5.2 Sampling Run Leak Check 

6.5.2.1 If, during the sampling run, a component change (i.e., impinger) 
becomes necessary, a leak check shall be conducted immediately after the intemption 
of sampling and before the change is made. The leak check shall be done according to 
the procedure described in Sec. 6.5.1, except that it shall be done at a vacuum greater 
than or equal to :he maximum value recorded up :o that point in the test. If the leakage 
rate is found to be no greater than 0.00057 m'/min (0.02 cfm) or 4% of the average 
sampling rate (whichever is less), the results are acceptable.' If a higher leakage rate is 
obtained, the'tester must void the sampling run. 0 

NOTE: Any correction of the sample volume by calculation reduces the integrity 
c f  :he c:ils:ant ccn:er,iration dz!; s?nera:ed and mus: be avoided. 

5.5.2.2 lmmec'ia:zly after a conponer,; change and before sampling is 
reinitiated, a leak check similar to a pre-test leak check must also be conducted. 

6.5.3 Pos:-test Leak Check - A leak check is mandatory at the conclusion of each 
sampling run. The leak check shall be done with the same procedures as the pre-test leak 
check, except that the pos:-test leak check shall be conducted at a vacuum greater than or 
equal to the maximum value reached during the sampling run. If the leakage rate is found to 

-.be no greater than 0.00057 m%nin (0.02 cfm) or 4% of the average sampling rate (whichever 
is less), the results are acceptable. If. however, a higher leakage rate is obtained, the tester 
shall record the leakage rate and void the sampling run. 

6.6 Sampling Train Operation 

6.6.1 During the sampling run. maintain an isokinetic sampling rate to within 10% of 
true isokinetic. below 28 Umin (1.0 cfm). Maintain a temperature around the probe of 120°C 
(248" Q25"F). 

6.6.2 For each run, record the data on a data sheet such as the one shown in Figure 
2. Be sure to record the initial dry-gas meter reading. Record the dry-gas meter readings at 
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the beginning and end of each sampling time increment. when changes in flow rates are made, 
before and after each leak check, and when sampling is halted. Take other readings required 
by Figure 2 at least once at each sample point during each time increment and additional 
readings when significant adjustments (20% variation in velocity head readings) necessitate 
additional adjustments in flow rate. Level and zero the manometer. Because the manometer 
level and zero may drift due to vibrations and temperature changes, make periodic checks 
during the traverse. 

Clean the stack access ports plior to the test run to eliminate the chance of 
sampling deposited material. To begin sampling, remove the nozzle cap. verify that the filter 
and probe heating systems are at the specified temperature, and verify that the pitot tube and 
probe are properly positioned. Position the nozzle at the first traverse point, with the tip 
pointing directly into the gas stream. Immediately start the pump and adjust the flow to 
iso$inetic conditions. Nomographs. which aid in the rapid adjustment of the isokinetic sampling 
rate without excessive computations, are available. These nomographs are designed for use 
when the Type S pitot tube coefficient is 0.84 kO.02 and the stack gas equivalent density (dry 
molecular weight) is equal to 29 f4. APT00576 details the procedure for using the 
nomographs. If the stack gas molecular weight and the pitot tube coefficient are outside the 
above ranges, do not use the nomographs unless appropriate steps are taken to compensate 
for the deviations. 

6.6.4 

0 

6.6.3 

When the stack is under significant negative pressure (equivalent to the height 
of the impinger stem), take care to close the warse-adjust valve before inserting the probe into 
the stack in order to prevent liquid from backing up through the train. If necessary, the pump 
may be turned on with the coarse-adjust valve closed. 

6.6.5 When the probe is in position, block off the openings around the probe and stack 
access port to prevent nonrepresentative dilution of the gas stream. . 

6.6.6 Traverse the stack cross section. as required by Method 1, being careful no: to 
bump the probe nozzle into the stack walls when sampling near the walls or when removing 
or inserting the prsbe through the access port, in order to minimize the chance of extracting 
deposited ma:erial. 

6.6.7 During the test run, make periodic adjustments to keep the temperature around 
,,,_ probe a: the prcper levels. Add mcr2 ice a d ,  if necessary, sal:, :c maintain a temperature 
of lsss than 2O'C (68'F) at the silica gel ou!let. Also, periodically check the level and zero of 
:he nafiometer. 

6.6.8 

.'La 

A single train shall be used for the entire sampling run, except in cases where 
simultaneous sampling is required in two or more separate ducts or at two or more different 
locations within the same duct, or in cases where equipment failure necessitates a change of 
trains. An additional train or additional trains may also be used for sampling when the capacity 
of a single train is exceeded. 

6.6.9 When two or more trains are used, separate analyses of components from each 
train shall be performed. If multiple trains have been used because the capacity of a single 
train would be exceeded, first impingers from each train may be combined, and second 
impingers from each train may be combined. 

6.6.10 At the end of the sampling tun. turn off the coarse-adjust valve, remove the probe 
and nozzle from the stack, turn off the pump, record the final dry gas meter reading, and 
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conduct a post-test leak check. Also, leak check the pitot lines as described in Method 2. The' 
lines must pass this leak check in order to validate the velocity-head data. 

6.6.1 1 Calculate percent isokinetic variation (see Method 5) to determine whether the 
run was valid or another test should be made. 

7.0 SAMPLE RECOVERY AND PREPARATION FOR ANALYSIS 

7.1 Preparation 

7.1.1 Proper deanup procedure begins as soon as the probe is removed from the stack 
at the end of the sampling period. Allow the probe to cool. When the probe can be handled 
safely, wipe off all external particulate matter near the tip of the probe nozzle and place a cap 
over the tip to prevent losing or gaining particulate matter. Do not cap the probe tip tightly 
while the sampling train is cooling because a vacuum will be created, drawing liquid from the 
impingers back through the sampling train. 

Before moving the sampling train to the cleanup site, remove the probe from the 
sampling train and cap the open outlet. being careful not to lose any condensate that might be 
present.. Remove the umbilical cord from the last irnpinger and cap the impinger. I f  a flexible 
line is used, let any condensed water or liquid drain into the impingers. Cap off any open 
impinger inlets and outlets. Ground glass stoppers, Teflon@ caps, or caps of other inert 
materials may be used to seal all openings. 

7.1.2 

7.1.3 Transfer the probe and impinger assembly to an area that is clean and protected 
from wind so that the chances of contaminating or losing the sample are minimized. 

0 
7.1.4 

conditions. 
Inspect the train before and during disassembly. and note any abnormal 

7.1.5 Save a portion of all washing solution (methylene chloride, water) used for 
cleanup 2s a blank. Transfer 200 rnL of each soic:ion cirec:ly from ;he wash bottle being used 
and place each in a separa:e, pre-kbeled sample coctzir,er. 

7.2 Sample Containers 

7.2.1 Container 1 - Probe and Impinge: Catc5es. Using a o:a.'ua:ed cylinder, measure 
to th t  nearest rnL, and record the volume of the solution in the first three impingers. 
Alternatively, the solution may be weighed to the nearest 0.5 g. Transfer the impinger solution 
from the graduated cylinder into the amber flint glass bottle. Taking care that dust on the 
outside of the probe or other exterior surfaces does not get into the sample, clean all surfaces 
to which the sample is exposed (including the probe nozzle, probe fitting. probe liner, first 
impinger, and impinger connector) with methylene chloride. Use less than 500 mL for the 
entire wash (250 mL would be better, if possible). Add the washings to the sample container. 

Carefully remove the probe nozzle and rinse the inside surface with 
methylene chloride from a wash bottle. Brush with a Teflom bristle brush, and rinse until 
the rinse shows no visible particles or yellow color, after which make a final rinse of the 
inside surface. Brush and rinse the inside parts of the Swagelok fitting with methylene 
chloride in a similar way. 

7.2.1.1 
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7.2.1.2 Rinse the probe liner with methylene chloride. While squirting the 
methylene chloride into the upper end of the probe, tilt and rotate the probe so that all 
inside surfaces will be wetted with methylene chloride. Let the methylene chloride drain 
from the lower end into the sample container. The tester may use a funnel (glass or 
polyethylene) to aid in transfenkg the liquid washes to the container. Following the rinse 
with a Teflon@ brush. Hold the probe in an inclined position, and iquirt methylene 
chloride into the upper end as the probe brush is being pushed with a twisting action 
through the probe. Hold the sample container underneath the lower end of the probe, 
and catch any methylene chloride, water, and particulate matter that is brushed from the 
probe. Run the brush through the probe three times or more. Rinse the brush witti 
methylene chloride or water, and quantitatively collect these washings in the sample 
container. After the brushings, make a final rinse of the probe as described above. 

Between sampling runs, brushes must be kept clean and free from 
contamination. 

NOTE: c 

7.2.1.3 Rinse the inside surface of each of the first three impingers (and 
conneding tubing) three separate times. Use a small portion of methylene chloride for 
each rinse. Water will be required for the recovery of the impingers in addition to the 
specified quantity of methylene chloride. There will be at least two phases in the 
impingers. This two-phase mixture does not pour well, and a significant amount of the 
impinger catch will be left on the walls. The use of water as a rinse makes the recovery 
quantitative. Make a final rinse of each surface, using both methylene chloride and 
water. 

7.2.1.4 After all methylene chloride and water washings and particulate matter 
have been collected in the sample container, tighten the lid so that solvent, water, and 
DNPH reagent will not leak out when the container is shipped to the laboratory. Mark the 
height of the fluid level to determine whether leakage occurs during transport. Seal the 
container with Teflon@ tape. Label the container clearly to identify its contents. 

7.2.1.5 I f  !he first two impingers are to be analyzed separately to check for 
breakthrough, separate the con!ents ana rinses of <ne >.w impingers into individual 
ccntainers. Care MUS: be taken to avcrid physic4 car?jwsr from :he firs: impinger to the 
second, The formaldehyde hydrazone is a solid which floats and froths on top of the 
i rp i~ge r  soluticn. Any physical ctnyover of collft:ed mcistsre intc" the s?cmd impinger 
will invalidate a breakthrough assessment. 

7.2.2 Container 2 - Sample Blank. Prepare a sample biank by using an amber flint 
glass container and addi,ng a volume of DNPH reagent and methylene chloride equal to !he 
total volume in Container 1. Process the blank in the same manner as Container 1. 

7.2.3 Container 3 - Silica Gel. Note the color of the indicating silica gel to determine 
whether i t  has been completely spent and make a notation of its condition. The impinger 
containing the silica gel may be used as a sample transport cmtainer with both ends sealed 
with tightly fitting caps or plugs. Ground-glass s:oppers or Teflon@ caps may be used. The 
silica gel impinger should then be labeled, covered with aluminum foil, and packaged on ice 
for transport to the laboratory. If the silica gel is removed from the impinger, the tester may 
use a funnel to pour the silica gel and a rubber policeman to remove the silica gel from the 
impinger. It is not necessary to remove the small amount of dust particles that may adhere to 
the impinger wall and are difficult to remove. Since the gain in weight is to be used for 
moisture calculations, do not use water or other liquids to transfer the silica gel. If a balance 
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1 is available in the field, the spent silica gel (or silica gel plus impinger) may be weighed to the 
nearest 0.5 g. 

with ice. Sample containers must be placed vertically and, since they are glass, protected f r o m e  

cold at the laboratory. 

7.3 

7.2.4 Sample containers should be placed in a cooler, cooled by although not in contact ! 
breakage during shipment. Samples should be cooled during shipment so they will be received I 

The dinitrophenylhydrazone derivative is then analyzed by high performance liquid 
chromatography (HPLC) (Method 8315) or other appropriate technique. 

8.0 CALIBRATION 

8.1 Probe Nozzle - Probe nozzles shall be calibrated before their initial use in the field. Using 
a micrometer, measure the inside diameter of the nozzle to the nearest 0.025 mm (0.001 in.). Make 
measurements at three separate places across the diameter and obtain the average of the 
measurements. The difference between the high and low numbers shall not exceed 0.1 mm (0.004 
in.).' When the nozzles become nicked or corroded, they shall be replaced and calibrated before use. 
Each nozzle must be permanently and uniquely identified. 

Pitot Tube - The Type S' pitot tube assembly shall be calibrated according to the 
procedure outlined in Method 2, or assigned a nominal coefficient of 0.84 if it is not visibly nicked or 
corroded 2nd if  it meets design and intercomponent spacing specifications. 

8.2 

8.3 Metering System 

8.3.1 Before its initial use in the field, the metering system shall be. calibrated according 
to :he procedure outlined in APTD-0576. Instead of physically adjusting the dry-gas meter dial 
readings to correspond to the wet-test meter readings, calibration factors may be used to 
correct the gas meter dial readings mathematically to the proper values. Before calibrating the 
netecng system, it is smSested that a leak check be conducted. For metering system having 
?ia,z3resn pumps, the c t r n a l  leak check procedsre will not detect leakages within the pump. 
rc-r ?ese ~ s e s ,  the ;cl!c:i.ina leak check procedxe will zppiy: make a ten-minute calibration 
run at 0.00057 m'lmin (0.02 cfm). At the end of the run, take the difference of the measured 
s:/e!-!ts! znd drj-Gas me:er volumes ana s'ivide tke GiE5rence by 10 :o get the leak rate. The 
leak ra:e should not exceed 0.00057 m'lmin (0.02 cfm). 

Afier each field use, check the calibration of the metering system by performing 
three calibration runs at a single intermediate orifice setting (based on the previous field test). 
Set the vacuum at the maximum value reached during the test series. To adjust the vacuum, 
insert a valve between the wet-test meter and the inlet of the metering system. Calculate the 
average value of the calibration factor. If the calibration has changed by more than 5%. 
recalibrate the meter over the full range of orifice settings, as outlined in AXE-0576. 

Leak Check of Metering System - The portion o i  the sampling train from the pump 
to the orifice meter (see Figure 1) should be leak-checked prior to initial use and after each 
shipment. Leakage after the pump will result in less volume being recorded than is actually 
sampled. Use the following procedure: Close the main valve on the meter box. Insert a one- 
hole rubber stopperwith rubber tubing attached into the orifice exhaust pipe. Disconnect and 
vent the low side of the orifice manometer. Close off the low side orifice tap. Pressurize the 
system to 13 - 18 cm (5 - 7 in.) water column by blowing into the rubber tubing. Pinch off the 

0 
- 

' "  8.3.2 

8.3.3 
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tubing and observe the manometer for 1 min. A loss of pressure on the manometer indicates 
a leak in the meter box. Leaks must be corrected. 

NOTE: If the dry-gas-meter coefficient values obtained before and after a test series 
differ by greater than 5%. either the test series must be voided or calculations 
for test series must be performed using whichever meter coefficient value 
(Le., before or after) gives the lower value of total sample volume. 

8.4 Probe Heater- The probe heating system must be calibrated before its initial use in the 
field according to the procedure outlined in APTD-0576. Probes constructed according to APTD 
0581 need not be calibrated if the calibration curves in APTD0576 are used. 

8.5 Temperature Gauges - Each thermocouple must be permanently and uniquely marked 
on the casting. All mercury-in-glass reference thermometers must conform lo ASTM E-1 63C or 63F 
(American Society for Testing and Materials) specifications. Thermocouples should be calibrated 
in the laboratory with and without the use of extension leads. If extension leads are used in the field, 
the thermocouple readings at the ambient air temperatures, with and without the extension lead, 
must be noted and recorded. Correction is necessary if the use of an extension lead produces a 

lmpinger and Dry-gas Meter Thermocouples - For the thehocouples used to 
measure the temperature of the gas leaving the impinger train, a three-point calibration at ice 
water, room air, and boiling water temperatures is necessary. Accept the thermocouples only 
if the readings at all three temperatures agree to i2'C (3.6"F) with those of the absolute value 
of the reference thermometer. 

change greater than 1.5%. . .  

8.5.1 

8.5.2 Probe and Stack Thermocouple - For the thermocouples used to indicate the 
probe and stack temperatures, a three-point calibration at ice water, boi1in.g water, and hot oil 
bath temperatures must be performed. Use of a point at room air temperature is 
recommended. The thermometerand thermocouple must agree to within 1.5% at each of the 
calibration points. A calibration curve (equation) may be constructed (calculated) and the data 
exvzsolsted tc cwer the entire temperati;ra range suc;ested by the manufacturer. 

8.6 3aromeier - Aajus: the barometer icirislly ar,d befcre each :est series to agree to witfiin 
i2.5 mm Hg (0.1 in. Hg) of the mercury barometer or the corrected barometric pressure value 
reponed by a nearby National Wearher Servica S;a:ion (sa,ne al:ituds abw? sea level). 

8.7 Triplebeam or Eledronic Balance - Calibrate the balance before each test series, using 
Class S standard weights. The weights must be within 9.5% of the standards, or the balance must 
be adjusted lo meet these limits. 

9.0 CALCULATIONS 

Perform calculations, retaining at least one extra decimal figure beyond that of the acquired 
data, Round off figures after final calculations. 

9.1 
equation: 

Total Formaldehyde - Determine the total formaldehyde in mg, using the following 
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[glmole aldehyde] 

(glmole DNPH derivative] 
Total mg formaldehyde = C, x V x OF x x i o 3  mglpg 

wtiere: 

C, = measured concentration of DNPH-formaldehyde derivative, VglmL 
V = organic extract volume. mL 

DF = dilution factor 

Formaldehyde Concentration In Stack Gas - Determine the formaldehyde concentration 9.2 
in the stack gas using the following equation: 

c 
C, = K [total formaldehyde, mg] / Vm(mdl 

where: 

K = 35.31 ft31m3 if Vrn,..,) is expressed in English units 
= 1 .OO m’lm’ if Vm(r,d) is expressed in metric units 

Vm,=, = volume of gas sample as measured by dry gas meter, corrected io standard 
conditions. dscm (dscf) 

9.3 Average Dry Gas Meter Temperature and Average Orifice Pressure Drop are obtained 
from the data sheet. 

9.4 Dry Gas Volume - Calculate VmCEdl and adjust for leakage, if necessary, using the equation 

9.5 Volume of Water Vapor and Moisture Content - Calculate the volume of water vapor and 

in Sec 6 of Method 5. 

moisture content :rom Equations 5-2 and 5-3 of Method 5. 

-.----.. iO.0 LJ= ~ xfiiv!IXA713N OF VClUivlE TO aE SAMFLED 

- 
; 4 = 8 = - - ’  - - L - 4 , , , ~ r e  :5s minimcrn sample volume 13 be coliectsd, use the following sequence of 

equs:ions. 

10.1 From prior analysis of the waste feed, the concentration of formaldehyde (FORM) 
introduced into the combustion system can be calculated. The degree of destruction and removal 
efficienq that is required is used :o determine the maximum amount of FORM allowed to be present 
in the effluent. This amount may be expressed as: 

Max FORM, Mass = [(WF)(FORM, conc)(l00 - %ORE)] I 100 

where: 

WF = mass flow rate of waste feed per h, glh (Iblh) 
FORM, = concentration of FORM (wt %) introduced into the combustion process 

DRE = percent Destruction and Removal Efficiency required 
Max FORM = mass flow rate (glh [Iblh]) of FORM emitted from the combustion sources 
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10.2 The average discharge concentration of the FORM in the effluent gas is determined by 
comparing the Max FORM with the volumetric flow rate being exhausted from the source. 
Volumetric flow rate data are available as a result of preliminary Method 1 - 4 determinations: 

Max FORM, conc = [Max FORM, Mass] I DVen(sla) 

where: 

DV,(,) = volumetric flow rate of exhaust gas, dscm (dsd) 
FORM, conc = anticipated concentration of the FORM in the exhaust gas stream, gldscm 

(Ibldsd) 

10.3 In making this calculation, it is recommended that a safety margin of at least ten be 
included, 

[LDLieRM x 101 I [FORM, conc] = V,, 

where: 

LDbORM = detectable amount of FORM in entire sampling train 
V, = minimum dry standard volume to be collected at dry-gas meter 

10.4 The following analytical detection limits and DNPH Reagent Capacity (based on a total 
volume of 200 mL in two impingers) must also be consldered in determining a volume to be 
sampled. 

I 1  .O QUALITY CONTROL 

11.1 sampling - See EPA Manual 60014-77-027b for Method 5 quality control. 

11.2 Analysis - The quality assurance program required :or :his method includes the anzlysis 
of field and method blanks, procedure validations, anaiysis of field spikes, and analysis of reagent 
checks. The assessment of combustion data ana positive identification and quantitation of 
formaldehyde are dependent on the integrity of the samples received and the precision and accuracy 
of the anilyiical methodology. Quality Assurance procedures for this method are designd to 
monitor the performance of the analytical methodology and to provide the required information to 
take corrective action if problems are obsewed in 1abora:ory operations or in field sampling activities. 

11.2.1 Field Blanks - Field blanks may be submitted with the samples collected at each 
sampling site. The field blanks include the sample bottles containing aliquots of sample 
recovery solvents, methylene chloride and water, and unused DNPH reagent. In the case of 
results exceeding regulatory limits, field blank data may be useful for convincing the regulatory 
oficial that contamination was the cause. This may result in retesting rather than a violation 
charge. Collection of the field blank is optional but recommended. 

11.2.2 Method Blanks - A method blank must be prepared for each set of analytical 
operations, to evaluate contamination and artifacts that can be derived from glassware, 
reagents, and sample handling in the laboratory. 

11.2.3 Field Spikes - A field spike is performed by introducing 200 pL of the Field Spike 
Standard into an impinger containing 200 mL of DNPH solution. Standard impinger recovery 
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procedures are followed and the field spike sample is returned to the laboratory for analysis. 
The field spike is used as a check on field handling and recovery procedures. An aliquot of the 
field spike standard is retained in the laboratory for derivatization and comparative analysis. 

11 2 . 4  Matrix Spike Sample - In addition to those stack samples necessary for basic data 
Reeds, one complete sample (of the same time duration) must be collected for use as a matrix 
spike sample as described in Sec. 8.0 of Method 8315. This sample must be recovered and 
shipped in exactly the same manner as the other stack samples. Every effort should be made 
to ensure that this sample represents the average stack matrix of the sample batch. For 
example, the matrix spike sample should be taken the same day as the other samples in the 
group, if at all possible. If it is known or suspected that the stack gas matrix is varying widely 
during the overall sampling run, it is advisable to take more than one matrix spike sample and 
composite them. 

11 2.5 DNPH Reagent Checks - An aliquot of the extracted DNPH reagent is prepared 
and analyzed according to the procedure in Sec. 5.4.3 to ensure that the background in the 
reagent is acceptable for field use. 

. 

e. 

c 

12.0 METHOD PERFORMANCE 

Method performance evaluation - The expected method performance parameters for precision, 
accuracy, and detection limits are provided in Table 3. 
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TABLE 1 

APPROXIMATE AMOUNT OF CRYSTALLINE DNPH USED 
TO PREPARE A SATURATED SOLUTION 

Amount of Moisture in DNPH Weight Required per 8 L of Solution 

10 weight percent 
15 weight percent 
30 weight percent 

36 9 

46 9 
30 9 

c 
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Reagent Capacity 
Detection 

Analyte CAS No. Limit' 
(PPW PPmv mglm' ' - 

Formaldehyde 50-00-0 36 7.5 9 

TABLE 2 

Acetofie 

Propionaldehyde 

Butyraldehyde 

67-64-1 30 7.5 17 

123-38-6 30 7.5 17 

123-72-8 30 7.5 21 

11 Acetaldehyde I 75-07-0 I 34 I 7.5 I 14 11 

~ ~ 

lsovaleraldehyde 

Hexaldehyde 
1 

~~ 

590-86-3 28 7.5 25 

66-25-1 26 7.5 30 

11 Valeraldehvde I 110-62-3 I 30 I 7.5 I 25 11 

~~~ ~ ~ ~ 

o-Tolualdehyde 529-20-4 

mTolualdehyde I 620-23-5 

~ ~ 

26 7.5 37 

26 7.5 37 

11 Benzaldehyde 1 100-52-7 I 28 I 7.5 I 33 11 

p-Tolualdehyde 1 . 104-87-0 I 26 1 7.5 

2,5-C)imtthylbenzaldehyde 1 5779-9-2 I 24 7.5 

11 Acetoohenone I 98-86-2 I 28 I 7.5 ' I 37 11 

37 I 
41 

lsophorone 1 70-5:-1 24 1 7.5 
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Compound Precision (%RPD)' 

Formaldehyde - +21 

Acetaldehyde - +17 

Accuracy (%)* Detection Limit 
(PPW3 

- +10 - +90 

- +2 1 - +40 

I Propionaldehyde I - +49 I - +23 I - +60 I 
Acetophenone 

lsophorone 

- +44 - +10 - +10 

29 +a - +10 

Relative percent difference limit for dual trains. 
Limit for field spike recoveries. 
The lower reporting limit having less than 1% probability of false positive detection. 

1 ' 
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APPENDIX A 

ADDITION OF A FILTER TO THE FORMALDEHYDE SAMPLING TRAIN 

As a check on the survival of particulate material through the impinger system, a filter can be 
added to the impinger train either after the second impinger or after the third impinger. Since the 
impingers are in an ice bath, there is no reason to heat the filter at this point. 

Any suitable medium (e.g.. paper, organic membrane) may be used for the filter if the material 
conforms to the following specifications: 

1) The filter has at least 95% collection efficiency (4% penetration) for 3 pm dioctyl phthalate 
w o k e  particles. The filter efficiency test shall be conducted in accordance with ASTM 
standard method D2986-71. Test data from the suppliefs quality control program are 
Sufficient for this purpose. 

2) The filter has a low aldehyde blank value (~0.015 rng fomaldehydelcm’ of filter area). 
Before the test series, determine the average formaldehyde blank value of at least three 
filters (from the lot to be used for sampling) using the applicable analytical procedures. 

Recover the exposed filter into a separate dean container and return the container over ice to the 
laboratory for analysis. If the filter is being analyzed for formaldehyde, the filter may be recovered 
into a container or DNPH reagent for shipment back to the laboratory. If the filter is being examined 
for the presence of particulate material, the filter may be recovered into a clean dry container and 
returned to the laboratory. 

.. 
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APPENDIX K 

CALCULATION EQUATIONS 

e 

e 



e 

METHOD 2 
CPLLCULATION EOU.*TIO?JS 

Qa = 60 A 

4.995 Q, , G, 
m =  

I 1 - B ,  

'Alternate equations for calculating moisture content 

1 

from wet bulb and dr?. bulb data. 

K- 1 



EA 

Y 

Gd 

I 

Md 

SrnlBOLS 

Cross Sectional area of stack, SQ. FT. 

Cross sectional area of nozzle. 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, 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, g1-e - mole. 

Mass flow of wet flue gas. LB/HR 

Paniculate 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 IN. HG. 

Actual.volumetric stack gas flow rate, ACFM 

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

Relative humidity. % 

032294-C:UTACK\WP&i~HODNEQ. 15 a 
2 

K- 2 



'db D? bulb temperature of stack sas, "F 

Wet bulb temperature of stack gas. "F 

Absolute average dry gas meter temperature. 'R 

Absolute avenge stack temperature, "R 

Standard absolute temperature, 528 "R (68 "F) 

Total sampling time, min. 

Total volume of liquid collected in impingen 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,, M. HG. 

Vapor pressure at Td, IN. HG. 

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

Velocity pressure of stack gas, M. WC. 

Dry test meter correction coefficient, dimensionless 

Actual gas density, LB/ACF 

032294C:\ST~CK\W~ETHODS\S-Eq. 1 5  
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' ./ . 

%EA 
lOO(%O, - 0.5% 

METHOD 3 
CALCLTATION EOUATIONS 

- 
0.264% Nz - %Oz + 0.5% CO 

Md = 0.44(%COz) + 0.32 (%OJ + 0.28 

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

B ,  = 

(%N, + % CO) 

4 

K-4 



METHOD 5 
CALCULATION EOT.-\TIONS 

Pb + hHl13.6 
Vrncnd) = 17.65 Vm y ( ~ ) 

V+d = 0.0472 V, 

15.43 Mp 

Vmcd 
c, = 

(k>, = 8.5714 x C, QrVd 

032?94-C:~TAC)i?\iVP\METHODNEQ. 1 3 
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CALCULATION OF (GRiDSCF) AND 
(LB/"R) FROM (PPM,D) 

crL mL 
PPm = - = -  L m-5 

--- LB UL 28.316 L M iuq) q Le  
DSCF - L ' DSCF 24.054 UL I 0e.ug 453.6 g. 

where fl = Molecular weight of compound. 

Then, 
:. 

LB LB DSCF 60 M I N  
HR - DSCF MIN HR X- --- 



~~ . 
f‘ r . 

Calculation Of Emission Factors From (CWDSCR And (PPM, Dl 

1 20.9 I [  E = [  1 [- 
DSCF LB 

10, BTU DSCF 20.9 - 0, - 

GR LB 
DSCF] 7000 GR ) = [- csm (K 

DSCF 

1 GR x 20.9 E = Fd - x - 
7000 DSCF 20.9 - 0, 

2.9857 x IO-’ Fd (GWDSCF) - - 
20.9 - 0, 

LB M ( w )  g x  p L  28.316 L 
L DSCF 24.054 p L  106 pg 453.6 g 

I=( - )*  LB 
[- DSCF 

Substitution Gives: 

20.9 E = Fd (2.595 % 10-9 M (PPM, D )  x 
20.9 - 0, 

5.424. x IO-* MF, (C,,,,,, d )  
E =  

20.9 - 0, - 

1 
K-8 -- 



APPENDIX L 

SAMPLING TRAIN CALIBRATION DATA 
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INTERPOLL LABORATORIES, INC. 

Ti me Volume 
(min) (CF) 

(61 2) 786-6020 

EPA Method 5 Gas Metering System Quality Control Check Data Sheet 

Meter Temp ( O F )  

Inlet Outlet 

M a  + / a,,? A(, , / h  , LDf Date fc?. 7 - Y Y  Job ~/'6 
I / .  

/cM I d C <  @A/@/ Module No. i- Operator 

Instructions: 
Operate the control module at a flow rate equal to AH@ for 10 minutes before attaching the umbilical. 

Record the following data: 

e 

Calculate Y, as follows: 

If Y,, is not within the range of 0.97 to 1.03, "the volume metering system should be investigated before 
beginning." 

CFR Title 40, Part 60, Appendix A, Method 5 ,  Section 4.4.1 

01 1995-G:KTACK\WFVORMS\S-432 



Interpoll Laboratories, Inc. 
. (6121 786-5020 

S-Type Pitot Tube Inspection Sheet 
Pitot Tube No. 3 1 -  

Pitot tube dimensions: 

IN. 

IN. 

IN. 

1. External tubing diameter (DJ 

2. Base to Side A opening plane (PA) 

3. Base to Side B opening plane (PJ 

t 316 
I 4 6  
c % 

Alignment: 

4. 0, < 100 0 
5. 0, c 100 0 

6. B, < So / 

7. 6, < 5 O  

8. Z <.125" , 0 us- 
9. W <.0625"& 

Distance from Pitot to Probe Components: 

IN. 

IN. 

IN. 

n/& IN. 

10. Pitot to 0.500 IN. nozzle 

Pitot to probe sheath 

r 76 0 
3 ;  0 

3. 0 
1 1. 

12."Pitot to thermocouple (parallel to probe) 

13. Pitot to thermocouple (perpendicular to probe) 

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

P 

Date of Inspection: In pected by: @ 4 /k- 
CFR Title 40 Part 60 Appendix A Mech 2 . . .  

a 

0 



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

Stack Sampling Department - QA 
Aneroid Barometer Calibration Sheet 

Adjusted Mercury 
Barometer Read 

Date 11-30.96 
Technician m5J. x - >  , /-I/ 

Mercury Column Barometer No. L 4 R  1 

Aneroid Barometer No. 210 2 9 t 0  4 

Initial AnGroid Difference 
Barometer Read (P, - Pbm) Barometer Read Temp. Correction 

Factor 

2 9  17 2. I A ?.I>-' 

I 
'25.27 I L5.- I , @fig 

I I 
,022 I 

Has this barometer shown any consisten: problems with calibrzrion? Ye-@ If yes, explain. e 

Has problem been alleviated? YedNo. How? 

Note: Aneroid barometers will be czlibrated periodically aszinst a mercury column barometer. The aneroid 
barometer to be calibrated snould be plactd in close proximiry 20 the mercury barometer and left 
to equilibrate for 20 - 30 minutes before cdibrating. .Aneroid baromerer -.vi11 be calibrated to the 
adjusted mercury barometer rezdings. 



. “ .A .. 

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

Temperature Measurement Device Calibration Sheet 
Unit Under Test: 
Vendor 

?.ange I-  . - , O F  Thermocouple Type i< 
Date o i  Calibration , -3 <; .. ‘. ;: Technician L /( Tr s..A4Ln 
,tielhod o i  Calibration: POT No. ? ;  
I 

p 

p r,, *’ . , << 
\lode1 /t* 6 7; Serial Vumber 73 J X . ; L , ~ ;  

Comparison against ASTM mercury in glass thermometer usi.ng a thermostaned and insulated aluminum block designed to pro\.ide 
uniform temperature. The temperature is adjusted by adjusting [he voltage on the block heater canridge. 
Omega Model CL-300 Type K Thermocouple Simulator which provides 22 precise temperature equivalent millivolt signals. The CL.300 
is cold junction compensated. Calibration accuraq is i 0.1% of span (210OOF) 2 1 degree (for negative temperatures add 

Response of Unit Under 

. .  

- - 
-Unit an tolerance . - h i t  was not in tolerance: recalibrated - See new calibration sheet. 

01 1995-C:UTACK\LZ’~FOR.~MSU-~3 
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IKTERPOLL LABORATORIES, IKC. 
(6 12) 766-6020 

Temperature Measurement Device calibration Sheet 

i s  cold junnion compensated. Calibration accuraq is  5 0.1% of span (21OOc0 
degrees). The CL-300 simulates exady rhe millivoltage of a T g e  K thermocouple ;I :he indicated temperafure. 

1 degee (for negative temperatures add 2 

I 
(6) I 

Desired Temp Temperature o i  Response of Unit Under Deviation 

. I Nominal Sandad or Simulated i s  (OF) 

Temp at ('0 

0 -3 3 .  o \  

100 4R 2, I 0 36 

200 I 100 I 0 I ,oo 
300 I 2 46 2 rC, 
'00 I 397 I 3 135' I 
500 I I '14H I 2 I 21 

600 I 2-97 I I r oq 
io0 I 677 I I 0'3 

800 1 B O  I I I I ,OB I 
900 I I 900 0 I . o o  
1000 999 I I I to I 

I i D S 6  I z , i3  1100 I 
- I. / 2 U l  I - '  

I /a9a  I 2 .- r l  
1200 I 

1500 I i Y 4 S  I I I 

1 io0 I 
1800 I I /@02 I 
! 9oc I 
2000 I 

I 

I , 0 6  

/ 

1300 

1400 / Y O  I I , 

t 1600 I I / L O 2  IO 

/ 7uo 0 I , 00 
z, ,oq 

I - ;"": c'; = I 2 I r O S  

I +rera!er: i i .  3 L  c ,  13 

/ €?94 
.uo I 

I 
I . r'5J 

I I I 

I 0 
I 



Interpoll Laboratories 
(61 2) 786-6020 

Nozzle Calibration Data Sheet 

Date: 10/7/99 
Technician: M.Kaehler 
Nozzle Number: 1-4 

The nozzle i s  rotated in 60 degree increments and the diameter at each point is measured 
to the nearest 0.001 inch. The observed readings and average are shown below. 

Position Diameter ('a 
1 0.252 

2 0.251 

3 0.252 

Average 0.252 



Interpoll Laboratories 
(6 12) 786-6020 

Nozzle Calibration Data Sheet 

Date: 10/7/99 
Technician: M. Kaehler 
Nozzle Number: Glass 

The nozzle is rotated in 60 degree increments and the diameter at each point i s  measured 
to the nearest 0.001 inch. The observed readings and average are shown below. 

Position Diameter 
(inch& 

1 0.252 

2 0.254 

3 0.252 

Average 0.253 

I.-9 




