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January 30, 1989 
Date: 

Dean Packard - AM/3 
To: 

Thomas E. Wolet sl.’ 
From: 

4530-3 
File Ref: 

2 Bg 

Particulate Stack Test Conducted on the Ellsworth Co-op Creamery 
Subject: New Whey Dryer on November E LeaB 

I. 

11. 

I11 

SOURCE 

Ellsworth Co-op Creamery 
232 N. Wallace Street 
Ellsworth, WI 54011 

Air Emission Inventory #648020010 

Contact: DuWayne Brenne, Maintenance Supt. 
Phone : (715) 273-4311 

SOURCE DESCRIPTION 

The source is a two stage C.E. Rogers whey dryer with a 
rated output capacity of 4,000 lbs per hour. 
particulate sampling was conducted on the first stage of the 
process. 
through twin cyclones situated in parallel prior to exhaust 
to the ambient air. 

SAMPLING OPERATION 

A. Purpose of the Test 

The 

Exhausts from this first stage main chamber pass 

The purpose of the test was to show compliance with 
section NR 415.05(2)(a) Wis. Adm. Code which restricts 
emissions of particulate matter to 8.08  lbs per hour. 

B. Sampling Firm 

Interpoll, Inc. 
4500 Ball Road, N.E. 
Circle Pines, MN 55014 

Crew Chief: Ron Rosenthall (612) 786-6020 
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C .  Date of Test 

The test was performed on November 8 ,  1988. The 
temperature was 4OoF at the beginning of the first run 
and 5O0F at the end of the second run. 
at the beginning of the first run but by the end of 
the last run it had cleared. The wind was from the 
west northwest at the beginning of the first run and 
switched to the west southwest at the end of the 
second run. 
second run ended at 3:15 p.m. 

It was cloudy 

The first run began at 11:05 a.m. and the 

D. Test Methods 

Evaluations were performed in accordance with EPA 
Methods 1-5 CFR Title 40, Part 60, Appendix A (revised 
July 1. 1987). A preliminary determination of the gas 
linear velocity profile was conducted prior to the 
first particulate determination to allow selection of 
the appropriate nozzle diameter required for a 
isokinetic sample withdrawl. 
collected in the back half of the Method 5 sampling 
train and analyzed as per Wisconsin DNR protocol. 

An integrated flue gas sample was extracted 
simultaneously with each particulate sample using a 
specially designed gas sampling system. Integrated 
flue gas samples were collected in 44-liter tedlar 
bags housed in a protective aluminum container. 
analysis were conducted offsite at the Interpol1 Lab. 

Testing on the whey dryer was conducted from a set of 
five test ports on the rectangular stack 
(28.0"x31.25"). The ports are located 60 inches (2.03 
duct diameters) downstream of the nearest flow 
disturbance and 63.5 inches (2.1 duct diameter) 
upstream of the stack exit. 
used to collect representative particulate samples. 
Each traverse point was sampled four minutes to give a 
total sampling time of 100 minutes per run. The 
sampling time was increased because of poor flow 
distribution at the test site. Only two particulate 
determinations were performed due to the length o f  
each run. 
the creamery's ability to sustain production. 
agreed that if two test runs showed conclusive 
compliance, the Department would accept the results as 
a valid compliance determination. 

Wet catch samples were 

Orsat 

A 25-point traverse was 

The length of the testing runs stretched 
It was 
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E. Test Witness 

Mr. Tom Woletz of the Western District Office in Eau 
Claire was the Department of Natural Resources 
representative at the test. 

IV. SUMMAR Y OF THE RESULTS 

Run Number 
Emission Rate Isokinetic 

lbsfir Ratio 

1 4.56 94.2 
2 3.63 98.3 
Average 4.09 96.25% 

V. APPLICABLE MISSION LIMIT 

The applicable emission limit for this emission source is 
the process weight limit of 8.08 lbs/hr as calculated by the 
method set forth in section NR 415.05(2)(a) of the Wisconsin 
Administrative Code. 
for the two runs is in compliance with this limit. 

The isokinetic ratio for all three runs was within the 
90% - 110% range acceptable to the Department. 
The opacity was 0% for the second run of the stack test. 

The average particulate emission rate 

The stack test report contained some of the information 
about the test - - -  the witnessing form was used for the 
remainder. I checked their data and the results for each 
run on the cncputer  and the results were consistent with 
those calculated by Interpoll. 

AM6\TW015.twm 
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Interpol1 Report No. 8-2458 
El 1 sworth Coop Creamerv 

Ellsworth, Wisconsin 

Test No. 1 
Exhaust Gas Stack 

RI Iu l ts  of Put icu la te  Loading IMwminrtions-hod S 

Date of run 

Time run start/end.. ... (HHS) 
Static pressure.. .... (IN.WC) 
Cross sectional area (Sfll.FT) 
Pitot tube coe+ficient...... 

Water i n  sample gas 
condenser.. ............ (ML) 
impingers.. ........ (GRAMS) 
desiccant.......... (GRAMS) 
total.. ............ (GRAMS) 

Total particulate material.. .......... collected(grams) 
Gas meter coefficient....... 
Barometric pressure.. (IN.HG) 
Avg. orif .pres.drop.. (IN.WC) 
plvg. gas meter temp..(DEF-F) 

Volume through gas meter .... 
at meter conditions.. . (CF) 
rtandard conditions.(DSCF) 

Total sampling time.. .. (MIN) 
Noz:le diameter......... (IN) 
Avg-stack gas temp ..(DEG-F) 

Volumetric flow rate........ 
actual.............. (RCFM) 
dry standard.......(DSCFM) 

Isokinetic variation.. ... (%) 

Particulate concentration.. . 
actual . .  .......... (GR/ACF) 
dry standard.....(GR/DSCF) 

Particle mass rate.. . (LE/") 

Hun 1 
i i-me-88 

1105/1257 

-0.75 
6.08 
.a40 

0. a 
2t .Q 
11.0 
32.0 

0.0455 

0.9946 

0.55 
56.1 

28. 98 

56.94 
36.44 

108.00 
.125 
116 

32425 
27590 

94.2 

0.01659 
0.01926 

4.56 

7 

Run 2 
1 1-08-88 

lS30/ 1515 

-0.75 
6.08 
.940 

0.0 
25.0 
10.0 
Ad. 0 -c 

0.0379 

0.9946 

0.z 
66. 0 

m. 98 

37.x 
35.04 

100.00 
.125 
117 

30752 
26000 

98.3 

0.01375 
0.01627 

3.62 
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ACFM 
cc (ml) 
DSCFM 
DSUL 
DEG-F (OF) 
DIA. 
FP 
FT/SEC 
9 
GPU 
GR/ACF 
GR/DSCF 

HP 
HRS 
IN .  
IN.HC. 
1N.WC. 
LB 
LB/DSCF 
LB/HR 
LB/l  Oe BTU 
LB/WBTU 
LTPD 
m 
mg/DSCW 
microns (m) 
WIN. 
n9 
*an 
pw 
PPH 
PPU 
PPnC 
PWvd 
PPn,W 
PPt 
P S I  
St2.n. 
ug 
v/v 
W/W 

g/dsun 

< 

actual cubic fee t  per minute 
cubic centimeter ( m i l l i l i t e r )  
standard cubic foo t  o f  dry gas per minute 
dry standard m i l l i l i t e r  
degrees Fahrenheit 
diameter 
f inished product for plant 
feet per second 

gallons per minute 
grains per actual cubic foot 
grains per dry standard cubic foo t  
grams per dry standard cubic m t e r  
horsepower 
hours 
inches 
inches o f  mercury 
inches o f  water 
pound 
pounds per dry standard cubic f o o t  
pounds per hour 
pounds per m i l l i o n  Bri t ish Thermal Units heat inpu t  
pounds per m i l l i o n  Brit ish Thermal Units heat input 
long tons per day 
megawatt 
mil l igrams per dry standard cubic m t e r  
micrometer 
minutes 
nanograms 
ohn-centimeter 
par t i cu la te  matter 
pounds per hour 
parts per m i l l i o n  
parts per m i l l i o n  carbon 
parts per million, dry 
parts per mi l l ion .  uet 
parts per tri 11 ion 
pounds per square inch 
square fee t  
micrograms 
percent by v o l u e  
percent by wight - < (when fol lowing a nmber) 

gram 

Standard condit ions are defined as 68 OF (20 OC) and 29.92 IN. of mr- 
cury pressure. 

. .  



1 INTRODUCTION 

On November 8,  1988 I n t e r p o l l  Laboratories personnel conducted a 
par t i cu la te  emission compliance t e s t  on the new Whey Dryer a t  the 

El lsworth Coop Creamery located i n  Ellsworth, Wisconsin. On-site tes t i ng  

was performed by R. Rosenthal and D. Smith. Coordination between tes t i ng  

a c t i v i t i e s  and p lant  operation was provided by Duane Brenne of  the 
El lsworth Coop Creamery. The t e s t  was witnessed by Tom Woletz o f  the 
Wisconsin Department o f  Natural Resources. 

The Whey Dryer tested i s  a C.E. Rogers cone type dryer. It i s  
d i rec t - f i r ed  w i th  natural gas and has a rated capacity o f  4000 LB/HR o f  

dry product. Par t icu la te emissions are control led by a baghouse. 

Evaluations were perfonned i n  accordance w i th  EPA Methods 1 - 5,  

CFR T i t l e  40, Part  60, Appendix A (revised July 1, 1987). A prel iminary 

determination o f  the gas l inear  ve loc i ty  p r o f i l e  was made before the f i r s t  
par t i cu la te  determination t o  al low selection o f  the appropriate nozzle 

diameter required f o r  i sok ine t ic  sample withdrawal. An In te rpo l l  Labs 
sampling t r a i n  which meets o r  exceeds speci f icat ions i n  the above-cited 

reference was used t o  ext ract  par t i cu la te  samples by means o f  a heated 

glass-lined probe. Wet catch samples were co l lected i n  the back h a l f  o f  

the  Method 5 sampling t r a i n  and analyzed as per Wisconsin DNR protocol. 
,/ 

An integrated f l u e  gas sample was extracted simultaneouslywith each 

par t i cu la te  sample using a specia l ly  designed gas sampling system. 
Integrated f l u e  gas samples were col lected i n  44 - l i t e r  Tedlar bags housed 
i n  a protect ive aluminum container. A f te r  sampling was complete, the bags 

were sealed and returned t o  the laboratory f o r  Orsat analysis. P r i o r  t o  

sampling, t he  Tedlar bags are leak checked a t  15 IN.HG. vacuum w i th  an in- 

l i n e  rotameter. Bags w i th  any detectable inleakage are discarded. 

1 



Testing on the Whey Dryer was conducted from a set  o f  f i v e  t e s t  

ports on the rectangular stack. These t e s t  por ts  are located f i v e  fee t  

downstream o f  the nearest f low disturbance and 5'-3 1/2" upstream o f  the 

stack e x i t .  A 25-point t raverse was used t o  c o l l e c t  representative 

par t i cu la te  samples. Each traverse po in t  was sampled four  minutes t o  give 

a t o t a l  sampling time o f  100 minutes per run ( the sampling time was 

increased because o f  poor f low d i s t r i b u t i o n  a t  t h i s  t e s t  s i t e ) .  Only two 

par t i cu la te  determinations were performed due t o  the length of each run. 

The important resu l t s  o f  the t e s t  are summarized i n  Section 2. 

Detai led resu l t s  are presented i n  Section 3. F ie ld  data and a l l  other 

supporting information are presented i n  the appendices. 

2 
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1 .  

2 SUMMARY AND DISCUSSION 

The important resu l t s  o f  the pa r t i cu la te  emission compliance t e s t  

! are summarized i n  Table 1. As w i l l  be noted, the par t i cu la te  emission 
I 

ra te  averaged 4.1 LB/HR. 

No d i f f i c u l t i e s  were encountered I n  the f i e l d  o r  i n  the laboratory 

evaluation o f  the samples. On the basis o f  t h i s  fact  and a complete 

review o f  the e n t i r e  data and resul ts ,  it i s  our opinion t h a t  the 

concentrations and emission rates reported herein are accurate and c losely  

r e f l e c t  t he  actual values which existed a t  the time the t e s t  was 

1 
I 
I 
1 

Derfonned. 

3 
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3 RESULTS 

The resu l t s  o f  a l l  f i e l d  and laboratory evaluations are presented 

i n  t h i s  section. Gas composition (Orsat and moisture) are presented f i r s t  

followed by the  computer p r l n tou t  o f  the pa r t i cu la te  detenninations. 

Prel iminary measurements Inc lud ing t e s t  p o r t  locat lons are given i n  the 

appendices. 

The resu l t s  have been calculated on an IBH Computer using programs 

wr i t t en  i n  Extended BASIC s p e c i f i c a l l y  f o r  source t e s t i n g  calculat ions.  

€PA-published equations have been used as the basis o f  the ca lcu la t ion  

techniques i n  these programs. 

The pa r t i cu la te  emission ra te  has been calculated using the product 

o f  the concentrat ion times flow method (as recommended by the €PA) ra ther  

than the r a t i o  o f  areas method. 

! 

5 
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Interpol 1 Report No. 8-2658 
Ellsworth Coop Creamery 

Ellsworth, Wisconsin 
, '.: 

Test No. 1 
Exhaust Gas Stack 

Result!a of Orsat & Moisture hnPlycoe--- tlethodc 3 81 4(%V/V)  

Date of run 

Dry basis (orsat) 

Run 1 Hun 2 
11-08-88 11-08-88 

carbon dioxide... ......... 0.42 

oxygen.................... 20.46 

carbon monoxide........... 0.00 

nitrogen .................. 79.12 

Wet basis (orsat) 

carbon dioxide.. .......... 0.40 

oxygen.................... 19.65 

carbon monoxide........... 0.00 

nitrogen .................. 75.97 

water vapor............... 3.98 

Dry molecular weight ........ 18.89 

Wet molecular weight ........ 28.45 

Specific gravity.. .......... 0.983 

Water mass flow......(LB/HR) 3204 

FO 

6 

1.048 

0.21 

20.61 

0.00 

79.18 

0.20 

19.70 

0.00 

75.69 

4.40 

28.86 

28.38 

0.980 

3358 

1.381 
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Interpol1 Report No. 8-2658 
Ellsworth Coop Creamery 

El 1 sworth, Wisconsin 

Test No. 1 
Exhaust Gas Stack 

Results oi Particulate Loading Determinations Method S 

Date of' run 

Time run start/end.. ... (HHS) 
Static pressure.. .... (IN.WC) 
Cross sectional area (SQ.FT) 
Pitot tube coefficient...... 

Water in sample gas 
condenser.. ........... (ML) 
impingers .......... (GRAt-5) 
desiccant.......... (GRAMS) 
total.. ............ (GRAMS) 

Total particulate material.. ......... .collected(grams) 
Gas meter coefficient....... 
Barometric pressure.. (IN.HG) 
Avg. orif.pres.drop.. (IN.WC) 
Avg. gas meter temp..(DEF-F) 

Volume through gas meter.... 
at meter conditions.. . (CF) 
standard conditions. (DSCF) 

Total sampling time.. .. (MIN) 
Nozzle diameter.. ....... ( I N )  
Avg.stack gas temp ..(DEG-F) 

Volumetric flow rate. ....... 
actual..............(ACFM) 
dry standard.......(DSCFM) 

Isokinetic variation.. ... (%) 

Particulate concentration.. . 
actual............(GR/ACF) 
dry standard.....(GR/DSCF) 

Particle mas5 rate.. . (LE/") 

Hun 1 
1 1 -rnB-BB 

i ims/12~7 

-0.75 
6.03 
.840 

0.0 
21.0 
11.0 
32.0 

m .045s 

0.9946 
28.98 
0.55 
56.1 

56.94 
36.44 

100.00 
.125 
116 

32425 
27590 

94.2 

0.01639 
0.01926 

4.56 

Run 2 
1 1-06-63 

1330/ 1515 

-0.75 

-840 
6. ma 

0.0 
25.0 
10.0 
35.0 

0.0378 

0.994a 
28.90 
0.53 
66.0 

57.03 
35.84 

100.00 
.125 
117 

30752 
26000 

98.3 

0.01375 
0.01627 

5.63 

7 
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APPENDIX A 

RESULTS OF PRELIMINARY VOLUMETRIC FLOW RATE DETERMINATIONS - 



i 

I 

I n t e r p o l  1 U e p o r t  No. 6-2658 
E l l s w o r t h  Coop  creamer^? 

E l l s w o r t h ,  W i s c o n s i n  

'Test No. 1 
E : : h a ~ s t  G h s  Stack 

Results of Volumetric Flow Rate Determination-- Hethod 2 

Date of D e t e r m i n a t i o n . . . . . . . . . . . .  

T i m e  o f  D e t e r m i n a t i o n . .  ..... (HHS) 
Barometric p r e s s u r e  ....... (IN.HG) 
P i t o t  t u b e  c o e f + i c i e n t . .  ......... 

Number o i  samplirig p o r t s .  ........ 
: o t a l  number  of p o i n t s  ........... 

S h a p e  o f  d u c t  .................... 
Duct  w i d t h . .  ................. (IN) 
Duct  l e n g k h . .  ................ ( I N )  

Duct  area. ................ :SG.FT) 

u i r o c t i o n  o i  f l a w  ................ 

- 

- .  

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

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

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

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

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

Molecular weight . .  .... (LB/LBMDLE) 

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

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

A- 1 

1 1-08-88 

1000 

20.98 

.84 

5 .I 

25 

R e c t a n g u l a r  

28 

21.25 

5. OH 

UP 

-. 75 
f :8 

S .  93 

89.4 

.06521 

28.99 

127565 

,3260s 
27550 
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I 
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I 
I 
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APPENDIX 8 

LOCATION OF TEST PORTS 
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! APPENDIX C 

METHODS 2 - 5 FIELD DATA SHEETS 
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INTERPOLL LPlBORGTOHIES EPPl METHOD' 5/17 SPlPlPLE LOG SHEET 

Sample T r a i n  Leak Check: 

Y P r e t e s t :  ( 0.02 cfm a t  15 in.  Hg. 
Pos tes t :  - - ,Oo cfm a t  &-Sin. Hg. (vac)  . .& 

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

No.s o f  f i l t e r s  used: Recovery solvent (6 )  

No. of probe wash b o t t l e s :  I 
Sample recovered by: D L a  AV'JL A. C M ,  r n  

Condensate Data: 

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

Bag Pump No. 173 Bo,: No. G Hag No. / 
. Bag m a t e r i a l :  5 - layer  A lumin ized Ted la r  Size: 4 3  

P r e t e s t  l e a k  check: cc/min a t  d ) in. Hg. 

T i m e  s t a r t :  //e< (HRS) Time end: J,257 (HRS) 

Sampling r a t e :  300 cc/min Operator:  A',? 
S/N of O= Analyzer used t o  mon i to r  t r a i n  outlet:  S 

CF-023 

S-0046RR 
c-2 



i " .  

c-3 
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INTERPOLL LABORATORIES EPA METHOD 5/17 SAMPLE LOG SHEET 

Job F//&,C,Qkh CO0,D c,?F>7776R,/ Date //-@-e&Test Run  7 
Source Ed?uni- j , t  CIA L -S7A'AcK 1 No. of t r a v e r s e  p o i n t s  
Nethod F i l t e + h o l d e r :  - 4" F i l t e r  type :  

Sample T r a i n  Leak Check: 

P r e t e s t :  ( 0.02 cfm a t  15 in. Hg. (vac)  
Pos tes t :  cfm a t  L i n .  Hg. (vac)  a/ 

I c 

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

No.s of f i l t e r s  used: Recovery s o l v e n t  (s) 

acetone 
o t h e r  ( 5 )  

1 
+I-- 

No. of probe wash b o t t l e s :  
Sample recovered by: 

Condensate Data: 

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

Bag Pump NO. BOX NO. ti nag NO. 2 
Bag M a t e r i a l :  %layer  Aluminized Ted la r  Size: 4 s  

P r e t e s t  lea): check: 6 cc/min a t  &)/ in. Hg. 

Time s t a r t :  1 3 3 0  (HRS) Time end: /c/<(HRS) 

Sampling r a t e :  3sa cc/min Operator: 22 
S/N of O= ana lyze r  used t o  moni tor  t r a i n  o u t l e t :  

CF-02: 

S-0046RR 

c-4 



c-5 



APPENDIX D 

LABORATORY DATA SHEETS 



';r J S .  
' 7 5  '$7  ' It I n t e r p o l l  Laborator ies 

(612) 786-6020 

Chain of Custody 
Sample Deposi t ion Sheet 

I Source EA AU& 2- O d 3  ss%g,.L 
04/ =-&e> Test S i t e  5 mcxv . -  

Date of Test I /  - e- re 
;ym'"/ 3 ob c?/j,/~~'fi&h C O O P  c 

Team Leader - d t A  
Date Submitted / / - e - e r  ' 
Test No. / No. o f  Runs Completed-, 

I 
I 

I 

I 

! 

I 
i 

i 
I 
I 

i 
i 

i 
I 
! 

No. o f  Typo o f  Samplo hna lys i s  Requited Comments 
iampl es 

Probe, Wash : ws per €PA M - 5  / f l /  .:L' 6 

F i l t e r :  / fl/, -2 'f 

cetone p t h e r  
.I. Water 

7 

- 
@" G.F. @s per €PA M-5 

7 0S.S. Thimble p s  per EPA M - 1 7  
3 p . 5 "  G.F. p t h e r  

047 mm G.F. 

@.I. Water @ I  Protocol  
D;" H 0 E P A  M-6 or 9 

pM5 Metals Formaldehyde 
p.1 N NaOH v e t a 1 6  
p t h e r  nother 

- 
I mpi nger Catch : p N  Protocol  ! .! , ' /PAIL 

.> 04Ms Hg Only [Ylcid Gases 
-3 

5 per EPA M - 3  
5 per €PA M - 1 0  FQ I n teg ra ted  

Gas sample A 

,-I OOther 

Oxides of 0As per EPA M-7A Date 
Ni t rogen (NO,)  OOther Time(HRS) 

Fuel Sample p t t a c h e d  f u e l  Form 

P a r t i c l e  Si:e OX-Ray Sedigraph 

#S-Bl&RRR 

OBahco Method 
OOther 

@s per EPA M - 6  
 AS per €PA M-7A 

Audit  Samples 
O S u l f u r  Dioxide 
00cides o f  N i t .  
OOther OOther 

Source In fo rmat ion  

1)  Type o f  Source: 0 B o i l e r  0 4sphal t  P lan t  0 I nc ine ra to r  a Dryer 
~ 0 Other 

2 )  Fuel: 0 Coal 0 Wood &Gas 
Z )  I s  samole combustible? R N o  n Yes 

0 O i l  0 RDF 0 Other 

4 )  Do@s sample need speciar 'hanal ing? E N 0  0 Yes If yes, e x p l a i n  

D- 1 



Interpol 1 Laboratories 
(612) 786-6020 

EPA nethod 3 Data Reporting Sheet 
Orsat Analyais 

! 

i 

i 
i 

I 

I 
I 

i 

j 
I 

! 

I 

I I I I I I I I 

. I I I 2 I '  I I I I 

I I I I I 2 I 1 
1 1 - 2  2 

6mbient Air OA Check EPA tlothod 5 Quidelines 
Orsat Analyzer System Leak Check 
F, Within EPA tl-3 Guidelines Coal : 
for fuel type. Anthracite/Lignite 1.016-1.130 

1.083-1.230 Bituminous 
Where b= 20.9-0, Oil: 

Di sti 11  ate 1.260-1 - 4 1 2  
1.210-1.370 Residual 

Natural 1.608-1.856 

Fuel Type F0 Range 

co, 
Gas: 

F=Flask (250 cc all glass) 
P=Ted 1 ar Hag (5-1 dyer ) 

.~ _. 
Propane 
Butane 

Wood/Wood Bark . 
LSC-04-BR 
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In te rpo l1  Laborator ies 
(612) 786-6020 

€PA Uothod 3 D a t a  R e p o r t i n g  Sheet 
Inpinger C a t c h / W i s c o n s i n  Protocol  

Job K//<z+mr& Loo& CrauV?*- Source E L r t  
Team Leader Test  S i t e  -%.& d R  
D a t e  S u b m i t t e d  Date of T e s t  // - -  8 9c3 
T e s t  No. / No. o i  R u n s  C o m p l e t e d  2, 
D a t e  of Analysis H-/o-.Q# 

.I 

T e c h n i c i a n a l  4ad2a-u 
I Solvent Phase I A q u e o u s  Phose 

' 0 

1 

2 

3 

4 

S 

Test R u n  -@-- D i s h  140. jlq D i s h  No. 53 
F i e l d  Blank D i s h  T a r e  W t . , G - , 4 3 a p  g D i s h  T a r e  W t .  w,3967 -9 

Comments  S a m p l e  Ut. 0.860aO g S a m p l e  U t .  0 . n n  @3 9 
Log Number '%Cd-03 D i s h + S a m p l e  Wt.g5.93Z?g D i s h + S a m p l e  W t . w S 9 b B g  

T e s t R u n -  D i s h  No. , R 4  D i s h  No. r. 
Log Number - b L  D i s h  T a r e  Wt.79.O/iZO g D i s h  Tare W t .  5/>: 77779 
Comments  D i s h + S a m p l e  Wt.7%0/3% D i s h + S a m p l e  W t  

S a m p l e  Ut. O . ~ O / O  g S a m p l e  W t .  d-: 
T e s t R u n k  D i s h  No. c// D i s h  No. 6 4  
Log Number - / O  D i s h  Tare W t . ~ 2 & 3 9 6  g D i s h  Tare W t .  47. 90 7 2 9  
Comments  D i s h + S a m p l e  U t  69 3 g  D i s h + S a m p l e  W t .  c79 

S a m p l e  W t .  8 , o / ; ? e g  Sample Ut.  6.0n?? g 

Test R u n  - D i s h  No. D i s h  No. 
Log Number D i s h  Tare  Ut. g D i s h  Tare Ut.  9 
Comments  D i s h + S a m p l e  Ut.  g D i s h + S a m p l e  W t .  9 

S a m p l e  W t .  g S a m p l e  W t .  9 

Log Number D i s h  T a r o  W t .  g D i s h  Tare  W t .  9 
Comments  D i s h + S a m p l e  Ut. g D i s h + S a m p l e  W t .  9 

S a m p l e  W t .  g S a m p l e  W t .  9 

Log Number  D i s h  T a r e  W t .  g D i s h  T a r e  W t .  9 
C o m m e n t s  D i s h + S a m p l e  Ut.  g D i s h + S a m p l e  W t .  9 

. S a m p l e  W t .  ' g  Sample W t .  9 

T e s t R u n -  D i s h  No. D i s h  No. 

Tas t  R u n -  D i s h  No. D i s h  No. 



I n te rpo l1  Laborator ies 
(612) 786-6320 

EPA Method 5 Data Reporting Sheet 
Probe/CyclonP Wash 

! 

I 

I 
I 
I 

I 
! 

I 
I I 

c.70 n c Jcb 6//5,.uo P i U  Source .,I_- &=. 

Date Submitted 
Test No. 
Date of Analysis / / - / O - B R  
Transport Leakage p o n e  0 m l  Solvent Aer-rC,"~ 

Team Lesder & R  Test S i t e  S A L  Lh 
Date of Test l / - g - A + ?  

Technician mud K e d - -  
/ No. of Huns Completed 2 

Test /Run 0 Dish NO.- 
F i e l d  Blank Dish Tare U t .  95, 1972 9 
Log Number ?&b- 0 1  Dish+Sdmple ut. 43; z 8 7 s /  9 
V o l .  of Solvent Sample W t .  9 
+Solvent Residue 

T e s t R u n -  
vo l .  of Solvent/5.0ml 

~ Log Number - 
Dish No. / G  

Dish+Sample Ut .  YR. 2R 77 9 
Dish Tare W t .  YG'. JZ*-S'c/ g 

Comments Sample W t .  9 

Test R u n 2  Dish No. /Y  
V O ~ .  of S o l v e n t a m 1  Dish Tare W t .  Y9'6/&'9' 4 
Log Number - 0 Y  DishcSample W t .  Y 7 . 6 S 3 3 -  9 
Comments Sample W t .  9 

V o l .  of Solvent- m l  Dish Tare W t .  4 
Dish+Sample W t .  9 
Sample W t .  9 

C'ol. of Solvent- m l  Dish Tare W t .  9 
Log Number Dish+Sample W t .  9 
Comments Sample W t .  9 

Vol. of Solvent- m l  Dish Tare W t .  9 
Log Number D i  sh+Sampl e W t  - 9 
Comments Sample W t .  9 

Test - Run - Dish No. 

Log Number 
Comments 

Test - Run - Dish No. 

Test - Run - Dish No. 

*Solvent Residu&uq/ml=C (Sample Wt.- g )  (186)3/Vo1. of Sol.- m l  

EPA-PIS Acetone Resldue Blank Spec. (7.9 ug/ml - 
Rerul t s  : 
F i e l d  Elk.  R u n  1 Run 2 R u n  3 R u n  4 Run 5 



0 

1 

2 

3 

4 
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I n t e r p o l l  Laborator ies 
(612) 786-6026 

EPR Method 5 Data Report ing Shoot 
F i  1 t e r  O r  avi metr i co 

J o b 5  5 r source-, 
Team Leader R R  Test S i t e  -?fa L LC 

Date Submitted 
Test No. / 
Date of 4na lys is  // -/O-@tl Technician&/ A d  I u 

Date o f  Test - -  
NO. of Runs Completed 2 

F i  1 t e r  No. Test R u n  0 ./ 
Log Number ?bCL - 0% F i l t e r  Tare W t .  0.92/4 9 

Sample W t .  9 

F i e l d  B l a n k  F i l t e r  Type 

Comments Fi l ter+Sample Wt..-9 

F i  1 t e r  No. 
Y.’ 

Toot L R u n  - 
Log Number - e 5  FI 1 t e r  Type 
Comments F i l t e r  Taro W t .  0 . 4 / H 6  9 

Fi l ter+Sample W t .  0. 929n 9 
Sample W t .  9 

~ 

- T e o t / R u n A  
Log Number 
Comments 

Fi l ter+Sample W t .  8.922 
Sample W t .  9 

F i  1 t e r  No. -- 
F i  1 t e r  Type y ,I 
F i l t e r  Tare W t .  0.92 

F i l t e r  No. 
F i  1 t e r  Type 

Comment 5 F i l t e r  Tare W t .  9 
F i  1 ter+Sampl e W t  . 9 
Sample W t .  9 

Test - Run - 
Log Number 

T e s t  - Run - F i l t e r  No. 
Log Number F i  1 t e r  Type 
Comments F i  1 t e r  Tare W t  . 9 

F i  1 ter+Sampl e W t  . 9 
Sample W t .  9 

Run - F i l t e r  No. Test - 
Log Number F i  1 t e r  Type 
Comments F i l t e r  Tare W t .  9 

F i  1 ter+Sample W t .  9 
Sample W t .  9 

Rosul t s :  
F i e l d . B l k .  R u n  1 R u n  2 Run 3 R u n  4 R u n  S 

R u n  2 Run 3 R u n  4 Run 5 F i e l d  E l k .  Run 1 

D- 5 



APPENDIX E 

PROCESS DATA 
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APPENDIX F 

PROCEDURES 



! 
I 

Particulate Loadings and Emission Rates 

The particulate emission rates were determined per EPA. Methods 
1-5, CFR title 40. Part 60, Appendix A (revised July 1, 1987). In this 
procedure, a preliminary velocity profile of the gases in the flue is' 
obtained by means of a temperature and velocity traverse. On the basis 
of these. values, sampling nozzles of appropriate diameter are selected 
to allow isokinetic sampling, a necessary prerequisite for obtaining a 
representative sample. 

The sampling train consists of a heated glass-lined sampling 
probe equipped with a Type S pitot and a thermocouple. The probe is 
attached to a sampling module which houses the all-glass in line filter 
holder in a temperature controlled oven. In addition, the sampling 
module also houses the impinger case and a Drierite drying column. The 
sampling module is connected by means of' an umbilical cord to the 
control module which houses the dry test gasmeter, the calibrated 
orifice, a leakless pump, two inclined manometers, and all controls 
required for operating the sampling train. 

Particulate samples were collected as follows: The sample gas 
was drawn in through the sampling probe isokinetically and passed 
through a 4-inch diameter Gelman Type A/E glass fiber filter. The 
particulates were removed at this point and collected on the filter. 
The gases then passed through an Ice-cooled impinger train and a 
desiccant-packed drying column which quantitatively absorb all moisture 
from the sample gas stream after which the sample gas passes through the 
pump and the dry test gasmeter which integrates the sample gas flow 
throughout the course of the test. A calibrated orifice attached to the 
outlet of  the gasmeter provides instantaneous flow rate data. 

A representative particulate sample was acquired by sampling 
for equal periods of time at the centroid of a number of equal area 
regions in the duct. The sampling rate is adjusted at each site such 
that an isokinetic sampling condition prevails. Nunographs are used to 
aid in the rapid determination o f  the sampling rate. 

F- 1 
3a Pl(1-5) 



After sampling is complete, the filter is removed and placed 
in a clean container. The nozzle and inlet side of the filter holder 
are quantitatively washed with acetone and the washings are stored in a 
second container. A brush is often used I n  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") is noted and then the rinse is quantitatively transferred 
to a tared 120 cc porcelain evaporating dish and the acetone evaporated 
off at 97-105 OF. This temperature is used to prevent condensation of 
atmospheric moisture due to the cooling effect induced by the 
evaporation of acetone. The acetone-free sample is then transferred to 
an oven and dried at 105 OC for 30 minutes. cooled in a desiccator over 
Drierite. and then weighed to the nearest .D1 mg. The filter sample is 
quantitatively transferred to a 6-inch watch glass and dried in an oven 
at 105 OC for two hours. The filter and watch glass are then cooled in 
a desiccator and the filter weighed to the nearest .O1 mg. All 
weighings are performed in a balance room where the relative humidity is 
hydrostatted to less than 50% relative humidity. Microscopic 
examination of the samples i s  performed if any unusual characteristics 
are observed. The weight of the acetone rinse is corrected for the 
acetone blank. The Drierite column is weighed on-site and the water 
collected by Drierite is added to the condensate so that the total 
amount of absorbed water may be ascertained. 

Integrated gas samples for Drsat analysis were collected at a 
constant flw' rate throughout each particulate run. The gas samples 
were analyzed using a1 all-glass Drsat analyzer. Standard canercially 
prepared solutions were used in the Drsat analyzer (sat. KOH for carbon 
dioxide and reduced methylene blue for oxygen). In addition to the 
above, the oxygen content of the flue gas was measured at each traverse 
during the particulate determinations using a Teledyne Model 320P-4 
Portable Oxygen Analyzer to sample the effluent from the nethod 5 train. 
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Interpol1 Laboratories 
(612)786-6020 

Condensible Orqanic Compounds Analysis 
(State of Wisconsin - EPA Method 5 )  

Method 11-867241 

! 

Equipment: 

Reagents: 

SAMPLING: 

Vers.ion 1.3 
1/38 

Separatory funnel - 500 cc w i t h  Teflon stopcock 

Powder funnel - 75 mn ID with a glass wood plug 

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

Methylene chloride 

Sodium su l fa te  - (ACS) granular anhydrous (purified by 
heating for four hours I n  a shallow tray)  

An al l -glass  impinger assembly is used i n  the back half of 
the EPA Method 5 sampling t r a i n  when an organic wet catch i s  t o  be 
collected. The impinger assembly consists of a modified impinger. a 
Greenburg Smith impinger followed by another modified Impinger. The 
third impinger should have a temperature measuring device a t  the .out le t  
upstream of a final impinger or desiccant column to monitor t h e  
temperature of the out le t  gas stream. Prior t o  the start  of the test. 
each of t h e  f i r s t  two impingers shou ld  be charged with 100 g of Class I 
water. The Method 5 t ra in  should be operated as provided for i n  EPA 
Method 5. Ice shou ld  be added t o  the impinger b a t h  t o .  keep t h e  
temperature o f  the gas a t  the out le t  a t  or  less  t h a n  68 OF. After the 
post t e s t  leak check, the impinger t r a i n  i s  removed and impinger 
contents poured into a tared all-glass sample bottle and closed w i t h  a 
Teflon-lined cap. The sample b o t t l e  is  then weighed and the t o t a l  
condensate calculated by subtraction of the bottle ta re  weight and the 



Version 1.2 
. 11/07 

weight of i n i t i a l  water added t o  the impingers (200 9). A label i s  
affixed and the sample i s  returned t o  the laboratory for  analysis.  The 
sample should be stored a t  4 OC i f  the  analysis i s  no t  conducted w i t h i n  
40 hours.  

ANALYSIS: 

1. 

2. 

3. 

4. 

5. 

6. 

Sample bot t les  are  removed from storage and the contents 
quantitatively transferred t o  a clean 500 cc separatory funnel 
equipped with a Teflon stopcock. 

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

Then r inse the sample container with acetone and pour through 
sodium sulfate  i n t o  a t a r e  beaker marked A. 

The sample i s  then extracted consecutively w i t h  three 50 cc 
al iquots  of methylene chloride. The extraction is performed 
according t o  normal laboratory practice observing the  
customary safety precaution of releasing excess pressure a f t e r  
each shak ing .  

After each of the three extractions are  completed, the organic 
solvent shou ld  be dried by passing it through a funnel 
containing anhydrous sodium sulfa'te and collecting i t  and two 
50 cc rinses in the tared beaker marked A (the same one used 
t o  catch the acetone container rinse).  

Evaporate to  dryness i n  a hood a t  70 O F  or less. Do not 
evaporate so quickly as  t o  allow evaporative cooling t o  lower 
the temperature of  the Container below the dew point otherwise 
water will be condensed in the container. 

F-4 
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7. 

8. 

9. 

i 

Version 1.2 
11/87 

Desiccate for two hours in a sealed desiccator and f ina l  
weigh.  Report a l l  resul ts  in grams. All weighings should be 
made t o  nearest 0.1 mg (four places). 

The remaining l iquid in the separatory funnel is t h e n  
transferred t o  a tared beaker marked 8 and i s  evaporated to  
dryness a t  220 O F  2 10 OF. The analyst may take an a l iquot  of 
the sample, transferring i t  t o  a tared beaker and evaporate t o  
dryness a t  220 OF 2 10 OF.  If an aliquot is  used, t h e  weight 
of the sample and aliquot will have t o  be taken t o  correct  fo r  
the total  sample weight. 

After the drying step,  the sample i s  cooled i n  a desiccator 
and weighted t o  a constant weight t o  the nearest 0.1 mg. 

Calculation ( i f  al iquot i s  taken): 

grams = lqrams recovered from aliquot) x ( to ta l  volume ( m l )  or  grams of sample1 
(aliquot volume (ml) o r  grams used) 

If-volume is  used, i t  must be used for bo th  the aliquot and 
sample. The same goes for u s i n g  weight. 

10. A field b l a n k  shou ld  be analyzed in an identical manner. I f  a 
f ie ld  b l a n k  i s  n o t  submitted, take an aliquot of Class I water 
equal in volume t o  the samples and analyze i n  a similar 
manner. 

11. The resul ts  for  container A are t o  be marked i n  t h e  organic  
section of Interpoll Form 1LSC-036. 

12. The resul ts  for  container B are to be marked in the inorganic  
section of Interpoll Form #LSC-036. 
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APPENDIX G 

CALCULATION EQUATIONS 



CALCULATION EOUATIONS 

METHOD 5 

Pbar + hTi/l3.6 
= 17.65 Vm 'd 1 

'm(std) Tm(avg) 

= 0.0472 V l S  
'w(std) 

15.43 M - - 
"m(std) 

( m  1 = 8.5714xlO - ) C  Q s ,d  

1 . 3 2 2 8 ~ l O - ~  M A 

e An 

P I  

- - (m 1 
P 2  

G- 1 CE4-1 



A 

An 

Bws 

C 
P 

'a 

cS 

EA 

Y 

Gd 

I 

Md 

m 
9 

P 
m 

MS 

M 
P 

'bar 

P 
9 

'std 

Cross sec t i ona l  area of s tack,  SO. FT. 

Cross sec t i ona l  area o f  nozzle, S?. FT. 

Water vapor i n  gas stream, p r o p o r t i o n  by volume 

P i t o t  tube c o e f f i c i e n t ,  dimensionless 

Concent ra t ion  o f  p a r t i c u l a t e  mat ter  i n  s t a c k  gas, wet bas is ,  
GWACF 

Concent ra t ion  of p a r t i c u l a t e  mat ter  i n  s t a c k  gas, d r y  bas is ,  
c o r r e c t e d  t o  s tandard  cond i t i ons ,  GR/OSCF 

Excess a i r ,  percent  by volume 

D r y  t e s t  meter c o r r e c t i o n  f a c t o r ,  dimensionless 

S p e c i f i c  g r a v i t y  ( r e l a t i v e  t o  a i r ) ,  d imensionless 

l s o k i n e t i c  v a r i a t i o n ,  percent  by volume 

M o l e c u l a r  weight  of s t a c k  gas, c r y  basis.  g/g - r o l e .  

Mzss f low of wet f l ue .  gas, LWH2 

P a r : i c u I a t e  mass flow, LB/HR 

Molecu la r  weight  o f  s t a c k  gas, Met bas is ,  g/g, m l e .  

T o t a l  amount of p a r t i c u l a t e  mat te r  c o l l e c t e d ,  g 

Atmospheric pressure,  IN.  HG (uncompensated) 

S t a c k  s t a t i c  gas pressure,  IN. W.C. 

Standard abso lu te  pressure,  29.92 IN. HG 

G- 2 I CE4-2 
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= Actual volumetric stack gas flow rate, ACFM 

= D r y  volumetric stack gas flow ra te  corrected t o  standard 

Qa 

's,d conditions. DSCFM 

RH = Relat ive humidity, 

= D r y  bulb temperature o f  stack gas, OF 

Wet bulb temperature of stack gas, OF 

Absolute average dry gas meter temperature, OR 

Tdb 

Tw b 

Trn( a vg I 

Ts ( avg 

Tstd 

Q = Tota l  sampling time, mln. 

= 

= 

= Absolute a v e r a p  stack temperature, R 

= Standard absolute fernperatwe, 528 OF (68 OF) - 

0 

= Tota l  volume o f  l i q u i d  co l lec ted  in  lmplngers and s l l l c a  gel, mi 

Volume of gas sample as measured by d r y  gas meter, 'CF 

Volume of gas sample measured by the  d r y  gas meter corrected 

v l c  

'rn 

Vm(std) t o  standard conditions, DSCF 

= 

= 

= V o I u k  o f  water vapor i n  the gas sample corrected t o  standard 
vw (st dl conditions, SCF 

- 
AH 

AP 

j 

! 

'd 

= Average actual stack gas velocity, FT/SEC 

= Vapor pressure a t  T fN- HG 

= Vapor pressure a t  Tw,, IN. HG 

Average pressure d i f f e ren t i a l  across the o r i f i c e  meter, IN. w,c. 

db' 

= 

= Veloc i ty  pressure of stack gas, IN.  W.C. 

= D r y  t e s t  meter correct ion coef f i c ien t ,  dimensionless 



! 

APPENDIX H 

SAMPLING TRAIN CALIBRATION DATA 
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In terpol1  Laboratories 

(612) 786-6020 

Nozzle Calibration 

Data Sheet 

Date o f  Cal ibrat ion:  November 8 ,  1988 Nozzle Number 6-2 

Technician: R.  Rosenthal 

.Nozzle rotated by 60 degree increments and diameter measured t o  nearest 

0.001 inch. Observed readings and average: 

Position Diameter 

(inches 1 

0.125 

0.126 

0.124 

Average: 0.125 

H-3 
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