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TEST DATE 

T I E  OF EST, HR; 
START 
FIN141 

ERUEHT l€MF€RANRE,’M6REES F 

E F F L W  WISTURE CONTENTt X V I V  

EFFLUEHT COfWO!XTIOW, 1 V N  DRY; 
CARBOW DIOXIDE 
OXY6EN 
CARW Mx#)XIDE 

I S O K I E T I C  VARIATION, X 

EFFLUENT PARTICUUTE CONNCEMRATION; 
A C T W  CONOITIONS, 6RIACF 
STAHDARD C M I T I O N S ,  GR/SCF 
DRY STAWARD C M I T I O N S ,  6RIDSCF 

SOURCE P A R T I M A T E  EMISSION RATE; 
MSSICAL fETHoD, LBlHR 
RATIO OF AREAS E l H O D .  1.B” 

12/14/88 

8928 
1829 

292 

29.8 

5.2 
14.9 
0.0 

20741 
14031 
9847 

96.6 

0.M24 
8.8627 
0.0895 

7.55 
7.29 

12/14/88 

1044 
1141 

279 

38. b 

5.2 
14.9 
0.0 

28481 
14825 
9733 

99.4 

8 . W  
8.0582 
0.8839 

7.01 
6.96 

12/14/88 

1204 
1318 

259 

30.5 

5.2 
14.9 
8.0 

PARTINLATE CONtENTRATION AND EIIISSION RATES BASE0 ON ANALYSIS OF 
THE W f l . I N 6  TRAIN FRONT AND BAW CATCHES. 

STANDARD CONDITIONS: 68 DE6EES FWRMHEIT, 29.92 INMES OF KERNRY. 



SWPIARY OF PARTICUATE EMISSION TEST LABORATORY OATA 

PROJECT W?IER: 8282 
T E S T W R :  1 SOURCE: NORTH C Y U M  DRYER I 2  

COnPAHy: SOUTERN MN SU6AR BEET COOP 

--- HA!% OF PARTICULATE MTTER COUECTED. 6- - -I- 

BACK CATCH TOTAL - PARTICUATE 
FRONT CATCH 

Ru( FRONT ,CYCLWE FILTER FRONT IMPIN6ER IMPIN6ER BACK MSS 

1 0.8429 0.8888 0.1237 0.1666 0.0235 8.0139 0.8314 0.2818 

2 0 . m  0.8888 0.1326 0.1551 0.0221 0.0175 0.0396 0. 1947 

3 0.0465 0 . m  0.1488 0.1865 8.01@3 8.0214 8.0317 0.2182 

COLLECTED MR(BER UASH CATCH CATCH TOTAL CATCU** UASH TOTAL - - - - --- ---- ~ - 

t NOT APPLICABLE ++ WLORoFOlMl~YL ETHER EXTRACTION 





Filename: BEET2.WQl 
Date: 02-Dec-94 

Facility: Southern Minnesota Beet Sugar Cooperative 

Source: Fuel oil-fired drum pulp dryer (North dryer) 
Location: Renville, Minnesota 

Test date: Dec. 14, 1988 

D. Emission Data/Mass Flux Rates/Emission Factors 



3 EMISSION TEST PROCEDURES 
I 

3.1 General 

from stationary sourcesR the Environmental Protection Agency 

specify the manner in which tests must be performed.. These 
reference methods are found in the Code of Federal Regulations 
under Title 40 - Protection of Environment: Chapter 1 - 
Environmental Protection Agency: Subchapter C - Air Programs: 
Part 60 - Standards of Performance for New Stationary Sources: 
Appendix A - Reference Methods. Unless otherwise noted, the 
tests presented in this report were performed according to the 
€PA Reference Methods as revised on July 1, 1985. 
description of the test procedures used follows. 

, In order to determine the pollutant emission rate 

.(EPA) has established a series of reference methods which 
I 

A brief 

3.2 SamDlinq Points 

, 
The sampling required for EPA Methods 2 and 5 was 

performed at numerous points across the duct cross-section. 
The number of sampling points and their locations within the 
duct were determined according to €PA Method 1 (Figure 3.1). 
The number of points required is based on the distance of 
undisturbed flow both up and downstream of the sampling 
location. 

3.3 Effluent Flow Rate 

The effluent volumetric flow rate was determined per 
EPA Method 2. The effluent Velocity pressure and temperature 
were measured at numerous points across the duct cross-section 
using an S-type pitot tube and a chromel-alumel thermocouple. 
The flow rate measurements were made simultaneously with each 
particulate concentration test run. 

3.4 Effluent composition (CO2, 021 

The carbon dioxide and oxygen content of the 
effluent was determined per €PA Method 3. One (1) multi-point 
integrated sample was collected simultaneously with each 
particulate test run. 
with a standard Orsat analyzer using commercially prepared 
solutions. 

Analysis of the sample was performed 



F i g u r e n . 1  Descr ip t ion  of Sampling Location 

Duct c ross -sec t iona l  dimensions at  t h e  sampling loca t ion :  

Equivalent diameter ( rec tangular  duc t  on ly)  : 

Distance from sampling p o r t s  t o  t h e  nearest flow d is turbance ;  

4 7 . 5  -. 

Before sampling por t s :  5.6  I duct  diameters  

Af te r  sampling po r t s :  2.0 - duct  diameters  

. Number of sampling poin ts ;  

Required by EPA Method 1: 
Actual ly  used: 

26 

Only used 20 because s t r a i g h t e n i n g  vanes were i n s t a l l e d  
Number o+ por ts :  2 

Poin t s  pea por t :  10 

Not t o  Scale  I \  Sketch of sampling loca t ion :  

Cyclone B2 i n l e t  - 
Cyclone B-1. i n l e t  

4 

K-i 
Roof - 

Cyclone B3 i n l e t  
, 

Sample p o r t s  

low S t ra igh ten ing  vanes 

.- 1 I 
Drum d rye r  B '-I - 

I c 

c 

u 7 



e 
Figure 3.2  Sampling Point Locations Within the Duct 

Sketch: Not to  Scale 

. 
Location df sampling-points within each part: 

Point 
Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Distance From Duct 
Inside Wall (by Port) 
to  the Samplina Point 

Diameter Inches 
X of Duct 

2 . 5 3  

8 . 2 1  79 

14.5  h.9 
22 .5  1(3.7 
34.1 lh.2 
6 5 . 9  31.8 
7 7 . 5  36.8 
8 5 . 5  4 0 . 6  

91.8 43.6  

97 .5  46 .3  

8 

Paint 
Number 

13 

16 

. 15  

16 

17 

18 

.19 
20 

2 1  

22 

23 

24 

Distance From Duct 
Inside Wall (by Port) 
to  the Sam- 

% of Duct 
Diameter Inches 



3.5 Effluent Moisture Content 

The effluent moisture content during each test run 
was determined simultaneously with the particulate 
concentration determination as per EPA Method 5. 
content was calculated from the volume and/or mass of 
‘condensed water collected in the cold box impingers apd the 
volume of gas sampled. 

The moisture 

(See Comment Section) 

3.6 Effluent Particulate Concentration 

The effluent particulate concentration was 
determined per EPh Method 5. In this procedure, particulate 
matter is isokinetically withdrawn from the source and 
collected on a glass-fiber filter. Organic vapors and other 
condensibles which pass through the filter are collected in an 
ice-cooled impinger trap. The particulate mass, which 
includes any material which condenses at the filtration 
temperature, i s  determined gravimetrically after removal of 
any uncombined water. 

The sampling train (Figure 3.3) consists of a heated 
sampling probe with attached thermocouple and S-type pitot 
tube. The probe attaches to the front sample case (hot box) 
which hocses a gl&s cyclone and an all-glass in-line filter 
holder in a temperature controlled environment. The back 
sample case (cold box) houses a series of impingers and a 
desiccant column in an ice bath. 
via an umbilical cord to the control unit which contains the 
vacuum pump, pressure indicator and all operating controls. 
The thermocouple is connected to a separately housed 
temperature readout. 

sampling for equal periods of time at the center of a number 
of equal area regions in the duct. 
gas velocity head and temperature were measured and the 
sampling rate rapidly adjusted to isokinetic conditions with 
the aid of a nomograph. Sample gas drawn into the nozzle 
flowed through the probe to the glass fiber filter where the 
particulates were collected. 
the ice-cooled condenser (impingers and desiccant column) 
which quantitatively sorbed all moisture from the gas stream. 
The gas then passed through the vacuum pump, the dry test 
meter and the calibrated orifice. 

The sample case is connected 

A representative particulate sample was acquired by 

At each sampling point the 

The gases then passed through 

9 



PROJECT MER: m 
TEST MER: 1 WREI NORTH cvam DRER a2 

COIIPUPI: W.JTIERN m SWR BEET COOP 

WNMmBERt 1 T I E 1  12114188 892&1829 

TEST DATA . 
6AS METER C O m I C I E N l  8.9985 Y 

PITOT TUBE C E F F I C I E N T  8.833 CP 

NOZZLE D I I W S I O N S ;  
DIA)(ETERq IN 0.373 Dn 
AREA, K 0.888759 AR 

T 

STACK D I E N S I O N S ;  
DIAIZTERlLENSlH,  I N  47.50 SI 
UIDTH, I N  0.00 sr 
A m i  S 12.586 A s  

B A W R I C  PRESSWIE, I N  ffi 28.82 Pb 

WKvllE OF LIWID 
C C u E r n r  m. 317.6 V I  

6As C(wWsITIoN, z V I V  DRY1 
CARBON DIOXIDE 5.28 CD 
OXYGEN 14.98 OX 
C A R m  WXIE 0.w M 
N I T W E N  (BY I I I F F E R E N E )  79.98 NI 

AVE. TRAVERSE WIN1 DATA! 
STACK TEMP., DE6 F 2Q2 T5 
P E E R  TEMP-r DE6 F 101 1. 
ORIFICE PRESSURE, I N  UC 1.188 Po 
SQRT U E L O C I N  P., I N  UC 9.394 PI 

STACK PRESSURES; IUS OF PARTIWE M m a  
STATIC, IN UC O.w p, COLLECTED, si 
ABSOCWE, I N H 6  28.82 P5 FRONT CATW 81.7%1 8.lbbb Uf 

BACU CATCH 18.37.1 0.0374 Ub 
SAnRIffi T I E ,  MIN 68.88 Ti  TOTAL CATM 0 . m  U t  

WME OF GAS WRED 
AT IETER, DSCF 35.1% v.J 

EWIVALENT w#UME OF UATER 
VAPOR COLLECTED. S F  14.949 Vu 

GAS noisTuE C~NTEWT; 
W L M  FRACTION 8.2982 &n 
PERCENT BY WKUK 29.82 &IP 

P A R T I W T E  EMISSION PAMPETER 
I---- -- 

6As mLEeULAR UEIWT; 
DRY BASIS, LBlLB-MCLE 29.43 Hd 
KT BASIS, LB/LB-rrXE 26.02 Hs 

A V E R A S  6 6  VELOCITY, FPS 28.89 V s  

64S VOLVMTRIC FLCU RATE; 
ACTUAL, A W N  20741 Qa 
STANDARD, SWN l a 1  Qs 
DRY STANDARD. DSCFH w 7  Qsd 

ISOKINETIC VARIATION, X 96.63 I 

FRONT CATCH BACK CATCH TOTAL UTCH -- ---- --- 

0.0347 Cat 0.8878 C a b  0.0424 Eat 
0.0512 Crf 8.0115 Crb 0.0627 bt 
0.0730 C s f  0.0164 Csb 0.8894 C s t  

PARTICULATE EMISSION RATE, LBlHR 
CLASSICAL I(ETW)D 
RATIO OF AREAS IETHOD 

6.17 R c f  1.58 Rcb 7.55 R c t  
5.96 Rrf 1.34 Rrb 7.29 Rt 



PROJECT N U W R I  8292 

RwIMmBERI 1 T I E :  12/14/88 0928-1829 

CWPAml YXNRN W SUGAR BOET COOP 
WTNUI(BER: 1 KWRCEI w m  cvaw DRYER 82 

SAMKIN6 
LOCATIW 

WRT WINT 

A 1  
A 2  
A 3  
A 4  
A 5  
A 6  
A 1  
A 8  
A 9  
A 10 

-- 

B l  
B 2  
B 3  
B 4  
B 5  
B 6  
B 7  
B 8  
B .  9 
B 10 

TRAVERSE mIwT DATA 

VELOCITY ORIFICE TD(PERANREI E6.F 
PRESSUR P W R E  STAN )IETER E E R  
IN W I N  YC W IKET OUTLET 

0.168 , 1.228 m 88 88 
8.168 . 1 . m  m 81 n 
8 . m  1 . m  m w n 
0.168.1.228 29S 80 91 
8 . 1 ~  I 1.140 m PB is1 
8.158 1.148 291 98 182 
8.158 1.148 Z98 92 105 
8.140 1 . m  298 93 184 
8.138 8.998 289 94 106 
0.1m 8.768 200 99 107 

----- 

8.168 1.228 
0.188 1.370 
0.188 1.3l8 
0.188 1 . m  
0.188 l.m 
8 . m  1.370 
8.178 1.298 
0.168 l.m 
8.148 * 1.078 
8.128 8.910 

0.156 1.188 
-- 

289 
298 

296 
298 
299 
298 
294 
z85 
27 1 

292 

m 

- 

96 
97 
99 
99 

181 
102 
103 
183 
104 
104 

182 
1 w  
111 
114 
112 
114 
115 
115 
115 
115 

K L O C I T Y  PROFILE 

SQRl 6As 
VELOCITY VELOCITY 
PREESSURE FTISEC 

0.400 28.58 
0.m 28.58 
8.412 29.# 
8.484 28.58 . .~ .  _.... 
0.307 21.67 
0.307 21.68 
0.307 27.58 
0 . 3 4  26.65 
8.561 25.66 
0.316 22.49 

8.-  .. .. 
8.424 
8.424 
0.424 
0.424 
0. 424 
8.412 
0.484 
0.314 
8.346 

28.41 
38.22 
38.32 
38.34 
38.a 
30.40 
29.52 
28.56 
26.52 
24.36 

96 106 8.394 28.89 



PROJECT m E R :  BZBZ 
TEST " M E R :  1 WRCEI NORTH CYCLONE DRYER #'Z 
RW N W R :  2 ' T I E :  12/14/88 1044-1147 

COnPANy: SOUTHERN IN SWIAR BEE7 CWP 

TEST DATA 

NOZZLE DI)(ENSIOffi; 
DIAnRER, I N  
AREA, SF 

STACK DI"SIONS: 
DIAtlETERILRKilH, I N  
U I D l H v  IN 
AREA, SF 

BARMETRIC PRESSURE, I N  

2.9985 '( 

0.033 CP 

0.373 Dn 
0.888759 An 

47.50 SI 
0.00 sr 

12.3% As 

H6 20.68 Pb 

VOLUE OF LIC'JID 
COLLECTED, K 335.2 

6AS CDtlWSITIMI. X VIV DRY; 
CARBON DIOXIM . 9.28 
O X Y E N  14.90 
CARBON l!oNOXIoE 0.m 
NITROGEN (BY DIFFERENCE) 79.98 

A=. TRAVERSE WIN1 DATA: 
STAM m(P.a DE6 F 279 
lQTER TEllP., DE6 F 1M 
ORIFICE PREESSWIE, I N  UC 1.244 
SQRT ELOCITY P.I I N  UC 8.390 

V I  

CD 
ox 
cn 
N I  

1s 
1. 
Po 
Pv 

STACK PRESSURES: nAss OF PARTICUAE PATTER 
STATIC, I N  UC 0.00 Pq COLLECTED, 6: 
ABSOCUTE, I N H 6  20.80 Ps  FRONT CATM 79.7%) 0.1551 U t  

Q A N  PATCH 28.3%) 8.8396 Ub ""-\ \ 

WRING T I E E I  tlIN 68.00 T i  TOTAL CATCH 

WM OF 6AS SAMPLED 
AT W E R ,  DCF 39.643 V I  

0.1947 U t  

WUE OF 6AS SAMRED 
AT METER, DSCF 35.770 VIM 

EWlVALDlT  V0Lu)IE IF UATER 
VAPOR COLLECTED, SCF 15.770 V u  

GAS M)ISTURE CONTENT; 
WW FRACTION 0.3868 Bus 
PERCENT BY VOLWlE 30.68 ESP 

PARTICKATE EMISSION PARAmER 

6As M O L E C U R  UEIWT: 
DRY BASIS, L B I L B W  29.U tld 
M BASIS, L B I L B M E  25.93 tls 

A V E R S  6As K C O C I M ~  FPS 27.63 VS 

GAS W W R I C  ROU RATE; 
ACTUAL, A tR(  28401 Qa 
STANDARD, scm 1- 05 
DRY STANDARD, DScRl 9 m  Q5sd 

ISOKINETIC VARIATION, I 99.41 I 

0.0319 Cat  0.W1 Cab 0.0188 Cat  
0.8464 Cut 0.0118 Cub 0.8582 Cut  
0 . W  Csf 0.0171 Csb 0.8839 C s t  

PARTICUATE EMISSION RATE, LBlHR 
W I C A L  IiETWD 
RATIO OF AREAS UETHOD 

5.58 Rcf 1.42 Rcb 7.01 R c t  
3.54 Rrt 1.42 Rrb 6.96 Rrt 



TRAVE= POINT DATA S U W R V  VELOCIN PWILE 

PRAlECl W R I  E202 

RU(NUlBER: 2 TIlE: 12/14/88 lM4-1147 - 
u#(PANyI SWWRN M SUMR BEET COOP 

TEST WBERI 1 SOURE: NORTH cvam DRYER n 

WPLIffi 
LOCATIOH 
PORT WlNl 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

B 
B 
B 
B 
B 
B 
B 
B 
B 

1 
2 
3 
4 
5 
6 
7 
8 
9 
18 

1 
2 
3 

TRAVERSE WINT DATA moc1TY PROFILE 

mOCIlY ORIFICE TEMPERATUREI K6.F SQRT Ms 
PRESSURE PRESSURE SIAW ETER ETER ELOCIN ELOCIlY 
INYC INYC 6As IKET OUllJ3 P m R E  nl!XC ------- 
8.198 1.S60 284 100 98 8.k36 38.98 
8.168 . 1.m -iW 99 107 0.400 28.51 
8.170 . 1.388 289 99 lffl 8.412 29.33 
8.168 1.388 287 lea lea 8.4ea 28.49 . ~~ 

8.178. LSea 289 lm IBB 8.412 29.41 
R.178 ' 1.m 291 1BB lffl 8.412 29.44 -. -. - -. .__ 
8.160 1.m 290 181 lffl 8 . 4  28.59 
8.178 1.3W 284 182 180 8.412 29.31 
8.150 1.228 288 182 1Bb 8.387 27.45 
8.1% 1.220 270 103 lffl 8.387 27.27 

8.1~8 1.m 289 182 182 0.387 n.55 
0.158 1.m ZBb 181 118 8.387 27.57 
8.158 1.m 282 181 lffl 8.387 27.49 
8.168 1.388 279 181 1ffl 8.460 , 2 8 3  
0.170 1.388 274 181 lffl 8.412 29.11 
8.168 1.388 278 181 189 8 . W  28.16 
8.158 1.m 278 181 189 8.387 27.27 
8.128 8.989 268 181 189 8.346 24.36 
8.118 8.898 264 181 1ffl 8.332 23.26 
8.690 , 8.730 268 182 187 8.388 28.98 
-__-I- --- B . 18 -- - 



- . :.' PARTICUTE aissw TEST ULCUATIONB .. 
. .  . . . . . . . . . .  . . . . .  __ ............... . . . . . . . . . . . .  . .  

. .  

. .  , . .  
. .  I 

. . . . . .  . . . . . . . . . . . . . . .  . . .  .TEST DATA . . . .  

€A5 lrETER C E F F I C I E N l  8 . m  V 

PITOT m C O m I C I E N l  8.833 CP 

STACK DII(MsI0HSi 
D I A I F T E R I W I  IN 47.58 S1 
UlDTHi IN 0.00 sr 
AREA, SF 12.386 As 

B A N E T R I C  PasSURE, IN H6 28.88 P b  

STACK PREssuasi 
STATIC, IN UC 0.88 P, 
ABSOLUlE, INH6 28.88 m 

WIRIN6 T I E ,  HIN h0.m 11 

vauf€OF6AssAllRED 
AT EfEh DE . 39.635 v. 

6As C M W S I T I O N ,  2 VN DRvi 
C A R M  DIOXIDE 5.28 CD 
O X Y E N  14.90 OX 
CARBON Wx(0XIDE 8.00 01 
NITROGM (BY DIFFERENCE1 79.90 NI 

AWE. TRAVERS POINT DATA; 
STAM lUP..  DE6 F 739 1. ....... .-I .. _-_ . -. .- 
lETER TEMP., DE6 F 104 1. 
ORIFICE PRESSUREEI IN UC 1.235 PO 
SQRl VELOCIM P.I IN UC 0.402 Pv 

COLLECTED, 6i 
FRONT CATCH [ 85.5Xl 8.1865 Ut 
BACK CATCH ( 14.521 8.0317 Ub 

8.2182 U t  TOTAL CATCH 

EWIVALMT WUI€ OF HATER 
VAWR CCUECTED, SCF 15.707 Vu 

€4 W K E C U R  LEI6Hl; 
DRY BASIS, LB/LB-)IocE 29.43 lid 
ET BASIS, LBILB~~OCE 25.94 lis 

GAS WISNRE C O N m n i  
WW FRACTION 8.3452 B4 
P E R W  BV WU€ 58.52 EUP 

I S O K I ~ l C  VARIATION, X 94.95 I 

P A R T I N U T E  EMISSION PARAI(ETER FRONT CATCH BACK CATCH TOTAL CATCH - 

8.m Cat 8.8867 Cab 8.0462 Cat 
0 . m 9  crt O.m cub 8.86'14 cut 
8.BBW Csf 8.8137 Csb 8.8941 Cst 

7.03 Rd 1.19 Rcb 8.22 Rct 
6.67 Rrf 1.13 Rrb 7.88 Rrt 

STWARD C o W I T l o N s t  bB DE6 FI 29.92 IN ffi 4 W O N - A P R I W  DATA 



TRAVERSE POINT DCTA SIRP(ARY Aw VELOCITY PROFILE 

PROJECT W R I  8282 CoI(PANYI WllERN )(Y W A R  BaT COOP 
TEST NURBER: I SOURCE: NORTH CYULo)(E DRYER 82 
RU(MI(BER: 3 TIE:  12/14/88 1B4-1310 

WpLIffi 
LOCATION 

PORT POINT -- 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

B 
B 
B 
B 
B 
B 
B 
B 
B 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

1 
2 
3 
4 
5 
6 
7 
8 
9 

6 * i i  ..- -- 

VELOCITY ORIFICE TEMPERATURE, M6.F SPRT SAS 
P ~ R E  PRESSURE STACK METER ETER VUOCITY vaociw 

INUC 1°C G4S IKETWllET P E W E  FllSEC 
0.178 1.310 
0.178 ' 1.318 ~ ~~~ ... ~ 

8.170 1.310 
0.164 1.398 
0.168 -. 1.240 
0.150 1.168 
0.150 1.168 
0.130 1.m 
0.138 1.m 
0.128 0.930 

0.198 1.470 
0.180 1.390 
0.164 1.398 
0.198 1.470 
0.170 1.310 
0.lBB 1.398 
0.198 1.470 
0.M 1.240 
0.170 1.310 
0.110 ' 0.850 

265 -~~ 
268 
Z M  
268 
268 
268 
268 
a 6  
250 
240 

268 
265 
265 
zb5 
266 
266 
268 
255 
250 
24a 

97 
?a 
?a 
97 
97 
98 
97 
97 
97 
98 

98 
101 
101 
182 
183 
103 
18) 
185 
105 
186 

97 0.412 
101 0.412 
101 0.412 
101 0.424 
99 0.400 
188 0.587 
101 0.587 
107 0.561 
lea 0.361 
189 0.546 

106 0.k36 
114 0 . W  
115 0.424 
116 0.436 
117 0.412 
117 0.424 
117 0.456 
116 0.400 
117 0.412 
114 0.312 

28.93 
20.96 
28.91 . . 
29.66 
27.96 
27.88 
21.88 
25.14 
25.85 
23.88 

30.47 
29.76 
29.76 
38.58 
28.95 
29.78 
30.47 
27.87 
28.62 
22.99 

AVERAGE 0 . M  1.255 259 188 189 0.402 28.09 



i # '  - ci.50 1 2 . . . . . . . . .  

E- 1 




