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1 INTRODUCTION 

On November 18, 1986. I n t e r p o l l  Inc.  personnel conducted a 

p a r t i c u l a t e  emission compliance t e s t  on t h e  combined d ischarge from the  
Sugar Dryer and Sugar Cooler scrubbers a t  t he  Southern Minnesota Sugar 

Cooperat ive (SMSC) P l a n t  l o c a t e d  i n  Renv i l l e .  Minnesota. On-s i te  

t e s t i n g  was performed by J. Buresh and C. Mosser. Coord ina t ion  between 

t e s t i n g  a c t i v i t i e s  and p l a n t  ope ra t i on  was prov ided by Dean DeBel ly  o f  
SMSC. The t e s t  was witnessed by Caro l i na  Schu t t  o f  the  Minnesota 

P o l l u t i o n  Contro l  Agency (MPCA). 

The Sugar Dryer  and Cooler a re  r o t a r y  drum i n d i r e c t l y  heated 

u n i t s  manufactured by Stearns-Roger. P a r t i c u l a t e  emissions from the  
d rye r  and coo le r  a re  c o n t r o l l e d  by i d e n t i c a l  American A i r  F i l t e r ,  Type 

W. S ize  24 wet scrubbers. The scrubbers have a nominal a i r  f l ow  o f  
13.000 ACFM and a scrubber water f l o w  r a t e  o f  6 GPM. 

P a r t i c u l a t e  de terminat ions  were performed i n  accordance w i t h  
EPA Methods 1 - 5  and 9. CFR T i t l e  40. P a r t  60, Appendix A ( rev i sed  J u l y  

1. 1986). A p r e l i m i n a r y  de terminat ion  o f  t he  gas l i n e a r  v e l o c i t y  

p r o f i l e  was made be fore  the  f i r s t  p a r t i c u l a t e  run  t o  a l l o w  s e l e c t i o n  o f  

t he  appropr ia te  nozz le d iameter  requ i red  f o r  i s o k i n e t i c  sample 

wi thdrawal .  An I n t e r p o l l  sampling t r a i n  which meets o r  exceeds 

s p e c i f i c a t i o n s  i n  the  above-c i ted reference was used t o  e x t r a c t  

p a r t i c u l a t e  samples by means o f  a heated g lass - l i ned  probe. 

Tes t i ng  was conducted from two t e s t  p o r t s  o r i e n t e d  a t  90 
degrees on the  common stack.  These t e s t  p o r t s  a re  l oca ted  30 f e e t  

downstream and 20 fee t  upstream o f  t h e  nearest  f l ow  d is turbance.  A 12- 

p o i n t  t rave rse  was used t o  e x t r a c t  rep resen ta t i ve  p a r t i c u l a t e  samples. 

Each t rave rse  p o i n t  was sampled f i v e  minutes t o  g i v e  a t o t a l  sampling 
t ime o f  60 minutes per  run. V i s i b l e  emission determinat ions cou ld  n o t  

be performed due t o  a steam plume from an adjacent  source. 

1 
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S U G A R  C O O L E R  
suGnR IS COOLED F R O M  I ~ O O F  T O  IOOOF. 



SUGAR ' DRYER 
SUGAR IS D R I E D  A N D C O O L E D  FROM 
140.F TO 130°F. 



Filename: BEET3.WQ1 
Date: 02-Dec-94 

Facility: Southern Minnesota Beet Sugar Cooperative 

Source: Sugar dryer & cooler w/wet scrubbers--combined stack after identical controls 
Location: Renville, Minnesota 

Test date: Nov. 18, 1986 

D. Emission Data/Mass Flux Rates/Emission Factors 

*DSCFM BASED ON A STANDARD TEMPERATURE OF 68 DEGREES FAHRENHEIT 



3.1 

I n t e r p o l l  Report No . 6-2505 
Southern Minnesota Sugar Coop 

R e n v i l l e .  Minnesota 

Test  No . 1 
Combined Dryer/Cooler  Stack 

Romultm of Ormrt I M o i m t u r o  Chrlvmos-----Mothodm 3 & 4(Xv/v) 

Date  o f  r u n  

Dry basis (orsat) 

carbon d i o x i d e  ............ 
oxygen .................... 
carbon monoxide ........... 
n i t r o g e n  .................. 

W e t  basis (orsat) 

carbon d i o x i d e  ............ 
oxygen .................... 
carbon monoxide ........... 
n i t r o g e n  .................. 
w a t e r  vapor ............... 

Dry molecular weight ........ 
Wet molecular weight ........ 
S p e c i f i c  g r a v i t y  ............ 
Water mass f l o w  ...... (LB/HR) 

Run 1 
1 1 . 18-86 

0.03 

20.90 

0.00 

79.07 

0.03 

19.70 

0.00 

74.55 

5.72 

28.84 

28.22 

0.975 

2715 

Run 2 
11-18-86 

0.03 

20.90 

0.00 

79.07 

0.03 

19.47 

0.00 

73.65 

6.86 

28.84 

28.10 

0.971 

3297 

Run 3 
11-18-06 

0.03 

20.90 

0.00 

79.07 

0.03 

19.67 

0.00 

74.43 

5.87 

28.84 

28.20 

0.974 

2773 

F O  6 ' 0.000 0.000 0.000 



Interpol1 Report No. 6-2305 
Southern Minnesota Sugar Coop 

Renvi 1 le, Minnesota 

Test No. 1 
Combined Dryer /Cooler Stack 

3 . 2  Rosult8 of P u t i c u l r t m  Lording Dmtrrination8-------r(rthod 5 

Date of run 
Run 1 Run 2 Run 3 

11-18-86 11-18-86 11-18-86 

Time run start/end.....(HRS) 800/ 901 926/1027 183811139 

Static pressure ...... (IN.WC) -0.28 -0.28 -0.28 
Cross sectional area (SQ.FT) ' 5.94 5.94 5.94 
Pitot tube coefficient...... .840 .840 .a40 

Water in sample gas 
condenser............. (ML) 42.0 43.0 40.0 
impingers..... ..... (GRAMS) 0.0 0.0 0.0 
desiccant.......... (GRAMS) 29.0 43.0 32.0 
total.............. (GRAMS) 71.0 86.0 ' 72.0 

Total particulate material.. .......... collectedigrams) 0.0444 0.0337 a. 0432 

Gas meter coefficient....... 1.0061 1.0061 1.0061 
Barometric pressure.. (IN.HG) 28.99 28.99 28.99 
Rvg. orif.pres.drop..(IN.WC) 2.68 2.75 2.67 
Avg. gas meter temp..(DEF-F) 79.1 94.2 94.5 

Volume through gas meter.... 
at meter conditions.. . (CF) 57.37 58.87 58.20 
standard conditions.(DSCF) 55.12 55.03 54.37 

Total sampling time.. .. (MIN) 60.00 60.00 60.00 
Nozzle diameter.........(IN) .249 -249 .249 
Avg.stack gas temp ..(DEG-F) 108 108 107 

Volumetric flow rate........ 
actual.............. (ACFM) 18779 19029 18666 
dry standard.......(DSCFM) 15935 15952 15830 

Isokinetic variation..... (%)  101.3 101.1 100.6 

Particulate concentration... 
actual............ (GR/ACF) 0.01054 0.00792 0.01039 
dry standard.....(GR/DSCF) 0.01243 0.00945 0.01226 

Particle mass rate...(LB/HR) 1.70 1.29 1.66 

7 



Interpoll Report No. 6-2305 
Southern Minnesota Sugar Coop 

Renville, Minnesota 

Test No. 1 
Combined DryerICooler Stack 

Rmsults of Volumetric Flow Rat. Dotoraination---- 3lrthod 2 

Date of Determination............ 

Time of Determination.......(HRS) 

Barometric pressure. ...... (IN.HQ) 
Pitot tube coefficient........... 

Number of sampling ports ......... 
Total number of points ........... 
Shape of duct.................... 

Stack diameter...............(IN) 

Duct area................. (SQ.FT) 

Direction of flow................ 

Static pressure ........... (IN.WC) 
6vg. gas temp... .......... (DEG-F) 
Moisture content.......... ( %  V/V) 

11-18-86 

740 

28.76 

.84 

2 

12 

Round 

33 

5.94 

UP 

-. 28 
108 

5.72 

clvg. linear velocity.....(FT/SEC) 50.3 

Gas density. .............. (LB/ACF) .06544 

Molecular weight.. .... (LB/LBMOLE) 28.84 

Mass flow of gas .......... (LB/HR) 703 15 

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

17909 
15076 

A-1 



(EPA Method 5) F i l t e r  
Grav ime t r i c  Ana lys i s  Lab 

Data Sheet 
FR g( 160) 

0 

Date of Ana I ys i s 
Techn ic ian  

r \ Spec ia l  Hand l ing  Required 

interpoll 1 

r a interpoll 
Job 3t-i 3 6  Date / / - 1 Y - u  
C l t y / S t a t e  Rch,,. 1 1 ~  M .I 
Source G J ‘ w ~ ,  r 1 0 A 5  
Test S l t e  3 r d  

Remarks: Test/Run &- 
Sampla type Tech Fr3 

I 

Spac ia l  Handl ing Required 

I F i  I t e r  No. & 3 3 J  

F i  i t e r  Type 0.63.c/ 
F i  I t e r  Tare Wt.a.6523 9 

9 
1 

2 
I F i l t e r  + Sample W t .  

Comments 
l - of 

f Special  Hand l ing  Required 

. 
Remarks: 

RESULTS : 



INTERPOLL INC.  
EPA Method 5 Probe (Cyclone) Wash 

GO interpoll 
Job S'M S C Date -//-/g.fd E v a p o r ~ t i n g  D ish  No. q/o 

Test S l t e  Si7-h.. E. D i s h  Tare W t .  73,3 i'33 9 

Remarks: Test/Run l / t  Ccmments 

Volume of acctonc /3>- , cc C l t y / S t a t e  A>c I ,  u s /  .. &>Log# y 2L$+JL, 
S o u r c e & d  ,,b.t' S "9- -9- J- 

I I 
. 

E. D ish  t Sample ~t.73..li66 
3 

I Sample type Tech d-6 
' I  

Gravimetr ic  Analysis Laboratory Data Sheet 
(CFR T i t l e  40 P a r t  60 Appendix A)  

Date of Ana lys i s  (7- X L  
Technic ian B@J EPA-M5 Acetone R.B SPEC5 7.8 ug/cc 

Actual acetone res idue blank u g / c c  
~ ~~~ ~~ 

f l  Spec ia l  Hand l ing  Required 

L 

interpoll 
Evapora t ing  D ish  No. A/  
Volume of acetone /3J- CC 

E. Disk Tare W t .  

E. Dish + Sample 

Comments 
3 

all interpoll 

Test S l t e  ST 'Lc /[ - ' 
Sample type 

ReMrks: 

-- 
Evapora t ing  D ish  14s. &os/ 
Volume of acetone / v5- cc .- 
E. D i s h  Tare Wt. 7f$j2,$' '1 

2 

3 
E. D ish  + Sample W t . 7 f  V O O b  0 
Comments 

- - 
RESULTS : 
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ABBREVIATIONS 

ACFM 

cc ( m l )  
DSCFM 
DSML 
DEG-F (OF) 
D IA .  
FTISEC 

GPM 

GRIACF 

GRIDSCF 

9 
HP 
HRS 
IN.  

IN.  HG. 
IN.  WC. 
LE 

LBIDSCF 

LB/HR 

LBI 1 O ~ B T U  
LBIMMBTU 

Mw 

mgIDSCM 

microns (m) 
MIN. 
ohm-cm 
PPH 
PPM 

P S I  
SQ. FT. 

V I V  

W I W  

ac tua l  cub ic  f e e t  per  minute 
cub ic  cent imeter  ( m i l l i l i t e r )  
standard cub ic  f o o t  o f  d r y  gas per  minu te  
d r y  s tandard m i l l i l i t e r  
degrees Fahrenhei t  

diameter 

f e e t  per  second 

ga l l ons  per  minute 

g ra ins  per  ac tua l  cub ic  f o o t  

g ra ins  per  d r y  standard cub ic  f o o t  

gram 
horsepower 
hours 
inches 
inches o f  mercury 
inches o f  water 
pound 

pounds'per d r y  standard cubic  f o o t  

pounds per  hour 

pounds per  m i l l i o n  B r i t i s h  Thermal U n i t s  heat i n p u t  

pounds per  m i l l i o n  B r i t i s h  Thermal U n i t s  heat i n p u t  

megawatt 
m i l l i g r a m s  per  d r y  standard cub ic  meter 
m i c r o m t e r  

minutes 
ohm-centimeter 

pounds per  hour 
p a r t s  per  m i l l i o n  

pounds per  square i nch  

square f e e t  

percent  by  volume 

percent  by  weight 

Standard conditions are defined as 68 OF (20 O C )  and 29.92 IN .  o f  mercury pressure. 

iii 
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1 INTRODUCTION 

On November 18. 1986. I n t e r p o l l  Inc.  personnel conducted a 

p a r t i c u l a t e  emission compliance t e s t  on t h e  combined d ischarge from t h e  
Sugar Dryer  and Sugar Cooler scrubbers a t  t h e  Southern Minnesota Sugar 

Cooperat ive (SMSC) P l a n t  l o c a t e d  i n  R e n v i l l e .  Minnesota. On-si te 

t e s t i n g  was performed by J. Buresh and C. Mosser. Coord ina t ion  between 

t e s t i n g  a c t i v i t i e s  and p l a n t  o p e r a t i o n  was prov ided by Dean De8e l ly  o f  

SMSC. The t e s t  was witnessed b y  Caro l ina  Schut t  o f  the Minnesota 

P o l l u t i o n  Con t ro l  Agency (MPCA). 

The Sugar Dryer  and Cooler  a r e  r o t a r y  drum i n d i r e c t l y  heated 

u n i t s  manufactured by Stearns-Roger. P a r t i c u l a t e  emissions from the 
d r y e r  and c o o l e r  a r e  c o n t r o l l e d  by i d e n t i c a l  American A i r  F i l t e r .  Type 

W, S i z e  24 wet scrubbers. The scrubbers have a nominal a i r  f l o w  o f  
13.000 ACFM and a scrubber water f l o w  r a t e  o f  6 GPM. 

P a r t i c u l a t e  determinat ions were performed i n  accordance w i t h  
EPA Methods 1 - 5  and 9. CFR T i t l e  40. P a r t  60, Appendix A ( r e v i s e d  J u l y  

1, 1986). A p r e l i m i n a r y  de terminat ion  o f  t h e  gas l i n e a r  v e l o c i t y  
p r o f i l e  was made b e f o r e  t h e  f i r s t  p a r t i c u l a t e  r u n  t o  a l l o w  s e l e c t i o n  o f  

t h e  appropr ia te  nozz le d iameter  r e q u i r e d  f o r  i s o k i n e t i c  sample 
wi thdrawal.  An I n t e r p o l l  sampling t r a i n  which meets o r  exceeds 

s p e c i f i c a t i o n s  i n  t h e  above-c i ted re fe rence  was used t o  e x t r a c t  

p a r t i c u l a t e  samples by means o f  a heated g l a s s - l i n e d  probe. 

T e s t i n g  was conducted from two t e s t  p o r t s  o r i e n t e d  a t  90 
degrees on t h e  common stack.  These t e s t  p o r t s  a r e  l o c a t e d  30 f e e t  
downstream and 20 f e e t  upstream o f  t h e  nearest  f l o w  disturbance. A 12- 

p o i n t  t r a v e r s e  was used t o  e x t r a c t  r e p r e s e n t a t i v e  p a r t i c u l a t e  samples. 

Each t r a v e r s e  p o i n t  was sampled f i v e  minutes t o  g i v e  a t o t a l  sampling 
t ime o f  60 minutes per run. V i s i b l e  emission determinat ions cou ld  n o t  

be performed due t o  a steam plume from an adjacent  source. 

1 



The important r e s u l t s  o f  the  t e s t s  a r e  summarized i n  Sect ion 

2. D e t a i l e d  r e s u l t s  a r e  presented i n  Sect ion 3.  F i e l d  data  and a l l  
o ther  supporting in format ion  a r e  presented i n  the  appendices. 

2 



. 2  SUHMARV AND DISCUSSION 

The impor tan t  r e s u l t s  o f  the p a r t i c u l a t e  emission compliance 

t e s t  are summarized i n  Table 1. As w i l l  be noted, t h e  p a r t i c u l a t e  

emission r a t e  averaged 1.55 LB/HR. V i s i b l e  emissions cou ld  no t  be 

determined due t o  obscu ra t i on  by steam from ad jacent  emission points .  

No d i f f i c u l t i e s  were encountered i n  t h e  f i e l d  or i n  t h e  

l a b o r a t o r y  e v a l u a t i o n  o f  t h e  samples. On the bas is  o f  t h i s  f a c t  and a 
complete review o f  the e n t i r e  da ta  and r e s u l t s ,  i t  i s  our o p i n i o n  t h a t  

the p a r t i c u l a t e  concent ra t ions  and emission r a t e s  repo r ted  he re in  are 
accurate and c l o s e l y  r e f l e c t  t h e  ac tua l  values which e x i s t e d  a t  t h e  t ime 

the t e s t s  were performed. 
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3 RESULTS 

The re su l t s  of a l l  f i e l d  and laboratory evaluations are  
presented in t h i s  section. Gas composition r e su l t s  (Orsat and moisture) 
are  presented f i r s t  followed by the computer printout of the par t icu la te  
and opacity observations. Preliminary measurements including tes t  port 
1ocati.ons are given in  the appendices. 

The r e su l t s  have been calculated on a Sperry PC Computer using 
programs writ ten in Extended BASIC spec i f i ca l ly  for  source tes t ing  
calculations.  EPA-published equations have been used as  the basis of 
the calculation techniques i n  these programs. 

The par t icu la te  emission ra te  has been calculated using the 
p roduc t  of the concentration times flow method (as recommended by the 
EPA)  ra ther  than the r a t i o  of areas  method. 

5 



I n t e r p o l  1 Report No. 6-2305 
Southern Minnesota Sugar Coop 

R e n v i l l e ,  Minnesota 

Test  No. 1 
Combined Dryer/Cooler  Stack 

Date  o f  run 
Run 1 Run 2 Run 3 

11-18-86 11-18-86 11-18-86 

Dry b a s i s  (orsat) 

carbon d i o x i d e . . . . . . . . . . . .  0.03 0.03 0.03 

o x y g e n . . . . . . . . . . . . . . . . . . . .  20.90 20.90 20.90 

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

n i t r o g e n  .................. 79.07 79.07 79.07 

W e t  b a s i s  (orsat) 

carbon d i o x i d e  ............ 0.03 0.03 0.03 

o x y g e n . . . . . . . . . . . . . . . . . . . .  19.70 19.47 19.67 

carbon mono,: i de. .  ......... 0.00 0.00 0.00 

n i t r o g e n . . . . .  ............. 74.55 73.65 74..43 

water v a p o r . . . . . . . . . . . . . . .  5.72 6.86 5.87 

Dry molecular weight.  ....... 28.84 28.84 28.84 

Wet molecular weight . . . . . .  .. 28.22 28.10 28.20 

S p e c i f i c  g r a v i t y  ............ 0.975 0.971 0.974 

Water mass f low. . . . . . (LH/HR)  2715 3297 2773 



Interpol1 Report No. 6-2305 
Southern Minnesota Sugar Coop 

Renville, Minnesota 

Test No. 1 
Combined Dryer/Cooler Stack 

3 . 2  Results of Particulate LMdinO lktwminations------ h t h d  S 

Date of run 
Run 1 Run 2 Run 3 

11-18-86 11-18-86 11-18-86 

Time run start/end.....(HRS) 800/ 901 926/1027 1038/1139 

Static pressure ...... (IN.WC) -0.28 -0.28 -0.28 
Cross sectional area (SQ.FT) 5.94 5.94 5.94 
Pitot tube coefficient...... .840 .840 .840 

Water in sample gas 
condenser............. ( M L )  42.0 43.0 40.0 

desiccant..........(GRAMS) 39.0 43.0 32.0 
total.............. (GRAMS) 71.0 86.0 72.0 

impingers.. ........ (GRAMS) 0.0 0.0 0.0 

Total particulate material.. .......... collected(grams) 0.0444 0.0337 0.0432 

Barometric pressure. . (IN. HG) 28.99 28.99 28.99 

Avg.  gas meter temp..(DEF-F) 79.1 94.2 94.5 

1.0061 Gas meter coefficient....... 1.0061 

R v g .  orif.pres.drop.. (IN.WC) 2.68 2.75 2.67 

1.0061 

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

Total sampling time.. .. (MIN) 
Nozzle diameter.........(IN) 
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 mass rate...(LB/HR) 

7 

57.37 
55.12 

60.00 
.249 
108 

18779 
15935 

101.3 

0.01054 
0.01243 

1.70 

58.87 
55.03 

60.00 
.249 
108 

19029 
15952 

101.1 

0.00792 
0.00945 

1.29 

58.20 
54.37 

60.00 
.249 
107 

18666 
15830 

100.6 

0.01039 
0.01226 

1.66 



I n t e r p o l 1  Report No. 6-2305 
Southern Minnesota Sugar Cooperative 

Renvil  l e ,  Minnesota 

T e s t  No. 1 
Combined Sugar Dryer/Cooler Stack 

3.3 Resul ts  o f  Opaci ty  Observations - €PA Method 9* 

Percent 
Opacity 

O p t i c a l  Re1 a t i  ve 
Oensi ty Frequency (%)  

0 
5 
10 
15 
20 
25 
30 
35 
40 
45 .. 

50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
99 

.oooo 
-0223 
.0458 
.0706 
.0969 
.1249 
-1549 
.1a71 
.2219 
.2596 
.3010 
.3468 
.3979 
.4559 
.5229 
.602 1 
-6990 .~~~~ 

.a239 
1.0000 
1.3010 
2.0000 

Time Average 

Observer: J. Buresh 
Cer t  Date: 10-22-86 
Date o f  Observation: 11-18-86 
Time o f  Observation: 

*Unable t o  observe due t o  obscurat ion from adjacent  steam plumes. 

8 



APPENDIX A 

RESULTS OF PRELIMINARY FLOU RATE DETERMINATIONS 



.................... ....... .___ ... ~~~~ 

! 

I n t e r p o l 1  Report No . 6-2305 
Southern Minnesota Sugar Coop 

Renv i l l e .  Minnesota 

Test No . 1 
Combined Dryer/Cooler Stack 

Rmrults o i  Volumetric Flow Ratr Dmtuminatim...- -Hothod 2 

Date o f  Determination ............ 
Time o f  Determinat ion ....... (“S) 

Barometric pressure ....... (IN.HG) 

P i t o t  tube c o e f f i c i e n t  ........... 

Number o f  sampling p o r t s  ......... 
Tota l  number o f  p o i n t s  ........... 
Shape of duct  .................... 
Stack diameter ............... ( I N )  

D u c t  area ................. (SGI.FT) 

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

S t a t i c  

Avg . gas temp ............. (DEG-F) 

Moisture content .......... ( %  V / V )  

pressure ............ ( I N  . WC) 

Avg . l i n e a r  v e l o c i t y  ..... (FTISEC) 

Gas dens i ty  .............. (LBIACF) 

Molecular weight ...... (LB/LBMOLE) 

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

Volumetric f l a w  r a t e  ............. 
actua l  ................... (ACFM) 
d ry  standard ............ (DSCFM) 

11-18-86 

740 

28.76 

.84 

2 

12 

Hound 

33 

5.94 

UP 

-.28 

108 

5.72 

50.3 

. 06544 
28.84 

703 15 

17909 
15076 

A- 1 



APPENDIX B 

LOCATION OF TEST PORTS 





APPENDIX C 

METHODS 2-5 FIELD DATA SHEETS 



~. . - ~ 

Praliminaiy Data - Mathod 2 - Intarpoll hc.- 

Schamatic of Stack 
Cross Saction 

S-0034R 
c-1 



Sample Train: Leak checkpretest :*0.02 cfm a t  15 in. Hg. hac.) 
posttest :- o.rW ctm a t A i n .  ng. (vat.) 

d 

Weights . 
Difference Tare 

Impinger Number 
Final - 

__ 
Cc*cdcnsc r &/a 3 4a 

.S<,<lCL..t r: 11 /32d dc  

Time 

( d X 0 d l  

Integrated Flue Gas Sampling Data 

Box No. I( Bag No. I 
8.9 MAtWial f - r c  u/l  Bag Volume 4 4 P  L 

Pretest leak check O d d  cc/min at 15 in. Hg. 320-P No. 7 

FG Train No. dc 

cc/min. I Time cc/min. 
/ /////- 

f L I I 7  I )  

c 
r / 

( U ? U /  1 (400) 

c-2 
S-OO46R 



I 

i 
. -  

'..I 

I 

i .  

I 

6 0 J4 0 '  

, 

. c-3 



Sample Log Shoot 

Samplo Train: Leak check pretest :r0.02 cfm at  15 In. HE. (vaC.1 
p o s 1 t e s t : L ' c f m  a t L l n .  Hg. (vat.) 

d 

Particulate Sample 

~mp~ngor  0 Condenrer 

Weights - 
Difference Impinger Number Final Tare 

._ 
Condth,,, y3 0 q-3 

I 

Intograted Flue Gam Sampling Data 

d 
Bag Material Bag Volume YV4 L 
Protost leak check b . 0 3  

I 
FG Train No. Bc Box No. I/ Bag No. I 

7 cc/min at  1s in. Hg. 320-P No. 
I 

Operator 520-P Reading qb v / v  

c-4 
S:OOIIR 



c-5 



Sample Log Sheet 

Job 

Date / /- /#-9L, Test Run 3 
1,- & k  

Sample Train: Leak check pretest :*0.02 cfm at 15 in. Ha. (vac.) d 
posttest:&cfm a t A i n .  Hg. (vac.1 

Time 

( 1 

I .  

ccxmin. I Time cc/min. 
/ /////////A 

r- I 

Particulate Sample Weights 

Type and Number Final I Tare I Difference 
I 1  I I 

Impinger 0 Condenser a' 

I I / I I I 
320-P Reading % v / v  Operator 3 0  

C-6 
S-0046R 



I 

c-7 
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APPENDIX D 

METHOD 9 FIELD DATA SHEETS 



Interpol1 Inc. 

Vistb le  Emissions Form 

(612)786-6020 

Source Larour Skerch Draw Norrh Arrow 

X Emtrrm Potnl 

AVERAGE OPACITY FOR 

RANGE O f  OPACITY READINGS 

OBSERVfB’S NAMWRINTI  

NUMBER OF READINGS ABOVE 
HIGHEST PERIOD % WERE - 

MAXIMUM Sun lorarmn l ine  MINIMUM 

I 
... 

’, 
I 

1 

i 

I 
i 

I I I I 

S-0079R 
D- 1 



MINNESOTA POLLUTION CONTROL AGENCY I 
I '. 

AIR POLLtlTION CONTROL ASSOCIATION 

This is to certify that, 

John Buresh 

attended and fulfilled the requirements of the 

Visible Emission Evaluation Certification Course 

offered by 

The Air Pollution Control Association 
Upper Midwest Section 

In conjunction with the 

The Minnesota Pollution Control Agency 
Division of Air Quality 

on 

October 21. 1986 

During the course of the test an average deviation of less 
than 7.5% f o r  a set of 25 white smoke and a set of 25 black 
smoke was maintained and none of the readings deviated by 
20% or  more. 

By achieving the above accuracy, certification as a "Smoke 
Reader" is granted for a period of six months from the date 
of the test. 

ROGER 
Ins t rJ4tor 
Visible Emissions Program 
MPCA, DAQ 

Certificate Number 59-6 

D-2 



APPENDIX E 

LABORATORY DATA SHEETS 



1.  
i 

Interpol1 Inc. 
(612)786-6020 
Chain of Custody 

Sample Deposition Sheet 

p9 - of c 

' Job &.-LC WtAwsei6-  s-%...- Cp. Site ~ m - b ~ - - J  b r y c c  / C ~ L  ~kck 
' Team Leader .)A&. 8h-L Prior i ty 

! Test No(s). I Number of Runs Completed 

- 
Date Submitted I{- l%'-gb Received by 

Probe Wash 

Solvent( s): 

- /7 Stainless stee 

Wet Catch 

SO2 Audit Sample 
(Open boa tops 

NOx after unloadina) 

NO, Audit Sample 

~ 

Date Other Information or 
Analysis Required Analyzed Special Instructions 

- / c p e r  WA 5 

- /7 
I I I I 

I 
I I 

€PA Control lb (s) .  

I I 
Source Information 
1) Type of source: fl Boiler 
2) Fuel: 0 Coal - /7 Wood - /7 Gas Oil L7 Other 
3) Is sample combustible? &No fl Yes , 

4) b e s  Sample need Special desiccating?c&O 0 Yes If yes, explain 

Asphalt Plant a Incinerator m o t h e r  i)'?u1 /Cy& 

~~ 

5) Is particle size analysis required L P ' N o  f l  Yes I f  yes. how many run(s)? 
run preference 

S-278RRRR E-1 



- 

E-2 

RESULTS 

Form #L-200 R 
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INTERPOLL I N C .  
EPA Method 5 Probe (Cyclone) Wash 

Gravimetr ic  Analysis Laboratory Data Sheet 
(CFR T i t l e  40 Part 60 Appendix A)  

I 

I Smpln t ype  PUJ Tech ,--b 
Tort  S l t o  

Date of Ana lys is  

Techn ic ian  kP!!, 
/ IF  /?/ ?& 

Evapora t ing  D ish  No. 

Volume of  acetone 

E. Dish Tare  W t .  /3. ~ d 7 0 0  g 

E. D ish  t Sample Wt./j:yo700 q 
2 

3 

EPA-M5 Acetone R.6 SPEC5 7.8 pg/cC 
Actual  acetone res idue blank &ug/cC 

Test  S l t e  

Remarks : Test/Run - 
I 
1 Sample t ype  Tech 

-. Spec ia l  Hand l ing  Required a interpoll I 
I 
I 

Rmmrks: I Test/Run I Comments 

a interpoll 
Y Soec ia l  Hand l ing  Required 

Evapora t ing  D i s h  No. 

Volume of xctonc 
E. D i s h  Tare W t .  

cc -- 
2 

E. D ish  t Sample 'A t . - -  0 
3 

Comments 

---- - Spec ia l  Hand l ing  Required a interpoll 
Job Date 
C I  ty /State 
Source 
Test S l t e  
Ssrnplm type Tech 

Remarks: Test/Run - 

Log# 

-of- '  
J 

-- 

Cvaporat ing D i s h  Ns. 

Volume of  acetone c c  

E. D i s h  Tare G t .  
I 

d 
E. Dish  t Sample W t .  '1 

1 
Comments 

- - 
RESULTS: 

I 



I 
? .. 
! 

I .. 
i 
I 

a interpoll 
Job Date 

Log# 
Source 
Test S l t e  
Sample type Tech 

Remarks: Test/Run - 
- of - 

@ Clty/State 

\ 

(€PA Method 5 )  F i l t e r  
Gravimetric Analysis Lab 

Data Sheet 
FR g( 160) 

Date of Analysis //-/.? -IYL 
Technician B Y )  

F i  I t e r  No. 

F i  I t e r  Type 

F i  Iter Tare W t .  9 
F i l t e r  + Sample W t .  9 

Comments 

1 

2 

interpoll 
Job Date 

Source 
C I */State Log# 

Test S l t e  
Sample type Tech 
Remarks: Test/Run - 

- of -1 

Special Hand1 ing  Required 

F i  I t e r  No. 

F i l t e r  Type 

F i  I t e r  Tare W t .  9 
F i l t e r  + Sample W t .  q 

Comments 

1 

2 

RESULTS : 



~ ~ 

I 
INTERPOLL I N C .  

€PA Method 5 Probe (Cyclone) Wash 
Grav ime t r i c  Analysis Laboratory Data Sheet 

(CFR T i t l e  40 P a r t  60 Appendix A) 

i 
._ 

i 

a interpoll 
Job s'A4 5 C Date / / - / $ - tL  Evaporat ing D i s h  No. L/ /o 

Volurnc of acctonc /3>- cc  C l ty /S ta te  A'< I ' & ' , /  .. 
Source& #*,.t6 l t b c k  

Test  Site  Si'ZA?>* E. D i s h  T ~ r e  W t .  73,s i93 9 

E. D i s h  t Sample 'h't.73.VoZ66 q 

Remarks: Test/Run //2 Ccmments 
3 

I Sample t ype  Tech r 6  

Date of Ana lys is  

Technic ian 

I(-  (7- XL 
&@J €PA-M5 Acetone R.B SPEC' 7.8 ug/CC 

Actual  acetone res idue blank R g / C C  

I Specia l  Hand l ing  Required / 

io 
ll  Ut3 interpoll 

Evaporat ing D i s h  No. L/  
Volume of  acetone /gJ- 
E. Disk Tare W t .  kd*, 9 / r9 9 

E. Dish  + Sample Wt.Cf, 7363 3 

Comrnen t s  

cc  
I 

9 

- 
interpoll 

Job ,s/L1 5 . CI Date / /- /$-LfL 

Sample type Tech T P  
ReMrks:  T e ! i t / n 2  

/ o f & .  

Specia l  Hand1 i n g  Requir-ed 
-- 

CvaporJt ing D i s h  Na. LOV 
Volume of  acetone / YJ- cc 

E .  D i s h  Tare lilt. 7 f .  $92S/ (1 
2 

1 
E. D i sh  + Sample Wt.7f 9007) '3 
Comments 



(€PA Method 5 )  F i l t e r  

Data Sheet 
FR - 42(160) 

._ Grav ime t r l c  A n a l y s i s  Lab 

Date of Ana lys i s  

Techn ic ian  

Special  Hand l ing  Required a interpoll I 
F i  I t e r  No. G327 
F i l t e r  Type 4'' G 

Samp I R type 

Remarks: 

a interpoll 

F i  I t e r  Tare wt.o.6331 9 

F i  I t e r  t Sample ~ t . 8 . 6 Z f ~  9 
Commen t s  

1 

2 

Special  Hand l ing  Required 

F i  I t e r  No. & 3 Y d  
F i  I t e r  Type 0. 6 3 V  
F i l t e r  Tare wt.0.6SJ3 4 

F i  I t e r  t Sample W t .  9 

Comments 

1 

2 

a interpoll 
Special  Hand l ing  Required 

~~ 

F i  I t e r  No. &3Tr 
F i  I t e r  Type 4"G 
F i  I t e r  Tare W t .  d'.k3d 
F i  I t e r  t Sample W t . 0 -  6 Y$/  
Comments 

9 

9 
2 



APPENDIX F 

MPCA EXHIBIT C 



I 

1.. 
MPCA EXHIBIT C FOR INDUSTRIAL PROCESSES 

1.. 
I Job SOUTHERN MINNESOTA SUGAR COOPERATIVE 

Source SUGAR COOLER 
Date NOVEMBER 18, 1986 

C. EquiDment b ODerating Data 

1. Process  Equjp. No./Ident. fjBR.L&s k06c. d.s~cR. C-(5&7-y4 
1 

2,  Process  Equip. Desc r ip t ion  % ~ R C  UoLe  L 
I 

3. Process  equipment o p e r a t i n g  under normal o p e r a t i n g  
condftfons :- - -. . _ .  - 

No . Yes d. 
D. Instrument Data on Process  Equipment 

l . . I n c l u d e  copy of product ion  records  or i n s t rumen ta t ion  which 
i n d i c a t e s  rate of product ion  or o p e r a t i o n  of t h e  equipment, 
1.e.  u n i t s  pe r  hour,  lbs. per  hour ,  p re s su re ,  a i r  flow, 
e t c .  

E. Air P o l l u t i o n  Control  EquiDment 

1. Type/rnodel c o n t r o l  equipment &vo c c e . z d  b?uu,r &Lu=r&.r~ .diZ/7dNJf 

2. Air pres su re  drop a c r o s s  t h e  c o n t r o l  equipment 

3. Air flow through t h e  c o n t r o l  equipment . 
f 6 - r  

4. Was t h e  c o n t r o l  equipment o p e r a t i n g  normally? I S  . 
5. Data of l a s t  major maintenance/cleaning of c o n t r o l  

equipment ' 

F. Plan t  Manager's C e r t i f i c a t i o n  

I c e r t i f y  t h a t  t h e  Informat ion  submitted h e r e i n  Is accura t e  
and c o r r e c t  and t h a t  no informat ion  requessted was withheld 
from MPCA. D i v i s i o n  of Air Q u a l i t y .  

mp5:4 

5-349 

F- 1 

-~ ~ 



MPCA EXHIBIT C FOR INDUSTRIAL PROCESSES 

I. 
I Job >iw 

Source SUGAR DRYER 
Date NOVEMBFR 18. 1986 

C. Equipment & Operatinu Data 

1. Process Equjp. No./Ident. 5 .  ZN,SIPL f l ? ~  K4 . e- /3ZOZ-/97 4 

2. Process Equip. Description rd6&'& /2 All/& 

3. Process equipment operating under normal operating 
conditions: 

No . Yes 

D. Instrument Data on Process Equipment 

1. Include copy of production records or instrumentation which 
indicates rate of production or operation of the equipment, 
1.e. units per hour, lbs. per hour,,pressure, air flow, 
etc. 

E. Air Pollution Control Equipment 
d 

1. Type/model control equipment K o ~ ~ p L o M ~  /%/ &&-,#c 
2. Air pressure drop across the control equipment 

3. Air flow through the control equipment 

d-740°40 

/K5 

~ 

I 
4. Was the control equipment operating normally? d7-5 . 
5 .  Data of last major malntenance/cleaning of control 

equipment ' 

F. Plant Manager's Certification 

I certify that the Information submitted herein is accurate 
and correct and that no information requessted was withheld 
from MPCA, Division of Air Quality. 

, Position J&, 

mp5 : 4 

5-349 

F-2 



APPENDIX G 

PROCESS RATE DATA 



Southern Minnesota Sugar Cooperative 
P.0 BOX 500 . RENVILLE. MINNESOTA 56284 (612)329-8305 

TO: Dean DeBelly, Purch and Engineering Mgr. 

FROM: Glenn Augustine, Chief Chemist 

DATE: November 19, 1986 - 

SUBJECT: ANALYSES ON SAMPLES TAKEN DURING STACK TESTING 

Below are the results of the analyses you requested, please let me 
know if any further information should be required. 

Moisture- 8 hr composite dry sugar 
Moisture- 6 hr composite wet Sugar 

0.034 
1.48 

Thin Hot(&ye*) Cold(cees*C) 
RDS TIME 

9:30 am 14.2 15.3 23.4 
11:30 am 13.7 15.2 26.2 

1:30 pm 14.0 15.1 26.3 
3:30 pm 14.0 15.7 25.7 

__ - RDS - RDS - 
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APPENDIX H 

PROCEDURES 



Particulate Loadinqs and Emission Rates 

The particulate emission rates were determined per EPA Methods 
1-5, CFR Title 40, Part 60. Appendix A (revised July 1, 1986). 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 o f  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 condenser 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 condenser 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. Nomographs are used to 
aid in the rapid determination of the sampling rate. 

H-1 3a Pl(1-4) 
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A f t e r  sampling i s  complete, t h e  f i l t e r  i s  removed and p laced 
I i n  a c lean conta iner .  The nozz le and i n l e t  s ide  o f  t h e  f i l t e r  ho lder  

a re  q u a n t i t a t i v e l y  washed w i t h  acetone and t h e  washings are  s to red  i n  a 

I second conta iner .  A brush i s  o f t e n  used i n  t h e  c lean ing  s tep  t o  he lp  

I d is lodge deposi ts.  The samples a re  re tu rned  t o  the  l a b o r a t o r y  where 

they  are logged i n  and analyzed. The volume o f  t h e  acetone r i n s e  
("probe wash") i s  noted and then t h e  r i n s e  i s  q u a n t i t a t i v e l y  t r a n s f e r r e d  

t o  a t a r e d  120 cc p o r c e l a i n  evapora t ing  d i s h  and t h e  acetone evaporated 
o f f  a t  97-105 OF. Th is  temperature i s  used t o  prevent  condensation o f  

atmospheric mo is tu re  due t o  t h e  c o o l i n g  e f f e c t  induced by  t h e  
evaporat ion o f  acetone. The acetone-free sample i s  then t r a n s f e r r e d  t o  

an oven and d r i e d  a t  105 OC f o r  30 minutes, cooled i n  a des icca tor  over 
D r i e r i t e ,  and then weighed t o  the  nearest  .01 mg. The f i l t e r  sample i s  

q u a n t i t a t i v e l y  t r a n s f e r r e d  t o  a 6- inch watch g lass and d r i e d  i n  an oven 
a t  105 OC f o r  two hours. The f i l t e r  and watch g lass  are  then cooled i n  
a des icca tor  and t h e  f i l t e r  weighed t o  t h e  nearest  .01 mg. A l l  

weighings are  performed i n  a balance room where t h e  r e l a t i v e  humid i t y  i s  
hyd ros ta t ted  t o  l e s s  than 50% r e l a t i v e  humid i ty .  Microscopic  

examinat ion o f  t he  samples i s  performed i f  any unusual c h a r a c t e r i s t i c s  
are observed. The weight  o f  t h e  acetone r i n s e  i s  cor rec ted  f o r  t h e  

, acetone blank. The D r i e r i t e  column i s  weighed o n - s i t e  and the  water 

c o l l e c t e d  by D r i e r i t e  i s  added t o  the  condensate so t h a t  t he  t o t a l  
amount o f  absorbed water may be ascertained. 

I 

I 

I n t e g r a t e d  gas samples f o r  Orsat ana lys i s  were c o l l e c t e d  a t  a 

constant  f l o w  r a t e  throughout each p a r t i c u l a t e  run. The gas samples 
were analyzed us ing  a1 a l l - g l a s s  Orsat  analyzer. Standard comnerc ia l l y  
prepared s o l u t i o n s  were used i n  t h e  Orsat analyzer ( sa t .  KOH f o r  carbon 
d i o x i d e  and reduced methylene b lue  f o r  oxygen). I n  a d d i t i o n  t o  t h e  
above, t h e  oxygen content  o f  t he  f l u e  gas was measured a t  each t r a v e r s e  
d u r i n g  t h e  p a r t i c u l a t e  determinat ions us ing  a Teledyne Model 32OP-4 

Por tab le  Oxygen Analyzer t o  sample t h e  e f f l u e n t  f rom the  Method 5 t r a i n .  

3a P2(7) 
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APPENDIX I 

CALCULATION EqUATI ONS 



I = 60(1 Qs .d 

:ALCULATION EQUATIONS 

'P 

= 60 vs A Qa 

A 

'Alternate equations for calculating moisture content from wet b u l b  and 
dry buld data. 
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i 
CALCULATION EQUATIONS 

METHOD 3 

10O(%O2 - ).5% CO) 
%EA 0 2,496 N2 - %02 + 0.5% co 

Md 

Ms 

Bws 

O.44(%CO2) t 0.32 + 0.28 + %CO) 

Md 
+ 0.18 BWS 

"w(stdl .- , 

'w(std) + "m(std) 
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UILCULATION EQUATIONS 

METHOD 5 

Pbar + S M 3 . 6  

'm(avg) 
= 17.65 Vmy ( 1 "m(std) 

= 0.0472 VIS 'w( s t d )  

' -  - 'w( std) 

'w(std) "m(std) 

V 
I = 0.0944 (p -1 Ts(avg) m(std) - 

s s n  .ws 

cS 

15.43 M =e m(std)  

272.3 M P, - - 
'a Ts(avg) ('w(stdf 'm(std)' 

(hp)l = 8.5714 x Cs Qs,d 

1.3228 x 10-1 Mp A 

O An 
- (hp)2 - 
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SYMBOLS 

= Cross s e c t i o n a l  area o f  stack, SQ. FT. 

= Cross s e c t i o n a l  area o f  nozzle,  SQ. 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 .  d imensionless 

= Concentrat ion o f  p a r t i c u l a t e  ma t te r  i n  s tack gas, 
wet basis,  GR/ACF 

= Concentrat ion of p a r t i c u l a t e  ma t te r  i n  s tack gas. d r y  
bas is ,  co r rec ted  t o  s tandard cond i t ions ,  GR/DSCF 

= Excess a i r .  percent  by volume 

= Dry t e s t  meter c o r r e c t i o n  f a c t o r ,  d imensionless 

= 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 

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

= Molecular  weight  o f  s tack  gas. d r y  basis,  g/g - mole. 

= 

= Mass f l o w  o f  wet f l u e  gas, LB/HR 

= P a r t i c u l a t e  mass f l o w ,  LB/HR 

= Molecular  weight  o f  s tack gas, wet b 

= T o t a l  amount o f  p a r t i c u l a t e  ma t te r  co l l ec ted ,  g 

i s .  g/g. mol 

= Atmospheric pressure, IN.  HG. (uncompensated) 

= Stack s t a t i c  gas pressure, IN. WC. 

1-4 
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= Absolute pressure o f  s tack  gas,  IN.HG. 

= Standard absolute pressure, 29.92 IN. HG. 

= Actual volumetric s tack gas flow rate, ACFM 

= Dry volumetric stack gas flow r a t e  corrected t o  standard 
conditions,  DSCFM 

= Relative humidity, % 

= Dry bulb temperature of  stack gas,  OF 

= Wet b u l b  temperature of stack g a s ,  OF 

= Absolute average d r y  gas meter temperature, OR 

= Absolute average s t a c k  temperature, O F  

= Standard absolute temperature, 528 OF (68 OF) 

= Total s a m p l i n g  time. m i n .  

'= Total volume of l iqu id  col lected i n  impingers and 
s i l i c a  gel. ml 

= Volume of gas sample a s  measured by dry gas meter, C F  

= Volume of gas sample measured by the dry gas meter 
corrected t o  standard conditions.  DSCF 

= Volume of water vapor i n  the  gas sample corrected t o  
standard conditions,  SCF 

= Average actual s tack gas veloci ty ,  FT/SEC 

= Vapor pressure a t  Tdb, I N .  H G .  

1-5 



"Ptwb = Vapor pressure a t  T,b. I N .  HG 

m = Average pressure d i f f e r e n t i a l  across the  o r i f i c e  
meter.  I N .  WC. 

AP = V e l o c i t y  pressure o f  s tack gas. I N .  Ut .  

Y = Dry t e s t  meter c o r r e c t i o n  c o e f f i c i e n t .  dimensionless 

P = Actual, gas d e n s i t y ,  LB/ACF 

1-6 



APPENDIX J 

SAMPLING TRAIN CALIBRATION DATA 



Interpol1 Inc. 

EPA Method 5 Nozzle 
Calibration Data Sheet 

(612)786-6020 

Date o f  Calibration: November, 1986 Nozzle No. 7-2 
Technician: E. Trowbridge 

Nozzle rotated by 60 degree increments and diameter measured t o  
nearest 0.001 inch. Observed .readings and average: 

Posit ion Diameter 
( inches)  

1 .248 

2 .250 

3 .250 

Average: .249 



I 

In te rpol l  Inc. 
(612)786-6020 

S-Type P i to t  Tube Inspection Sheet 

Pitobe No. . 4 .. i o  

P i to t  tube dimensions: 

1. External t u b i n g  diameter (Dt) .316 IN .  
2. Base t o  Side A opening plane (PA) .460 IN. 
3. Base t o  Side B opening plane (P,) .462 IN. 

A1 i gnment : 

4. a l  < l o o  0 

6. B1 < ' S o  0 
7. B2 < 5O 1 0  

0 5. a 2  < l o o  

8. 2 <.125" .02 

9. W C.0625" *Q2 

Distance from Pi to t  t o  Probe Components: 

.760 IN. 10. P i t o t  t o  0.500 I N .  nozzle 

IN .  11. P i t o t  t o  probe sheath 

IN. 12. 
13. P i t o t  t o  thermocouple (perpendicular t o  probe) IN. 

3 

P i t o t  t o  thermocouple (pa ra l l e l  t o  probe) 

Date of Inspection: Inspected by: 

January 3, 1986 E .  Trowbridge 

5-2 



I. 
1 :  
1 
! 
I 

m 

m w o  
.- .. 
L .  

V)L 

E 
0 
.r 

V 
3 

E 
.r 
Y 

c 
E 
.r 

Y 

Y- 
V 
v 

W 
0 

r ( u o m m  
0 0 0 0 0  
L D ~ ~ L D O D  

9 9 9 9 9  

N N N u w  w w I o w w  

o o u w o  
c o m m m m  

" . ? " . ? ?  
m m m ' m  m w w w w w  

O L D 0 0 0  
m m c o m o  

O h U O U )  
N r ( N O b  

? ? ? ? ?  
m m m m m  

0 0 0 0 0  
0 0 0 0 0  
9 9 9 9 9  
m m c u w ~  
- ~ ( N O U  m m m m m  

m m m m m  m m m m m  

0 
'1 
,-I 

r( 
Io 
0 

r( 
? 

.. 
W 

L al 

m m 

2 

5-3 



I ’  

I 

VI 

e r w  

v ) r (  

w -  
m r (  

a 
m a  o m  

m a  

X Y -  
0 0  

W 
I o  
w m  
o n  
W 
IT 

m 

m 

.. 
0 z 
x 
0 
m 
L 
W o 
W 
2: 

* 
W 

F e r  
OU- 

E? 

=-.  
- a  m u  er- 
0 c 

L 
W 
o m  
w c  
IT .- 

V 
- m  
m w  co: 
.r 

L 
W 
+I 

X C  

vu  
.C w *e 
c 

w m  

m m  
.r W 

m m 

o m  w 

L ‘i: 
w n  n x  

.-I 

.r “ W  

s-lu 

0 0  
C I L  
ut- 
0 

‘ 0  z 
o 
L 
0 
0. 
W 
PI 

w o  .. N 
C I  
0 ..-I 
.C c u  o m  
4 .r 
L U .. n .- . .- e 0 - = z  m u  

V W L  
I - w  

e r o  
m c w  W m o x  VI 
-1 .r = 
v - m w  v- 
O L W  0 

w .r W e#-+ er 
m m w  m 
nu3 0 

o o  

nI- 

l-4 

00000 
“.?N.?C’: 
P - ~ ~ O W  

m m r ( m m  
* O l m * 0  

c 
0 

+ m 
L 

.C 

n 
.r 
? m 
U 
o 
VI m 
r 

W u 
E 
VI 
.r 

L 
W o 
W 
E 
c 

0 
L 
o 

m a 

W 

E, 
c 
0 > - 
m o 
0 
I- * 




