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PREFACE 

The work repor ted  here  wag conducted by personnel  from TRC - Environmental 

Consul tan ts ,  I n c . ,  Radian Corporation. United States  Gypsum Company of For t  

Dodge. Iowa. and t h e  U.S. Environmental Pro tec t ion  Agency. 

The scope of work, i s sued  under EPA Contract No. 68-02-3543, Work Pasign- 

m e n t  No. 5. w a s  under t h e  superv is ion  of t h e  TRC Work Assignment Manager, 

Mr. Willard A. Wade 111. M r .  Leigh Gamie of TFC served a s - P r o j e c t  Engineer 

and, with M r .  Eric  A .  Pearson, wa5 respons ib le  f o r  summarizing t h e  t e s t  and 

a n a l y t i c a l  da ta  i n  t h i s  r e p o r t .  A n a l y s i s  of t h e  samples was performed a t  t h e  

TRC l a b o r a t o r i e s  under t h e  d i r e c t i o n  of M s .  Margaret Fox of TRC. 

M r .  Michael Palazzolo of Radian Corporation was respons ib le  for monitoring 

t h e  process  ope ra t ions  during t h e  t e s t i n g  program. Radian personnel  were a l s o  

respons ib le  for prepar ing  Sec t ion  3 of t h i s  r e p o r t ,  Process Descr ipt ion and 

Operations.  

Members of U.S. Gypsum Company, Fort Dodge. Iowa, 

guidance cont r ibu ted  g r e a t l y  t o  the  success  of t h e  

M r .  Daniel Nootens, P l an t  Manager. 

whose a s s i s t a n c e  

e s t  program, inc  

and 

ude 

M r .  Dennis Holzschuh, Of f i ce  of Air Quali ty  Planning and Standards,  Emis- 

s ion  Measurement Branch, EPA, served a s  Task  Manager and was respons ib le  for  

coord ina t ing  t h e  emission tes t  program. H i s  r e p r e s e n t a t i v e  o n - s i t e  for t h e  

tests was Mr. King Wu. 



TRC-Envieonrdital Consultants  Inc  I 

Project  Mandee 

July 2 0 ,  1981 

NME: Mention of trade names or commercial products i n  t h i s  p u b l i c a t i o n  does 
n o t  c o n s t i t u t e  endorsement or recommendation for use by the  United 
S t a t e s  Environmental P r o t e c t i o n  Agency. 

~. ~. 



TABLE OF CONTENTS 

SECTION PAGE . 
1.0 

1.1 
1.2 

1.2.1 
1.2.2 
1.2.3 

1.3 

2.0 
2.1 
2.2 

2.3 

2.4 
2.5 

~ 2.6 

3.0 
~ 3.1 

3.2 
3.3 
3.4 

4.0 
4.1 

4.1.1 
~ 4.1.2 

4.2 
4.3 

5.0 
5.1 
5.2 

5.2.1 
5.2.2 
5.2.3 

7 5 . 3  

5.4 
5.4.1 
5.4.2 

5 . 5  

INTRODUCTION . . . . . . . . . . . .  . . . . . . .  
Background  . . . . . . . . . . . . . . . . . . . .  
M e a s u r e m e n t  P r o g r a m  . . . . . . . . . . . . . . . .  

C o n t i n u o u s  a n d  B a t c h  Ke t t l e  C a l c i n e r  N o  . 5 . . .  
Board End Saw a n d  P a p e r  S c o r i n g  . . . . . . . . .  
Mixing  a n d  B a g g i n g  B a g h o u s e  . . . . . . . . . .  

D e s c r i p t i o n  of R e p O K t  S e c t i o n s  . . . . . . . . . . .  
SUMMARY OF RESULTS . . . . . . . . . . . . . . . . .  

Kettle C a l c i n e r  No . 5 P a r t i c u l a t e  E m i s s i o n s  . . . .  
C o m p a r i s o n  of I n l e t  Run 3 B a t c h  P a r t i c u l a t e  

Mass E m i s s i o n  Fates C a l c u l a t e d  by  S a m p l e  
C o n c e n t r a t i o n  a n d  Area Rat io  Methods  . . . . . .  

Board End Saw a n d  P a p e r  S c o r i n g  
Baghouse  E m i s s i o n s  . . . . . . . . . . . . . . .  

Board End Saw P a r t i c l e  S i z e  T e s t  . . . . . . . . . .  
Ket t l e  C a l c i n e r  N o  . 5 Baghouse  I n l e t  P a r t i c l e  

S i z e  T e s t s  . . . . . . . . . . . . . . . . . . . .  
V i s i b l e  E m i s s i o n s  . . . . . . . . . . . . . . . . .  

PROCESS DESCRIPTION AND OPERATIONS . . . . . . . . .  
G e n e r a l  P l a n t  . D e s c r i p t i o n  . . . . . . . . . . . . .  
P r o c e s s  E q u i p m e n t  D e s c r i p t i o n  . . . . . . . . . . . .  
E m i s s i o n  C o n t r o l s  . . . . . . . . . . . . . . . . .  
P r o c e s s  C o n d i t i o n s  D u r i n g  t h e  E m i s s i o n  T e s t s  . . . .  

LOCATION OF SAMPLING POINTS . . . . . . . . . . . . .  
Kettle C a l c i n e r  No . 5 Baghouse  . . . . . . . . . .  

B a g h o u s e  I n l e t  . . . . . . . . . . . . . . . . .  
Board End Saw B a g h o u s e  O u t l e t  . . . . . . . . . . .  

B a g h o u s e  O u t l e t  . . . . . . . . . . . . . . . . .  
V i s i b l e  E m i s s i o n  O b s e r v a t i o n  L o c a t i o n s  . . . . . .  

SAMPLING AND ANALYSIS METHODS . . . . . . . . . . . .  
EPA R e f e r e n c e  M e t h o d s  Used . . . . . . . . . . . .  
P a r t i c u l a t e  E m i s s i o n s  S a m p l i n g  a n d  Analys is  . . . .  

S a m p l i n g  Methods  . . . . . . . . . . . . . . . .  
Sample R e c o v e r y  a n d  P r e p a r a t i o n  . . . . . . . . .  
Sample A n a l y s i s  . . . . . . . . . . . . . . . . .  

S a m p l i n g  a n d  A n a l y s i s  P r o b l e m s  D u r i n g  P a r t i c u l a t e  
E m i s s i o n s  T e s t s  . . . . . . . . . . . . . . . . .  

P a r t i c l e  S i z e  D i s t r i b u t i o n  T e s t s  . . . . . . . . .  
Board h d  Saw B a g h o u s e  Outlet  . . . . . . . . . .  
Kettle Calciner No . 5 B a g h o u s e  I n l e t  . . . . . .  

V i s i b l e  Emission O b s e r v a t i o n s  . . . . . . . . . . .  

4 
4 

7 

10 
12 

12 
12 

22- 
22 
22 
25 
28 

36 
36 
36 
36 
40 
40 

43 
43 
44 
44 
46 
46 

41 
40  
48 
50 
50 

~ ... .... 



I 
1 
I 
I 
I 
I 
I 
'I 
I 
I 
'I 
'I 
I 
I 
I 
I 
I 
I I 
I 

APPENDICES 

A 
B 

C 

D 

E 
f 

G 
H 

B.l 
B .2.  

c.1 
c.2 
c.3 

D . l  
D.2 

f.1 
f . 2  

TABLE Of CONTENTS 
( C o n t i n u e d  ) 

F I E L D  DATA SHEETS FOR PARTICULATE EMISSION TESTS 
PARTICLE S I Z E  TESTS 

Anderson C a s c a d e  Impactor T e s t  
Banco C e n t r i f u g a l  Separator T e s t s  

Dai ly  S u m m a r y  togs 
EPA M e t h o d  9 and M e t h o d  2 2  
F i e l d  Data Sheets 

D a i l y  Summary Lag 
F i e l d  Notebook 

V I S I B L E  PMISSIONS 

DAILY SAMPLING LOGS 

SAMPLING TRAIN CALIBRATION DATA 
SAMPLING' P R E E D U R E  AND ANALYTICAL DATA 

EPA Method 5 
Laboratory Data Summaries 

PROJECT PARTICIPANTS 
SCOPE OF WORK 

Work Assignment 
T e c h n i c a l  D i r e c t i v e s  
Associated C o r  r e s p n d e n c e  

-V- 



FIGURES 

2-1 

2-2 

2-3 

.. 2-4 

3-1 

3-2 

3-3 

4-1 

4-2 

4-3  

4 -4 

5-1 

5-2 

L I S T  O F  F I G U R E S  

CUMULATIVE S I Z E  D I S T R I B U T I O N  OF PARTICULATE I N  BOARD 
END SAW BAGHOUSE OUTLET AT U.S .  GYPSUM COMPANY, 
FORT DODGE, IONA . . . . . . . . . . . . . . . . .  

CUMULATIVE S I Z E  D I S T R I B U T I O N  OF PARTICULATE I N  
KETTLE CALCINER NO. 5 BAGHOUSE I N L E T  DURING 
BATCH OPERATIONS AT U.S. GYPSUM COMPANY 
FORT DOOGE, IOWA . . . . . . . . . . . . . . . . .  

CUMULATIVE S I Z E  D I S T R I B U T I O N  OF PARTICULATE I N  
KETTLE CALCINER NO. 5 BAGHOUSE I N L E T  DURING 
CONTINUOUS OPERATIONS AT U.S. GYPSUM COMPANY 
FORT DODGE, IOWA . . . . . . . . . . . . . . . . .  

SIX-MINUTE AVERAGE OPACITY ON OCTOBER 30. 1980 OF 
STUCCO CONVEYOR BAGHOUSE PLUME AT U.S. GYPSUM 
COMPANY, FORT DODGE. IOWi . . . . . . . . . . . . .  

GYPSUM WALLBOARD PRODUCTION PROCESS 
AT U.S.  GYPSUM COMPANY, FORT DODGE, IOWA . . . . .  

CALCINING KETTLE AT U.S. GYPSUM COMPANY, 
FORT DODGE. IOWA . . . . . . . . . . . . . . . . .  

WEST S T K C 0  DUST TEMPERATURE DURING BATCH KETTLE 
-TFST RUNS 1 AND 2 AT U . S .  GYPSUM COMPANY, 

FORT DODGE, IOWA . . . . . . . . . . . . . . . . .  
PLANT LAYOUT AT U.S. GYPSUM COMPANY, FORT DODGE, IOWA 

KETTLE CALCINER NO. 5 BAGHOUSE INLET SAMPLING 
LOCATION AT U.S. GYPSUM COMPANY, FORT DODGE, IOWA . 

KETTLE CALCINER NO. 5 BAGHOUSE OUTLET SAMPLING 
LOCATION AT U.S. GYPSUM COMPANY, FORT DODGE, IOWA . 

BOARD END SAW BAGHOUSE OUTLET SAMPLING LOCATION 
AT U.S. GYPSUM COMPANY, FORT DODGE, IOWA . . . . .  

MODIFIED EPA PARTICULATE SAMPLING TRAIN,  AUGUST 18, 
1977.  FEDERAL REGISTER . . . . . . . . . . . . . .  

PARTICLE S I Z E  D I S T R I B U T I O N  SAMPLING TRAIN . . . . . .  

-vi- 

PAGE - 

13 

15 

16 

20 

23 

25 

33 

37 

38 

39 

4 1  

45 

4 9  

1 
I 
I 
I 
-I 
I 
.I 
I 
I 
I 
I 
I 
I 
I 
I 
P 
I 
1 
I 



I, 
I 
I 
I 
I 
I 
1. 
'I: 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I I 
I 

TABLES 

2-1 

- 

2-2 

2-3 

2-4 

2-5 

2-6 

2-1 

2-8 

2-9 

3-1 

3-2 

3-3 

3-4 

4-1 

L I S T  O F  TABLES 

AVERAGE VALUES FROM PARTICULATE TESTS ON THE KETTLE 
CALCINER NO. 5 BAGHOUSE INLET AND OUTLET AT U.S. 
GYPSUM COMPANY, FORT DODGE, IOWA . . . . . . . . .  

SUMMARY O F  RESULTS O F  PARTICULATE T E S T S  ON GASES 
ENTERING AND EXITING THE KETTLE CALCINER NO. 5 
BAGHOUSE DURING BATCH OPERATION AT U.S. GYPSUM 
COMPANY, FORTDODGE, I O W A .  . . . . . . . . . . . .  - 

SUMNARY OF RESULTS O F  PARTICULATE TESTS ON GASES 
ENTERING AND EXITING THE KETTLE CALCINER NO. 5 
BAGHOUSE DURING CONTINUOUS OPERATION AT U.S. GYPSUM 
COMPANY, FORT DODGE, IOWA . . . . . . . . . . . . .  

COMPARIsCN OF PARTICULATE EMISSION CALCULATIONS 
FOR RUN 3 AT THE KETTLE CALCINER NO. s BAGHOUSE 
INLET DURING BATCH OPERATION A T  U . S .  GYPSUM 
COMPANY, FORT DOffiE,  IOWA . . . . . . . . . . . . .  

SUMMARY OF RESULTS O F  PARTICULATE T E S T S  ON GASES 
EXITING THE BOARD END SAW BAGHOUSE AT U.S. GYPSUM 
COMPANY, FORT DODGE, IOWA . . . . . . . . . . . . .  

SUMMRRY OF BOARD END SAW BAGHOUSE OUTLET PARTICLE 
S I Z I N G  T S T  RESULTS AT U.S. GYPSUM COMPANY 
FORT DODGE, IOWA . . . . . . . . . . . . . . . . .  

SUMMARY O F  KETTLE CALCINER NO. 5 BAGHOUSE INLET BAHCO 
PARTICLE S I Z E  T E S T  RESULTS AT U . S .  GYPSUM COMPANY 
FORT DODGE, IOWA. . . . . . . . . . . . . . . . . .  

SIX-MINUTE AVERAGE O P A C I T I E S  OF THE STUCCO CONVEYOR 
BAGHOUSE P L U M E A T  U.S.  GYPSUM COMPANY, FORT 
W D G E ,  I O W A . .  . . . . . . . . . . . . . . . . . .  

V I S I B L E  FUGITIVE EMISSIONS FROM THE BOARD END SAW 
AT U.S.  GYPSUM COMPANY. FORT WDGE, IOWA . . . . .  

EMISSION C O m R O L  EQUIPMENT PARRMETERS AT 
U . S .  GYPSUM COMPANY, FORT DODGE, IOWA . . . . . . .  

BAGHOUSE BAG REPLACEMENT SCHEDULE 
AT U.S. GYPSUM COMPANY, FORT DODGE, IOWA . . . . .  

PROCESS DATA FROM BATCH KETTLE CALCINER NO. 5 
AT U.S. GYPSUM COMPANY, FORT DODGE, IOWA . . . . .  

PROCESS DATA FROM COWINUOUS KETTLE CALCINER-NO. 5 
AT U.S. GYPSUM COMPANY, FORT DODGE, IOWA . . . . .  

V I S I B L E  EMISSION OBSERVATION LOCATIONS AT 
U.S. GYPSUM COMPANY, FORT DODGE, IOWA . . . . . .  

-vi i- 

PAGE - 

9 

11 

14 

17 

19 

21 

26 

21 

29 

32 

42 

, 



~ 

I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I' 
I 

1 . 0  INTRODUCTION I 

1.1 Background 

Sec t ion  111 of the  Clean Rir A c t  of 1970 charges  t h e  Adminis t ra tor  of t h e  

U.S. Environmental P ro tec t ion  Agency (EPA) w i t h  t h e  r e s p o n s i b i l i t y  of e s t a b -  

l i s h i n g  Federal  s tandards  of performance f o r  new s t a t i o n a r y  sources  which may 

s i g n i f i c a n t l y  c o n t r i b u t e  t o  a i r  p o l l u t i o n .  When promulgated, t hese  s t anda rds  

of performance f o r  n e w  s t a t i o n a r y  sources  (SPNSS) a r e  t o  r e f l e c t  t h e  degree of 

emission l i m i t a t i o n  achievable  through a p p l i c a t i o n  of t h e  b e s t  demonstrated 

emission c o n t r o l  technology. EPA u s e s  emission da ta ,  ob ta ined  from c o n t r o l l e d  

sources  i n  t h e  p a r t i c u l a r  i n d u s t r y  under cons ide ra t ion ,  a s  a p a r t i a l  b a s i s  f o r  

SPNSS. 

EPA's Off ice  of Air W a l i t y  Planning and Standards (OAQPS) s e l e c t e d  f h e  

U.S. Gypsum Company gypsum wallboard manufacturing p l a n t  a t  Fo r t  Dodge, Iowa 

a s  a s i t e  f o r  an emission t e s t  program. The test program w a s  designed t o  pro- 

vide a po r t ion  of t h e  emission da tabase  r equ i r ed  f o r  SPNSS f o r  t h e  p rocesses  

a s s o c i a t e d  with t h e  product ion of gypsum wallboard.  EPA engaged TRC t o  mea- 

s u r e  p a r t i c u l a t e  emissions,  p a r t i c l e  s i z e  d i s t r i b u t i o n s ,  and plume o p a c i t i e s  

a t  a continuous and b a t c h - k e t t l e  c a l c i n e r ,  t h e  board end sawing and paper  

s co r ing  ope ra t ion ,  and t h e  mixing and bagging opera t ion .  

1 . 2  Measurement Program 

The measurement program was conducted a t  t h e  U . S .  Gypsum Company gypsum 

wallboard p l a n t  in F o e  Dodge, Iowa, from October 27 t o  31, 1980. The emis- 

s i o n  t e s t s  were designed t o  c h a r a c t e r i z e  and quant i fy  uncont ro l led  and con- 

t r o l l e d  p a r t i c u l a t e  emissions from t h e  gypsum wallboard product ion process  and 

t o  determine c o n t r o l  equipment e f f i c i e n c y .  

-1 - 



TRC personnel  w e r e  respons ib le  f o r  sampling and analyzing process  emis- 

s i o n s .  Concurrently Radian was respons ib le  f o r  monitoring p e r t i n e n t  process  I 
I opera t ion  parameters .  The chronology of t h e  emission t e s t s  is contained i n  

Appendix D. -The components of t he  measurement program a r e  a s  fol lows:  

1 . 2 . 1  Continuous and Batch Kettle Calc iner  N o .  5 

I 
P a r t i c u l a t e  Emissions 

T h r e e  r u n s  of concurrent  emission tests were performed i n  t he  bag- 
house i n l e t  and o u t l e t  dur ing  continuous opera t ion  and dur ing  batch 
opera t ion .  

V i s i b l e  Emissions 

I 

1 . 2 . 2  Board End Saw and Paper Scoring 

0 P a r t i c u l a t e  Emissions 

Three emission t es t  runs were performed a t  t h e  baghouse o u t l e t .  

V i s ib l e  Emissions and Fugi t ive  Emissions 

The opac i ty  of t h e  baghouse plume and f u g i t i v e  emissions from t h e  
sawing ope ra t ion  were monitored dur ing  t h e  p a r t i c u l a t e  emission tes ts .  

0 P a r t i c l e  S i z e  Di s t r ibu t ion  

One tes t  run w a s  performed a t  t h e  baghouse o u t l e t  between t h e  second 
and t h i r d  emission tests,  us ing  an  i n - t r a i n  impactor.  
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1 . 2 . 3  Mixing and Bagging Baghouse 

The o p a c i t i e s  of t h e  s tucco  conveyor baqhouse o u t l e t  plume and t h e  bagging 

operat ion baghouse plume were monitored during the  p a r t i c u l a t e  emission t e s t s  

a t  t h e  board end saw. 

1 . 3  Descr ipt ion of Report Sec t ions  

The remaining s e c t i o n s  of t h i s  r e p o r t  p resent  the  Summary of R e s u l t s  

(Sect ion 2 ) .  Process Descr ipt ion and Operations (Sect ion 3). Location of Sam- 

p l i n g  Poin ts  (Sec t ion  4 ) .  and t h e  Sampling and Analy t ica l  Methods (Sec- 

t i o n  5). Detai led desc r ip t ions  of methods and procedures ,  f i e l d  labora tory  

da t a  and c a l c u l a t i o n s  a r e  presented i n  t h e  var ious  appendices,  as noted i n  t h e  

Table of Contents.  

, 

-3- 



2 . 0  SUMMARY OF RESULTS 

I T h i s  s ec t ion  p resen t s  summary t a b l e s  of t h e  r e s u l t s  of t he  emission 

t e s t s .  EPA Method E; p a r t i c u l a t e  emission t e s t s  were performed on the  gas 

s t ream e n t e r i n g  and e x i t i n g  t h e  k e t t l e  c a l c i n e r  N o .  5 baghouse dur ing  batch 

and continuous gypsum product ion ,  and on t h e  gas stream e x i t i n g  t h e  board end 

saw and paper s co r ing  baghouse. V i s ib l e  emissions from t h e s e  two baghouses 

and from t h e  mixing and bagging opera t ion  baghouses w e r e  monitored during t h e  

I 
l 
S 

p a r t i c u l a t e  emission tests. I 
2 . 1  K e t t l e  Ca lc iner  No. 5 P a r t i c u l a t e  Emissions 

A summary of t h e  baghouse i n l e t  and o u t l e t  tes t  r e s u l t s  f o r  t h e  batch and 

continuous product ion modes i s  shown i n  Table 2-1. These da t a  show a baghouse 

p a r t i c u l a t e  removal e f f i c i e n c y  of 99.9 percent  and 99.8 percent  f o r  batch and 

I 

:I 
I 

;I 
I 

I continuous production modes, r e spec t ive ly .  

Table 2-2 shows t h e  r e s u l t s  for t h e  k e t t l e  c a l c i n e r  No. 5 batch mode tests 

alone.  The da ta  on t h e  f i r s t  t w u  tests show s i m i l a r  a i r  flow, temperature and 

moisture  cond i t ions ,  but  t h e  i n l e t  g r a i n  loading  of h n  2 was 34 percent  lower 

than  t h a t  of Ftun 1. €or i n l e t  Run 3 t h e  a i r  flow decreased by 1 2  percent  

wh i l e .  t h e  moisture  and temperature increased  s i g n i f i c a n t l y ,  which a f f e c t e d  t h e  

i s o k i n e t i c  sampling r a t e  unfavorably.  Nozzle and probe plugging were a per-  

s i s t e n t  problem a t  t h e  i n l e t ,  r equ i r ing  reduced sampling times. Because of 

a n i s o k i n e t i c  sampling cond i t ions  on October 29, o u t l e t  Run 3 was repeated on 

October 31. The l a t t e r  t es t  r e s u l t s  a r e  presented  here .  The low gra in  

loading for o u t l e t  Ftun 2 i s  due t o  t h e  f a c t  t h a t  no p a r t i c u l a t e  was caught on 

t h e  i n - t r a i n  f i l t e r :  t h e  p a r t i c u l a t e  c a t c h  f o r  t h i s  run was a l l  i n  t h e  probe 

wash. The reason f o r  t h e  lack  of p a r t i c u l a t e  on t h e  f i l t e r  is not  ev ident .  

1 

I 

I1 

1 
-4- 



TABLE 2-1 

AVERAGE VALUES FROM PARTICULATE TESTS ON THE 
KETTLE'CALCINER NO. 5 INLET AND OUTLET 

AT U.S. GYPSUM COMPANY 
FORT COffiE. IOWA 

P r o d u c t i o n  Mode B a t c h  C o n t i n u o u s  
S a m p l i n g  L o c a t i o n  I n l e t  O u t l e t  I n l e t  O u t l e t  

Volume of Gas Sampled (DSCF)a 16.92 98.88 9.12 41.96 

P e r c e n t  M o i s t u r e  by volume 37.55 25.95 59.77 51.72 

A v e r a g e  Gas T e m p e r a t u r e  (OF) 16 8 161 261 23 2 

S t a c k  F l o w  Rate. ACFM 2825 2900 3070 2830 
( D S C F M ) ~  (1510) (1820) (920) (1050) 

P r o d u c t i o n  Fate ( t o n s / h r )  4.9 4.9 11.0 11.0 

P e r c e n t  I s o k i n e t i c  115.4 103.6 98.5 102.2 

N e t  S a m p l i n g  Time ( m i n u t e s )  25.8 160.0 20.0 69.0 

C o n c e n t r a t i o n  

Gr/ACFC 
Gr/DSCFd 

 ass Rate 

1b/hr 
l b / t o n  

C o l l e c t i o n  E f f i c i e n c y  

12.29 0.0152 
22.62 0.0245 

16.26 0.0345 
54.42 0.0935 

303.6 0.380 428.2 0.840 
61.96 0.08 39.92 0.08 

99.9 99.8 

a d r y  s t a n d a r d  c u b i c  feet. a t  68OF, 29.92 i n c h e s  Hg 
d r y  s t a n d a r d  c u b i c  f e e t  per m i n u t e  
g r a i n s  per a c t u a l  c u b i c  foot 
g r a i n s  per d ry  s t a n d a r d  c u b i c  f o o t  

I 
I 
I 
I 
I '  
1 
B 
I 
I 
I 
I 
1 
1 
I 
(I 
I 
I 
I, 

-5- 



N V I  
"l- 
3 -  
0 0  

0 0  
. .  

s o  
n o  
o s  
3 3  

. .  

- 
. m  

V I .  
4 " l  
3 N  

_ N  
e o  4 -  

9 9  
0 0  

v) 
c 
c 
0 

9 9  
D O  
- 0  
3 -  

- 
e 3  0 

. . c .a- 
3 s 4 V I 3  
3 -  n -  

n m s o c  
9 9  
m m  
- 4  
3 

3 

N 
rn' 
3 

yl 
v) 
0 

0 

4 9  
N O  
o s  
3 3  

3 

n 
0 
n 

3 L n  

m m  
m 3  

. .  

- 0  

e o  
4 

. .  
m s  

m N 
v) 

0 
. .  

0 0  

N 
m 

s -  
- e  

m 3  3 -  

. .  

-6- 



The test  da t a  f o r  t h e  k e t t l e  c a l c i n e r  N o .  5 continuous mode t e s t s  a lone  

a re  shown i n  Table 2-3. T h e s e  da ta  show a much higher  gas stream moisture  

conten t  and temperature than  do t h e  batch mode d a t a ,  w h i l e  a i r  flow r a t e s  a r e  

very s i m i l a r  t o  those  measured i n  t h e  batch mode t e s t s .  I n l e t  Run 4 was re- 

peated l a t e  i n  t h e  day on October 30 because of t h e  an i sok ine t i c  sampling con- 

d i t i o n s  experienced earlier.  The d a t a  from t h e  repea t  run- a r e  presented  

h e r e .  

2.2 comparison of I n l e t  Run 3 Batch P a r t i c u l a t e  Mass Fhission Rates Calculated 
by Sample Concentration and Area P a t i o  Methods 

Table 2-4 shows a comparison of t h e  emission r a t e s  f o r  batch i n l e t  k n  3 

a s  c a l c u l a t e d  by two methods. The sample concent ra t ion  method of c a l c u l a t i n g  

t h e  mass emission r a t e  uses  Equation 2-1 a s  fo l lows:  

M MER = - V * Q k 

w h e r e :  MER = mass emission r a t e .  poundshour  
M = mass of p a r t i c u l a t e  captured ,  m g  
V = sample volume, dry s t anda rd  cubic  f e e t  
Q = volumetr ic  flow r a t e ,  d ry  s t anda rd  cubic  f e e t h i n u t e  
K = u n i t s  co r rec t ion  f a c t o r  = 1.32 x 

This  equat ion i s  v a l i d  only f o r  i s o k i n e t i c  sampling; t h a t  is ,  when  t h e  veloc- 

i t y  of gas  e n t e r i n g  t h e  nozzle (U ) i s  w i t h i n  90 percent  of t h e  v e l o c i t y  of 

( 'n t h e  gas  s t ream (Us 1 .  Under cond i t ions  of a n i s o k i n e t i c  sampling 

CO.9I.J or U >1.1U 1 ,  p a r t i c l e  i n e r t i a  causes sampling b i a ses  t h a t  

produce nonrepresenta t ive  emission r a t e  va lues  i f  t h e  sample concent ra t ion  

c a l c u l a t i o n  method i s  ~ used. ~~ In cases  l i k e  batch Run 3 , ~ ~  where t h e  sampling 

r a t e  was super - iookine t ic i  t h e  gas s t ream around t h e  zozzle is drawn i n t o  the  

nozzle but  t h e  l a r g e  p a r t i c l e s  do not  fo l low because of t h e i r  i n e r t i a .  Thus, 

n 

S n 5 
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TABLE 2-4 

COMPARISON OF PARTICULATE EMISSION CALCULATIONS FOR RUN 3 
AT THE KETTLE CALCINER NO. 5 BAGHOUSE INLET 

DURING BATCH PRODUCTION A T  U.S. GYPSUM COMPANY 
FORT DODGE, ICWA 

(Calcula ted  by t h e  Sample Concentrat ion 
and Area Pa t io  Methods) 

Sample volume, V. ( D S C F ) ~  

P a r t i c u l a t e  Captured, M (mg) 

Stack Volumetric Flow Fate ,  Q, (DSCFM)b 

,.. 
Sampling Time. t (hour s )  s: 

Area of Stack ,  As ( e t 2 )  

Area of Nozzle, A,, ( f t2)  

. / I  

Sample 
Ca lcu la t ion  Method Concentrat ion 

Mass Emission Rate, MER 
(Lb/Hr) 152.1 

11.37 

11460.84 

2560 

0.3167 

0.99 

0.000374 

Area 
- Rat io  Average 

211.0 181 -6 

a dry s t anda rd  cubic  f e e t  a t  6 @ F ,  29.92 inches  Hg 
dry s t anda rd  cub ic  f e e t  p e r  minute 
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t h e  p a r t i c u l a t e  concent ra t ion  i s  l e s s  than t h e  t r u e  value and the  emission 

r a t e  ca l cu la t ed  by the  sample concent ra t ion  method i s  t o o  low. 

- 

The area  r a t i o  method of c a l c u l a t i n g  emission r a t e s  is based on 

Equation 2-2 a s  fol lows:  

t A 
n 

where: MER = mass emission r a t e ,  pounds pe r  hour 
t = sampling t i m e ,  hours 

= c ross - sec t iona l  a r e a  of s t a c k ,  f t 2  AS 
A,, = c ross - sec t iona l  a r e a  of nozzle ,  f t 2  

( 2 - 2 )  

Since t h e  mass of c o l l e c t e d  p a r t i c u l a t e  is accura t e ,  ( t h a t  i s ,  only p a r t i c l e s  

i n  t h e  p lane  of t h e  nozzle e n t e r  t he  n o z z l e ) ,  t h e  a rea  r a t i o  technique pro-  

v ides  a c o r r e c t  emission r a t e  value f o r  supe r - i sok ine t i c  condi t ions .  

As pred ic t ed  by t h e s e  t h e o r e t i c a l  cons ide ra t ions ,  t h e  batch i n l e t  Run 3 

MER ca l cu la t ed  by t h e  l a t t e r  method i s  i n  fact  g r e a t e r  than t h e  MER ca lcu la t ed  

by t h e  sample concent ra t ion  method (shown i n  Table 2-21. An examination of 

batch FUns 1 and 2 i n l e t  p a r t i c u l a t e  ME& ca lcu la t ed  by t h e  a r ea  r a t i o  method 

w i l l  show agreement w i t h i n  1 0  percent  of t h e  values  ca l cu la t ed  by t h e  sample 

concent ra t ion  technique.  .Both of t h e s e  runs were w i t h i n  t h e  acceptab le  iso- 

k i n e t i c  range. 

2.3 Board End Sawing and.Paper  Scoring (BES/PS) Baghouse Emissions 

A summary of t h e  r e su l t s  of t h e  BES/PS o u t l e t  emission t e s t s  i s  shown i n  

Table 2-5. These d a t a  show t h a t  over  t h e  t h r e e  t e s t  runs ,  a i r  flow r a t e s  

v a r i e d  by less than 2.5 percent  and emission r a t e s  va r i ed  by l e s s  than 40 per- 

cen t .  Moisture and temperature values a r e  wi th in  expected ranges for ambient 

a i r .  This  a i r  i s  drawn from t h e  s a w  . a r ea  through t h e  baghouse i n  o rde r  t o  

reduce d u s t  l e v e l s  i n  t h e  v i c i n i t y  of t h e  saw. 

-10- 



TABLE 2-5 

SOMMARY OF RESULTS OF PARTICULATE TESTS ON GASES 
EXITING THE BOARD END SAW BAGHOUSE AT 
U.S. GYPSUM COMPANY, FORT WffiE, IOWA 

T i  m e  1115-1200 1310-1415 L607-1655 Average 

V o l u m e  o f  Gas Sampled (DSCF)a 45.4 43.8 45.1 44.7 

Percent  Moisture By V o l u m e  1.17 1.48 0.716 1.12 

Average Gas Temperature (OF) 71 75 70 12 

Stack Flow Rate, ACFM 4026 3930 39 51 3969 
( I X F M ) ~ .  (4029) (3897) (3982) (3969) 

Product ion Rate ( tons /hr )  30.7 30.7 30.7 30.7 

Percen t  I sokine t ic  96.8 93.6 97.3 95.9 

Net Sampling T i m e  (minutes) 40 40 40 40 

Concen tr  a t ion 
G ~ / A C F C .  0.0090 0.0079 0.0135 0.0101 
G K / D S C F ~  0.0092 0.0084 0.0136 0.0104 

Mass Rate 
lb /h r  
l b / ton  

0.318 0.280 0.466 0.354 
0.010 0.009 0.015 0.011 

a d r y  s t anda rd  c u b i c  f e e t  a t  68'F, 29.92 i n c h e s  Hg 
d ry  s t anda rd  c u b i c  f e e t  per minute 
g r a i n s  per a c t u a l  c u b i c  f o o t  
g r a i n s  per d ry  s t anda rd  c u b i c  f o o t  

, 
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2 . 4  Board End Saw P a r t i c l e  S ize  Tes t  

One p a r t i c l e  s i z e  sampling t e s t  run was performed i n  t h e  board end saw 

baghouse o u t l e t .  A frequency d i s t r i b u t i o n  of t h e  p a r t i c l e  s i z e  measurements 

1s shown i n  Figure 2-1. The values  used  t o  cons t ruc t  t h i s  d i s t r i b u t i o n  a r e  

f o r  t h e  p a r t i c u l a t e  ma t t e r  captured during shown i n  Table 2-6. The D 

t h i s  one t e s t  is approximately 2.5 microns. 

P5 0 

2.5 K e t t l e  C a l c i n e r  No. 5 Baqhouse I n l e t  P a r t i c l e  S ize  Tes ts  

T h e  i n - t r a i n  f i l t e r  p a r t i c u l a t e  ca t ches  from the t h r e e  batch and t h r e e  

continuous emission test. runs performed a t  t h e  k e t t l e  c a l c i n e r  baqhouse inlet 

were analyzed f o r  p a r t i c l e  s i z e  d i s t r i h u t i o n .  These ana lyses  were performed 

w i t h  a Bahco c e n t r i f u g a l  s e p a r a t o r .  Use of an i n - t r a i n  cascade impactor was 

imprac t i ca l  because of high gra in  loadings  and moisture conten t .  The p a r t i c l e  

s i z e  frequency d i s t r i b u t i o n s  f o r  t h e  t h r e e  batch t e s t  r u n s  and t h e  three con- 

t inuous  test  runs a r e  shown i n  Figures  2-2 and 2-3, r e spec t ive ly .  The da ta  

i s  used t o  cons t ruc t  t h e s e  d i s t r i b u t i o n s  a r e  shown i n  Table 2-7. The D 

approximately 7.0 microns f o r  batch ope ra t ions  and approximately 5.7 microns 

f o r  continuous opera t ions .  

P50 

2.6 Vi s ib l e  E m i s s i o n s  

The o p a c i t i e s  of t h e  k e t t l e  c a l c i n e r  No. 5 baghouse o u t l e t  plume, t h e  

BES/PS baghouse plume, t h e  s tucco  conveyor baghouse plume and t h e  bagging 

opera t ion  baghouse plume were monitored dur ing  t h e  p a r t i c u l a t e  emission tests 

by a c e r t i f i e d  v i s i b l e  emission observer .  All observa t ion  l o c a t i o n s  conform 

t o  t h e  gu ide l ines  of EPA Method 9. 

The k e t t l e  c a l c i n e r  No. 5 baghouse o u t l e t  plume w a s  monitored f o r  approxi- 

mately 9.5 hours over 4 days,  and a l l  15-second observa t ions  were zero ( c l ean  

-12- 
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FIGURE 2-1: CUMULATIVE S I Z E  D I S T R I B U T I O N  OF PARTICULATE I N  EOARD 
END SAW EAGHOUSE OUTLET A T  U .S .  GYPSUM COMPANY 

FORT DODGE, IOWA 
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TABLE 2-6 

SUMMARY OF BOARD END SAW BAGHOUSE OUTLET 
PARTICLE SIZING TEST RESULTS 

AT U . S .  GYPSUM COMPANY 
FORT DODGE, IOWA 

I 
:I 

P a r t i c u l a t e  Aerodynamic Mass 
T e s t  Date C o n c e n t r a t i o n  S i z e  Range F r a c t i o n  i n  Cumulat ive  

3 
Time (grains/DSCF*) ( m i c r o n s  1 S i z e  Range ( a )  P e r c e n t  

10-31-80 0.000413 >7.96 17.4 
1710-1840 5.47-7.96 11.6 

3.69-5.47 6.5 
2.51-3.69 14.1 
1.61-2.51 21.0 
0 -33-1 -61 17.0 

c0.33 12.3 

99.9 
82.5 
70.9 
64.4 
50.3 
29.3 
12.3 

'i ' Grains  per dry  s t a n d a r d  c u b i c  foot a t  68OF. 29.92 i n c h e s  Hg 

d 

s 
4 
I 
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steam plume). The board end saw baghouse plume was monitored f o r  approxl-  

mately 5 hours during 1 day, and a l l  15-second observat ions were zero.  The  

da ta  f o r  t hese  two baghouse plume observa t ions  a r e  shown i n  Appendix C.  

?he s tucco  conveyor baghouse plume was monitored f o r  3 hours over 2 days.  

The 6-minute average o p a c i t i e s  ranged from zero t o  4 percent .  These 6-minute 

averages a r e  shown i n  Table 2-8 and a r e  p l o t t e d  i n  Figure 2-4. 

The bagging opera t ion  baghouse plume was monitored f o r  approximately 3.5 

hours over 3 days dur ing  t h e  opera t ion  of baggers N o .  2 and N o .  3. All 

15-second observa t ions  were zero.  These da ta  a r e  shown i n  Appendix C. 

V i s ib l e  f u g i t i v e  emissions o r i g i n a t i n g  d i r e c t l y  from t h e  board end saw 

were monitored for approximately 3 hours dur ing  1 day. Observations were made 

by c e r t i f i e d  v i s i b l e  emission observers  fol lowing t h e  gu ide l ines  of EPA Method 

2 2 .  Vis ib l e  emissions occurred dur ing  approximately 17 minutes of t h e  moni- 

t o r i n g  per iod .  These da ta  a r e  shown i n  Table 2-9.’ 
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TABLE 2-8 

S I X - M I N U T E  AVERAGE O P A C I T I E S  OF THE 
STUCCO CONVEYOR BAGHOUSE PLUME 

AT U.S.  GYPSUM COMPANY 
FORT DODGE, IOWA 

6-Minute A v e r a g e  
Day Time Per iod opacity ( 0 )  

10-29 -80 1400-1405 0 
1406-1 411 0 
1412-1417 0 
1418-1423 0 
1424-1429 0 
1430-1435 0 
1436-1441 0 
1442-1 447 0 
1448-1453 0 
1454-1459 0 

10-30-80 0903-0908 0 
0909-0914 0 
0915-0920 0 
0921-0926 0 
0927-0932 0 
0933-0938 1.0 
0939-0944 0.6 
0945-0950 1.0 
0951-0956 1.0 
0957-1002 0 
1003-1009 0.4 
1009-1014 0.8 
1015-1020 0.8 
1021-1026 0.4 
1027-1032 0.8 
1033-1038 1.9 
1039-1044 1.7 
1045-1050 1.3 
1051-1056 4.0 
1057-1102 1.7 

1 
t 
i 
1 
1 
1 
1 
1 
1 
J 
1 
1 
3 
1 
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TABLE 2-9 

V I S I B L E  F U G I T I V E  E M I S S I O N S  FROM BOARD END SAW 
AT U . S .  GYPSUM COMPANY, FORT DODGE, IOWA 

O b s e r v a t i o n  O b s e r v a t i o n  Accumulated Emissions T i m e  
Start  P e r i o d  During O b s e r v a t i o n  Period 

D a t e  Time ( m i n u t e s )  ( m i n u t e s :  seconds) 

10-31-EO 1415 20 2:20 

1430 15 1:41.5 

1600 20 3: 20 

1620 20 2:57 

1640 20 3:16 

1700 20 1:16.5 

1725 20 0:32.5 

1750 

TOTAL 

40 

175 

1:42.5 

17:06 
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3.0 PROCESS DESCRIPTION AND OPERATIONS 

3.1 General Plant DeSCKiptiOn 

The United States Gypsum Company plant at Fort Dodge, Iowa, produces wall- 

board and plaster products from gypsum ore mined about 1 mile from the plant. 

A simplified flow diagram for the process used at the Fort Dodge plant is 

shown in Figure 3-1. Ore stockpiled at the plant is crushed to about 5 cm (2 

inches) and then dried to remove surface moisture. The dry ore is further 

ground to about 90 percent 100 mesh in a grinding mill. The ground crude gyp- 

sum, primarily calcium sulfate dihydrate (CaSOq ' 2H20), 1s h-eated to 

about 150C (300 F) to remove 75 percent of its water of hydration in a pro- 

cess known as calcining, thus forming calcium sulfate hemihydrate 

(CaS04 * 1/2 H20), or stucco. The stucco is mixed with starch, water 

and other additives to form a slurry. The slurry is spread between two paper 

sheets and formed into wet wallboard. The wallboard is subsequently dried in 

a multideck kiln, trimmed to the correct size, and shipped to distributors. 

0 

3.2 Process Equipment Description 

Kettle Calciner 

The calciner tested at the FOKt Dodge plant is a kettle calciner that has 

been modified to operate in both batch or continuous modes. In continuous 

calcining, as finely ground gypsum (land plaster) is fed to the kettle, hot 

combustion gases are passed through the flues inside the kettle to provide an 

indirect transfer of heat to the land plaster. This heating causes the re- 

lease of chemically-bound water, producing stucco. In batch calcining, the 

kettle is filled and heated through a cycle to remove this water, producing a 

stucco more suitable for use as a plaster product. A schematic diagram of the 

calcining kettle is shown in Figure 3-2. 
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Land P l a s t e r  an6 Stucco Conveying 

The  land p l a s t e r  and s tucco  conveying system t e s t e d  a t  t he  p l a n t  inc ludes  

5 land  p l a s t e r  screw conveyors, 2 s tucco  Screw conveyors, and 2 s tucco  bucket 

e l e v a t o r s .  

Board End Sawing and Paper Scorinq 

The board l ine  t e s t e d  a t  t h e  F o r t  Dodge p l a n t  i s  capable  of producing ap- 

proximately 26.6 mi l l i on  square meters ( 2 8 6  mil l ion  square f e e t )  of 1 /2 - inch  

wallboard annual ly .  The board end sawing and paper s co r ing  ope ra t ions  t e s t e d  

on t h i s  board l ine  a r e  t y p i c a l  of those  ope ra t ing  i n  t h e  gypsum indus t ry .  

Mixing and Baqginq 

The plaster mixing and bagging u n i t  t e s t e d  a t  t h e  Fort  Dodge p l a n t  

t y p i c a l  of t hose  found throughout t h e  gypsum indus t ry .  The mixer capac i ty  

1 , 5 0 0  pounds per batch.  

is 

i s  

3.3 Emission Controls  

Baghouse dus t  c o l l e c t o r s  a r e  used a t  t h e  For t  Dodge p l a n t  t o  c o n t r o l  gyp- 

sum p a r t i c u l a t e  emissions.  Dust-laden gases  e x i t i n g  t h e  k e t t l e  c a l c i n e r  a r e  

vented t o  a pu l se - j e t  baghouse. Emissions from conveyors and bucket e l e v a t o r s  

a r e  vented t o  baghouse d u s t  c o l l e c t o r s .  Boardline emissions from paper  

sco r ing  and board end sawing a r e  a l s o  c o n t r o l l e d  by baghouses. Emissions from 

each p l a s t e r  mixing and bagging ope ra t ion  a r e  vented t o  a s i n g l e .  s e p a r a t e  

baghouse. 

Design and ope ra t ing  parameters f o r  t h e  baghouses t e s t e d  a t  t h e  For t  Dodge 

p l a n t  a r e  given i n  Table 3-1. The bag replacement schedule and h i s t o r y  f o r  

t h e  d u s t  c o l l e c t o r s  t e s t e d  a r e  shown i n  Table 3-2.  
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TABLE 3-2 

BAGHOUSE BAG REPLACEMENT SCHEDULE 
A T  U . S .  GYbSUPl COMPANY, FORT DODGE, IOWA 

E s t i m a t e d  N o r m a l  
L a s t  D a t e  of R e p l a c e m e n t  

Process u n i t  Name B a g  R e p l a c e m e n t  F r e q u e n c y  (months) 

K e t t l e  C a l c i n e r  9-10-80 6 

B o a r d  E n d  S a w i n g  and 
P a p e r  scoring 

Land P l a s t e r  and 
Stucco C o n v e y i n g  

10-6-80 4 

9-25-80 12 

Mixing and B a g g i n g  unknown 36 
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3.4 Process Conditions During t h e  Eniss ion  T e s t s  

While a l l  process  equipment operated normally during t h e  emission t e s t i n g ,  

t h e  emission c o n t r o l  equipment on t h e  c a l c i n e r  operated a t  l e s s  than peak per -  

formance during t h e  t e s t s .  The ope ra t ing  condi t ions  of t h e  process  and emis- 

s ion  c o n t r o l  equipment a r e  discussed i n  t h i s  s e c t i o n .  

Kettle Calc iner  

During emission t e s t i n g  of t h e  k e t t l e  c a l c i n e r ,  f u l l  capac i ty  opera t ion  

was maintained, w i t h  product ion a t  11.8 M g  (13 t o n s )  of s tucco  f o r  each batch 

and a t  10  Mg/hr (11 TPH) of s tucco  when  opera ted  cont inuously.  Ke t t l e  produc- 

t i o n  r a t e s  were suppl ied  by p l a n t  personnel  and were based on previous k e t t l e  

product ion records.  The length  of each batch cyc le  was approximately 2 hours 

and 40 minutes which i s  normal f o r  t h e  k e t t l e  t e s t e d .  

The k e t t l e  was opera ted  normally dur ing  a l l  p a r t i c u l a t e  sampling runs. 

Process d a t a  c o l l e c t e d  dur ing  batch k e t t l e  t e s t i n g  a r e  shown i n  Table 3-3. 

Process d a t a  c o l l e c t e d  during continuous k e t t l e  t e s t i n g  a r e  shown i n  Table 

3-4. Batch t e s t  Fun 3 was i n i t i a l l y  performed on October 29, 1980. Because 

of an i sok ine t i c  sampling condi t ions  t h e  o u t l e t  por t ion  of t h i s  run was re- 

peated on October 31, 1980. The o u t l e t  po r t ion  of continuous test  Run 4 was 

repea ted  a t  t h e  conclusion of t h e  o t h e r  continuous test  runs on October 30, 

1980. a l s o  because of a n i s o k i n e t i c  sampling condi t ions .  

During t h e  c a l c i n e r  t e s t i n g ,  t h e  k e t t l e  w a s  being f i r e d  w i t h  n a t u r a l  gas .  

The average h e a t  use  of t h e  u n i t  dur ing  cont inuous opera t ion  w a s  0 . 9  k J / g  (0 .8  

mi l l i on  Btu/ton) and was 1.2 kJ/g ( 1 . 0  m i l l i o n  Btu/ton) during batch opera- 

t i o n .  The temperature of t h e  k e t t l e  i s  var ied  throughout a batch k e t t l e  

cyc le .  Continuous temperature  records  for two of t h e  batch t es t  runs a r e  

shown i n  Figure 3-3. 
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During batch kettle testing, condensation occurred in the kaqhouse dust 

collector. The condensation was evident through plugging of the sampling 

probes on inlet sampling with a gypsum “paste”. At the completion of the mea- 

surement program, plant maintenance personnel inspected the baghouse and found 

the following: 

1. A l l  of the filter bags has become blinded with gypsum and required 
laundering. 

2 .  Three of the “cups” to which the bags were attached required re- 
caulking. 

3 .  The rachet and clamps on two filter bags had become sufficiently 
loosened to allow some inlet gases to pass through the baghouse un- 
treated. 

The existence of these three problems, in spite of the kettle operating in a 

normal manner, indicates that the baghouse was not operating at peak perfor- 

mance during the tests. 

Uncontrolled emissions from batch kettle calciners vary throughout the 

batch cycle, with highest emissions occuring during loading of the kettle, 

immediately after loading, and during unloading of the kettle. Due to the 

sampling probe pasting problem mentioned above, the sampling time on the inlet 

to the collector during batch testing was reduced from 60 minutes to 20 to 40 

minutes. Since the normal batch cycle is 2 hours and 4 0  minutes, the inlet 

batch kettle sampling did not characterize the full-batch cycle. Therefore, 

these results are not representative of uncontrolled batch kettle calciner 

emissions. Results of inlet testing during continuous kettle operation, how- 

ever, are representative of uncontrolled emissions from a continuous kettle 

calciner . 
During the batch and continuous kettle tests, an undetached steam plume 

existed at the outlet of the baghouse stack. Water vapor in the exit’gases 

condensed on contact with the cool ambient air (30 to 4 0  F). 0 
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Land P l a s t e r  and Stucco Conveyinq 

The t r a n s f e r  system w a s  ope ra t ing  a t  normal capac i ty  dur ing  t h e  emission 

t e s t i n g ,  t r a n s f e r r i n g  approximately 41 Mg ( 4 5  t o n s )  of land  p l a s t e r  and s tucco  

each hour.  

Board End Saw and Paper Scor inq  

During t h e  board end s a w  t e s t i n g ,  t h e  boa rd l ine  was running r e g u l a r  

1/2-inch board,  1 2  fee t  i n  l e n g t h .  The l i n e  w a s  ope ra t ing  a t  a r a t e  of 143  

f e e t  a minute.  Emissions from both t h e  board end sawing and paper  s c o r i n g  

ope ra t ions  on t h i s  boa rd l ine  vere ducted t o  t h e  haghouse t h a t  w a s  t e s t e d .  The 

baghouse opera ted  normally dur ing  t h e  t e s t i n g .  

Mixing and Bagging 

The plaster mixing and bagging ope ra t ion  w a s  o p e r a t i n g  a t  f u l l  capac i ty  

dur ing  t h e  t e s t i n g ,  producing about 250 BO-pound bags of p l a s t e r  each hour (10 

t o n s  an  hour) .  
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4 . 0  LOCATION OF SAMPLING POINTS 

Th i s  s e c t i o n  p resen t s  d e s c r i p t i o n s  of  t h e  sampling loca t ions  used dur ing  

the  emission t e s t i n g  program conducted a t  t he  U . S .  Gypsum Company gypsum wall-  

board p l a n t  i n  For t  Dodge, Iowa, i n  October 1980 .  An overhead v i e w  of t h e  

p l a n t  s i t e  and p e r t i n e n t  process  f a c i l i t i e s  is shown i n  Figure 4-1.  

4 . 1  Kettle Calc iner  No. 5 Baqhouse 

4 . 1 . 1  Baghouse I n l e t  

The k e t t l e  calciner No. 5 baghouse i n l e t  sampling l o c a t i o n  was l o c a t e d  i n  

a 13 l/Z-inch i .d .  section o€ metal  d u c t  i nc l ined  approximately 20 degrees  

from t h e  v e r t i c a l .  A schematic  diagram of  t h i s  i n l e t  is shown i n  Figure 4-2 .  

Two 3-inch n ipp le s  were pos i t i oned  90 deg rees  a p a r t  i n  a p lane  perpendicular  

t o  the  d u c t  and were l o c a t e d  7 feet  9 inches  (6.9 duc t  d iameters )  downstream 

from a bend i n  the  d u c t  and 18 inches  (1.3 d u c t  d iameters )  upstream from 

another  bend. This  sampling locat ion d i d  no t  meet the  eight-and-two d iameters  

c r i -  t e r i a  o f  EPA Method 1, so 1 0  sampling p o i n t s  were used o n  each of  t h e  t w o  

t r a v e r s e  axes ,  f o r  a t o t a l  o f  20 sampling p o i n t s .  

4.1.2 Baghouse Ou t l e t  

The  k e t t l e  c a l c i n e r  No. 5 baghouse o u t l e t  sampling l o c a t i o n  was l o c a t e d  i n  

a 11-inch I D  v e r t i c a l  section of  metal  d u c t ,  a s  shown i n  Figure 4-3. TWO 

3-inch n i p p l e s  were pos i t i oned  90  deg rees  a p a r t  i n  a ho r i zon ta l  plane and were 

l o c a t e d  80 inches  (7.3 diameters )  downstream from the  fan  e x i t  elbow and 5 2  

inches ( 4 . 7  diameters )  upstream from t h e  t o p  o f  t h e  stack. T h i s  sampling lo- 

cation d i d  n o t  meet the eight-and-two d iameters  c r i t e r i a  o f  Method 1, SO 8 

sampling p o i n t s  were used on each of t h e  two traverse axes ,  for  a t o t a l  o f  16 

sampling po in t s .  
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FIGURE 4 -2 :  KETTLE CALCINER N 0 . 5  BAGHOUSE IN'LET SAMPLING 
LOCATION A T  U.S. GYPSUM COMPANY 

FORT DODGE, IOWA 
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4.2 Board End Saw Baghouse Outlet 

The board end saw baghouse outlet sampling location was located in an 

11-1/2 inch ID horizontal section of sheet metal duct, as shown in 

Figure 4 - 4 .  Two 3-inch nipples were positioned 90 degrees apart in a vertical 

plane and were located more than eight duct diameters downstream from an elbow 

and more than 2 duct diameters from the discharge end of the duct. Six sam- 

pling points were used on each traverse axis for a total of 12 sampling 

points, in accordance with EPA Method 1. 

One particle size test was performed at this location. The sample was 

extracted from a single point at the centroid of the duct using an Andersen 

cascade impactor with a Method 5 train. 

4.3 Visible Emission Observation Locations 

The kettle calciner No. 5 baghouse plume was observed from five locations 

on the ground and on the roofs of buildings around the baghouse. The board 

end saw baghouse plume was observed from one location atop the boardline 

building roof. The stucco conveyor baghouse plume was observed from two loca- 

tions atop buildings near the baghouse. The bagging operation baghouse plume 

was observed from two ground-level locations. 

All observation locations were chosen to conform to the guidelines of EPA 

Method 9 .  All locations are shown in 'Figure 4-1 and are described in 

Table 4-1. 

Fugitive emission observations at the board end saw were made from a posi- 

tion 30 feet from the saw. This location conformed to the guidelines of EPA 

Method 22. 
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TABLE 4 - 1  

V I S I B L E  EMISSION OBSERVATION LOCATIONS 
AT U.S. GYPSUM COMPANY 

FORT DODGE, IOWA 

Distance F r o m  
O b s e r v o r  D i r e c t i o n  F r o m  D i s c h a r g e  P o i n t  Height Above Discharge 
L o c a t i o n  D i s c h a r g e  P o i n t  ( f e e t )  G r o u n d  ( f e e t )  D e s c r i p t i o n  

KC-1 Nw 

KC-2 NE 
KC-3 S E  
KC-4 s w  
KC-5 SE 

BE-1 SW 

BE-2 sw 

sc-1 NE 

sc-2 "E 

BS-1 S 

25 

100 
2 0 0  

2 3  
6 0  

60 

75  

100 

30 

20 

6 2  K e t t l e  C a l c i n e r  #5 

57 
0 

60 
0 

B a g h o u s e  Outlet 

0 B a g g i n g  B a g h o u s e  
O u t l e t  

0 

1 0 0  S t u c c o  C o n v e y o r  
B a g h o u s e  Outlet 

70 

30 B o a r d  E n d  S a w  
B a g h o u s e  Outlet 
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5 . 0  SRMPLING AND ANALYSIS METHODS 

T h i s  s ec t ion  p resen t s  general  d e s c r i p t i o n s  of sampling and ana lys i s  proce- 

dures  employed dur ing  t h e  emissions t e s t i n g  program conducted a t  t h e  U.S. Gyp- 

sum Company gypsum wallboard p l a n t  i n  For t  Dodge, Iowa, during October 1980. 

Deta i l s  of sampling and ana lys i s  procedures  a r e  contained i n  t he  appendices.  

5 .1  EPA Reference Methods Used 

~ The fol lowing EPA Reference Methods w e r e  used during t h i s  emission t e s t i n g  

program. These methods a r e  taken from "Standards of Performance f o r  N e w  

S t a t iona ry  Sources",  Appendix A,  Federal  Regis te r ,  Volume 4 2 ,  (No. 160), 

Thursday, August 18, 1977, pp 41755 f f .  

Method 1 - Sample and Veloci ty  Traverses  f o r  S t a t iona ry  Sources 

This  method s p e c i f i e s  t h e  number and loca t ion  of sampling po in t s  
within a duc t ,  t ak ing  i n t o  account duc t  s i z e  and shape and l o c a l  f low 
d i s tu rbances .  

Method 2 - Determination of Stack Gas Veloci ty  and Volumetric Flow 
Rate 

T h i s  method s p e c i f i e s  t h e  measurement of 92s v e l o c i t y  and flow r a t e  
us ing  a p i t o t  tube ,  manometer and temperature senso r .  The phys ica l  
dimensions of t h e  p i t o t  tube  and i t s  s p a t i a l  r e l a t i o n s h i p  t o  t h e  tem- 
p e r a t u r e  sensor  and any sample probe a r e  a l s o  s p e c i f i e d .  

Method 4 - Determination of Moisture Content i n  Stack Gases 

T h i s  method desc r ibes  t h e  e x t r a c t i o n  of a gas sample from a s t ack  and 
t h e  removal and measurement of t h e  moisture  i n  t h a t  sample by conden- 
s a t i o n  Fmpingers. The assembly and opera t ion  of t h e  requi red  sam- 
p l i n g  t r a i n  i s  spec i f i ed .  

- 

This  method s p e c i f i e s  t h e  i s o k i n e t i c  sampling of p a r t i c u l a t e  matter 
from a gas  stream us ing  techniques introduced i n  t h e  above t h r e e  
methods. Sample c o l l e c t i o n  and recovery,  sampling t r a i n  c l ean ing  and 
c a l i b r a t i o n ,  and gas stream flow r a t e  c a l c u l a t i o n  procedures a r e  spe- 
c i f  i e d .  
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Method 9 - Visual Determination of t h e  Opacity of Emissions from S ta -  
t i o n a r y  Sources 

C e r t i f i e d  personnel  conducted v i s u a l  t e s t s  t o  de te rn ine  plume opac i ty  
i n  accordance w i t h  t he  gu ide l ines  of EPA Method 9. (See 
Appendix C . 2 ) .  

Method 22  - Visual Determination of Fugi t ive Emissions from Mater ia l  
Processing Sources 

The frequency of occurrence of f u g i t i v e  emissions was determined i n  
accordance w i t h  t h e  gu ide l ines  of EPA Method 22.  (See Appendix C . 2 ) .  

5 .2  P a r t i c u l a t e  Emissions Sampling and Analysis  

5.2.1 Sampling Methods 

p a r t i c u l a t e  emissions from t h e  k e t t l e  c a l c i n e r  No. 5 baghouse i n l e t  and 

o u t l e t  and t h e  board end saw baghouse o u t l e t  were sampled a t  p o i n t s  l oca t ed  i n  

accordance with EPA Method 1. Duct gas v e l o c i t i e s  were measured us ing  S-type 

p i t o t  tubes  cons t ruc t ed  an'd c a l i b r a t e d  i n  accordance w i t h  EPA Method 2 .  

The sampling t r a i n  used on t h i s  program i s  shown i n  Figure 5-1 and i s  a 

modi f ica t ion  of the  p a r t i c u l a t e  sampling t r a i n  specified i n  EPA Method 5. The 

modi f ica t ion  c o n s i s t s  of t h e  a d d i t i o n  of a f l e x i b l e  l i n e  between t h e  heated 

f i l t e r  and t h e  impingers.  The sampling t r a i n  cons i s t ed  of a nozzle ,  probe, 

heated f i l t e r  ho lde r ,  f o u r  impingers, vacuum pump, dry gas meter ,  and an o r i -  

f i c e  flow m e t e r .  The nozz le  w a s  s t a i n l e s s  steel  and of buttonhook shape. The 

nozz le  was connected t o  a 5/8-inch s t a i n l e s s  s t e e l  g lass - l ined  probe wrapped 

w i t h  nichrome hea t ing  wire  and jacketed.  Following t h e  probe, t h e  gas  s t ream 

passed through a heated preweighed 4 1/2-inch g l a s s - f i b e r  f i l t e r  and then  i n t o  

t h e  ice bath/impinger system. The impinger system Consisted of f o u r  impingers 

i n  s e r i e s .  The f irst  t w o  impingers each contained 1 0 0  m i l l i l i t e r s  of de- 

ion ized ,  d i s t i l l e d  water .  The t h i r d  impinger was empty, and t h e  f o u r t h  i m -  

p i n g e r  contained 200 grams of i n d i c a t i n g  s i l i c a  g e l .  Leaving t h e  l a s t  i m -  

p inge r .  t h e  sample s t ream flowed through f l e x i b l e  tubing. a vacuum gauge, 

- 

-44- 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
;I 
I 
I 
I 



1 
I 
I 
I 
I 
I 
I 
'I 
I 
I 
I 
I 
I' 
I 
I 
I 
I 
I 
I 

x 
V 
W 
I 
V 

a 

E 

W 
I- 
W 

z 
W 
I 
I- 

1 c 
A 

Y= a a  Y O  

-45- 

.. 
m 



I 
I 
I 
I 
I 
I 

needle valve, pump and a dry gas meter. A calibrated orifice and inclined 

manometer completed the train. The stack velocity pressure was measured with 

a pitot tube and inclined manometer. Stack temperature was monitored with a 

thermocouple attached to the probe and connected to a potentiometer. A nomo- 

graph was used to determine the orifice pressure drop required for any pitot 

velocity pressure and stack temperature in order to maintain isokinetic sam- 

pling conditions. 

Test data recorded at each sampling point included test time, sampling 

duration at each traverse point, pitot pressure, stack temperature, dry gas 

meter volume and inlet-outlet temperature. probe temperature, and orifice 

pressure drop. 

5 . 2 . 2  Sample Recovery and Preparation I' 
I At the completion of each test run, the sampling train was leak-checked. 

Samples were recovered and placed in containers as follows: 

o Container No. 1: Filter from the filter holder. 

I o Container No. 2 :  Acetone wash of the nozzle, probe and front half of 
filter holder. 

0 Container No. 3:  Silica gel from the fourth impinger. I 
'I 

The volume of the contents of the first three impingers was measured for mois- 

ture gain and then the contents were discarded. 

5.2.3 Sample Analysis 

I The sample containers were returned to the TRC laboratory and were ana- 

lyzed  as^ follows: 
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e Container No. 1: 

e Container N o .  2:  

e Container N o .  3: 

The f i l t e r  and any loose ma te r i a l  i n  t h e  sample 
con ta ine r  were des i cca t ed  and weighed t o  a cons tan t  
weight.  

The acetone washings were t r a n s f e r r e d  t o  a t a r e d  
beaker and evaporated t o  dryness a t  ambient tem- 
p e r a t u r e  and p res su re .  The ma te r i a l  t h a t  remained 
was then des i cca t ed  and weighed t o  a cons t an t  
weight .  

The s i l i c a  g e l  was weighed f o r  moisture  ga in .  

A sample of t h e  acetone used t o  wash t h e  probe and nozzle was a l s o  re turned  

from t h e  f i e l d .  The volume of t h i s  acetone blank was measured and t h e  blank 

was then evaporated t o  dryness ,  des i cca t ed  and weighed. 

5.3 Sampling and Analysis Problems During P a r t i c u l a t e  h i s s i o n  T e s t s  

The primary problem encountered a t  t h e  N o .  5 k e t t l e  c a l c i n e r  baghouse was 

due t o  v a r i a t i o n  i n  s t a c k  gas  moisture  conten t  dur ing  t h e  batch cycle .  Be-  

cause of changes i n  t h e  r a t e  of h e a t i n g  and length o f  cooking t i m e  of each 

cyc le ,  t h e  t o t a l  amount of moisture  c o l l e c t e d  dur ing  t h e  t e s t  run var ied .  The 

v a r i a t i o n  i n  moisture  c o l l e c t e d  o f t e n  r e s u l t e d  i n  a n i s o k i n e t i c  sampling condi- 

t i o n s  because nomograph s e t t i n g s  were based e i t h e r  on moisture  content  mea- 

sured i n  prev ious  runs o r  on pre l iminary  moisture  tests. 

Cutlet t e s t  F3ms 3 ( b a t c h )  and 4 (cont inuous)  were repeated because of 

a n i s o k i n e t i c  sampling condi t ions .  Batch i n l e t  Pun 3 was adverse ly  a f f e c t e d  by 

t h e  increased  moisture  conten t  due t o  a shortened cooking t e e  but  Radian de- 

c ided t h a t  t h i s  t e s t  should not  be repea ted .  The high p a r t i c u l a t e  concentra- 

t i o n s  a t  t h e  i n l e t  n e c e s s i t a t e d  changing t h e  f i l t e r  between p o r t s .  Probe and 

nozz le  plugging problems were encountered during a l l  batch i n l e t  tests. To 

reduce t h e  e f f e c t s  of t h e  high loadings t h e  sampling times were reduced and, 

wi th in  t h e  c o n s t r a i n t s  of i s o k i n e t i c  sampling cons idera t ions ,  t h e  l a r g e s t  noz- 

z l e s  poss ib l e  w e r e  used f o r  t hese  i n l e t  t e s t s .  Sampling could no t  
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be pe r fomed  a t  some t r a v e r s e  end p o i n t s  because of nozzle plugging and heavy 

p a r t i c u l a t e  bui ldup on t h e  s t a c k  wal l s .  The moisture  content  and p a r t i c u l a t e  

loadings prevented doing in-s tack par t ic le  s i z e  t e s t s  a t  t h e  i n l e t  a s  o r i g i -  

n a l l y  planned. In s t ead  t h e  des i cca t ed  f i l t e r  p a r t i c u l a t e  ca t ches  were ana- 

lyzed with a Eahco c e n t r i f u g a l  s epa ra to r .  

The moisture  conten t  (60 p e r c e n t )  a t  t h e  k e t t l e  c a l c i n e r  No. 5 baghouse 

i n l e t  dur ing  t h e  continuous product ion mode was i n  excess  of t h e  nomograph 

maximum value  of 50 percent. It was t h e r e f o r e  necessary t o  use t h e  i s o k i n e t i c  

r a t e  equat ion t o  a d j u s t  sampling r a t e s  t o  i s o k i n e t i c  va lues  i n s t e a d  of us ing  

the  nomograph. 

No problems were encountered dur ing  t h e  board end saw baghouse o u t l e t  

t e s t s .  

5 . 4  P a r t i c l e  S ize  D i s t r i b u t i o n  T e s t s  

5 .4 .1  Board End Saw Baghouse Out le t  

One p a r t i c l e  s i z e  t es t  was performed a t  t h e  board end saw baghouse o u t l e t  

us ing  an Andersen Mark I1 cascade impactor w i t h  a p re inpac to r .  The inpac to r  

was opera ted  i n  i t s  in-s tack  mode i n  accordance with t h e  manufacturer ' s  proce- 

dures .  A schematic diagram of t h e  impactor sampling t r a i n  i s  shown i n  F i g u r e  

5 - 2 .  Because of t h e  low moisture  conten t  i n  t h i s  o u t l e t  (1 p e r c e n t ) ,  on ly  one 

impinger with s i l i c a  g e l  was needed i n  t h e  t r a i n .  

P r i o r  t o  t h e  i n i t i a t i o n  of sampling, t h e  impactor was l eak - t e s t ed  and 

placed i n  t h e  duc t  f o r  20 minutes t o  a l low it t o  h e a t  t o  duc t  temperature t o  

Prevent  condensation. Sampling began immediately upon r o t a t i o n  of t h e  nozzle  

i n t o  t h e  f low stream. Sampling was performed i s o k i n e t i c a l l y  from a s i n g l e  

Po in t  a t  t h e  c e n t r o i d  of t h e  duc t .  The t es t  l a s t e d  for 90 minutes,  w i t h  sam- 

p l i n g  parameter va lues  recorded every 5 minutes .  

~~ ~~~ 
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The impactor was loaded before  t h e  t e s t  n m  w i t h  preweighed g l a s s  f i h e r  

c o l l e c t i o n  s u b s t r a t e s .  Upon completion of t h e  t e s t  r u n .  t he  s u b s t r a t e s  were 

removed i n  a secluded.  c lean  a rea  and placed i n  p e t r i  d i shes  and sea l ed .  The  

cyclone p resepa ra to r  con ten t s  were brushed i n t o  a t a r e d  sample j a r  and 

sea l ed .  These samples were brought t o  t h e  TRC l abora to ry  and were weighed on 

an a n a l y t i c a l  balance t o  0 . 0 1  mg i n  a constant-humidity environment. 

5.4.2 Kettle Calc iner  N o .  5 Baghouse I n l e t  

The high moisture  and heavy gra in  loading  a t  t h i s  l o c a t i o n  precluded the  

use of t h e  Andersen cascade impactor f o r  p a r t i c l e  s i z e  tests.  Instead,  t h e  

des icca ted  . f i l t e r  ca tches  from t h e  six Method 5 i n l e t  t es t  runs ( 3  batch mode 

and 3 cont inous mode) were analyzed w i t h  a Bahco c e n t r i f u g a l  s epa ra to r  f o l -  

lowing ASME Power T e s t  Code 28. These Bahco ana lyses  were performed by a sub- 

c o n t r a c t o r  r e t a ined  by TRC. The a n a l y s i s  method and da ta  a r e  presented i n  

Appendix E. 

5.5 Vis ib le  Emission Observations 

Vi s ib l e  emission observa t ions  of t h e  plumes from t h e  k e t t l e  c a l c i n e r  N o .  5 

baghouse, t h e  board end s a w  baghouse, t h e  s tucco  conveyor baghouse, and t h e  

bagging ope ra t ion  baghouse were conducted by a c e r t i f i e d  observer .  Observa- 

t i o n  l o c a t i o n s ,  as descr ibed  i n  Sect ion 4 . 3 ,  were choosen t o  conform t o  t h e  

gu ide l ines  of EPA Method 9. The gray p l a n t  bu i ld ings  and blue sky were used 

a s  backgrounds. During an observa t ion  pe r iod ,  opac i ty  readings were taken and 

recorded a t  15-second i n t e r v a l s .  Six-minute averages were c a l c u l a t e d  from 

t h e s e  15-second observa t ions .  

~ ~ 

The only problems encountered during t h e  v i s i b l e  emissions observa t ions  

were a s soc ia t ed  with t h e  k e t t l e  c a l c i n e r  N o .  5 baghouse o u t l e t  plume. The 
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high moisture conten t  of t h e  e x i t i n g  gas s t ream, i n  conjunct ion w i t h  r e l a t i v e -  

ly cool ambient a i r  temperatures ( ranging  from 4OoF t o  7OoF), caused t h e  

formation of a heavy steam plume. With wester ly  winds t h e  plume was blown 

through a l i n e  of s t a c k s  ( s e e  Figure 4 - 2 ) .  T h i s  occas iona l ly  caused some d i f  - 

f i c u l t y  i n  es t imat ing  plume opac i ty  a t  t h e  p o i n t  where t h e  steam plume d i s s i -  

pa ted .  

Vis ib le  f u g i t i v e  emssions from t h e  board end saw were observed by c e r t i -  

f i e d  v i s i b l e  emission ohservers  over a per iod  of 3 hours fol lowing t h e  quide- 

l i n e s  of EPA Method 2 2 .  The amount of time dur ing  which  emissions were ob- 

served was measured and recorded. 
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NOMOGRAPH DATA 

CALIBRATED PRESSURE DIFFERENTIAL ACROSS 
ORIFICE, in. H20 

AVERAGE METER TEPPERATURE (AMBIENT +2O0F),"F 

~ ~~ 

PERCENT 8OISTURE IN GAS STREAifl BY VOLUME 

BAROMETRtC PRESSURE AT !;IETER. in. Hg 

STATIC PRESSURE IN STACK. in. Hg 

(P,k0.073 x STACK GAUGE PRESSURE in in. H20) 

RATIO OF STATIC PRESSURE TO hlETER PRESSURE 

AVERAGE STACK TEMPERATURE, O F  

AVERAGE VELOCITY HEAD. in. H20 
~~ 

MAXIMUM VELOCITY HEAD, in. H20 

C FACTOR- ,(- k% c,b.~ = /. L4L 
CALCULATED NOZZLE DIANETER. in. 

~~ ____~ ~ 

ACTUAL NOZZLE DIAMETER, in. 

REFERENCE A p .  in. H20 
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NOMOGRAPH CATA 

CALIBRATED PRESSURE DIFFERENTIAL ACROSS 
ORIFICE, in. H,O AHg 2. lq 

.. 
.I . 
\ :  . .;. 

~~ 

PERCENT MOISTURE IN GAS STREAM BY VOLUME bo 5 0  

BAROMETRIC PRESSURE AT METER, in. Hg Pm 30.09 

YrATIC PRESSURE IN STACK, in. Hg 

(Pmf0.073 x STACK GAUGE PRESSURE in in. HzO) p s  

ps,Pm 

TSavg. -232. 

y R 
RATIO OF STATIC PRESSURE TO METER PRESSURE 

AVERAGE STACK TDAPERATURE. O F  

AVERAGE VELOCITY HEAO, in. H20 

MAXIMUM VELOCITY HEAD, in. H20 i p m a a .  1.9 

APavg. 

1 CFACTOR I OJm I 
=CALCULATED NOZZLE DIAMETER. in. 0.2622 

ACTUAL N O U L E  DIAMETER. in. 0.2622 

Y A  REFERENCE A p .  In. H20 

€PA (Dud 234 
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NOMOGRAPH DATA 

AVERAGE METER TEMPERATURE (AMBIENT + 2O0F),'F 

PERCENT MOISTURE IN GAS STREAM BY VOLUME 

BAROMETRIC PRESSURE AT METER. in. Hg 

CALIBRATED PRESSURE DIFFERENTIAL ACROSS 
ORIFICE, in. H20 

eo Tmavg. .. 

%o 

Pm ao.os 

STATIC PRESSURE IN STACK, in. Hg 

(P,?0.073 I STACK GAUGE PRESSURE in in. HzO) P S  

RATIO OF STATIC PRESSURE TO METER PRESSURE 1 ps/pm I I 

~ 

C FACTOR 

CALCULATED NOZZLE DIAMETER. in. 

ACTUAL N O U L E  DIAMETER, in. 

REFERENCE i p ,  in .  H20 

' 7L T 
Savg. 

AVERAGE STACK ThYPERATURE. "F 
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INSIDE OF FAR WALL TO 

TRAVERSE 
POINT 

NUMBER 

/ 7 .  .l - OUTSIDE OF NIPPLE, (DISTANCE A) 
INSIDE OF NEAR WALL TO 

~~ ~ ~~~ ~ ~ 

TRAVERSE POINT LOCATIOE 

(SUM OF COLUMNS 4 

PRODUCT OF 
FRACTION COLUMNS 2 AND 3 FROM OUTSIDE OF NIP 

OF STACK 1.0. STACK 1.0. (TO VEAREST I / S  INCH) DISTANCE B 

~~ ~ 

I 7.7- OUTSIDE OF NIPPLE, (DISTANCE 6) 
I / .  5 STACK 1.0.. (DISTANCE A .  DISTANCE B) 

-C cd EL.< i ,@/j 
NEAREST DOWNSTR M DlFtURBANCE /y /' ./ ., r /->,'c, 

- 
7 

I !  

N E A R m  UPSTREAM DISTURBANCE 

CALCULATOR L! Y c, 
I SCHEhlATIC OF SAMPLING LOCATION 5' 
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BAROMETRIC PRESSURE AT METER. in. Hg 

STATIC PRESSURE IN STACK, in. Hg 

(Pm+0.073 x STACK GAUGE PRESSURE in in. H20) 

CALIBRATED PRESSURE OIFFERENTIAL ACROSS 
ORIFICE, in. HzO 

AVERAGE rmm TEMPERATURE (AMBIENT+ZVFL~F Tm avg. 

pm 3 . € 0  

- ./o p s  

RATIO OF STATIC PRESSURE TO METER PRESSURE 

AVERAGE STACK TEMPERATURE, O F  

AVERAGE VELOCITY HEAD. in. Hz0 

ps/Pm 

savg. 76 

Apavg.  ot-$o 

T 

I / .  0 1 C FACTOR I 
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APPENDIX B 

PARTICLE SIZE TESTS 

Includes: 

8.1 Anderson Cascade Impactor Test 
B.2 Bahco Centrifugal Separator Tests 



APPENDIX B . l  

ANDERSON CASCADE IMPACTOR TEST , 
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DISCUSSION OF PARTICLE SIZE TESTING AT THE BOARD END SAW BAGHOUSE OUTLET 

An Anderson Mark I1 In-Stack Cascade Sampler was operated in its instack 

mode and attached directly to the front end of a standard EPA Method 5 train. 

Sampling was performed isokinetically, and data was recorded in much the same 

manner as for the EPA Method 5 train with the exception that sampling was per- 

formed at only one point. 
- 

The impact unit consists of a cyclone preseparator and seven impactor 

stages followed by a built-in backup filter stage. All parts are constructed 

of stainless steel. The unit is designed to hold eight pre-weighed radially- 

slotted glass fiber firters and one glass backup filter. 

An impactor with particle collector filters on each stage was used because 

it offered low tare weights and caused minimal particle retainment (compared 

to steel plate collection). The sampled air stream accelerates through four 

radial slots on every stage. A particle will pass through each stage until it 

acquires sufficient momentum to impact on one of the collector filter. The 

backup filter is designed to capture all particles which do not deposit on a 

stage filter. The particle size cutoff for all stages depends on the operat- 

ing conditions during a test. The equations used to calculate the particle 

size cutoff for the impaction stages are as follows (Equations B-1 through 

B-6) : 

Where: 

DP50 
P 
Y 
N 
DC 
C 
4 
Q 

4 l8lJ YNn Dc3 D 50 = 10 X 
P 4 CPpQ 

50% effective cutoff diameter of particle, 
gas viscosity, poise 
dimensionless inertial impaction parameter, 0.14 
number of jets per plate 
jet diameter, cm 
Cunningham slip correction factor 
density of particle, gm/cm3 
volumetric flow rate, cm3/sec 

Eq. B-1 



I 
ANDERSON CASCADE IMPACTOR PARTICLE SIZING TEST RESULTS 

AT U.S. GYPSUM COMPANY, FORT DODGE, IOWA 

Run Number: Board End Saw Baghouse Outlet I 
2.76 I 

Date: 10-31-80 

98.38 
Total Mass Collected (mg) 
Total Meter volume (ft3) 
Barometric Pressure (inches Eig) 
Orifice Pressure Drop (inches Hg) 
Meter Temperature (OF) 

Dry Gas Fraction -- (1 - ---- ) $H20 

100 
Stack Temperature (OF) 
Static Pressure (inches Hg) 
Time (minutes) 
Molecular Weight (grams/gram-mole) 
Particle Density (grams/cc) 
Cyclone (milligrams collected) 
Stage 0 (milligrams collected) 
Stage 1 (milligrams collected) 
Stage 2 (milligrams collected) 
Stage 3 (milligrams collected) 
Stage 4 (milligrams collected) 
Stage 5 [milligrams collected) 
Stage 6 (milligrams collected) 
Stage 7 (milligrams collected) 
Backup 'Filter (milligrams collected) 

Volume of Gas Sampled (DSCF) 
Particulate Concentration lgr/DSCF) 
Volumetric Flowrate (ACFM) 
n (micropoise) 
A (vm) 
Cyclone 
Cutoff Stage 0 (p = 1.0)vm 
Cutoff Stage 1 (p = l.O)vm 
Cutoff Stage 2 (p = l.O)um 
Cutoff Stage 3 (p = 1.0)m 
Cutoff Stage 4 (p = l.O)um 
Cutoff Stage 5 (p = 1.0)um 
Cutoff Stage 6 (p = 1.0)um 
Cutoff Stage 7 (p = l . O ) w n  

30 .SO 
4 .SO 

59.83 

0.989 (From Particulate Tests) 

70 
-0.20 

90 
28.73 
1.00 
0.48 

0.32 
0.18 
0.39 
0.58 
0.47 
ND 
ND 
0.34 

102.98 
0.000413 

1.14 
182.2 
0.066 
7.957 
8.778 
5.469 
3.699 
2.514 
1.606 
0.796 
0.486 

ND (None Detected) 

I 
1 
I 
1 

1: 

I 
I 
I 
I 
1 
I 0.327 

1' 



Where: 

Q 
vm 
DGF 
TS 
PS 
Tm 
Pm 
t 
DGF 

volumetric flow r a t e  through impactor, acfm 
dry gas  meter volume, f t 3  
dry gas  . f rac t ion  
s tack temp, OR 

s tack  pressure,  inches Hg 
meter temp, OR 

meter pressure, inches Hg 
t i m e ,  minutes 
1 - H20/100. 

a The  cascade impactor determined the  aerodynamic p a r t i c l e  s i z e  d i s t r ibu -  

t ion .  Aerodynamic p a r t i c l e  s i z i n g  d i f f e r s  from geome.tric s i z i n g  i n  t h a t  a 

mass of p a r t i c l e s  containing var ious shapes and d e n s i t i e s  is f rac t iona ted  and 

co l lec ted  according to each p a r t i c l e s  aerodynamic c h a r a c t e r i s t i c s .  A p a r t i c l e  

co l lec ted  on a given s t age  is aerodynamically equivalent  i n  s i z e  to t h e  u n i t  

dens i ty  sphere (1 g/cc) co l l ec t ed  on t h a t  s t age  during c a l i b r a t i o n .  

P a r t i c l e  s i z e  d i s t r i b u t i o n s  a r e  normally p lo t ted  cumulatively on log-nor- 

mal graph paper. I n  t h i s  format, t h e  t o t a l  mass W i  on each s t age ,  including 

t h e  backup t i l t e r ,  is added'up and the  percent  of the  t o t a l  mass t h a t  collect- 

ed on a given s tage  and on a l l  smaller D s t ages  is p lo t t ed  aga ins t  the D 
P P 

for  t h a t  s tage.  The  s i z e  is typ ica l ly  p lo t t ed  on terms of "Equivalent Aerody- 

namic Diameter":, t h e  s i ze  of a sphe r i ca l  p a r t i c l e  of ,un i t  dens i ty  which h a s  

the same terminal s e t t l i n g  v e l o c i t y  a s  t he  sampled p a r t i c l e .  

~ ... .. _.__ 

Each of the e igh t  f i l t e r s  was placed i n  a pe t r i  d i sh  and t ransfer red  t o  

t h e  laboratory for ana lys i s .  Each t i l t e r  was desiccated and weighed repeated- 

l y  u n t i l  a constant ve ight  was obtained. The contents  of  the  cyclone presep- 

a ra to r  sample container  were co l lec ted  i n  a g l a s s  j a r ,  t r ans fe r r ed  to a pre- 

weighted beaker, desiccated,  and weighed to  a constant  weight. R e s u l t s  a r e  

reported to the  nea res t  0 . 0 1  mg. 



Vihere : 

C 

P 
Q 
A 

- - Cunningham slip correction factor 

2 x  

D P 
C = 1 t -- 1 .257  + 0 . 4 0  eXp (-1.10 D / 21 )  

P 

c = 1 t ( 0 . 1 6  x ~ o - ~ D  ) 

= particle density, 1 gm/cm3 .- 
- - 
= mean free path for gas molecules, pm 

P 
for normal temperatures and pressures 

actual gas €10; rate, cm3/sec 

and 

Where: 

B 

s 
T 

-1 -1 ('K)-1/2 14.58 & sec cm - - 
- - 1 1 0 . 4 O K  

OK - - 

Where: 

d - - particle diam, l.h~ 
A - - mean free path, !nn 

and 

Where: 

T - - gas temp, OK = OC t 273 
P 
m = gas molecular wt (wet), g/g-mole 

Note that gravitational constant, gc, i s ~ n o t  shown. 

pressure, atmospheres - - 

and 

Q. 8-2 

Q. 8-3 

Eg. 8-4 

Eq. B-5 
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APPENDIX B . 2  

BAHCO CENTRIFUGAL SEPARATOR TESTS 

. .. . . . __ 



York Wastewater Consultants, Inc. 
Ons Research Drive 
Stamlord. Conneclicut 06906 
Telephone (203) 325-1371 
TWX 710-474-3947 

01-3081-192 
TRC ENVIRONMENTAL CONSULTANTS, INC.  

PURPOSE AND RESULTS: 

S i x  ( 6 )  gypsum samples w e r e  s u b m i t t e d  t o  t h e  A n a l y t i c a l  
Laboratories D i v i s i o n  of York Wastewater C o n s u l t a n t s ,  I n c .  
f o r  p a r t i c l e  s i z e  d i s t r i b u t i o n  a n a l y s i s .  
were pre-sieved a n d  a n a l y z e d  a c c o r d i n g  t o  t h e  Amer ican  
S o c i e t y  of Mechanical E n g i n e e r s  Power T e s t  Code 28.  
r e s u l t s  are a t t ched  hereto.  

The  samples 

T h e  

P r e p a r e d  by: 
R o b e r t  B .  Shephkkd 
L a b o r a t o r y  T e c h n i c i a n  

. 
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SECTION 4,  TEST METHODS 

4.01 T h e  lollo>ring test mcthods  s h a l l  be em- 
ployed to  d e l c m i n e  those  phys ica l  and chemical 
properties of d u s t  de f ined  i n  Sec t ion  2 of th i s  
C&. 

4.02 -METHOD FOR T H E  DETERMINATION 
OF TERMINAL VELOCITY DISTRIBUTION 

Apparatus: 

1. Centrifugal C l a s s i f i e r ,  conforming to  the de- 
scr ip t ion  i n  the Appendix.  s e e  F i g s .  1 and 2. 

2. Chemica l  Balance .  

3. Scoop,  spa tu l a ,  soft brush .  large s h e e t s  01 
glazed  paper. 

4. S i e v e ,  100 mesh (U.S. Sieve  Size). 

Procedure: 

1. Dry the sample  in a drying  oven at a tempera- 
ture of 105-110 c to cons t an t  weight. Cool i n  a 
des icca tor .  Weigh out a portion of t he  dried 
sample  ol  approximately 10 grams. Record the 
weight to  the nea res t  0.01 gram a s  U',. See 
Note 3. 

Turn off the nitrogen flow. Remove the cover 
from t he  feed hopper.  Es t imalc  the q u a n t i t y  
of sample  that has  been fed into the  c l a s s i f i e r  
a n d  a sce r t a in  wlncthcr Ihe feed rotc is within 
l imits .  See  Note 5. I f  the ad jus tab le  sl ide 
a n d  the  brush have  been properly posit ioned, 
t h e  feed rate c a n  be ad jus ted  to  the correct 
value by m a n s  ol the vibrator rheostat .  

7. Replace  the cover on the f eed  hopper. Start  
t h e  nitrogen supply .  Turn on the  vibrator and 
the brush motor. Adjust  the  vibrator to obtain 
cor rec t  leed ra te .  

E .  Cont inue  operation until  the  feed hopper is 
empty. Switch off the brush motor a n d  the 
vibrator. Turn of1 the  nitrogen flow. Swilch 
off  the rotor motor and s t o p  the rolor by gently 
spp ly ing  the brake.  

9. Swing the  cover c a s i n g  up out of the way. 
Remove the knurled locking ring. Raise the 
upper rotor a s sembly  out of the  lower sec t ion  
a n d  p l ace  it on a large s h e e t  o l  c lean  g lazed  
paper. 
~~ 

2. Screen  the weighed s a m p l e  through the  100 
m e s h  s i e v e .  Weigh the  portion of the  s a m p l e  
p a s s i n g  through the  s i e v e .  Record  the  weight  

10. Brush the  adher ing  d u s t  t o  the  bottom of the 
ca t ch  b a s i n .  Detach  the  catch basin. Co l l ec t  
t he  dust from the  ca t ch  bas in  p lus  any that  
s p i l l s  on the glazed paper and weigh. Record 
t h e  weigh1 as  Pa . 

11. Reassemble  the  ca t ch  b a s i n  and  the  upper rotor 

assembly  and secu re  the  knurled locking ring. 
R e p l a c e  the throttle s p a c e r  with the next  

Smaller size,  Throttle B. 

as w*. 
3. Inse r t  the la rges t  throt t le  s p a c e r ,  Thro t t le  A.  

under the grading member of the Centrifugal 
C l a s s i f i e r  and  s e c u r e .  

4. T r a n s f e r  the portion of the  sample  weighed in 
S t e p  2 to the feed hapFer.  Rep lace  Lhe hopper 
cover  a d  secu re .  12. Transfer the s a n y l e  weighed in S k p  10 to t h e  

5 .  Star t  the  rotor motor. Then t he  rotor r e a c h e s  feed hopper. Repca t  S t eps  5 through 10. record- 
maximum sDeed. s b r t  t he  nitrogen f low.  See i n g  the weight of sample  as Wb. See  Note 5. 

~ - ~~ - 
13. R e p e a t  S teps  5 through 12 for each of the  re- 
, maining thrott les.  u s i n c  as leed the rcs idue  

Note 4. T u r n  on the v ibra tor  and  b r u s h  motor. 
T h e  vibrator may be cont ro l led  by t h e  rheos ta t .  

I I 

6. ~ X f t e r  appr<;xiz~niely f ive miau tc s  t i f  opcra t ion ,  
s \x i tch  clf :!IC b r u s h  motor and ( h e  \,ibrztor. 

f rom the prccecding run. Record  lis ..;eights 
3s Ir,, Ir,, Ve, e tc .  

.. 

Cu 1 c v l  o ti. n s: 

1. C a l L a l a l e  tlic !7ti&t Per C e n t  Soiz!!er Than  Indicntcd S z e  cor rcspOndin~ t o  the  Tcminn l  \ 'clucity 
v. i Iues  for e a c h  Ibrclt!e as fo!!cws: u s i n g  the  terminal  velocity YOIUCS ohlz ined for  e a c ! ~  L I ~ r r i t ! ! ~  <luring 
ca l ibra t ion  of the Cent r i fuga l  C las :  1 . f '  rer. 

I 
t 
1 
I 
1 
5 
I 
I 
a 
I 
I 

I 
I 
P 
I-  
E 
I 
i 

12 
.. . .  . ,  



I 
1 
I 
1 
I 
@ 
I 
I- 1 

I 

1 
1 
I 

2. T h e  datc ub:-:ir..:d + ~ e  should k-2 plo:.tcJ cn log,\- 
rithniic pr3b;ihility graph paper ,  the lo3jri thm 
a1 the  T e r m h a 1  Velocity (io inches  per minute) 
versus the Weight Pe r  Cen t  Smaller Than Indi- 
ca ted  S ize .  h typ ica l  c u m e  i s  shown in F ig .  3 
in the Appendix. 

N o t e s :  

1. Prior to conducting a n y  terminal velocity d is -  
tribution a n a l y s e s  in acco rdance  with th i s  
Code .  the Centrifugal C las s i f i e r  should be in- 
s t a l l ed  and calibrated in accordance  with the 
procedure descr ibed  in the Appendix. T h e  
calibration should  he checked  periodically by 
t e s t ing  a portion of mater ia l  previously tes ted  
which has  a known terminal velocity distribu- 
tion. 

2. Clean  the Cent r i fuga l  C las s i f i e r  thoroughly be- 
fore  each  t e s t .  making su re  tha t  no films re- 
main which would cause  d u s t  par t ic les  to ad- 
here to  the su r face  of the  apparatus.  

prop<r feed rete h?.; b-:::n obtairicd. A fe;.:l 
r a t e  01 oppm:inirt.:lj. 1 gram pcr niinu:r i s  
des i iab le .  Kith higher feed ra tes ,  the sample 
may not  he properly deagglomerated. If s u f f i -  
cient gross s a m p l e  i s  ava i l ab le ,  the C O K P C ~  

feed &e can he e s t ab l i shed  on a portion of the 
material  prior to  the  ac tua l  test  on the 10 gram 
sample .  O t h e w i s r  h e  feed  rate should Lw 
determined by u s i n g  a sample  having similar 
cha rac t e r i s t i c s .  

6.  All weights  shou ld .be  recorded to  the nea res t  
0.01 g r a m .  

4.03 -METHOD FOR THE DETERMINATIOH 
OF SPECIFIC GRAVITY 

References: 

1. ASTM Designat ion  C 18844. 'Method of T e s t  
for Speci f ic  Gravity of Hydraulic Cement." . 

3. Par t icu lar  care should  be taken  t o  insure tha t  
the 10 gram sample  used  in t h i s  t e s t  i s  re- 
presenta t ive  of the  g ross  s a m p l e  in r e spec t  t o  
particle s i z e .  

4.  The nitroaen  as pressure  should  not exceed  

Apparatus and Reagents:  

1. Le Chatelier F l a s k ,  conforming to  the dimen- 
s i o n s  shown & F i g .  11. 

I - .  

2. Funne l ,  long s t e m  (approximately 150 mm). one-hall  inch of mercury as  registered on the 
manometer. Hieher Drcssures wi l l  tend t o  blow 

V I  

the  sample  out of the  cup  sec t ion  in the upper 
rotor. T h i s  will  contaminate the sample  on the  
s top  ring. I f  t h i s  condition e x i s t s ,  i t  will  be 
ind ica ted  by a f ine  coa t ing  of material on the 
lock ring. 

3. Cons tan t  temperature Water Bath.  

4. Chemica l  Ba lance .  

5 .  Kerosene or Naphtha .  water  f ree ,  having a 
npec i f ic  gravity not  l ighter than 62 d e g r e e s  
API. 

6 .  Thermometers, s m a l l  spa tu l a ,  and scoop. 
5. T h e  sample  need not be inspec ted  dur ing  the  

subsequen t  mns (Steps 6 and  7) once  the 



5.01 P!c>;: T h c  tee,:: "w-ciZ!lt" i s u s , : ?  ~ I I  t l i ir  
C d e  i n  ncco rdmce  \rith the gcner.11 priictice 
alth.oi,;h hhc t c r m  - m u ~ s "  v:oul,l be tccl:cic.t!l)- 
cnl;nct. "Kei,o!tt" i s  by 2cfici; iuri  a [ ,xcc o! 

location and a l t i t ud? .  'Mass" i s  a propcity of 
mccter independent of the force of gravitational 
a t t ract ion.  

5.0.'? D:!scriplian of Czn:ii!iis-l Clu;ril i  Y .  

A Centrifxp.1 Cl:is:ilf;c,- s!i..ll lx uscl l  lo; tfiz 

T h e  instrument is a combination oir centrifuge- 
e lus ia tor  cons i s t ing  o f  a rotor assembly  dr iven  
by n totally enclosed electr ical  motor. T h e  mtnr 

i s  enclosed i n  a h o u s i z s  which a l s o  supp> 
sx~ulple f r c d  mcchonism. A typiccl i n s t r i m i n t  ot 
t h i s  type is shobvn in F ig .  1. T h e  motor ope ra t e s  
at  3500 rpm crea t ing  prec ise ly  controlled air  
ve loc i t ies  within t h e  air  sp i r a l  and  s i f t i ng  chamber 
o f  the  c e n t r i h g e .  T b e  u n i t  employs the  following 
opemt ing  principle:  

de!rrn;inntian of T e m i n o l  Velocity Distr ibi-  ilL0". . 

5,03 T h e  sample  i s  introduced into a s p i r a l  
shaped sir current flowing toward the center.  T h e  
sp i r a l  current of a i r  has  su i t ab le  va lues  01 tan- 
gential and radial  ve loc i t ies  so t ha t  a certain part 
of the sample  is acce lera ted  by the  centrifugal 
force toward the periphery of the w h i r l ,  the  other 
part of the sample  being carried by the  air current 
toward the center of the whirl by means  of  friclioo 
between the  air  and the d u s t  particle.  The s i z e ,  
s h a p e ,  and weight  of the par t ic les  d e t e r n i n e s  
which direction they wi l l  take in the a i r  current.  
By varying the  air  f l a w ,  i t  i s  poss ib l e  to  change  
the terminal velocity' limit of d iv is ion  and  t h u s  
the material  can  he divided into a number of frac- 
t i ons  with limited terminal velocity ranges .  

5.04 By referring to Fig. 2, the operation can  
be followed in grea te r  detai l .  T h e  sample p a s s e s  
from the feed hopper ( 5 )  down the  funnel and 
en te r s  h e  feed hole  (12) io the upper rotor assem-  
bly along with an extremely smal l  quantity of a i r  
moving st  high veLocity. In the sma l l  rotary d u c t  
(11) the a i r  ve loc i ty  is rapidly reduced as the 
rad ius  inc reases  and  the  conveyance o f ~ t h e  mate- 
r ia l  is taken over by centrifugal force. 
passage  through the  narrow duc t  (ll),  where the  
rotation of the a i r  i s  high owing to the  friction 
aga ins t  the w a l l s ,  the  pa r t i c l e s  a re  also giveo a 
preliminary ve loc i ty  in the  direction of rotation of 

During the 

t h u  r i r  i n  I::,: s!!;in; c 
somplc is  i n t r o d u c c l l  t iwugh ths s l u t  (E). 

! l ~ : r  (19). t o  whic!: I!.; 

r (IO! i 5  cr2,1:.il 5;; t!,.: v7-:: (I"] '.l ;' ~ 

:.:I i:, IiIc U ; , ~ C I .  r u t : : . ' .  1, a23. :cr , ' , ; j .  'I fi;s.: 
van-; draiv :ic L t w e e n  t l i c  grarlir.6 m s i a l c r  (15) 
and the  l o w e r  ro to r  assembly  castin; (1). As th: 
f a n  r u n i  e t  a cons tan t  s p e e d ,  the pmi t io i l  of the 

:in; pi.icc. (1.0 p r w ! : ~ e s  3 pr.2cI;tc.r- 

m i n d  flox o f  a i r  which i s  eaz i ly  alterell b> th: 
exchnng.: of throt t les .  

5.06 A I t c r  en te r ing  the anou!ar opening rhr a i r  
piissc-j  tk:oo:h a b a n k  of close!>- spaced  di,!;s 
I lHi  w h i c h  in iwr t  t L c  U F C C S S Z T ~  symioztricol 
rotstion to h e  air by the friction against tha 
d i sks .  T h e  a i r  then p a s s e s  in a sp i r a l  through 
the  s i f t i ngchamber  sod  i s  driven out through t h t  
vaned fan wheel .  T h e  des ign  is such that  a homa- 
geneous a n t o r y  field is es teb l i shed  in the s i f t i ng  
chamber with s t r eaml ines  having the some inclina- 
tion Lowards the rad ius  a n d  the same velocity a t  
every  point of an arbitrary circle  within the s i f t i ng  
chamber. 

5.07 The sample  ep te r s  the s i f t ing chambcr 
symmetrically from the duc t  mentioned above and 
i s  d iv ided  into two f rac t ions .  The lig!!ter lrirction 
i s  borne by the  sp i r a l  a i r  out through the  fan t o  
s tnp  ring where most  of i t  i s  deposited d u e  to the  
srrong c e n t r i b g a l  force and  the relatively low 
raJ in l  a i r  ve loc i ty  a t  this point. T h e  heavier  f r ac -  
tion is carried by c e n t r i f u g a l  force out aga ins t  the  
ro ia t ing  wa l l  o l  the ca tch  basin (20) where i t  l o r m s  
E drif t  un i fomly  d is t r ibu ted  around &e entire 
periphery.  

5.08 As all the su r face9  have  approximately 
the veloc i ty  o f  the s i r ,  the  treatment of t h e  mate- 
rial  i s  gent le  so t ha t  i t  is not worn during its 
repea ted  p a s s a g e s  through the appEratUS. 

5.09 T h e  method o t  introducing the  sample  ioto 
the air  s t ream insu res  good deagglomeration and 

d i spe r s ion  without fracture. The  feed hopper is 
shaken by the  vibrator (3), the amplitude of the  
vibration being controlled by a rheostat .  T h e  
sample  pesses s lowly  under the ad jus tab le  sl ide 
(4) where the revolving brush (6) a ids , in  p a s s i n g  
the  sample  into the feed tube (7). T h e  sample  
then pas.ses intoLhe rotary duc t  (11) through the  
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Iced h o l e  (12). Sitrogcn gas, un&r low pressure,  
i s  admiitcd to  the brush ch.mber through the s m a l l  
lube shown at  the right to  a s s i s t  i n  transporting 
the sample.  T h e  amplitude 01 the vibration, the 
posit ion o r  t he  ad jus l ab le  s l i de .  t h e  posi t ion 01 
t he  revolving brush,  and the  nitrogen llow rate  are 

so adjusted as to insure unilorm sample lIowrok 
with g o d  deagglomeration. 

5.10 Vnrious models  01 this  ins t rument  are 

avai lable ,  each  i n c a p o r a t i n g  v a r i o u s  modilica- 
Lions 01 the reed mechanism end housing. How- 
ever. the operat ing p r inc ip l e s  remain the  same. 
Dimensional d i l l e r ences  between var ious mcdels 

will produce di l lerent  r anges  or a i r  velocity and 
centri lugal lorce a t  t he  point where the sample  
enters  the s i l t i n g  chamber lrom t he  leed slot. 
The  actual  va lues  o r  t hese  paramcters  are not 
crit ical  as long as the terminal veloci ty  cut-points 
avai lable  with the throt t les  suppl ied provide an  
adequate nuaber 01 Lest po in t s  to  penni t  t be  
plott ing o r  a smoolh terminal velocity dis t r ibut ion 
curve over l he  range of 0.1 Lo 100 i n c h e s  per  
minute, 

5.11 Instollotion and Calibrmtion of  Centrifugnl 
Clossi l icr .  

Installation: 
Tbe Centr i fugal  C l a s s i f i e r  should be a s sembled  
in  accordance with he manufacturer 's  instruct ions 
and insta!fcd on a f i r m  table  or bench away lrom 
ovens, Iicntcrs, UT d i r e c t  d i a f t s .  T h e  instrument 
should be located io a room hav ing  a d u s t - h e  
atmosphere with a tempent i i re  range ol 65-75 F 
and relal ive humidity ol  less ih?n 50 p e r  cent.  

Ccl i t rc t ion :  

.l'he Ccn:::h,.:l Clzcs i5cr  s ! , i , u ld  lis o p i a t e d  in 

and the  "\:elhod lor t h e  Determination ol Terminal  
Velocity Dis:ributioo" during [he cnlibietion pioce- 
doic  CXCC;~:  li; ihe  rdlfi,ring r;ic.!ificnticns and 

accordance M~i& the nanurac tu re r ' s  inslructions 

q !p lc !m: : t ,  ' j ~  z icps.  

1. 

2. 

.. . .  . .~ 

larger than the Ihrottle cut-point). Calculate 
the  weight per c m t  or Ihe sample smaller  than 
the cur-point v a l u e .  Using a da ta  s h e e t  similar 
IO that  shown i n  Fig. 4 ,  enter this  v a l u e ,  to the 
nearest 0.1 per  cent ,  oppnsite the appropriate 
thrott le number  in the column label led T e s t  
No. 1. 

3. U s i n g  the second throttle, feed the  entire col- 
l ec t ed  lractian from the previous run through 
the c l a s s i l i e r .  r e i &  the  col lected h c t i o n  01 
t h e  sample.  Calculate  the total  weight per  cent 
of the original sample smaller  than th i s  cut- 
point. E o k r  t h i s  value opposite the appropriate 
throttle number in the same  column. 

4. R e p e a t  as above ,  using s u c c e s s i v e l y  a l l  the 
throt t les .  En te r  t he  cumulative weight per 
c e n t s  sma l l e r  than lhc indicatcd throtlle cut- 
po in t s  i n  h e  Test No. 1 column. 

5. R e p e a t  t h e  above procedure using t h e  s econd  
sample  01 t h e  s e t .  En te r  t he  t e s t  d a t a  in the 
column label led Tesl No. 2. 

6. R e p e a t  t he  above procedure using the  third 
sample  01 h e  s e t .  Enter  test  ?ala i n  t he  
column label led T e s t  No. 3. 

7. Average the d a t e  in the three columns IO the 
nearest 0.1 per cen t  lor each  of the thrott les 
and e n t e r  h e  averages i n  t he  column label led 
Test .%vg. 

Plot the  t e r m i n a l  velocity d a l a  enc losed  with 
the  Standard Samples  e5 shown in  the example 
in F ig .  5. . I  

9 .  On die p p i  drew a rer t ical  l i n e  up to  the 
lenninal ~ c l o c i t y  distribution &rve from the 
;ppropriaic > ic igb t  per  ;cot for thc 5 r s t  
thrott le.  From t be  iorersect ian 0 1  h i s  l ine and ' 
the cuwe, d n w  a horizontal  l ine to the lenninal 
w l o c i t y  s c a l e  on the  left.  I n d i c a l e  tLe throttle 
des igna t ion  i n  thc n:ar;in o;lpo:;ite t h i s  hori- 
z o n t a l  line. 

10. R e p e a t  the  i b o r e  s t e p s  lor each o r  the other 
throt t les .  The  l e m i n a l  velocity values i n t e r  
ccpted by I!;C hoi-izon!:il l incs  s r c  llie calihra- 
tion points f L r  :hc ;rs; ,cclive Iliiottle n w a h c r s .  
L ' a ~ e r  t!isce vc!oes to  lliicc : ~ T ; : I I ~ T C C : I L  li?:- _l. r C S  

8. 
, 

, 

. .  

in L ~ C  .rCriil. J ' C ~ .  coliiiin L!IC JC!:I 

11. T h e  terminal veloci ty  cut-point lo r  the thrott les,  
t h i i . s  &r:i:izd, shall  he vsed in t!>c dctsnnina-  

li?.ll \ 'ClOCi ; j .  ~ 1 : : ! r i S u t i o n  of 



d,,.:: s >  :;>Is<; i n  i ixr , . . ! :  

n i s : ! ~ d  dcsxi!,:J io h i ;  Cn.!:;. 
: ~ i : ' ,  tI12 t 

. ..: , ,,I..;,: Ti. 

l h c  c!k::i!>\!iioo o f  s t - c l o t d  saap lea  is Iiriiitrd 
In orllcr to obtain a sample set, the follo..sing 
qualificntiotls mus t  be  met: 

(1 )  User  possesses a ccntrifu;l~! c la i s i l i n i  o f  thZ 
type s p e c i f i d  i n  t h k  Corlc, 

(2) Staodud  s a m p l e s  are to be used  in conji,riction 
with the e leva t ion  of a i r  pollutioo c o n t r o l  

equipment,  and 

(3) No m ~ r c  thcn on.: x t  o f  s 
per ).car U " l C . 5 5  a K ? , U '  rc;ldu 

on the centrifugal c lnss i f ie r .  

. .  . 
L 1 U  "c7:Y ,?,L..,JC 

Address all requests for s t a n d a d s a m p l e s  to 
Chairman. Power T e s t  C d e  Committee No. 28, 
c/o  T h e  Accr ican  Socie ty  of 5lechanical Engi- 
neers .  315 East 47th Street. Y e w  York, N . Y .  
10017, along tiilh $5.00. to cover handling and 
mailing expenses .  

5.13 Relationship Between Terminal V e l o c i v  
and Part ic le Diameter. Terminal Veloc i ty  Distri-  
bution, def ined  e l sewhere  in th i s  Code, is a 
property of d u s t  t ha t  h- a major effect on the 
performance of many types  of dus t  separa t ing  
appara tus ,  in particular,  those  which ut i l ize  
iner t ie l  or centrifugal forces to sepa ra t e  the dus t  
from thc gas  stream. For this type of equipment,  
the par t ic le  Terminal Velocity i s  a more 5 i g . f '  I I 1cant 
parameter &an the a c t u a l  par t ic le  dimensions b r -  
cause  i t  inc ludes  the  effect  of par t ic le  shape  and  
spec i f i c  graviry Io! each  particle.  T h i s  is 
espec ia l ly  important for he te rogeneous  d u s t s  t h a t  
are composed of pa r t i c l e s  of varying shape  and 
spec i f i c  gravity.  For example,  a portion of  d u s t  
may c o n s i s t  of hollow par t ic les  with an ef fec t ive  
spec i f i c  gravity cons iderably  lower than the 
everage value as determined by ana lys i s  of the  
hulk sample. From microscopic measurement o f  

~ I h e  particle d h ~ e n s i o n s ,  combined with the  average  
s p e c i f i c  gravity va lue ,  one might conclude tha t  a 

t 5 c y:,i.? : i "; I-,:, j/ . 

coll::ct iI:e:,u p.ir:iclas, ~11er~:zs  i!i f a c t ,  these 
particle; i i n u l J  h.ivc 3 much Ici-cr TcmiincI  Vc- 
loci!; t!;.~: cu!culLtccl >:,x! wmzld esc~':',: 

t ion.  

5.l:! t l u w s v c r .  since d a s t  " s i z e  d is t r ibu t ions"  
a re  comnnuly given i n  terms of  particle s i z e  
rather than Tr rminc l  Velocity.  F ig .  6 i s  included 
in th i s  CoI:: as n n l c i m s  01  cor\crtin: Tcrininol 
Velocity va!\!cs to  equi:.o!;rt soli,! r:hc;icol 
par t ic le  L i d u e t ~ : r s ,  fw ': givcu sprci!ic p . . i t ; ; .  
!Thenever this cank~cr s i an  is used ,  the r<>ul t ing  
particle d iameter  s h u u l d b c  clear ly  labeled as an 
'Equiva len t  Solid Spheric21 P d t i c l e  Di.-<!cter 
based oil Sto!.cs' L a v :  or:.I :! s j c c i f i c g a v i t j .  
- r  - - . .-' 

x. 

5.15 This interie!ation of  particle d i n e m i u o a ,  
s h a p e ,  nnll spec i f i c  p v i t y  is the bas ic  reo500 
why "pu : i c l e  s i z e "  analyses determined by dif-  
ferent methods can  se!dom be correlated a l thouzh  
e a c h  method may give cons i s t en t  and reproducible 
v a l u e s  of the  par t icu lar  d u s t  property which is 
measured. 

Notes: 

II it i s  des i r ed  to use the  Stokes' Lnw formula 
given on F i g .  6, i t  may be murr convenient to use 
the following un i t s  with a conversion faciar rather 
than &e b a s i c  c g s  s y s t e m  of units. 

v =  K D ' h  - p J  ~ 10-1 
7 

where: 

V = terminal ve loc i ty .  in in./mia. 

D = particle d i ame te r ,  in microns 

p,  = spec i f i c  gravity o f  particle relative to  

water at 4 C. 

p, = s p e c i f i c  gravity o f  fluid relative to  water  
a t  4 C. 

1 = v i scos i ty  of f luid,  i n  p o i s e s  

K = 12.93' = convers ion  fac tor  far un i t s  used. 
~~ 
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FIG. 2 CROSS SECTION OF CENTRIFUGAL CLASSIFIER 
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APPENDIX C 

VISIBLE EMISSIONS 

Includes:  

C . l  Observer C e r t i f i c a t e s  
C.2 EPA Method 9 and Method 22 
C.3 F i e l d  Data S h e e t s  



APPENDIX C.l 
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Appendix A - Reference Methods 

t t t t 

l4ETHOD 22--VISUAL DETERMINATION OF FUGITIVE 
EMISSIONS FROM MATERIAL PROCESS1 NG SOURCES 

Preamble - 

This method involves t h e  v isua l  de te rmina t ion  of f u g i t i v e  emissions; 

i .e. ,  emissions not emitted d i r e c t l y  from a process  s t a c k  or duct .  F u g i t i v e  

emissions i n c l u d e  s u c h  emissions as those :  

equipment exhaust  hoods; ( 2 )  emit ted du r ing  ma te r i a l  t r a n s f e r ;  

(3) emit ted from b u i l d i n g s  housing m a t e r i a l  processing o r  handl ing  equipment; 

( 4 )  emit ted d i r e c t l y  from process  equipment: 

. 

(1)  escaping c a p t u r e  by process 

This'method does  not r equ i r e .  t h a t  t h e  opac i ty  of  emiss ions  be 

determined. 

any v i s i b l e  emissions occur during t h e  obse rva t ions  per iod;  i.e.. t h e  

accumulated emission time. 

determination of  w h e t h e r  or no t  v i s i b l e  emissions e x i s t  and does n o t  

require the de te rmina t ion  of  opac i ty  levels,  no spec ia l  i n s p e c t o r  t r a i n i n g  . 
is required.  

l .  P r inc ip l e .  F u g i t i v e  emissions produced d u r i n g  material processing; 

handling, and  t r a n s f e r  o p e r a t i o n s  are v i s i b l y  determined by an observer  

without t h e  a i d  o f  ins t ruments .  

I n s t e a d ,  t h i s  method de termines  the amount of 'time- t h a t  
, 

Since  t h i s  procedure requires on ly  the 

e -  

. .  

. -~ . .  .. 
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/ 2.  Appl icabi l i ty .  T h i s  method i s  app i 

I 
frequency o f  f u g i t i v e  emissions from s t a  

a s  the ' t e s t  method f o r  determining compl 

standards.. This method i$ a p p l i c a b l e  to  

o r  outdoors. 

3. Definit ions 

. .  

i c a b l e  f o r  the dt. tennination o f  the  

ionary  sources only when s p e c i f i e d  

ance with new source performance 

emission sources loca ted  indoors  

3.1 Emission Frequency. The p e r c e n t  of '  time emissions a r e  v i s i b l e  

during the observa t ion  per iod.  

3.2 Emission Time. The accumulated amount o f  time t h a t  emissions 

a r e  v i s i b l e  during t h e  observa t ion  per iod .  

3.3  Fugitive Emission. The p o l l u t a n t  generated by an a f f e c t e d  

f a c i l i t y  which i s  n o t  c o l l e c t e d  by a c a p t u r e  system and is re leased  t o  the 

atmosphere. 

3.4 Observation Period.  The accumulated time period d u r i n g  which 
. .  

observations a r e  conducted,  not  t o  be less than 6 minutes. 

4. .  Equipment . ~ 

.. 

4.1 'Stopwatch. Accumulative t y p e  stopwatch w i t h  a swee i  second hand 
. .  - . .  . 

~ .~ - .  - 
and u n i t  d iv i s ions  of 'a-t l e a s t  one-half  second; ~ t . 0  required.  

.. . .. 
4.2 L i g h t  Meter. L ight  meter capab le  o f  measuring i l luminance i n  the  

50 t o  200 lux (lx.) . range;  r equ i r ed  f o r  indoor  observat ions only: 

5. Procedure 

5.1 General. The i n s p e c t o r  surveys  t h e  a f f ec t ed  f a c i l i t y  o r  bui ld ing  

o r  s t r u c t u r e  housing t h e  process  u n i t  t o  be observed and determines the  

loca t ions  of p o t e n t i a l  emissions.  The obse rve r  t h e n  chooses a s u i t a b l e  

observation pos i t ion .  

t h e  observer chooses an observa t ion  l o c a t i o n  which  permits observa t ion  o f  

. .  . .  
~ 

_. 
I f  t h e  a f f e c t e d  f a c i l i t y  is loca ted  i n s i d e  a bui ld ing  - -  

. .  . 

41 . -  . .. 
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t he  emissions in  a m n n c r  c o n s i s t e n t  w i th  t h ~  rcquircinents of the zppl icable  

regulat ion ( ; . e . ,  o u t s i d e  obse rva t ion  of  emissions escaping the building/ 

s t r u c t u r e  o r  i n s i d e  observa t ion  of emiss ions  d i r e c t l y  emit ted from the  

a f f ec t ed  f a c i l i t y  process  u n i t ) .  
* 

5.2 Posi t ion.  The obse rve r  s t a n d s  i n  a p o s i t i o n  whfch enables a,, 

c l e a r  view of  t he  p o t e n t i a l  emission - p o i n t ( s )  of the  a f f e c t e d  f a c i l i t y  o r  

of  the bui lding o r  structure housing t h e  a f f e c t e d  f a c i l i t y .  a s  appropr ia te  

f o r  the appl icable  subpar t .  

t h a n  one-quarter mile from t h e  emission source  is  recomnended. For ' 

outdoor loca t ions  t h e  observer  should be pos i t i oned  so t h a t  the sun , i s  

not. d i r e c t l y  i n  t h e  obse rve r ' s  eyes. 

A p o s i t i o n  o f  a t  l e a s t  15  feet  but  no more 

. 
5.3 Fie ld  Records 

5.311 Outdoor Location. The obse rve r  s h a l l  r e c o r d ,  the following - 
information on the  f i e l d  ddta  sheet ( F i g u r e  1 ) i  'company name, industry.  

process  u n i t ,  obse rve r ' s  name, o b s e r v e r ' s  a f f i l i a t i o n ,  and date .  Weather 

condi t ions .  inc luding  est imated wind speed,  wind d i r e c t i o n ,  and sky condi t ion 

will be recorded. 

and s h a l l  no te  h i s  l o c a t i o n  r e l a t i v e ' t o  t h e  sou rce  and t h e  sun. .The poten- 

t i a l  and ac tua l  f u g i t i v e  emission p o i n t s  should  be ind ica t ed  on t h e  sketch. 

The observer  s h a l l  s k e t c h  t h e  process  u n i t  being observed 
. 

. 
. .  . 

5.3.2 Indoor Location. The obse rve r  s h a l l  record  the following i n f o r -  - 

rnation on t h e  f i e l d  d a t a  sheet (F igu re  2): company name, indus t ry ,  process 

u n i t ,  observer ' s  name, obse rve r ' s  a f f i l i a t i o n ,  and da te .  

and intensi ty  of l i g h t i n g  wi l l  be recorded a s  a p p r o p r i a t e  on t h e  da ta  . 
shee t .  

n o t e  h i s  l o c a t i o n  r e l a t i v e  t o  t h e  source.  The p o t e n t i a l  and ac tua l  f u g i t i v e  

Thesype.  loca t ion .  

The observer  s h a l l  ske t ch  t h e  process  u n i t  being observed and s h a l l  
. .  .~ 

-mis s ion  p o i n t s ~ s h o u l d  be i n d i c a t e d  on t h e  ske tch .  

1 .  
. .  

. .  
. .  .. . '42 . 
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I n d u s t r y  

s 

P r o c e s s  U n i t  

/' 

FUGlTIVE EMISSION I f ~ S P E C T I O N  
OUTDOOR LOCATION 

C o w a n y  

L o c a t i o n  

Company Rep. 

Sky C o n d i t i o n s  

P r e c i p i t a t i o n  

I n s p e c t o r  

Aff i l f  a t f  on 

D a t e  

Wind Direct ion 

Vind  Speed 

~. .- 
. .  

OBSERVATIONS : 
.. . .  

O b s e r v a t i o n  .-  

P e r i o d .  I 
D u r a t i o n  . . 

. '. 
Ofin: S e d  

Accumulated 
E m i s s i o n  : 

Time 
(Hin: S e c )  

_ .  

Clock 
Time 

Regin Observation 

- - .  - -  

'LA O b s e r v a t i o n  
. .  

r . .  .~ FIGURE 1 
. .  . 
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F I E L D  DATA SHEETS 
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. , . .. . 

Hours o f  Observat ion / 33-7 - I6 Y 

Discharse L o c a t i o n  J q T L 6 7  - *g ,&7cr6( &ETTLE 

Heic,ht o f  Po in t  c f  ! i ischirgc 6 0 ' , > a A  GKUUMD 

Observe r ' s  L o c a t i o n :  

D i s t a n c e  t o  Cischarge P o i n t  J$ ' 
H e i g h t  of Observa t i on '  Po in t  

D i r e c t i o n  f ro?  Discharge  P o i n t  ./& 

L a ' i R v n  O - I ~ V U ~ D  

B.xky-our.d 0 - s c r i p t i o a  f ' L A r / T  ~ U I L  D l d L - 5 .  

I .hatl i?rc C1e.i.r Overcas t  cG& Other  C o l o r  

Wind O i r e c t i o n  ,d W \ l i nd  V e l o c i t y  s- / Q  m i / h r  
qZ"F 

Plm4 C e s c r i p t i o i i :  

Detached: @ No 

Color: Slack  @ O t h c r  

P l u m  D i s p e r s i o n  E z h a v i o r :  Loop ing  ' go- Fanning 

L o f t i n g  F u n i q a t i n g  Other  
I 

Est i rnzted D i s t a n c c  P!u=: V i s i b l e  30 
Surrmry o f  Obscr-:at icnr: 

o p x  f t?  

D 
5 

10 
15 
20 
25 
29 
2; 
40 
4 5  
50 

5 n in .  sec. - 55 
60 
65 

c; 
9'; 
95 

100 



cL( T L E T  S T A C K  



- 
Connnents:~ + 

_ .  

! 
\ 



. .  

- 
Cornmen ts : 5 

- .  . 
\ 



. .  . . ~. . .  . . _. . .  

D i r e c t i o n  f r o 3  Oischsrg? P o i n t  N E  

~ 

B x k g r o u c d  k s c r  i p t i  oi l  

Hzathzr.: C loc i -  Overcas t  c Part ly Cloudy) Other  C o l o r  
. . .. 

.__ 

.. - ~ 

b l ind D i r e c t i o n  J d  Gli nd Vel o c i  ty  ?' m i / h r  

P1 ur2 C e s c r i p t i o n :  

Detached: Yes ('9 
Co lo r :  B lack  (3 L~~ O t h z r  

0 
5 

10 
1'5 
20 
25 

, 29 
23 
40 
4 5  
50 

min. set .  55 
60 
65 
70 
75 

,89 

9:: 
95 

100 

0 7  
.I _. 





- 
Comen t s : - 



, 

-- 

Bxk5roucd Dnscript 'oa BLy E JY'/ 

\!?a t k  rr @ Overcas t  P a r i l y  Cloudy Other Col o r  

blind D i r e c t i o n  L V - F W  blind Veloci ty  113 m i / h r  

P1 LIE+ Cescri  p t i  on : 

Detached: @ No -~ 

Color: Black Otkr 

P lum D i s i e r s i o n  E 2 h a v i o r . e  Coning Fanning 

L o f t i n s  Funiqzt ing Other 

EsCirrizted Dis tancf  F!u;2 Vis ib l e  ~ O - Y O  

S u r m r y  of Observaticn: : 

.- 

0. m i n .  sec.  55 
5 60 

10 65 
70 
75 

1.5 
20 
25 . E9 
39 .I 2 

25 9': 
95 

109 
40 

. 45 
50 

* ?  



r 







.. p'i 
1 

-- 

Direct ion fi-oa Discharge Poin t  -sE 

Baclqround D i s c r i p t i o n  6~ LI L 5-/<)' 

\!zatiic-r: Overcas t  P a r t l y  Cloudy Other Color 
/ 

blind D i r e c t i o n  blind i re loci ty  2-5' r n i l h r  

P1 ur2 Cescri p t i  on : 

Detachsd: @ No 
. ;  

g! . .  Color: Black @3J O t h z r  

Plume O i s i e r s i o n  Eshavior :  Looping , ' & n q  FanEing <-- 
.f . .  

Loftin: Funigating Other 

Es t imteC  Dis tance  F l u z  Visible 1>.--3d F 6 ~ 7  - 
S u r r n r y  o f  Obser:.aticnr: 

0 
5 

. 10 
15 
20 

inin. SEC. 55 
60 
65 
70 
75 





I I' / Plant Address: ,G??T J&?26F, i?&%d 
Stack Locetion: O Y ~ L E  T- e-5 KE-TTLE 

Weather Conditions: L L E , $ ~ -  d ~ c t  13 Jlc/  
Observer's Location: 7 5 ' 5 ~  O F   nil/;^ 

''I c-c"v-3 

: 

, Coments:~ I 
.- 

\ 



/ 
Distance t o  Cischarcj? Pcint  2.0 sc,u 
i f e i g h t  of Observat ion '  Poin t  30 -3 L'pdum & ~ c u w ~  

Direct ion fi-o;;l Gischarg? Poin t  

~ . 

G - w  7// 
r.) 

Bzclqround D i s c r i p t i o a  & L U E  F K y ,  
I 

k!sathc.r.: Overcast  P a r t l y  Cloudy Other Color 

blind 5 i r e c t i o n  /,P-J@ blind i l e loc i ty  2-f rnilhr 

Plur+ Cescr ip t ion  : 
& ' / L  LIm E Detached: Yes N 0 

Color: Black I.!hi:e 0th.r 

P lum Dispers ion  Ethavior :  Looping Coning Fanning 

Loft ing FuziSating Other +- E s t i m t e d  Cis t ancc  F l u ~  Vis ib l e  

Surrmry o f  Obser*:aticns: 



.- 
\ 

1 



I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 

a!/ 

1 

k 
il' 
I '  





I 
I 
I 
I 
I 

Stack  Locet ion:du r(cr-4 
Weather Cond i t ions :& 

1 1 '  
Coments: 

I 
I 
.I ' ,  

- 
\ 



I 

Light type  ( f l u o r e s c e n t ,  incandescent ,  n a t u r a l )  r ,  T P W  ~ 6' ,? 

Light  loca t ion  (overhead. behind obse rve r ,  etc.) OVFP. \ - \ c f l r l  

I l luminance (Tux or foo tcand les )  

Sketch p rocess  u n i t ,  i n d i c a t e  obse rve r  p o s i t i o n  r e l a t i v e  t o  source ;  i n d i c a t e  p o t e n t i a l  
emission p o i n t s  and /o r  a c t u a l  emission poin ts .  a k  L r ~  1r.a 

- 
I 

t I -  
1 '30  

OBSERVATIONS 

Begin Observa t ion  

End Observat ion 

., 

I FIGURE 2 
44 



Height of Chservat ion '  Poin t  7 d  'Fh- C - , V U M - ~  - -  

Direct ion f r o 3  Discharge Point  .WE 

Bzck5rour.d k s c r i p t i o n  ~ ' C M  E. / K  

\kathzrs  Cleat- Overcast  P a r t l y  Cloudy Other Color f l l L / i  " y  

('d ' /find Veloci ty  S-/O r n i l h r  
.a 

Wind Di rec t ion  

Pluz+ Cescr ip t ion :  

N U  ?LA m .€ Detached: Yes NO 

Color: Black I.!hi:e Otkr <I%- 
Plum Dispersion Eshavior:  Looping Coning Fancing 

7 

Loft ing Furniqating Other &"A .' - 

Estinizted Distance F l u x  Vis ib le  N/4 - 
S u n x r y  o f  Observat icns:  

O p z c < t v  L ~ : ? I - C C E - ~ ?  T;',T~ r: 2 x c i t v  -.. ODzcitv A t ? r ? c 3 t i  ii:.:? 9 - ! k c :  t y  

0 .  n i n .  sec.  55 
5 60 

10 65 
15 70 
20 7'; 
25 E9 
39 .I -4 

25 92  
40 95 
4 5  103 
50 

* r  



. . - .  

torments: - 

.' i 

. y  

~ 1'. 
.- 

\ 



.- , 

' I  

Typ? of 2 l a n t  Date / c  -36 -fd 

Discharse Loc3tion O&TL€T- S ~ I .  C C u  Lo-'vEyfiff @26kdSL 

Height o f  Point  ci Eisch-rgr  / m ' i r % i ~  

Observer ' s Locat i an : 

Lf''w--'y 

Distance t o  Cischars2 Pc in t  3 0 

Height of Observation'  Po in t  7 0  ' H o r n  C - f o w - 3  

Direct ion f r o 3  Discharge P o i n t  /t/ 

.- 

Bzckground Dnscript ioa & L I E  JKy 

\!sathzr: Cleit- Overcast  4 1 x 9  Other Color 

blind Di rec t ion  5-@ blind Veloci ty  A' m i / h r  

P l u r ?  Cesc r ip t ion :  
io p L 4 1 w E  

D e t a c k d :  Yes NO 

0 
5 

10 
1'5 
20 
25 
3 
25 
40 
4 5  

7 5  
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I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
Y 
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Comnent’s:: 

I 



t 
I 
‘I I 

Comments : 1 



. .  

i 
4 

0 1 
I' I 

I 
I 
I 
I 
1 
1 

. .. . .~ . .  . ~ . .. . . .. . 
. .  . .~ . - .... ~. . . .  . . _. . .  

Dischar?? Location D A . ( T L C T  c ~ L L E c T ~ ~ - ~ ~ A L ~ - I - ~  6 oP-=f lATT/u.r  

Height o f  F a i n t  c f  Cischarge 5'0 ' F f l h -  

Observer 's  Location: 

#e L-6- 6" 7 
&K'UWLI).D 

Distance t o  C i s c h a r y  P o i n t  75' 

H e i g h t  o f  Observation' P o i n t  G f o = -  L C W F L  

Direct ion f r o ?  Discharg? Point  -s#/d 
Bzcky-ound Doscription 1 , 

Wsathsr.: Clear Overcast  c-2 P a r t l y  Cloud Other Color 

blind Di rec t ion  Sc.J blind Velocity 5-- 0 rni/hr 

P 1 uc+ Ce s c r i p t i  on : 
/ / U L / E  Detached: Yes No 

Color: Black Khite  O t h z r  

Plume Dispersion Eehavior: Looping Coning  FanRing 
/ l / d  . /E 

Loftins Furniqating Other 

Es t imteG Distance F l u z  V i s ib l e  L - 
Surrmry o f  Observaticns:  

Op2c<t:; .Ln?l-:caf2 Ti;- C,ssciiv* Opici tv  Acrrec5ts i i ?  q.??:C! t Y  

0 .  inin. sec.  55 
5 60 

10 65 

45  
50 

92 
95  

109 
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Cements: 
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Observzr 's  Location: 
/ 

Distance t o  Cischarcj? P c i n t  7r 
Height of Observat ion '  Po in t  JK'OUP L E M L  

Direct ion fi-oa Discharg? Po in t  Jd 
Bzck5round Cesc r ip t foa  8 L ' f E  J K y  
\!2athc-r: Clz- Overcast  P a r t l y  Cloudy Other Color 

Wind Direc t ion  w x  blind \reloci t y  I 0 - 15' m i / h r  
0 

PluK? Cesc r ip t ion :  

D z t a c k d :  Yes NO N O  pd kh7.E 

Color: Black I.!hite Otkr  (48 

Plum Dispersion Ethav io r :  Looping Coning F a n r i n g  

Lof t in s  Fuzisa t ing  Other e / d  ' - 

Estirriztci Dis tance  Plu.;.z V i s i b l e  

Surrxzry of Observaticn:: 

inin. sec .  55 
60 
65 
70 

92 
35 

103 / 



\ I 



. .. . . . . . . . . _. 

Observe r ' s  L o c a t i o n :  

. D i s t a n c e  t o  C i s c h a r y  P o i n t  
/ 

H e i g h t  o f  Observa t i on '  P o i n t  G f i ~ r  0 L / ? J r F L  

D i r e c t i o n  f r o 7  D ischarg?  P o i n t  S L d  
, 

/ L V €  5iry 

O v e r c a s t  P a r t l y  C loudy  O t h e r  C o l o r  



Comen t s : : 



Detached: Ye 

Color: Black 

P l u m  Dispers 

XO f L 0  jPLU"h" 

I.!hite Otkr </& 
on Ethavior :  'Looping Coning Fanning 

L o f t i n s  FuniSzting Other +- E s t i m t e Z  Distance P ? u . ~ n  V i s ib l e  

Surrmry of Observa t i  cns : 

0 
5 

10 
1'5 . -  

20 
25 

. min. S€C 55 
60 
65 ~~ 

70 
7 5  

.en 
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APPENDIX D 

DAILY SAMPLING LOGS 

Includes: 

D . 1  Daily Summary Log 
D . 2  Field Notebook 

.. . . . . .. . . . . ~~ . ~ . - ... - .. - -.-. . 
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DAILY SUMMARY LOG 
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DAILY SUMMARY LOG FOR TESTS AT THE KETTLE CALCINER NO. 5 
BAGHOUSE INLET AND OUTLET ON OCTOBER 28 ,  1380  

AT U.S. GYPSUM COMPRNY, FORT DODGE, IOWA 

Time P a r t i c u l a t e  T e s t s  ( B a t c h )  S t a c k  V i s i b l e  E m i s s i o n s  
I n l e t  O u t l e t  

1 3 5 9  

1400 
1422  

1 5 2 0  

1524 

1530  

1548 

1640 
1 6 4 2  
1644  
1657 

1730 
1820 

1 8 2 1  

1850 

1856 

2011  

Began t e s t  111 
Stopped t e s t i n g  t o  

c h a n g e  ports 

Resumed t e s t i n g  a t  

F i n i s h e d  t es t  8 1  
except for l a s t  p o i n t  
d u e  to p l u g g i n g  

POKt 2 

Began tes t  112 

Stopped t e s t i n g  t o  
c h a n g e  ports 

Resumed t es t  a t  port 

T e s t  stopped due to 
2 

p l u g g i n g  

O b s e r v a t i o n s  b e g a n  on 
b a t c h  k e t t l e  NO. 5 

Began t es t  #1 

Stopped t e s t i n g  to 

Resumed t e s t i n g  a t  
c h a n g e  ports 

p o r t  2 

O b s e r v a t i o n s  f i n i s h e d  
F i n i s h e d  t e s t  Y 1  

Began t e s t  # 2  

T e s t i n g  stopped t o  

Resumed t e s t i n g  a t  

F i n i s h e d  t e s t  # 2  

c h a n g e  ports 

po r t  2 



DAILY SUMMARY LOG FOR TESTS AT THE KETTLE CALCINER NO. 5 
BAGHOUSE INLET AND OUTLET ON OCTOBER 29, 1980 

AT U.S. GYPSUM COMPANY, FORT DODGE, IOWA 

Time Particulate Tests (Batch) Stack Visible Emissions - 
Inlet Outlet 

0858 

0940 
0943 

0945 
1057 
1105 

1113 

1128 

1145 
1153 

1200 
1202 

1210 
1233 
1245 

1344 
1400 

1459 

Observations began on 
batch kettle No. 5 

Began test Y3 
Stopped testing be- 
cause of steam 

Began test 113 

Stopped testing to 

Resumed testing at 

Observations finished 

change ports 

second port 
Observations began on 
Bagger 113 

Test began again 
Testing stopped to 
change ports 

Testing resumed at 

Finished test Y3 
2nd port 

Obseevations stopped 

Finished test 13 
Observations continued 

Observations finished 
Observations began orl 
Stucco Conveyor Bag- 
house 

Observations finished 

on Bagger 13 

I 
1 
I 
I 
1 
1 
I 
I 
I 
I 
I 
I 
I 
I 
1 
-1 
I 
I 
I, 



D A I L Y  SUMNARY LOG FOR TESTS AT THE KETTLE CALCINER NO. 5 
BAGHOUSE INLET A N D  OUTLET ON OCTOBER 30 ,  1980 

AT U.S. GYPSUM COMPANY, FORT DOffiE, IOWA 

- Time P a r t i c u l a t e  T e s t s  ( C o n t i n u o u s )  S t a c k  V i s i b l e  E m i s s i o n s  
I n l e t  O u t l e t  

0903 

0930 
0935 
0940 

1008 

1015 

1018 
1035 

1 1 0 2  
1115 
1130 

1155 
1230 
1250  

1310 

1312  
1322 

1350 
1354 

1404 
1440 
1452 
1 5 2 3  
1524 

1527 

1533 

1553 

1 5 5 9  
1603 
1639 
1704 
1737  

1740 

1810 

Began tes t  S 4  

S t o p p e d  t e s t i n g  to  

Resumed t e s t i n g  a t  
c h a n g e  po r t s  

2nd p o r t  

F i n i s h e d  tes t  1 4  

Began t e s t  # 5  
S t o p p e d  t e s t  to 

c h a n g e  ports 

Resumed t es t  a t  2nd 

F i n i s h e d  t es t  115 
p o r t  

Began test #6 

S t o p p e d  t e s t  to 
c h a n g e  p o r t s  

Resumed t e s t i n g  a t  
2nd port 

F i n i s h e d  test #6 

Began t es t  1 4  

T e s t  stopped to 
c h a n g e  ports 

Resumed t es t  a t  
2nd p o r t  

F i n i s h e d  tes t  114 

Began t es t  115 

T e s t  s t o p p e d  t o  
c h a n g e  po r t s  

F i n i s h e d  t es t  115 

Began t es t  #6 

T e s t  s t o p p e d  to 
c h a n g e  ports 

Resumed t e s t i n g  a t  
2nd p o r t  

F i n i s h e d  tes t  #6 

O b s e r v a t i o n s  began  o n  
S t u c c o  Conveyor Bag- 
h o u s e  

O b s e r v a t i o n s  f i n i s h e d  

O b s e r v a t i o n s  b e g a n  on 

O b s e r v a t i o n s  f i n i s h e d  

O b s e r v a t i o n s  began  on 

Bagger 1 2  

Kettle Y5 

O b s e r v a t i o n s  s t o p p e d  

O b s e r v a t i o n s  c o n t i n u e d  

O b s e r v a t i o n s  f i n i s h e d  
Began t e s t  4R 
S t o p p e d  test to 

c h a n g e  ports 
Resumed test a t  2nd 
por t  

F i n i s h e d  t es t  Y4R 



I 
I 
I 

DAILY SUMMARY LOG FOR BOARD END SAW AND KETTLE 
CALCINER NO. 5 BAGHOUSE OUTLETS ON OCTOBER 31, 1980 

AT U.S.  GYPSUM COMPANY, FORT DODGE, IOWA 

Time Particulate Tests Stack Visible 
Board End Batch Kettle Emissions Fugitive 

Saw No. 5 Outlet Emissions 

0830 

0852 

0909 

0945 
1105 

1108 

1113 

1115 
1125 

1135 

1140 

1200 
1215 

1233 
1310 

1330 

1335 

1415 

1435 
1517 

1607 
1627 

1635 

1647 

1655 
1710 

1830 

1840 

Began test C7 

Observations 
began at Bagger t2 

Observations 
finished 

Observations . 
began at Batch 
Kettle #5 

Began test 3R 
Stopped testing 

to change ports 
Observafions 
finished 

Resumed testing 
at 2nd port 

Observations 
began at board 
end saw 

Stopped testing to 

Resumed testing at 

Finished test 17 

change ports 

2nd port 

Observations 
stopped 

Began test U8 

Stopped test to 
change ports 

Finished test 3 R  
Observation 
Continued 

Observations 
stopped 

Resumed testing at 

Finished test 118 
2nd p o r t  

Observations 
continued 

Began test t9 
Stopped test to 
change ports 

Resumed test at 
2nd port 

Observations 
finished 

Finished test 19 
Began Particle 
Size test 

Observations 
began 

Observations 
finished 

Finished Particle 
Size test 

.I 
I 
I 
1 
(I 
1 
1 
1 
I 
f 
I 
'1 
1 
I 
1, 
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I 
8 4 5 8  

Plant 

Oats 

Run No. 
Filter Co. 

Amount liquid lost during tr.nrpor( 

Acetone blank volume, ml 

Acetone wash volunie. ml 

Acetone blank conontration. r n g h g  (equatron 54) 

Acetone wash blank, mg (equalion 5.5) 

- 

Weight of paniculate rnaner 

I WATERCWECTED 

' C O N h  WEIGHT OF WAER TO VOLUME BY DIVIDING TOTAL WEIGHT 
INCAEASE BY DENSITY OF WATER (lg/ml]. 

INCREASE' ' 
1 g/ml 

: VOLUME WATfR. r d  

Flgure 5-3. Analylical dala. 
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121: 1574 FEDERAL REGULATIONS . 
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Figure 54. Leak check of meter box. 
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LABORATORY DATA SUMHARIES 
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c3 
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P. 
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0 
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n 
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r -  u g  
K O  
W 4 ;  
ul 
W 
K 
W 
I 
I- 

I 
u 
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I 
I 
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t 
I 
I 
I 
I 
I 
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I 
1 
I 
I 
1 
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PARIICULATE TEST DATA 

Barrmrnic Pressure - in. Hg 
S c a d  Area - Ft2  
Nozzle Diameter - in. 
T o t a l  S q l i n g  Time - m i n ,  

Calibrarion Facror 
Piror &efficient 
Average Square Paor of Velociry Head (in. 
Average Orifice Pressure h p  - in. H20 
Average k t e r  T q e r a t u r e  OF 
Avenge Srack Ressure - in. Hfl 
Average Stad Temperature O F  
bkrer V o l e  a t  !lecer C o d i r i o n s  - Fr3 
Toral  Waxer Vapor Collected - m l  

% a02 in Srack Gas (Dry) 
'L 02 in Stack Gas (W) 
J CO in Scack Cas (W) 

35.3 L/ 
- 4 9  

20.9 

Total Paniculate  Catch - Mg .< 70 12.7 2 

% Hydrogen in Fuel 
1 Carbm in Fuel 
% Sulfur in F u e l  
% Nirmgm in Fuel 
t Oxygen in Fuel  
Gross Califoric Voluw o f  Fuel - B?U/lb 

k r e r  Vollme a t  Standard Condirions (Dry)-Fr3 2,'7 
% H20 Vapor in Stack Gas i Z . 7 2  
b b l d a r  Weight of Snack Gas Wet) 7 -  ,b ,W 
Average Velociry o f  Stack Gas - FRI ?%j 7 
kml S c a d  Gas Flowrate - X\cnt 2.727 
Stack Gas Floware (0.0% H?O; m) 
'L Isokineric (Avg. Nozzle Vel/Ave. Stk Vel) 
Particulate Cmcentrarim-ib/DSff 0. 00~153~ 
Parriculare Emission Rate-lb/hour 
F Factor - DSCF/hPI B?U 
Paniculate Emissions - IbsfiM Bi'U 

- E€F 1 low 
!nq.q 

Ll S L  , 0 



P bar 
A3 
En 
Time 
Y 

CP 

AH 
Tn 
Psrk 
Tstk 
Vm 

In 

(Ap) 

W z  

02 
m 
Inputs 

nl 

% H  
% C  
% S  

% N  
t 0  

Go/ 

Calculated 

Vm (srd) 
t Hz0 
>his 
VS 

Qs 
Qs (SW 
4 1  
cs 
Er  
F 
E 

. .~ 

Bammrric Ressure - in. Hg 
Sch& .Area - F t 2  

Nozzle D i m r e r  - in. 

3 0 : G R  

. .  Toral - l ing Time - min .  
Calibrarion Factor / #  o /  

/(- 0 

P i t o t  be f f i c i en r  . <%i/. 
Average Square Rwt of Velocirv H e a d  (in. HzO) / > I 2 4  
Avenge Orifice Pressure !hap - in. H20 i . 2 6  
Average ,Meter Temperature O F  71.3- 
Axrage Stack Pressure - in. HzO - 5 .2  

Average Stack Tenperawe O F  /5-4 
k r e r  Voluae a t  Meter Conditions - F t 3  4 v 6 2 9  
T o u l  Water Vapor Collected - ml 
: LUz in Stack Gas [ k y )  
I 02 in stack Gas (Dry) 

6 79.5- 
(5 

20.9 
0 I m i n S t a c k G s s  lory) 

Toral Particulate Catch - Hg ?>W33% 

% Hydrogen in Fuel 
% Carbon in Fuel 
0 Sulfur in Fuel 
% Nit rogen  in Fuel 
0 w g e n  in Fuel 
Gmss Califoric V o l m  of Fuel BNllb 

k t e r  Voluae a t  Standard Conditions (Drl)-Ft3 f i -173 
% H20 Vapor in Stack Gas 2 5. I 7 
Sblecular Weight of Stack Gas O W )  Z L . / /  
Average Velocity of Stack Gas - FRI +Jj j  
Actual Stack Gas Floware - .Am 2 4/i 
Stack Gas F l o m t e  (0.0% H?O; STP) . DSCF i 6LO 
t Isokinetic (Avg. Nozzle Vel/Avg. Stk Vel) 9 7.9 
Particulate Cnncenrratim-lb/DSC€ a 
Particulate Emission Fate-lblhour O . L L l 7 '  

Paniculare €missions - 1bsfiM BRI 
F Facror - DSCFfiPI BlU 

1 
I 
1 
I 
I 
I 
I 
1 
I 
1 
I 
I 
I 
I 
'I 
I 
1 
- 1 



I 
I 
1 
, I  
d 
,I 
I 
I 
I 
1 ( -  

I 
I 
1 
I 
1 
1 
I 
I 
I 

Bamnarr ic  Ressure - in. Hg - ?r7. 3 i t  
S t a c k  Area - F t z  
Nozzle Dimcer  - in. 
Toral -ling Time - m i n .  

P i t o t  Coefficient 94 
Average %"are Root o f  Velocity Head (in. HzO) 7 7 L  
Avenge Or i f i ce  Ressure Dmp - in. HzO 

;y a. 
. S L  I 

/ 

It?. 6 
Cal ib ra t ion  Factor /.oo 

1 .  /*7 
Average Slerer Temperature 'F 6 xs-  
Average Stack Pressure - in. HzO -.2. ? 
Avenge Stack Teuperature 'F / 6 /  
Meter Volwe a t  Lkter Conditions - F t 3  //, y 
Total Water Vapor Collected - ml l 2 ? . - 5  
% az in Stack cas (my) - 
% 02 in Stack  Gas (thy) cy)..? 
% 0) in stack Gas (thy) 0 

Tota l  P a r t i c u l a t e  Catch - M g  ISbOC, *7? 

% Hydrogen in Fuel 

% Carbon in Fuel 
8 Sulfur  in Fuel 
% Nitrogen in Fuel 
% Oxygen in Fuel 
Gross C a l i f o r i c  Volwe of Fuel - BN/lb  

Zkter Volune a t  Standard Conditions (Dry)-Ft' / I  d 4  
t H?O Vapor in Stack Gas 
bblecular Weight of Stack Gas O W )  
Average Velocity of  Stack Gas - F N  
.kcw1 Stack Gas Flowrate - K C R I  
Stack Gas Floware  (0.0% HzO: S T )  - DSCF 
0 I sok ine t i c  (Avg. Nozzle Vel/AvE. Stk Vel) 
P a r t i a l a t e  ~ n c e n t r a K i m - l b / D X F  I). 002 143 
P a r t i c u l a t e  Emission Rare-lb/hour 3 03.1 
F Factor - DSCFW 6llJ 

P a n i c u l a t e  Emissions - lbshbl EZU 

3 3 -  O t  
z.;, .- , Z L  
3 r,Ia 
2 q g q  
' 7 / L  
9 75 I I 



.. 

Barmetric Ressure - in. Hg - 
Stack Area - F t 2  L 
Nozzle Diameter - in. 
Tom1 -ling Time - min. 

Calibration Factor A 
P i t o t  Coefficient 0. &4q 
A v e n g e  ?quare mot of Velociry Head (in. H2O) 

Average Meter Temperature ‘F (b9 

0. 1972 
f60 

1,132 
Amrage Orifice Pressure Drop - in. H20 I ,  r ?  

Average Stack Pressure - in. Hfl 
Average Stack Tqeracu re  OF 

Toml Iiater Vapor Collected 
1 m2 in Stack Gas (hy) 
% 02 in stack Gas (o?.] 

-. 3 7  
/ Z L /  

Meter V o l m  a t  ?jerer Conditions - F t l  

- m l  
99. e 

7-3 
0 

20.9 
0 3 m in stxk GZ 

Toml Particulate Catch - Mg 2 b .w 

I Hydrogen in Fuel 
% Carbon in Fuel 
I S u l f u r  in  Fuel 
: Xirrogen in Fuel 
0 Oxygen in Fuel 
Gross Califoric V o l a  of Fuel . BTUIlb 

M?ter Volume a t  Standard Condirions (Dry)-Ft3 
% H20 Vapor in Stack Gas 
5blecular Weight of Stack Gas per) 
Axrage Velociry of Stack Gas - FRI 
4crul Stack b Flowrate - XFY 
Stack Gas Flowrate (0.0% H20; STP) - D5CF 
8 Isokinetic (Avg. Nozzle VelIAve. Stk  Vel) 
P a r t i d a r e  Cnncenrrarion-lbDSCF 
Particulate Emission Fate-lblhour 
F Factor - DSCF/FM B N  
Particulate Emissions 1bshM 3lU 

I 
1- 
I 
I 
I 
I 
I 
I 
3 
I 
I 
I 
I 
I 
I 
L 
I 
1 
1 



P bar 
A5 

h 
Time 
Y 
CP 
(AP) 112 
AH 
h 
Pstk 
TStk 
Vm 
vl 
a? 
02 
a3 

E 

InpurC 

Rl 

O H  
% C  
O S  
% N  
% O  
Gcv 

Calculated 

Vn (std) 
% H 2 0  
W S  

vs 
Qs 
Qs (Stdl 
0 1  
cs 
E1 

F 
E 

BarraRrric Ressure - in. Hg 
Stack Area - F t Z  
Noxle Diamter - in. 
Total  *ling Time - min. 
Calibratim Factor 
Picot Coefficient 
Average Square Rwt of Velocicy Head (in. 
Average Orifice Ressure Dmp - in. H20 
Average 4leter Temperature O F  

Average Stack F'ressure - in. HP 
Average Stack Tempera- OF 

Meter Volum ac ?b te r  Cmditions - F t 3  
Total IYater Vapor Collected - ml 
% 032 in stack Gas (thy) 
I 02 in stack Gas (Dry) 
1 m in stack GS (~ ru )  

30. &I 0 . 

/O. 99 - h. 
U 

20.9 -. 

Total Particulate Catch - $15 //4/60.89 

1 ttyddmgen in Fuel 
5 Carbon in F u e l  
% S u l k  in Fuel  
k Nitrogen in Fuel 
8 Oxygen in  F u e l  
Gross Califoric V o l m  of  Fuel - BIU/lb 

*ter Volume a t  Standard Conditions ( W ) - F t 3  I I . 3 7  
% H@ Vapor in Stack Gas 

Wlecular Weight o f  Stack G s  peer) 
Average Velocity of Stack G a s  - FRI 
.Acml Stack Gas Flowate - ACRI 

Stack Gas Flowrate (0.0% H2O; srp) - DSCF 
O Isokineric (Avg. Nozzle VelIAvg. Stk Vel) 
Particulate Concentration-lb/DSCF 
Paniculate Emission Rare-lb/hour 
F Facmr - DSCF/hFI BTJ 
Particulate Emissions - lbs/Wf 6lU 



~ . , i  -1 
, . :,;: . 
. .  

,/ PARTICUUTE T F 3  DATA 

E 
P bar 
r\s 

tn 
Time 
Y 

CP 
(bP1 112 
A n  
Tn 
Pstk 
Ts tk  
Vm 
vl 

w: 
02 
0) 

>h 

E 
% H  
% C  
% S  

3 N  
'bo 
Gcv 

Calculated 

Yn (std) 
% HzO 
XWS 

vs 
9s 
9s (stdl 
% I  
cs 
Er 
F 
E 

Bammtric Pressure - in. Hg ,?a. 37 
S c a d  Area - Fr2 
Nozzle Diamter - in. 

.66 
/ 9572 

Total Wlhg T i m  - min. '\ //no 
Calibrarion Factor /. O/ 
Pitot CoeEficlenr 
Average Nuare b o t  of Velocity Head (in. HzO) 
Average Orifice Pressure Dmp - in. H20 

Average Meter T q e r a c u r e  O F  72 
Average Stack Pressure - in. HzO - . 3 2  
Average Stack Temperature O F  15-6 
Meter V o l a  at Fleter Conditions - Ft3 
T o u l  !qarer Vapar Collecred - nl 
8 w2 in suck Gas (Dry) 
% 02 in stack cas m) 
I m in stack CAS (DIW 

. c l 3 a  

80.tiR - 
0 

20 Q 
0 

Total Particulate Catch - ?fg 7 % .  15- 

% Hydrogen in Fuel 
% Carbon in Fuel  
I S u l h r  in Fuel 
! Xitrogen in Fuel 
8 Gxygen in Fuel 
Gmss Califoric Vollmr: of  Fuel 

Wrer Volume a t  jrandard Condirions W I - F t '  
% HzO Vapor in Stack Gas 
b l e c u l a r  Weight of Stack G a s  OVet) 
Average Velociry of Stack Gas - FRI 
.Actual Stack Gas Floware - ACFFl 
Stack Gas Flowate (0.0% HzO; STP) - DSCF J3bC ~ , 
8 IsbKinetie (ATg. Nozzle Vel/Avg. Stk  Vel] 
Parrimlate Cnncentration-lb/DSCF 
Particulate Emission Rate-lb/hour 
F Factor - DSCFhV BTJ 
Panicula te  Enissions - l b s h M  BTU 

Q2.5 
31-9 
7.5'. 38 

' 3 w q  
2 3uc 

I ! 6 , t Y  . 
0 . cxrm 0 ? o h6s 
0 I \ T \ Z  

I 
I- 
I 
I 
1 
I 
I 
I 
: 
I 
1 
I 
I 
1 
I 
r 
I 
1 



I 
I 
I 
1 

P bar 
A5 
h 
Time 
Y 
CP 
(bP) 112 
CH 

Tn 
Psrk 
Tstk 
Vm 

vl 
m2 
O? 
m 

bh 

\ H  

% C  

% S  
% N  
9 0  

Gcv 

Calculated 

Vn (stdl 
% H20 
hiws 
vs 
Qs 
Qs"(std) 
% I  
CS 

Er 
F 
E 

Bammetric Ressure - in. Hg 
Stack .kea - Fr' 

L G G  
M z l e  Diamter - in. ,972 
Total Sampling Time - m i n .  l d  0 
Calibration Factor I , O  1 
Pitot Coefficient 
Avenge + a r e  Root of Velocity Hed (in. H p )  I , (  I 
Average Orifice Pressure h p  - in. HzO 

Average Stack Pressure - in. H20 
Average Stack T e p e r a m e  O F  

Neter Volwre a t  Meter Conditions - F t 3  
Tom1 Water Vapor Collected - ml 

8 (0, in s t a d  Gas (Lhy) 
: 02 in Stack Gas (Dry) 

8 Ol in Stack (k (Dry) 

? f i .  05- 

. .- 

I .  41 

- 45-2 
/ 7 G  
J h  I 7 '7  
F70,7 

L0 ,Y  
0 

Average !4eter Temperature 'F 8/ 

0 

f 
Total Particulate Catch - Mg \%.Os' 

% Wdmgen in Fuel 
% Carbon in Fuel 
\ Sulfur in F u e l  
0 Yitrvgen in Fuel 
4 Gxygen in F u e l  
Gmss Califoric Volwre of Fuel B N / l b  

lleter Volume a t  Standard Conditions (Dry)-Fr3 9 c ) , 7  
: H?O Vapor in Stack Gas zt7) / y  
Wlecular Weight of Stack Cas (Net) . <  

.Average Velocity of Stack Gas v4i3 R 
~k-1 Stack Gas Flaware  - .4CF?I 2 ')22 
S t a c k  Gas Flowrate (0.0% HzO; S P )  l7L.1 
5 Isokinetic (Avg. Nozzle Vel/Avg. Srk Vel) I / l >  
P a r t i a l a t e  &ncentration-Ib/DSCF 0 ,  (,(,oLnq.k? . a  

Paniculate Emission Rate-lb/hour 0 .LLq(,,\ 

- 
- FRI 

- iN3 

F Factor - DSCFfiM BN 
Particulate Emissions - I b s M  B N  



P bar 
95 
Dn 
Time 
Y 

CP 
(AP) 1/2 
An 
h 
P s t k  
Tstk 
Vm 

vl 
w: 
02 
cn 

Ml 

InpurC 

% H  
P C  
% S  
% N  
P O  
G N  

Calmlared 

h (std) 
% HzO 

>bs 

vs 
Qs 
95 (sW 
0 1  

cs 
ET 

F 
E 

~ 

Bnivnerric Pressure - in. Hg 

Stack Area - F t 2  
Nozzle Diameter - in. 
Total *ling Time - min. 
Calibration Factor 
Pir o t Coe f f i c  ienr 
Average @-re Root of Velocity Head (in. 
Avenge Orifice Pressure Drop - in. H20 
Average Ekter T q e r a m r e  O F  
AErage Stack Pressure - in. H20 

Average Stack Temperamre O F  

Neter Volrme a t  !lerer Conditions - F t 3  
Total IYater Vapor Collected - ml 

% COz in stack Gas (Ihyj 

8 in Stack Gas (Dry) 
8 02 in stack Gas my) 

. , .  .. -l 

.. 

. \ ,  . 

T o r a l  Particulate Catch - Vg 32167 #SI 

% Hydrogen in Fuel 
0 Carbon in F u e l  
% Sulfur in F u e l  

% Nirrogen in Fuel 
! Orygen in Fuel 
Gross Califoric V o l m  of Fuel BlU/lb 

Wter Vollrme a t  Standard Conditions @r)r)-Ft' f l .  0 
P; H20 Vapor i n  S tack  Cas 
>blenrlar Weight of Stack Cas pker) I) * 1  

Average Velocity of Stack Gas - FRI 

,qq. 1 

7 , y q  - 
kstual Stack Gas Flowrate - KflI 
Stack Cas Flowate (O.O$ HzO; STF') - DSCF '-6 

715 6 

! ~Isokine t ic  (Avg:~Noz:le Vel/Avg. S t k  Vel) 
Par,iculate Gmcenrration-lb/DSCF 0.00 707 I 
Particulate Emission Rate-lb/hour 4 D K .  L, 
F Factor - DSCFfiM B l l l  
Particulate Emission; - lb5nM BIu 

QL. 5- 



1 

I 
1 
,I 
I 
1 
I 
I 
1' 
1 
1 
d 
B 
d 
8 
I 
I 
I 

I / PARTICUWTE TEFi DATA 

P bar 
A5 

Dl 

Time 
Y 

CP 
(bP)  112 
w 
lh 
Psrk 
Tsrk 
Vn 

L l  

W? 
02 
m 

Ml 

E 
',H 
$ C  

$ 5  
t.V 
% O  
GCU' 

Calculared 

Vm (std) 
% H2O 
\his 
vs 
Qs 
Qs (stdl 
% I  
cs 
Er 
F 
E 

Barcmrric Pressure - in. Hg 70.  I2 
Srack Area - F t 2  " L L  

,G l? 

Nozzle Diamerer - in. - 5167 
Tom1 Sapl ing  Time - min. 
Calibrarion Factor / ( ! I  
Picor Coefficient ' . 6,j-L 
Average Square F m r  of Velociry Head (in. HzO) 
Average Orifice Ressure Drop - in. Hi0 

.Average Xerer Temperacure 'F A 
Average Stack Pressure - in. H20 

Average Stack Tenperamre O F  

m t e r  Vollmr ar ?lerer Condirl'ons - F t 3  
Total Water Vapor Collected - ml 
I co? in scack cas (W) 
I 02 in Stack Gas (Dry) 
% LI) i n  S tack  Gas (Dry) 

.y 7.3- 
I . R i l  

- . $15 
p 23- 
j-L.@q 

1 ,= T(,.L.i 
0 

?,a, .i 
A 

A 

, 

Total Parc ia la re  Catch - Hg 

% Hydrogen in Fuel 
% Carbon in Fuel 
% Sulfur in Fuel 
t Yirrogen in Fuel 
: Oxygen in Fuel 
Cross Califoric V o l a  of Fuel - BN/lb 

hkter Volume ar Standard Conditions (Dry)-Ft' 
8 H2O Vapor in Stack Gas 

b b l d a r  Weight of Stack Gas Over) 
Average Velccicy of Stack Cas - FRI 
Acmal Stack Gas Flowrare - 
Stack Gas Flowrare (0.0% HzO; STP) 

P a r t i d a r e  hcentraticm-lb/DSCF 3 ,  OXJv \S\R 
P a r t i d a r e  Emission Fare-lb/hour I-,.(d3\L 

c- [ 

3 / . .J- 
G 3 . 3  

4 2  s.j- 
e 7 9 q  
I C Y 2  

A3 .3 

- 

~ DSCF 
.- 

1; Isokineric (Avvg. Nozzle Vel/Avg. Srk Vel) 

F Factor - D Y F f i M  81u 
P a r t i d a r e  Emissions - 1 b s M  BN 



P bar 
A5 Stack Area - F t z  
on Nozzle Diamter - in. 
Time 

Earnmetric Ressure - in. Hg 

Total Sampling Time - m i n .  
Y 

CP 

CH 

Tm 
Psrk 
Ts tk  
Vm 
v1 

(AP) lI2 

, 

co2 
oz 
co 

2% 

E 
O H  
O C  
t S  
% N  

9 0  

a' 
Calculated 

\'n (srd) 
8 H20 
Hws 
vs 
Qs 
Ps [stdl 
% I  
cs 
Er 
F 
E 

Calibrarion Factor 
P i t o t  Coefficient 
Average a u a r e  Root of Velocity Head (in. HzO) , 3 G L  
Average Orifice Ressure Drop - in. H20 f 3LC 

Average Stack Pressure - in. H20 - L, <- 
Average Stack Tenperamre O F  2 3s- 
Meter V o l e  a t  ?kter Conditions - F t 3  

9 i 3 . 5 ,  Total Water Vapor Collected - m l  .I 

8 COz i n  Stack Gas [Dry) 
P 02 i n  Stack Gas (Dry) ' zo.9 

A Average Meter T q e r a t u r e  'F 

- 

3 s-4.5 - 
0 

1 a in Stack Gas m) 0 

Total Particulate Catch - bQ 231 .'-\'-\ 

: Hydrogen i n  Fuel 
: Carton in Fuel 
: Sulfur in Fuel 
% Yitrogen in Fuel 
% W g e n  in Fuel 
Gmss Califoric V o l u n e  of Fuel B?U/lb 

&ter  V o l e  at Srandard Conditions (l%7)-Ft3 

9 HzO Vapor in Stack Gas 
Yolecular Weight of Stack k (%et) 

Average Velocity of Stack Gas - FRI 
Acmal Stack Gas Flowrate - A m 1  

Stack Gas Floware (0.0% H20; STP) - DSCF 
% Isokmetic (Avg. Nozzle VellAq. Stk Vel) 
Particulate Concenrrarim-lb/DSCF 
Panicula te  h s s i o n  Rate-lb/hour 
F Factor - =/MI B N  
Paniculate imissions - lbsht4 BN 

I 
B 
I 
I 
I 
'I 
I 
I 
P 
I 
I 
1 
I 
I 
I 
E 
1 
1 



1 

I 

Banmrtric Pressure - in. Hg 

Stack Area - Ftz 
30.5- 
-99 

. .  Nozzle Diameter - in. 
Tota l  Sapling T i m  - min. 
Calibration Factor  @O 
Pitot Coefficient OrRL,  
Average Square Rwt of Velocicy Head (in. HzO) Y ,  70G 
Average Orifice Pressure Drop - in. H?O 

Average &ter Temperacure O F  7 2  
Average Stack PRssure - in. H P  
Average Stack Tenperamre OF 
t.!ster V o l m  at MSer Conditions - Ft’ 

I ?  7 
Gf> .) 

L7 3.5 - 
- 
26 8 
7.4 2 

2 r C e R o i .  6 
0 

2,o. 3 

Total Water Vapor Collected - nl 

8 m2 in s t d    as (my) 
\ @ in Stack Gas (Dry) 
$minStackGas(Dy) 0 

Total  Particulate Catch - Ng >1%5-lI .T 

0 Hydmgen in Fuel 
8 Carbon in Fuel 
k Sulfm in Fuel 
t Nirmgen in Fuel 
P Oxygen in Fuel 
Gross Califoric Volume of Fuel - Bnr/lb 

&cer V o l e  at Standard Conditions (hy)-Ft’ 
% HzO Vapor in S t d  Gas 
Wlecular Weighc of Stack Gas p e t )  
Av?rage Velociry of Stack Gas - FRI 
Acrual Stack Gas Flowrare - .4CFM =&+o 3 f G Z  
Stack Gas Flowate (0.08 HzO: S P )  - aSCF -&2+3 ‘7L7 
% Isokineric (Avg. kz:le Vel/Avg. Srk Vel) +i-+ . .  L %-. L 

9 .  q(, 
5-8,0 
L 

3 2 1 L I  

- 
Paniculate Concenrrarion-lb/DSCF 
Particulate Emission Rate-lb/hour 
F Factor - DSCF/?-N BTU 
Paniculate Emissions - lbsRM Bnr 

0 , r> n A 3OL 
41 ’d I .c) 



Parnnerric Ressure - in. Hg 20 , L /  

Nozzle Diameter - in. , Z L i Z  
Tota l  Sampling Time - min. 
Calibration Facror 1.0 I 
Pitor Coefficient - . .  

Avenge Drifice Pressure Dmp - in. H20 

A v e n g e  Stack  Pressure - in. HzO 

Stack Area - F t 2  L b  

L 
.- 

Average Square b o t  of Velociry Head (in. HzO) .Qy 
/. .3 c 

Average k t e r  Teuperature 'F A/ - i </ * Average S r a c k  T q e r a m e  OF 
Neter Volume ar Neter Conditions - F t 3  

Total IYarer Vapor Collecred - nl IC' 7 Y .  "7 
k W2 in Sra& Cas (Dry) 

8 02 in Stack Cas (Dry) 

$ 0) in Stack Gas (W) 

0 
Z 6 , Y  
f, 

Total Paniculate Catch - Vg - 
% Hydrogen in Fuel 
P Carbon in F l e l  
0 Sulfur i n  Fuel 
? Nirrogen in Fuel 
9 Oxygen in Fuel 
Gross Califoric V o l m  of Fuel BTWb 

>k te r  Vollme ar Standard Conditions & ) - F t 3  

% H20 Vapor i n  Stack Gas 
bblemlar Weight of Stack Gas Over) ;7, z 
Average Velocity of Stack Gas - FPi 
k ~ a l  Stack Gas Flowrare - ACCM 2335- 
Stack Cas Flowrate (0.0% HzO; STP) - DSCF 
% Isakinetic (Avg. Nozzle VeUAve. Stk Vel) / o s  C) 

Parriculare Emission Rate-lb/hom 0 .  Y ' I ? , Z  

cl4.72 
& - / , O R  

. .  
I I  

1 0 ' 7 2  

Panicula te  hncentration-lb/DSff o . ~ ~ s \ 3 5 a  

F Factor - DSfffiM Blzl 
Particulate Emissions - IbsfiM EfIU 

I 
I- 
t 
0 
I 
I 
I 
I 
P 
I 
I 
I 
1 
IC 
I, 
6 
1 
I 
I, 



P bar 
Ai 
011 

Time 
Y 

CP 
(Ap) 112 
hH 
Tr, 
Pstk 
Ts tk 
Vm 
VI 

CO? 
02 
W 

e 
bh 

Imur c 
4 H  
% C  
4 S  
% N  
3 0  
Gcv 

Calculated 

Vm [std) 
k HzO 
W S  

vs 
Qs 
Qs (Stdd) 

$ 1  

cs 
E r  
F 
E 

- 

Ba~mnztric Pressure - in. Hg 
Stack Area - F t 2  

Nozzle Diamter - in. 
Total Sampling Tim - min. 
Calibration Factor - 
Pitot Coefficient L .  

Average Square Mot of Velocity Head (in. H2O) 
Average Orifice Pressure Drop - in. H;O 

Average I(eter Temperature O F  7R 
Average Stack Resslrre - in. Hz0 
Average Stack Tenperanre O F  z,-c 

7 \ 2 7  
Zc-1 

, c35- 
1 k?L/ 

- 
I <  

- 

-2 7 
!.lerer Volume at Meter Conditions - F t 3  
Total Water Vapor Collected - m l  

'L m2 in stack  as (my) 
\ 02 in Stack Gas (Dty) 

Pry) 

0 
CO. 3 
I? k 0) in S w k  Gas 

Total Particulate Catch - b!g 3 31 'alb03 

% 8ydlydmgen in Fuel 
: Carbon in Fuel 
% Sulfur in Fuel 
? Nitrogen in Fuel 
% Wgen in Fuel 
Gross Califoric V p l m  of Fuel BllJI lb  

k t e r  Volume a t  Standard Conditions [Drf)-Fr3 9. /9  
4 HzO Vapor in Stack Gas 

.Mlecular IVeight of Stack Gas (Wet) 
Average Velocity of Stack Gas - FRI 
k ~ a l  Stack Gas Flowrate - AC3I 
Stack Gas Flourare (0.0% HzO; Srp) 

'L Isokinetic (Avg. Nozzle Vel/Avg. S t k  Vel) 
Paniculate Concentrarjon-lb/LECF (? . OC119b 
Particulate Fmission Rare-lb/hour 39V .2 

LI*Y 
22.19 
2 b9Y 
za(r r  
8 2 6  
, 1 0 3 ,  

- CSCF 

F Factor - DKFfial BTU 
P a n i c d a t e  Emissions - lbsfibl 6i7 

. . _. ~ - . -. .. . - . . . . . . . . . . . . . . . . . . 



I 

P bar 
As 
Dn 
Time 

Y 

CP 
("1 112 
AH 
rn 
Pstk 
Tstk 
\im 
V I  
w 2  
0 2  
a, 

Ml 

Inmt C 

% H  
% C  
O S  
% N  
% O  
Gcv 

Calculated 

Vm (srd) 
9, H 2 0  
hkS 

VS 

Qs 
Qs (sW 
% I  
cs 
Er 
F 
E 

- 

B a m C n c  Pressure - in. Hg 

SCack Area - Fc2 
Nozzle Diamrer - in. 
Toral Sampling Time - min. 

.30,09 

Calibration Factor 1.0 / 
P i t o t  b e f f i c i r n t  f l ,  q.5-G: 

Average %=re Root of Velocity Head (in. H ~ o )  
Average Orifice Pressure Dmp - in. H20 
Avenge Wter Temperature O F  

Y9 
<.., , . -, c. / 

Average Stack Pressure - in. H20 - zy  
Avenge Stack Tenperamre OF 2 3 2 

< q .  5 q  
Total  Water Vapor Collected - ml RLV, 7 
a m7 in srack  as 0 
8 02 in stack Gas (Dry) 
% @2 in Scack Gas (Dry) 0 

- -  Mfmr Volunr ac !leter Conditions - Ft '  

c 

Tom1 Particulate Catch - Vg ?,'L - .LO 

% Hydrogen in Fuel 
5 Carbon rn F u e l  
% Sulfur in Fuel 
% Nitrogen in Fuel 
8 Oxygen in Fuel 
Gross Califoric Volume of Fuel - BTU/lb 

Wrer V o l m  a t  Standard Condirions W ) - F r l  357.0s- , 

% HzO Vapor in Stack Gas 
bblerular Weighr of Stack Cas p e t )  
Average Velocity of Stack Gas - F P I  r-ci!+c# 4 3x0 

2 K;- l 

SrKk Gas Flourare (0.0% HzO; S P )  - DXF //. . D  
0 Tsokinetic (Avg. Nozzle Vel/Avg. Stk Vel) iou,-c,  
Particulate Concentrarion- 1 b/DSCF u,oco~\z~o 
Particulate Enission Rare-lb/hour ~ o . x Z \ b  
F Facror - DSCF/Ml BilJ 
Paniculare Emissions - I b s W  BTU 

2-/. r, r 
2 3 . 3  

Actual Stack G a  Flowate - ACFFl 

I 
0- 
I 
I 
1 
I 
I 
1 
3: 
I 
1 
1 
I 
I 
I 
t: 
2 
I 
I, 



. 

P bsr 
& Srack Area - F t 2  
on Nozzle Di-rer - in. 
Time 

Barmetric Pressure - in. Hg 

Toral -ling T i r e  - min. 

3 0 -  5- 
" 7 2  
144 f l  

Calibration Factor / *  0 0  
Pitot beff ic ienc  -8C 
Average Square b o t  of Velocity Head (in. HzO) / a  L.27 . 
Avenge Orifice Pressure Dmp - in. HtO 
Avenge X?rer T q e r a r u r e  "F 

Average Srack Terrperame O F  71 
>krer Volwe a t  !leter Condirions - Fc' 

>- 
.- 

Average Stack Pressure - in. H20 

Total Macer Vapor Collected - m l  / I #  Y 
8 002 i n  Stack Gas (Dry) 
% 02 in Stack Gas (my) <, ij , '7 
t I I ) i n S t a c k G a s  (by) 0 

- *us-  

c I 3 . 7 3  

0 

% H  % Hydrogen in Fuel 
% C  % Carbon in Fuel  
% S  . ' . S u l f r p i n F u e l  
% N  I Nirrogm in Fuel 
% O  % W g e n  in Fuel 
Gcv Gross Califoric Volwe of  Fuel B W l b  

Calculated 

Vn (std) 
% HzO 
bhMs 
vs 
QS 

Qs ( s W  
9 1  

cs 
E r  
F 
E 

Meter V o l m  a t  Standard Condirions (ori)-Ft3 4 5-. '.I 
% H20 Vapor in Srack Gas 141 7 
mlecular Weighr of Stack Gas O k )  7 < , ?  
Avenge Velocity of Stack Gas - FRI s-,y7 2 
~k-1 Stack Gas Floware - KFhI ,. qc.2i 
Stack Gas Flourare (0.08 HzO: sip) - DSCF UC.L.;7 

5 Isokvleric (Avg. Noz:le VelIAvg. Srk Vel) 7G.B 
P a r t i d a c e  Gmcentrarion-1bIDSff 
Paniculate Emission Rare-lb/hour G .3\79 
F Factor D33f i .p . I  BilJ 
Particulate hissions - 1bsfiN BTU 



PARTICUWTE TE5T DATA 

P bar 
As Stack Area - F t z  
Dn Nozzle Diameter - in. 
Time 

Banmetric Pressure - in. Hg 

Total S q l i n g  Time - min. 

, 

Calibration Facror /, cc 
Pi to t  Coefficient .h 4 
Average Square bot of Veloc iv  Head (in. HzO) I ,  (2 
Average Orifice Pressure Dmp - in. HzO /.II 2.3 
.Average k t e r  Temperarure 'F . .  
Average Stack Pressure - in. H20 
Average Stack Tenperamre O F  74.5- 
!.lerer Volume a t  Neter Conditions - F t '  q7 , 
Tocal lhater Vapor Collected - ml ,> i)q 
t 0 3 2  in S u c k  Gas (thy) 
'L 02 in Stack Gas (thy) --,,; 57 

m in stack cas (thy) rs 

- 

c; 

Total Particulate Catch - Mg 23.. cs 
% Hydrogen in Fuel 
% Carbon in Fuel  
0 Sulfur i n  Fuel 
% Xitrogen in Fuel 
8 W g e n  in Fuel 
Gross Califoric V o l m  of Fuel BTU/lb 

Mter  Volume a t  Standard Conditions ( lhy1-Ft3 
% H F  Vapor in Stack Gas 
Wlecular IVeighr of Stack Gas over) 
Average Velocity of Stack Gas - FPI 
Acwl Srack Gas Flowrate - .X+! 

q3.  9 
/ . Y e  
Z % . & %  

3 93;, 
35 971 
9 3 ~" G 

5-4 .. 

Stack Gas Flomate (0.OP HzO; 5") 
% Isokineric (Avg. Nozzle Vel/Ave. Sfk Vel) 
Particulate Concentration-lb/DSCF 0 .00000\\99 
P a r r i d a r e  bnission Pate-lb/hour 0*206' - \  
F Factor - LlSCFfiM 6Tl 
Particulate Emissions - IbsfiFI BTU 

- DSCF 

1 
IZ 
I 
I 

- I  
il 
I 
I 
3 
I 
1 
1 
I 
t 
1 
t 
z 
I 
I, 



, ... 

= 
P bar 
A5 

Dn 
Time 
Y 

CP 

nH 
Tn 
Psrk 
TS rk 
Vm 
n 

(AP) 

co2 
02 
cn 

Ml 

I H  

% C  
P S  
k N  
\ O  
CKV 

Calculated 

Vm (std) 
% H2O 
>hvs 

VS 

QS 

Qs (stdl 
% I  
cs 
Er 
F 
E 

Ba-rric Pressure - in. Hg 

Stack Area - F K ~  
Nozzle Diamter - b. 
Tom1 Sawling Time - min. 
Calibrarion FKror I 3 0 0  

7 0 -  f, - . /C)(- - 
Pitot Coefficient H c  
Average Square Root of Velocity Head (in. H?O) 
Avenge Orifice Pressure Dmp - in. H20 
Average ,&ter Teqerature 'F 
Average Stack Pressure - in. H20 
Average Stack Terqeramre OF 
Heter Volune a t  k t e r  Conditions - Ft '  
Total IWater Vapor Collected - ml 

I I (,7 - - 
L.5- .5 - 
70 

43.5-y 

.='C-J .9 

d . 9  
8 m2 in smck  as (m) 
% 02 in Stack Gas (my1 
t a in s&  as (m) 
0 

c7 

Tom1 Paniculate Card - 39.87 

% Hydmgen in Fuel 
% Carbon in Fuel 
$ Sulfur in Fuel 
'L Nitrogen in Fuel 
% Oxygen in 'Fuel 
Gross Califoric V o l m  of Fuel - 6lU/lb 

Wter V o l w  at Standard Conditions m ) - F t '  
% H20 Vapor in Stack Gas 

4-c. 1 
0 . 7 / 6  

Wlecular Weight of Stack Gas O'er) 
Average Velocity of Stack Gas - FRI 
Actual Stack Gas Flowrste - ACCFZI 

25.5 .- 
3 Y 4 5  
3 q5-1 

Stack Gas Floware (0.0% HzO; 5T) - DSCF - 1 9 g 7  

f1,OOO 
S Isokinetic 
Particulate Cnncentration-1bfDSCF 
Particulate Emission Rate-lb/hour 0 .CI/,LO 
F Factor - DSCFfiEI Ei'U 
Particulate Emissions - I b s W  BN 

(Avg. Nozzle Vel/Avg. Stk Vel) 9 7.'< 
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PROJECT PARTICIPANTS 

U.S. GYPSUM COMPANY, 
FORT DOOGE, IOWA 

OCTOBER 27-31, 1980 

W i l l a r d  A.  Wade I11 
Le igh  A.  Gammie 
Edward A. Astle 
Mark A. A l g i e r  
James E. Canora  
David D. E t h i e r  
R a n d a l l  Rauffman 
Susan M. Reynolds  
E r i c  A. P e a r s o n  
E l l e n  S c a n l o n  

RADIAN 

Michae l  P a l a z z o l o  

U.S. GYPSUM COMPANY 

D a n i e l  Nootens  

EPA - 
Denn i s  P. Holzschuh 
King Wu 

Work Assignment  Manager 
P r o j e c t  Eng inee r  and  Crew C h i e f  
E m i s s i o n  T e s t e r  
Emission T e s t e r  
Emiss ion  T e s t e r  
Emiss ion  T e s t e r  
V i s i b l e  Emissions Obse rve r  
Data Reduc t ion  T e c h n i c i a n  
P r o j e c t  Sc ien t i s t  
Cleanup T e c h n i c i a n  

P r o j e c t  Engineer  

P l a n t  Manager 

Task  Manager 
F i e l d  Engineer 



APPENDIX A 

SCOPE OF WORK 

Work Assignment 
0 Technical Directives 
a Associated Correspondence 



0.w 
Method Development and T e s t i n g  f o r  t h e  Gypsum i ii 001 ]9!0 
I n d u s t r y  (-I,.') 

IESCRIPTION 
. .~..... 

The Con t rac to r  s h a l l  pe r fo rm t h e  f o l l o w i n g  work .areas--.for t h e  gypsum . . 

i n d u s t r y  i n  accordance w i t h  t h e  b a s i c  c o n t r a c t  scope o f  work. 

- Method F i e l d  E i a l u a t i o n  

' - Standard Development F i e l d  Tests  

- Tes t i ng  Documentation 

ESED #80/16. 

The Task Manager i s  
Tr i -ang le  Park, Nor th  C a r o l i n a  2 7 / 1 1 .  

Dennis Hokschuh  , M a i l  Orop 13. EMB, ESED. OAQPS. Research 

A l l  r e p o r t s  s h a l l  be  s u b m i t t e d  d i r e c t l y  to t h e  Tzsk Manager. 
CONTRACT02 E S T I U I T E  E S T l U I I E O r  ' CovEnwwr  FSIIMITE 

1500 hours 

6 months 

..=os *oums 

DU.eITION 0' W O R I  

. -  
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Contrac t  FJumSer 6A2- 3 Nork Assignment Number 

Tzsk Manager d?. ," . 
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Xovcmber 2 6 .  1950 

Hr. Dennis Holzshuh 
U.S. Environmental  P r o t e c i i o n  Agency 
Room 730 
Yorth C a r o l i n a  Mutual  B u i l d i n g  
411  W. Chapel H i l l  S t r e e t  
Durham, N C  27701  

R e :  TRC P r o j e c t  #1532-E30-00 
EPA ConEract  C63-02-3543 
Work Assignment 85 

. 
Dear Denn i s :  

I have e n c l o s e d  t h r e e  ( 3 )  c o p i e s  of ou r  p r e l i m i n a r y  r e s u l t s  f o r  the 
#5 K e t t l e  Eaghouse I n l e t  - E a t c h  which c o n p l e t e s  o u r  p r e l i m i n a r y  d a t a . s e t  
f o r  t h e  tests done a t  U.S. Gypsum. F o r t  Dodge, Iowa. 

A's you w i l l  n o t e ,  t h e  i s o k i n e t i c  r a t e  f o r  T e s t  1/3 i s  o u t s i d e  t h e  
a c c e p t a b l e  l i m i t s .  This o c c u r r e d  a s  a r e s u l t  of  t h e  m o i s t u r e  c o n t e n t  be ing  
much h i g h e r  t han  w e  had measured in t h e  f i r s t  two tes ts .  Mike P a l a z o l l o  
w a s  informed by L e i g h  Gamie ,  our f i e l d  t e a m  l e a d e r ,  of  our d e s i r e  t o  re:. 
p e a t  t h i s  t e s t  s i n c e  the o u t l e t  had t o  b e  r e d o n e  as w e l l  for t h e  s a m e '  
reason. H e  s t a t e d  t h a t  h e  d i d  n o t  want us t o  r e d o  t h e  i n l e t  d e s p i t e  t h e  
bad i s o k i n e t i c  v a l u e .  In t h e  d r a f t  r e p o r t  we w i l l  p r e s e n t  t h e  r e s u l t s  
from t h i s  t es t  u s i n g  t h e  t r a d i t i o n a l  c a l c u l a t i o n  method. as done on t h e  en- 
c l o s e d  t a b l e ,  2nd b y  t h e  r a t i o - o f - a r e a s  t e c h n i q u e  t o  o f f s e t  t h e  a n i s o k i n z t i c  
b i a s .  You z a y  t h e n  choose  wh ich  v a y  you want  u s  t o  p r e s e n t  t h e  results f o r  
this t e s t  in t h e  final r e p o r t .  

As 'we ;.g:loed on 24 >?b.\:eT>er o:jr d r - f t  r e p o r t  !Jill be  Sent  t o  yc,u 011 

2 2 DecczLer 7.030. 

If you have 2ny q u e s t i o n s ,  p l e a s e  c a l l .  

L'A!J/ j j s' 
E l c l o s u r e s  




