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A Research-Conrell Company 

6176 OLSON MEMORIAL HIGHWAY . MINNEAPOLIS. MN 55422 * (612) 545-2142 

January 24, 1980 

Dear Fsvi-; 

Enclosed you w i l l  find the preliminary Site G test report. Please 
return your critique of t h i s  report to rn by February 22. 

The discussion of the a d s  fired and the ccal designations w i l l  be 

m d e d  as shown an the attached page. 
I f e l t  it wa5 bet ter  to  incoprate  this change ~ & t h  the reviewers c m n t s  
rather than delay tie lMiling of the prelkninary reprt. 

P l e a s e  excuse t h i s  hmnxenierse. 

Thank you. 

Senior Engineer 
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ADDENDUM TO THE SI"E G PRELDNAW REPORT 

3.6 COALS TjTILIZED 

The primary coal f i red a t  T e s t  S i t e  G was a 1-1/4 by 1/4 inch modified 
stoker ccal fran the White Ash mine in Pain tsv i l le ,  Kent-. Tkis coal 
averaged 8.05% ash and 12869 Btu/lb based on ten samples obtained by the 
test crew. 

!PAC 1- ash coals  w e r e  ordered specifically for  the test program. 
These included a 1 by 3/8 inch hcm stoker coal from the Spurlcck Mine i n  

Salisbury, Kentucky, and a 1/2 by 1/8 inch midget stoker coal f r m  the 
Wkelwright Mine i n  P r i c e ,  Kent-. 

When the 4.4% ash Spurlcck coal was f i red,  d i f f icu l t ies  were encountered 
min taining sufficient ash on the grate t o  prevent overheating and grate 
k g e .  
The wheelwright coal w a s  not f ired for  fear tha t  its even 1- ash content 
would cause a similar i f  notwrse problen. The contents of a rn relating 
to this problem is given i n  Appndix A of t h i s  reprt, and may be refered t o  
for further discussion of the problem. 

Therefore, testing on t h i s  coal w a s  terminated after only two tests. 

Because the wheelwright coal was ruled out, testing on the prjnnry 
white Ash coal continred un t i l  a suitable alternative was fad. Three 
carloads of 1-1/2 by 1/4 inch modified stoker coal f r m  the Pevler mine 

i n  Pevler, Kentucky here acquired. This coal. contained 7.32% ash and did 
not cause problems with the grate. 

The average "as-fired" analysis for each of the three coals are presented 

i n  Table 3-3. 
Section 5.4 of this repoa. 
the test crew during each particulate test or SASS test. 

The individual coal analysis for  each test are k l u d e d  in 
All analysis are based on coal samples obtained by 

EUIX: Referexes t o  B l e n d ,  Pevler A and Pevler B coals i n  t h i s  repr t  
will  be changed t o  white or  White Ash, Spurlcck, and Pev le r  respectiEly.  
This change does not alter any results or conclusions. 



1 
'I 
I. 
I. 
I 
I 
I 
I 
I 
I 
I& 
I 
I 
I 
1 
I 
I 
1 
a 

ACKNOWLEDGEMENTS 

The authors w i s h  t o  express t h e i r  appreciat ion fo r  the ass i s tance  

and d i r ec t ion  given the program by p r o j e c t  monitors W .  T.  ( B i l l )  Harvey Of 

the United S t a t e s  Department of Energy (DOE) and R. E. (Bob) H a l l  of the 

United S ta tes  Environmental Protect ion Agency (EPA) .  Thanks a re  due t o  

t h e i r  agencies, DOE and EPA, f o r  co-funding the  program. 

We would a l s o  l i k e  t o  thank the American Boiler Manufacturers 

Association, ABMA Executive Director ,  W. H .  ( B i l l )  Axtman, ABMA Assis tant  

Executive Director ,  R. N .  ( R u s s )  Mosher, ABMA's Projec t  Manager, B .  C. (Ben) 

Severs, and the  members of the ABMA Stoker Technical Committee chaired 

by W. B. (Willard) McBurney of the  McBurney Corporation f o r  providing 

support through t h e i r  time and t r a v e l  t o  manage and review the program. The 

pa r t i c ipa t ing  committee members l i s t e d  a lphabet ica l ly  a r e  as follows: 

R. D. Bessette 
T. Davis 
N. H. Johnson 
K. Luuri 
D. McCoy 
J. Mullan 
E. A. Nelson 
E. Po i t r a s  
P. E. Ralston 
D. C. Reschley 
R. A. Santos 

Is land Creek Coal Company 
Combustion Engineering 
Det ro i t  Stoker 
Riley Stoker 
E. Keeler Company 
National Coal Association 
Zurn Indus t r i e s  
The McBurney Corporation 
Babcock and Wilcox 
Det ro i t  Stoker 
Zurn Indus t r ies  

We would a l s o  l i k e  t o  recognize the KVB engineers and technicians 

who spent much time i n  the f i e l d ,  o f t en  under adverse conditions,  t e s t i n g  the  

bo i l e r s  and gathering data  fo r  t h i s  program. Those involved a t  S i t e  G were 

Bruce Crockett, R u s s  P a r k e r ,  Mike Jackson, and J i m  Demont. 

F ina l ly ,  o u r  g ra t i t ude  goes t o  t h e  h o s t  b o i l e r  f a c i l i t i e s  which in -  

v i ted  us  t o  t e s t  t h e i r  b o i l e r .  A t  t h e i r  request ,  the f a c i l i t i e s  w i l l  remain 

anonymous t o  p ro tec t  t h e i r  own i n t e r e s t s .  Without t h e i r  cooperation and 

ass i s tance  t h i s  program would not  have been possible .  

ii 



TABLE OF CONTENTS 

S e c t i o n  * 
ACKNOWLEDGEMENTS . . . . . . . . . . . . . . . . . . . . . . .  ii 
LIST OF FIGURES . . . . . . . . . . . . . . . . . . . . . . .  V 

LIST OF ~ L E S  . . . . . . . . . . . . . . . . . . . . . . . .  v i  

1.0 INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . .  1 

2.0  EXECUTIVE SUMMARY . . . . . . . . . . . . . . . . . . . . . .  3 

3.0 DESCRIPTION OF FACILITY TESTED AND COALS FIRED . . . . . . . .  11 
3.1  Boiler D e s c r i p t i o n  . . . . . . . . . . . . . . . . . . .  11 
3.2 O v e r f i r e  A i r  System . . . . . . . . . . . . . . . . . .  11 
3.3 F lyash  R e i n j e c t i o n  . . . . . . . . . . . . . . . . . . .  11 
3.4 Mechanical Dust  C o l l e c t o r  . . . . . . . . . . . . . . . .  17  
3.5 T e s t  P o r t  L o c a t i o n s  . . . . . . . . . . . . . . . . . . .  17 
3.6 Coals Uti l ized . . . . . . . . . . . . . . . . . . . . .  17  

4 . 0  TEST EQUIPMENT AND PROCEDURES . . . . . . . . . . . . . . . .  2 1  

4 . 1  

4 .2  
4 . 3  
4.4 
4.5 
4 .6  
4.7 
4 .8  

Gaseous Emiss ions  Measurements (NO,. CO. C 0 2 .  02. HC) 
4 .1 .1  A n a l y t i c a l  I n s t r u m e n t s  and  Related Equipment . 
4.1.2 Record ing  I n s t r u m e n t s  . . . . . . . . . . . .  
4.1.3 G a s  Sampling and  C o n d i t i o n i n g  System . . . . .  
4.1.4 Gaseous Emission Sampling Techniques . . . . .  
S u l f u r  Oxides (SOX) Measurement and Procedures  . . .  
P a r t i c u l a t e  Measurement a n d  P rocedures  . . . . . . .  
P a r t i c l e  S i z e  D i s t r i b u t i o n  Measurement and  P rocedures  
C o a l  Sampling and  A n a l y s i s  Procedure  . . . . . . . .  
Ash C o l l e c t i o n  and A n a l y s i s  fo r  Combust ib les  . . . .  
Boi l e r  E f f i c i e n c y  E v a l u a t i o n  . . . . . . . . . . . .  
Trace  S p e c i e s  Measurement . . . . . . . . . . . . . .  

. . 21 

. . 2 1  

. . 25 

. . 25 

. . 25 

. . 27 

. . 29 

. . 32 

. . 33 

. . 35 

. . 36 

. . 36 

5 . 0 TEST RESULTS AND OBSERVATIONS . . . . . . . . . . . . . . . .  39 

5 . 1  O v e r f i r e  Air . . . . . . . . . . . . . . . . . . . . . .  39 

5.1.2 N i t r i x  Oxide vs Overfire A i r  . . . . . . . . . . .  41 
5 .1 .1  P a r t i c u l a t e  Loading vs  Overfire A i r  . . . . . . .  39 

5 .1 .3  Boi le r  E f f i c i e n c y  vs Overfire A i r  . . . . . . . .  42 
5 .1 .4  Overfire A i r  Flow Rate . . . . . . . . . . . . . .  42 

5 .2  F lyash  R e i n j e c t i o n  . . . . . . . . . . . . . . . . . . .  47 
5.3 Excess Oxygen and  Grate Heat Release . . . . . . . . . .  48 

5.3.1 Excess Oxygen O p e r a t i n g  Levels . . . . . . . . . .  48 
5 .3 .2  P a r t i c u l a t e  Loading vs Grate Heat lielease . . . .  50 
5 . 3 . 3  Ni t rogen  Oxides vs Oxygen and  Grate Heat Release . 52 
5.3.4 Hydrocarbons vs Oxygen and  Crate  Heat Release . . 6 1  
5 .3 .5  Combust ib les  i n  the Ash vs Oxygen a n d  Grate 

Heat Release . . . . . . . . . . . . . . . . .  61 
5.3.6 Bo i l e r  Ef f ic iency  vs Grate Heat Release . . . . .  68 

iii 



TABLE OF CONTENTS 
(continued) 

. . . . . . . . . . . . . . . . . . .  12 
12 
17 

77 
86 
93 
93 

. . . . . . . . . . . . . . . . . . . .  96 

102 
103 
104 
105 
106 

6 10 7 

5.4 Coal p rope r t i e s  
5 .4 .1  Gkemical Composition of ?.%e Coals . . . . . .  
5.4.2 Coal S i z e  Consistency . . . . . . . . . . . .  
5.4.3 E f f e c t  o f  Coal P rope r t i e s  on Emissions 

and 2f f i c i ency  . . . . . . . . . . . . . . .  
5.5 Pa r t i c l e  S ize  Dis t r ibu t ion  o f  Flyash . . . . . . . .  
5.6 Efficiency of Multiclone D u s t  Collector . . . . . . .  
5 . 7  Source Assessment S a w l i n g  System . . . . . . . . . .  
5.8 Data T a b l e s  

RPPENDIX A - Discussion of Low Ash Coal Problem . . . . .  
APPENDIX B - English and Metric U n i t s  t o  S I  Units 
APPENDIX C - S I  Units t o  Engl ish and Metric rjnits . . . .  
APPENDIX D - SI Pref ixes  . . . . . . . . . . . . . . . . .  
APPENDIX E - Znissions U n i t s  Conversion Factors  . . . . .  
APPENDIX F - Unit Conversaion from ppm t o  b / : O  Btu . . .  

. . . .  

i v  



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

Figure 

3-1 
3-2 
3-3 

3-4 

4-1 
4-2 
4- 3 
4-4 
4-5 
4-6 
4-7 

5-1 

5-2 
5-3 
5-4 
5-5 
5-6 
5-7 
5-8 
5-9 
5-10 
5-11 
5-12 
5-13 
5-14 
5-15 
5-16 
5-1 7 
5-18 
5-19 

5-20 

5-21 

5-22 

5-23 

5-24 

5-25 

LIST OF FIGURES 

Page - 
Schematic of Boi ler  G . . . . . . . . . . . . . . . . . . . .  1 2  
Plan V i e w  of Front and Rear Upper Overfire A i r  System . . . .  15 
Rear Elevation Drawing showing Arrangement of Rear Upper 

and Lower Overfire' A i r  System, and Flyash Reinjection 
S y s t e m . .  . . . . . . . . . . . . . . . . . . . . . . . . .  16 

Boiler  G Sample Plane Geometry . . . . . . . . . . . . . . . .  18 

SOX Sample Probe Construction . . . . . . . . . . . . . . . .  2 8  
Sulfur  Oxides Sampling Train (Shell-Emeryville). . . . . . . .  28 

Brink Cascade Impactor Sampling W a i n  . . . . . . . . . . . .  34 
Source Assessment Samplying System (SASS) Sampling W a i n  . . .  38 

Flow Schematic of Mobile Flue G a s  Monitoring LaboratOIY . . .  26 

Sulfur  Oxiees Sampling Train (EPA Method 6 ) .  . . . . . . . . .  30 
Pa r t i cu la t e  Sampling Train (EPA Method 5 ) .  . . . . . . . . . .  31 

Schematic of Overfire Air System Showing Location o f  Flow 
43 

Overfire Air Flow Rate a s  a Function o f  S t a t i c  Pressure . . .  46 
49 Oxygen vs Grate Heat Release . . . . . . . . . . . . . . . . .  
51 Boiler Out le t  Pa r t i cu la t e  vs Grate Heat Release . . . . . . .  

Dust Collector  Outlet Pa r t i cu la t e  vs Grate Heat Release . . .  53 
N i t r i c  Oxide vs Grate Heat Release . . . . . . . . . . . . . .  55 

Ni t r i c  Oxide vs Oxygen (100% Capacity) . . . . . . . . . . . .  57 
N i t r i c  Oxide vs Oxygen (80% Capaci ty) .  . . . . . . . . . . . .  58  
N i t r i c  Oxide vs Oxygen (17% Capaci ty) .  . . . . . . . . . . . .  59 
N i t r i c  Oxide vs Oxygen (Trend Lines) . . . . . . . . . . . . .  
Hydrocarbons vs Grate Heat Release . . . . . . . . . . . . . .  62 

Bottom Ash Combustibles vs Grate H e a t  Release . . . . . . . .  64 
Boiler Out le t  Combustibles vs Grate Heat Release . . . . . . .  65 
Dust Collector  Outlet Combustibles vs Grate Heat Release . . .  66 
Dust Collector  Catch Combustibles vs Grate Heat Release . . .  67 
Boiler  Eff ic iency vs Grate Heat Release . . . . . . . . . . .  69 
Size Consistency of "AS Fired" Blend Coal vs ABMA Recommended 

S i z e  Consistency of "As Fired" Pevler A Coal vs ABMA 

S i z e  Consistency of "As Fired" Pevler B Coal vs ABMA 

P a r t i c l e  Size Distr ibut ion of the Boi le r  Ou t l e t  Flyash 

P a r t i c l e  S i z e  Distr ibut ion a t  the Boi le r  Outlet by Brink 

P a r t i c l e  S i z e  Distr ibut ion a t  the  Boiler  Out le t  by SASS 

Rate Measurements . . . . . . . . . . . . . . . . . . . . .  

Ni t r i c  Oxide vs Oxygen . . . . . . . . . . . . . . . . . . . .  56 

60 

Hydrocarbons vs Oxygen . . . . . . . . . . . . . . . . . . . .  63 

L i m i t s  of Coal Sizing f o r  Spreader Stokers . . . . . . . . .  79 

Recornended L i m i t s  of Coal Sizing f o r  Spreader Stokers . . .  80 

Recommended L i m i t s  of Coal S iz ing  fo r  Spreader Stokers . . .  81 

by ~ a h c o  c l a s s i f i e r  and Sieve Analysis . . . . . . . . . . .  89 

Cascade Impactor . . . . . . . . . . . . . . . . . . . . . .  90 

Gravime tri cs  . . . . . . . . . . . . . . . . . . . . . . . .  91 
Dust Col lector  Eff ic iency vs Grate Heat Release . . . . . . .  95 

V 



'I 
I 
I 
1 . 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I' 
I 
I 

LIST O F .  TABLES 

T a b l e  . 
2-1 
2 -2 

3-1 
3-2 
3-3 

5-1 
5-2 
5-3 
5-4 
5-5 
5-6 
5-7 
5-8 
5-9 
5-10 
5-11 
5-12 
5-13 
5-14 
5-15 
5-16 
5-17 
5-18 
5-19 
5-20 
5-21 
5-22 
5-23 

5-24 

5-25 
5-26 
5-27 

5-28 
5-29 
5-30 
5-31 

Test Plan . . . . . . . . . . . . . . . . . . . . . . . . . .  
Emission Data S u m m a r y  . . . . . . . . . . . . . . . . . . . .  
Design Data . . . . . . . . . . . . . . . . . . . . . . . . .  
Average Coal Analysis . . . . . . . . . . . . . . . . . . . .  
Predicted Performance Data . . . . . . . . . . . . . . . . . .  

Effec t  of Overfire Air on Emissions and Efficiency . . . . . .  
Par t i cu la t e  Loading vs Overfire A i r  . . . . . . . . . . . . .  
N i t r i c  Oxide vs Overfire Air . . . . . . . . . . . . . . . . .  
Boiler  Efficiency vs Overfire A i r  . . . . . . . . . . . . . .  
Overfire A i r  and %injec t ion  A i r  Flow Rates . . . . . . . . .  
Par t i cu la t e  Loading vs Flyash Fieinjection . . . . . . . . . .  
Boiler  Efficiency vs Flyash Reinjection . . . . . . . . . . .  
Ash Carryover vs Coal Type . . . . . . . . . . . . . . . . . .  
Average N i t r i c  Oxide Concentrations vs Load . . . . . . . . .  
Predicted vs Measured Heat Losses . . . . . . . . . . . . . .  
Predicted vs  Measured Performance Data . . . . . . . . . . . .  
Coal Propert ies  Corrected to a Constant 10 B t u  a a s i s  . . . . .  

Boiler  Efficiency vs Load . . . . . . . . . . . . . . . . . .  

6 

Fuel Analysis . Blend Coal . . . . . . . . . . . . . . . . . .  
Fuel Analysis . Pevler A Coal . . . . . . . . . . . . . . . .  
Fuel Analysis . Pevler B Coal . . . . . . . . . . . . . . . .  
Mineral Analysis of Coal Ash . . . . . . . . . . . . . . . . .  
A s  Fired Coal Size Consistency . . . . . . . . . . . . . . . .  
Effec t  of Coal Change on Pa r t i cu la t e  Loading . . . . . . . . .  
Sulfur  Balance on Boiler G . . . . . . . . . . . . . . . . .  
Average Percent Combustible i n  Ash a t  Loads Above 50% . . . .  
Boiler  Efficiency vs Coal . . . . . . . . . . . . . . . . . .  
Description of P a r t i c l e  Size Distr ibut ion Tests a t  the 

Results of  P a r t i c l e  Size Distr ibut ion Tests a t  t h e  
Boiler Outlet  . . . . . . . . . . . . . . . . . . . . . . .  
Boiler  Out le t  . . . . . . . . . . . . . . . . . . . . . . .  

P a r t i c l e  S ize  Distr ibut ion vs Dust  Col lector  Efficiency . . .  
Efficiency of Dust Collector  . . . . . . . . . . . . . . . . .  
Polynuclear Aromatic Hydrocarbons Analyzed i n  the  S i t e  G 

SASS Sample . . . . . . . . . . . . . . . . . . . . . . . .  
Par t i cu la t e  Emissions . . . . . . . . . . . . . . . . . . . .  
Heat Losses and Eff ic ienc ies  . . . . . . . . . . . . . . . . .  
Steam Flow and Heat Release Razes . . . . . . . . . . . . . .  
Percent Combustibles i n  %fuse . . . . . . . . . . . . . . . .  

v i  

9 
10 

1 3  
1 4  
1 9  

40 
4 1  
4 1  
42 
45 
4 7  
48 
52 
54 
68 
70 
7 1  
12 
73 
74 
75 
76 
78 
82 
84 
85 
85 

8 7  

8 8  
92 
94 

96 
9 7  
9 8  
9 9  
100 



'I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I, 

1. o INTRODUCTION 

The pr inc ipa l  object ive of t h e  t e s t  program described i n  t h i s  repor t ,  

one of severa l  repor t s  i n  a s e r i e s ,  i s  t o  produce information which w i l l  in-  

crease the a b i l i t y  of b o i l e r  manufacturers to  design and f ab r i ca t e  s toker  

bo i l e r s  t h a t  a r e  an economical and environmentally s a t i s f a c t o r y  a l t e r n a t i v e  

t o  o i l - f i r e d  units. Further ob jec t ives  of the program a r e  to :  provide 

information t o  s toker  b o i l e r  operators  concerning the e f f i c i e n t  operation of 

t h e i r  b o i l e r s ;  provide ass i s tance  t o  s toker  b o i l e r  operators  i n  planning 

t h e i r  coal supply cont rac ts ;  r e f ine  app l i ca t ion  of ex i s t ing  pol lu t ion  control  

equipment with spec ia l  emphasis on performance; and contr ibute  t o  the design 

of new po l lu t ion  control  equipment. 

In order  t o  meet these objec t ives ,  it is necessary t o  def ine s toker  

bo i l e r  designs which w i l l  provide e f f i c i e n t  operation and m i n i m u m  gaseous and 

p a r t i c u l a t e  emissions, and def ine what those emissions a r e  i n  order t o  f a c i l i -  

t a t e  preparat ion of a t t a inab le  na t iona l  emiss ion  standards f o r  i n d u s t r i a l  

s i z e ,  coa l - f i red  bo i l e r s .  To do t h i s ,  b o i l e r  emissions and ef f ic iency  m u s t  

be measured a s  a function of  coal ana lys i s  and s i z ing ,  r a t e  of f lyash rein-  

jec t ion ,  ove r f i r e  a i r  admission, ash handling, g ra t e  s i z e ,  and other  var iab les  

fo r  d i f f e r e n t  b o i l e r ,  furnace, and s toker  designs.  

A f i e l d  t e s t  program designed t o  address the objec t ives  out l ined above 

was awarded t o  t h e  American Boiler  Manufacturers Association (ABMA),  sponsored 

by the United S ta t e s  Department of Energy (DOE) under cont rac t  number 

EF-77-C-01-2609, and co-sponsored by the United S ta t e s  Environmental Protect ion 

Agency @PAL under inter-agency agreement number IAG-D7-E681. The program i s  

directed by an ABMA Stoker Technical Committee which, i n  t u r n ,  has subcontracted 

the f i e l d  t e s t  port ion t o  KVB, Inc. ,  of Minneapolis, Minnesota. 

This repor t  is the F ina l  Technical Report for  the seventh of eleven 

bo i l e r s  t o  be t e s t ed  under t h e  ABMA program. It contains a descr ip t ion  of 

the f a c i l i t y  t e s t ed ,  the coals  f i r e d ,  the t e s t  equipment and procedures, and 

the r e s u l t s  and observations of t e s t i n g .  There i s  a l so  a data  supplement t o  

t h i s  r epor t  containing the "raw" data  shee ts  from the t e s t s  conducted. The 
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data supplement has the same EPA repor t  number a s  t h i s  r epor t  except t h a t  it 

is followed by "b" r a the r  than "a" . A s  a compilation of a l l  da ta  obtained 

a t  t h i s  t e s t  s i t e ,  the  supplement a c t s  a s  a research too l  f o r  fur ther  data  

reduction and ana lys i s  a s  new areas  of i n t e r e s t  a re  uncovered i n  subsequent 

t e s t ing .  

A t  the  completion of t h i s  program, a Final  Technical Report w i l l  

combine and co r re l a t e  the t e s t  r e s u l t s  from a l l  s i t e s  tes ted .  A r epor t  

containing operating guidel ines  fo r  b o i l e r  operators  w i l l  a l s o  be wr i t t en ,  

along with a separate  r epor t  covering t r a c e  species  da t a .  

be ava i lab le  t o  in t e re s t ed  p a r t i e s  through the NTIS o r  through t h e  E P A ' s  

Technical Library. 

These repor t s  w i l l  

Although it i s  EPA pol icy t o  use S . I .  units i n  a l l  EPA sponsored 

repor t s ,  an exception has been made here in  because English units have been 

conventionally used t o  describe b o i l e r  design and operat ion.  Conversion 

tab les  a r e  provided i n  the Appendix f o r  those who p re fe r  S.I. un i t s .  

To p ro tec t  the  i n t e r e s t s  of the  hos t  b o i l e r  f a c i l i t i e s ,  each t e s t  

s i t e  i n  t h i s  program has been given a l e t t e r  designation. As the  seventh 

s i t e  t e s t ed ,  t h i s  is the Fina l  Technical Report f o r  Test S i t e  G under the  

program e n t i t l e d ,  "A Testing Program t o  Update Equipment Spec i f ica t ions  and 

Design C r i t e r i a  fo r  Stoker Fired Boilers ."  
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2.0 EXECUTIVE SUMMARY 

A coal f i r e d  spreader s toker  r a t e d  a t  75,000 lbs steamfiour w a s  

extensively t e s t e d  f o r  emissions and e f f i c i ency  between February 10 and 

March 25, 1979. This sec t ion  summarizes the  r e s u l t s  o f  these te,sts and 

provides references t o  supporting f igu res ,  t ab l e s  and commentary found i n  

the main text of t he  report .  

U N I T  TESTED: Described i n  Section 3.0, page 11. 

0 Zurn Boiler  

B u i l t  1974 
Tfpe V.C. 2 drum 
75,000 lbs/hr  r a t ed  capaqity 
160 psig operat ing steam pressure 
Saturated steam 

0 Zurn Stoker 

Spreader with 3 feeders 
Traveling g ra t e  with f r o n t  ash discharge 
Flyash r e in j ec t ion  from boiler hopper only 
'Ilro r o w s  OFA on back w a t e r  w a l l  and one row on f ron t  

CUALS TESTED: Described i n  Section 3.6, page17, and Section 5.4,  page 7 2 .  

0 Blend Coal 

12,869 Btu/lb 
8.05% Ash 
0.78% s u l f u r  
4.56% Moisture 
2700+"F I n i t i a l  ash deformation temperature 

0 Pevler A Coal 

13,860 Btu/lb 
4.42% Ash 
1.31% Sulfur  
3.02% Moisture 
2420°F I n i t i a l  ash deformation temperature 
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0 Pevler B Coal 

12,832 Btu/lb 
7.32% Ash 
0.76% Sulfur  
4.59% Moisture 
2700+"F I n i t i a l  ash deformation temperature 

O V E R F I X  A I R  TEST RESULTS: Overfire a i r  pressure w a s  var ied from 23" H 2 0  
pressure (base l ine)  t o  as  low a s  1 2 "  H20 pressure 
(low) i n  two tes t  sets with the b o i l e r  operat ing 
a t  i t s  design capacity.  Overfire a i r  flow rate 
w a s  a l so  measured and r e l a t e d  t o  s t a t i c  pressure.  
The test  r e s u l t s  follow (Section 5 . 1 ,  page 39, 
Tab le  5-1, page 40. 

0 Pa r t i cu la t e  Loading 

Confl ic t ing t rends were observed fo r  p a r t i c u l a t e  loading vs 
OFA i n  the two t e s t  s e t s .  The var ia t ions  were in t e rp re t ed  as 
normal da ta  s c a t t e r  and unrelated t o  OFA conditions (Sec t ion  
5.1.1, page 39, Table 5-2, page 4 1 ) .  

0 Nitr ic  Oxide 

Confl ic t ing trends were observed f o r  n i t r i c  oxide concentration 
vs OFA i n  the  two test sets. The var ia t ions  were in te rpre ted  
as normal da ta  s c a t t e r  and unrelated t o  OFA conditions.  
(Section 5.1.2, page 4 1 ,  Table 5-3, page 4 1 ) .  

0 Boiler Efficiency 

Boiler  e f f ic iency  w a s  h ighes t  a t  low OFA i n  bo+& test  sets.  
I t  i s  reasoned t h a t  these e f f i c i ency  va r i a t ions  were unrelated 
t o  OFA conditions because f lyash  corrbustibles were not  s ig-  
n i f i c a n t l y  changed (Section 5.1.3, page 4 2 ,  Table 5-4, page 4 2 ) .  

0 Overfire A i r  Flow Rate 

Overfire a i r  was found t o  cons t i t u t e  10% of the  furnace 
combustion a i r .  Eighty-five percent  of t h e  ove r f i r e  a i r  is 
introduced through the back w a l l .  The ove r f i r e  a i r  flow (lbs/hr) 
and over f i re  a i r  s t a t i c  pressure ( " H  0 )  r e l a t ionsh ip  f o r  each 
row of jets is presented. 
and 5-2, pages 4 3  and 46, T a b l e  5-5, page 45) .  

(Section 3.1.4, page 4 2 ,  Figures 5-1 

I 
I 
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FLYASH REINJECTION:  Boi le r  G pneumatically r e m j e c t s  f lyash from t h e  b o i l e r  
hopper. There is no r e i n j e c t i o n  from the dust  c o l l e c t o r .  
During one test the b o i l e r  hopper ash w a s  d i v e r t e d  t o  
b a r r e l s .  Fie r e s u l t s  of t h i s  t e s t  follow (Section 5.2,' 
page 47)  . 

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

Reduced r e i n j e c t i o n  r e s u l t e d  in a 14% drop i n  p a r t i c u l a t e  mass 
loading a t  the  b o i l e r  o u t l e t  (Table 5-6, page 4 7 ) .  

0 Boi le r  Ef f ic iency  

The b o i l e r  hopper ash r ep resen t s  a 1.13 p o t e n t i a l  e f f i c i e n c y  
gain when r e in j ec t ed .  Thus b o i l e r  e f f i c i e n c y  was assuned t o  
drop by this a m u n t  when r e i n j e c t i o n  was stopped. Percent  
combustibles i n  the ash was h igher  dur ing  the non-reinject ion 
test. (Table  5-7, page 48) .  

BOILER EMISSION BROFILES: Boi le r  emissions and e f f i c i e n c y  were measured over  
the load  range 16% t o  1024 of design capac i ty  which 
corresponds t o  d g r a t e  hea t  r e l e a s e  range o f  130,000 
t o  830,000 B t u h r - f t 2 .  
from 4 . 1  t o  15.2% (Section 5 . 3 ,  page 48) .  

Xeasured oxygen l e v e l s  ranged 

0 Excess Oxygen Operating Levels 

A t  f u l l  load,  the u n i t  was normally operated i n  the range 6.5 t o  
7.5% 0 2  ( 4 2  t o  53% excess a i r ) .  Oxygen i i c r e a s e d  as  load decreased 
such t h a t  14.6 t o  15.2% 02 (205 to 2 4 1 %  excess a i r )  was used a t  the 
very low loads of 16-173 capac i ty .  
ance w a s  based on 313 excess a i r  a t  f u l l  load (Section 5 . 3 . 1 ,  
page 48, Figure 5-3, page 4 9 ) .  

Manufacturers p red ic t ed  p e r f o n -  

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

A t  f u l l  load and n o m 1  ope ra t ing  condi t ions the b o i l e r  o u t l e t  
p a r t i c u l a t e  loading ranged from 2.93 t o  6.79 Lbs/lC6Btu and 
averaged 5.09 Lbs/106 B t u .  
the f u l l  load p a r t i c u l a t e  loading  ranged f r m  0 . 1 7  to  0.36 
lhs/lO%tu and averaged 0 .28  13s/106Btu. 
over w a s  41% a t  the high loads and 253 a t  t he ' l owes t  loads. Suing 
load  conditions produced 603 h igher  p a r t i c u l a t e  emissions than base 
load  conditions (Section 5 . 3 . 2 ,  page 50, Ficjllres 5-4, 5-5, pages 
5 1 ,  53 ,  T a b l e  5-8, .page 5 2 ) .  

After the inechanical d u s t  c o l l e c t o r  

The average ash car ry-  
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0 Nitrogen Oxides 

N i t r i c  oxide (NO) averaged 0.49 1bs/lO6Btu (360 ppm) a t  f u l l  
load and 0.51 1bs/lO6Btu (379 ppm) a t  80% and 1 7 %  of capacity.  
N i t r i c  oxide increased by 0.046 1bs/lO6Btu f o r  each one percent  
increase i n  oxygen a t  constant  load. Nitrogen dioxide (NO2) 
concentrations were negl ig ib le  (Section 5.3.3, page , Figures 
5-6 through 5-11, pages55-60, Table 5-9, page 54 ) .  

0 Hydrocarbons 

Hydrocarbons (HC) showed s igns  of decreasing with load ,  averaging 
33 ppm a t  f u l l  capacity and 22 ppm a t  80% capacity.  Hydrocarbon 
concentrations a l so  decreased a s  oxygen increased a t  80% loac? 
(Section 5.3.4, page61, Figures 5-12 and 5-13, pages 62 and 63) .  

0 Combustibles i n  the Ash 

The combustible content of the flyash and bottom ash was s l i g h t l y  
higher a t  high loads than a t  low loads. No t rend w i t h  oxygen 
w a s  observed. Bottom ash averaged 10% combustible. Combustible 
contents of the f lyash averaged 53% a t  the b o i l e r  o u t l e t ,  32% a t  
the dust co l l ec to r  o u t l e t ,  and 54% i n  the dust  c o l l e c t o r  hopper 
(Section 5.3.5, page 61,Figures 5-14 through 5-17, pages 6 4 ,  65, 66 
and 6 7 ) .  

BOILER EFFICIENCY: Measured b o i l e r  e f f i c i ency  w a s  severa l  percent  lower than 
the manufacturers pred ic ted  e f f i c i ency  because the u n i t  
was operated a t  a higher than predicted excess a i r .  Boi le r  
e f f i c i e n c i e s  averaged 75.8% a t  f u l l  capacity (77.0% pred ic t ed ) ,  
74.5% a t  80% capacity (79.2% predicted)  and 6 5 . 5 %  a t  17% 
capacity (Section 5.3.6, page 6 8 ,  Figure 5-18, page 69. 
Tables 5-10, 5-11, 5-12, pages 6 8 ,  70, 7 1 ) .  

COAL PROPERTIES: Three coals were t e s t  f i r e d .  Proximate ana lys i s  and s i z e  
consistency were determined fo r  coal samples from mst 
t e s t s .  Ultimate and mineral ana lys i s  were determined f o r  
se lec ted  tests (Section 5 . 4 ,  page 721. 

0 Chemical Analysis 

Blend and Pevler B coa ls  were very s imi la r .  Pevler A coal  was 
lower in both moisture and ash,  and higher i n  s u l f u r  content 
(Section 5 . 4 . 1 ,  page 72., Tables 5-13 through 5-17, pages 72-76). 
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0 Coal Size Consistency 

Pevler A coal  had the lowest percentage of  f ines  a t  an 
average 22%.  Blend coal had 41% f i n e s  and Pevler  B coal  
had 36% f i n e s .  The coal s i z e  consistency of a l l  three coals  
w a s  wi thin the ABMA recomended limits f o r  spreader s tokers .  
(Section 5.4.2, page 77, T a b l e  5-18, page 78, Figures 5-19, 
5-20, 5-21, pages 79, 80,  81). 

0 Effec t  on Emissions and Eff ic iency 

The low ash l o w  fines Pevler  A coal produced the lowes t  ' 

p a r t i c u l a t e  loadings a t  f u l l  load.  N i t r i c  oxide emissions 
were s imi la r  fo r  a l l  t h ree  coals. Sulfur  dioxide w a s  pro- 
po r t iona l  t o  s u l f u r  conten t  o f  coal .  Su l fu r  r e t en t ion  i n  
the ash was 3 . 5  t o  6.0% o f  the f u e l  s u l f u r .  Pevler  A coal 
had the lowest  combustible f r ac t ion  i n  the  bottom a s h  b u t  
the h ighes t  combustible f r a c t i o n  i n  the dus t  c o l l e c t o r  o u t l e t  
f lyash .  Pevler A coa l  gave the highest  b o i l e r  e f f ic iency  be- 
cause of its l o w  combustible h e a t  loss. (Section 5.4.3, page 77) .  

PARTICLE SIZE DISTRIBUTION OF FLYASH: Ten p a r t i c l e  s i z e  d i s t r i b u t i o n  measure- 
ments were made a t  t he  boiler o u t l e t .  
Results vary w i t h  measurement technique. 
Pevler  B coal produced mre f i n e s  than 
e i t h e r  Blend o r  Pevler A coals (Section 
5.5,  page 86, T a b l e s  5-23, 5-24, 5-25, 
pages 87, 88, 92, Figures 5-22, 5-23, 
5-24, pages 89, 90, 91 ) .  

EFFICIENCY O F  MULTICLONE DUST COLLECTOR: The co l l ec t ion  e f f i c i ency  of the 
mechanical dus t  c o l l e c t o r  averaged 
94.4% a t  loads o f  80% and 100% design 
capaci ty .  Col lect ion e f f i c i ency  drop- 
ped t o  an average 63.4% a t  low loads 
o f  17% design capaci ty  (Section 5.6, 
page 96, T a b l e  5-26, page 94, Figure 
5-25, page 9 2 ) .  

SOURCE ASSESSMENT SAMPLING SYSTEM: Flue gas w a s  sampled f o r  polynuclear aromatic 
hydrocarbons and trace elements during two 
tests on Blend coa l  and one tes t  on Pevler B 
coal. 
report a t  completion of tes t  program (Section 
5.7, page 93, Table 5-27, page 9 6 ) .  

Data w i l l  be presented i n  a separa te  
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The test  plan and the emissions da ta  a r e  summarized in T a b l e s  2 - 1  

Other data  t a b l e s  a r e  included a t  the end and 2-2 on the following pages. 

of Section 5.0, Test Results and Observations. For reference,  a Data Supple- 

ment containing a l l  the unreduced da ta  obtained a t  S i t e  G is avai lab le  under 

separate  cover bu t  with t h e  same t i t l e  followed by the  words "Data Supplement," 

and having the  same EPA document number followed by t h e  l e t t e r  "b" r a the r  than 

"a". 

and NTIS. 

Copies of t h i s  r epor t  and the Data Supplement a r e  ava i lab le  through EPA 

Mlg 15900-540 
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mars 2 - 1  

E S T  P U N  FOR E S T  SIT5 G 

Fir ing  Conditions Test Neasurements Tes: 30. 
9 Boi le r  Load Excess Overf i re  Flyash Flue M s  P a r t .  OFA Blend ~tvler A eeviar a 
CaDacim- Condition A i r  Reinject ion Composition Lisadixg SASS sox Flow Rate Coa]. Coal Coal 

100% b a s e i i n s  nom "Om nom 
100% base l ine  nom norm NO 
100% base l ine  Vary n o m  " O m  

a m  base l ine  norm nom n o m  
80% base l ine  norm Low "Om 
80% base l ine  Vary norm "Om 

X X 
X X 
X 

X X 
X X 
X 

5 8 in 
17 
12 25 

2 23  
3 24 
11 2 6  

no m X x 4 6 IO 2 2  80% Swing Il0m 
aor Swing norm norm X X X 9 6 1s 20 

601 base l ine  norm norm norm X X 6 

15% baseline aom n o m  " O r a  X X 16 7 19 

N4 N4 NA norm N4 
N4 NA NA LOW N4 

X l? 6 14 
X 20 

Note: Normal (nom1 overfire A i r  is the maximun sysrem ouC?ut a t  high loads. 

No-I (nom1 Flyash Reinject ion is tram t3s b o i l e r  hopper only 

Flue Gas Composition includes 0 2 ,  C02 a d  NO on all c e s t j ,  >IO2 and !IC 
on s e l e c t e d  tests. CO inszzument ,%as ouc of service during t e s t i n g .  

? a r r i c u l a t e  Loadings were t*en s i m l t a n e o u s l y  a t  b o i l e r  outlet (unconL*olledl 
and at dus: c l l lector  o u t b t  (cont ro l lad l  . 
sxs stands f,or s o u c e  Assessment Sampl'ng System and is used to measure 
t r a c e  eieabnts and organic  species in *he f l u s  gas, M w e l l  as  provide 
a pr*Lcl!.s s i z e  d i rc r ibuc ion  of the t l y a s h .  

SOX ( S O 2  6 SO,) was measured by the S h e l l - w r y v i l l e  wet chemical method), 
and by the  EPA tes: nethad 6 .  

OFA Flow 9ace is a masure of bs/hr air i n j e c t e d  i n t 9  the furnace above 
 he g a t e  by chhe o v e r z i r e  a i r  system. 

I 
I 
I 
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3.0 DESCRIPTION OF FACILITY TESTED AND COALS FIRED 

This sec t ion  discusses  the general  physical  layout  and operat ional  

c h a r a c t e r i s t i c s  of the b o i l e r  t e s t ed  a t  Test S i t e  G .  The coals  used i n  

t h i s  t e s t  s e r i e s  a r e  a l s o  discussed. 

3.1 BOILER DESCRIPTION 

Boiler  G was b u i l t  i n  1974 by Zurn Indus t r i e s ,  Inc . ,  and equipped 

w i t h  a Zurn spreader s toker .  The bo i l e r  is ra ted  a t  75,000 lbs/hr continuous 

operation a t  160 ps ig  satuzated steam. A b o i l e r  schematic is presented i n  

Figure 3-1. 

The Zurn Travagrate spreader s toker  has three  coal  feeders and 

continuous f r o n t  end a sh  discharge. The e f f e c t i v e  a rea  of the g ra t e  is 

137 f t 2 .  

Predicted performance data  a t  various loads a r e  presented i n  Table 3-2. 

Design data  on the b o i l e r  and s toker  a r e  presented i n  T a b l e  3-1. 

3.2 OVERFIRE A I R  SYSTEM 

The ove r f i r e  a i r  system cons is t s  of a r o w  of lower ove r f i r e  a i r  

j e t s  on t h e  f ron t  w a l l  and a row each of upper and lower ove r f i r e  a i r  j e t s  

on the r e a r  wal l .  There a re  12  j e t s  spaced t en  inches apa r t  i n  the f ron t  

row and 1 4  j e t s  spaced nine inches a p a r t  i n  back. This configuration is 

shown i n  Figure 3-2. Overfire a i r  is suppl ied by an independent fan,  and 

is not preheated. 

3.3 FLYASH REINJECTION 

Flyash is pneumatically r e in j ec t ed  from t h e  b o i l e r  dust  hopper 

only;  through three nozzles which take t h e  place of the number 3, 7, and 

12 l m e r  ove r f i r e  a i r  j e t s .  Figure 3-3 shows t h i s  configuration. One test 

a t  t h i s  s i t e  was run without r e in j ec t ion  i n  an attempt t o  determine any 

changes i n  p a r t i c u l a t e  loading and b o i l e r  e f f ic iency .  
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FIGjRE 3-1. Schematic of S a i l e r  G 
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TABLE! 3-1 

DESIGN DATA 
TEST SITE G 

I 
I 
I 
I 
I 

BOILER: Manufacturer 
WPe 
Boiler Heating Surface 
Design Pressure 
Waterwall Heating Surface 
Feedwater Temperature 

FURNACE : Volume  

STOI(ER: Manufacturer 
Type 
Grate Type 
Ash Discharge 
Effec t ive  Grate Width 
Effec t ive  Grate Length 
Effec t ive  Grate Area 

HEAT RATES: Steam Flow 
Input to Furnace 
Total Heat A v a i l a b l e  
Furnace Width Heat Release 
Grate Heat Release 
FUrMCe Liberat ion 

Zurn Indus t r i e s  
V.C. 2 drum 

8,280 f t 2  
200 p s i g  

212 OF 
2,140 f t 2  

4,100 f t 3  

Zurn Indus t r ies  
Travaqrate 

Trave l i n g  Continuous 
Front 

9 '9" 
1 4  ' 2" 

137 f t 2  

75,000 Ibs/hr 
98.95 x106Btu/hr 
88.98 x106Btu/hr 
10.2 x106Btu/ft-hr 

' 714 x103Btu/ft2-hr 
24 x103Btu/ft3-hr 

I 
I 
1 
I 
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TABLE 3-2 

PREDICTED PERFORMANCE DATA 
TEST SITE G 

Steam Flow 
Type of Fue l  
Excess  A i r  Leaving 

Fue 1 
F l u e  G a s  Leaving 
Combustion A i r  

D r u m  P r e s s u r e  
G a s  T e m p e r a t ~ e  Leaving Furnace  
G a s  Temperature  Leaving  Boiler 
F.W. to Boiler 

Furnace D r a f t  L o s s  
Boiler D r a f t  Loss . 
Burner  and B l a s t  Gate D.L. 
Duct D r a f t  Loss 
Damper D r a f t  Loss 

~ r y  G a s  Losses 
H 2  and H 2 0  i n  F u e l  Losses 
Moisture i n  A i r  Losses 
Unburned Combust ible  Losses 
R a d i a t i o n  Losses 
Manufac turers  Margin 
T o t a l  Heat Losses 

E f f i c i e n c y  of Uni t  

75,000 l b s h r  

31 % 
C o a l  

7 .71 x1031bs/hr 
103.48 x l O 3 l b s h r  

93.07 x1031bs /hr  

160  p s i g  
1 , 8 1 5  O F  

530 "F 
212 OF 

0 .15  "H20  
1 .35  '"20 
2.70 '"20 
0.25 '"20 
0.50 '"20 

10.74 % 
4.93 % 
0.27 % 
4.95  % 
0 .57  % 
1 . 5 0  % 

22.96 % 

77.04 % 

KVB 15900-540 
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. .  

Rear Upper Overfire A i r  
Header Showing J e t  Locations 

A A / e- ;i ! '  
I 

System Header and A i r  Jets 

FIGURE 3-3.  ear Elevation Drawing Showing Arrangement of Rear Upper and 
Lower Overfire A i r  System, and Flyash Reinjection System - 
T e s t  S i t e  G. 
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3 . 4  MECHANICAL DUST COLLECWR 

The b o i l e r  i s  equipped with a VOP Model 6UPZW HS#10-150 mechanical dust  

co l l ec to r .  This co l l ec to r  has 150 tubes of 6-inch diameter. 

3.5 TEST PORT LOCATIONS 

Emission measurements were made a t  two loca t ions ,  a t  the b o i l e r  

o u t l e t  and dus t  co l l ec to r  o u t l e t  ( s t ack ) .  The locat ions of these sample s i tes  

areshownin Figure 3-1, and t h e i r  geometry i s  shown i n  Figure 3-4 .  

Whenever p a r t i c u l a t e  loading was measured, i t  w a s  measured simultaneously 

a t  both locat ions using 24-point t raverses .  

and hydrocarbons were obtained by .pul l ing samples individual ly  and compositely 

from se lec ted  por t s .  SOX measurements, b r ink  and SASS samples f o r  organic and 

trace element determinations were each obtained from s ing le  poin ts  a t  the b o i l e r  

ou t l e t .  

Gaseous measurements of 02, COz,  NO 

3.6 COALS ULTILIZED 

Three coa ls  were f i r e d  a t  Test S i t e  G. These a re  r e fe r r ed  t o  as Pevler A,  

Pevler B and Blend i n  t h i s  report. Coal samples were taken f o r  each tes t  involving 

pa r t i cu la t e ,  br ink o r  SASS sampling. The average coal analyses obtained from these 

samples a re  presented i n  Table 3-3.  The primary coal a t  t h i s  s i t e  was Blend. 

Pevler A &id B were brought i n  f o r  t h e i r  lower ash content. The analyses for each 

individual coa l  sample are presented i n  Section 5 .0 ,  Test Results and Observations. 

W B  15900-540 
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~ u u u u u u u L  
+ + + + + + + + 

44 .5  

0 0 0 0 

+ + + + + + f + 

L 124-5" _I 
CROSS SECTIONAL APEA = 38 .47  ft2 
BOILER OUTLET S W L I N G  PLANE 

+ + +  o+++++t 

CROSS SECTIONAL AREA = 11 .04  f t 2  
DUST COUCTOR TJTLZT SAMPLING PLANE 

t PARTICULATE SAMPLING P O I N T  
a SASS SAMPLJNG POINT 

A SO3 S?iM?LING POINT 

0 GASEOUS SAMPLING ?OINT 0 BRIM(  SAXPLLUG POINT 

FIGURE 3-4. Boiler G Sample ?lane Geometry :WE 15900-540 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
P 
I 

TABLE 3-3 

AVERAGE C O A L  ANALYSIS 
TEST SITE G 

Proximate (as Rec) 

% Moisture 
% Ash 
% V o l a t i l e  
% Fired C a r b o n  
Btu/lb 
% Sulfur 

Ultimate ( a s  Rec) 

% Moisture 
% Carbon 
% Hydrogen 
% Nitrogen 
% Chlorine 
% Sul fur  
% Ash 
% Oxygen ( d i f f )  

Blend Pevler A Pevler B 

4.56 
8.05 
35.19 
52.21 
12869 
0.78 

4.27 
72.69 
4.78 
0.98 
0.10 
0.75 
8.32 
8.07 

3.02 
4.42 
38.98 
53.59 
13860 
1.31 

3.32 
74.59 
5.11 
1.12 
0.18 
1.31 
6.56 
7.81 

4.59 
7.32 
36.29 
51.79 
12813 
0.76 

4.81 
72.43 
4.90 
1.04 
0.05 
0.69 
6.95 
9.13 

KVB 15900-540 
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4.0 TEST EQUIPMENT AND PROCEDURES 

This sec t ion  d e t a i l s  how s p e c i f i c  emissions were measured and the 

sampling procedures followed t o  assure  t h a t  accurate,  r e l i a b l e  data  were 

col lected.  

4 . 1  GASEOUS EMISSIONS MEASUREMENTS (.NOX, CO, CO7, 0 7 ,  HC) 

A descr ip t ion  is given below of the ana ly t i ca l  instrumentation, re- 

l a t ed  equipment, and t h e  gas sampling and conditioning system, a l l  of which 

a r e  located i n  a mobile t e s t i n g  van owned and operated by KVB. The systems 

have been developed a s  a r e s u l t  of t e s t i n g  s ince 1970, and are  operat ional  

and f u l l y  checked out .  

4.1.1 Analytical  Instruments and Related Equipment 

The ana ly t i ca l  system cons is t s  of f i v e  instruments and associated 

equipment fo r  simultaneously measuring the  cons t i tuents  of f l u e  gas. The 

analyzers,  recorders,  valves,  cont ro ls ,  and manifolds a re  mounted on a panel 

i n  the vehicle .  The analyzers a re  shock mounted t o  prevent v ibra t ion  damage. 

The f lue  gas cons t i tuents  which a r e  measured a r e  oxides of nitrogen (NO,  NOx) ,  

carbon monoxide (CO) , carbon dioxide (C02) , oxygen ( 0 2 )  , and gaseous hydro- 

carbons (HC1. 

Lis ted below are  the  measurement parameters, the analyzer model 

furnished, and the  range and accuracy of each parameter f o r  the system. A 

deta i led  discussion of each analyzer follows: 

Consti tuent : 
Analyzer: 
Range : 
Accuracy : 

Constituent:  
Analyzer: 
Range : 
Accuracy : 

N i t r i c  Oxide/Total Oxides of Nitrogen (NO/NOx) 
Thermo Electron Model 10 Chemiluminescent Analyzer 
0-2.5, 1 0 ,  2 5 ,  100, 250, 1000, 2500, 10,000 ppm NO 
21% of f d l  sca le  

Carbon Monoxide 
Beckman Model 315B NDIR Analyzer 
0-500 and 0-2000 ppm CO 

of f u l l  s ca l e  

KVB 15900-540 
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Constituent : 
Analyzer: 
Range : 
Accuracy : 

Constituent:  
Analyzer: 
Range: 
Accuracy : 

Constituent:  
Analyzer: 
Range : 
Accuracy : 

Carbon Dioxide 
Beckman Model 864 NDIR Analyzer 
0-5% and 0-2C% C 0 2  
?I% of f u l l  s ca l e  

Oxygen 
Teledyne Model 3 2 6 A  Fuel Cel l  Analyzer 
0-5, 10, and 25% 0 2  f u l l  s ca l e  
21% of f u l l  s ca l e  

Hydrocaxbons 
Beclanan Model 402  Flame Ionizat ion Analyzer 
5 ppm f u l l  s ca l e  t o  10% f u l l  s ca l e  
21% of f u l l  s ca l e  

Oxides of nitrogen. The instrument used 'to monitor oxides of nitrogen 

is  a Thermo Electron chemiluminescent n i t r i c  oxide analyzer.  The instrument 

operates by measuring the chemiluminescent reac t ion  of NO and 03 t o  form N 0 2 .  

Light is emitted when e l ec t ron ica l ly  exci ted NO2 molecules r e v e r t  t o  t h e i r  

ground s t a t e .  The r e s u l t i n g  chemiluminescence is monitored through an o p t i c a l  

f i l t e r  by a high s e n s i t i v i t y  photomult ipl ier ,  the  output of which is l inea r ly  

proportional t o  the NO concentration. 

A i r  f o r  the ozonator i s  drawn from ambient a i r  through a dryer  and 

a ten micrometer f i l t e r  element. Flow con t ro l  f o r  the instrument i s  accomplished 

by means of a small bellows pump mounted on t h e  vent of the instrument down- 

stream of a separator  t h a t  prevents water from col lec t ing  i n  the  pump. 

The bas i c  analyzer is s e n s i t i v e  only to  NO molecules. To measure NOx 

( i . e . ,  NO+N02)., the NO2 is f i r s t  converted t o  NO. This is accomplished by a 

converter which is included w i t h  the  analyzer.  'Ihe conversion occurs a s  the 

gas passes through a thermally insu la ted ,  res i s tance  heated, s t a i n l e s s  s t e e l  

c o i l .  With the appl ica t ion  of hea t ,  NO2 molecules i n  the sample gas a r e  re- 

duced t o  NO molecules, and the analyzer now reads NOx. 

difference i n  readings obtained with and without the converter i n  operat ion.  

NO2 is obtained by the 

Specif icat ions:  Accuracy 1% of f u l l  s c a l e  
Span s t a b i l i t y  ?l% of f u l l  s ca l e  i n  24 hours 
Zero s t a b i l i t y  21 ppm i n  24 hours 
Power requirements 115?10V, 60 Hz, 1000 watts 
Response 90% of f u l l  s ca l e  i n  1 sec. (NOx mode), 

Output 4-20 ma 
0 . 7  sec. NO mode 
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S e n s i t i v i t y  0.5 ppm 
Lineari ty  21% of f u l l  s ca l e  
Vacuum detec tor  operat ion 
Range: 2.5, 10,  25, 100, 250, 1000, 2500, 10,000 ppm 

f u l l  scale 

Carbon monoxide. Carbon monoxide concentration is measured by a 

Beckman 315B non-dispersive inf ra red  analyzer .  This instrument measures the 

d i f f e r e n t i a l  i n  in f ra red  energy absorbed from energy beams passed through a 

reference ce l l  (containing a gas se l ec t ed  t o  have minimal absorpt ion of infra-  

red energy i n  the wavelength absorbed by the  gas component o f  i n t e r e s t )  and a 

sample cel l  through which the  sample gas flows continuously. The d i f f e r e n t i a l  

absorption appears as a reading on a s c a l e  from 0 t o  100 and i s  then r e l a t ed  

t o  the  concentration of the  specie  of i n t e r e s t  by ca l ib ra t ion  curves supplied 

with the  instrument. The operating ranges f o r  the CO analyzer a re  0-500 ppm 

and 0-2000 ppm. 

Specif icat ions:  Span s t a b i l i t y  21% of f u l l  scale i n  24  hours 
Zero s t a b i l i t y  21% of f u l l  scale i n  24 hours 
Ambient temperature range 32OF t o  120'F 
Line voltage 115tl5V r m s  
Response 90% of f u l l  scale i n  0.5 o r  2.5 sec .  
Precision of f u l l  scale 
Output 4-20 m a  

Carbon dioxide. Carbon dioxide concentration i s  measured by a Beckman 

Model 864 s h o r t  path-length, non-dispersive inf ra red  analyzer.  This instrument 

measures the d i f f e r e n t i a l  i n  in f ra red  energy absorbed from energy beams passed 

through a reference ce l l  (containing a gas se l ec t ed  t o  have minimal absorption 

of in f ra red  energy i n  the  wavelength absorbed by the gas component of i n t e r e s t )  

and a sample ce l l  through which the sample gas flows continuously. The d i f -  

f e r e n t i a l  absorption appears as a reading on a scale from 0 t o  LOO and is  then 

r e l a t ed  t o  the  concentration of the  specie  of i n t e r e s t  by ca l ib ra t ion  curves 

supplied with the  instrument. The operat ing ranges f o r  t he  C02  analyzer are 

0-5% and 0-20%. 

Specif icat ions:  Span s t a b i l i t y  ?1% of f u l l  scale i n  24  hours 
Zero s t a b i l i t y  *l% of f u l l  scale i n  24 hours 
Ambient temperature range 32°F t o  120°F 
Line voltage 115+15V rms 
Response 90% of f u l l  scale i n  0 .5  or 2.5 sec. 
Precision -+I% of f u l l  s ca l e  
Output 4-20 m a  KVB 15900-540 
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Oxygen. The oxygen content of t he  f l u e  gas sample is automatically 

and continuously determined with a Teledyne Model 326A Oxygen analyzer.  

Oxygen i n  the  f lue  gas d i f fuses  through a Teflon membrane and i s  reduced 

on the surface of the cathode. A corresponding oxidation occurs a t  the anode 

in t e rna l ly  and an e lectr ic  cur ren t  is produced t h a t  is proport ional  t o  the  

concentration of oxygen. This cu r ren t  is measured and conditioned by the  

instrument 's  e l ec t ron ic  c i r c u i t r y  t o  give a f i n a l  output  i n  percent  0 2  by 

volume f o r  operat ing ranges of 0% t o  5 % ,  0% to  lo%, o r  0% t o  25%. 

Specif icat ions : Precis ion -I10 of fu l l  scale 
Response 90% i n  less than 40 sec. 
S e n s i t i v i t y  1% of low range 
Linear i ty  -+I% of f u l l  s c a l e  
Ambient temperature range 32-125'F 
Fuel ce l l  l i f e  expectancy 40,00O%-hours 
Power requirement 115 VAC, 50-60 H z ,  100 w a t t s  
Output 4-20 ma 

Hydrocarbons. Hydrocarbons are measured using a Beckman Model 402 

hydrocarbon analyzer which u t i l i z e s  the  flame ioniza t ion  method of de tec t ion .  

The sample is drawn t o  the  analyzer through a heated l i n e  t o  prevent the  loss 

of higher molecular weight hydrocarbons. I t  i s  then f i l t e r e d  and supplied t o  

the  burner by means of a pump and flow cont ro l  system. The sensor ,  which i s  

the burner, has i t s  flame sustained by regula ted  flows of fue l  (40% hydrogen 

p lus  60% helium) and a i r .  In  the flame, the hydrocarbon components of the 

sample undergo a complete ion iza t ion  t h a t  produces e lec t rons  and pos i t i ve  ions.  

Polarized electrodes c o l l e c t  these  ions,  causing a s m a l l  cur ren t  t o  flow through 

a c i r c u i t .  This ion iza t ion  cu r ren t  i s  proport ional  to the  concentration of 

hydrocarbon atoms which en te r  the  burner.  The instrument i s  ava i lab le  with 

range se l ec t ion  from 5 ppm t o  10% f u l l  scale as CH4. 

Specif icat ions:  F u l l  s c a l e  s e n s i t i v i t y ,  ad jus tab le  from 5 ppm CH4 to 
10% CH4 

Ranges: Range mul t ip l i e r  switch has 8 pos i t ions :  x1, 
X5, X10, X50, X100, X500, X1000, and X5000. In  
addi t ion ,  span cont ro l  provides continuously var iab le  
adjustment within a dynamic range of 1O:l 

Response time 90% f u l l  s c a l e  i n  0 .5  sec. 
Precis ion 21% of f u l l  scale 
Electronic  s t a b i l i t y  21% of f u l l  scale fo r  successive 

i d e n t i c a l  samples 
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Reproducibility 5% of 
iden t i ca l  samples 

Analysis temperature: ambient 
Ambient temperature 32'F t o  l l O O F  
Output 4-20 ma 
A i r  requirements 350 t o  400 cc/min of c lean,  hydro- 

carbon-free a i r ,  suppl ied a t  30 t o  200 p s i 9  
Fuel gas requirements 75 t o  80 cc/min of  pre-mixed 

f u e l  cons is t ing  of 40% hydrogen and 60% nitrogen 
o r  helium, supplied a t  30 t o  200 ps ig  

sca l e  f o r  successive 

E l e c t r i c a l  power requirements 120V, 60 Hz 
Automatic flame-out ind ica t ion  and f u e l  shut-off valve 

4 . 1 . 2  Recording Instruments 

The output  of the four analyzers is displayed on f r o n t  panel meters 

and a r e  simultaneously recorded on a Texas Instrument Model FL04W6D four-pen 

s t r i p  char t  recorder.  The recorder spec i f i ca t ions  a r e  a s  follows: 

Chart s i z e  9-3/4 inch 
Accuracy 20.25% 
Lineari ty  (0.1% 
Line voltage 12OV-+lO% a t  60 Hz 
Span s t e p  response: one second 

4.1.3 Gas Sampling and Conditioning System 

The gas sampling and conditioning system cons is t s  of probes, sample 

l i nes ,  valves,  pumps, f i l t e r s  and other  components necessary t o  de l ive r  a 

representat ive,  conditioned sample gas t o  the ana ly t i ca l  instrumentation. The 

following sec t ions  describe the system and i ts  components. The e n t i r e  gas 

sampling and conditioning system shown schematically i n  Figure 4-1 i s  con- 

tained i n  the emission t e s t  vehicle.  

4 . 1 . 4  Gaseous Emission Sampling Techniques 

Boiler access poin ts  fo r  gaseous sampling a re  se lec ted  i n  the same 

sample plane a s  a r e  p a r t i c u l a t e  sample poin ts .  Each probe cons i s t s  of one- 

half  inch 316 s t a i n l e s s  s t e e l .  heavy w a l l  tubing. A 100 micrometer Mott Metal- 

l u rg i ca l  Corporation s in t e red  s t a i n l e s s  steel f i l t e r  is attached to  each 

probe fo r  removal of p a r t i c u l a t e  mater ia l .  

KVB 15900-540 
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Gas samples t o  be analyzed for  02, COz, CO and NO a r e  conveyed t o  the 

KVB mobile laboratory through 3/8 inch nylon sample l i n e s .  After passing 

through bubblers f o r  flow cont ro l ,  the samples pass through a diaphragm pump 

and a r e f r ige ra t ed  dryer t o  reduce the sample deb poin t  temperature t o  35'F. 

After the dryer ,  the sample gas is s p l i t  between the various continuous gas 

monitors f o r  ana lys i s .  Flow through each continuous monitor is accurately 

control led w i t h  rotometers. Excess flow i s  vented t o  the outs ide.  Gas samples 

may be drawn both ind iv idua l ly  and/or compositely from a l l  probes during each 

t e s t .  The average emission values a re  reported i n  this repor t .  

4 .2  SULFUR OXIDES (~SOxl MEASUREMENT AND PROCEDURES 

Measurement of SO2 and SO3 concentrations is made by wet chemical 

analysis  using both the "Shell-Emeryville" method and EPA Method 6 .  in the 

Shell-Emeryville mthod the gas sample i s  drawn from the s tack through a 

g lass  probe (Figure 4-21,  containing a quar tz  wool f i l t e r  t o  remove par t icu-  

l a t e  matter,  i n t o  a system of three s i n t e r e d  g lass  p l a t e  absorbers (Figure 4-3). 

m e  first two absorbers contain aqueous isopropyl alcohol and remove the sul- 

fu r  t r iox ide ;  the t h i r d  contains aqueous hydrogen peroxide so lu t ion  which 

absorbs the  s u l f u r  dioxide. Some of  the su l fu r  t r i ox ide  i s  removed by the 

f i r s t  absorber,  while the remainder, which passes through a s  s u l f u r i c  acid 

m i s t ,  is completely removed by the secondary absorber mounted above the f i r s t .  

A f t e r  the gas sample has passed through the absorbers,  the gas t r a i n  is purged 

w i t h  nitrogen t o  t r a n s f e r  s u l f u r  dioxide,  which has dissolved i n  the f i r s t  

two absorbers, t o  the t h i r d  absorber t o  complete the separat ion of the two 

components. The isopropyl alcohol is used t o  i n h i b i t  t h e  oxidation of su l fu r  

dioxide t o  s u l f u r  t r i ox ide  before it ge ts  t o  the th i rd  absorber. 

The isopropyl alcohol absorber solut ions are  combined and the s u l f a t e  

r e su l t i ng  from the s u l f u r  t r iox ide  absorption i s  t i t r a t e d  w i t h  s tandard lead 

perchlorate  so lu t ion  using Sulfonazo I11 i nd ica to r .  I n  a s imi la r  manner, the 

hydrogen peroxide so lu t ion  is t i t r a t e d  fo r  the s u l f a t e  r e su l t i ng  from the 

su l fur  dioxide absorption. 

The gas sample is drawn from the f l u e  by a s i n g l e  probe made of  

quartz g l a s s  i n se r t ed  i n t o  the duct approximately one-third t o  one-half way. 
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The i n l e t  end of the probe holds a qua r t z  wool f i l t e r  to  remove p a r t i c d a t e  

mdtter. I t  is important t h a t  the e n t i r e  probe temperature be kept  above 

t h e  dew po in t  of s u l f u r i c  a c i d  during sampling (minimum temperature of  

26OOC1. This is accomplished by wrapping the  probe w i t h  a hea t ing  tape.  

EPA Method 6 ,  which is an a l t e r n a t i v e  method fo r  determining SO2 

(Figure 4 -4 ) ,  employs an impinger t r a i n  c o n s i s t i n g  of a bubbler and three  

midget impingers. The bubbler contains isopropanol. The first and second 

impingers conta in  aqueous hydrogen peroxide. The t h i r d  impinqer is l e f t  dry. 

The quartz  probe and f i l t e r  used i n  the  Snell-Emeryville method is a l s o  used 

i n  Method 6.  

Method 6 d i f f e r s  from Shell-Emeryville i n  t h a t  Method 6 requi:es 

t h a t  the sample r a t e  be p ropor t iona l  t o  s t a c k  gas ve loc i ty .  Method 6 a l s o  

d i f f e r s  from Shell-Emeryville i n  t h a t  the  sample t r a i n  i n  Xethod 6 is purged 

with ambient a i r ,  i n s t ead  of ni t rogen.  Sample recovery involves combining 

the solut ions from the f i r s t  and second impingers. A 10 ml a l i q u o t  of  

this solution is then t i t r a t e d  with s tandard ized  barium pe rch lo ra t e .  

Two r e p e t i t i o n s  of Snell-Emeryville and two r e p t i t i o n s  of EPA 

Method 6 were made during each t e s t .  

4.3 PARTICULATE .YEASUi(EMENT AND ? W E D U R E S  

P a r t i c u l a t e  samples a r e  taken a t  the same sample p o r t s  as tihe gaseous 

emission samples using a Joy Manufacturing Company por tab le  e f f l u e n t  sampler 

p i g u r e  4-51. This  system, which meets the EPA design s p e c i f i c a t i o n s  f o r  

Test  Method 5 ,  Determination of P a r t i c u l a t e  Emissions from Sta t ionary  Sources 

(.Federal Xeqister,  Volume 36, No. 2 7 ,  page 24888, December 2 3 ,  19711, is used 

t o  perform bot5  the i n i t i a l  ve loc i ty  t r a v e r s e  and the p a r t i c u l a t e  sample 

co l l ec t ion .  D r y  p a r t i c u l a t e s  a r e  c o l l e c t e d  i n  a heated case using f i r s t  a 

cyclone t o  sepa ra t e  p a r t i c l e s  l a rge r  than f i v e  micrometers and a 100 mm g l a s s  

f i b e r  f i l t e r  for  r a t e n t i o n  of p a r t i c l e s  down t o  0 . 3  Gcrometers .  Condensible 

p a r t i c u l a t e s  a re  co l l ec t ed  i n  a t r a i n  of four Greenburg-3rith impingers i n  an 

i ce  water bath.  The control  un i t  inc ludes  a t o t a l  gas meter and thermocouple 

ind ica tor .  A p i t o t  tube system is  provided f o r  s e t t i n g  sample flows t o  obta in  

i sokine t ic  sampling condi+ions.  
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A l l  per iphera l  equipment is c a r r i e d  i n  the instrument van. This 

includes a s ca l e  (accurate to  20.1 mg), h o t  p l a t e ,  drying oven (212OF), high 

temperature oven, desiccator ,  and r e l a t e d  glassware. A p a r t i c u l a t e  ana lys i s  

laboratory is s e t  up i n  the v i c i n i t y  of t h e  b o i l e r  i n  a vibrat ion-free area.  

Here f i l t e r s  a r e  prepared, t a r e  weighed and weighed again a f t e r  p a r t i c u l a t e  

co l l ec t ion .  Also, probe washes a r e  evaporated and weighed i n  the lab .  

4.4 PARTICLE SIZE DISTRIBUTION MEASUREMENT AND PROCEDURES 

P a r t i c l e  s i z e  d i s t r i b u t i o n  is measured using severa l  methods. These 

include the Brink Cascade Impactor, SASS cyclones, and Bahco C l a s s i f i e r .  Each 

of these p a r t i c l e  s i z ing  methods has i ts  advantages and disadvantages. 

Brink. The Brink cascade impactor i s  an in-s i tu  p a r t i c l e  s i z ing  de- 

vice which separa tes  the p a r t i c l e s  i n t o  s i x  s i z e  c l a s s i f i c a t i o n s .  I t  has the 

advantage of co l lec t ing  the e n t i r e  sample. That i s ,  everything down t o  the 

co l l ec t ion ' e f f i c i ency  of the f i n a l  f i l t e r  is included i n  the ana lys i s .  

has ,  however, so= disadvantages. I f  the p a r t i c u l a t e  matter i s  s p a t i a l l y  

s t r a t i f i e d  within the duct ,  the s ingle-point  Brink sampler w i l l  y i e l d  

erroneous r e s u l t s .  Unfortunately, the  p a r t i c l e s  a t  the o u t l e t s  of s toker  

bo i l e r s  may be considerably s t r a t i f i e d .  Another disadvantage is the in s t ru -  

ment's small c l a s s i f i c a t i o n  range (0.3 t o  3.0 micrometers) and its small sample 

nozzle U.5  to  2 .0  mm maximum diameter) .  Both a re  inadequate f o r  the job a t  

hand. The p a r t i c l e s  being co l lec ted  a t  the  b o i l e r  o u t l e t  a r e  of ten  a s  large 

I t  

I 

as  the sample nozzle. . .  

The sampling procedure is s t r a i g h t  forward. F i r s t ,  the  gas veloci ty  

a t  the sample point  is determined using a ca l ib ra t ed  S-type p i t o t  tube. For 

t h i s  purpose a hand held p a r t i c u l a t e  probe, incl ined manometer, thermocouple 

and ind ica tor  are  used. Second, a nozzle s i z e  i s  se lec ted  which w i l l  main- 

t a i n  i sok ine t i c  flow r a t e s  within the recommended .02-.07 ft3/min r a t e  a t  

s tack  conditions.  

r a t e  fo r  i sok ine t i c s ,  the operating pressure drop across the impactor i s  

determined from a ca l ib ra t ion  curve. This pressure drop is corrected fo r  

temperature, pressure and molecular weight of the gas t o  be sampled. 

Having se lec ted  a nozzle and determined the required flow 

A sample is drawn a t  the predetermined AP fo r  a t i m e  period which is 

To minimize weighing e r r o r s ,  d ic ta ted  by mass loading and s i z e  d i s t r i b u t i o n .  
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it is des i rab le  to  c o l l e c t  several  milligrams on each s tage .  However, t o  

minimize reentrainment, a rule of thumb is  t h a t  no s tage  should be loaded 

above 10 mg. A schematic of the Brink sampling t r a i n  is shown i n  Figure 4-6. 

Bahco. The Bahco c l a s s i f i e r  is described i n  Payer T e s t  Code 28. 

I t  i s  an acceptable p a r t i c l e  s i z ing  method i n  the payer industry and is of ten 

used i n  specifying mechanical dust  c o l l e c t o r  guarantees. 

is t h a t  it i s  only as accuzate a s  the  sample col lected.  Most Bahco samples 

a re  co l lec ted  by cyclone separat ion;  t hus ,  p a r t i c l e s  below the c u t  po in t  Of 

the cyclone a re  l o s t .  The Bahco samples co l lec ted  a t  Test  S i t e  G came from 

the cyclone i n  the  EPA Method 5 p a r t i c u l a t e  t r a i n .  

representat ive because they a r e  taken from a 24-point sample matrix.  However, 

much of the sample below.about seven micrometers is l o s t  t o  the f i l t e r .  The 

Bahco t e s t  data  a r e  presented i n  combination w i t h  s ieve  ana lys i s  of the  same 

sample. A n  attempt w a s  made t o  co r rec t  f o r  the l o s t  port ion of the sample. 

Its main disadvantage 

These samples a r e  s p a t i a l l y  

SASS. The Source Assessment Sampling System (SASS) was not  designed 

pr inc ipa l ly  as a p a r t i c l e  s i z e r  bu t  it includes three ca l ib ra t ed  cyclones 

which can be used a s  such. The SASS t r a i n  i s  a s ing le  poin t  i n - s i tu  sampler. 

Thus, it is on a par with cascade impactors. Because it is a high volume 

sampler and samples a r e  drawn through l a rge  nozzles (0.25 t o  1.0 i n . ) ,  it 

has  an advantage over the Brink cascade impactor where large p a r t i c l e s  are 

involved. The c u t  po in ts  of the three cyclones a r e  10 ,  3 and 1 micrometers. 

a de ta i led  descr ip t ion  of the SASS t r a i n  i s  presented i n  Section 4.9.  

4.5 COAL SAMPLING am ANALYSIS PROCEDURE 

Coal samples a t  Test S i t e  G were taken during each t e s t  from the 

units three  observation po r t s  immediately above the feeders.  The samples 

were processed and analyzed f o r  both s i z e  consistency and chemical composition. 

Normally coal samples wobld be taken off the apron of the coa l  s ca l e  feeders,  

but  there  were no coa l  s ca l e s  a t  S i t e  G. The observation por t s  above the 

feeders were used because they a r e  c lose  enough t o  the furnace t h a t  the 

coal sampled simultaneously wi th  t e s t i n g  is representat ive of the coal  f i r e d  

during the t e s t i n g .  
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Representative samples were obtained by f i r s t  purging t h e  por t s  of 

clogged coal  and then l i f t i n g  the po r t s  allowing 10 t o  20 pounds of coal 

t o  flow i n t o  a rectangular  bucket. This w a s  done from one of the po r t s  

a t  the s t a r t  of t e s t ing ,  and once more from each of the other  two por t s  

during the t e s t ,  ( three-to-five hours du ra t ion ) ,  so t h a t  a three-increment 

sample w a s  obtained. The samples were then r i f f l e d  using a Gilson Model 

SP-2 Porta S p l i t t e r  u n t i l  two representa t ive  twenty-pound samples were ob- 

ta ined.  

The sample t o  be used f o r  s ieve  ana lys i s  is weighed, a i r  d r ied  over- 

night ,  and re-weighed. Drying of the coal  i s  necessary fo r  good separat ion 

of f ines .  I f  the coal is wet, f i n e s  c l ing  t o  the l a rge r  pieces  of coal  and 

t o  each o ther .  Once dry,  the coal is s ized  using a s i x  t r ay  Gilson Model 

PS-3 Porta  Screen. Screen s i zes  used a r e  l", 1 / 2 " ,  1 /4" ,  #8 and #16 mesh. 

Screen area  per t r ay  is 14"x14". The coal  i n  each t r ay  i s  weighed on a 

t r i p l e  beam balance t o  the nearest  0.1 gram. 

The coal  sample fo r  chemical ana lys i s  i s  reduced t o  2-3 pounds by 

fu r the r  r i f f l i n g  and sealed i n  a p l a s t i c  bag. A l l  coal  samples a r e  s e n t  t o  

Commercial Testing and Engineering Company, South Holland, I l l i n o i s .  Each 

sample associated w i t h  a p a r t i c u l a t e  loading o r  p a r t i c l e  s i z ing  t e s t  is 

given a proximate ana lys i s .  I n  addi t ion ,  composite samples cons is t ing  of 

one increment of coa l  f o r  each t e s t  fo r  each coal  type receive ult imate 

ana lys i s ,  ash fusion temperature, mineral ana lys i s ,  Hardgrove g r indab i l i t y  

and f r ee  swelling index measurements. 

4.6 ASH COLLECTION AND ANALYSIS FOR COMBUSTIBLES 

The combustible content of f lyash i s  determined i n  the  f i e l d  by KVE 

i n  accordance with ASTM D3173, "Moisture i n  the  Analysis Sample of Coal and 

Coke" and ASTM D3174, " A s h  i n  the Analysis Sample of Coal and Coke." 

The f lyash sample is co l lec ted  by the EPA Method 5 p a r t i c u l a t e  

sample t r a i n  while sampling f o r  p a r t i c u l a t e s .  The cyclone catch i s  placed i n  

a desiccated and tare-weighed ceramic c ruc ib le .  The crucible  with sample i s  

heated i n  an oven a t  230.F t o  remove its moisture. I t  i s  then desiccated t o  
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room temperature and weighed. The c ruc ib l e  w i t h  sample is then placed i n  an 

e l e c t r i c  muffle furnace maintained a t  a temperature of 1 4 O O 0 F  u n t i l  i gn i t i on  

is complete and the sample has reached a constant  weight. It is cooled i n  a 

desiccator  over desiccant  and weighed. Combustible content is calculated as 

the percent weight loss of the sample based on i t s  pos t  230'F weight. 

A t  Test  S i t e  G the bottom ash samples were co l l ec t ed  i n  severa l  in- 

crements from the discharge end of the g r a t e  during t e s t ing .  These samples 

were mixed, quartered,  and s e n t  t o  Commercial Testing and Engineering 

Company f o r  combustible determination. Multiclone ash samples were taken 

from p o r t s  near the base of the dus t  c o l l e c t o r  hopper. These samples, 

approximately one quar t  in s i z e ,  was s e n t  t o  Commercial Testing and Engineering 

Company fo r  combustible determination. 

4 .7  BOILER EFFICIENCY EVALUATION 

Boiler e f f ic iency  .is ca lcu la ted  using the ASME Test  Form f o r  Abbre- 

viated Eff ic iency Test ,  Revised, September, 1965. The general  approach t o  

e f f ic iency  evaluation i s  based on the  assessment of combustion losses .  These 

losses  can be grouped i n t o  three major ca tegor ies :  s tack  gas losses ,  com- 

bus t ib l e  losses ,  and r ad ia t ion  losses .  The f i r s t  two groups of losses are  

measured d i r e c t l y .  

Loss Chart. 

The t h i r d  is estimated from the ABMA Standard Radiation 

Unlike the ASME test i n  which combustible losses  a r e  lumped i n t o  one 

category, combustible losses are  ca lcu la ted  and reported separately fo r  com- 

bus t ib l e s  i n  the bottom ash,  combustibles i n  the  mechanically co l lec ted  ash 

which is not  r e in j ec t ed ,  and combustibles i n  the f lyash leaving the mechanical 

co l lec tor .  

4.8 TRACE SPECIES MEASUREMENT 

The EPA CIERL-RTP) has developed the Source Assessment Sampling 

System (SASS) t r a i n  fo r  the co l l ec t ion  of p a r t i c u l a t e  and v o l a t i l e  matter 
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i n  addition t o  gaseous samples (Figure 4 - 7 ) .  The "catch" from the SASS 

t r a i n  is analyzed fo r  polynuclear aromatic hydrocarbons (PAH) and inorganic 

t race elements. 

In t h i s  system, a s t a i n l e s s  s t e e l  heated probe i s  connected t o  an 

oven module containing three cyclones and a f i l t e r .  Size f r ac t iona t ion  is 

accomplished i n  the  s e r i e s  cyclone po r t ion  of the SASS t r a i n ,  which incor- 

porates the cyclones i n  s e r i e s  t o  provide l a rge  quan t i t i e s  of p a r t i c u l a t e  

matter which a re  c l a s s i f i e d  by s i z e  i n t o  three  ranges: 

A) >10 pm B) 3 pm t o  10 c )  1 um t o  3 u m  

Together with a f i l t e r ,  a fourth cu t  C > 1  !.IIII) is obtained. Vo la t i l e  organic 

material  is col lected i n  an xAD.2 sorbent  t rap .  The XAD-2 t r a p  i s  an i n t e g r a l  

p a r t  of the gas treatment system which follows the oven containing the cyclone 

system. The gas treatment system is composed of four primary components: 

the gas condi t ioner ,  the  XAD-2 organic sorbent  t r ap ,  the  aqueous condensate 

co l lec tor ,  and a temperature cont ro l le r .  The XAD-2 sorbent  is a porous polymer 

res in  with the capabi l i ty  of absorbing a broad range of  organic species .  

Some trapping of v o l a t i l e  inorganic species  is a l so  an t i c ipa t ed  as  a r e s u l t  

of simple impaction. Volat i le  inorganic elements a re  co l l ec t ed  i n  a s e r i e s  

of impingers. The pumping capacity is suppl ied by two 10 cfm high volume 

vacuum pumps, while required pressure,  temperature, power and flow conditions 

a re  obtained from a main con t ro l l e r .  
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5.0 TEST RESULTS AND OBSERVATIONS 

T h i s  sec t ion  of the r epor t  presents  the r e s u l t s  of tests performed 
on Boiler G. Observations a r e  made regarding the influence on gaseous and -. 

par t i cu la t e  emissions and on b o i l e r  e f f i c i ency  as the cont ro l  parameters 

were var ied.  Twenty-six tests were conducted over a six-week t e s t  period 

t o  develop these da ta .  Reference may be made t o  the Emission D a t a  Summary, 

Table 2-2, i n  the Executive Summary and to  Tables 5-28 through 5-31 a t  the 

end of t h i s  sec t ion  when reading through the  following discussion. 

5.1 OVERFIRE A I R  

Boiler G had a standard o v e r f i r e  air  (OFA) configurat ion cons is t ing  

of two rows of j e t s  on the rear water wall  and one row on the f r o n t  water 

wall above the feeders.  The de ta i l ed  geometry of the ove r f i r e  a i r  system 

i s  described i n  Section 3.2. A i r  flow t o  each row of o v e r f i r e  a i r  j e t s  was 

control led by a sys tem of b u t t e r f l y  valves.  

Two t e s t  s e t s  were run i n  which ove r f i r e  a i r  pressure (and thus 

over f i re  a i r  flow) was the independent var iab le .  The t e s t  r e s u l t s ,  described 

i n  t h i s  sect ion,  ind ica te  t h a t  the ove r f i r e  a i r  var ia t ions  examined had l i t t l e  

e f f ec t  on emissions o r  e f f ic iency .  Table 5-1 summarizes the ove r f i r e  a i r  

t e s t  data .  

Tests were a lso run t o  determine the o v e r f i r e  a i r  flow r a t e  as a 

function of s t a t i c  pressure i n  the ove r f i r e  a i r  headers. These tests 

indicate  t h a t  over f i re  a i r  suppl ies  108 of the combustion a i r  on Boiler G a t  

f u l l  load. 

5 .1 .1  Pa r t i cu la t e  Loading vs Overfire A i r  

Pa r t i cu la t e  loading w a s  no t  a f fec ted  by a reduction i n  ove r f i r e  a i r  

pressure.  The t e s t  da t a ,  shown i n  Table 5-2, show conf l ic t ing  t rends fo r  the 

two t e s t  s e t s .  This is in te rpre ted  t o  be the r e s u l t  of normal va r i a t ion  (o r  

s c a t t e r )  i n  the emission l eve l  and unrelated to  the  ove r f i r e  a i r  change. 
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TABLE 5-1 

EFFECT OF OVERFIRE A I R  ON EMISSIONS AND EFFICIENCi 
TEST SITE G 

TEST NO. 

Description 

OVERFIFE A I R  CONDITIONS 

Front Upper, "HZO 
Rear Upper, "H20 
Rear Lower, " H 2 0  

FIRING CONDITIONS 

Load, % of Capacity 
Grate Heat Release, 103Btu/hr-ft2 
Coal 
Coal Fines,  % Passing 1/4" 
Excess Air, % 

BOILER OUTLET EMISSIONS 

Part iculate  Loading, 1bs/lO63tu 
Combustible Loading, lbs/lO%tu 
Inorganic Ash Loading, 1bs/lO6Btu 
Combustibles i n  Flyash, % 

0 2 ,  % (dry)  

NO. co2r lbs/lO % (dr? 3 t u  

MECHANICAL COLLECTOR OUT EMISSIONS 

Par t i cu la t e  Loading, 1bs/lO6Btu 
Combustible Loading, 1bs/lO6Btu 
Inorganic Ash Loading, 1bs/lO63tu 
Combustibles in Flyash, % 
Mechanical Col lec tor  Eff ic iency,  % 

HEAT MSSES, % 

Dry Gas 
Moisture i n  Fuel 
H ~ O  from Combustion of H2 
Combustibles i n  Flyash 
Combustibles i n  Bottom Ash 
Radiation 
unmeasured 

Total  Losses 

Boiler Eff ic iency 

2 
B a s e  
l i n e  
OFA - 

23 
23 
23 

85 
69 5 

Blend 
40 
69 

4.27 
2.48 
1.79 
58.1 

8.9 
10.2 
.4  35 

0.22 -- 
-- 
-- 

94.8 

14.74 
0.45 
4.22 
3.54 
1.16 
0.62 
1.50 

26.23 

73.77 

40 

3 

LOW 
OFA - 

18 
13  
12 

80 
651 

Blend 
31 
67 

4.33 
2.26 
2.07 
52.2 

8.7 
10.5 
.515 

0.22 
0.06 
0.16 
29.1 
94.9 

13.35 
0 . 4 1  
4.00 
3.22 
0.27 
0.66 
1.50 

23.41 

76.59 

23 24 
Base 
l i n e  L O W  

OFA OFA - - 
1 9  12 
19 1 2  
19 1 2  

76 78 
618 6 39 

Pevler  B Pevler  B 
32 
58 

4.57 
2.31 
2.26 
50.6 

8.0 
1 1 . 2  
.57 3 

0.32 
0.09 
0.23 
28.8 
93.0 

12.95 
0.44 
4.26 
3.29 
0.71 
0.69 
1.50 

23.84 

76.16 

32 
51 

4.00 
2.52 
1.48 
62.9 

7.3 
1 1 . 7  
.156 

0.26 
0.08 
0.18 
30.2 
93.5 

11.94 
0.38 
4.19 
3.59 
0.75 
0.67 
1.50 

23.02 

76.98 
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PARTICULATE LOADING VS OVERFIRE A I R  

Boiler Ou t l e t  Mechanical Collector Outlet  
Test  Pa r t i cu la t e  Loading Pa r t i cu la t e  Loading 
No. Overfire A i r  lbs/106Btu lbs/106Btu - 

2 Baseline 4.27 
3 LOW 4.33 

23 Baseline 
24 LOW 

4.57 
4.00 

0.22 
0.22 

0.32 
0.26 

5.1.2 Ni t r i c  Oxide vs Overfire A i r  

The n i t r i c  oxide (NO) data  from the  two t e s t  s e t s  indicate  t h a t  

n i t r i c  oxide was no t  s ign i f i can t ly  a f f ec t ed  by a reduct ion i n  ove r f i r e  a i r  

pressure.  The t e s t  da ta ,  shown i n  Table 5-3, shows a 24% increase i n  NO 

for  the f i rs t  t e s t  s e t  and a 13% decrease i n  NO f o r  the  second t e s t  set 

based on corrected NO concentrations. These deviations a re  in te rpre ted  as 

normal data  s c a t t e r  and unrelated to  the o v e r f i r e  a i r  pressure change. 

The n i t r i c  oxide cor rec t ion  t o  8% 0 2  shown i n  Table 5-3 i s  based on 

the average NO vs 0 2  r e l a t ionsh ip  p l o t t e d  i n  Figure 5- 11. 

t h a t  NO increases 0.046 l b s / l O  Btu fo r  each one percent increase i n  02. 

correction removes the e f f e c t s  of the var iab le  oxygen from the t e s t  results. 

This p l o t  shows 
6 ?&is 

TABLE 5-3 - 

NITRIC OXIDE VS OVERFIRE A I R  

Measured 
Test N i t r i c  Oxide 
- No. Overfire A i r  %03 Ibs/106Btu 

2 Base l ine  8.9 0.435 
3 LOW 8.7 0.515 

23 Baseline 8.0 0.573 
24 LOW 7.3 0.456 

Ni t r i c  Oxide 
Corrected t o  8% O2 

Ibs/106Btu 

0.394 
0.483 

0.573 
0.488 
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5.1.3 Boiler Efficiency vs Overfire A i r  

Boi le r  eff ic iency increased when ove r f i r e  a i r  pressure was reduce2 

i n  both t e s t  s e t s .  However, t h e  e f f i c i ency  increase appears t o  be the re- 

s u l t  of f ac to r s  other  than ove r f i r e  a i r .  For example, i n  the f i r s t  t e s t  

s e t  a measured 2.82% e f f i c i ency  increase r e su l t ed  pr imari ly  from a 1.39% 

decrease i n  dry gas loss and a 0.89% decrease i n  bottom ash combustible 

loss (Table 5-1). B o t h  of these heat loss changes a r e  thought t o  have re- 

su l ted  from fpc tors  other  than ove r f i r e  a i r .  I n  the second t e s t  set  a 

measured 0.82% ef f ic iency  gain resu l ted  pr imari ly  from a 1.01% decrease i n  

d r y  gas loss. 

.. 

The hea t  loss of primary i n t e r e s t  when over f i re  a i r  i s  changed i s  the 

loss due t o  combustibles i n  the f lyash.  As shown i n  Table 5-4, t h i s  loss did  

no t  change s i g n i f i c a n t l y  in these t e s t s .  

TABLE 5-4 

BOILER EFFICIENCY VS OVERFIRE A I R  

T e s t  Heat Loss Due t o  Boi ler  
N o .  Overfire A i r  Comb. i n  Flyash, % Efficiency,  % - 

2 Baseline 3.54 73.77 
3 LOW 3.22 76.59 

23 Base l i n e  
24 LOW 

3.29 
3.59 

76.16 
76.98 

5.1.4 Overfire A i r  Flow Rate 

The r a t e  a t  which a i r  is in jec ted  i n t o  the furnace above the g ra t e  

was measured using a standard p i t o t  tube t raverse  of the  ove r f i r e  a i r  system. 

The locat ions a t  which these measurements were made a r e  shown i n  the ove r f i r e  

a i r  system schematic, Figure 5-1. 

These measurements were made fo r  two reasons. F i r s t ,  by making the 

measurements a t  t w o  over f i re  a i r  s e t t i n g s ,  it was possible  t o  r e l a t e  over f i re  
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FIGURE 5-1. Schematic o f  Overfire Air System Showing Location 

of Flow Rate Veasuze.mnts - Test S i t e  G 

a - Front Lower Overfize Air 
b - Rear  main Overf i re  A i r  
c - Rear Upper Overf i re  xir 
d - R e a l  Lower Overf i re  Air 

4 3  
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a i r  flow i n  lb s /h r  t o  the over f i re  a i r  pressure.  Since the ove r f i r e  a i r  

pressure was measured during each t e s t  on the  b o i l e r ,  this re l a t ionsh ip  

allows over f i re  a i r  flow t o  be accurately estimated f o r  each t e s t .  The 

second reason f o r  making these measurements was t o  determine the percentage 

of combustion a i r  introduced above the gra te  as opposed t o  t h a t  introduced 

through the gra te .  

The t e s t  r e s u l t s  a re  shown i n  Table 5-5. I t  i s  s ign i f i can t  t o  note 

t h a t  85% of the over f i re  air  is introduced through the r ea r  water wall on 

t h i s  bo i l e r .  The remaining 15% is introduced through the f r o n t  water w a l l .  

Of the a i r  introduced through the  r ea r  water wal l ,  4 1 %  went t o  the upper 

rear  ove r f i r e  a i r  j e t s ,  31% went t o  the lower rear  ove r f i r e  a i r  j e t s  and 28% 

was used i n  t h e  pneumatic flyash r e i n j e c t i o n  l i n e s .  

In  general ,  the ove r f i r e  a i r  t e s t  da ta  w a s  good considering the 

d i f f i c u l t i e s  i n  measuring turbulent  gas flows. Maximum OFA Tests 1 4  and , 

15 were taken under nearly iden t i ca l  condi t ions and gave nearly iden t i ca l  

r e s u l t s .  Test 2 1  was taken a t  reduced o v e r f i r e  a i r  p ressures  and, with the 

exception of the r ea r  lower OFA measurement, gave the expected reduct ion i n  

flow r a t e .  

The r e l a t ionsh ip  between o v e r f i r e  air  flow r a t e  and over f i re  a i r  

pressure i s  given i n  Figure 5 - 2 .  Bernou l l i ' s  equation f o r  f l ~ d  flow through 

an o r i f i c e  predicts  t h a t  flow r a t e  w i l l  be propor t iona l  t o  the  square root  of 

the pressure drop. T h i s  re la t ionship  and the maximum o v e r f i r e  a i r  t e s t  data  

were used t o  c rea te  Figure 5-2. W i t h  t h i s  set  of curves it is possible t o  

estimate over f i re  a i r  flow through each of the three rows of ove r f i r e  a i r  

j e t s  and the f lyash re in jec t ion  l i n e s  by knowing only the s t a t i c  pressure i n  
the duct.  

The over f i re  a i r  system suppl ies  8-10% of the t o t a l  combustion a i r  

a t  f u l l  load and 8 t o  5% 0 2 .  

indicat ing t h a t  144,000 lbs/hr  a i r  a r e  used t o  burn coal  a t  5% 02, and 176,000 

lbs/hr a i r  a r e  used a t  8% 02. 

u n i t  is normally operated wide open and introduces about 14,130 Ibs/hr a i r  t o  

the furnace. 

This conclusion i s  based on ca lcu la t ions  

A t  f u l l  load, the ove r f i r e  a i r  system on this 
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TABLE 5-5 

OVERFIRE A I R  AND REINJECTION A I R  FLOW RATES 
TEST SITE G 

H I G H  OVERFIRE A I R  PRESSURE, TEST NO. 1 3  

Pressure A i r  Flaw Pressure A i r  Flow S p l i t  
Main Duct “H?O lb/hr split Branch Duct “H?O lb/hr Rear Only 

Front OFA 20 2,084 15% 
Rear OFA 22 12,055 85% Rear Upper OFA 22 4,963 41% 

R e a r  L o w e r  OFA 2 1  3,696 31% 
Reinj (by d i f f )  -- 3,396 28% 

HIGH OVERFIRE A I R  PRESSURE, TEST NO. 1 4  

Pressure A i r  Flow Pressure A i r  Flow S p l i t  
Main Duct ‘“20 a/hr ___. S p l i t  Branch Duct “ H 2 0  lb/hr R e a r  Only 

Front OFA 2 1  2,238 16% 
R e a r  OFA 23 11,878 84% R e a r  Upper OFA 23 4,840 41% 

Rear L o w e r  OFA 2 1  3,752 31% 
Reinj (by d i f f )  -- 3,286 28% 

MEDIUM OVERFIRE A I R  PRESSURE, TEST NO. 2 1  

Pressure A i r  Flow Pressure A i r  Flow S p l i t  
Main Duct ‘“20 lb/hr split Branch Duct ‘”20 lb/hr Rear Only 

Front OFA 1 3  1,919 15% 
Rear OFA 16 10,678 85% Rear Upper OFA 15 3,474 33% 

R e a r  L o w e r  OFA 1 3  3,758 35% 
Reinj (by d i f f )  -- 3,446 32% 

.WE 15900-540 

45 



I 
I 
I 

I 

I 

I 
I 

5 

4 

3 

2 

1 

1 2 3- 4 5 

3 OVERFIRE AIR FLOW RATE, lbs/hr x 10 

FIGURE 5 - 2 .  Overfire A i r  Flow Rate as a Function of S t a t i c  Pressure.  
Relationship is Based on Data From Tests 1 3  and 1 4 ,  and 
on S e r n o u l l i ' s  Equation fo r  Fluid Flow Thzouqh an Orifice. 
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5.2 FLYASH REINJECTION 

Boiler G does not  r e i n j e c t  f lyash  from the  mechanical dus t  co l l ec to r  

or from the  economizer hopper. However, it does r e i n j e c t  f lyash  pneumatically 

and continuously from the  b o i l e r  hopper. During one t e s t ,  T e s t  17, the  

bo i l e r  hopper ash w a s  d iver ted  i n t o  b a r r e l s  r a t h e r  than re in jec ted .  

resu l ted  i n  a 1 4 %  drop i n  p a r t i c u l a t e  mass loading a t  the  b o i l e r  o u t l e t ,  

and a 33% increase i n  p a r t i c u l a t e  mass loading a t  the mechanical co l lec tor  

o u t l e t .  The da ta  a re  shown i n  T a b l e  5-6. 

This 

TABLE 5-6 

PARTICULATE LOADING VS FLYASH REINJECTION 

Boiler  Out 
T e s t  Reinjection from T e s t  Conditions Pa r t i cu la t e  

lbs/106Btu - NO. Boiler Hopper - _ _ _ _  

5 Yes 102 7.0 22 6.79 

17 NO 98 7.4 2 1  5.86 

Mech Cc 1 Ot 
P a r t i c u l a t e  

1bs/lO6Btu 

0.27 

0.36 

The 14% drop i n  p a r t i c u l a t e  emissions a t  the b o i l e r  o u t l e t  i s  small, 

but i s  believed t o  be a r e s u l t  of the stopped r e in j ec t ion .  Some reduction i n  

pa r t i cu la t e  emissions w a s  expected. On the o the r  hand, the  increased 

pa r t i cu la t e  loading a t  the mechanical c o l l e c t o r  o u t l e t  w a s  no t  expected and 

could be due to  other  f ac to r s  r e l a t i n g  t o  the co l l ec t ion  e f f i c i ency  of t he  

mechanical dus t  c o l l e c t o r .  

The co l l ec t ion  rate of the  b a i l e r  hopper ash w a s  not  measured d i r e c t l y  

but  can be deduced from the d i f fe rences  i n  b o i l e r  o u t l e t  dus t  loadings of 

Tests 5 and 17. By t h i s  method, it is estimated t h a t  the  f lyash co l l ec t ion  

r a t e  is about 0.92 1bs/lO6Btu. 

t h i s  represents  a p o t e n t i a l  e f f ic iency  gain of 1.1%. 

T a b l e  5-7 l ists  the combustible hea t  losses  and bo i l e r  e f f ic iency  fo r  

the f lyash r e in j ec t ion  tes t  s e t .  

With a measured combustible f r ac t ion  of 0.833. 
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TABLE 5-7 

BOILER EFFICIENCY VS FLYASH REINJECTION 

% Combustibles i n  A s h  % Heat Loss  
T e s t  Reinjection from B l r  D.C. Bottom B o t t o m  Boiler 

No .  Boiler Hopper Hpr Hpr Ash Flyash Ash Eff ic iency,  % - 
5 

17 

Yes -- 49.9 6.93. 4 . 8 1  0.52 74.12 

No 83.3 57.3 7.34 5.45 0.32 73.77 

5.3 EXCESS OXYGEN AND GRATE HEAT !%ELEASE 

The b o i l e r  a t  T e s t  S i t e  G w a s  t e s t e d  f o r  emissions and b o i l e r  e f f ic iency  

a t  loads ranging from 16% t o  102% of the u n i t ' s  design capaci ty .  A t  the  

higher loads,  the  excess a i r  w a s  var ied over a wide range. This sec t ion  pro- 

f i l e s  the various emissions and b o i l e r  e f f i c i ency  as a funct ion of these  two 

variables .  

Boi ler  steam loading is  expressed i n  terms of g ra t e  hea t  re lease .  A t  

f u l l  load, t he  measured g ra t e  hea t  re lease  on t h i s  un i t  averaged 809,000 Btu/ 

hr-f t2  grate area. Excess a i r  is expressed i n  terms of percent  oxygen i n  the  

f lue  gas a t  the  b o i l e r  o u t l e t .  

I t  i s  of s p e c i a l  i n t e re s t  t o  note t h a t  some tests were run under 

swing load conditions while o the r s  were run under steady load condi t ions.  

two types of tests are d i f f e ren t i a t ed  on many of the  p l o t s .  The three  coa ls  

f i r e d  are also d i f f e r e n t i a t e d  on many of the  p l o t s .  

These 

5.3.1 Excess Oxygen Operating Levels 

Figure 5-3 depic t s  .the various condi t ions of g ra t e  hea t  re lease  and 

excess oxygen under which tests were run 'on  the  bo i l e r  a t  S i t e  G.  Di f fe ren t  

symbols are used t o  d is t inguish  between the th ree  coals  f i r e d .  

Fu l l  design capaci ty  w a s  e a s i l y  m e t  on t h i s  un i t  without s ign i f i can t  

de te r iora t ion  i n  combustion e f f ic iency .  A t  f u l l  capaci ty  the  un i t  was 
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FIG. 5-3 
OXYGEN \i 
TEST S I T E  G 

PNLER B 

1 .  ' GRRTE HERT RELEASE 

T H I S  PLOT SHOWS THE RANGE I N  OXYGEN LEVEL UNDER WHICH TESTS WE= CONDUCTED. 
SHADED AREA ENCOMPASES ALL OF THE PARTICULATE TESTS.  
BELOW THE SHADED AREA WERE SHORT DURATION GASEOUS TESTS. 

THE LOW 0 2  TESTS 
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operated a t  oxygen l eve l s  as low as 7% C48% excess a i r )  without problems 

f o r  periods of up t o  four hours. 

l eve ls  f o r  shor te r  periods of time including one t e s t  (Test  25d) a t  4 .1% 

02 (22% excess a i r ) .  The manufacturer‘s design performance summary shee t  

for t h i s  u n i t  spec i f i e s  31% excess a i r  a t  f u l l  load. 

The un i t  was operated a t  lower oxygen 

Most of the test da ta  was obtained above a gra te  heat  r e l ease  of 

However, three tests were 600,000 Btu/hr-f t2 ,  or 75% of design capaci ty .  

a l s o  run a t  a g ra t e  hea t  r e l ease  of 135,000 Btu/hr-ft2, o r  17% of design 

capacity.  A t  this low load the excess oxygen averaged 15% which is equiva- 

l e n t  to  225% excess a i r .  

5.3.2 Pa r t i cu la t e  Loading vs Grate Heat Release 

Figure 5-4 p r o f i l e s  the p a r t i c u l a t e  loading a t  the b o i l e r  o u t l e t  as 

a function of g ra t e  hea t  r e l ease .  Di f fe ren t  symbols a r e  used f o r  the  three  

coals  f i r e d ,  and spec ia l  tes t  conditions a re  iden t i f i ed  w i t h  l abe l s .  

Swing load conditions increased p a r t i c u l a t e  loading when f i r i n g  the 

blend coal .  Swing load Tests 4 and 10 averaged 60% higher p a r t i c u l a t e  

emissions than base f i r e d  Tests 2 and 3. When f i r i n g  Pevler B coa l ,  however, 

the swing load Test 22  gave a p a r t i c u l a t e  loading which w a s  s imi l a r  t o  the 

base f i r e d  Tests 23 and 24.  

Boi ler  o u t l e t  p a r t i c u l a t e  loading increased a s  g r a t e  hea t  r e l ease  

increased. When f i r i n g  the  Blend coa l ,  p a r t i c u l a t e  loading t r i p l e d  between 

135,000 and 809,000 Btu/hr-f t2  (17% and 100% capac i ty) .  

o u t l e t  p a r t i c u l a t e  loading averaged 5.09 1bs/lO6Btu and ranged from a l o w  of 

2.93 lbs/106Btu for  Pevler A coa l  t o  a high of 6.79 lbs/106Btu for  Blend coal .  

A t  f u l l  load, b o i l e r  

The e f f ec t s  of coa l  proper t ies  a re  d i s c u s s e d i n a  l a t e r  sec t ion  but  

it i s  worth noting here  t h a t  the low ash Pevler A coal  (4 .4% ash) had s i g n i f i -  

cant ly  lower f u l l  load p a r t i c u l a t e  emissions than e i t h e r  of the  o ther  two 

coals (8.1% and 7.3% a s h ) .  

The average ash carryover was 41% f o r  a l l  t e s t s  except the three  low 

load tests which averaged 25% ash carryover.  The 9ercentage of coal  ash ca r r i ed  

over a s  f lyash d i d  vary from coal t o  coa l .  Table 5-8 shows t h e  bas i s  fo r  t h i s  

determination. 
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Coal 

Blend 

Pevler A 

Pevler B 

TABLE 5-8 

ASH CARRYOVER VS COAL TYPE 

Average A s h  Average Ash 
Content  of Coal Content of Flyash Average Ash 

lbs/106Btu 1bs/lO6Btu Carryover, % 

6.27 2.66 42.4 

3.07 1.54 50.2 

5.97 2.02 33.8 

Par t i cu la t e  loadings were measured a t  the mechanical co l l ec to r  out -  

l e t  simultaneously w i t h  each of the f i f t e e n  b o i l e r  o u t l e t  p a r t i c u l a t e  loading 

determinations. These da ta  are shown i n  Figure 5-5 as a funct ion of g r a t e  

heat re lease .  Again,the data  a r e  i d e n t i f i e d  by coal  and spec ia l  t e s t s  a r e  

labeled. 

The mechanical co l l ec to r  o u t l e t  p a r t i c u l a t e  loadings a r e  highest  a t  

low load a s  a r e s u l t  of a s i g n i f i c a n t  drop i n  co l l ec to r  e f f ic iency .  Mechanical 

co l l ec to r  e f f ic iency  i s  discussed i n  another sec t ion .  

Some of the trends observed a t  t h e  b o i l e r  o u t l e t  a r e  s t i l l  evident .  

Swing load p a r t i c u l a t e  loadings average higher than base load p a r t i c u l a t e  

loadings. Also, the high load Pevler A coa l  t e s t  gives the lowest p a r t i c u l a t e  

loading. A t  f u l l  load the co l l ec to r  o u t l e t  p a r t i c u l a t e  loading averaged 

0.28 lbs/106Btu and ranged i n  value from a l o w  of 0.17 lb s /106Btu  t o  a high of 

0.36 lbs/106Btu. 

5.3.3 Nitrogen Oxides vs Oxygen and Grate Heat Release 

Ni t r i c  oxide (NO) and nitrogen dioxide (NO21 concentrations were 

measured during each t e s t  i n  units of p a r t s  per  mil l ion (ppm) by volume. A 

chemiluminescent NOX analyzer w a s  used t o  make these measurements. The u n i t s  

have been converted from ppm t o  lbs/lO6Btu i n  t h i s  repor t  so t h a t  they can be 

more e a s i l y  compared with ex i s t ing  and proposed emission standards.  Table 2-2 
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i n  the Executive Summary lists the n i t r i c  oxide data  i n  un i t s  of ppm for  the 

1 
I 
1 
I 
I 

1 
I 
1 

convenience of those who p re fe r  these u n i t s .  

Nitrogen dioxide CNOz) emissions a r e  not  discussed i n  this sec t ion  

because measurable concentrations were not measured. As Shawn i n  Table 2-1 

of the Executive Summary, only 2 of 22  NO2 readings were above 0.0 ppm. 

- 

Figure 5-6 presents  the n i t r i c  oxide da ta  as a funct ion of g r a t e  

heat re lease  under t h e  various excess a i r  condi t ions encountered during 

t e s t ing .  The average n i t r i c  oxide emissions a r e  inva r i en t  with load. 

N i t r i c  oxide concentrations a r e  known t o  increase w i t h  load a t  con- 

s t a n t  excess a i r .  However, excess a i r  i s  decreasing w i t h  increasing load on 

t h i s  bo i l e r  and e f f ec t ive ly  cancels ou t  the e f f e c t s  of load (flame temperature) 

on the n i t r i c  oxide emissions. Table 5-9 shows the average n i t r i c  oxide 

emissions f o r  th ree  load ranges. 

TABLE 5-9 

AVERAGE NITRIC OXIDE CONCENTRATIONS VS LOAD 

Ni t r i c  Oxide N i t r i c  Oxide 
%9., lbs/lO B t u  2 p m  @ 3% 02 

100% Load 6.2 

80% Load 8.0 

17% Load 15.0 

0.488 360 

0.516 379 

0.513 379 

Figure 5-7 presents  the n i t r i c  oxide da ta  a s  a function of oxygen i n  

t h e  f lue  gas a t  th ree  g r a t e  heat  r e l ease  ranges. The f igure  shows n i t r i c  

oxide concentration increasing with increasing oxygen and w i t h  increasing gra te  

heat  re lease .  

The n i t r i c  oxide data  i n  each gra te  hea t  re lease  range ( load range) 

a re  p lo t t ed  versus oxygen on an expanded sca l e  i n  Figures 5-8, 5-9 and 5-10. 

I n  each of these p l o t s  a trend l i n e  w a s  determined by l i nea r  regression 

ana lys i s .  The three  trend l i n e s  a r e  combined i n  Figure 5-11 t o  form a n i t r i c  
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Oxide t rend l i n e  p l o t  which could be used f o r  pred ic t ing  n i t r i c  oxide con- 

centrat ions on the uni t .  The slope of these trend l i n e s  ind ica te  t h a t  n i t r i c  

oxide increases by 0.058 lbs/lO%tu f o r  each one percent  increase i n  oxygen 

on t h i s  u n i t .  

5.3.4 

Unburned hydrocarbons (HC) were measured during T e s t s  11 and 1 2  

Hydrocarbons vs  Oxvgen and C r a t e  Heat R e l e a  

with a heated sample l i n e  and a continuous monjtoring instrument u t i l i z i n g  

the flame ioniza t ion  method of detect ion.  The da t a  are p lo t t ed  as a function 

of g ra t e  hea t  release i n  Figure 5-12; and as a function of oxygen i n  Figure 

5-13. 

Hydrocarbon concentrations decreased with load, averaging 38 ppm 

a t  100% load and 22 ppm a t  80% load. Hydrocarbon concentrations decreased 

with increasing excess oxygen a t  80% load b u t  showed no t rend a t  100% load. 

5.3.5 Combustibles i n  the  Ash vs Oxygen and Grate Heat Release 

Flyash samples co l lec ted  a t  the b o i l e r  o u t l e t ,  mechanical co l l ec to r  

o u t l e t  and mechanical co l l ec to r  hopper were baked i n  a high temperature oven 

fo r  determination of combustible content.  Bottom ash samples were also pro- 

cessed i n  t h i s  manner. The t e s t  da t a  f o r  each of these sample loca t ions  are 

p lo t t ed  as a function of g ra t e  heat  release i n  Figures 5-14, 5-15, 5-16 and 

5-17. 

In  general ,  combustible content of the bottom ash and b o i l e r  o u t l e t  

f lyash w a s  higher a t  high. loads than a t  l o w  loads. 

hea t  release Uoad) are s l i g h t .  

A l l  t rends with g ra t e  

Combustibles i n  the  ash d i d  not  vary as a function of oxygen. This 

re la t ionship  i s  not  shown i n  any f igures  i n  t h i s  repor t ,  bu t  it w a s  examined 

and no re la t ionship  w a s  found. 
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Coal proper t ies  did a f f e c t  combustible l eve l s .  Pevler B coa l  

averaged higher ash combustible f r ac t ions  thanthe  other  two coals .  Pevler A 

coal had the lowest combustible f r a c t i o n s  i n  the bottom ash,  bu t  the highest  

combustible f r ac t ions  i n  the mechanical co l l ec to r  o u t l e t  f lyash.  This 

re la t ionship  w i l l  be examined i n  g rea t e r  d e t a i l  i n  sec t ion  5.4, Coal Propert ies .  

5.3.6 Boiler Efficiency vs Grate Heat Release 

Boiler e f f ic iency  was determined using the  ASME heat  loss method for  - 
a l l  t e s t s  which included a p a r t i c u l a t e  mass loading determination. The t e s t  

da ta ,  p lo t t ed  i n  Figure 5-18, shows a general  increase i n  e f f ic iency  a s  g ra t e  

heat  re lease  increases .  

i l l u s t r a t e d  i n  Table 5-10. 

fac tor .  

The reason f o r  t h i s  increase i n  e f f ic iency  is 

I t  is seen t h a t  dry gas l o s s  i s  a major determining 

- 
TABLE 5-10 

BOILER EFFICIENCY VS LOAD 

Average Heat Losses Boi ler  
Dry G a s  Combustibles Radiation Other E f f i c i e n c l  . -  

100% Load 13.1 4.3 0.5 6.3 75.8 

80% Load 13.9 4.8 0.7 6 .1  14.5 

17% Load 23.8 1.9 3.1 5.7 6 5 . 5  

The measured hea t  losses a r e  compared with the manufacturers pre- 

d ic ted  heat  losses  a t  100% and 80% of design capacity i n  Table 5-11. The 

l a r g e s t  discrepancy is i n  the  dry gas heat  loss category where predicted hea t  

loss is several  percent lower than measured hea t  loss. 

The primary reason fo r  t h i s  discrepancy is t h a t  design excess a i r  

was n o t  met on t h i s  u n i t .  The manufacturers predicted performance is based 

on 31% excess a i r  whereas the measured excess a i r  ranged from 43 t o  69% ex- ,ess 

a i r .  ?he predicted vs measured performance data  a r e  shown i n  Table 5-12. 
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5.4 COAL PROPERTIES 

Three coals were t e s t ed  i n  Boi ler  G.  These coa ls  are iden t i f i ed  i n  

t h i s  r epor t  as Blend, Pevler A and Pevler B .  

chemical and physical  p rope r t i e s  of these three  coa ls ,  and discusses  t he i r  

observed inf luence on b o i l e r  emissions and ef f ic iency .  

This sec t ion  descr ibes  the  

5.4.1 Chemical Composition of the Coals 

Representative coa l  samples w e r e  obtained from access doors 

h e d i a t e l y  above each of t he  u n i t ' s  th ree  coal feeders  as described i n  

sect ion 4.5. Each of these coa l  samples w a s  given a proximate ana lys i s .  I n  

addi t ion,  se lec ted  samples of each coal were given an ul t imate  ana lys i s ,  and 

tes ted  f o r  ash fusion temperature, Hardgrove g r indab i l i t y  index, f r e e  

swelling index, and mineral composition of t he  ash. - 
The moisture, ash and su l fu r  content of the th ree  coals a r e  compared 

on a heating value bas i s  i n  T a b l e  5-13. Such a comparison is  o f t en  made 

meaningful than percentage by weight. This t ab le  shows t h a t  the  Blend and 

Pevler B coa ls  were very s i m i l a r  while the Pevler A coal  was lower i n  both 

moisture and ash,  and higher i n  su l fu r  content .  

TABLE 5-13 

COAL PROPERTIES CORRECTED TO A CONSTANT ~ O ~ B T U  BASIS 

Blend Pevler A Pevler B 

Moisture, f i s / lO%tu 3.5 2.2 3 . 6  

Ash I Ibs/106Btu 6.3 3.2 5.7 

Sulfur, Ibs/106Btu 0.61 0.95 0.59 

The coa l  ana lys i s  f o r  each ind iv idua l  sample are tabulated i n  

Tables 5-14, 5-15, 5-16 and 5-17. 
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5 .4 .2  Coal Size Consistency 

Coal s ize  consistency was not var ied f o r  t e s t  purposes a t  S i t e  G 

bu t  it was measured. The individual  coa l  samples were screened a t  the s i t e  

using l”, 1/2”, 1/4“ ,  #8 and #16 square mesh screens.  The r e s u l t s  of these 

screenings a re  presented i n  Table 5-18. Pevler A coa l ,  which had the lowest 

ash content of the three  coals  t e s t ed ,  a l so  had the  lowest percentage of 

f i n e s .  

The standard deviat ion of  the coal  s i z e  consistency measurements 

are compared w i t h  the ABMA recommended l i m i t s  f o r  spreader s tokers  i n  Figures 

5-19, 5-20 and 5-21. The s i z e  consistency of  a l l  three coals  i s  within the 

ABMA recgmmended l i m i t s  a t  s i z e s  below 1 / 2  inch. 

s i z e  d i s t r i b u t i o n  curves extend outs ide the ABMA recommended l i m i t s  above 

about 1/2 inch ind ica tes  only  t h a t  the top s ize  on these coa ls  was close t o  

one inch whereas the ABMA l i m i t s  a re  based on  a coal  having a top s i z e  of 

about 1-1/4 inch. 

The f a c t  t h a t  the measured 

This i s  not considered an undesirable property.  

5.4.3 

Tne influence t h a t  changing coals  -- from Blend t o  Pevler A t o  

Effect  of Coal Proper t ies  on Emiss ions  and Efficiency 

Pevler B -- had on b o i l e r  emissions and e f f i c i ency  is discussed below. Fre- 

quent references are made t o  f igures  i n  Section 5.3, Excess Oxygen and Grate 

Heat Release, which i l l u s t r a t e  t h e  d i f fe rences  between the two coals .  

Excess Oxygen Operating Conditions. In  general ,  a l l  three coa ls  

were tes ted  under similar excess oxygen condi t ions.  There was no da ta  indi-  

ca t ing  t h a t  one coal could be f i r e d  a t  cons is ten t ly  lower excess oxygen con- 

d i t i ons  than any other  coal .  Figure 5-3 shows the oxygen l eve l s  under which 

the various t e s t s  were run f o r  each coal .  

Pa r t i cu la t e  Mass Loading. The e f f e c t  of coal proper t ies  on t h i s  

emission is i l l u s t r a t e d  i n  Figure 5-4 and Table 5-19. A t  f u l l  load, the low 

ash low f ines  Pevler A coal produced the lowest b o i l e r  o u t l e t  p a r t i c u l a t e  

loading. The high ash high f ines  Blend coal  produced the highest  f u l l  load 

b o i l e r  o u t l e t  pa r t i cu la t e  loading. A t  80% load and base load conditions there 
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T e s t  
No .  

02 
03 
04 

' 05 
06 
09 
10 
15 
16 
17 

C o m p o s i t e  

r 
1 
~ 

n 

m 5 

TABLE 5-18 

AS F I R E D  COAL SIZE CONSISTENCY, 
TEST SITE G 

PERCENT PASSING STATED SCREEN S I Z E  
1" 1/2" 1/4" #8 #16 

97.5 66.9 39.5 20.3 12.7 
99.3 64.3 30.7 13.7 8.9 
96.9 71.0 36.3 14.8 5.8 
99.4 78.3 43.0 17.2 7.5 
99.2 82.4 49.8 26.6 16.1 
99.0 65.9 32.2 15.0 8.1 
98.9 70.5 39.3 21.8 15.3 
98.5 79.5 46.6 24.7 15.2 
98.3 80.6 47.8 22.8 13.0 
95.6 75.0 43.0 23.0 15 .o 
98.2 77.5 46.6 25.3 16.7 

a 

$ 

I 1 I 

07 
08 

Composite 

I 1 A v e r a g e  1 98.3 73.4 40.8 20 .o 11.. 8 

- 

m 

6 
a 2 

18 
19 
20 
22 
23 
24 

C o m p o s i t e  

99.6 51.0 24.2 14.8 10.6 
100 - 0 49.0 19.1 11.3 8.3 
99.8 50.4 22.3 13.2 9.5 

t i l l  I - 
Fu 

A v e r a g e  99.8 50.0 21.7 13.1 9.5 

98.6 86.3 51.9 24.4 14.3 
95.7 67.8 33.6 15.3 9.9 
96.5 64.4 32.1 14.7 9.6 
94.2 68.9 31.9 13.2 8.0 
98.6 79.1 32.3 12.6 8.0 
95.6 69.1 31.5 14.2 9.7 
9.4 .6 68.3 32.1 14.3 9.1 

~~ 

1 I A v e r a g e  96.5 72.6 35.6 15.7 9.9 

78 
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Coal - 
Blend 
P e v l e r  A 
P e v l e r  B 

Blend 
P e v l e r  B 

Blend 
P e v l e r  A 
P e v l e r  B 

TABLE 5-19 

EFFECT OF COAL CHANGE ON PARTICULATE LOADING 

TEST DESCRIPTION 
T e s t  N o .  % Load 3 “OFA - 

5 102 7.0 22 
8 100 6.6 22 

18 97  7.5 2 1  

2 85 8.9 23  
23 76 8.0 1 9  

16 16 15 .2  7 
7 1 7  14 .6  15 

19 1 7  1 5 . 1  5 

COAL PROPERTIES 
% Ash % F i n e s  

10.1 4 3  
4.3 19 
8 .9  52 

9 .4  40 
7.2 32 

7.6 - . 48 
4.6 24 
6 . 5  34 

- 

- 

BOILER OUT 
PARTICULATE 

Ibs/lO6Btu 

6 .8  
2.9 
4.8 

4 .3  
4.6 

2.3 
2 .1  
2 .1  
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were no differences between the Blend and Pevler B coal  p a r t i c u l a t e  loadings.  

Only under swing load conditions did the Blend coal  produce s ign i f i can t ly  

g rea t e r  p a r t i c u l a t e  loadings. A t  17% load a l l  th ree  coals  gave s imi la r  

pa r t i cu la t e  loadings. Therefore, it i s  concluded that the coal proper t ies  

of ash and s i z e  consistency d id  influence p a r t i c u l a t e  loadings a t  f u l l  load, 

but  n o t  a t  reduced loads.  

Ash Carryover. The percent of coa l  ash ca r r i ed  over a s  flyash was 

g rea t e s t  f o r  the low f i n e s  Pevler A coal  ( .50%) .  The higher f ines  Blend and 

Pevler B coals  had average ash  carryovers of 42  and 34%, respect ively.  The 

bas is  f o r  t h i s  determination was given previously i n  Table 5 - 8 .  

Ni t r i c  Oxide. The n i t r i c  oxide concentration of the s ing le  f u l l  

load Pevler A coa l  t es t  (Test  81 w a s  20% lower than t h a t  of the other  two 

coals a t  s imi la r  conditions.  I f  t h i s  reduction i s  real (it i s  a r i s k  t o  

base conclusions on a s ing le  data po in t )  it cannot be a t t r i b u t e d  t o  f u e l  

nitrogen. Pevler A coal  had a s l i g h t l y  higher fue l  nitrpgen con ten t  than 

t h e  other  two coals .  Expressed i n  terms of 1bs/lO6Btu a s  NO2, the  coa l ' s  

nitrogen contents were Blend - 1.63, Pevler A - 1.73, and Pevler B - 1.67 
lbs/106Btu. 

The measured difference i n  f u l l  load Pevler A coal  n i t r i c  oxide 

concentration d id  not re-occur a t  l o w  load. The Blend and Pevler B t e s t s  

produced similar n i t r i c  oxide concentrations.  I t  is ,  therefore ,  concluded 

t h a t  n i t r i c  oxide concentrations were similar f o r  a l l  three coals  tes ted  

based on ava i la lbe  data .  

-Sulfur  Dioxide. Sulfur  balance measurements were made during three  

t e s t s ,  two on Blend coal  and one on Pevler B coal. The s u l f u r  balance data  

are presented i n  Table 5-20. 
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TABLE 5-20 

SULFUR BALANCE ON BOILER G 

S u l f u r  i n  S u l f u r  i n  Su l fu r  i n  Sulfur i n  
Fue 1 Flue G a s  Bottom Ash Flyash 

Ibs/l06Btu Lbs/l06Btu Us/106Btu Ibs/l06Btu 
as SO7 a s  507 as SO, a s  SO? 

Blend (Test  91 1.235 1.208 0.004 0.065 

Blend (Test 15) 1.075 1.056 0.009 0.055 

Pevler B (Test  20) 1.073 1.049 0.006 0.032 

The sulfur balance was good. Su l fu r  ou tput  was between one and 4% 

grea ter  than s u l f u r  input which is wi th in  expected measurement accuracy fo r  

t h i s  type of t e s t .  Sulfur  r e t e n t i o n  i n  the  ash w a s  5.6% and 6.0% f o r  the 

Blend coa l  t e s t s ,  and 3.5% for the Pevler  B coa l  t e s t s .  Percent  conversion 

of fue l  s u l f u r  t o  SO2 and SO3 i n  the f l u e  gas  can be obtained i n  two ways. 

The d i r e c t  method, i . e . ,  comparing the f i r s t  wo columns i n  Table 5-20, 

y ie lds  conversion e f f i c i e n c i e s  of 97.8,  98.2 and 97.8%. r e spec t ive ly  fo r  

Tests 9 ,  15  and 20. Perhaps a more accura te  method i s  t o  s u b t r a c t  the s u l f u r  

re ta ined i n  the ash from the s u l f u r  input .  This method y i e l d s  conversion 

e f f i c i enc ie s  of 99.4, 94.0 and 96.5%, r e spec t ive ly  fo r  the same t e s t s .  

Combustibles i n  the  .Ash. Percent combustibles i n  the bottom ash and 

i n  the  flyash showed some c o r r e l a t i o n  to coa l .  These c o r r e l a t i o n s  a r e  b e s t  

i l l u s t r a t e d  i n  Tigure 5-14, 5-15, 5-16 and 5-17 of s e c t i o n  5.3.  The average 

combustible da ta  for a l l  t e s t s  above 50% load are  given i n  Table 5-21. 

The low ash, l o w  f i n e s  and low moisture Pevler  A coa l  had t l e  lowest 

combustible f r ac t ion  i n  the  bottom ash (Figure 5-14) buc the h ighes t  com- 

bus t ib le  f r ac t ion  i n  the  d u s t  c o l l e c t o r  o u t l e t  f lyash (Figure 5-15). Pevler  B 

coal  on the  other  hand, had the h ighes t  bottom ash f r a c t i o n  (Figure 5-14) and 

dus t  c o l l e c t o r  hopper f r a c t i o n  (.Figure 5-17] .  The e f f e c t  of coal  change i n  

combustibles was no t  g r e a t  and no mechanism f o r  t le  observed c o r r e l a t i o n s  i s  

proposed. 
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TABLE 5-21 

AVERAGE PERCENT COMBUSTIBLE I N  ASH 
AT LOADS ABOVE 50% 

Boiler  Out D.C. O u t  D.C. Hopper 
Bottom Ash Flyash Flyas h Flyash 

Blend 9 53 27 5 1  

Pevler A 6 -- 35 5 7  

Pevler B 1 4  56 ' 29 5 8  

Boiler Eff ic iency.  Boi ler  e f f i c i ency  w a s  h ighest  while burning 

Pevler A coal  because of a lower combustible hea t  loss. .This is probably 

r e l a t ed  t o  coal p r o p e r t i e s . '  Moisture r e l a t e d  hea t  losses  on the  o ther  hand 

were s imilar  fo r  a l l  three coa ls .  Data are presented i n  Figure 5-18 of 

sec t ion  5.3 and i n  Table 5-22. 

TABLE 5-22 

BOILEX EFFICIENCY VS COAL 

BOILER HEAT LOSSES, % 
Moisture Combus- 

Other - D r y  Gas Related t i b l e  

Blend Coal 
( T e s t  5) 13.3 5.3 5.3 2.0 

(Test 8 )  12.3 4.4 2.1 2.0 

( T e s t  18) 1 3 . 1  4.9 4.9 2.0 

Pevler A Coal 

Pevler B Coal 

BOILER 
EFFICIENCY, % 

74 .1  

79.2 

75.1 

KVB 15900-540 

85 



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

5.5 PARTICLE SIZE DISTRIBUTION OF FLYASH 

Ten p a r t i c l e  s i z e  d i s t r i b u t i o n  determinations were made a t  the 

b o i l e r  o u t l e t  on Boiler  G. 

c l a s s i f i e r ,  a B r i n k  cascade impactor, and a SASS cyclone t r a i n .  Test  

conditions f o r  the t e 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  t e s t s  a r e  described i n  

Table 5-23. 

These determinations were made using a Bahco 

The t e s t  r e s u l t s  a r e  presented i n  Table 5-24, and i n  Figures 5-22, 

5-23 and 5-24. 

Brink, Bahco o r  SASS] because each methodology-may influence the da ta .  

discussion of each method, i t s  advantages and drawbacks, i s  presented i n  

Section 4 .  The bas i c  differences a r e  out l ined  below. 

The t e s t  r e s u l t s  a r e  grouped by sample methodology ( i . e . ,  

A- 

The Bahco c l a s s i f i e r  sample was co l l ec t ed  with a cyclone. As a 

r e s u l t ,  a f r ac t ion  of the sample (.6 t o  1 2 % )  was not  captured and the r e s u l t s  

a r e  biased such that they  ind ica te  fewer p a r t i c l e s  below about 15 micrometers 

than there  ac tua l ly  were. 

made t o  the Bahco data  a t  some fu ture  date  using the measured cyclone 

co l lec t ion  eff ic iency (shown i n  Table 5-24, l a s t  column) and the theo re t i ca l  

cyclone co l l ec t ion  e f f i c i e n c i e s  by p a r t i c l e  s i z e .  

.. 

It i s  hoped t h a t  appropriate 'corrections can be 

The Brink and SASS p a r t i c l e  s i z e  d i s t r i b u t i o n  data  should be accurate 

and require  no correct ions.  However, these a r e  s ing le  po in t  measurements, 

whereas the Bahco data  was obtained with a 24-point t raverse  of the duct .  

s ing le  poin t  samples a r e  suspect f o r  reasons of s i z e  s t r a t i f i c a t i o n  within 

t h e  duct.  

Despite the d i f fe rences  i n  methodologies, there  is a degree of 

v a l i d i t y  t o  the  data  trends.  The measured differences i n  p a r t i c l e  s i z e  

d i s t r ibu t ion  a r e  of ten  r e f l ec t ed  i n  the multiclone co l lec t ion  e f f i c i enc ie s  

a s  shown i n  Table 5-25. I n  many cases ,  the f lyash with the lowest percentage 

of p a r t i c l e s  below 10 o r  3 micrometers was the f lyash most e f f i c i e n t l y  

co l lec ted  i n  the mechanical dust  co l l ec to r .  

The data  ind ica tes  t a h t  f lyash from the Blend coal  w a s  s i zed  smaller 

than f lyash from the Pevler B coal and was t h u s  captured more e f f i c i e n t l y  i n  
the mechanical dus t  co l l ec to r .  
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Test 
No. Coal - - 

5 Blend 
8 Pevler A 

18 Pevler B 
1 7  Blend 

4 Blend 

5 Blend 
1 7  Blend 

9 Blend 
15 Blend 
20 Pevler B 

TABLE 5-23 

DESCRIPTION OF PARTICLE SIZE DISTRIBUTION 
TESTS AT THE BOILER OUTLET 

TEST SITE G 

Load 
% 

102 
100 

97 
98 
77 

102 
9 8  

72 
87 
78 

- 
0 2  

% 

7.0 
6.6 
7.5 
7.4 

10.4 

7.0 
1 . 4  

10.2 
8.7 
9.2 

- 
Test 

Description 

Base Loaded 
Base Loaded 
Base Loaded 
w/o  Reinjection 
Swing Loaded 

Base Loaded 
w / o  Reinjection 

Swing Loaded 
Swing Loaded 
Swing Loaded 

P a r t i c l e  Size Dis t r ibu t ion  
Methodology Used 

Bahco - Sieve 
Bahco - Sieve 
Bahco - Sieve 
Bahco - Sieve 
Bahco - Sieve 

Brink Impactor 
.Brink Impactor 

SASS Gravimetrics 
SASS- Gravimetrics 
SASS Gravimetrics 
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Figure 5-23. Pa r t i c l e  S i z e  D i s t r ibu t ion  a t  *he Boiler Ou t l e t  
by Brink Cascade impaccor - Test S i t e  G. 
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Figure 5-24 .  Par t ic le  S i z e  D i s t r ibu t ion  a t  t i e  Boiler Ou t l e t  
by SASS Gravirnetrics - Test S i t e  G.  

icvB 15300-540 

9 1  



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

Test 
No. 

5 
8 
18 

9 
15 
20 

5 
1 7  

- 
Test 

Methodology 

Bahco 
Bahco 
Bahco 

SASS 
SASS 
SASS 

Bahco 
Bahco 

TABLE 5-25 

PARTICLE SIZE DISTRIBUTION 
VS DUST COLLECTOR EFFICIENCY 

Test Description 

Blend Coal - Ful l  Load 
Pevler  A Coal - F u l l  Load 
Pevler B coal  - F u l l  Load' 

Blend Coal - Swing Load 
Blend Coal - Swing Load 
Pevler Coal - Swing Load 

Blend Coal - w/Reinjection 
Blend Coal w/o  Reinject ion 

% Flyash 
Below 1 0 W  

4.5 
7.5 
8.8 

21.1 
27.5 
50.2 

4 .5  
10.0 

Dust Col lector  
Eff ic iency,  % 

96.0 
94.3 
93.3 

97.0 (Test 4 ) *  
92.7 (Test 10) 
92.9 (Test 22) 

96 .O 
93.8 

*SASS t e s t s  9, 15 and 20 did not include de temina t ion  of dus t  
co l lec tor  e f f ic iency ,  but a glance a t  Figure 5-25 i n  the 
following sect ion shows t h a t  Blend coal  averaged higher col-  
l ec t ion  e f f i c i enc ie s  than Pevler B coa l  a t  t h i s  load range. 
Col lec t ion  e f f i c i enc ie s  shown are for  the most similar pa r t i cu -  
l a t e  tests. 
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5.6 EFFICIENCY OF MULTICLONE DUST COLLECTOR 

The co l lec t ion  e f f ic iency  of the multiclone dus t  c o l l e c t o r  was 

determined i n  f i f t e e n  t e s t s  under various b o i l e r  operating conditions.  The 

data  were obtained by measuring the  p a r t i c u l a t e  loadings simultaneously a t  

the i n l e t  and o u t l e t  of the dust  co l l ec to r .  The data  a re  presented i n  Table 

5-26 and 'p lo t ted  a s  a function of g r a t e  hea t  re lease  i n  Figure 5-25. 

A t  loads above 50% of design capaci ty ,  the dust  co l l ec t ion  e f f ic iency  

ranged from 92 .7% t o  97.0% and averaged 94.4%. A t  the low load of 17% of de- 

s ign  steam capacity,  the mechanical dus t  co l l ec t ion  e f f ic iency  .dropped o f f  

d r a s t i c a l l y  averaging 63.4%. This i s  due t o  t h e  reduced pressure drop across 

the dust  co l l ec to r  a t  low loads.  

5.7 SOURCE ASSESSMENT SAMPLING SYSTEM . 
Three SASS t e s t s  were run a t  Test  S i t e  G and two of these were 

selected f o r  fu r the r  processing. Test  15 on Blend coal  was a repea t  of Test  

9 which was suspect due t o  a procedural e r r o r .  On Pevler B coal ,  T e s t  20 

was processed. 

Process of the SASS sample catches involves combined gas chromato- 

graphy/mass spectroscopy f o r  t o t a l  polynuclear content and seven spec i f i c  

polynuclear aromatic hydrocarbons (PAHI. These a r e  l i s t e d  i n  Table 5-27. 

A l l  SASS t e s t  r e s u l t s  w i l l  be reported under separate  cover a t  the conclusion 

of t h i s  t e s t  program. 
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T e s t  
NO. 

02 

03 

04 

05 

06 

07 

08 

10 

16 

17 

18  

19 

22 

2 3  

24 

- 
Coal 
ZYFS 

Blend 

Blend 

Blend 

Blend 

Blend 

Pevler  A 

Pevler A 

Blend 

Blend 

Blend 

Pevler  B 

Pevler B 

Pevler B 

Pevler  B 

Pevler B 

Load 
% 

85 .O 

79.6 

76.7 

101.7 

57.4 

17.3 

99.6 

86.0 

15.8 

97.7 

97.1 

16.6 

82.4 

75.6 

78.3 

- 

T A S E  5-26 

EFFICIS>JCY OF DUST COLLZCTOR 
TEST S I 2  G 

02 
% 

8.9 

8.7 

0 .4  

7.0 

10.5 

14.6 

6.6 

9.7 

15 -2 

7.4 

7.5 

15.1 

9.1 

8.0 

7.3 

- 

P a r t i c u l a t e  Loading 
lb/106Btu 

Col lec tor  Co l l ec to r  
I n l e t  

4.271 

4.332 

7.408 

6.786 

4.171 

2.139 

2.932 

6.592 

2.265 

5.858 

4.783 

2.057 

4.720 

4.567 

4.003 

Outlet 

0.222 

0.220 

0.221 

0.274 

0.129 

0.953' 

0.166 - 
0.484 

0.933 

0.364 

0.320 

0.495 

0.334 

0.320 

0.260 

. 

Collector 
Eff ic iency 

% 

94.8 

94.9 

97.0 

96.0 

96.9 

.. 55.4 

94.3 

92.7 

58.8 

93.8 

93.3 

75.9 

92.9 

93 .O 

93.5 
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TABLE 5-27  

POLYNUCLEAR AROMATIC HYDROCARBONS 
ANALYZED I N  THE SITE G SASS SAbPLE 

Molecular Holecular 
Element Name Weight Formula 

7,12 DimethylSenz (a) an thracene  25 6 C20H16 
DLbenz ( a , h )  anthracene 278 C22H14 

Benzo (c )  phenanthrene 228 C18H12 
3-met!!yl c 5 o l a n t i e n e  268 C21H16 

aenzo (a) pyrene 25 2 C2OHL2 

Dibenzo ( a , h )  py- r ene  30 2 C24H14 
Dbenzo ( a , i )  pyrene 30 2 C24H14 i 

Dbenzo (c.9) ca rbazo le  267 C20H13N 

- . .  5 . 8  DATA TABLES 

Tables 5-28 through 5-31 summarize the t e s t  da ta  obtained a t  Tes t  

S i t e  G. These t ab le s ,  i n  conjunction with Table 2-2 i n  the Executive 

summary, a r e  included for re ference  purposes. 

. 
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I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
1 
I 
1 
I 
1 

MISSIONS 
qr/SCF 

1.772 
1.911 
2.740 
3.102 
1.572 
0.482 
1.506 
2.590 
0.460 
2.550 
2.138 
0.416 
1.917 
2.018 
1.882 

- 
T e s t  
No. 

02 
03 
04 
05 
06 
07 
08 
10 
16 
17 
18 
19 
22 
23 
24 

- 

- 
- 
02 
03 
04 
05 
06 
07 
08 
10 
16 
17 
18 
19 
22 
23 
24 
- 

Ib/hr 

763 
782 

1,179 
1,464 
558 
96 
568 

1,120 
96 

1,326 
980 
81 

811 
717 

848’ 

Coal 

Blend 
Blend 
Blend 
Blend 
Blend 

Pevler A 
Pevler A 

Blend 
Blend 
Blend 

Pevler B 
Pevler B 
Pevler B 
Pevler B 
Pevler B 

0.222 
0.220 
0.221 
0.274 
0.129 
0.953 
0.166 
0.484 
0.933 
0.364 
0.320 
0.495 
0.334 
0.320 
0.260 

Blend 
Blend 
Blend 
Blend 
Blend 

Pevler A 
Pevler A 

Blend 
Blend 
Blend 

Pevler B 
Pevler B 
Pevler B 
Pevler B 
Pevler B 

0.085 
0.093 
0.085 
0.120 
0.046 
0.208 
0.084 
0.200 
0.190 
0.158 
0.142 
0.100 
0.136 
0.141 
0.122 

6 Design 
!apaciti  

85 
80 
77 

102 
57 
17 
100 
86 
16 
98 
97 
17 
82 
76 
78 

85 
80 
77 

102 
57 
17 
100 
86 
16 
98 
97 
17 
82 
76 
78 

TABLE 5-28 

PARTICULATE EMISSIONS 
TEST SITE G 

02 
% 

8.9 
8.7 
10.4 
7.0 

10.5 
14.6 
6.6 
9.7 
15.2 
7.4 
7.5 

15.1 
9.1 
8.0 
7.3 

9.9 
9.2 
10.0 
7.6 

11.0 
14.8 
6.9 
9.1 
15.2 
7.4 
7.5 ’ 

15.1 
9.1 
8.0 
7.3 

b/lO’BtU 

4.271 
4.332 
7.408 
6.786 
4.171 
2.139 
2.932 
6.592 
2.265 
5.858 
4.783 
2.057 
4.720 
4.567 
4.003 

18 
19 
17 
25 
8 
26 
18 
42 
20 
34 
32 
10 
29 
27 
24 

Je loci  ti 
€t/sec 

39.69 
37.32 
38.04 
42.27 
30.36 
16.16 
35.14 
38.79 
16.72 
50.45 
42.64 
15.83 
41.63 
37.70 
35.86 

63.21 
62.64 
62.88 
65.63 
50.28 
34.78 
68.19 
65.87 
28.70 
68.65 
70.96 
27.57 
67.62 
60.42 
62.61 



I 
! 
1 
I 
1 
I 
1 
1 
1 
1 
I 
t 
1 
1 
I 
1 
1 
1 
II 

3 

1.5 
1.5 
1.5 
1.5- 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 

- 

+l a: 
0 
U 

FA 
! 
m 

- 

ln 

E3 * 
w 
E 

2 g  4 

! E  W 
h 
h 

2 2  

26.23 73.77 
23.41 76.59 
31.92 68.08 
25.88 74.12 
22.90 77.10 
27.26 72.74 
26.05 73.95 
25.27 74.73 
33.72 66.28 
26.23 73.77 

8 
G 
ki - 
02 
0 3  
04 
05 
06 
09 
10 
1 5  
16 
1 7  

E 
H 

14.74 
13.35 
19.27 
13.25 
13.13 
14.29 
13.48 
12.91 
22.73 
13.96 

1 

0 
U E  

0 

TABLE 5-29 

HEAT LOSSES AND EFFICIENCIES 

0.45 
0 .41  
0.54 
0.80 
0.29 
0 . 4 1  
0 .38  
0.42 
0.36 
0.37 

TEST S I T E  G 

4.22 
4.00 
4.11 
4.48 
3.90 
4.17 
4.13 
4.14 
3.81 
4.09 

$ 07 23.21 0.26 3.89 1.43 0.14 1.57 
W a: 08 12.25 0.26 4.14 1 .98  0.14 2.12 
LL 

3.54 
3.22 
5.38 
4.81 
2.83 
5.83 
5.36 
4.81 
1.53 
5.45 

- 

2.92 1.5 33.35 66.65 
0.53 1.5 20.80 79.20 

1.16 
0.27 
0.44 
0 .52  
0.34 
0.34 
0.59 
0.89 
0.60 
0.32 

- 
b 

- 
ln 

3 
E 
9 
% W  
8 
$ 2  

r 

r 
0 2  
r H  - 

4.70 
3.49 
5.82 
5.33 
3.17 
6 .17  
5.95 
5.70 
2.13 
5.77 

- 

3.72 1.15 4.87 0.54 
1 .46  0.55 2.01 3.04 
3.89 0.79 4.68 0.67 
3.68 1.15 4.83 0.64 
3.29 0.71 4.00 0.69 
3.59 0.75 4.34 0.67 

0.62 
0.66 
0.68 
0.52 
0 . 9 1  
0.72 
0.61 
0.60 
3.19 
0.54 

- 

1 . 5  24.92 75.08 
1.5 36.31 63.69 
1.5 24.62 75.38 
1.5 25.83 74.17 
1 . 5  23.84 76.16 
1 . 5  23.02 76.98 w L LL 

- 
1 8  
19 
20 
22 
23 
24 - 
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I 
I 
I 
1 
1 
I 
I 
1 
I 
I 
I 
I 
1 
, I  

n 

5 m 

06 
10 
15 1 :: 

Average 

m 

5 
E 

TABLE 5-30 

PERCENT COMBUSTIBLES I N  REFUSE 
TEST SITE G 

18 
19 
20 
22 
2 3  
24 

Mechanical Mechanical 
Boiler Col lec tor  Collector B o t t o m  
Ou t l e t  Hopper Out le t  A s h  

58.1 53.91 -- 12.53 
52.2 53.91 29.1 7.26 
-- 56.74 28.9 1 1 . 2 3  

49.7 49.85 -- 6.93 
47.7 49.85 -- 7.11 
57.0 42.73 22.9 9.77 
-- 40.65 -- 14.88 

47.6 57.30 16.8 8.18 
-- 57.30 28.7 7.34 
-- 55.71 -- 7.87 

52.05 51.80 25.3 9.51 

47.4 -- 6.02 4 - 2 2  I 50.05 54.2 
56.65 34.6 

47.4 53.35 44.4 5.12 

-- 
50.1 

54.7 
50.6 
62.9 

-- 
51.15 29.5 13.93 
62.51 53.0 8.79 
57.09 -- 12.32 
67.03 28.6 19.09 
57.57 28.a 13.12 
56.15 30.2 11.48 

I I I 

I Average 54.6 58.58 34.0 13.12 1 
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APPENDIX A 

DISCUSSION OF LOW ASH COAL PROBLEM 

The following discussion is taken from i n t e r n a l  correspondence a t  
Test S i t e  G. In this discussion, coal A and B r e f e r  t o  the coals described 
i n  t h i s  r epor t  a s  Blend and Pevler A respect ively.  Coal C r e f e r s  t o  a coal 
which w a s  never f i r e d  and which was l a t e r  replaced by Pevler B. 

As discussed i n  our  telephone conversation on February 2 6 ,  
the low ash  content  of t e s t  coal  B (1'' x 3/8") i s  causing 
problems i n  maintaining the proper depth of ashes (4"  - 6 " )  
on the grate  of the t5  bo i l e r .  We are  able to  maintain only 
1-1/2" of ash depth w i t h  t h e  g r a t e  moving a s  slow as  possible .  
Ihe low ash  depth could cause the grate  to  overheat if a high 
steam load is maintained over an extended per iod of  time. 

I r e a l i z e  w e  a r e  i n  the process o f  t e s t i n g  d i f f e r e n t  coals  
with the American Boiler Manufacturers Association, bu t  with 
this low ash content,  the test schedule w i l l  have t o  be 
a l t e r e d .  

We have t e s t ed  our normally stocked coal (1-1/4" x.1/4") 
according t o  the suggested f irst  week t e s t  schedule of 
KVB with the exception of a 60 - 75,000 Lb/Hr swing load 
with normal O2 and OFA. 
t o  coal handling problems a t  the t i m e .  

The t e s t  involving Coal B was s t a r t e d  on Sunday, Febru-' 
ary 25 and the 15,000 and 75,000 Lb/Hr steady load tests 
were completed. Stack appearance a t  15,000 Lb/Hr does 
n o t  appear t o  be acceptable.  Boi ler  cont ro ls  were var ied 
a t  the end of  the minimum load t e s t  t o  reduce the smoking 
condition, b u t  no change was not iced.  W i t h  these two t e s t s  
of Coal B completed, w e  plan no f u r t h e r  t e s t i n g  of  t h i s  low 
ash coal .  
w i t h  the  coal already i n  the s i l o  and the remaining cars  
w i l l  be unloaded a t  the  Anchor s torage s tockpi le .  The 
rest of the test per iod f o r  coal B w i l l  be used f o r  t e s t -  
ing coal A. 

W e  w i l l  have t o  discuss  the remaining t e s t  schedule w i t h  
the KVB t e s t i n g  group. TWO cars  of coal C (1/2" x 1/8") 
are  i n  shipment t o  Brown and Williamson and scheduled f o r  
t e s t i n g  during the week of March 10. If arrangements can 
be made, w e  would l i k e  to  test a t  15,000 L b / H r  and then 
discontinue t e s t ing .  Coal C, which is a l so  a low ash coa l ,  
with 30 - 40% f i n e s  w i l l  a l so  cause problems i n  maintaining 
a proper depth of ashes,  bu t  should not  damage the grate  a t  
the low load. 

I plan to  discuss  these changes i n  t e s t i n g  with J i m  Burlingame 
of KVB and w i l l  l e t  you know of any fu r the r  developments. 

That t e s t  could not  be run due 

We plan to  mix the ex i s t ing  ca r  of low ash coal  
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APPENDIX B 

CONVERSION FACMRS 

ENGLISH AND METRIC UNITS TO S I  UNITS 

To Convert From 

i n  
in2 
f t  
f t 2  
f t 3  

l b  
%/hr 
Ib/106BTU 
g/Mcal 

BTU 
B T U / k  
B T U / h r  
J/sec 
J/hr 

BTU/f t / h r  
B T U / f t / h r  
BTU/ft2/hr 
BTU/ftZ/hr 
BTU/f t3 /hr  
BTU/ft 3/hr 

ps i a  
'"20 

Rankine 
Fahrenhei t  
Ce l s ius  
Rankine 

FOR TYPICAL COAL FUEL 

J/kg 
W 
W 
W 

w/m 
J / h r / m  
w/m2 

J /h r<m2 
w/m 

J/hr/m3 

P a  
Pa 

Cels ius  . 
C e l s i u s  
Kelvin 
Kelvin 

Multiply By 

2.540 
6.452 
0.3048 
0.09290 
0.02832 

0.4536 
0.1260 
4 30 
2 39 

1054 
2324 
0.2929 
1.000 
3600 
0.9609 
3459 
3.152 
11349 
10.34 
37234 

6895 
249.1 

C = 5/9R-273 
C = 5/9(F-32) 
K = C+273 
K 5/9R 

ppm @ 3% 0 2  (S02) 
ppm @ 3% 0 2  (SO$ 
ppm @ 3% 0 2  (NO)* 
ppm @ 3% 02 (NO21 
ppm @ 3% 0 2  (CO) 
ppm @ 3% 02 (CH4) 

ng/J (lb/106Btu) eO.851 ( 1 . 9 8 ~ 1 0 - ~ )  
ng/J (Ib/lOGBtu) 1.063 ( 2 . 4 5 ~ 1 0 - ~ )  
ng/J (lb/106Btu) 0.399 ( 9 . 2 8 ~ 1 0 - ~ )  
ng/J (lb/106Btu) 0.611 ( 1 . 4 2 ~ 1 0 - ~ )  
ng/J (lb/106Btu) 0.372 ( 8 . 6 5 ~ 1 0 - ~ )  
ng/J (Ib/106Btu) 0.213 ( 4 . 9 5 ~ 1 0 - ~ )  

*Federal environmental regula t ions  express  NOX i n  terms of NO2; 
thus NO u n i t s  should be converted us ing  the NO2 conversion f a c t o r .  
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APPENDIX C 

CONVERSION FACTORS 

S I  UNITS TO ENGLISH AND METRIC UNITS 

To Convert From - To Multiply By . 
c m  i n  0.3937 
an 2 i n  2 0.1550 

m f t  3.281 
m2 f t 2  10.764 
m 3  f t 3  35.315 

J 
J/kg 

J / h r / m 2  
J / h r / m  
J/hr/m3 

W 
W 
w/m 
w/m2 ’ 
w/m3 

P a  
Pa 

Kelvin 
C e l s i u s  
Fahrenhei t  
Kelvin 

l b  
l b /h r  

lb/106BTU 
g/Mcal 

BTU 
BTU/lb 

BTU/ft/hr 
BTU/ft2/hr 
B TU/ f t 3/hr 

B T U / h r  
J /h r  

BTU/f t/hr 
BTU/ft2/hr 
BTU/f t3/hr 

psia 
? H 2 0  

Fahrenhei t  
Fahrenhei t  
Rankine 
Rankine 

2.205 
7.937 
0.00233 
0.00418 

0.000948 
0.000430 
0.000289 

0.0000269 
-0.0’000881 

.3.414 
0.000278 
1.041 
0.317 
0.0967 

0.000145 
0.004014 

F = 1.8K-460 
F = 1.8C+32 
R = FC460 
R = 1 . 8 K  

1.18 
0.941 
2.51 
1.64 
2.69 
4.69 
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. 
Mult ipl icat ion 

Factor 

1018 
1015 
1012 
109 
106 

101 
10-1 
10-2 
10- 3 
10-6 
10-9 
10-12 
10-15 
10-18 

10; 
10 

APPENDIX D 

S I  P.REFIXES 

P r e f i x  

e xa 
p e t a  
t e r a  

mega 
k i l o  
hecto* 
deka* 
deci* 
cen t i*  
m i l l i  
micro 
nano 
p i c0  
femto 
a t to  

gigs 

*Not recommended b u t  occas iona l ly  used 

S I  symbol 

E. 
P 
T 
G 
M 
k 
h 
da  
d 

m. - 
!J 
n 

C 

P 
f 
a 

. .  
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AePENDIX F 

UNITS CONVERSION FROM PARTS PER MILLION (PPM) TO 
POUNDS PER MILLION BTU INPUT ( L B / ~ O ~ B T U )  

lb/lO%tu = (ppm) ( f u e l  factor,  scF ) (02 co r rec t ion ,  n.d.) (densi ty  of 

l b  
SCF emission, -1 (10-6) 

SCF* 
10bBtu 

= 106[1.53c + 3.61H2 + .14N2 + .57S - .46021 + Fuel f a c t o r ,  

(B tu/ lb)  

where C ,  H 2 ,  N 2 ,  S ,  O2 €, Btu/lb are from ultimate f u e l  ana lys i s ;  

(a t y p i c a l  f u e l  factor  f o r  coa l  is 9820 SCF/106Btu t l 000)  

O2 correction, n.d. = 20.9 + (20.9 - $02)  

where %02 is oxygen l e v e l  on which ppm value i s  based; 

f o r  ppm @ 3% 0 2 ,  02 co r rec t ion  = 20.9 + 17.9 = 1.168 

SO2 - 0.1696 lb/SCF* Density of emission = 

NO - 0.0778 lb/SCF 

CO - 0.0724 lb/SCF 

CH4 - 0.0415 lb/SCF 

t3 convert  lbs/lO%tu t o  ng/J mul t ip ly  by 430 

/ , 

* Standard condi t ions are 70°F, 29.92 " H g  barometric pres'sure 
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