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pressure. 



Jeff Cole, RTI, says this is a dry bottom boiler, according to 
the UDIIEEI database. Jeff has been working with the NSP data 
for five years and, therefore, I am taking his word on this. 
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1 INTRODUCTION 

On January 31, 1992 I n t e r p o l 1  Labora tor ies  personnel conducted an 

a i r  t o x i c s  emission study on t h e  No. 2 B o i l e r  a t  t h e  Nor thern States Power 

Company (NSP) Black Dog P lan t  l o c a t e d  i n  B u r n s v i l l e .  Minnesota. On-site 

t e s t i n g  was performed by  D. Van Hoever, E. Trowbridge, C. Mosser. J. 

Bergstmm and R. Aschenbach. Coord ina t ion  between t e s t i n g  a c t i v i t i e s  and 

p l a n t  ope ra t i on  was prov ided by J i m  P a r i s  o f  NSP. 

The No. 2 B o i l e r  i s  a 137 MW Foster-Wheeler Atmospheric F l u i d i z e d  

Bed Combustor (AFBC) b o i l e r  b u i l t  i n  1954 and conver ted t o  AFBC i n  1986. 

I t  i s  equipped w i th  12 D e t r o i t  Stoker  f l i p p e r  feeders and has an 

economizer and a i r  preheater .  I t  has a steaming capac i t y  o f  1.039 KLB/HR 

o f  superheated steam. P a r t i c u l a t e  emissions are  c o n t r o l l e d  by a pr imary 

(Research C o t t r e l l  6 -sec t ion)  and secondary (Belco/GE 6-sect ion)  

e l e c t r o s t a t i c  p r e c i p i t a t o r .  The b o i l e r  i s  a l s o  equipped w i t h  a Joy 

Mechanical D u s t  C o l l e c t o r .  Cleaned f l u e  gas from U n i t s  1. 2, 3 and 4 i s  

exhausted t o  t h e  atmosphere by  means o f  a s t e e l  l i n e r  which has an 

i n te rna '  d iameter  o f  22'-6' a t  t h e  t e s t  p o r t  e l e v a t i o n  ( U n i t s  1. 3 and 4 

were o f f - l i n e  durlng these t e s t s ) .  A t  the  t ime o f  these t e s t s  U n i t  2 was 

f i r i n g  100% Western coa l  (b lend o f  Antelope and Nor thern  Antelope) and was 

opera t i ng  on an i n e r t  bed. 

A n  EPA Mul t i -Meta l  Mod i f i ed  Method 5 (4M5) sampling t r a i n  was used 

t o  i s o k i n e t i c a l l y  c o l l e c t  s o l i d  and vapor phase t r a c e  meta ls  a t  the Stack 

t e s t  s i t e .  The samples were c o l l e c t e d  and analyzed as p e r  t h e  EPA D r a f t  

Method 'Methodology fo r  the  Determinat ion  o f  Meta ls  Emissions i n  Exhaust 

Gases from S t a t i o n a r y  Source Combustion Processes'. The aerosol  o r  s o l i d  

phase t r a c e  metal  samples were c o l l e c t e d  on P a l l f l e x R  Type 2500 QAT u l t r a  

pure f i l t e r s .  The vapor phase t r a c e  meta ls  were c o l l e c t e d  i n  an a l l  g lass  

impinger  t r a i n .  The f i r s t  and second impingers each conta ined 100 cc o f  

a m i x t u r e  o f  5% HNOl and 10% HZOZ. The t h i r d  and four th  impingers contained 

100 cc o f  a m ix tu re  o f  4% KMn04 and 10% H2S0,. These impingers c o l l e c t  any 

elemental  mercury which might pene t ra te  the  f i r s t  two impingers.  

1 
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The recovered fou r -pa r t  samples were re tu rned t o  the  l abo ra to ry  

where t h e  probe r i n s e ,  f i l t e r  and n i t r i c  a c i d  impinger  ca tch  were 

combined, d isso lved i n  a c i d  ( i n c l u d i n g  the  quar tz  f i l t e r )  and analyzed by 

I n d u c t i v e l y  Coupled Argon Plasma Emission Spectrometry ( I C P ) .  I n  some 

cases, samples were reanalyzed by g raph i te  furnace atomic absorp t ion  

spectrometry f o r  g r e a t e r  s e n s i t i v i t y .  The permanganate mercury ca tch  and 

an a l i q u o t  o f  the  f r o n t  h a l f  c a t c h  were each analyzed by c o l d  vapor atomic 

absorp t ion  spectrometry ( C V / A A ) .  Two f i e ld -b iased  b lanks were c o l l e c t e d  

and recovered a t  each t e s t  s i t e  and analyzed f o r  t r a c e  meta ls  w i th  the 

f i e l d  samples. The probe r i n s e  and f i l t e r  ca tch  were cond i t i oned  and 

analyzed g r a v i m e t r i c a l l y  p r i o r  t o  process ing so t h a t  t h e  t o t a l  p a r t i c u l a t e  

weight cou ld  be determined. 

The combined p a r t i c u l a t e  and t r a c e  metal samplings performed a t  the  

ESP I n l e t  t e s t  s i t e  was performed us ing  a mod i f ied  €PA Method 17 sampling 

t r a i n  designed t o  sample s i t e s  w i th  h i g h  p a r t i c u l a t e  loadings.  The 

samples were c o l l e c t e d  us ing  an out -s tack s t a i n l e s s  s tee l  f i l t e r  ho lde r  

equipped w i th  a spec ia l  h i g h  e f f i c i e n c y  s t a i n l e s s  s t e e l  f i l t e r  th imble.  

The sample gas passes through a p i g  t a ’ l  s t a i n l e s s  s t e e l  nozz le d i r e c t l y  

i n t o  t h e  f i l t e r .  A f t e r  sampling i s  completed and the  end-of-the run  leak  

check performed. t h e  sample t r a i n  i s  tu rned on again a t  0.75 cfm and the  

nozz le and f i l t e r  h o l d e r  tapped w h i l e  sampling ambient a i r .  Th is  s tep 

c a r r i e s  any f l y a s h  depos i ted  i n s i d e  t h e  nozzle i n t o  t h e  f i l t e r  ho lder .  

The f i l t e r  th imb le  i s  then removed; re tu rned t o  the  labora tory ;  

cond i t ioned t o  remove f r e e  mo is tu re  and weighed which completes the  

g r a v i m e t r i c  ana lys i s .  Samples f o r  elemental ana lys i s  are obta ined by 

bouncing the  f i l t e r  t h imb le  on a hard  surface which re leases the  e n t i r e  

f i l t e r  cake from t h e  m i r r o r - l i k e  SS f i l t e r  th imb le  w a l l s .  A l i q u o t s  of 

known weight are then taken f o r  chemical  ana lys is .  No at tempt i s  made t o  

recover  the  t h i n  l a y e r  o f  f l y a s h  remaining on the  sur face of the  f i l t e r ,  

s ince a more than adequate mass o f  f l y a s h  i s  recovered f o r  chemical 

ana lys i s  and s ince t h i s  l a y e r  o f  f l y a s h  i s  i n  c lose  con tac t  w i t h  the  

s t a i n l e s s  s tee l  f i l t e r  and might  be contaminated t o  one degree o r  another 

w i t h  chromium o r  n i c k e l  stemming from decomposition o f  the  s t a i n l e s s  s tee l  

1 
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f i 1 t r a t  i on subst r a t e .  

The I n l e t  sampling t r a i n s  a l s o  inc luded an ice-ba th  cooled impinger 

t r a i n  which conta ined f o u r  impingers (100 cc o f  a c i d i f i e d  permanganate i n  

each o f  the  f i r s t  two; t h e  t h i r d  impinger  serves as a t r a p  and the  f o u r t h  

conta ins  des i ccan t ) .  Th i s  imp inger  t r a i n  c o l l e c t s  t h e  elemental  mercury 

vapor which passes through t h e  f i l t e r .  

PM-10 de terminat ions  were performed a t  the  Stack t e s t  s i t e  us ing  an 

EPA M5 sampling t r a i n  equipped w i t h  an e igh t -s tage cascade impactor 

a t tached t o  the  i n s t a c k  end o f  the  probe. The go ld -p la ted  p l a t e s  were 

coated w i th  Apiezon H t o  min imize p a r t i c l e  bounce o f f .  Three 

determinat ions and one c o n t r o l  were performed i n  accordance w i t h  PM-10 SIP 
Development Gu ide l ine  USEPA - 450/2-86-001: Appendix C. Four separate 

impactor se ts  were used t o  c o l l e c t  the  samples. The samples were returned 

t o  the  l abo ra to ry ,  cond i t i oned  and weighed. The r e s u l t s  were c a l c u l a t e d  

i n  accordance w i t h  t h e  impactor  manufacturers recommendations us ing  the 

prov ided 50% c u t  p o i n t  c a l i b r a t i o n  data.  

I n t e g r a t e d  f l u e  gas samples were ex t rac ted  s imul taneously  w i t h  each 

o f  the  above-referenced sample t r a i n s  f rom the  sampling t r a i n  exhaust 

p o r t s  us ing  a s p e c i a l l y  designed gas sampling system as p a r t  o f  the 

o v e r a l l  p r o j e c t  q u a l i t y  assurance . I n t e g r a t e d  f l u e  gas samples were 

c o l l e c t e d  i n  4 4 - l i t e r  Ted la r  bags housed i n  a p r o t e c t i v e  aluminum housing. 

A f t e r  sampling was complete, t h e  bags were sealed and re tu rned t o  the 

l abo ra to ry  f o r  Orsat  ana lys i s .  P r i o r  t o  sampling. the  Ted lar  bags are 

l eak  checked a t  15 IN.HC. vacuum w i t h  an i n - l i n e  rotameter .  Bags w i th  any 

de tec tab le  in leakage are  d iscarded.  

The combined p a r t i c u l a t e  and t r a c e  metal t e s t i n g  a t  the  ESP I n l e t  

was conducted from 10 t e s t  p o r t s  on t h e  ESP I n l e t  Ducts. Each t e s t  run  

was 120 minutes i n  d u r a t i o n .  Tes t i ng  on the  Stack was conducted from fou r  

t e s t  p o r t s  o r i e n t e d  a t  90 degrees. These t e s t  p o r t s  are loca ted  

approximately 9.8 stack d iameters downstream o f  the  breeching i n l e t  and 

3 
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7.2 diameters upstream of  t h e  s tack  e x i t .  A 12-point t rave rse  was used t o  

e x t r a c t  rep resen ta t i ve  t r a c e  meta ls  samples. Each t rave rse  point was 

sampled t e n  minutes f o r  the  combined p a r t i c u l a t e  and t r a c e  meta ls  runs t o  

g i ve  a t o t a l  sampling t ime o f  120 minutes per  run. A four -po in t  t rave rse  

was used f o r  PM-10 (cascade impactor )  t e s t i n g .  Each t rave rse  p o i n t  was 

sampled 30 minutes t o  g i v e  a t o t a l  sampling t i m e  o f  120 minutes per  run. 

The impor tant  r e s u l t s  o f  t h e  t e s t  are summarized i n  Sect ion 2 .  

D e t a i l e d  r e s u l t s  a re  presented i n  Sect ion 3 .  F i e l d  da ta  and a l l  o the r  

suppor t ing i n f o r m a t i o n  are  presented i n  the appendices. 

4 
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2 . 1  To ta l  P a r t i c u l a t f i a t e r t a l  

The r e s u l t s  o f  t h e  t a t a l  p a r t i c u l a t e  ma te r ia l  inass r s l e  

de terminat ions  performed a t  t h e  No. Z E o i l e r  ESP I n l e t  and Stack a r e  

presented i n  Tables 1 and 2. The average mass ra tes  arid MnOVa~ 

e f f i c i e n c i e s  were as f o l l o w s :  

Mass Rate (LB/HR) Removal 

Run No. ( I n l e t s )  (S tack )  E f f l c l e n c v  

1 3155 22.3 99.29 

2 4281 2 4 . 8  99.42 

3 3089 25.2 98AB 
Avg . 3508 2 4 . 1  99.30  

I n  rev iewing the p a r t i c u l a t e  mass r a t e  de tera fna t ions .  i t  should be 

noted t h a t  the sum o f  t h e  d r y  s tandard  vo lumet r ic  t l o w  ra tes  measured a t  

t t . 2  ESP I n l e t  t e s t  s i t e  was 17 - 21% h i g h e r  than those a t  the Stack t e s t  

s i t e .  Th i s  i s  no t  unexpected. The Stack t e s t  s f t e  i s  aerwdynamicslly 

i d e a l  f o r  gas v e l o c i t y  measurements inasmuch as the  gas stream f low t s  

und is tu rbed for more than e i g h t  s tack  diameters upstream ensur lng t h a t  the  

f l ow  l i n e s  are p a r a l l e l  t o  the  s tack  wa l l s .  I n  t h e  case of the  I n l e t  

measurements. the  t e s t  s i t e s  a r e  genera l l y  l e s s  than one diameter 

downstream o f  a f l ow  d ls tu rbance 2nd thus nonpara l l e l  floh '1s t o  be 

exoected. Tke S-Type p i t o t  tube used i n  t h i s  wwk ,  always o v e ~  t s t lma tes  

the  v e l o c i t y  pressure when t h e  p i t o t  tube i s  no t  f a c l n g  d i r c c t l y  in to  the  
f l o w  (angle o f  a t tack  c> 0). 
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2.2 Elemental Ana lys i s  

The r e s u l t s  o f  t h e  elemental  analyses performed on the  f l y a s h  

samples c o l l e c t e d  a t  t h e  ESP I n l e t s  and t h e  Stack have been used toge the r  

w i th  t h e  f l u e  gas sample V O l U m e S  t o  c a l c u l a t e  exhaust gas concentrat ions 

o f  each o f  the  24 elements o f  i n t e r e s t  (See Table 3 ) .  The elemental 

concent ra t ions  are presented f o r  each o f  t h e  t h r e e  two-hour t e s t  runs a t  

b o t h  t h e  ESP I n l e t s  and O u t l e t .  Table 4 presents  the  same r e s u l t s  except 

i n  LBIIO~BTU. 

Elemental mass f low r a t e s  e n t e r i n g  and l e a v i n g  the  ESP have been 

c a l c u l a t e d  from the  i n d i v i d u a l  element exhaust gas concentrat ions and the  

VOlUmetriC exhaust gas f l o w  ra tes .  These r e s u l t s  are g iven i n  Table 5. 
Mass f l o w  r a t e s  o f  elements e n t e r i n g  the  ESP were ca l cu la ted  us ing  the  

vo lumet r i c  f low ra tes  a t  t h e  i n l e t  s i t e .  Removal e f f i c i e n c i e s  f o r  each 

element were c a l c u l a t e d  where p o s s i b l e  us ing  t h e  average mass r a t e s  a t  the 

ESP I n l e t s  and O u t l e t .  The r e s u l t s  o f  these c a l c u l a t i o n s  are a l s o  

presented i n  Table 5. Elemental removal e f f i c i e n c i e s  are i n  good 

agreement w i th  the  t o t a l  p a r t i c u l a t e  removal e f f i c i e n c i e s .  Elements t h a t  

a re  very  v o l a t i l e  and/or n o t  c o l l e c t e d  e f f i c i e n t l y  by the  e l e c t r o s t a t i c  

p r e c i p i t a t o r s  e x h i b i t  lower  removal e f f i c i e n c i e s .  

The r e s u l t s  o f  t h e  elemental  analyses performed on t h e  f l y a s h  

samples were a150 used t o  c a l c u l a t e  f l y a s h  composi t ion (See Table 6 ) .  I n  

t h e  case o f  major and minor  elements, the  r e s u l t s  are repor ted  as the 

corresponding minera l  fo rm expected t o  e x i s t  i n  the f l yash  as i s  custom i n  

minera l  ash analyses. Th is  da ta  shows t h a t  the  analyses performed 

accounted f o r  almost 100% o f  the  t o t a l  composi t ion o f  t h e  samples i n  the 

case o f  the  I n l e t  samples and 68 - 69% i n  the case o f  the  o f  the  Stack 

samples. S i l i c o n ,  a major  component o f  f l y a s h  was no t  analyzed f o r  i n  the 

case o f  the  Stack s a m ~ l e s  n o r  was s u l f u r  or  carbon. 
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Tab le 3 .  R c s u l t s  o t  t h e  January 1992 ?race Me ta l  D e t e a n a t l o n s  P e r f o m f d  a t  the No. 

2 B o i l e r  ESP I n l e t  and Stack a t  t h e  NSP 61ack Dog P l a n t  i n  6 u r n s v i l l e .  

Minnesota.  

- Concent v a t i  on (uq/Nmi) 
Run 2 - Run 3 -- tiun 1 

Element ---.- I n l e t  Stack I n l e t  Stack I n l e L  Stack 

A1 umi num 
Antimony 
Arsen ic  
Barium 
B e r y l l i u m  
Boron 
Cadmium 
CB'!CiUrn 

Chroalun 
Copper 
1 r o n  
Pot  ass i um 
F:egrisslun; 
Ma 'igbnese 

Sodi dm 

N i c k e l  
Lead 

1 e c i  urn 
S:rcniiurn 
:'x,ad'um 
' 1 n t  
Herchry 
S \  1 ve r  
911 f u r  
S:l'lcon 

s;, 

note: 

XG1 :!ldem;n 

-.. 

194LOO 
3.58 
36.8 
13400 
7.15 
1410 

<5 
419Ooo 

115 
421 

106000 
7120 
33100 
231 
22.0 
38100 
147 

63.1 
15.4 
83?0 
515 
2El 
2.02 
<4.79 
1 1 fGX 
272CCO 

- 

804 
<.46 
.45 

41.3 
+.023 

3.08 
3090 
4.37 
10.6 
1 40 

10.8 

45.2 
538 
4.04 
4.92 
639 
28.7 
31.8 
.46 

42.8 
3.34 
93.3 
2.22 
< . 4 6  

- 
- 

i18ooC 

266000 
4.66 
41.6 
18700 
11.6 
1730 
<-I 

616000 
159 
516 

135300 
8640 

108000 
348 

21.5 
51600 

1 e/ 
62.0 
16.2 
10700 
€70 
329 
3.65 

c6.63 
1"WC 
392coo 

._ 

993 
c.46 
.41 

49.2 
c.023 
11.7 
9.31 
3530 
8.60 
13.1 
800 
02.8 
626 
4.14 
10.4 
157 
36.3 
- 24ti1' 
.23 

50.1 
3.34 
32.8 
2.01 
c .45  

- 
- 

:2l?om 

201000 
5.28 
32.1 
137CO 
6.92 
1410 
cs 

521000 
111 
381 

101m3 
7210 
81830 
24 ,' 
20.5 
4173C 

144 

69.5 
14.5 
a28n 
5iC 
e,.,& _-_ 

2.69 
<4.e1 
li3000 
2EO333.30 

- 

1010 
<.46 
.43 

52.6 
C.025 
64.5 
4.38 
3633 
2.91 
8.64 

a.7 5 
6G.5 
635 
6.2: 
3.8'7 
611 
7.6: 
C r i .  5 
.3 

5 5 . 8  
3.3' 
31.5 
2.25 
<.45 

- 
- 

1 lE92J 
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Table 4. Results o f  the  January 1992 Trace Metal  Detenninations Pcrforned a t  the  NO. 
2 B o i l e r  ESP I n l e t  and Stack a t  the  NSP Black Dog P i a n t  i n  B u r n s v i l l e .  
Minnesota. 

Em1 s s i on Factor  I LE/ 106BTU ) 
Run 1 Run 2 Run 3 

Element I n l e t  Stack I n 1  e t  Stack I n l e t  Stack 

A1 umi num 
Antimony 
Arsenic 
Barium 
Bery l l ium 
Boron 
Calc!um 
Cadmi um 
Chromium 
Copper 
I r o n  
Pot as s i  um 
Magnesium 
Manganese 
Molybdenum 
Sodium 
Nickel  
Lead 
Sel en1 um 
S t r o n t i  urn 
Vanadium 
Zinc 
Mercury 
Si 1 v e r  
S u l f u r  
Si 1 I c o n  

9 3 2  

notc: 

1. 86x10-1 
3. 42X10-6 
3. ~ .2X10-~  

6.85XlO-6 
1.35X lo-' 
4.  59x10-1 

<4.59X10-' 

4,08XlO-' 

6.E2X10-' 

2.27X10-' 

3.64X10-' 
1.40X10-' 
6. 10X10-5 
1. 48X10-5 

4.93X10-' 
2 . 4 S X l d  
1.94X10-' 

<4. 59X1OS6 

2.61XlO.' 

1.28X104 

i.1ox10-~ 

1.01x 1 0-1 

8.0 1 x 10-2 

2 . i i x10 -~  

8 .o1.x10-' 

1.10x10-' 

9.76XlO-' 
~5 .57X lO- l  

5.41X10-' 
5.01X lo-' 

<2.79X10-' 
8. 59X10-5 
3.75X10-' 
3.73XlO-' 
5.3OXlO-' 
1.29X 
8.98XlO-' 

~ 6 . 5 9 X l O - ~  
6.52X1Oe' 

5.97X10-' 
7.75X10-i 
3.48X 
4.59X10-' 
5. 57x10-7 
5.18X10-5 
4.05X10-6 
1.13X10-' 
2.69X10-6 

4 . 5 7  X 10-1 

4.90x 10-6 

- 
- 

- 1.43X1OV' 

2.57X10-1 
4.49X10-6 
4. 59X10-5 
1.80x10-' 
1.1 1x io-5 
1.67X10.' 
5.95X10-' 

<6.4OXlO+ 
1.54X10-' 

1.30X10-1 
8.34X lo-' 
1.04X10-1 
3.36X10-' 
2.66X10'5 
4.98X10-' 

5. 98X10-5 
1. 56X10-5 
1 .03X10-' 
6.46X1OL' 
3. 17X10-4 
3.72X lo-' 

<6.40X10-6 
1.41X10-' 
3.78X10-' 

4.98x10-4 

1.eox10-~ 

1.1€Ix10-' 
<5.47XlO-l 

5.53X 10" 
5. 86X10-5 

<2.74XlO-' 
9.25X10-5 
4.20X10-1 
1.07X10-' 

1 .63X10-5 
9.52X10-' 
9.85X10-5 
7.44X10-' 
5. 64X10-6 
1.24X10-' 

4.32X10-' 

2. 74x10-1 
5.97X10-5 
3 .97X lo-' 

2.42Y.10-' 
<5.47X10'~ 

1 . 0 2 ~  lom5 

9.00x10-( 

- 2. e 7 x 1 0 - ~ [ ~ l  

e .43x l0 -~  

1.50X 10" 

1. 87x10-1 
4. 90X1Os6 
3.04X10-5 
I .27X10-' 
6.43XlO-' 
1.3 1x10-' 
4.84X 10-1 

<4. 47X10-6 
1.09X10" 
3.54X 
9.37X10-' 
6.7 1x10.' 
7.61X IO-' 
2.30X lo-' 
1.91X10-5 

lf33X1O-' 
6.  46X10-5 
1.34X10+ 
?.70X10-' 
4.78XlO" 

2.42X1OS6 
~ 4 . 4 7 X  lo-' 

l .OSXlO- '  
2.66XlO-1 

3.88x10-2 

2.10x10-~ 

1 . 2 0 ~  10-~ 
r S .  44x10-1 

5.06X10-7 
6. 26X10-5 

+2.72X1C-8 
7.67X IO-' 
4.32X 
5.21X10-' 
3 .  49X10-6 
1 .~13X10-~  
1 .04X lo-' 
8.16X10'5 
7.57XlO-' 

4.6 1 X  lo-' 
7.51X lo-' 

5. 55X10-5 
4.03XlO-' 
G. 6.1X10-~ 
3.95X10" 

e. i i x ~ o - ~  

s.09x 10-6 

4.34X!.0.5 
2.69X 10-6 

c5.44XlO-7 
- 
- 

1.38X10-1 

Sul fu r  could nJ! be ana lyze i  ir, the ESP Outlet f l y a r h  saoples s f m e  the first tu0 impinge:: i n  the (115 s a i p l i h g  t r a i n  
contain IO! H I C t  uh ich  r e t a i n s  SO:. h ~ s  the r u i f u r  r e s u l t s  repcr tcd  ($1 the Stack t e s t  s i t e  re!iect! tL s u e . ~ f  the s u l f u r  
in the f l y a s h  as vel1 as the s u l f u r  in the SO1 t n i s r i o n i .  

S i l i i o n  uas no t  analyzed i n  the ESP Oct!et f l y a r h  saEples rin;e the [PA eetho?olo,-y r r q u i r e r  d i s r a l u t i o ;  o f  the f i l t t r  
uh ich  i: pcre SOl. 

! I )  % i s  l ead  e i i s s i o n  f a c t o r  i s  an a r t i f a c t .  

.^ 



iTable 5 .  Results o f  the  January 1992 Trace Metal Determinations performed a t  the No. 2 B o i l e r  ESP 

I n l e t  and Stack a t  the  NSP Black Dog P lant  i n  B u r n s v i l l e .  Minnesota. 

Mass Flow (LB/HR) 
I 

Run 1 Run 2 Run 3 Avg. Removal i Element I n l e t  Stack I n l e t  Stack I n l e t  Stack E f f .  ( % w / W l  

A1 umi num 
Antimony 
Arsenic 
Barium i Beryl l ium 

i 
I Boron I Cadmium 

Cal c i  um 
Chromium i Copper 

Potassium 
Magnesium 
Manganese 
Molybdenum 
Sodi um 
Nickel  

Selenium 
S t  r o n t i  um 
Vanadium 
Zinc 

9 Mercury I S i l v e r  
Su l fur  

1 Lead 

S i  1 icon e 
i Note: 

256 
0.00473 

0.0486 
17.7 

0.00946 
1.86 

~0.006 
634 

0.151 
0.564 

140 
9.47 
111 

0.313 
0.0291 

50.3 
0.194 

0.0842 
0.0204 

11.1 
0.681 
0.345 

0.00268 
<O. 006 

152 
360 

- 

1.05 
c0.0006 

0.000584 
0.0541 

~ 0 . 0 0 0 0 3  
0.0927 

0.00403 
4.05 

0.00573 
0.0139 

0.969 
~ 0 . 0 7  
0.704 

0.00529 
0.0064 

0.837 
0.0376 
0.0496 

0.000602 
0.0560 

0.00437 
0.122 

0.00290 
<O. 0006 

- 
- 

362 

339 
0.00593 

0.0606 
23.8 

0.0147 
2.20 

eo. 008 
785 

0.203 
0.657 

171  
11.0 

137 
0.443 

0.0351 
65.7 

0.238 
0.0789 
0.0206 

13.6 
0.853 
0.418 

0.00490 
<O .008 

152 
499 

- 

1.29 
c0. 0006 

0.000603 
0.0639 

cO.ooOo3 
0.101 

0.0117 
4.59 

0.0112 
0.0177 

1.04 
0.107 
0.812 

0.00615 
0.0135 

0.983 
0.0471 

0. 314111 
0.000299 

0.0651 
0.00434 

0.0920 
0.00265 
<O .0006 

- 
- 

356 

255 
0.00670 

0.0415 
17.4 

0.00877 
1.78 

c0.006 
66 1 

0.148 
0.483 

128 
9.15 

104 
0.314 

0.0261 
53.0 

0.182 
0.0882 
0.0183 

10.5 
0.653 
0.287 

0.00330 
~ 0 . 0 0 6  

152 
363 

- 

1.33 
~0.0006 

0.000559 
0.0691 

<0.00003 
0.0847 

0.00575 
4.76 

0.00386 
0.0113 

1.15 
0.0901 

0.835 
0.00895 

0.0051 

0.0100 
0.0613 

0.000445 
0.0733 

0.00436 
0.0479 

0.00297 
<O .0006 

n.829 

- 
- 

334 

Sulfur could nct be analyzed in  the t S P  Outlet flyash samples since the f i r s t  tu0 inpingerr i n  the 4115 saapling t ra in  contain 101 H,O, 

uhich r t ta inr  SO,. Thus the sulfur results r tp0r t td  for the Stack test site ref lects the SUI; o f  the sulfur i n  the flyash as rill as the i sulfur in  the SO, emissions. 

Silicon vas not analyzed i n  the  [SF Outltt flyash samples since the VI, PethOdO~DJy rtpuirer  d i s s o l u t i o n  of the f i l t e r  uhich i f  pure 90: .  

(11 Thi j  lead enission rate is an a r t i f a c t ,  and as such has been excluded i n  the removal efficiency calculations. 

NA - Not Applicable, not detrcftd yalucs a t  i n l e t  Bake r m v a l  efficiency aeaningltrs. 
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99.57 
89.63 
98.84 
99.68 
99.73 
95.24 
NA 
99.35 
95.87 
97.48 
99.28 
99.58 
9.9.33 
98.09 
72.26 
98.43 
04.57 
35.61 
97.73 
99.45 
99.40 
75.02 
21.72 
NA 



Table 6. Summary o f  the  F lyash C m s i t i o n  C a l c u l a t i o n s  Based on t h e  F lyash Sample Ana ly t i ca l  
Resu l ts  f rom the  January 1992 Trace Meta ls  Emission Test on the  No. 2 B o i l e r  a t  the NSF i 

i 
i 
i 
i 
i 
I 
c 
b 
L 
B 
5 
1 
I 
I 
I 
i 
I 

Black Dog P lan t  i n  B u r n s v i l l e .  Minnesota. 

F l y  Ash Compsition ( %  w / w )  
Run 1 Run 2 Run 3 

Element I n l e t  Stack I n 1  e t  Stack I n l e t  Stack 

15.34 
0.00 
0.19 
0.63 
0.00 
27.98 
0.00 
0.01 
0.02 
6.32 
0.36 
5.80 
0.01 
0.00 
2.14 
0.01 
0.00 
11.99 
0.00 
24.38 
0.00 
0.41 
G.04 
0.01 
0.00 

11.00 15.14 
0.00 0.00 
1.65 0.17 
0.33 0.52 
0.00 0.00 
31.34 26.03 
0.03 0.00 
0.05 0.01 
0.10 0.02 
7.66 5.80 
CO.48 0.31 
6.46 .5.37 
0.04 0.01 
0.05 0.00 
6.24 2.09 
0.26 0.01 
0.30 0.00 

- ' 10.99 
0.00 0.00 

- 25.24 
0.00 0.00 
0.37 0.38 
0.04 0.04 
0.84 0.01 
0.01 0.00 

11.81 15.80 
0.00 0.00 
1.58 0.19 
0.35 0.64 
0.00 0.00 
31.10 30.36 
0.06 0.00 
0.08 0.01 
0.11 0.02 
7.20 6.00 
0.63 0.36 
6.53 5.64 
0.04 0.01 
0.10 0.00 
6.42 2.35 
0.29 0.01 
1.64 0.00 

- 11.74 
0.00 0.00 

- 25.45 
0.00 0.00 
0.37 0.41 
0.04 0.04 
0.55 0.01 
0.01 0.00 

11.91 
0.00 
1.30 
0.37 
0.00 
31.66 
0.03 
0.03 
0.07 
7.79 
0.52 
6.58 
0;06 
0.04 
5.31 
0.06 
.31 

- 
0.00 

- 
0.00 
0.41 
0.04 
0.28 
0.01 

0.00 0.00 0.00 0.00 0.00 0.00 
98.01 68.31 94.56 69.97 101.34 67.91 

w 
TOTAL 

Su l fu r  cou ld  not  be analyzed i n  the tSP Out le t  f l yash  sanples s ince the f i r s t  tu0  i np inge r r  in t h4  4N5 sanpl ing t r a i n  
con ta in  101 H I D I  uh ich  r e t a i n s  So,. Thus the s u l f u r  r e s u l t s  repc r ted  f o r  the Slack t e s t  s i t e  r e f l e c t s  the sunof the  s u l f u r  
i n  the f l yash  as well as th4  s u l f u r  i n  the SO1 e n i r r i o n r .  

S i l i c o n  uas not  analyzed i n  the ESP Out le t  f lyash samples s ince the [PA nethodologf requi res d i s s o l u t i o n  o f  the  f i l t e r  
uh i ch  is pure SOl. 

1L 
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2.3 PM-10 

The r e s u l t s  o f  t h e  PM-10 Constant  Sampling Rate (CSP) d e t e r m i n a t i o n s  

a re  summarized i n  Table 7. The t o t a l  p a r t i c u l a t e  emiss ion  r a t e  averaged 

15.2 LB/HR u s i n g  t h e  CSR PM-10 sampl ing  t r a i n .  The s i z e  d i s t r i b u t i o n  

r e s u l t s  o b t a i n e d  f r o m  t h e  I n  s i t u  aerodynamic s i z e  c l a s s i f i c a t i o n s  (See 

S e c t i o n  3.3) i n d i c a t e  t h a t  about 86.8% by we igh t  o f  t h e  f l y a s h  p a r t i c l e s  

have d iameters  l e s s  t h a n  10 microns.  The PM-10 emiss ion  r a t e  averaged 

13.2 LB/HR. 

Table 7. Summary o f  t h e  PI4-10 Measurements Performed a t  t h e  No. 2 

B o i l e r  Stack a t  t h e  NSP B lack  Dog P l a n t  i n  B u r n s v i l l e .  

Minnesota.  

Run 1 Run 2 Run 3 Avq .  

T o t a l  mass r a t e  (LB/HR) 15.5 14.0 16.2 15.2 

S 5 10 u m  95.0 86.5 79.0 86.8 

PM-10 mass r a t e  (LB/HR) 14.7 12.1 12.8 13.2 

13 
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2.4 BTEX 

The r e s u l t s  o f  the  benzene. toluene,  e t h y l  benzene and xylene 

(BTEX) detenninat lons are presented i n  Table 8. No BTEX was detected i n  

the exhaust gases from t h e  No. 2 B o i l e r .  

I 
i 
i 
i 14 



Table 8. Summary o f  the Results o f  t h e  January 31. 1992 BTEX Determina- 
t i o n s  on the  U n i t  2 Stack a t  the  NSP Black Dog P l a n t  i n  

i 

I 
1 
I 
I 
I 

Burnsvi 1 1 e ,  Minnesota . 

Concentration Emission Rate 
Test  /Run (DDm.dl (LB/HR 1 

3 /1  Benzene 
Toluene 
Ethyl Benzene 
Xylene 

3/2 Benzene 
Toluene 
Ethyl  Benzene 
Xylene 

3/3 

<o .02 
<o .02 
<0.02 
<o .02 

eo. 02 
<o .02 
<o .02 
<o .02 

Benzene <o . 02  
Toluene eo. 02 
Ethyl  Benzene eo. 0 2  
Xylene <o .02 

c0.1 
<O.l 
c0.1 
<o. 1 

<0.1 
<o. 1 
c0.1 
<0.1 

eo. 1 
<o. 1 
<0.1 
<0.1 

\ c 'd 
-' 

15 
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2.5 Conclusions 

No d i f f i c u l t i e s  i n c u r r e d  i n  t h e  f i e l d  or  i n  the  l abo ra to ry  ana lys i s  

o f  the  f l u e  gas samples which cou ld  n o t  be solved. Based on these fac ts  

plus a complete review o f  a l l  o f  t h e  data. i t  i s  o u r  op in ion  t h a t  the  

r e s u l t s  repor ted  h e r e i n  are accurate and c l o s e l y  r e f l e c t  the  ac tua l  values 

which e x i s t e d  a t  the  t ime the  t e s t  was performed. 

i 
i 16 
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3 RESULTS 

The r e s u l t s  o f  a l l  f i e l d  and l a b o r a t o r y  eva lua t i ons  are presented I n  

t h i s  sec t ion .  Gas composi t ion (Orsa t  and mois tu re)  a re  presented f i r s t  

fo l lowed by t h e  computer p r i n t o u t  o f  t h e  p a r t i c u l a t e  and PM-10 r e s u l t s  and 

the  t r a c e  meta ls  sampling data.  .Pre l im inary  measurements i n c l u d i n g  t e s t  

p o r t  l o c a t i o n s  are  g i ven  i n  the  appendices. 

The r e s u l t s  have been c a l c u l a t e d  on a personal  computer us ing  

programs w r i t t e n  i n  Extended BASIC s p e c i f i c a l l y  f o r  source t e s t i n g  c a l -  

c u l a t i o n s .  EPA-published equat ions have been used as t h e  bas i s  of the 

c a l c u l a t i o n  techniques i n  these programs. Emission ra tes  have been 

c a l c u l a t e d  us ing  t h e  product  o f  t h e  concen t ra t i on  t imes f l ow  method. 
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I n t e r p o l l  L a b s  R e p o r t  No.  2-3496 
N o r t h e r n  S t a t e s  Power  - B, lack Dog 

B u r n s v i l l e .  M i n n e s o t a  

T e s t  No. 1 
No. 2 B o i l e r  ESP I n l e t  

R e s u l t s  o f  O r s a t  & M o i s t u r e  A n a l y s e s - - - - - M e t h o d s  3 a 4 ( t v / V )  

D a t e  o f  r u n  

D r y  b a s i s  ( o r s a t )  

Run 1 Run 2 Run 3 
01-31-92 01-31-92 01-31-92 

c a r b o n  d i o x i d e . .  . . . . . . . . . .  12.00 

o x y g e n  .................... 7.60 

c a r b o n  m o n o x i d e  . . . . . . . . . . .  0.00 

n i t r o g e n  . . . . . . . . . . . . . . . . . .  80.40 

Wet b a s i s  ( o r s a t )  

c a r b o n  d i o x i d e  . . . . . . . . . . . .  11.00 

o x y g e n  .................... 6.91 

c a r b o n  m o n o x i d e  . . . . . . . . . . .  0.00 

n i t r o g e n  . . . . . . . . . . . . . . . . . .  73.68 

w a t e r  v a p o r  . . . . . . . . . . . . . . .  8.35 

D r y  m o l e c u l a r  w e i g h t  . . . . . . . .  30.22 

Wet m o l e c u l a r  w e i g h t  . . . . . . . .  29.20 

S p e c i f i c  g r a v i t y  . . . . . . . . . . . .  1.009 

W a t e r  mass f l o w  . . . . . .  (LB /HR)  90143 

F O  1.108 

19 

11.90 12.40 

7.70 7.20 

0.00 0.00 

80.40 80.40 

10.84 

7 :02 

0.00 

73.26 

8.89 

30.21 

29.13 

1.006 

94151 

11.25 

6.53 

0.00 

72.92 

9.30 

30.27 

29.13 

1.006 

98736 

1.109 1.105 
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I n t e r p o l 1  L a b s  R e p o r t  No. 2-3496 
N o r t h e r n  S t a t e s  P o w e r  - B l a c k  Dog 

B u r n s v i l l e .  M i n n e s o t a  

T e s t  No. 1 
U n i t  No. 2 S t a c k  

R e s u l t s  of O r s a t  a M o i s t u r e  A n a l y s e s - - - - -  M e t h o d s  3 & 4 ( t v / V )  

D a t e  o f  r u n  

D r y  b a s i s  ( o r s a t )  

Run 1 Run 2 Run 3 
01-31-92 01-31-92 01-31-92 

c a r b o n  d i o x i d e . .  . . . . . . . . . .  9.40 

o x y g e n  .................... 10.40 

c a r b o n  m o n o x i d e  ........... 0.00 

n i t r o g e n  . . . . . . . . . . . . . . . . . .  80.20 

Wet b a s i s  ( o r s a t )  

c a r b o n  d i o x i d e  . . . . . . . . . . . .  8.63 

o x y g e n  .................... 9.55 

c a r b o n  m o n o x i d e  . . . . . . . . . . .  0.00 

n i t r o g e n  . . . . . . . . . . . . . . . . . .  73.65 

w a t e r  v a p o r  . . . . . . . . . . . . . . .  8.17 

D r y  m o l e c u l a r  w e i g h t  . . . . . . . .  29.92 

Wet m o l e c u l a r  w e i g h t  . . ...... 28.95 

S p e c i f i c  g r a v i t y . .  . . . . . . . . . .  1.000 

W a t e r  mass f l o w  . . . . . .  ( L B / H R )  88407 

F O  

9.70 9.60 

10.20 10.20 

0.00 0.00 

80.10 80.20 

8.91 

9.37 

0.00 

73.55 

8.18 

29.96 

28.98 

1.001 

87693 

8.85 

9.40 

0.00 

73.93 

7.82 

29.94 

29.01 

1.002 

84427 

1.117 1.103 1.115 
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I n t e r p o l 1  L a b s  R e p o r t  No. 2-3496 
N o r t h e r n  S t a t e s  Power  - S l a c k  Dog 

B u r n s v i l l e .  M i n n e s o t a  

T e s t  No. 2 
U n i t  No. 2 S t a c k  - C o n t r o l  (Run 0 )  

( P a r t i c l e  Sizing) 
R e s u l t s  o f  O r s a t  B M o i s t u r e  A n a l y s e s - - - - - M e t h o d s  3 6 4 ( * V / V )  

D a t e  o f  r u n  01-31-92 

Dry b a s i s  ( o r s a t )  

c a r b o n  d i o x i d e  . . . . . . . . . . . .  0.00 

o x y g e n  .................... 0.00 

c a r b o n  m o n o x i d e  . . . . . . . . . . .  0.00 

n i t r o g e n  . . . . . . . . . . . . . . . . . .  100.00 

Wet b a s i s  ( o r s a t )  

c a r b o n  d i o x i d e  . . . . . . . . . . . .  0 .00  

o x y g e n  .................... 0.00 

c a r b o n  m o n o x i d e  . . . . . . . . . . .  0 .00  

n i t r o g e n  . . . . . . . . . . . . . . . . . .  91.57 

w a t e r  v a p o r  . . . . . . . . . . . . . . .  8.43 

D r y  m o l e c u l a r  w e i g h t  . . . . . . . .  28.00 

W e t  m o l e c u l a r  w e i g h t  . . . . . . . .  2 1 . 1 6  

S p e c i f i c  g r a v i t y  . . . . . . . . . . . .  0.938 

W a t e r  mass f l o w  . . . . . .  ( L B / H R )  0.00 

F O  0.000 

21 
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I n t e r p o l l  L a b s  R e p o r t  No. 2-3496 
N o r t h e r n  S t a t e s  P o w e r  - B l a c k  Dog 

B u r n s v i l l e ,  M i n n e s o t a  

T e s t  No. 2 
U n i t  No. 2 S t a c k  

( P a r t i c l e  S i z i n g )  

R e s u l t s  o f  O r s a t  8 M o i s t u r e  Analyses----- M e t h o d s  3 & 4(tv/v) 

D a t e  o f  r u n  

Dry b a s i s  ( o r s a t )  

Run 1 Run 2 Run 3 
01-31-92 01-31-92 01-31-92 

c a r b o n  d i o x i d e . . . . .  . . ..... 9.50 

o x y g e n  .................... 10.40 

c a r b o n  m o n o x i d e  . . . . . . . . . . .  0.00 

n i t r o g e n  . . . . . . . . . . . . . . . . . .  80. 10 

Wet b a s i s  ( o r s a t )  

c a r b o n  d i o x i d e  . . . . . . . . . . . .  8.70 

o x y g e n .  . . . . . . . . . . . . . . . . . . .  9.52 

c a r b o n  m o n o x i d e  . . . . . . . . . . .  0.00 

n i t r o g e n  . . . . . . . . . . . . . . . . . .  73.32 

w a t e r  v a p o r  . . . . . . . . . . . . . . .  0.47 

D r y  m o l e c u l a r  w e i g h t  . . . . . . . .  29.94 

Wet m o l e c u l a r  w e i g h t  . . . . . . . .  28.93 

S p e c i f i c  g r a v i t y  . . . . . . . . . . . .  0.999 

W a t e r  mass f l o w  ...... (LB/HR)  0.00 

9.60 9.60 

10.20 10.30 

0.00 0.00 

80.20 80.10 

8.83 8.83 

9.38 9.41 

0.00 0.00 

13.13 73.65 

8.07 8.05 

29.94 29.95 

28.98 28.99 

1.001 1.001 

0.00 0.00 

F O  1.105 1.115 1.104 
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I n t e r p o l 1  L a b s  R e p o r t  NO.  2-3496 
N o r t h e r n  S t a t e s  Power  - B l a c k  Dog 

B u r n s v i l l e .  M i n n e s o t a  

T e s t  No.  1 
No. 2 B o i l e r  ESP I n l e t  

Results o f  Particulate Loading Determinations------- Method 5 

D a t e  o f  r u n  
Run 1 Run 2 Run 3 

01-31-92 01-31-92 01-31-92 

T ime r u n  s t a r t / e n d  ..... ( H R S )  850/1101 1150/1424 1500/1708 

S t a t i c  p r e s s u r e  . . . . . .  ( 1 N . W C )  -10.20 -10.20 -10.20 
C r o s s  s e c t i o n a l  a r e a  ( S Q . F T )  132.25 132.25 132.25 
P i t o t  t u b e  c o e f f i c i e n t  . . . . . .  .840 .840 .840 

W a t e r  i n  s a m p l e  g a s  
c o n d e n s e r  . . . . . . . . . . . . .  ( M L )  0 . 0  0 .0  0 . 0  
i m p i  n g e r s . .  . . . . . . . .  ( G R A M S )  167.0 175.0 200.0 
d e s i c c a n t  . . . . . . . . . .  ( G R A M S )  41.0 4 3 . 0  30.0 
t o t a l  . . . . . . . . . . . . . .  ( G R A M S )  208.0 218.0 230.0 

T o t a l  p a r t i c u l a t e  m a t e r i  a1 . . 
. . . . . . . . . .  c o l l e c t e d ( g r a m s )  7.2804 

Gas m e t e r  c o e f f i c i e n t . .  . . . . .  0.9959 
B a r o m e t r i c  p r e s s u r e . .  ( I N . H G )  29.31 
Avg .  0 r i f . p r e s . d r o p . .  ( 1 N . W C )  2.72 
Avg .  g a s  m e t e r  t e m p . . ( D E F - F )  88.7 

Volume t h r o u g h  g a s  m e t e r . .  . .  
a t  m e t e r  c o n d i t i o n s  . . .  ( C F )  113.90 

T o t a l  s a m p l i n g  t i m e . .  . .  ( M I N )  120.00 
N o z z l e  d i a m e t e r  . . . . . . . . .  ( I N )  .250 

s t a n d a r d  c o n d i t i o n s . ( D S C F )  107.61 

Avg .  s t a c k  g a s  t e m p  . . ( D E G - F )  267 

V o l u m e t r i c  f l o w  r a t e  . . . . . . . .  
a c t u a l  . . . . . . . . . . . . . .  (ACFM) 555094 
d r y  s t a n d a r d  . . . . . . .  (DSCFM) 352635 

I s o k i n e t i c  v a r i a t i o n  . . . . .  ( S )  98.7 

P a r t i c u l a t e  c o n c e n t r a t i o n . .  . 
a c t u a l  . . . . . . . . . . . .  ( G R / A C F )  0.66288 
d r y  s t a n d a r d  . . . . .  (GR/DSCF) 1.04388 

P a r t i c l e  mass r a t e  . . .  (LB /HR)  3155.192 

F - f a c t o r  . . . . . . .  (DSCF/MMBTU) 9780 
E m i s s i o n  f a c t o r  . . .  (LB/MMBTU) 2.292 
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9.9118 

0.9959 
29.31 
2.64 
93.2 

112.50 
105.41 

120.00 
.250 
267 

545244 
344205 

99.1 

0.91560 
1.45095 

4280.756 

9780 
3.210 

7.1961 

0.9959 
29.31 
2.67 
96.4 

113.50 
105.74 

120.00 
.250 
267 

546149 
343215 

99.7 

0.65964 
1 .os009 

3089.180 

9780 
2.238 



I n t e r p o l l  L a b s  R e p o r t  No. 2-3496 
N o r t h e r n  S t a t e s  P o w e r  - B l a c k  Dog 

B u r n s v i l l e .  M i n n e s o t a  

T e s t  No. 1 
U n i t  No. 2 S t a c k  

R e s u l t s  o f  P a r t i c u l a t e  L o a d i n g  D e t e r m i n a t i o n s - - - - - - -  M e t h o d  5 

D a t e  o f  r u n  

T ime r u n  s t a r t / e n d . .  . . .  (HRS) 

S t a t i c  p r e s s u r e  . . . . . .  ( 1 N . W C )  
C r o s s  s e c t i o n a l  a r e a  ( S Q . F T )  
P i t o t  t u b e  c o e f f i c i e n t . . . .  .. 
W a t e r  i n  s a m p l e  g a s  

c o n d e n s e r  . ............ ( M L )  
i m p i  n g e r s . .  . . . . . . . .  (GRAMS) 
d e s i c c a n t  . . . . . . . . . .  (GRAMS) 
t o t a l  . . . . . . . . . . . . . .  (GRAMS) 

T o t a l  p a r t i c u l a t e  m a t e r i a l . .  . . . . . . . . . .  c o l l e c t e d ( g r a m s )  

Gas m e t e r  c o e f f i c i e n t  . . . . . . .  
B a r o m e t r i c  p r e s s u r e . .  (1N.HG)  
Avg.  o r i f . p r e s . d r o p . , ( I N . W C )  
Avg.  g a s  m e t e r  t e m p . . ( D E F - F )  

Volume t h r o u g h  g a s  m e t e r . . . .  
a t  m e t e r  c o n d i t i o n s . .  . ( C F )  
s t a n d a r d  c o n d i t i o n s .  (DSCF) 

i 
c 
f 
,i 
0 
I 
I 25 

T o t a l  s a m p l i n g  t i m e . .  . .  ( M I N )  
N o z z l e  d i a m e t e r  . . . . . . . . .  ( I N )  
A v g . s t a c k  g a s  t e m p  . . (DEG-F)  

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

I s o k i n e t i c  v a r i a t i o n  . . . . .  ( % )  

P a r t i c u l a t e  c o n c e n t r a t i o n . .  . 
. . .  ( G R / A C F )  
. . (GR/DSCF)  

a c t u a l . .  . . . . . . .  
d r y  s t a n d a r d  . . .  

P a r t i c l e  mass r a  

F - f a c t o r  . . . . . . .  
E m i s s i o n  f a c t o r . .  

e . .  . ( LB/HR)  

DSCF/MMBTU) 
. (LB/MMBTU) 

Run 1 
01-31-92 

850/1155 

-1.10 
397.61 

.a40 

0.0 
125.0 
20.0 

145.0 

0.0365 

1.0083 
29.04 
1.37 
59.8 

77.04 
76.82 

120.00 
.365 
243 

530518 
354118 

99.0 

0.00489 
0.00733 

22.254 

9780 
0.020 

Run 2 
01-31-92 

1150/1405 

-1.10 
397.61 

.840 

0.0 
122.0 
23.0 

145.0 

0.0410 

1.0083 
29.04 
1.36 
59.8 

77.00 
76.78 

120.00 
.365 
244 

526854 
351097 

99.8 

0.00549 
0.00824 

24.796 

9780 
0.022 

Run 3 
01-31-92 

1500/ 17 10 

-1.10 
397.61 

.840 

0.0 
120.0 
19.0 

139.0 

0.0415 

1.0063 
29.04 
1.39 
60.7 

77.57 
77.22 

120.00 
.365 
244 

530187 
354635 

99.4 

0.00554 
0.00829 

25.207 

9700 
0.023 
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I n t e r p o l l  Labs  R e p o r t  No.  2-3496 
N o r t h e r n  S t a t e s  Power  - B l a c k  Dog 

B u r n s v i  1 l e ,  M i n n e s o t a  

T e s t  No.  2 
U n i t  No.  2 S t a c k  - C o n t r o l  (Run 0 )  
( P a r t i c l e  S i z ing )  

R e s u l t s  o f  P a r t i c u l a t e  Loading D e t e r m i n a t i o n s - - - - - - -  M e t h o d  5 

D a t e  o f  r u n  

T ime  r u n  s t a r t / e n d . .  . . .  (HRS)  

S t a t i c  p r e s s u r e  . . . . . .  ( 1 N . W C )  
C r o s s  s e c t i o n a l  a r e a  ( S Q . F T )  
Pitot t u b e  c o e f f i c i e n t .  . . . . .  
W a t e r  i n  s a m p l e  g a s  

c o n d e n s e r  . . . . . . . . . . . . . .  ( M L )  
i m p i  n g e r s  . . . . . . . . . .  (GRAMS) 
d e s i c c a n t  . . . . . . . . . .  ( G R A M S )  
t o t a l  . . . . . . . . . . . . . .  (GRAMS) 

T o t a l  p a r t i c u l a t e  m a t e r i a l  . .  
. . . . . . . . . .  c o l l e c t e d ( g r a r n s )  

Gas m e t e r  c o e f f i c i e n t .  
B a r o m e t r i c  p r e s s u r e , .  
Avg .  o r i f . p r e s . d r o p . .  
Avg.  gas  m e t e r  t e m p . .  

Volume t h r o u g h  g a s  me 
a t  m e t e r  c o n d i t i o n s .  
s t a n d a r d  c o n d i t i o n s .  

. . . . . .  
I N . H G  
I N . W C )  
D E F - F )  

e r . .  . .  
. . ( C F )  
(DSCF) 

T o t a l  s a m p l i n g  t i m e  . . . .  ( M I N )  
N o z z l e  d i a m e t e r  . . . . . . . . .  ( I N )  
A v g . s t a c k  g a s  temp . . ( D E G - F )  

V o l u m e t r i c  f l o w  r a t e  . . . . . . . .  
a c t u a l  . . . . . . . . . . . . . .  ( A C F M )  
d r y  s t a n d a r d  . . . . . . .  (DSCFM) 

I s o k i n e t i c  v a r i a t i o n  . . . . .  ( % )  

01-31-92 

8 5 6 /  956 

-1.10 
397.61 

.840 

0.0 
26.0 
12.0 
38.0 

0.0000 

0.9993 
29.04 
0.35 
57.9 

19.67 
19.46 

60.00 
.263 
240 

536121 
358325 

95.5 

27 



I n t e r p o l l  L a b s  R e p o r t  No. 2-3496 
N o r t h e r n  S t a t e s  Power  - B l a c k  Dog 

1 

I 
I 

i 

B u r n s v i  1 1  e ,  M i n n e s o t a  

T e s t  No. 2 
U n i t  No. 2 S t a c k  

(Pa r t i c l e  S i z i n g )  

Resul ts  o f  P a r t i c u l a t e  Loading Determinations-------Method 5 

D a t e  o f  r u n  
Run 1 

01-31-92 

T ime r u n  s t a r t / e n d  . . . . .  ( H R S )  1028/1128 

S t a t i c  p r e s s u r e  . . . . . .  ( 1 N . W C )  
C r o s s  s e c t i o n a l  a r e a  ( S Q . F T )  
P i t o t  t u b e  c o e f f i c i e n t  . . . . . .  
W a t e r  i n  s a m p l e  g a s  

c o n d e n s e r  . . . . . . . . . . . . .  ( M L )  
i m p i  n g e r s .  . . . . . . . . .  (GRAMS) 
d e s i c c a n t  . . . . . . . . . .  (GRAMS) 
t o t a l  . . . . . . . . . . . . . .  (GRAMS) 

T o t a l  p a r t i c u l a t e  m a t e r i a l . .  
. . ........ c o l l e c t e d ( g r a m s )  

Gas m e t e r  c o e f f i c i e n t .  . . . . . .  
B a r o m e t r i c  p r e s s u r e . .  ( I N . H G )  
Avg .  o r i f . p r e s . d r o p . . ( I N . W C )  
Avg .  gas  m e t e r  t e m p . . ( D E F - F )  

Vo lume t h r o u g h  g a s  m e t e r . . . .  
a t  m e t e r  c o n d i t i o n s . . . ( C F )  
s t a n d a r d  c o n d i t i o n s . ( D S C F )  

T o t a l  s a m p l i n g  t i m e . .  . .  ( M I N )  
N o z z l e  d i a m e t e r  . . . . . . . . .  ( I N )  

D E G - F )  A v g . s t a c k  g a s  temp . .  
V o l u m e t r i c  f l o w  r a t e .  

a c t u a l  . . . . . . . . . . . . .  
d r y  s t a n d a r d  . . . . . . .  

I s o k i n e t i c  v a r i a t i o n .  

. . . . . .  
( A C F M )  
DSCFM) 

. . .  ( % )  

P a r t i c u l a t e  c o n c e n t r a t i o n . .  . 
a c t u a l  . . . . . . . . . . . .  (GR/ACF) 
d r y  s t a n d a r d  . . . . .  (GR/DSCF) 

P a r t i c l e  mass r a t e . .  . ( L B / H R )  

-1.10 
397.61 

.840 

56.0 
0.0 

24.0 
80.0 

0.0132 

0.9993 
29.04 
0.39 
62.0 

41.48 
40.71 

120.00 
.263 
243 

543723 
361715 

98.9 

0.00333 
0.00501 

15.534 

R u n  2 
01-31-92 

1250/1455 

-1.10 
397.61 

.840 

0.0 
56.0 
20.0 
76.0 

0.0119 

0.9993 
29.04 
0.39 
63.8 

41.75 
40.84 

120.00 
.263 
244 

543556 
362725 

98.9 

0.00301 
0.00451 

14.026 

Run 3 
01-31-92 

1515/1720 

-1.10 
397.61 

.840 

54.0 
0.0 
19.0 
73.0 

0.0139 

0.9993 
29.04 
0.36 
63.8 

40.16 
39.28 

120.00 
.263 
244 

520285 
347370 

99.4 

0.00364 
0.00546 

16.246 

za 
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R e s u l t s  f Par l e  S i  D 

I n t e r p o l 1  Labs Repor t  No. 2-3496 
N o r t h e r n  S t a t e s  Power - B l a c k  Dog 

B u r n s v i l l e ,  Minnesota 

ri but i on Determi nation 

Sample I d e n t i f i c a t i o n :  No. 2 B o i l e r  Stack - January 31. 1992 
Cascade I m p a c t o r  Sampling 

Assigned D e n s i t y :  1.00 g/cc 

Run 1 Run 2 Run 3 
z >  - Stage um s , ?  um % ?  um 

P r e i  mpactor 

1 

2 

3 

4 

5 

6 

7 

12.0 

7.6 

4.6 

3 .0  

1.85 

1.20 

0.74 

0.43 

3.63 

8.47 

13.62 

25.34 

37.37 

58.85 

83 .51  

95.69 

12 .o 
7.6 

4.6 

3.0 

1.85 

1.20 

0.74 

0.43 

12.73 

15.58 

15.75 

27.05 

41.37 

66.08 

87.77 

94.72 

12.0 

7.6 

4.6 

3.0 

1.85 

1.20 

0.74 

0.43 

21..02 

22.39 

23.54 

33.04 

45.50 

64.72 

87.04 

98.49 

Aerodynamic e q u i v a l e n t  d iamete r  i n  m ic rons  
R e l a t i v e  c u m u l a t i v e  f requency - p e r c e n t  by mass 
o f  a e r o s o l  w i t h  d iamete rs  g r e a t e r  t h a n  s t a t e d  
s i z e  

29 
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4 RESULTS OF FUEL ANALYSES 
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I N T E R P O L L  LABORATORIES I N C -  
Fuel Laboratory 
(612) 786-6020 

03-10-1992 

C l i e n t :  NSP/BLACKDOG 

Laboratory Log Number: 5282-73-1202 

Sample I d e n t l f i c a t i o n :  COAL NO. 2 COMPOSITE 1/31/92 
(Blend o f  Antelope .& Northern Antelope) 

U l t l m a t e  Analysis  WT S 

Moisture  8 Mol s ture  As 
Parameter Ash Free F m e  Received 

Mol s ture ,  T o t a l  27.22 

Ash 1.95 5.79 

Carbon 74.27 68.36 49.15 

Hydrogen 5.09 4.69 3.41 

Nitrogen 1.15 1.06 0.17 

Oxygen ( c a l c u l a t e d )  14.06 11.55 12.77 

S u l f u r  0.43 0.39 0.29 

Heating Value, BTU/LB. 12761 11752 8553 

Respect fu l ly  submitted. && 7. C"\ c> 
Jeannle F. O 'Ne i l .  v 
Manager 
Inorganic  Chemistry Group 

\ 

9696 
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Test :  
Sourc 

INTERPOLL LABORATORIES. I N C .  
(612)786-6020 

NSP/Bl ack Dog 
Labora to ry  Log No. 5282 

1 
U n i t  

Tes t  Type: Coal I 

i 

2 Coal Composite 

(Blend o f  Antelope & Nor the rn  Antelope) 

C o n c e n t r a t i o n  i n  Sample (uq/q) 

Trace Meta l  Method 
(5282-73) (Log No. ) 

S i l v e r  
A1 u m i  num 
Arsen ic  
Boron 
B a r i  urn 
B e r y l  1 i urn 
Calc ium 
Cadmi um 
Chromium 
Copper 
I r o n  
Mercury 
Potass lum 
L i t h i u m  
Magnesium 
Manganese 
Molybdenum 
Sodium 
N i c k e l  
Lead 
Antimony 
Se 1 e n i  um 
S t  r o n t i  um 
T i t a n i u m  
Vanadi um 
Z inc 

EPA 6010 
EPA 6010 
EPA 7060 
EPA 6010 
EPA 6010 
EPA 7091 
€PA 6010 
EPA 6010 
EPA 6010 
EPA 6010 
EPA 6010 
EPA 7470 
EPA 6010 
SM 317A 
EPA 6010 
EPA 6010 
EPA 6010 
EPA 6010 
EPA 6010 
EPA 6010 
EPA 7041 
EPA 7740 
SM 326A 
EPA 6010 
EPA 6010 
EPA 6010 

< 0.03 
5300 
0.85 
29.3 
47.0 
0.27 
10100 

< 0.13 
3.11 
14.6 
2620 

< 0.0023 
243 
1.22 
1750 
5.27 
0.50 
1160 
4.59 
2.34 
0.07 
0.28  
172 
413 
15.6 
8.74 

R e s u l t s  a r e  r e p o r t e d  on an as r e c e i v e d  b a s i s  w i th  a m o i s t u r e  
c o n t e n t  o f  27.22% and an ash c o n t e n t  OF 5.79%. 

I 32 
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APPENDIX A 

V O L U M E T R I C  FLOW R A T E  D E T E R M I N A T I O N S  

. 



I n t e r p o l 1  L a b s  R e p o r t  No . 2-3496 
N o r t h e r n  S t a t e s  Power  . B l a c k  Dog 

B u r n s v i l l e .  M i n n e s o t a  

T e s t  No . 1 
No . 2 B o i l e r  ESP I n l e t  

R e s u l t s  o f  V o l u m e t r i c  F l o w  R a t e  Determination....... Method 2 

D a t e  o f  D e t e r m i n a t i o n  . . . . . . . . . . . .  
T ime  o f  D e t e r m i n a t i o n  . . . . . . .  (HRS) 

B a r o m e t r i c  p r e s s u r e  . . . . . . .  ( I N . H G )  

P i t o t  t u b e  c o e f f i c i e n t  . . . . . . . . . . .  

Number o f  s a m p l i n g  p o r t s  . . . . . . . . .  
T o t a l  number  o f  p o i n t s  . . . . . . . . . . .  
Shape o f  d u c t  .................... 
D u c t  w i d t h  . . . . . . . . . . . . . . . . . . .  ( I N )  

D u c t  l e n g t h  . . . . . . . . . . . . . . . . . .  ( I N )  

D u c t  a r e a  . . . . . . . . . . . . . . . . .  ( S Q . F T )  

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

S t a t i c  p r e s s u r e  . . . . . . . . . . .  ( 1 N . W C )  

Avg . g a s  t e m p  . . . . . . . . . . . . .  ( D E G - F )  

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

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

Gas d e n s i t y  . . . . . . . . . . . . . .  (LB /ACF)  

M o l e c u l a r  w e i g h t  . . . . . .  (LB/LBMOLE) 

Mass f l o w  o f  g a s  . . . . . . . . . .  (LB /HR)  

V o l u m e t r i c  f l o w  r a t e  . . . . . . . . . . . . .  
a c t u a l  . . . . . . . . . . . . . . . . . . .  ( A C F M )  
d r y  s t a n d a r d  . . . . . . . . . . . .  (DSCFM) 

01-31-92 

810 

29.31 

.84 

3 

3 0  

R e c t a n g u l a r  

6 9  

276 

132.25 

UP 

-10.2 

264 

8.35 

68.7 

. 05283 
30.22 

1726786 

544796 
347799 

A- 1 
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LOCATION OF TEST PORTS 
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APPENDIX C 

F I E L D  DATA SHEETS 

TABLE OF COHTENTS 

No. 2 Boiler ESP Inlet . . . , . . . . . . . . . . . . . 1 

No. 2 Boiler Stack . . . . . . . . . . . . . . . . . . 11 
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INTERPOLL LABORATORIES EPA METHOD 2 FIELD DATA SHEET 

Job P 5 P  A~ L a  f!e.r* 

S o u r c E / Y p  &/@/ESP L c r T  

T e s t  Run (/Date /-3r-72 
Stack d i m e n .  b9 I( 276 I N .  

Dry b u l b  OF W e t  b u l b -  OF 

M a n o m e t e r :  $!Res. 0 Exp. 0 E l e c .  

Elarometric pressure  15.3 f i n  Hg 

S t a t i c  pressure  - I Q . 2  i n  WC c 
Operator L 4 7.4ukLtw# - c ,&a SS@X 

P i t o t  N ~ . R $ I / - ~  cp , Ss/  
S c h e m a t i c  of 
Cross S e c t i o n  

S-592.1  ..., 
I , .  GT :.::tninq= reg.  rr , inom~tsr:  S=ce~psndec l :  E = e l e c t r o n i c  



Job WS? /?c *r, L mc. Date / - 3 / - 9 2  rest Run 
source Lso Z C P - 7  No. of traverse points 
Method ’- Filter holder: iZ- %,--a Filter type: 5 . 5 .  

3 5 .  

Samplm Train Lmak Chmck: 

Pretest: f 0.02 ctm at IS in. Hg. (vac) 
postest: - d’ cfm at g i n .  ng. (vac) 

Particulate Catch Data: 

NO.S of tilters used: Recovery solventts) 

ss A d #  23 0 acetone a other(s) ‘V 
No. of probe uash bottles: 
Sample recovered by: 

Weight (g) 

Final Tare Difference 

I Condenser I I I 
Desiccant L// 

. .  

Integrrtrd Gas Sampllnq Data: 

Bag Fump NO. ~3  ow NO. 9 Rag No. / 
Rag Material: 5-layer Aluminized Tedlar Size: 4 s  

0 cc/min at / .  in. Hg. Pretest leak check: 

Time start: d f c A ( H R S )  Time end: ( H R S )  

Sampling rate: 460 cc/min Operator: ET 
S/N O~ analyzer used to monitor train outlet: t2_ 

CF-027 

S-0046RR c-2 
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S ample  T r a i n  Leak Check: 

P r e t e s t :  ( 0.02 c f m  a t  IS i n .  ~ g .  (vac) 
P o s t e s t  : -Le c f m  st s i n .  Hg. ( v a c )  K 

P a r t i c u l a t e  C a t c h  D a t a :  

No.6 of  f i l t e r s  used:  R e c o v e r y  s o l v e n t  ( 5 )  

0 acetone 
k o t h e r t s )  .C 

No. o f  p r o b e  u a s h  b o t t l e s :  / 
Sample  r e c o v e r e d  by: '- 

C o n d e n s a t e  Data: 

Weight  (g )  

/ 39/ D e s i c c a n t  

I 

I n t e g r a t e d  Gas S a m p l i n g  Data: 

maq Pump NO. X 7 mol: NO. ./ Bag NO. a 
Bag naterial I % l a y e r  L)luminized T e d l a r  Size: 4 s  

P r e t e s t  l e a l :  check:  Q c c / m i n  a t  /< i n .  HQ. 

T i m e  s tart :  /I$/ (HRS) T i m e  end: / q S 3  (HRS) 

Sampl ing  r a t e :  SO& c c / m i n  O p e r a t o r :  5-7 

S/N of O= 4 n a l y r e r  u s e d  t o  m o n i t o r  t r a i n  o u t l e t :  /il 
C F - 0 2 3  

S-0046RR c-5 
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Simp10 Train Leak Check: 

Pretest: 0 . 0 2  cfm at 15 in. ~ g .  (vat) & 
Postest: - & c+m at &In. Hg. (vat) K 

Particulate Catch Data: 

~ 0 . e  of filters used: Recovery solvent ( 5 )  

0 acetone 
other(s) 

ss &a, Z @  

No. of probe uash bottles: 
Sample recovered by: 

Condensate Data: 

Desiccant 

I 
I ' 

Time start: /O/ (HfS) Time end: /787 (HRS) I 
I 

1nteqrat.d Gas Sampling Data: 

Bag pump No.  ox NO. t/ ~ a g  NO. 3 
Hag Haterial: 5-layer aluminized Tedlar Size: 4% 

F'rrtest leak check: 6/ cc/min at /<in. Hg. 

Sampling rate: i Z d  cc/min operator: SF: 
S/N 0 4  O= finslyzer used to monitor train outlet: 

c-a S-0046RR 
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barometr ic  pressure i n  Hq 

S t a t i c  pressure  - /. 1 i n  WC 

I 
i 
C CI h 

c 
I 

b: G' ; , = t h i n $ =  r e y .  r r . a n t ; m e t i r ;  S= p+qp&nded: E = e l e c t r o n i c  5-392.1 
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INTEKFOLL LAPORaTORIES E m  mETH0D 5/17 SCIMPLE LOG SHEET 

I' 
Jab A / $ / ? /  W c c  b o 6  Date , -?f -qp T e s t  - I Run 
S o u r c e  9WJr - A  NO- of t r a v e r s e  p o i n t s  
method YP?>- F i l t e r  h o l d e r :  T c - f r ~ * , ~  . LL sG=< F i l t e r  t y p e :  3.52' p 

'2 

S a m p l e  T r a i n  Leak Check: 

P r e t e s t :  { 0.02 c f m  a t  15 i n .  Hq. ( v a c )  p F'ostest: - - . J z  c f m  a t  i/ i n .  Hq. ( v a c )  # 

P a r t i c u l a t e  C a t c h  Data: 

NO.S of f i l t e r s  used:  Recove ry  s o l v e n t  (s) 

1 0 a c e t o n e  
g- o the r t s )  q/t? < 

No. of p r o b e  u a s h  b o t t l e s :  0 z 
Sample  r e c o v e r e d  by: 9U'd 

C o n d e n s a t e  .Data: 

Weight  (9) 

l m p i n q e r  No. 

Impinqe r  N o .  3 

I Condense r  I I I .  I 
D e s i c c a n t  

I n t e q r a t e d  Gar Sampl ing  Data: 

Hag pump NO. 4-I& H O W  NO. * Hag No. I 

Rag Material: % l a y e r  a l u m i n i z e d  T e d l a r  S i ze :  4 s  

P r e t e s t  l e a k  c h e c k :  -00 cc /min  a t  15' i n .  Hg. 

T i m e  s t a r t :  G50 (HRS) Time end:  //Fr3 (HRS) 
Sampl ing  ra te :  &c, cc /min  O p e r a t o r :  b ~ a  c h.6. 

S/N oi  O= a n a l y z e r  u s e d  t o  mon i to r  t r a i n  O u t l e t :  3 
CF-027 

c-12 
5 -0046RR 
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I' 
INTEKFOLL LABORATORIES EPA METHOD 5/17 SAMPLE LOG SHEET 

2 

I' 
1 Run - Job #uiP / k ? ' , W b L .  cow Date / - J 1 - q L  Test - 

source P M ,  r do. A No. of t raverse p o i n t s  1 1  
nethod V f f  F i l t e r  holder: ~ C ~ L Y . J  F i l t e r  type: L ri'' p61&%s~ 

Sample T r a i n  Leak Check: 

Pretest: ( 0.02 cfm a t  15 in. Hg. (vac) 
Fastest: - - . o ~ a c f m  a t  /3 in. Hg. ( va t )  B 

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

NO.S of f i l t e r s  used: Recovery solvent(6) 

I 0 acetone 
p other(s1 ( /m 3- 

No. o f  probe uash b o t t l e s :  2 
Sample recovered by: ,>.4 . 

Condensate Data: 

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

e Bag Pump No. R-fc H o w  No. Bag No. L- 

Bag Mater ia l :  5-layer hluminised Tedlar Size: 4 s  

F r e t r s t  leal: check: - u * 3  cc/a in  a t  /sa in. Hg. 

Time s t a r t :  //xd (HHS) Time end: C\lcc (HRS) 

Sampling ra te :  2 ~ ~ 2  cc/min Operator: 4 .  ,9Pt*lA163 

S/N of O= analyzer used t o  monitor t r a i n  out le t :  1 
CF-02; 

C-14 S-0046RR 





- 
I' INTERPOLL LfiBORhTORIES EPh METHOD 5/17 SfinPLE LOG SHEET 

,JSP/ $L.LC& GO& Date / - G I - %  Test 1 Run 3 Job 
Source u @ , r  N O .  2 NO. of traverse points 
nethod y r t  Filter holder: fi.z~ycJ Filter type: 3. SZ" pr 

Samplm Train Leak Check: 

Pretest: { 0.02 cfm at 15 in. Hg. (vat) 4 
Postest: - .do cfm at & in. Hg. (vac) 4 

Particulate Catch Data: 

NO.S of filters used: Recovery solvent ( 6 )  

/ 0 acetone a otherts) Y M  r 
No. of probe uash b o t t l e s :  
Sample recovered by: 

I Weight ( p )  
Item 

Final Tare Di f f erenci 

Condensate Data: 

Integratrd Gas Sampling Data: 

lmpinger No. 1 
C / O &  Y @ 3. .o 

Impinger No. 2 L a  i f  69 i/% 0 
Impinger No. 3 

Condenser 

Desi ccrnt / 310 /4. 0 

3 II 
B,ag Pump NO. 4-16 BOX NO. 7 Bag No. 

Bag Haterial: 5-layer Aluminized Tedlar Size: 4 s  

Pretest lea): check: - O D  cc/min at /g in. Hg. 

Time start: /Q0 (HRS) Time end: /3fo (HRS) 
Sampling rate: Z ~ L )  cc/min Operator: 0- G G A J ~ ~ ~  
S/N 0 4  O1. Analyzer used to monitor train outlet: 2 

C F - O X  

I. 
I 
I 
I 
I 
I 

C- 16 
S-0046RR 
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I n t e r p o l  1 L a b o r a t o r i e s  
(6 12 i 786-6020 

Ga 3 V e l u c i  t y  1 1:Il:r d T  
Traverse Temp. Pres sure  

(deg-F) ( i n ;  WC) 
.~.F fi ( f i j e v g  

~~~ - 
F o i n t  

~~~ .~ 

PM-10 TRAVERSE POINT SELECTION DATA SHEET 

I A I  11 I , /L ,3 Yb J / c %  3f 

A /  II , I &  d 3qc q / O ? . ? f ,  

Job ~ > ?  O L P I - t C  D O G  F i t a t  Tube NO. a3-b 

l e s t  a K u n  1 Duct shape: w i i ound  0 Kectang. 
D a t e  - 7 )  -cl& Duct dimensions a7C. cn i n .  
Uperator  Length of p o r t  r. 7 >- 1 n . 

Source I > , , &  b * ?  S n c  v Baromet r ic  p res .  2 9  c , q  in.Hy. 

j .  c I1 I // 

il , I O  

I) I 

I 

I1 I 
I1 

II 

I , 3 3 1 7 -  fig: 7f- ' 

The a+erage v 2 I o c i t y  p r e s s u r e  t o  be used f o r  t h e  sizing r u n  
may now be c a l c u l a t e d  f rom t h e  f o l l o w i n g  express ion:  

Tr-averse p o i n t s  on round  d u c t s :  -1; D and .85 D 
Dis tance  from the d u c t  wall: i n . 
3 is tencE  f r o m  t h e  end of p a r t :  i n .  - 

C-18 
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INTEKFOLL LABORATORIES EPO METHOD 5/17 SAMPLE LOG SHEET 

Test a Run .O Job &*5p ~ : L & , L  DO C Dite / - 3 i -  

method 301 Filter holder: 5 5 Filter type: G. F .  
c IC  Source I?.,;+ e , ~  C 

Sample Train  Leak Check: 

Pretest: < 0.02 cfm at 15 in. ng. (vac) 
Postest: C . 0  cfm at in. ng. (vat) sl- 

Particulate Catch Data: 

N0.s of filters used: Recovery solvent ( 5 )  

0 acetone 
0 other(6) 

CI ) 

No. of probe uash bottles: ( I )  
Sample recovered b y :  

Condensate Data: 

- 
Weighttg) 

Item 
Final Tare Difference 

I b Impinger NI. 1 

Impinger No. 2 

Impinger No. 3 

Condenser 

l2YY 12 3 b / a  Desiccant 

~~~ ~~~~~~ ...... .- - .... ._ ... _- - ........... - - -_ .- - - .. ... -. . -. ................. -. ... - . ............ -. ............. - - 8 J 
Integrated Gas Sampling Data: 

Bag Pump NO. .3 BOX NO. 35 Bag NO. 1 
Bag Haterial: 5-layer Aluminized Tedlar Size: 

Pretest leal: check: o cc/min at 17 in. ng. 

Time start: (ms) Time end: OSTG (HRS) 

Sampling rate: dm cc/min Operator: 13 FI 

s/N of O= Analyzer used to monitor traxn outlet: 

CF-027 

S-0046RR c- 19 
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I n t e r p o l  1 L a b o r a t o r i e s '  
(61-2) 786-6020 

P M - I O  T R A V E R S E  P O I N T  S E L E C T I O N  D A T A  S H E E T  

Job A / j P  B L I ~ ~ W  D U G  F i t o t  Tube No. 23-(D 

O p e r a t o r  L e n g t h  of p o r t  -7 73- i n .  

S o u r c e  O,,:+ N., a -,b< e I<  Barometric p r e s .  J ~ G - /  i n . H g .  
T e s t  2 Run i D u c t  s h a p e :  @Kound 0 R e c t a n g .  
Date 1 - 3 ,  -?A Duct d i m e n s i o n s  2-70 i n .  

PM-10 G u i d e l i n e s  r e q u i r e  t h a t  t h e  v e l o c i t y  a t  each of t h e  f ou r  
selected t r a v e r s e  p o i n t s  b e  w i t h i n  +/- 20%. Record t h e  
v e l o c i t y  p r e s s u r e  of t h e  t r a v e r s e  p o i n t s  a n d  p e r f o r m  t h e  
i n d i c a t e d  c a l c u l a t i o n s .  T h e  v a l ~ i e s  i n  t h e  l a s t  colLimn m u s t  
f a l l  w i t h i n  r a n g e  of el:] - 1 X I .  

T h e  a v e r a g e  v e l o c i t y  p r e s s u r e  to be  u s e d  f o r  t h e  s i z i n g  r u n  
may now b e  c a l c u l a t e d  f r c m  t h e  f o l l o w i n a  e e p r e s s i o n :  

T r a v e r s e  p u l n t s  o n  r o u n d  d u c t s :  . 15 D a n d  .85 D 
D i s t z n c e  f r o m  t h e  d u c t  w a l l :  - i n .  
9 i z t a c e  f r o m  the e n d  ot p o r t :  __ i n .  

c-21 



INTERPOLL L&PORQTORIES ECQ METHOD S I 1 7  5MlPLE LOG SHEET 

- 
Impinger No. 2 

Impinger No. 3 

Condenser 5- b 0 s-cp 
Desiccant I 3 0 b  tJ-5zL 3v 

~ 

I '  
./ 

Job &jL'5P G c O d  QOc Date I - 3 / - 9 a  Test 2 Run I 
source L)., it * d  Si-+& K No. of traverse points 
nethod -Lo I Filter holder: > 5  Filter type: G F 

Sample Train Leak Check: 

Pretest: < 0 .02  cfm at IS in. Hg. (vac) a 
Postest: 6 2  cfm at _le in. Hg. (vac) 

Particulate Catch Data: 

~0.s of filters used: Recovery solvent (s) 

0 acetone 
0 othercs) 

CI ) 

No. of probe uash bottles: ( I  ) 
Sample recovered by: 

Condensate Data: 

Integrrtmd Gas Sampling Data: 

Hag Pump NO. a.3  ow NO. X? Bag NO. 2- 
Bag Haterial: 5-layer Clluminized Tedlar S i n e :  

Pretest leal: check: 0.0 cc/min a J I 7 ,  in. ~ g .  

Time start: /O>%' ( H R S )  Time end: I l M  ( H R S )  

Sampling rate: J o C I  cc/min Operator: 0 6  
c/ S/N of Ox- Qnslyzer used to monitor train outlet: - 

CF-025 

S-0046RR c-22 



C-23 



I n t e r p o l  1 L a b o r a t o r i e s  
(612) 786-6020 

I 
ll 

L - - - - J I  
wyaTy#gt u/m /n.*l#I<’L!r t m  .WflfU 

PM-IO T E A V E R S E  POINT SELECTION D A T A  SHEET 

I 

1 , 3qz 7 ’ ~~~~~~~ I N ,,l!rL<W .!rl/tfi* <a .I I w m  - 

Job D S P  (?brk-=Do~. F i t o t  Tube No. 23% 
5 *%CIC Barometr ic pres.  & 9 0 y  i n . Hg . 

Duct shape: Kound g Kectang. 
Duct dimensrons d70 in. 
Length o f  p o r t  a-. 75- in .  

Source (I,,# t A& a 
Test ,1 KLln 2 -  
Date I - J I - P L  
Oper a t o r  

I I I I 

Traverse p o i n t s  on round d u c t s :  . i 5  D and .a5 D 
Dis tance from t h e  d u c t  w a l l :  i n .  
U ls tance  from t h e  end ot p o r t :  i n .  

- ~ - - 

C-24 
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($7 -7 D e s i c c a n t  

INTERF'OLL LnPoRfiToHxEs EPFI METHOD 5/17 SFIMPLE LOG SHEET 

J o b  h 5 P  dLPCCUCC Date /-3/-9,2 T e s t  2- Run 2 
S o u r c e  ~ / ~ , ' f  Ne 3 J-IC N o .  of t r a v e r s e  p o i n t s  Y 
method 20 ( F i l t e r  h o l d e r :  S.J.  F i l t e r  t y p e :  C.F. 

S a m p l e  T r a i n  Leak Check: 

P r e t e s t :  ( 0.02 c i m  a t  15 i n .  Hg. (vat) 
P o s t e s t :  4-0 c f m  a t  i n .  Hg. (vat) )8 - 

P a r t i c u l a t e  C a t c h  Data: 

N o . 6  of f i l t e r s  used:  Recove ry  s o l v e n t  (5)  

0 a c e t o n e  
0 o t h e r t s )  

N o .  of p r o b e  uash b o t t l e s :  
Sample  r e c o v e r e d  b y :  

C o n d e n s a t e  D a t a :  

D i f f e r e n c e  

Condense r  

.. 
~ . . . . .-. . .. - .. - . . -- -.I 76 Total 

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

Bag Pump N o .  6.3 Box N o .  3r 6ag No. 3 
Bag material: 5 - l a y e r  a l u m i n i z e d  T e d l a r  Size: 

P r e t e s t  l e a k  c h e c k :  0.C; cc /min  a t  / 7  i n .  Hg. 

T i m e  s t a r t :  / a w  ( H R S )  T i m e  end:  Iy55- ( H R S )  

Sampl ing  r a t e :  &IO cc /min  O p e r a t o r :  i3P 
S/N o+ O= Q n s l y r e r  u s e d  t o  mon i to r  t r a i n  o u t l e t :  

CF-025 

C-25 5 -0046RR 
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I n t e r p o l 1  Laboratories 
(612) 786-6020 

P M - I O  T R A V E R S E  P O I N T  S E L E C T I O N  DATA S H E E T  

Job A/>? ~ L & C I < U O ~  P l t o t  Tube N o .  33-b 
SGLWCE U,,, .e  vc ?a,- ,< Barometr ic  p res .  a9 09 in.Hg. 
Test 3- Run 3 __ Duct shape: gRound  0 Rectang. 
Date . 1-31-74 Duct dimensions 270 i n .  
up e I. a t  0 r Length of  p o r t  3-. 7-55 i n . 

FM-lr:l Guide l i nes  r e q u i r e  t h a t  t h e  v e l o c i t y  a t  each of t h e  f o u r  
se lec ted  t r a v e r s e  p o i n t s  be w i t h i n  + / -  LI.1L. Record t h e  
v e l u c i t y  p ressure  o f  t h e  t : -averse p o i n t s  and per fo rm t h e  
i n d i c a t e d  c a l c u l a t i o n s .  The va lues  i n  t h e  l a s t  column m u s t  
f a l l  w i t h i n  range of er:~ - 120. 

- .  . 

Traverse 
F o i n t  

Hve r a a e 5 I 

I II I 
I II 

The average v e l o c i t y  p ressure  t o  be  used tor t h e  s i z i n a  run 
may ~ G * J  be c a l c ~ i l a t ~ d  f r o m  t h e  f o l l o w i n g  expression: 

Traverse p o i n t s  on r o u n d  ducts :  .15 D and .85 D 
Dis tance from t h e  duc t  w a l l :  , YO. 5- 
Uis tance f r o m  t h e  end o t  p o r t :  

in. 
i n . -- 

-- 
CF-016 
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INTERPOLL LaBORaTOHIES € P a  HETHOD 5/17 SCIHPLE LOG SHEET 

I' 
Job #j? (3. CCIL ga< Date /-3'-7J T e s t  2 Run 3 
s o u r c e  _L)yI , i  UO .A 5-c N o .  of t r a v e r s e  p o i n t s  y 
n e t h o d  20 I F i l t e r  h o l d e r :  5 >  F i l t e r  t y p e :  GF-  

Simp10 T r a i n  L e a k  Check: 

P r e t e s t :  < 0.02 cfm a t  15 i n .  Hg. ( v a c )  
P o s t e s t :  - - 0 . a c f m  a t  - -5- i n .  Hg. ( v a c )  

P a r t i c u l a t e  C a t c h  Data: 

No.s of f i l t e r s  used:  Recove ry  s o l v e n t  ( 8 )  

( 1  '> 0 a c e t o n e  
0 o t h e r ( s )  

No .  o f  p r o b e  u a s h  b o t t l e s :  CI ) 
Sample  r e c o v e r e d  by: 

C o n d e n s a t e  Data: 

I t e m  

I m p i n p e r  No. I 

l m p i n g e r  No. 2 

l m p i n g e r  No. 3 

C o n d e n s e r  

Desiccant 

W e i g h t t p )  

Final  T a r e  D i  f f e r e n c  I 

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

Bag Pump No. 3 Box No. 1 Bag No. 

Bag H a t e r i a l :  5-layer ~ l u m i n i z e d  T e d l a r  S i ze :  4 2  

i n .  Hg. P r e t e s t  l e a k  check: 6.6 cc /min  a t  / 7  
(HRS) T i m e  end: ff&' (HRS) T i m e  s t a r t :  6 .o 

Sampl ing  r a t e : J c r ,  c c / m i n  o p e r a t o r :  I?& 

S I N  of 011 a n a l y z e r  u s e d  to m o n i t o r  t r a i n  o u t l e t :  

/Y/ r 

CF-OZl. 
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i I n t e r p o l 1  L a b o r a t o r i e s  
(6 1 1  ) 786-6020 

€PA Method 3 Data Repor t i ng  Sheet 
Orsat  A n a l y s i s  

Source T L  /no/ L 60 
6 7  I Test S i t e  EJPP,c. .c s’ 7 

I J o b  A S P  /fllm-,L&u 

i 
Team Leader 
Date Submi t i e d  I- J / -  i. a Date of Test 
Test  No. 
Date of F ~ n a l y s i s  A ’ i  ‘IL Technic ian /r & 

NO. o f  Run5 

e s t /  Sample No. Bure t  Readings ( m l )  Conc. Conc. 
R u n  Loa Number of C&l 0, F, 

aAd Type An. Zero Pt .  A f t e r  CO, A f t e r  0, %v/v  Dry l%v /v  Dry  

‘/, 5,28147 

I-- 2 

I 0 B 0 F IAvgl  ’= 
I I l l  I I I I 
I I I 

I I I I I 

1 I I-- 2 

I I I I I I I I I 

I-’! 1 

I I I I I 

L 
,Rmbient A i r  OA Check EPCI Method 3 G u i d e l i n e s  
O r r a t  Analvzer Svstem Leak Check Fuel Tvce  F0 Ranae - ~~~ 

Fe Within-EPA M-3 Guide l i nes  
for f u e l  type. 

Where Fg= 20.9-0, 
co, 

. .  
Coal : 

O i l :  

- 
A n t h r a c i t e I L i g n i  t e  1.0lb-l.1,0 
H i  tuminous 1.083-1.2;0 

D i s t i  11 a t e  1.260-1 4 1; 
Residual 1.2 10-1 Z70 

Gas: 
Natura l  
Procane 

1.600- 1. SZ6 
1.4Z.4-1.596 
1.305-1- 55.; 
1. !23CI- l . l .Z0  

F=Flask (250 c c  a l l  g l a s s )  I &=Ted1 ar Bag  (5-1 dyer)  
Butane 

D - 1  Wood/Wood Bark 
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I 

m Leak Check I 
Ui d e l  i ne5 

f o r  fue l  t y p e .  Gnthracite/Lignite 1.Q16-1.lX 
1.08;- 1.2;0 BI tuminous 

Disti 1 1  ate 1.26c)-1.4 1; 
R e s  1 dud 1 

Where FA= 20.9-0, O i l :  
COI 
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Interpol 1 Laboratories 
(612)  786-6020 

€PA Nethod 3 Data Reporting Sheet 
Orsat Analys is  

Source Uh4f +z 
I),4 Test Site 

ab fi 'rp / f i l a r  lcch v 
S a m  Leader t Q f  IC 
ate Submitted - I Date of Test I - J t - Y Z  ' 

$ambient Air 04 Check EPPl Nethod 3 Guidelines 
Orsat Analyzer System L e a k  Check Fuel Type FO Range 
Fs Within EPA N-3 Guidelines Coal : 
f o r  fuel type. Anthracite/Lignite l.Cll5-1.1,O 

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

cotr Distillate 1.260-1.41Z 
Residual 1.210-1 - Z70 

Ga5: 
Nat ur a1 1.500-1. S2.5 
Pranane 
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Tes t  - Run - D i s h  No. 
Val. of  Solvent- m l  D i s h  Tare W t .  Y 
Log ?:urnbar Dish+Sample Ut. 9 
Cs.nmen t s SamplR U t .  9 - 

I n t e r p o l 1  L a b o r s t o r l c s  
(612) 786-t;1?0 

EPCI Method 5 Data Repor t i ng  Sheet 
Probe/Cyclone Wash 

Source dl 13o.h.. Job 
Tsam Leader 
Date L b n i  t t e d  / - 3 1 - q 2  C a t 2  of Test 1 / 3 1  /'?% 

?sa t  m. I No. of Runs  C o m p l e t e d . 3  
C a t s  of Cna lys i s  

m l  So lvent  ~ ~ + i , ~ J e q  e Ch/.-,;/-  Transpor t  Leakaqe 0 None 0 

d CS? L7.m k+ 
Test  S l t S  - 

2 -3 -9-L Technic ian c .  U e I y e 5 * -  

T e s t - R u n k  tl sh NO. 5 
F i e l d  filanl: D;5h Tare X t .  50-6966 9 
Log ~ ~ u m t e r  5 L t i Z - ~ f  CishtSample Ut. SiU. 6V7U 9 
' ~ 0 1 .  of 5 o l v e n t 1 3 L j m l  Sample W t .  0 . U O O Y  ¶ 

T e s t R u n A  C i s h  No. 52- 
Vol. of Solvent&ml D i s h  T a r e  W t .  y?. S o k z  '3 
Log PJumber - 05 Dish+Sample Ut .  99.870" 9 
Comments Samplo W t .  d . 0 6 1 8  '3 

Tes t  L R u n A  C ish  F!o. / 05 

Log Number -09 DishcSample Ut. Y7 .88S/ 
C o m m e n t  5 Sample W t .  d.0 2 27 9 

T e s t R u n  3 D i s h  110. 2.03 
~ o l .  of SolventJml D ish  T a r e  W t .  %.f7/3 9 
Log Piumber - Dizh+Sample W t .  '46.  E @ /  r! 
Commanta Sample W t .  u.u / /  8 Y 

'.'ol. cjf Solvent- m l  C i s h  T a r e  Ut. 9 
Log N u m b z r  DishcSample W t .  ¶ 

C o m m e n  t s Sample W t .  9 

+Solvent Residue 3 . 2  u q / m l  

.:I '.'ol. of  S o l v e n t a m 1  D i s h  Tare W t .  Y 7 .  F 6 2 . L  

Run- D i sh  No. T e s t  - 

~~ 

+Sa l~ .~ .+n t  F i e s i d u e ~ u g / m l = C  (Sample W t . 0 2 3 )  (IO6) I i L ' o l .  o f  S o l  . 1 x i n ?  

EPG-rC, Acetcne Residue Etlanl: Spsc. (7.3 u q i m l  
Results: 
F i e l d  B lk .  R u n  1 R u n  2 R u n  2 R u n  4 R u n  9 

- 

1 
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I n t e r p o l l  L a b o r a t o r i e s  
(612)  i S A - o 0 2 D  

EPA Hethod 5 Data Repor t i ng  Sheet 
F i l t e r  G r a v i m e t r i c 5  

Job bs? Of,, k h G  Source Lk r . , t  2 
Team Leader bur\ Tes t  S i t e  E x ?  r,iet 
Date Submitted 1 -  31 -73 Date o f  Test I f 3 0 l C  a 
Test No. t No. of Runs Comp’leted 3 
) a t e  o f  Anal.{sis - -  Techn ic ian  c. k \ t \ c ~ ~ c  r*. 

Test I R u n L  F i  1 t e r  No. dV 

Log Number 52tit’62 F i l t e r  Tare W t .  39.930 5 9 
Comments Fi 1 ter+Sampl e W t  - 3 . 9 3 0  6 9 

Sample W t .  0 . 0 0 d  I 9 

F i e l d  Hlani: F l l t e r  Type 5 5  i-k,,..hL 

T e s t R u n I  F i  1 t e r  No. a 3  
Log Number - 0 6  F i l t e r  Type x 5 TL.-LIJ 
Comment 5 F i  1 t e r  Tare W t .  Y I .  I . F W  4 

F i l t e r+Samp le  W t . 9 . 3 7 2 7  4 
Sample W t .  7. Ll s 7 9 

Test-Run- F i  1 t e r  No. al, 

Comments F i l t e r  Tare W t .  Y1 io75 9 
Fi 1 ter+Sampl e W t  SO.?q85 9 
Sample U t .  7. s-kqc, 9 

Log Number -10 F i l t e r  Type s5 TL;&\e 

Test  l R u n 3  F i l t e r  No. 3 0  
Log Number - /  Y F i l t e r  Type 5 >  F,L+cr 
Comment s F i l t e r  Tare W t .  43.Y588 4 

F i  1 ter+Sampl e W t  .so. 6 Y 3  3 
Sample W t .  7. 18’45 9 

9 

Test - R u n  - F i l t e r  No. 
Log Number F i l t e r  Type 
Comments F i l t e r  Tare W t .  9 

F i l t e r+Samp le  W t .  c 
Sample W t .  E 

~~~ ~ ~ ~ ~ 

Test- Run - F i  1 t e r  No. 
Log Number F i  1 t e r  Type 

Comments F i  1 t e r  T a r e  W t .  F 
F i l t e r+Samp le  W t .  E 
Sample W t .  E 

Results: 
F i e l d  B l k .  R u n  1 R u n  2 R u n  5 Run 4 Run 5 

F i e l d  B lk .  R u n  1 Run 2 Run Z Run 4 R u n  5 
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T e s t  R u n  - Dish NO. 

Llol. of  S o l v e n t -  m l  D i z h  T a r e  W t .  Y 
Log P ! u m b e r  D i s h + S a m D l E  U t .  

I n t e r p o l 1  L a b o r a t o r i e s  
($12) 786-6333 

EPCI M e t h o d  5 D a t a  R e p o r t i n g  Sheet 
Probe/Cycl one Wash 

Job fgS? 8/LLk J O G  S o u r c e  -d2 go,./r, 
/ )V IY T e s t  S i t e  T e a m  Loader 

D a t e  S.tbni t t e d  I-5I-9 C a t e  of  T e s t  I-5&-9 t 
T e s t  r.10. 
E a t s  of C n a l y s i s  = - 3 - %  
T r a n s p o r t  Leakaqe 0 None c] m l  S o l v e n t  

I No. of  Huns 
T e c h n i c i a n  

T e s t  / R u n u  G i s h  1 1 0 .  /A 
F i e l d  & l a n k  D i s h  T a r e  U t .  S 8 . 5 7 1 3  9 
Log N u m b e r  5 2 6  2 - C i s h + S a m p l e  W t .  50 574d- 9 
'"'01. of  S o l \ e n t m m l  S a m p l e  W t .  0. uo +e1 9 
+ S o l b e n t  K e s i d u e -  - u g / m l  

T e s t  R u n  
W o l .  of S o l v e n t  

C i s h  No. 15 
D i s h  T a r e  W t .  58.2397 '3 

Log N u m b e r  - 3 2  D i s h + S a m p l e  W t .  50.a~66 9 
Cainmen t 5 S a m p l e  W t .  0 . d  f l y  '3 

T e s t 1  R u n  b C i s h  1!o. I1 
1201. of  S o l v e n t s m l  D i s h  T a r e  U t .  50 G b 6 I  '3 
Log N u m b e r  - 3 s  D i s h + S a m p l e  W t .  50.6047 3 
C o m m e n t s  S a m p l e  U t .  U . O L l 6  9 

-Ll 

T e s t  I R L ~  3 D i s h  rio. I f  
~ o l .  of ~ o l ~ , e n t a m l  D i z h  T a r o  W t .  % , I 9 5 6  9 
Log t !umber  -*< D i s h + S a r n p l e  W t .  50.J.lEb CI 
C o m m e n t s  S a m p l e  W t .  d. 0 230 9 

T e s t  R u n  - D i s h  No. 
L'ol. o f  So lvent -  m l  C i s h  T a r e  E t .  9 
Log N ~ t m b ~ r  D i s h c S a m p l e  W t .  9 
Common t 5 S a m p l e  W t .  9 

*Srjlvsat R e s i d u e - u g / m l = C  ( S a m p l e  E t .  - 3 )  (13~)liVol. o f  Sol.-m: 
EF'F-.*15 l c o t o n e  R e s i d u e  B l a n k  Spec. (7.3 ~ i g / m l  
Results: 
F i e l d  B l k .  R u n  1 Hun 2 R u n  2 R u n  4 R u n  9 

- 

I 



c I n t e r p o l l  L a b o r a t o r l e s  
(ill21 7eb-ta’C) 

EPA R o t h o d  5 D a t a  R e p o r t i n g  S h e e t  
P r o b e / C y c l o n e  Wash i 

S o u r c e  *2 6 c 1 ,  I<*- 
b U \ I  T e s t  s i t e  5 + % L l  \ 

41,LJL nc, 1 Job fG3? 
T e a m  Leader 
D a t e  S i l b n i t t e d  1-3 i -7 2 D a t e  of  T e s t  I-3a.‘;l 
T e s t  No. I No. o f  R u n s  C o m p l e t e d  3 
C a t e  of C n a l  y s i  s a - 3 - 5 2  T e c h n i c  i an c. / 4 e l , p J ,  c 
T r a n s p o r t  Leakage $None 0 m l  Sol..ent k t L  1 2 .  ci .I ir ,di  

c 
b 
b 
i 

1 

3 

T e s t l R u n C ) - a  
F i e l d  Y lank  
Log N u m b e r  5 - L S L -  26 
‘~~01.  o f  S o l v e n t x m l  
* S o l v e n t  R e s i d u e -  u g / m l  

L L S ~ ,  ria. 0 
D i s h  T z r e  U t .  c0.5Of 3 9 
C i s h t S a m p l e  W t .  5 r o . S C L 3  J 
S a m p l e  Ut .  0, uuso 9 

T e s t  R u n  C i s h  No. 
V o l .  of Solvent- m l  D i s h  T a r e  W t .  9 
Log N u m b e r  D i  s h + S a m p l  e W t  . 9 
C o i n m e n t s  S a m p l a  Ut .  9 

C i s h  P!o. Test  R u n  - 
‘201. o f  Solvent- m l  D i s h  T a r e  U t .  ,3 
Log N u m b e r  D i s h c S a m p l e  U t .  3 
C o m m e n t  5 S a m p l e  W t .  9 

T e s t  Run- L 5 s h  rlo. 
V o l .  of Solvent- m l  D i s h  T a r e  W t .  9 
Log t l u m b e r  D ; s h + S a m p l e  U t .  c; 
C o m m e n t s  S a m p l e  W t .  9 

T e s t  - R u n  - D i s h  No. 
L ’ o l .  of Solvent- m l  C i s h  T a r e  U t .  9 
Log N u m t z r  D i s h + S a m p l e  W t .  9 
C o m m e n t s  S a m p l e  W t .  Y 

‘Jol. o f  Solvent- m l  D i s h  T a r e  W t .  Y 
Log Number D i s h + S a m p l e  W t .  CJ 
c-.- 4,. ,ment s S a m p l e  W t .  3 

T e s t  Run-  D i s h  No. 

* S o l v e n t  R e s i d u e - u g / m l = C  ( S a m p l e  Ut. - q ) ( l o - ) l i c o l .  o f  Sol.- : 
EP&-MS i lcetcne R e s i d u e  B lank  S p e c .  { ? . a  u y i m l  
R e r u l  t s :  
F i e l d  E l k .  R u n  1 R u n  2 R u n  5 R u n  4 R u n  5 

- i 
LSC-O1YR D 7  
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I n t e r p o l 1  L a b o r a t o r i e s  
(612) 736-6QZQ 

EPA Method 5 Data Repor t i ng  Sheet 
F i  1 t e r  G r  a v i  metr  i c5  

Job RIb-Lt b o y  source AI- B Y ; / C ~  
Team Leader (-)crf+ Test  S i t e  S-LLk 
Date  Submitted / -  5 )  - 9 2  Date of Test 1-30-4r 

Date of Ana lys is  a- 5 - %  Techni c 1 an c. I k l 5 . a " -  
Test  No. I No. of  Runs Completed 3 

~~ 

T e s t L R u n 0 - I  
F i e l d  Blank 
Log Number 52til- 2 

F i 1  t e r  No. 7 0  23 
Fi 1 t e r  Type 3 . 5 1 ' ' U b s  
F i  1 t e r  Tare W t .  ,43515 . -  9 

Comments F i l te r+Sample  W t .  . Y 3 2 5  9 
Sample W t .  0. dOd3 9 

~ 

Te6t -Run 1 F i  1 t e r  No. 7 021 
Log Number - 3'1 F i  1 t e r  Type 3.51'' ~ 1 %  

t o m m e n  t s F i  1 t e r  Tare W t  - . y A S f  9 

Sample W t .  U . d  I s y  9 
F i l te r+Sample  W t .  . w q u  g 

~ 

Tes t  I R u n L  F i l t e r  No. 7 o d - 0  
Log Number - y o  F i  1 t e r  Type 3 5 L -  qrvrs 
Comments I U F L  F i  1 t e r  Tare W t .  ' %l a -a 

Sample W t .  u.LJoo5 9 
F i l te r+Sample  W t .  Y L  /7 g 

Test  R u n 3  F i  1 t e r  No. 7 0 1  Y 
Log Number - 'I7 F i  I t e r  Tvpe 3 55'' y'-5 
Comments F i l t e r  Tare W t .  . Y A . 2 0  9 

Sample W t .  (7.0 I f  5 9 
F i l t e rcSamp le  W t .  . V Y O s  q 

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

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

Tes t  - Run __ F i  1 t e r  No. 
Log Number F i  1 t e r  T;pe 
Comments F i  1 t e r  Tare W t .  9 

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

?erul t r  : 
F i e l d  B l k .  Run 1 Run 2 Hun 3 Run 4 Run 5 



I n t e r p o l 1  L a b o r a t o r i e s  
(512) 79$-6l32@ 

EP6 Method S Data R e p o r t i n g  Sheat 
F i l t e r  G r a v i m e t r i c 5  

I 

Job N J P  & I L c K  b o q  Source H Z  , b O l ; / C V  
u 

Team Leader Test  S i t e  .5 f A C k  

Date  Submit ted Date of Test 1 - qa- qA 
Test  No. No. o f  Runs Completed 3 
Date of A n a l y s i s  Technic1 an C. He I .,CLJ- I - 

I 

~~ 

Test  L R u n  e F i  l t e r  No. 7 0  22 
F i e l d  Blank F i  1 t e r  Type 3. 52" Y '*I c 

Comments F i l t e r + S a m p l e  W t .  .'fY/' 9 
9 

9 

F i l t e r  Tare W t .  . w  Y l f  Log Number 5 
Sample W t .  0. o d d 0  

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

F i l te r+Sarnp le  W t .  9 
Sample W t .  9 

F i  1 t e r  No. 7c.719 

Comments Lu F Z  F i l t e r  Tare W t .  . Y Y 7 3  9 
F i l t e r+Samp le  W t .  -Y662 9 
Sample W t .  d# J a=,? 9 

3. S f "  Y M t  
T e s t  L R u n L  
Log Number sL?l-Y' F i l t e r  Type 

Test- Run - F i  1 t e r  No. 
Log Number F i l t e r  Tvpe 
Comnen t 5 F i  1 t e r  Tare W t .  9 

F i  1 ter+Samp 1 e W t  . 0 
Sample W t .  9 

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

F i l ter+Sarnple W t .  9 
Sample W t .  4 

Test- Run- FI I t e r  r b .  
Log Number Fi 1 t e r  Tvpe 
Comments F i  1 t e r  Tare W t .  9 

F i l te r+Sarnp le  W t .  9 
Sample W t .  9 

?eru 1 t s : 



I n t e r p o l  1 L a b o r a t o r l e s  
(612 )  786-6020 

C a s c a d e  I m p a c t o r  Laboratory Data S h e e t  

- 
Sampling r a t e  d a t a :  

= /9. .rd DSCF 

- - 60 min.  (? MC = 9.r3 7. v / v  

I 
I 

D- 10 

I K e v .  1 CF-oZa 

I 



9 I n t e r p o l  1 L a b o r a t o r i e s  
(6 12) 796-602~.1 

Cascade Impactor Labora tory  Data Sheet 1 
T e s t  2- Eun I source 

Impactor No. 

0. 0 1  .I s3- - 
Sampling r a t e  data:  

v-ee - - YO. 7/ DSCF 

= i 2 0  m i n .  (? 

Rev.  1 CF-023 

D-11 



Cascade Impactor L a b o r a t o r y  Data  Shefat 11 

Sampling rate  data: 
- - 

= / 2 0  min. u 

I 
I 

Rev. 1 CF-028 

D-12 

A 

I 
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I n t e r p o l  1 L a b o r a t o r i e s  
(6 12 1 786-6020 

Cascade Impactor Laboratory Data Sheet 

/dF 1 d ILLk h? Date o f  t e s t  /- 31- 2 

L ( H , ' t  2 Test L Run 3 I Ob 
Source 

mal y s t  Impactor NO. 3 Substrate  used ho~kezo- I t  I J d / j  p l & C d  c o / l r c f J &  6.3 

I 
I 
1 
I 
I 
I 
I 
I 

- 
Sampling r a t e  e a t r r  - 

u.=rl = 37. a 9  DSCF 

= /zo min. a 

I 

R e v .  I CF-028 

D-13 
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INTERPOLL LABORATORIES; I N C  
(612)786-6020 

NSP/Bl ack Dog 
Labora to ry  Log No. 5282 

R e s u l t s  o f  Trace Meta l s  A n a l y s i s  

Tes t :  1 
Source : U n i t  2 ESP I n l e t  
Tes t  Type: P a r t i c u l a t e  

T o t a l  Mass o f  Elements i n  SamDle (uq) 

Trace Meta l  Method Run 1 Run 2 Run 3 

(Log No.) 
W t .  ( g )  
S i  1 v e r  
A 1  umi num 
Arsen ic  
Boron 
Bar ium 
B e r y l l i u m  
Cal  c i  urn 
Cadmi urn 
Chromium 
Copper 
I r o n  
Mercury ( F )  
Mercury ( 8 )  
P o t  ass i um 
L i  t h i  urn 
Magnesi um 
Manganese 
Molybdenum 
Sodium 
N i c k e l  
Lead 
Antimony 
Selenium 
S t r o n t i u m  
T i t a n i u m  
Vanadi um 
Zinc 

€PA 5 
€PA 6010 
€PA 6010 
€PA 7060 
€PA 6010 
EPA 6010 
EPA 6010 
EPA 6010 
€PA 6010 
EPA 6010 
EPA 6010 
EPA 6010 
EPA 7470 
EPA 7470 
€PA 6010 
SM 317A 
€PA 6010 
EPA 6010 
EPA 6010 
EPA 6010 
€PA 6010 
€PA 6010 
EPA 7041 
€PA 7740 
SM 326A 
€PA 6010 
EPA 6010 
EPA 6010 

(5282-06) 
7.28 

< 14.6 
591000 

112 
4290 
40800 
21.8 

1460000 
< 14.6 

349 
1300 

322000 
c 0.29 

6.17 
21700 
277 

255000 
721 
67.0 

1 16000 
447 
194 

10.9 
47.0 
25500 
54800 
1570 
794 

(5282-10) 
9.91 

< 19.8 
794000 

142 
5160 

55800 
34.5 

1840000 
< 19.8 

475 
1540 

402000 
< 0.40 

11.5 
25800 
466 

321000 
1040 
82.3 

154000 
558 
185 
13.9 
48.4 
31900 
72200 
2000 
98 1 

(5282-14) 
1.20 

< 14.4 
602000 
97.9 
4210 

41000 
20.7 

1560000 
< 14.4 

350 
1140 

302000 
< 0.29 

7.78 
2 1600 
237 

245000 
741 
61.5 

125000 
430 
208 
15.8 
43.1 

24800 
55000 
1540 
676 

0-15 



INTERPOLL LABORATORIES. INC.  
(612)786-6020 

R e s u l t s  o f  T race  M e t a l s  A n a l y s i s  

F a c i l i t y :  NSPI0lack Dog 
Tes t :  1 
Source : U n i t  #2. S tack  I' 
T e s t  Type: 4M5 

I' 
Run 11 

T o t a l  Mass o f  Elements i n  Sample (ug) 
F i e l d  F i e l d  

Element Method B lank  1 B l a n k  2 Run 1 Run 2 

(Log No.) (5202-53) (5282-54)  (5282-55) (5282-56) (5282-57 i 
(Wt. ( 9 ) )  EPA 5 0.0079 0.0050 0.0365 0.0410 0.0415 -. 

Ag 
A 1  
As 
B 
Ba 
Be 
C 
Ca 
Cd 
co 
C r  
cu 
Fe 
Hg (F) 
Hg ( B )  
K 
L i  
Mg 
Mn 
Mo 
Na 
N i  
P 
Pb 
S 
Sb 
Se 
S i  
Sn 
Sr 
T i  
T1 
V 
2n 

EPA 6010 
EPA 6010 
EPA 7060 < 
€PA 6010 
€PA 6010 

ASTM D3178 
€PA 6010 
EPA 6010 < 
EPA 6010 
EPA 6010 < 
EPA 6010 
EPA 6010 
€PA 7470 
EPA 7470 
EPA 6010 c 
SM 317A 
EPA 6010 
EPA 6010 < 
EPA 6010 
EPA 6010 
EPA 6010 < 
EPA 6010 
EPA 6010 c 
EPA 6010 
EPA 7041 c 
EPA 7740 
EPA 6010 
EPA 6010 
SM 326A < 
€PA 6010 
EPA 6010 

EPA 6010 

€PA 7091 c 

EPA 6010 c 

1.00 
126.00 
0.05 

15 .OO 
4.13 

0.005 
ND 

180.00 
3.00 

ND 
3.00 
3.86 

64.70 
0.20 
0 .20  

120.00 
ND 

27.20 
3.00 

11.30 
746.00 

3.00 
NO 

9.00 
746.00 

0.25 
0 . 4 1  

ND 
ND 

5.00 
3 . 3 0  

ND 
3.00 

14.90 

C 

< 

C 

C 

c 

C 

< 

< 

< 

< 

C 

1 .oo 
117 .OO 

0.09 
15.20 

3 .OO 
0.005 

ND 
214.00 

3 .OO 
ND 

3.00. 
18.90 
50.10 
0.10 
0.14 

120.00 
ND 

29.40 
3.00 
8.47 

799.00 
3.00 

ND 
9.00 

799.00 
0.25 
0.09 

ND 
ND 

5.00 
3.40 

ND 
3.00 

10.50 

< 1.00 
1750.00 

0.97 
154.00 
89.80 

< 0.05 
ND 

6730 .OO 
6.69 

ND 
9.51 

23.10 
1610.00 

3.62 
1.20 

C 120.00 
ND 

1170.00 
8.79 

10.70 
1390.00 

62.40 
ND 

02.30 
300000.00 

< 1 .OO 
1.00 

ND 
NO 

93.00 
189.00 

ND 
7.26 

203.00 

< 1.00 
2160.00 

1.01 
169.00 
107.00 

< 0.05 
ND 

7680,OO 
19.60 

ND 
18.70 
29.70 

1740.00 
2.89 
1.54 

180.00 
ND 

1360.00 

78.90 

C E . 0 0 ,  ---% 
298000.00 

< 1.00 
0.50 

ND 
ND 

109.00 
218.00 

ND 
7.26 

154.00 

< 1.00 

0.93 
141.00 
115.00 1 

C 0.05 

2210.00 1 J 

NO -I 

793;:;; I I 
ND 

1910.00 

1.62 1. 
150.00 

ND '1 

14.90 
8.47 

-HD 
102.00 

< 278000.00 1.00 I 
0.74 

.' 
122.00 
238.00 

7.26 ND I - 
: 79.80' 
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Interpol1 Laboratorzes 
(612) 7 e 6 - 6 0 ~ 1  

11 Comments : 

Detection L i m i t s :  

ti Inass Front Inass Back 1 
hnalytcsi Section Section 

(Total ug) (Total ug) 

c\c Coal P\c coal 
S. G e l  = 

= Coconut Charcoal 
= Petroleum Charcoal 
Silica G e l  

Tube Schematics : 

Lo6-1: 

D-17 
~ 
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I' - 

J o b / P r o j e c t  fils? I B l h ~ f :  0 0 ,  Date  of Sam l i n g  I - j  I-7L rap Source Lamb+ N 0 -  A Ana 1 y s  t 
T e s t  S i t e  asrrerc D a t e  of Analysis  2 - 7 - 9 ~  - 

tlethod of AnaIysLsy ICLI. h+ IS I 

1 
I 

Comment8 I 

3 

D e t e c t i o n  L i m i t s :  
c il 

Tube Schema t i u  : 
h 

#Hass F r o n t  Mass Back 
Section I S e c t i o n  

( T o t a l  uo) ( T o t a l  ua )  

I I n 
C\C Coal = Coconut Charcoal  
P\C Coal  = Petro leum Charcoal  
S .  G e l  = Silica G e l  

1 'I 
Two Tubmm "Piggy-back" 0 

D-18 
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I n t e r p o l 1  Labora to r ies  
(612) 785-6020 

Chain of Custody 
Sample Depos i t i on  Sheet 

- Job ,L'sP /&/<I< f i c  Source O ~ t 7 -  aJ 
Team Leader fi7%hZ/&kw@ Test S i t e  ,r Tu,rf 
Date  Submit ted / - F / - $ ' Z  Date of Test / - ? / - P A  
Tes t  No. / No. of Runs Completed 3 I 

e 
I 
I 
1 
I 
1 
0 
1 
1 
1 
1 
i 
i 
i 
i 

No. of 1 Typo of Sample 
;amp 1 es 

4 174" G.F. 
@.S. Thimble 
E . 5 "  G.F. 
047 mm G.F. 

Imp i nger Catch : 
gD.1. Water 
O X  H=O= 
$7115 Hg O n l y  
04H5 H e t a l s  
01.0 N NaOH 
Dother 

L/ -- 
4, 

I n t e g r a t e d  
Gas sample 3 
Oxides o f  
N i t rogen  (NO, ) 

0 Fuel Sample I 0 Aggregate 

P a r t i c l e  S i ze  

Aud i t  Samples 
p u l  f ur D i o x i d e  
DOxides of N i t .  

Ana lys i s  Required Comments 1 

EthE;r EPa H-5 
#&flu <fl 

r I 
I II 

I Ms per  €PA H-5 
rps  per  Eye tl-17 

Y 

p l N  P ro toco l  
PI Pro toco l  
OEPA H-6 o r  B 
p c i d  Gases 
OFormal dehyde 
v e t a 1  s 
O O t h e r A d  ru9f 

s per  EPA M-S 

4 

per  €PA tl-16 

.I . I  PIIac 

.Dother 

I 
p s  per  €PA H-7A 
no ther  

p t t a c h e d  f u e l  Form 
#S-0163HHR 

T i  me (HHS) 4 
nX-Hay Sedigraph 
p a h c o  method 
W t h e r  I 
p. per €PA H-6 
p s  per  €PA M-761 

Source Information 

1)  Type of Source: B o i l e r  0 Aspha l t  P l a n t  0 I n c i n e r a t o r  0 Dryer 

0 Wood 0 Gas 0 O i l  0 HDF 0 Other 
0 No 0 Yes 

4) Does sample need s p e c i a l  hand l i ng?  a No 0 Yes I f  yes, e x p l a i n  

5 - 2 7 8 R R R R  
D- 19 



I n t e r p o l  1 Labora to r les  
(612) 786-6026 

Chain of Custody 
Sample Depos i t i on  Sheet 

Job R / S P / & L , L L i C  ,k6 Source ~ ~ i r d ~ o .  
Toam Leader 
Date  Submit ted /* ?/-qL Date o f  Test / - ? I - $ ' &  

Test  No. No. of Runs Completed < / I'r 
(I 
I1 
I] 
11 
('1 
13 

3 L/.u Test S l t e  5 r b c I L -  

per  €Pa n-5 
S.S. Thimble s per €Pa n-17 

t h e r  n7.JYPL 5 

I Pro toco l  
Pa n--6 o r  8 

s of N i t .  r €PA n-7A 

Source I n f o r m a t i o n  

1)  Type of  Source: p B o i l e r  0 Asphal t  P l a n t  0 I n c i n e r a t o r  0 Dryer 
0 Other 

2 )  Fue l :  8 Coal 0 Wood 0 HDF 8 Other 8,r Ur) , /Jdr /S  4 b L -  

a) Is sample combust ib le? 
4 )  Daes sample need s p e c i a  NO 0 Yes I +  yes, e x p l a i n  

? 

S-278RRHR 
D- 29 
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I n t e r p o l  1 Labora to r ies  
(612) 796-4018 

C h a i n  o f  Custody 
Sampl e Deposi t i  on Sheet 

Job u 5 ?  G c k e a c ,  source U.-,;I *a 
Team Leader O W @  Test S i t e  3 - c  
Date  Submit ted Date of Test 1 - 3 1 - 0 A  - 
Test  No. 1 No. o f  Runs Completed 3 + O c w r  

No. of 
iampl es 

5- 

Type o f  Sample Ana lys i s  Required 

gD.1. Water 

Comments jl 
r:ier: OJ" G.F. 

P . S .  Thimble 
02.5" G . F . 

7 mm G.F. 

Impinger Catch: 
p . 1 .  Water 
OX H A O z  
04R5 Hg Only 
n4H5 Meta ls  
El.0 N NaOH 
nother  - 

I n t e g r a t e d  
Gas sample 

F N  P r o t o c o l  
PI Pro toco l  
OEPA R-4 o r  8 
p c i d  Gases 
gFormaldehyde 
L - l e t a l s  
OLlther 

R5 per  €PA H-S 
I p s  per  €PA H-18 

Oxides o i  p s  per  €PA M-7A Date 
N i t r o g e n  (NO,) OOther T i  me ( H R S )  

0 Fuel Sample OFlttached f u e l  Form 
0 Aggregate #S-Q16;HRR 

P a r t i c l e  S i z e  UX-Hay Sedigraph 
OHahco method 
E t h e r  ?q 1 0  

Aud i t Samp 1 es 
Fu l fu r  D iox ide  
p x i d e s  of N i t .  
p t h e r  OOther 

p s  per €PA H-6 
WS per  EPA H-7A 

Source I n f o r m a t i o n  

1)  Type o f  Source: & B o i l e r  0 Asphal t  P l a n t  0 I n c i n e r a t o r  0 Dryer 

2) Fuel :  &Coal 0 Wood 0 Gas 0 O i l  0 RDF 0 Other 
3) Is sample combust ib le? 0 No 0 Y e s  
4) Does sample need s p e c i a l  hand l i ng3  0 No 0 Y e s  If yes, e x p l a i n  

S-278RRRR 

0 Other 

D-21  



I n t e r p o l  1 Labora to r ies  
(612) 795-6020 

Chain of Custody 
Sample D e p o s i t i o n  Sheet 

Source rmlt. deA L ~%//-tr 
h 3 e P  Test S i t e  STZLLU Team Leade; J? LIS? 

Date Submit ted t - S I + z  Date of Test 1 - 3 I - q z  
Test  No. 3 No. of Runs Completed 3 

Job /l5? / I  31& L l Y 4  

No. of Type o f  Sample A n a l y s i s  Required Comments 
Sampl as 

F r o b e  Wash: per  €PA M-5 
p c e  t one p t h e r  
nD.1. Water 

oj" G. F. 
p . S .  Thimble p s  p e r  EPA M-17 
p . 5 "  G.F. nother  
047 mm G.F. 

oas p e r  EPA n-5 

mpinger Catch: 

r EPA n-la 
" 

Date 
T i  me (HRS) 

Fue l  Sample 

P a r t i c l e  S i z e  

A u d i t  Samoles 
p u l  fur D io r  i d e  I y I g i d e s  of N i t .  

t he ru t !?% 

p t t a c h e d  f u e l  Form 
# S - O l G R R R  

OX-Ray Sedigraph 
OHahco Method 
p t h e r  

p s  per  €PA M-6 
p6 p e r  €Pa n-7A 
nother  n 

Source  I n f o r m a t i o n  

1) Type of  Source: $ 8 o i l e r  0 Aspha l t  P l a n t  0 I n c i n e r a t o r  0 Dryer 

If yes. e x p l a i n  

S-27BfiRfiR 
D-22 
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BLACKDOQ STEAM PLANT 

GENERATED LOAD RECORD 
U N I T  # Z  ON L I N E  @ fi)d 

X S  I 0400 I 

1 i 05u0 
I! 

O G O O  . . . .  .._._- ............. ... .- . . . . . .  

/i 0700 
,I 

I 

OFF L I N E  @ 

E Q U I P M E N T  
RUN TIME - 

I N  OUT 

A I R  PRE-HEATER 

2 1  I D  FAN mhl 

Ivl N 
- 

2 2  I D  FAN 

I\ 2 1  FD FAN I PIh, I II 
..... 

2 2  E D  FAN t f l  J 
. - . . 2 L . B . C . P  ..._- .-- .-  .- 

f l m  
. . . 2 3  . B . C . P .  .- -p7 .M 

2 4  B . C . P .  m.\r3 
/M,v 

2 2  B . P . P .  Nhl 

2 2  B . C . P .  

. . .  

2 1  B . F . P .  

. 

~ ...... 

2 3  B . F . P .  

2 1  C .W.P .  

2 2  C . W . P .  

VMU 

2 1  11.W.P. PAN 

2 1  H . D . P .  Mnl  

2 2  H . W . P .  
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_>=Ix A -%?EFoR THE DETEXMINATION OF mus PIISSIONS 

I N  EXHAUST USES FXOM STATIOh’MY SOURCE COMBUSTION PROCESSES 

1. Applicabi l i ty  and P r i n c i p l e  

1.1 Applicabili ty.  This method is applicable f o r  t he  determination of 
t o t a l  chromium ( C r ) .  cadmium (Cd). a r sen ic  (As). nickel ( N i ) .  manganese (Mn). 

b e r y l l i u  (Be) .  copper (Cu).  z inc (Zn). l ead  (Pb). selenium (5). phosphorus 

( P I .  thall ium ( T l ) .  s i lver  ( A g ) .  antimony (Sb).  barium (Ba). and mercury (Hg) 

emissions from municipal w a s t e  i nc ine ra to r s .  sewage sludge incinerators .  and 

hazardous w a s t e  inc inera tors .  This method may a l s o  be used f o r  the 

determination of p a r t i c u l a t e  emissions following the addi t ional  procedures 

described. Modifications t o  t h e  sample recovery and analysis  procedures 

described i n  t h i s  protocol for t h e  pumose of determining pa r t i cu la t e  emissions 

may po ten t i e l ly  impact t h e  f r o n t  h a l f  mercury determination.. 

1.2 Principle .  P a r t i c u l a t e  and g-seous metal emissions are withdrawn 

i sok ine t i ca l ly  from the source  and co l l ec t ed  on a heated f i l t e r ,  and in a 
series of ch i l l ed  impingers conta in ing  a so lu t ion  of d i l u t e  n i t r i c  acid i n  

hydrogen peroxide i n  two impingers. and acidic potassium pennanganate so lu t ion  

i n  tw ( o r  one) impingers. Sampling t r a i n  components are recovered and 

d iges ted  i n  separate  f r o n t  and back h a l f  f ract ions.  
s a p l i n g  t r a i n  are digested with a c i d  so lu t ions  t o  dissolve inorganics and t o  
remove organic cons t i tuents  t h a t  may create analyt ical  interferences.  Acid 

d iges t ion  i s  perfomed us ing  conventional Par$ Bomb o r  microwave digest ion 

techriiques. The n i t r i c  a c i d  and hydrogen peroxide impinger solut ion.  the 

a c i d i c  potessium permanganate impinger so lu t ion .  and the  probe rinse and 

d iges ted  f i l t e r  solut ions are aqalyzed f o r  mercury by cold vapor atomic 

absorption spectroscopy (CVA4S). Except f o r  t he  pennewanate solut ion.  t he  

Materials col lected i n  t h e  

*Field tests t o  da te  have shorn t h a t  o f  t he  t o t a l  amount of  mercury measured 
by the  method, ,only 0 t o  <2: w a s  measured i n  the f ront  h a l f .  Therefore. it is 
t e n t a t i v e l y  concluded. based on t h e  above da ta .  t h a t  pa r t i cu la t e  emissions may 
be measured by t h i s  t r a i n .  without s i g i f i c a n t l y  a l t e r ing  the  mercury r e s u l t s .  



remainder of the  sampling t r a i n  catches are analyzed fo r  C r .  Cd. N i .  h. Be. 
CU. Zn. Pb. Se. P. TI. A g .  Sb. Ea. and rCS by inductively coupled argon plssma 
emission spectroscopy (ICAP) or atomic absorption spectroscopy (AAS). 

furnace atomic absorption spectroscopy (WAhf) is used f o r  ana lys i s  of 
antimony, arsenic. cadmium, lead. selenium. and thallium. L f  these elements 
requi re  greater  analyt ical  s e n s i t i v i t y  than can be obtained by ICAP. 

Additionally. i f  desired.  the tester may use AAS for  analyses of all metals i f  

t he  detect ion l i m i t s  meet the goal of the tes t ing  program. 

a l iquo t s  of each digested sample f r a c t i o n  can be combined pmpor t iona l ly  f o r  a 
s i n g l e  ana ly t ica l  determination. The ef f ic iency  of the ana ly t i ca l  procedure i s  
quant i f ied by the ana lys i s  of spiked q u a l i t y  control samples containing each of 
the  target metals including ac tua l  sample matrix ef fec ts  checks. 

Graphite 

For convenience, 

I 

2 .  Range. Sens i t i v i ty .  Precis ion,  and Interferences 

2.1 Range. For the analyses described i n  this methodology and for similar 
analyses ,  the ICAP response is l i n e a r  over several  orders of magnitude. Sam- 

ples containing metal concentrations i n  the nanograms per milliliter (ng/ml) t o  
micrograms per  mil l i l i ter  (ug/ml) range in the  analyt ical  f i n i s h  so lu t ion  can 
be analyzed- using t h i s  technfque--~ - Samples containing -greater than 
approximately 50 u g / d  of chromium. lead. or arserkc should be diluted before 
analysis.  
should  be d i lu t ed  before analysis .  

Samples containing greater than approximately 20 u g / m l  of cadmium . 

2.2 Analytical Sens i t i v i ty .  ICAP detect ion l i m i t s  in the ana ly t i ca l  

so lu t ion  (based on SW-846. Method 60101 are approximately as follows: Sb (32 

ng/ml), AS (53 ng/ml). Ba Ww/ml). Be (0.3 ng/=l). Cd (4 ng/ml). C r  (7 
w / m l ) .  Cu (6  ng/ml). Pb (42 ng/ml). (2 ng/=l). N i  (15 ng/il). P (75 ng/ml). 
Se (75 ng/ml). Ag (7 ng/ml). T i  (40 n g / m l ) .  and Zn (2 ng/ml). The actual 
method detect ion l i m i t s  are sample dependent and may vary as the sample matrix 

may a f f e c t  the l i m i t s .  The detect ion Limits f o r  analysis by direct a sp i r a t ion  

AAS (based on SW-846. Method 7000) are approximately as follows: Sb (200 

ng/mll. As ( 2  ng/ml). Ea (100 ng/ml). Be ( 5  ng/d) .  Cd (5  np/ml). C r  (50 
ng/ml). tu (20 ng/ml) .  Pb (100 ng/ml). )In (10 ng/ml). N i  (40 ng/ml). Se (2  

ng/ml), Ag (10 ng/ml). T1 (100 ng/ml).  and Zn (5 ng/ml). 'Ihe detect ion l i m i t  

for mercury by CVAAS is approximately 0.2 n g / m l .  The use of CFAAS can g ive  

added s e n s i t i v i t y  compared t o  the use of di&ct  aspiration AAS for the  

following metals: Sb (3  ng/ml). As (1 ng/ml). Be (0.2 ng/ml). Cd (0.1 ng/ml). 

*b w i d  5 L ' b n n r n r ) .  *--t, 

CW *Wld M I t  thk stage 
'ep-t MnS POIICY. 

2 * h a  bsen (bmu!ty a u r ~  e, ip,. 
amx,; 

tt is cciri 
am~~trd fur canpant on RS ICChq:- 

ana pacr hnpi ianc~~  . 
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C r  (1 ng/ml). Pb (1 ng/ml). Se ( 2  ng/ml) .  and Tl (1 ng/ml). 

p o s s i b i l i t y  of optimum eaSe i n  obtaining accurate measurements. the 

concentration of t a r g e t  metals i n  samples should be  a t  least ten times the 
de tec t ion  l i m i t .  

ana ly t i ca l  procedure. t h i s  concencratien can be as low as approximately three  

times the detect ion l i n i t .  However. t h e  s c a t t e r  of  such d a t a  may render them 

unacceptable o r  may r equ i r e  many aaalyses  before the  des i r ed  r e l i a b i l i t y  Of 

aqa ly t ica l  data  i s  obtained. 

To ensure the 

Under c e r t a i n  condi t ions,  and w i t h  greater care in the 

Using the procedures descr ibed i n  t h i s  method. the theo re t i ca l  ana ly t i ca l  

dezecz-o?. l imits shom above. a voluae of 300 m l  f o r  t h e  f r o n t  ha l f  and 150 m i  

f o r  t h s  back ha l f  saaples .  &rad a s tack  gas sanple volume of 1.25 m3.  t h e  

corresponding in-s tack d e t e c t i o n  l i m i t s  are presented i n  Table A - 1  and 

calculated BS shown: h s  not been tomrallv released b7 EPA 
mb da.um)ni b b prmmtnary 6nfL 

~~ ~ 

49d should nor l t  rhb Dc COnslmZ< - -  o r e i r c w - 1  Aqenq policy. t i  '- m r p  A x B - D  
C 

i(;r ~ - j m . m ~ y  y r  :I-. .- - - T i m  _ _  _. .ii . . I . .  .... . 

vnere: A = a n a l y t i c a l  de t ec t ion  l i m i t .  ug/ml. 
B = volune of  saaple  p r i o r  t o  a l iquot  f o r  ana lys i s .  m l .  
C = s t ack  s a s p l e  volune. dscm. m3. 
D = in-stack d e t e c t i o n  l i m i t .  ugIm3. c 

Values i n  Table A - 1  &-e c a l c u l a t e d  f o r  the f ront  &rad back h a l f  and/or t he  t o t a l  
t r a i n .  

Actual method in-s tack  de tec t ion  l i n i t s  a r e  based on ac tua l  test values. 

I f  required. this method's in -s tack  detect ion limits l i s t e d  can be improved f o r  

a spec i f i c  test by using one or more of t he  following opt ions:  

o 4 normal 1-hour s a s p l i n g  run  co l l ec t s  a stack g a  sampling volume of  
about 1.25 m3.  
co l lec ted ,  t h e  in - s t ack  method detection l i m i t s  would be one fourth of 

the values shown above ( t h i s  means that with t h i s  change, the method i s  

four times more s e n s i t i v e  than-normal). 

If the sanpl ing  time i s  increased and 5 m3 is 

-. o :ne in-stack d e t e c t i o n  limits a s s u e  t h a t  all of t h e  sa!aple is d igos te t  

(v r th  exception of t h e  a l iquo t  f o r  mercury) and t h e  f i n a l  l i qu id  v o l u s  
f o r  ana lys i s  i s  300 a1 f o r  the f ront  half  arad 150 m 1  fo r  the back half  

sa==;le. I f  the f r o n t  h a l f  voluae i s  reduced from 300 m l  t o  30 m l ,  the 

frmt ha l f  in -s tack  de tec t ion  limits would be  one ten th  of the values 
shom above ( t e n  times more s e n s i t i v e ) .  I f  t he  back ha l f  volume i s  

reduced from 150 el t o  25 ml the in-stack detect ion l i m i t s  would be one 

s ix th  of t h e  above values .  Metrix e f fec ts  checks eze necessary on 
mb docn?nnt li L'.-pHmlnrv dnr, 

3 * not b a n  m r m ~ ~ ~ y  nleasd  bf FA 
a26 sh?uld nor at  +b rhge ne cor.s:ruc: 
P represent A g a n q  pollcy. n is t c i 7  
dlrculaed tor conymnr on Its iec?.~iC.i 
e.'i-- m a  y-llcy f rno l l~ fbas  
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TABLE A-I. IN-STACK ~ O D  DEXCTION LMTS (ug/m3) 
mR %IN FRACTIONS USING ICAP AND AAS 

Fronc H a l f  Back H a l f 1  Back Half2 
Fraction 1 Fract ion 2 Fraction 3 Total Train 

Metal Probe and F i l te r  Impingers 1-3 Impingers 4-5 

Antisony 7.7 (0 .7 ) '  3.8 (0.4)' 

Barium 0. j 0.3 
S e r y l l i w  0.07 (0.05)' 0.04 (0.03)- 

Chromium 1 . 7  (0.2)' 0.8 (0.1)' 

Arsenic 12.7 (0.3)' 6.4 (0.1)' 

Cadlciun 1.0 (0.02). 0.5 (0.01)' 

copper 1 . 4  0.7 
Lead 10.1 (0.2)' j.0 (0.1)' 

11.5 (1.1)' 
19.1 (0.4)' 
0.8 
0.11 (0.08)' 
1.5 (0.3)' 
2.5 (0.3)' 
2.1 
15.1 (0.3)' 

Manganese 0.5 (0.2)'  0.2 (0.1)' 0.7 (0.3)' 
Mercury 0.0j" 0.03- 0.03'- 0.11'' 
Nickei 3.6 1.8 5.4 
Phosphorus 18 9 27 
Selenium 18 (0. j ) '  9 (0.3)' 27 (0.8)' 
S i l v e r  1.7 0.9 2.6 
Thal lzcn 9.6 (0.2)' 4.8 (0.1)* 14.4  (0.3)' 
Zinc 0. j 0.3 0.8 

( ) *  Detection l i m i t  when analyzed by G A G .  
" Detection l i m i t  vhen analyzed by N A G .  

Actual method in-stack de tec t ion  limits k-e based on actual t e s t  values.  

analyses of  samples end t y p i c a l l y  are of g rea t e r  s ignif icance f o r  

samples that have been concentrated below the normal sample volume. A 

volume l e s s  than 25 m l  may not d l o v  reso lubi l iza t ion  of the residue 

and may increase i n t e r f e r e n c e  by o t h e r  compounds. 

o khen both of the above tvo improvements are  used on one sample a t  t he  

same time. the r e s u l t a n t  improvements are mult ipl icat ive.  For example. 

where s t ack  gas volume is increased  by a f ac to r  of f ive  and the total 

l i q u i d  sanple  d iges ted  volune of  both the f r o n t  and back halves is 

reduced by fac tor  o f  s ix .  the in-s tack method detect ion l i m i t  is 

reduced by a f a c t o r  of  t h i r t y  rthe method i s  t h i r t y  times mote 

s e n s i t i v e ) .  

o Conversely. reducing srack ges sample volume and increasing sample 

l i q u i d  volume v i11  increase  limits. The f ron t  ha l f  and back ha l f l  

samples \(Fractions 1 and 2 )  can be combined p r i o r  to analysis .  

r e s u l t m t  l i q u i d  volume (exc luding  Fraction 3 vhich must be analyzed 

sepa-ately)  is recorded. Combining the sample as described does not 

ailow de teminac ion  (whether f r o n t  o t  back h a l f l )  of vhere i n  the t r a i n  

The 
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the sample w a s  captured. 
becomes a s ing le  value f o r  all metals. except mercury f o r  w h i c h  t h e  

contr ibut ion of Fract ion 3 must be considered. 

The in-stack method detection limit then 

o The above discussion assumes no blank correction. Blank correc t ions  

are discussed l a t e r  i n  this method. 

2.3 Precis ion.  The precis ions ( r e l a t i v e  standard deviation) f o r  each 

metal detected i n  a method development test a t  a sewage sludge inc inera tor .  a r e  

a s  follows: Sb (13.9:). A s  (13.5%). Ba (13.1%). Cd (11.5%). C r  (12.5:). Cu 

(11.9%). Pb (11.6:). N i  (7.7:). P (13.5:). Se (15.3:). T1 (12.3;). and Zn 

(11.8:). Beryl l ium. manganese and s i l v e r  were not detected in the tests; 

however, based on the ana ly t i ca l  s e n s i t i v i t y  of  the ICAP f o r  these metals. i t  

is assumed that t h e i r  p rec is ions  should be s i m i l f a r  t o  those for  the other  

metals.  

2 . 4  Interferences.  I ron  can be a s p e c t r a l  interference during the 

ana iys i s  of a rsen ic ,  chromium. and cadnium by ICAP. Aluminum can be a s p e c t r a l  

in te r fe rence  during t h e  ana lys i s  of  a r sen ic  and lead by ICAP. Generally. these 

in te r fe rcnces  can be reduced by d i l u t i n g  the sample. but t h i s  increases  the 

method detect ion l i m i t .  

p o t e n t i a l  in te r fe rences  f o r  this method. For all GFAAS analyses, matrix 
modifiers should be used t o  l i m i t  i n t e r f e rences ,  and standards should be matrix 
matched. 

Refer t o  E P A  Method 6010 (w) for d e t a i l s  on 

3. Apparatus 

3 . 1  Sampling Train. A schematic of the  sampling t r a i n  is shown i n  Figure 
The sampling t r a i n  cons is t s  of the  A - 1 .  

following components. 

I t  i s  similar to  the  Method 5 t r a i n .  

3.1.1 Probe Nozzle (Probe Tip) and Borosi l icate  o r  Qu&tz Glass Probe 

Liner.  Same as Method 5. Sect ions 2.1.1 and 2.1.2. Glass nozzles a r e  required 
unless E? a l t e r n a t e  probe t i p  prevents the poss ib i l i t y  of contamination o r  

i n t e r f e rence  of the sample w i t h  its ma te r i a l s  of construction. I f  a probe t i p  

o the r  than g l a s s  i s  used, no cor rec t ion  o f  the stack sample t e s t  results can be 

made because of the e f f e c t  on the results by the probe t i p .  

3.1.2 P i t o i T u b e  and D i f f e r e n t i a l  Pressure Gauge. Same as Method 2. 

Sect ions 2 . 1  and 2.2. respec t ive ly .  

3.1.3 F i l t e r  Holder. Class,  same as Method 5. Section 2.1.5. except t h a t  

a Teflon f i l t e r  support may be used, i f  desired. to replace the glass frit. 

5 l?b * M n t  b ~ . ~ U U I I M ~ Y  dn+, 
been h i i y  ~ I ~ S O U  EPL 

m d  should nor at pia stag. m 
0 w e i w r  &en* poky. ?t IS king 
u r c u h d  for comynmnt on m I C : ~ ~ S Y  
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3.1.4 F i l t e r  Heating System. Same as Method 5 .  Section 2.1.6. 

3.1.5 Condenser. 'Ihe following system s h a l l  be used for the  condensation 

and co l l ec t ion  of gaseous metals and f o r  determining the  moisture content of 

the  s t ack  gas.  

connected i n  series with leak-free p o u n d  glass f i t t i n g s  o r  o ther  leak-free.  

non-contaminating f i t t i n g s .  

as a water knockout t r ap  f o r  use during tes t  conditions which require  such a 
t r ap .  When 

the  f i r s t  impinger i s  used as a water knockout, i t  s h a l l  have a sho r t  stem. 
The second impinger ( o r  the f i r s t  HNO3/HzO2 impinger) s h a l l  be as described for  

t h e  f i r s t  impinger i n  Method 5. Paragraph 2.1.7. 

impinger used as the  second HN03/H202 impinger i n  any case) i s  the same as the  
Greenburg Smith impinger with the s tandard t i p  described as the second impinger 

i n  Method 5. Paragraph 2.1.7. All o t h e r  impingers used i n  the metals t r a i n  a re  

the  sane as  the  second impinger previously described. The f i r s t  impinger 

should be empty. the second and t h i r d  s h a l l  contain known quan t i t i e s  of a 

n i t r i c  acid/hydrogen peroxide so lu t ion  (Sect ion 4.2.1). the fourth (and f i f t h .  

i f  requi red)  s h a l l  contain a known quant i ty  of acidic potassium permanganate 

so lu t ion  (Sect ion 4.2.2). and t h e  last impinger s h a l l  contain a known quant i ty  

of s i l i c a  g e l  o r  equivalent desiccant .  A thermometer capable of measuring t o  
v i r h i n  l 0 C  (2OF) s h a l l  be placed a t  the o u t l e t  of the last impinger. When t h e '  
water knockout impinger is not  needed, i t  is removed from the t r a i n  and the 

other impingers remain the same. I f  mercury analysis i s  not  needed. the 

potassium permanganate impingers are removed. 

The condensing system should consis t  of four t o  s i x  impingers 

The f i r s t  impinger is optional and i s  recommended 

The impingers t o  be used i n  t h e  metals t r a i n  are now described. 

The th i rd  impinger (o r  the 

3.1.6 Metering System. Barometer. and G a s  Density Determination 

Equipment. Same as Method 5. Sect ions 2.1.8 through 2.1.10. respectively.  

3 .2  Sample Recovery. 

3.2.1 

The following items are  needed f o r  sample recovery: 

Nonmetallic Probe Liner and Probe Nozzle Brushes. Wash Bottles.  

Sacple  Storage Containers, P e t r i  Dishet .  Graduated Cylinders. P l a s t i c  Storage 

Coctainers ,  Funnel and Rubber Policeman. and G l a s s  Funnel. Same as Method 3 .  
Sect ions  2.2.1 through 2.2.8. respec t ive ly .  

3.2.2 Labels. For i d e n t i f i c a t i o n  of samples. 

3.2.3 Polypropylene Tweezers and/or P l a s t i c  Gloves. For recovery of the 

f i l t e r  from the sampling train f i l t e r  holder .  

3.2.4 Nonmetallic B r i s t l e  Brush. For quant i ta t ive  recovery of m a t e r i d s  

co l l ec t ed  i n  the f ron t  h a l f  of the s m p l i n g  t r a i n .  
k v m e n t  b b .*mh~nq h p ,  ' -1IY nluled b3 EPL 

wd fhoule nor at tfiL mags ~ ~ r " ~  
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3.3 Sample Preparat ion and Analysis. For the d y s i s .  the  following 

equipment i s  needed: 
3.3.1 Volumetric Flasks.  100 ml. 250 m l .  and 1CW ml. For preperation of  

s tandards and sample d i l u t i o n .  

3.3.2 Graduated Cylinders.  For preparation of reagents.  

3.3.3 P a r 9  Bombs o r  Uicrovave Pressure Relief Vessels with Capping 

S t a t i o n  (C€V Corporation model or equivalent) .  

3.3.4 Beakers and Watchglasses. 250 m l  beakers f o r  sample d iges t ion  w i t h  

watchglasses t o  cover the tops.  
3.3.5 FUng Stands and Clamps. For securing equipment such as f i l t r a t i o n  

apparatus.  

3.3.6 F i l t e r  Funnels. For holding f i l ter  paper. 

3.3.7 Whatman 541 F i l t e r  Paper (or equivalent) .For f i l t r a t i o n  of 
d iges ted  samples. 

3.3.8 
3.3.9 Volumetric P ipe t s .  

3.3.10 Analytical  Balance. Accurate t o  wi th in  0.1 mg. 

3.3.11 Microwave or Conventional Oven; For heating samples at f ixed 

Disposable Pas t eu r  Pipets  and Bulbs. 

power l eve l s  or temperatures. 

3.3.12 Hot P la t e s .  

3.3.13 Atomic Absorption Spectrometer (AAS). Equlpped w i t h  a background 

co r rec to r .  

3.3.13.1 Graphite Furnace Attachment. With antimony, arsenic, cadmium, 

lead. selenium. thalium. and hollow cathode lamps (HCLs) or e lec t rode less  

discharge lamps (EoLs)  . Same 8s EPA Methods 7Wl (antimony), 7060 (arsenic). 
7131 ( c a d r i m ) ,  7421 ( l e a d ) .  7740 (selenium), and 7841 ( tha l l ium) .  

3.3.13.2 Cold Vapor Mercury Attachment. With a mercury HCL or EDL. The 

equipment needed for the  co ld  vapor mer tu ry  attachment includes an air 
r e c i r c u l a t i o n  pump. a qua r t z  cell,  an ae ra to r  apparatus. and a heat  lamp o r  

des icca tor  tube.  

CeQperature a t  t h e  quar tz  cel l  by 10°C such t ha t  no condensation firms on t h e  

W d l  of the quarez c e l l .  Same cis E P A  Uethod 7470. 
3.3.14 Induct ively Coupled Argon Plasma Spectrometer. With e i t h e r  a 

The hea t  lamp should be capable of r a i s i n g  the ambient 

d i r e c t  or sequent ia l  reader  and an alumina torch. Same as E P A  Method 6010. 

I. ' 
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4. Reagents 

Unless otherwise indicated.  i t  i s  intended tha t  all reagents conform t o  

the  s p e c i f i c a t i o n s  establ ished by the Committee on Analytical Reagents of the 

America? Chemical Society. where such spec i f i ca t ions  are available:  otherwise. 

use the  bes t  ava i lab le  grade. 

4 . 1  Sampling. The reagents used i n  sampling are as follows: 

4.1.1 F i l t e r s .  The f i l t e r s  s h a l l  conta in  less than 1.25 ug of each of the 
Analytical  r e s u l t s  provided by f i l t e r  manufacturers a re  metals t o  be measured. 

acceptable .  However. i f  no such r e su l t s  are avai lable .  f i l t e r  blanks must be 

analyzed f o r  each t a rge t  metal p r i o r  t o  emission tes t ing .  

g l a s s  f i b e r  f i l ters without organic binders  shall be used. The f i l t e r s  should 

e x h i b i t  a t  least 99.95 percent e f f i c i ency  (<O.O5 percent penetration) on 0 .3  

micron d i o c t y l  phthalate  smoke p a r t i c l e s .  The f i l ter  eff ic iency t e s t  s h a l l  be 

conducted i n  accordaqce with ASTM Standard Method D2986-71 (incorporated by 

r e fe rence ) .  For pa r t i cu la t e  determination. the f i l t e r  should have a surface 

a l k a l i n i t y  less than 7.5 pH. Again, a n a l y t i c a l  r e s u l t s  provided by f i l t e r  

manufacturers are acceptable. Pa l l f l exR type 2500 PAT-UP Ultra  Rtre F i l t e r s  

have been found t o  meet these l i m i t s .  

Quartz f i b e r  o r  

4.1.2 Water. To conform t o  ASTM Spec i f i ca t ion  D1193.77. Type XI 
( incorporated by reference) .  

f i e l d  use.  A l l  t a rge t  metals should be less than 1 ng/ml. 

Analyze the water f o r  all target metals p r io r  t o  

4.1.3 N i t r i c  Acid. Concentrated. Baker Instra-analyzed o r  equivalent.  

4.1.4 Hydrochloric Acid. Concentrated. Baker Instra-analyzed or 
equivalent .  

4.1.5 Hydrogen Peroxide, 30 Percent  (V/V) . 
4.1.6 Potassium Permanganate. 

4.1.7 S u l f u r i c  Acid. Concentrated. 

4 .1 .8  S i l i c a  Gel and Crushed Ice.'Same as Method 5. Sections 3.1.2 and 

3.1.3.  respec t ive ly .  

4.2 

4.2.1 N i t r i c  AcidIHydrogen Peroxide Absorbing Solution. Add.50 ml of 

P r e t e s t  Preparation fo r  Sampling Reagents. 

concentrated n i t z i c  acid and 333 m l  o f  30 percent  hydrogen pemxide t o  a 1000 

ml volumetric f l a s k  o r  graduated cy l inder  containing approximately 500 m l  of 
water. Di lu te  t o  volume with water. The reagent s h a l l  contain less than  

2 n g / d  of each t a rge t  metal. 

9 
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4.2.2 Acidic Potassium Permanganate Solution. F i l l  a 1 l i t e r  volumetric 
f l a s k  o r  graduated cy l inder  w i t h  approximately 800 m l  of water. 

40.0 g of potassium permanganate and dissolve i t  in the  water. Add 100 m l  of 

concentrated s u l f u r i c  ac id  and mix w e l l .  Let the so1u.tion coal and d i l u t e  t o  

volume with water. The reagent s h a l l  contain less than 2 ng/ml of each t a rge t  

metal. 
Precaution: To prevent au toca ta ly t i c  decomposition of the pexmanganate 

so lu t ion .  f i l t e r  the so lu t ion  through Whatman 541 f i l t e r  paper. Also due t o  

reac t ion  of the  potassium permanganate with the acid.  there  may be pressure 

b u i l d u p  i n  the sample s to rage  bo t t l e .  These bo t t l e s  should not be f i l l e d  f u l l  

and should be vented both t o  r e l i eve  excess pressure and t o  prevent explosion 

due t o  pressure buildup. Venting is highly recommended, bu t  should not allow 

contamination of the  sample; a No. 70-72 hole d r i l l e d  i n  the container cap and 
Teflon l i n e r  h a s  been used. 

Weigh out  

4 .2 .3  N i t r i c  Acid, 0.1 N .  Add 6.3 m1 of concentrated n i t r i c  acid (70 
percent )  t o  a graduated cy l inder  containing approximately 900 m1 of water. 

Dilute  t o  1000 ml w i t h  water. Mix w e l l .  The reagent s h a l l  contain less than 2 

ng/ml of each target  metal. 

4.2.4 Hydrochloric Acid, 8 N. Add 690 ml of concentrated hydrochloric 

ac id  t o  a graduated.cyl inder  containing 250 m l  of water. 

water. Mix w e l l .  me reagent  shall  contain less than 2 ng/ml of each the 

t a r g e t  metals. 

D i l u t e  t o  100 ml w i t h  

4.3 Glassware Cleaning Reagents. 

4.3.1 N i t r i c  Acid. Concentrated. Fisher ACS grade o r  equivalent. 

4.3.2 Water. To conform t o  ASIM Specif icat ions D1193-77. Type 11. 
4.3.3 Nitric Acid, 10 Percent ( V / V ) .  Add 500 m l  of  concentrated n i t r i c  

ac id  t o  a graduated cy l inder  containing approximately 4000 ml of water. 
Di lu te  t o  5000 m l  wi th  water. - 

4.4 
4 .4 .1  Hydrochloric Acid. Concentrated. 

4.4.2 Hydrofluoric Acid. Concentrated. 

4 .4 .3  N i t r i c  Acid, Concentrated. Baker Instra-analyzed o r  equivalent.  

4.4.4 N i t r i c  Acid. 10 Percent ( V / V ) .  Add 100 ml of concentrated n i t r i c  

Saaple Digestion and Analysis Reagents. 

ac id  t o  800 ml of water. Di lu te  t o  1000 ml with water. Mix well. Reagent 

s h a l l  contain l e s s  than 2 n g / d  of  each target metal. 

?,:s jcr.wfient b S , - ~ K d r i a f y  dnc- 
has no: been (orma[ly nle iacd  b~ E:. 

a:.? sC".rJld not i t  thb stage be cor.s:rd 
-2 reyesent A g e n e  pollq. It IS beins 
o ~ c ~ I ~ ~ ~ :  tor compont on I t r  rech+U' 
ac1;:acy .no y-licy tmpliatlc-.* 

rhb Qcumont 0 mtbdnary dnf- 
hn not been (omully dud by €PA 

::d should nor at thL h s e  DC construsd 
'0 re j rucnt  Ageno) policy. It $3 briq 
A r c d a z e  mcr i o w p - t  03 tn :-:-IC*' 
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4.4.5 Ni t r i c  Acid. 5 Percent (V/V). Add 50 m l  of concentrated n i t r i c  acid 

t o  800 m l  of ua te r .  

than 2 ng/ml of each target metal. 

Dilute t o  1000 m l  with uater. Reagent s h a l l  contain less 

4.4.6 Water. To conform t o  AS'IH Specifications Dl193-77. Type 11. 

4.4.7 Hydroxylamine Hydrochloride and Sodium Chloride Solution. See E?A 

Method 7470 for  preparation. 

4.4.8 Stannous Chloride. 

4.4.9 Potassium Permanganate. 5 Percent ( U P ) .  

4.4.10 Sulfur ic  .4cid. Concentrated. 

4.4.11 Ni t r i c  Acid, 50 Percent ( V / V ) .  

4.4.12 Potassium Persu l fa te .  5 Percent (W/V). 
4.4.13 Nickel Nitrate. Ni(N03)2*6H20. 

4.4.14 Lanthanum Oxide, La2O3. 
4.4.15 AAS Grade Hg Standard. 1000 ug/ml. 

4.4.16 AAS Grade Pb Standard. 1000 ug/ml. 
- ' - --.-.- =.21 4.4.17 AAS Grade A s  Standard. 1000 uglml. .. " . -  - -, . 

4.4.18 AAS Grade Cd Standard. 1000 u g / m l .  

4.4.19 AAS Grade C r  Standard. 1000 ug/ml. -+ &.L*ant h e p i ~ ! c : : a v  em,;. 

4.4.20 AAS Grade Sb Standard, 1000 ug/ml. 

4.4.21 AAS Grade B a  Standard, 1000 ug/ml. 
4.4.22 AAS Grade Be Standard. 1000 ug/ml. C u a c y  and y-licy trnptla;t::s 

4.4.23 AAS Grade Cu Standard. 1000 u g / d .  

k: W! been tormalty reieased bj  <?>. 
I7d shacle nor 11 thk *ge be c o n ~ r u ~  
1: w w w :  &sen* policy. k is tIir 
circulated tor conyne~t  en jt; ~ ~ : h q : ~ *  

4.4.24 AAS Grade Mn Standard, 1000 ug/ml. ' . -, .. ..-. ....-.,__.__., -u. 

4.4.25 AAS Grade N i  Standard. 1000 ug/ml. 

4.4.26 AAS Grade P Standard. 1000 ug/d .  

4.4.27 AAS Grade Se Standard,  1000 ug/ml. 

4.4.28 AAS Grade Ag Standard. 1000 ug/ml. 

4.4.29 AAS Grade T1 Standard, 100Q ug/ml. 

4.4.30 k4S Grade Zn Standard. 1000 ug/ml. 

4.4.31 AAS Grade A 1  Standard. 1000 ug/ml. 

4.4.32 AAS Grade Fe Standard, 1000 ug/ml. 

4.4.33 Themetals  standards may a l s o  be made f r o m  s o l i d  chemicals LLS 

described i n  EPA Method 200.7. 
Analysis of Water and Wastewater. 15 th  Edition, Uethod 303F should be referred 

t o  f o r  addi t iona l  inform'ation on mercury standards. 

EPA Method 7470 or  Standard Hethods for the 
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4.4.34 Mercury Standards and Qua l i ty  Control Samples. Prepare a 10 ug/ml 

mercury standard by adding 5 m 1  of lo00 ug/ml mercury standard t o  a 500 m 1  
volumetric f l a sk .  

then water. 
s tandard t o  a 250 m l  volumetric f lask  and d i l u t e  t o  250 m l  with 5 m 1  of 43: 
KMnO4. 5 m l  I5 percent n i t r i c  acid.  and then water. 

prepared by d i l u t i o n  of t h e  200 ng/ml mercury standard. 

Dilute t o  500 m l  with 20 m l  Of I5 percent nitr ic acid and 

Prepare a 200 ng/ml standard by adding 5 m l  of the 10 ug/ml 

Other standards should be 

A t  least four 
s tandards  should be used t o  prepare the  standard curve. Standards containing 

0.25. 0.50. 1.00. and 2.00 t o t a l  ng a r e  suggested. Quality control samples 

should be prepared by making a separa te  10 ng/ml standard and d i lu t ing  unt i l  i t  

is i n  the  range of the samples 
4.4.35 ICAP Standards and Qual i ty  Control Samples. Calibration s tandards 

for ICAP ana lys i s  can be combined i n t o  four  d i f f e ren t  mixed standard so lu t ions  

as shown below. 

MIXED STANDARD SOLUTIONS FOR ICAP ANALYSIS 

Solution Elements 
I As. Be. Cd. Mn. Pb, Se. Zn 

11 
111 

I V  

B a .  Cu, Fe 
A l .  C r .  N i  
Ag.' P. Sb. T1 

Prepare these  s tandards by combining and d i l u t i n g  the appropriate wlumes of 

t h e  1000 ug/ml so lu t ions  with 5 percent  n i t r ic  acid.  A m i n i m u m  of one stan- 
dard and a blank can be used t o  form each ca l ibra t ion  curve. However. a sep- 

a r a t e  q u a l i t y  cont ro l  sample spiked with known amounts of the ta rge t  metals i n  
q u a n t i t i e s  expected t o  be in the midrange of the  ca l ibra t ion  curve should be 

Prepared. Suggested s tandard l e v e l s  are 50 ug/ml for Al. 25 u g h 1  fo r  C r  and 
Pb. 15 ug/ml f o r  Fe. and 10 ug/ml for t h e  remaining elements. Standards con- 

t a i n i n g  less than 1 ug/ml of metal should be prepared dai ly .  

t a i n i n g  greater than 1 ug/ml of m e t a l  should be s t ab le  for a m i n i m u m  of 1 t o  2 
weeks. 

Standards con- 

4.4.36 Graphite Furnace AAS Standards for Antimony. Arsenic. Cadmium. 

Lead. Selenium, and Thallium. Prepare a 10 ug/ml standard by adding 1 m l  of 
1000 ugjml s tandard t o  a 100 m l  volumetric f l a sk .  

percent  n i t r i c  acid.  
D i l u t e  t o  100 m l  w i t h  10 

For graphi te  furnace  AAS. the standards must be matrix 
matched: e.&.. i f  the  samples contain 6 percent n i t r i c  acid and 4 percent 

hydrofluoric  acid.  t h e  s tandards should a l s o  be made up w i t h  6 percent n i t r i c  
-5 dor-ent b p n - t n a v  ad. 
tas not besn b r n u l l y  akared bf 9;. 

L I I ~  Should not at IhL Sa3e m r n e r w 9  
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ac id  and 4 percent hydrofluoric acid.  

1 m l  of the  10 ug/ml standard t o  a 100 m l  volumetric flask and d i l u t e  to  100 m l  
with the  appropriate matrix so lu t ion .  

d i l u t i o n  of t h e  100 ng/ml standards.  

make up the standard curve. Suggested l eve l s  are 10. 50.  75. and 1.00 ng/ml. 

Quality control  samples should be prepared by making a separate  10 ug/ml 

standard and d i lu t ing  u n t i l  i t  i s  i n  the  range of the samples. 

containing less than 1 ug/ml of metal should be prepared da i ly .  
containing greater than 1 ug/ml of metal should be s tab le  f o r  a minimum of 1 to 

2 weeks. 

Prepare a 100 ng/ml standard by adding 

Other standards should be prepared by 

A t  least four standards should be used to  

Standards 

Standards 

4.4.37 Matrix Modifiers. 

4.4.37.1 Nickel Nitrate, 1 Percent  (V/V). Dissolve 4.956 g of 
Ni(N03)2'6H20 i n  approximately 50 m l  of water i n  a 100 ml volumetric f lask.  

Dilute  to 100 m l  with water. 

4.4.37.2 Nickel Nitrate. One-tenth Percent (V/V). D i l u t e  10 ml of 1 per -  

cent  n i c k e l  n i t r a t e  solut ion t o  100 m l  with water. 

sample and t h i s  modifier i n t o  the graphi te  furnace during AAS analysis  f o r  As. 

Inject an equal amount of 

4.4.37.3 Lanthanum. Dissolve 0.5864 g of La203 i n  10 ml of concentrated 

HNO3 and d i l u t e  t o  100 m l  w i t h  water. 
this  modifier i n t o  the graphi te  furnace during AAS analysis f o r  Pb. 

In j ec t  an equal amount of sample and 

5. Procedure 

5.1 Sampling. The complexity of t h i s  method i s  such that. i n  order t o  

obtain r e l i a b l e  results, testers should be  trained and experienced with the 

test procedures. 

5 . 1 . 1  Pre te s t  Preparation. Follow the same general procedure given i n  

Method 5 .  Section 4.1.1. except that, unless par t icu la te  emissions are t o  be 

determined. t h e  f i l t e r  need not be desiccated o r  weighed. A l l  sampling t r a i n  

glassware should first be r insed with hot tap water and then washed in hot 

soapy water. Next. glassware should be r insed three times w i t h  tap water, 

followed by three addi t ional  r i n ses  with water. 

soaked i n  a 10 percent (V/V) n i t r i c  ac id  so lu t ion  f o r  a m i n i m u m  of 4 hours, 

r insed three times with water. r insed  a final time with acetone, and allowed 

t o  a i r  dry. 

covered u t i 1  the  sampling t r a i n  i s  assembled. pr ior  t o  sampling. 

All glassware should then be  

A l l  glassware openings where contamination can occur should be 
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5.1.2 Preliminary Determinations. Same as Method 5. Section 4.1.2. 

5.1.3 Preparation of Sampling Tra in .  Follow the same generd procedures 

given i n  Method 5 .  Sect ion 4.1.3. except place 100 m 1  of the n i t r ic  
acid/hydrogen peroxide so lu t ion  (Section 4.2.1) i n  the two HNO3/H2O2 impingers 

(normally the  second and t h i r d  impingers). place 100 m l  of the acidic  potassium 

permanganate solut ion (Section 4.2.2) i n  the  fourth and f i f th  impinger. and 

t r a n s f e r  approximately 200 t o  300 g of preweighed si l ica gel fmm its container  
t o  the l a s t  impinger. Alternat ively.  the s i l i ca  gel may be weighed d i r e c t l y  i n  

the  impinger j u s t  p r i o r  t o  t r a i n  assembly. 

Several options are avai lable  t o  the  tester based on the sampling 

condi t ions.  

moisture t o  be co l lec ted  i n  the impingers i s  calculated or determined t o  be 

less than 150 m l .  The tester s h a l l  include two impingers containing the 

ac id i c  potassium permanganate solut ion For the f i r s t  test run. unless pas t  

t e s t i n g  experience at  the same or similar sources has shown t h a t  only one is 
necessary. 

permanganate impingers have retained t h e i r  o r ig ina l  deep purple permanganate 

co lor .  A maximum of 200 m l  i n  each permanganate impinger (or a maximum of 

three permanganate impingers) may be used.' i f  necessary. t o  maintain the 
desired color  i n  the  last permanganate impinger. 

The use of an empty first impinger can be eliminated i f  the 

The l a s t  permanganate impinger may be discarded i f  both 

~- ~ 
~~ 

Retain For reagent blanks. 100 m l  of the  n i t r i c  acidfhydmgen peroxide 

so lu t ion  and 100 m l  of the  acidic  potassium permanganate solution. These 
so lu t ions  should be labeled and t r ea t ed  as described i n  Section 7. Set up the  

sanpl ing t r a i n  as shown i n  Figure A-1.  

Precaution: Extreme care should be taken t o  prevent contamination within 
the t r a i n .  Prevent t he  mercury c o l l e c t i o n  reagent (ac id ic  potassium 

Permanganate) from contact ing any glassware of the t r a i n  which is washed and 

analyzed For Mn. Prevent hydrogen peroxide from mixing w i t h  the acidic 
potassiun permaqganate. - 

5 . l . $  Leakcheck Procedures. Follow the leak-check procedures given i n  

Method 5 .  Section 4 .1 .4 .1  (P re t e s t  Leak-Check). Section 4.1.4.2 (Leak-Checks 

During t h e  Sample Run), and Section 4.1.4.3 (Post-Test Leak-Checks). 

5.1.5 Sampling Train Operation. Follow the  procedures given in Method 5. 
For each run. record the  d a t a  required on a data  sheet such as Section 4.1.5. 

t h e  one shown i n  Figure 5-23 of Method 5. 

I' 
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5.1.6 Calculation of Percent I sokine t ic .  Same as Method 5 .  Section 4.1.6.  
5 . 2  Sample Recovery. Begin cleanup procedures 85 soon as the probe is 
removed from the stack a t  the end of a Sampling period. 

The probe should be allowed t o  cool  p r i o r  t o  sample recovery. when i t  Can 

be s a f e l y  handled, vipe o f f  a l l  external par t icu la te  matter near the t i p  Of 

t h e  probe nozzle and place a r insed .  non-contaminating cap over the probe 

nozzle t o  prevent  losing or gaining p a r t i c u l a t e  matter. 

t i p  t i g h t l y  while the sampling t r a i n  i s  cooling. 
t o  form i n  the f i l t e r  holder.  thus causing the undesired r e s u l t  of drawing 

l i q u i d  from t h e  impingers i n t o  the  f i l t e r .  

Do not  cap the probe 

This normally causes a vacuum 

Before moving the sampling t r a i n  t o  the cleanup s i t e ,  remove the probe from 

the  sampling t r a i n  and cap the  open o u t l e t .  

condensate tha t  might be present .  Cap the f i l ter  inlet where the probe w a s  

fas tened.  

i i p i n g e r .  Cap off  the f i l t e r  holder o u t l e t  and impinger i n l e t .  Use non- 

contaminating caps, w h e t h e r  ground-glass stoppers. p l a s t i c  caps, o r  serum caps, 

to c lose  these openings. 

B e  careful not t o  lose any 

Remove the umbil ical  cord from the l a s t  impinger and cap the 

Transfer the  probe and f i l t e r - impinger  assembly t o  a cleanup area t h a t  i s  * 
clean and protected from t h e  wind and other poten t ia l  causes of contamination 

or loss of sample. 

any abnormal conditions. 

schematic i n  Figure A-2). Assure t h a t  all items necessary fo r  recovery of the  

sanple  do not contaminate i t .  

Inspect t he  t r a i n  before and during disassembly and note 

The sample i s  recovered enC t reated as f o l l o w  (see 

5.2.1 Container No. 1 ( F i l t e r ) .  Carefully remove the f i l t e r  from the 
f i l t e r  holder and place i t  i n  i ts  i d e n t i f i e d  p e t r i  dish container. Acid- 

washed polypropylene or  Teflon coated tweezers or clean. disposable surgical 
gloves rinsed with water should be used t o  handle the f i l t e r s .  I f  i t  is 

necessary t o  fold the  f i l t e r .  make c e r t a i n  the par t icu la te  cake is inside the  

f o l d .  C a r e f u l l y  t r ans fe r  t h e  f i l t e r  and any par t icu la te  matter o r  f i l ter  

f i b e r s  t ha t  adhere t o  the f i l t e r  holder  gasket to the p e t r i  dish by using a dry 

(acid-cleaned) nylon br i s t le  brush. Do not use any metal-containing materials 

when recovering this train. Seal the labeled p e t r i  dish. 

5.2.2 Cont&ner No. 2 (Probe).  w: Conteiner No. 2 can be omitted i f  

the  t e s t i n g  does not include the  determination of par t icu la te  concentration. 

Taking care t o  see t h a t  dus t  on the  outs ide  of the probe or other exter ior  
sur faces  does not ge t  i n t o  t h e  sample. quant i ta t ively recover par t icu la te  

7.b dbr.uScnt b . ~nmlmr) .  &a?. 
' b s  not been kumally released tf E?.'. 
. ' d  Skould not It Ihk SbZe Dc c::S:'u~.< 
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matter  or any condensate from t h e  probe nozzle. pmbe f i t t i n g .  pmbe liner. 
and f ront  ha l f  of  the f i l t e r  holder by washing these components w i t h  acetone 

and placing the  wash i n  a glass container.  

of acetone when approved by t h e  Administrator and s h a l l  be used when spec i f ied  
by the Administrator; i n  these cases. save a water blank and follow the 

Administrator 's  d i r ec t ions  on ana lys i s .  

Careful ly  remove the probe nozzle  and clean the i n s ide  surface by r in s ing  with 

acetone from a wash b o t t l e  and brushing w i t h  a metal-free Nylon bristle brush. 

Brush u n t i l  the acetone r i n s e  shows no v i s ib l e  pa r t i c l e s .  a f t e r  which make a 

f i n a l  r i n se  of the in s ide  su r face  w i t h  acetone. 

D i s t i l l ed  water may be used ins tead  

Perfonn the acetone r inses  as follows: 

Brush and rinse the i n s i d e  parts of  the Swagelok f i t t i n g  w i t h  acetone i n  a 

similar way u n t i l  no v i s i b l e  p a r t i c l e s  remain. 

Rinse the probe l i n e r  w i t h  acetone by t i l t ing  and ro t a t ing  the  probe while 

s q u i r t i n g  acetone i n t o  its upper end so t h a t  all ins ide  surfaces  w i l l  be wetted 

w i t h  acetone. L e t  the acetone dra in  from the lower end i n t o  the sample 

container .  A funnel (glass or polyethylene) may be used t o  a i d  on t ransfer r ing  

l i q u i d  washings t o  the conta iner .  Follow the acetone rinse w i t h  a metal-free 

probe brush. Hold the probe i n  an inc l ined  posi t ion,  s q u i r t  acetone i n t o  the  

upper end as the  probe brush is being pushed w i t h  a twist ing act ion through t h e  

probe: hold a sample con ta ine r  underneath the lower end of the probe, and catch 

any acetone and p a r t i c u l a t e  mat ter  which is brushed through the  probe three 
times or more u n t i l  no v i s ib le  p a r t i c u l a t e  matter is car r ied  out  w i t h  the 

acetone o r  u n t i l  none remains i n  the probe l i n e r  on v isua l  inspection. Rinse 

t h e  brush w i t h  acetone. and q u a n t i t a t i v e l y  c o l l e c t  these washings i n  the sample 

container .  After the brushing, make a f i n a l  acetone r i n s e  of the probe as 
described above. 

It i s  recommended that two people be used t o  clean the probe t o  n i n h i z e  

Between sampling runs. keep brushes clean and protected from sample losses. 
contaminations. - 

After ensuring t h a t  a l l  j o i n t s  have been wiped clean of s i l i cone  grease. 

clean the i n s i d e  of the f r o n t  ha l f  of  the f i l t e r  holder by rubbing the  surfaces  

with a metal-free nylon br is t le  brush and r ins ing  with acetone. 

sur face  three  times or more i f  needed t o  remove v i s i b l e  pa r t i cu la t e .  Uake a 

f i n a l  r i n s e  of  the brush and f i l t e r  holder .  After all acetone washings and 

pa r r i cu la t e  matter have been co l l ec t ed  i n  the sample container.  t ighten the l i d  

on the sample container  so t h a t  acetone w i l l  not leak out when it  is shipped to  

Rinse each 
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the laboratory.  
l e d a g e  occurred during transport. 

contents .  

Mark the height  o f  the f l u i d  level t o  determine whether o r  not 

Label  the container c l ea r ly  t o  ident i fy  i t s  

5.2.3 Corrtainer No. 3 (Probe R i n s e ) .  Rinse the probe liner, probe nozzle, 

and f ron t  half of the f i l t e r  holder by r in s ing  these components thoroughly w i t h  

0.1 N n i t r i c  acid and p lac ing  the w a s h  i n t o  a sample storage container. 

Perform the rinses as described i n  Method 12. Section 5.2.2. Measure end 
record the volume of the combined rinses. and 'place the sample i n t o  a s torage  

conta iner .  Mark the h e i g h t  of t h e  f l u i d  l eve l  on the outs ide of the container 

and use t h i s  mark t o  determine i f  leakage occurs during t ransport .  Seal the  

ccnta iner  and c l ea r ly  l a b e l  the contents .  

5.2.4 Container No. 4 ( Impingers  1 through 3. Contents and Rinses). Due 

t o  the  la rge  quant i ty  of l i q u i d  involved. the tester may place the impinger 

so lu t ions  i n  more than one container .  Measure the l iqu id  i n  the first three 

impingers volumetrically t o  within 0.5 m l  using a graduated cylinder.  Record 

t h e  volume of l i qu id  present .  This information is required to  ca lcu la te  t he  

moisture content of the sampled f l u e  gas. Clean each of t h e  first three 

impingers and connecting glassware by thoroughly r insing with 0.1 N n i t r i c  acid 

as described i n  Method 12, Sect ion  5.2.4. . Combine the rinses and impinger 

so lu t ions .  measure and record the volume. Mark the height of the f l u i d  l e v e l  

on the  outs ide of the container  to determine i f  leakage OCCM during 

t ranspor t .  Seal  the conta iner  and clearly label the contents. 

5.2.5 Container No. 5 (Acidif ied Potassium Permanganate Solution and 

Rinses. Impingers No. 4 & 5). Pour a l l  the l i q u i d  from the permanganate 

impingers ( four th  and f i f t h .  i f  t w o  permanganate impingers are used) into a 

graduated cylinder and measure the volume t o  within 0.5 ml. This information 

i s  required t o  ca lcu la te  the moisture content of the sampled f l u e  gas. Rinse 

the permargenate impinger(s) and connecting glass pieces a m i n i m u m  of three 
times with ac id i f i ed  potassium permanganate solution. Combine the rinses with 

t h e  permeqanate impinger so lu t ion  i n  a graduated cylinder and measure the 

t o t a l  volume within 0.5 m l .  Place the  combined rinses and impinger contents i n  
a labe led  container. 

container  t o  deternine i f  leakage occurs during transport. 

note  and the Precaution i n  Paragraph 4.2.2 and properly seal the container and 

Mark the height  of the f lu id  leve l  on the outs ide  of the 

See the following 

clear ly  l abe l  t h e  contents.  %C.U%?t S'.-hnkft33. 
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- Note: Due t o  the p o t e n t i a l  r eac t ion  of  the potassium pemanganate with the  

acid.  there  may be pressure buildup in t h e  sample s torage bottles. 

b o t t l e s  should not  be f i l l e d  f u l l  and should be vented t o  r e l i eve  excess 

pressure.  Venting i s  highly recommended. 

container  cap and Teflon l i n e r  has been found t o  a l l o w  adequate venting w i t h o u t  
loss of sample. 

These 

A No. 70-72 hole d r i l l e d  i n  the 

5.2.6 Container No. 6 ( S i l i c a  Gel). Note the color of the ind ica t ing  

s i l i c a  ge l  t o  determine whether i t  has been completely spent and make a 
notat ion of i t s  condition. 

o r ig ina l  container  and seal. 
ge l  and a rubber policeman t o  remove t h e  s i l i c a  ge l  from the  impinger. 

s m a l l  amount of p a r t i c l e s  t h a t  may adhere to the  impinger w a l l  need not be 
removed. 

weight gained i n  the  s i l i c a  gel impinger i s  used f o r  no is ture  calculat ions.  

Al te rna t ive ly ,  i f  a balance i s  ava i l ab le  i n  the f i e l d .  record the weight of 

the spent s i l i c a  ge l  ( o r  s i l i c a  ge l  p lus  impinger) t o  the  nearest  0.5 g. 

Transfer  t h e  s i l i c a  ge l  from its impinger t o  its 
The tester may use a funnel to pour the s i l ica  

The 

Do not  use water or o ther  l i q u i d s  t o  t r ans fe r  the  s i l i c a  gel s ince  

5.2.7 Container No. 7 (Acetone Blank). Once during each f i e l d  t e s t ,  place 

100 m l  of the  acetone used i n  the sample recovery process i n t o  a labeled 

container  f o r  use as a recovery so lvent  blank. Seal t h e  container.  

5.2.8 Container No. 8 (0.1 N Nitric Acid Blank). Once during each f i e l d  

test, place 100 m l  of the 0.1 N n i t r i c  acid so lu t ion  used i n  the sample 

recovery process i n t o  a labe led  container  f o r  use as a recovery solvent blank. 

Seal  t h e  container .  

5.2.9 Container No. 9 (5: Nitr ic  Acid/lOl Hydrogen Peroxide Blank). Once 

during each f i e l d  t e s t ,  p lace  100 m 1  of the 5% n i t r i c  acid/lOZ hydrogen 

peroxide so lu t ion  used as t h e  n i t r i c  acid impinger reagent i n t o  a labeled 

container  f o r  use as a blank. Seal  the  container. 

5.2.10 Container No. 10 (Acidif ied Potassium Permanganate Blank). Once 
during each f i e l d  test, p lace  100 m l  of-the ac id i f ied  potassium permanganate 

so lu t ion  used a s  the impinger so lu t ion  and i n  the sample recovery process i n t o  

a labeled conta iner  fo r  use as a blank. Sea l  the container.  

- Note: This conta iner  should be vented. as described i n  Section 5.2.4. t o  

relieve excess pressure.  

5.2.11 Container No. 11 ( F i l t e r  Blank). Once during each f i e l d  t e s t ,  

p lace an unused f i l t e r  from the  same l o t  as the sampling f i l t e r s  i n  a labeled 

p e t r i  dish.  Seal  the p e t r i  d i sh .  ii m n m t n a v  
h r  fie been h m a i i y  -,< t'r L72 
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5.3 Sample Preparation. Note the l e v e l  of the l iqu id  in each of the  

containers  and deternine i f  MY sample w a s  lost during shipment. 

no t iceable  amount of leakage has occurred. either void the sample or use 

methods. subject  to the  approval of the Administrator. t o  correct the f i n a l  
r e s u l t s .  

each of t h e  sample t r a i n  components is shown i n  Figure A-3. 

If a 

A diagram i l l u s t r a t i n g  sample preparation and analysis  procedures fo r  

5.3 .1  Container No. 1 ( F i l t e r ) .  The f i l t e r  w i t h  its f i l t e r  catch should 

be divided i n t o  port ions containing approximately 0.5 g each and placed i n t o  

the  ana lys t ' s  choice of either ind iv idua l  microwave pressure r e l i e f  vessels  or 
Par$ Bombs. 

hydrofluoric  acid should be added t o  each vessel. 

microwave the sample vessels for  approximately 12-15 minutes in i n t e rva l s  of 1 
to 2 minutes a t  600 Watts. 

14OoC (28j°F) f o r  6 hours. Then cool the samples to  room temperature and 

combine w i t h  the acid digested probe rinse as required i n  Section 5.3.3. below. 

Six m l  of concentrated n i t r i c  acid and 4 m l  of concentrated 

For microwave heating, 

For conventional heating, heat the Par r  Bombs a t  

- Notes: 1. Suggested microwave hea t ing  times ere approximate and are dependent 

upon the number of samples being digested. Twelve t o  15 minute 
hea t ing  times have been found .to be acceptable for simultaneo& 

digest ion of up t o  12 indiv idua l  samples. 
evidenced by sorbent reflux w i t h i n  the vessel .  

~ ~~ 

Suff ic ien t  heating is 

2 .  I f  the sampling t r a i n  uses an optional cyclone, the cyclone catch 

should be prepared and digested using the same procedures described 

f o r  the  filters and combined w i t h  the digested f i l ter  samples. 

5.3.2 Container No. 2 (Probe). Note the level  of l i qu id  in the container 

and confirm on the ana lys i s  sheet whether or not leakage occurred during 

transport .  

sample o r  use  methods. sub jec t  to . the  approval of the Administrator, t o  correct  
t he  f i n a l  r e s u l t s .  Measure t h e  l i q u i d i n  t h i s  container either volumetrically 

to  '1 m l  or gravimetr ical ly  t o  20.5 g. 

tared 250-ml beaker and evaporate t o  dryness a t  ambient temperature and 

pressure.  

the procedures described i n  Sect ion 4.3 of Method 5.  
neares t  0.1 mg. 

combine t h e  r e su l t an t  sample including all l iqu id  and any pa r t i cu la t e  matter 
with Container No. 3 p r i o r  to beginning the following s t ep  5 .3 .3 .  

I f  a not iceable  amount of leakage has occurred, either void the  

Transfer the contents to an acid-cleaned 

Desiccate f o r  24 hours and weigh t o  a constant w e i g h t  according to 

Repart the results to the 
Resolubi l ize  the res idue  w i t h  concentrated nitr ic acid and 

20 mb Qr.m*nt b rn pollrmnaty anf.. 
ha rvof &en h m u l l y  rskared bj  €PA. 
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5.3.3 Container No. 3 (Probe R i n s e ) .  The pH of this sample s h a l l  be 2 o r  

lower. 
n i t r i c  acid t o  pH 2. 
the  beaker should be covered wi th  a ribbed watchglass. 

be reduced t o  approximately 50 m 1  by heating on a hot p l a t e  at  a temperature 

j u s t  below boi l ing .  
depending on the results of  the inspect ion.  perform one of the fo l lw ing .  

p a r t i c u l a t e  matter is observed. combine the sample d i r e c t l y  with the acid 
d iges ted  port ions of the f i l t e r  prepared previously i n  Section 5.3.1. I f  

9 p a r t i c u l a t e  matter i s  observed. d iges t  the sample i n  microwave vessels o r  Parr 
Bombs following the  procedures described i n  Section 5.3.1; then combine the 

r e s u l t a n t  sample d i r e c t l y  w i t h  t h e  ac id  digested portions of the f i l t e r  prep&-ed 

previously i n  Sect ion 5.3.1. 
Fract ion 1. 
rir.se samples using Whatman 541 f i l t e r  paper. Dilute t o  300 ml (o r  the 

appropr ia te  volume f o r  the expected metals concentration) w i t h  water. Ueasure 

and record the combined volume of t h e  Fraction 1 solu t ion  t o  within 0.1 al. 
Quan t i t a t ive ly  remove a 50 m l  a l i quo t  and label as Fract ion 18. Label the 

remaining 250 m l  por t ion as Fract ion 1 A .  

analysis. 

If the pH is higher.  the sample should be ac id i f i ed  w i t h  concentrated 
The sample should be rinsed i n t o  a beaker w i t h  r a t e r  and 

The sample volume should 

Inspect  the sample for  v i s i b l e  p a r t i c u l a t e  matter, and 

I f  no 

The r e s u l t a n t  combined sample i s  referred to  as 
F i l t e r  the combined so lu t ion  of the acid digested f i l t e r  and probe 

~~ 
. .  .. ~~~ ~ 

'Fraction 1 A  is used f o r  ICAp o r  k 
Fract ion 18 is used f o r  the determination of  f r o n t  half  mercury. 

5.3.4 Container No. 4 (Impingers 1-3).  Measure and record the t o t a l  vol- 

ume of t h i s  sample t o  within 0.5 ml. Remove a 50 m l  a l i quo t  fo r  mercury analy-  

sis and l a b e l  as Fract ion 2B. 
analyzed a s  described i n  Sect ion 5.4.3. 
3 should be  labeled Fract ion 2 A  and s h a l l  be pH 2 o r  lower. I f  necessary, use 

concentrated n i t r i c  acid t o  lower this f rac t ion  t o  pH 2. The sample should be 

rinsed i n t o  a beaker with water and the beaker should be covered w i t h  a ribbed 

watchglass. 

hea t ing  on a hot  plate a t  a t e m p e r a t u r e j u s t  below boi l ing .  

of the d iges t ion  procedures described i n  Sections 5.3.4.1 and 5.3.4.2. below. 

The Fract ion 2B a l iquot  should be prepared and 

The remaining port ion of Container No. 

The sample volume should be reduced t o  approximately 20 ml by 

Then follow e i the r  

5.3.4.1 Conventional Digestion Procedure. Add 30 m l  of 50 percent n i t r i c  

ac id  and hea t  f o r  30 minutes on a hot  p l a t e  t o  just below boiling. '  Add 10 m l  of 

3 percent  hydrogen peroxide and hea t  f o r  10 more minutes. 

water and heat  the sample f o r  M add i t iona l  20 minutes. C o o l .  f i l ter  the 

Sample. a?d d i l u t e  t o  150 m l  ( o r  the  appropriate  volume f o r  the expected metals 

Concentrations) with water. 

Add 50 m l  of hot 
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5.3.4.2 Microwave Digestion Procedure. Add 10 m l  of j 6  percent n r t r lc  

ac id  and heat  fo r  6 minutes i n  i n t e r v a l s  of 1 t o  2 minutes at  600 Watts. Allo*. 

t h e  sample t o  cool. 
more minutes. 

Cool. f i l t e r  the sample. and d i l u t e  t o  150 m l  (or t h e  appropriate volume f o r  the  

expected metals concentrat ions)  with water. 

Add 10 m l  of 3 percent  hydrogen peroxide and heat  f o r  2 

Add j 0  m l  of hot water and heat f o r  an addi t ional  5 minutes. 

Note: All microwave hea t ing  times given &-e approximate and are dependent 

upon the number of s a p l e s  being d iges ted  a t  a t i m e .  Heating times as given 

above have been found acceptable f o r  simultaneous digestion of up t o  12 

i n d i v i l u a l  samples .  S u f f i c i e n t  hea t ing  is evidenced by solvent r e f lux  within 

the  vessel .  

5 . 3 . j  Container So. j (Impingers 4 h 5 ) .  Measure and record the  t o t a l  
volume of t h i s  sample t o  within 0.5 m l .  This sample is re fer red  t o  as Fract ion 

3. Follow the  analysis  procedures described i n  S e c t i m  5.4.3. 
5.3.6 Container KO. 6 ( S i l i c a  G e l ) .  Weigh the spent s i l i c a  gel ( o r  s i l i c a  

gel plus impinger) t o  the  nearest 0.5 g using a balance. (This s t e p  

may be conducted i n  the f i e l d . )  

5.4 Sample Analys is .  For each sampling t r a i n .  f ive individual  samples are 
A schematic i den t i fy ing  each sample and the prescr ibed generated f o r  a n a l y s i s .  

sample prep&-ation and ana lys i s  scheme is shown in Figure A-3. The first two 
samples, labeled Fract ions 1.4 and 1B. cons i s t  ot' the  digested samples from t h e .  

f r o n t  half  of the t r a i n .  Fract ion 1 A  i s  f o r  I C A F  o r  AAS analysis  as described 

i n  Sections 5.4.1 andlor 5.4.2.  F rac t ion  18 i s  fo r  determination of f r o n t  ha l f  

mercury as described i n  Sec t ion  5.4.3. 
The back ha l f  of the t r a i n  w a s  used t o  prepare the t h i r d  through f i f t h  

samples. The t h i r d  and fou r th  samples. labeled Fractions 2A and 28, contain 

t h e  digested samples from the  H20 and N?iO3/HzO2 lmpingers 1 through 3. 
2A is f o r  ICAP or A45 analys is .  F rac t ion  2B w i l l  be analyzed f o r  mercury. 

Fraction 

The f i f t h  sample. l abe led  F rac t ion  3. cons i s t s  of the impinger contents  and 

rinses from the  permanganate Impingers 4 and 5. 
mercury as described i n  Sec t ion  5.4.3. 
determined from the sum of Frac t ion  29 and Fraction 3. 

This sample is analyzed f o r  

The t o t a l  back h a l f  mercury ca tch  is 

5.4.1 I C s  Analysis. Fract ion 1 A  and Fraction 2A are analyzed by ICAP 

us ing  P A  Method 200.7 (40 CFil 136. Appendix C ) .  Cal ibrate  the  ICAP and set UP 

an ana lys i s  program as described i n  Method 200.7. The qual i ty  con t ro l  

procedures described i n  Sect ion 7.3.1 of t h i s  method s h a l l  be followed. 

23 

F - 2 3  



Manganese 
Nickel 
Selenium 
S i l v e r  

257.610 

Thal l ium 190.864 
Zinc 213.8 56 

The wavelengths l i s t e d  are recommended because of t h e i r  s e n s i t i v i t y  and ove ra l l  

acceptance. 
needed s e n s i t i v i t y  and are t r ea t ed  w i t h  t h e  same correct ive techniques f o r  

s p e c t r a l  i n t e r f e rence .  

Other wavelengths may be subs t i t u t ed  i f  they can provide the 

I n i t i a l l y . ~  enalyze a l l  samples f o r  the t a rge t  metals p lus  i r o n  and 

aluminum. 

t o  be d i l u t e d  so t h a t  each of these elements is a t  a concentration of less than 

j0 ppm t o  reduce t h e i r  spectral i n t e r f e r e n c e s  on arsenic  and lead. 

If i r o n  and aluminum are p resen t  i n  the sample, the  sample may have 

. -  Note: khen analyzing sanples  i n  a hydrofluoric acid matrix. an alumina 

to rch  should be used: s i n c e  all f r o n t  ha l f  samples w i l l  contain hydrofluoric  

a c i d ,  use an alumina torch. 

5.4.2 AAS by Direct Aspirat ion and/or  Graphite Furnace. If analysis  of 
metals i n  Frac t ion  1 A  and Frac t ion  tA us ing  graphite furnace or d i r e c t  

a s p i r a t i o n  AAS i s  des i red ,  Table A-2 should be used t o  determine which 

techniques and methods should be appl ied  f o r  each t a rge t  metal. 
should also be consulted t o  determine poss ib le  interferences and techniques 

be followed for t h e i r  minimization. Ca l ib ra t e  the instrument according t o  

Sec t ion  6.3 and follow the q u a l i t y  c o n t r o l  procedures spec i f ied  i n  Sect ion 

7.3.2. . 

Table A-2 

5.4.3 Cold Vapor A4S Mercury Analysis.  Fraction lB. Fraction 3. and 

to 

Frac t ion  23 should be analyzed f o r  mercury u s h g  cold vapor atomic absorption 

spectroscopy following the  method o u t l i n e d  i n  EPA Method 7470 o r  i n  Standard 

24 

F-24 

I 1  
I -1 
I1 
I] 
(I 
I1 
1 :  
I. 
I 
I 
I 
I 
I 
I 

- 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

L 
al 
L 

V 
0 
E 

- - 
- 
E 
a a 
n 

u 
21 
L 
L 
al 

il 

V 
C 

m 

a a m 
Y 
U 
01 
L 

d 

W 

c 
E W  

U 

r L  
U 

- 
a b  
m a  
: a  

$ 2  
a -  
m 
m m  
i 

L a  
C L  
Z Y  m d  

U 
e a  
O L  - a  
S E  
a m  
N E  

C Y  
0 3  - a  

m 3 c  
0 0  
Y O  

X 

L 
U 

R 
a 

a 
m 
a 

L 
w V 

E 
5 
2 
- - 
m 
d 

C 
0 

0 
al 
L 
L 
0 
U 

V c 

* 
Y 

a e 
M x 
U 

R 
a 

m 
C 
3 - 
U 

W 
N 

C 
e 
e 

- 
3 

+ 
V 
V 
a 

0 
A 2 

a 

a l a  
- 0 1  

V 
E 

v u  
L 
3 L  
0 0  
L V  

0 

- a  
0 8  

4 

E5 

m 
L 
W 
Y 
al 
6 
L a 
a 

n .- .- E 

C 

I 
- W 

N 
.d 
a - 
Y 
a 
0 

V a l  
v m  u a  

. .. .. - r .  

N 
< 

- 
a 
d 
0 
E 



~ 

C 

L 
al 
Y 
-I 
C u 

-3 

m 

Y 

L 
0 
W 
C 

n 

m 

h 
Y * 
m 

m 
8 
rl > 

I 
I 
I 
I1 
1 -; 
I 
I 
I 
I 
I 
I . .. 

.. 

F-26 

'. I 



i 

i 
i 

i 
i 

e 

c 
c 

k 
1 
e 
b 
I 
I 
I 
I 
'I 
;I 
I 

" 

Yethods fo r  Water and Wastewater . h a l y s i s .  l j t h  Edition, Method 303F. S e t  UP 

t h e  ca l ib ra t ion  curve as descr ibed i n  Sec t ion  7.3 of Method 303F. 

approximately j m l  of each sample t o  BOD b o t t l e s .  

added. The auaunt used i s  dependent upon t h e  expected l eve l s  of  mercury. 

Di lu te  t o  approximately 120 ml with mercury-free water. 

Add 

Record the amount o f  SmPle  

Add approximately 15 
ml of j percent potassium permanganate s o l u t i o n  t o  t h e  Fraction 2B and Fract ion 

3 samples .  

sample as needed t o  produce a purple  s o l u t i o n  l a s t i n g  a t  least 1s minutes. 

minimum of 2 j  m l  is suggested. 

Add 5 percent potassium Permanganate so lu t ion  to  the Frac t ion  1B 
.4 

Add 5 ml of  50 percent n i t r i c  a c i d ,  5 ml of 

concentrated s u l f u r i c  ac id .  and 9 ml of  5 percent potassium p e r s u l f a t e  t o  eat?. 

sample and each standard.  Digest t h e  s o l u t i o n  i n  the capped BOD b o t t l e  at  95% 
(205OF) i n  a convection oven or water ba th  f o r  2 hours,- Cool.. 

hydroxylamine hydrochloride s o l u t i o n  and mix the  sample. 

Add 5 ml of  
.. . ,-. . . - 

Then= ml zc--*-----. 

according t o  the  ind ica ted  s e c t i o n s  of Method 5 :  Probe Nozzle (Sect ion 5 . 1 ) ;  
P i t o t  Tube (Sect ion 5.2) :  Metering System (Section 5.3): Probe  Heater (Sect ion 

5.4) ; Temperature Gauges (Sec t ion  5 . 5 )  : Leak-Check of the Metering System 

(Sect ion 5 .6) ;  and Barometer (Sec t ion  5.7). 
6.2 Induct ively Coupled Argon Plasma Spectrometer Cal ibra t ion .  Prepare 

s t a i d a r d s  as out l ined i n  Sec t ion  4.6.4.  P r o f i l e  and cal ibrate  the  instrument 

according t o  t h e  instnunent manufacturer ' s  recommended procedures using t h e  

above s tandards.  The instrument c a l i b r a t i o n  should be checked once pe r  hour. 

I f  the  ins t runent  does n o t  reproduce t h e  concentrations of the s tandard  within 

10 percent .  the complete c a l i b r a t i o n  procedures should be performed. 

6.3 Atomic Absorption Spectrometer - Direct  Aspiration, Graphite Furnace 

and Cold Vapor Mercury Analyses. 

4 . 6 . j .  Ca l ibra te  the spectrometer  u s i n g  these  prepared s tandards.  Cal ibra t ion  

procedures a r e  a l s o  out l ined  i n  t h e  EQA methods re fer red  t o  i n  Table A-2 and i n  

Prepare  the  standards as ou t l ined  i n  Sect ion 

S tanda r l  Method5 fo r  k'ater and Wastewater. 15 th  Edition. Method 303F ( f o r  

mercury). 

used t o  c a l c u l a t e  the c a l i b r a t i o n  l i n e .  The instrument should be r eca l ib ra t ed  

Each s t an la rd  curve should be IV.? i n  dupl icate  and the  mean values 

approximately once every 10 t o  12 samples.  
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7 .  Quality Control %-uzicy m a  y-licy I n p l l u t l o . ~  

7.1 Sampling. F i e ld  Reagent Blanks. The blank samples i n  Container 

Numbers 7 through 11 produced previously i n  Sections 5.2.7 through 5.2.11. 

respec t ive ly .  s h a l l  be processed. d i g e s t e d ,  and analyzed as follows. Digest 

&qd process Container No. 11 contents  pe r  Section 5 . 3 . 1 .  Container No. 7 per  

Sect ion 5.3.2.  a..d Container No. 8 pe r  Sec t ion  5.3.3. This produces Fract ion 

Blank 1.1 and Fract ion Blank 18. Digest and process Container No. 9 contents  

per  Sect ion 5.3.4. 
Container No. 11 contents  are Fract ion B l a n k  3 .  Analyze Fract ion Blank 1 A  and 

Fract ion Blank 2.1 per  Sec t ion  5.4.1 and/or 5.4.2. 

Fract ion B l a n k  23. and F rac t ion  B l a n k  3 per  Section 5 . 4 . 3 .  The m a x i m u m  

cor rec t ion  allowed t o  the f i e l d  source  sample value is the lesser of  the 

following: (1) the a c t u a l  blank va lue .  o r  (2 )  the m a x i m u m  blank cor rec t ion  

allowed per the  e i n  Sec t ion  8.4.3 and the Note i n  Section 8.5.2.  

This  produces Frac t fon  Blank 21 Md Fract ion B l a n k  2B. 

Analyze Fract ion B l a n k  19. 

7.2 W i t h  p r i o r  approval by the Administrator.  an attempt may be made t o  
de t e r s ine  i f  the reagents  used i n  Sec t ion  5.3 caused contamination. They 

should be aqalyzed by t h e  procedures i n  Sect ion 5 . 4 .  Then the Administrator 

w i l l  de te rp ine  whether o r  no t  t h e  l abora to ry  blank values can be used i n  the 

ca l cu la t ion  of  t h e  . s t a t iona ry  source test .  r e s u l t s .  

7.3 Qua l i ty  Control Samples. The following qua l i ty  con t ro l  samples should 

be analyzed. 

7 . 3 . 1  ICAP Analysis. Follow the q u a l i t y  control shown i n  Sec t ion  8 of  
Method 6010. 

have been nodif ied t o  inc lude  the  following: 

runs. two c a l i b r a t i o n  blank runs, one in t e r f e rence  check sample at  t h e  

beginning of the a n a l y s i s  ( m u s t  be wi th in  25% o r  analyze by s tandard a d d i t i o n ) ,  

one q u a l i t y  con t ro l  sample t o  check the accuracy of the  c a l i b r a t i o n  s tandards  

(must be within 25% of c a l i b r a t i o n ) .  and one dupl icate  ana lys i s  (must be w i t h i n  

5% of average o r  repea t  all a n a l y s i s ) .  

For the  purposes o f  a t h r e e  run test series. these requirements 

two instrument check s iandard  

7.3.2 Direc: Aspi ra t ion  and/or Graphite Furnace AAS Analysis f o r  Antimony, 

Arsenic. 9a r i ru .  Beryll ium, Cadmium, Copper, Chromium. Lead, Nickel,  Manganese. 

Mercury. Phosphorus. Selenium. S i l v e r .  Thallium. and Zinc. A l l  samples should 

be analyzed i n  dup l i ca t e .  Perform a mat r ix  spike on one f r o n t  h k f  sample and 

one back half  sample o r  one combined sample. 

percent or g r e a t e r  than 125 percent  are obtained fo r  the matrix sp ike ,  analyze 

each sample by the  method o f  add i t ions .  A qua l i ty  cont ro l  sample should be 

If recoveries of  less than 75 
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be within 10% o r  the  c a l i b r a t i o n  repeated.  

7.3.3 Cold Vapor AAS Analysis f o r  Mercury. All samples should be analyzed 

i n  dupl ica te .  A q u a l i t y  con t ro l  sample should be analyzed t o  check the acccrzc:: 

of  t h e  c a l i b r a t i o n  s t a n d u d s  (within 10% o r  repeat  c a l i b r a t i o n ) .  Perform a 

matrix s p i k e  on one sample from the  n i t r i c  impinger port ion (must be withir. 15; 

o r  sasp les  must be analyzed by the method of s tandard a d d i t i o n s ) .  Additional 

information on q u a l i t y  con t ro l  can be obtained from EPA Method 7470 or  i n  

Staqdard Hethods f o r  Water and Wastewater, 15 th  Edition. Method 303F. 

8. Calculat ions 
8.1 Dry Gas Volume. Using the d a t a  from t h i s  t e s t .  c a l c u l a t e  Vm(scd). t h e  

dry gas sample volume a t  s tandard condi t ions as outl ined i n  Sec t ion  6.3 of 

Method 5. 
8.2 Volume of Water Vapor and Moisture Content. Using the  d a t a  obtained 

from t h i s  test. calculate t h e  volume of water vapor Vw(std) and the moisture 
content Bus of t h e  s t ack  gas .  Use Equations 5-2 and 5-3 of  Method 5. 

8.3 Stack Gas Velocity.  Using t h e  da t a  f r o m  t h i s  test and Equation 2-9 of  

Method 2 .  c a l c u l a t e  t h e  average s t ack  gas ve loc i ty .  

8.4 Metals (Except Mercury) i n  Source Sample. 
8.4.1 Frac t ion  1A.  Front  H a l f .  Metals (except Hg). Calculate the  amount 

of each metal co l l ec t ed  i n  Fract ion 1 of the  sampling t r a i n  us ing  t h e  following 

equation : 

where: 
Eq. 1 

Mfi = t o t a l  m a s s  of each metal (except  Hg) co l lec ted  in the 
f r o n t  h a l f  of t h e  sampling train (Frac t ion  1). ug. 

s tandard  curve (ug/ml). 

i n  Vconc. 
produce the reading  which i s  Ca. Vconc i s  e i t h e r  a pure o r  a 
d i l u t e d  so lu t ion  of  Frac t ion  1 A .  When Vconc has been d i l u t e d  t o  
b r ing  i t  i n t o  t h e  a n a l y t i c a l  range based on the c a l i b r a t i o n  of the 
instrument.  Vconc w i l l  have the  following two portions:.Vconc_d. 
which i s  the  d i l u e n t  so lu t ion .  and Vconc-p, which is the  o r i g m a l  
Fracti 'on 1 A  so lu t ion .  

Ca = concentrat ion o f  metal i n  sample Fract ion 1 A  as read from the  

F b  = d i l u t i o n  f a c t o r  ( F b  = the  inverse  of  the f r a c t i o n a l  por t ion  Vconc-p 
Vconc i s  the  s o l u t i o n  a c t u a l l y  used in t h e  instrument to  

For example. when the d i l u t i o n  of Fraction 1 A  

P 
I 

is from 2 t o  10 ml. the  f r a c t i o n a l  port ion Vconc-p (2 m l )  in VcOnc 
(10 m l )  i s  1/5.  and FA- = 5 ) .  

u;vI * '  . _ .  
V S o l n  = t o t a l  volume of d iges ted  sample so lu t ion  (Frac t ion  1). ml. 



each metal co l l ec t ed  i n  Frac t ion  2 of  t h e  sampling t r a i n  using the  following 

equation. 

Eq. 2 

Mbh = t o t a l  mass of metal (except H g )  co l l ec t ed  i n  the back h a l f  
of the sampling t r a i n  (F rac t ion  2 ) .  ug. 

standard curve (ug/ml) .  

Frac t ion  2.4. 

Ca = concentrat ion of  metal i n  sample Fract ion 2 4 .  as read from the  

Fa = a l iquo t  f ac ro r .  volume of F rac t ion  2 divided by volume of a l i q u o t  

Va = volume of s m p l e  a l i q u o t  analyzed (concentrated Fract ion 2.4). ml. 

8.4.3 Tota l  Train,  Metals (except  Hg). Calculate  the t o t a l  amount o f  eacS 

of  the  quan t i f i ed  metals c o l l e c t e d  i n  %he sampling t r a i n  as follows: 

M t  = ( M f i  - Mfb) * (Mbh - Mbb) Eq. 3 

where: 

M t  = t o t a l  mass of each metal ( s e p a r a t e l y  s t a t e d  f o r  each metal) co l l ec t ed  
i n  the  sampling t r a i n ,  ug. 

f i e l d  reagent blank. ug. 

f i e l d  reagent blank,  ug. 

M f i  = blank co r rec t ion  va lue  of mass of metal detected i n  f r o n t  h a l f  of 

Mbb = blank co r rec t ion  va lue  of  mass of  metal detected i n  back h a l f  of 

Note: 

f o r  the f r o n t  h a l f  and 1 ug f o r  t h e  back h a l f .  or 3 ug f o r  an ana lys i s  of  t h e  

so lu t ion  r e s u l t i n g  from combining F rac t ion  1 A  and Fract ion 2A:* or 5:: of  t h e  

average m-5 for the  correponding f r a c t i o n  o f  the sampling trail. whichever i s  
g r e a t e r .  

The maximum value o f  f i e l d  reagent blank t h a t  may be subt rac ted  is 2 ug - 

8.5 Nercury i n  Source Sample. 

8.5 .1  Frac t ion  1 B .  Front  H a l f .  Hg.  Calculate  the  amount of  mercury 

co l l ec t ed  i n  the  f r o n t  h a l f ,  Fract ion 1. of  the sampling train us ing  the 
following equation: 

Eq. k 
. 

I n  combining Fract ions 1.4 and 2A. propor t iona l  a l iquots  must be used. . 
Appropriate changes must be made i n  Equations 1-3 t o  r e f l e c t  this approach. 

I '  
1 
I 
1 
1 
I 
I 

, 
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Hgfh = t o t a l  maSs of mercury c o l l e c t e d  i n  the f ron t  h a l f  of the  sampling 
t r a i n  (Fract ion 1). ug. 

C = quant i ty  of mercury i n  analyzed sample. ug. 
Vsoln  = t o t a l  volume of d iges ted  sample solut ion (Frac t ion  1 ) .  ml. 

Vbf = volume of Frac t ion  1 B  analyzed. ml. See the following Note. 
- Note: Vbf i s  the  a c t u a l  amo~~nt of Frac t ion  1 B  analyzed. For example. i f  1 sl or' 

Fract ion 1B were d i lu t ed  t o  100 m l  t o  br ing  i t  in to  the proper a n a l y t i c a l  r a g e .  

Vbf Would be 0.01. e tc .  

8.5.2 Fraccion 28 and Frac t ion  3. Back Half. Hg. Calculate t h e  amount of 

mercury co l lec ted  i n  Frac t ions  23 and 3 using Equations 5 and 6. respec t ive ly .  

Calculate  the t o t a l  amount of  mercury co l lec ted  i n  the  back h a l f  of  t h e  s a m p l i z g  

t r a i n  using Equation 7.  

where: 

H ~ ( F ~ B )  = t o t a l  mass of  mercury co l l ec t ed  i n  Fract ion 2. ug. 
C = quant i ty  of mercury i n  analyzed sample. ug. 

Vbb2 volume of  Frac t ion  2B analyzed, m l  (see Note i n  
Section 8.5.1). 

VSoln = t o t a l  volume of F rac t ion  2. ml. 

where: 

E q . ' 6  

total mass of mercury co l l ec t ed  i n  Fraction 3. ug. 
= quant i ty  of mercury i n  analyzed sample. UR. - 

vbb3 = volume of F r a c t i o n ~ 3  analyzed. m l  (see ~ o t e  i n  
Sect ion 8.5.1). 

V s o l n  = t o t a l  volume of  F rac t ion  3. m l .  

where: 

Hgbh = t o t a l  m a S s  of mercury co l l ec t ed  i n  t h e  back h a l f  of t h e  sampling 
t r a i n ,  ug. 
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8.5.3 T o t a l  Train Mercury Catch. Calcu la te  the t o t a l  amount of mercury 
.rs:. .-.... .. - .v: -- . . . 

co l l ec t ed  i n  the sampling t r a i n  uslng Equation 8. 

M t  (Mfi - H g f i )  * (Hgbh - Hgbb) Eq. 8 

where: 

Mt  = t o t a l  mass o f  mercury c o l l e c t e d  i n  the sampling t r a i n ,  ug. 
Hgfi = blank cor rec t ion  value of m a s s  of  mercury detected in the f r o n t  half  

Hgbb = blank coi-rection value of mass of  mercury detected i n  the  back 
of  the  f i e l d  reagent blank. ug. 

h a l f  of the f i e l d  reagent blank,  ug. 

m: 
f o r  the f r o n t  h a l f  and 2 ug f o r  the  back h a l f ,  or 3 ug f o r  a combined f r o n t  

ha l f /back  h a l f  a n a l y s i s :  or 5: of t h e  average mass of  mercury f o r  the 

correponding f r a c t i o n  of  t he  sampling train; whichever is grea te r .  

The m a x i m u m  value of  f i e l d  reagent blank t h a t  may be subt rac ted  i s  1 ug 

8.6 Metal Concentration of S tack  Gas.  Calculate  the cadmium. t o t a l  

c h r o e i u .  a r s e n i c .  n icke l .  manganese. beryll ium. copper. lead. phosphorus. 

thal l ium. s i l v e r ,  barium. z inc ,  selenium. antimony, and mercury concentrat ions 
~~ 

i n  t h e  s t ack  

where: 

c, = 

Mt = 
K4 = 

- 
"n(.std) - 

gas (dry b a s i s .  adjusted to standard condi t ions)  as follows: 

cs E K4 (Mt /Vm(s td) )  Eq- 9 

concent ra t ion  of each m e t a l  i n  the s t ack  gas. mg/dscm. 

t o t a l  m a s s  of  each metal c o l l e c t e d  i n  the sampling t r a i n .  ug. 
volume of gas sample as measured by the dry gas meter. cor rec ted  
to dry  s tandard condi t ions .  dscm. 

10-3 mg/ug. 

8.7 I s o k i n e t i c  Variat ion and Acceptable Results. Same as Method 5 .  
Sect ions  6.11 and 6.12. respec t ive ly .  To c a l c u l a t e  the average s t ack  gas 

v e l o c i t y ,  use  Equation 2-9 of Method 2 and the  da t a  from this f i e l d  test. 
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PM-10 Emissions and Particle Size Testinq 

The PM-10 concentration and the size distribution will be deter- 
mined in accordance with EPA's interim -Guidelines for Source Testing 
for Size Specific Particulate Emissions.' (1) using an Inertial cascade 
impactor currently manufactured by Anderson 2000 Inc.. the exact model 
of which is known as 'Flow Sensor.' 

The Flow Sensor imtiactor i s  a high flow rate (10-30 LPn) eight- 
stage cascade impactor which 1s Cgulpped with a spe:ial high Capacity 
preimpactor to collect partlclcs approximately 10 microns and larger 
(50% cut point at 0.6 ACFH). This preimpactor has an inlet which i s  at 
90 degrees to the exlt. 

Since the complete size dlstrlbution Is required as well 8 s  the 
W-10 concentration. the ontlre cascade lapactor with the preiwactc r Is 
used In conjunction with an €PA Method 5 smpllng train except that the 
final filter and its support are removed from the impactor. 

The preimpactor and cascade Impactor Is attached to the In-stack 
end of the probe. The classlfiar Is oguipped ulth the apPrOPrletL 
'8tralght' type nozzle and nozzle plug and Inserted Into the stack gas 
t o  preheat for a 20-mlnute period to prevent condensation prior to ln- 
itlatlng sampling. The exact nozzle diameter i s  selected based on a 
pretest velocity traverse. 

A simple four point sampling gric is usee. If the velocrties at 
the four traverse points are 2 20% of one another. one samDler i s  used 
to sample each of the four grid points. Othenise a separate sm41e is 
regulred f o r  each traverse polnt which does not fall in the 2 20% 
velocity range. Experience has shown that this requirerent I s  not as 
stringent as it appears and one sampler can usually be used for a11 four 
poi nts. 

( 1 )  
Appendix C. 

W-10 SIP Development Guideline USEPA EPA-450/2-86-061, June 1987: 

- 
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The v e l o c l t y  pressure, scack gas temperature, mo is tu re .conten t  and 
s t a t i c  pressure f o r  each t r a v e r s e  point from a pre l iminary t e s t  i s  used 
t o g e t n e r  w i t h  t h e  impac to r  50% c u t  p o i n t  curves t o  s e l e c t  t h e  ap- 
p r o c r i a t e  nozzle requ i red  t o  g i v e  i s o k i n e t i c  sdmpling w i t h  t h e  d e s i r e d  
SOX cut points .  I f  t h e  s i t e  meets t h e  2 20X v e l o c i t y  reguirements, sam- 
p l i n g  Is i n i t i a t e d  a f t e r  a 20 minu te  warm up per iod by uncapping t h e  
n o z z l e  and p o s i t i o n i n g  t h e  i n - s i t u  impactor nozzle a t  the  f i r s t  t r a v e r s e  
p o i n t .  The pump i s  a c t i v a t e d  and t h e  f low i s  r a p i d l y  ad justed liSing t h e  
c a l i b r a t e d  o r i f i c e  t o  t h e  d e s i r e d  r a t e .  The da ta  r e c o r d i n g  by t h e  
o p e r a t o r  dur ing the t e s t  i s  i d e n t i c a l  t c  t h a t  f o r  Hethod 5 Sampling ea- 
c e p t  t h a t  the f l ow  r a t e  i s  h e l d  constant .  Simpling i s  cont inued U n t i l  

a l l  f o u r  po in ts  are sampled. 

A f t e r  sampling i s  complete, t h e  coarse va lve i s  closed, t h e  pump 
t u r n e d  o f f  and t h e  probe w i t h d r a w n  f rom t h e  s tack.  The p r e i m p a c t o r  
samale i s  recovered i n  t h e  f i e l d  acd the  impactor catch i s  re tu rned  i n  
t a c t  t o  t h e  labore tory  f o r  g r a v i m e t r i c  analys is .  The Method 5 Sampling 
t r a i n  i s  a lso  processed uo and th rough the glass f i b e r  f i l t e -  Slnce t h e  
i n -s tack  f i l t e r  i n  t h e  impactor i s  not being used. Tne EPA Nethod 5 
p robe r i n s e  and f i l t e r  ca tch  a r e  then  subs t i tu ted  for  the  impactor  f i l -  
t e r  c a t c h  i n - t h e  ca l cu la t i ons .  

The impactor nay be ope ra ted  w i t h  bare c o l l e c t i o n  p l a t e s  or w i t h  a 
c o a t i n g .  The PM-10 Guide l ines  recunnends t h a t  a coat ing  be used. A 
v e r y  l i g h t  f i l m  o f  h i g h  tempera ture  s i l i c o n e  grease I s  app l i ed  t o  each 
s t a g e  be fore  cond i t i on ing  and weighing. Chemical react ions can occur 
w i t h  t h i s  coat ing  which c o u l d  a l t e r  t h e  apparent weight c o l l e c t e d  by  
each stage. A c o n t r o l  sampl ing o f  t h e  same dura t ion  i s  run w i t h  an in- 
s t a c k  f i l t e r ' a s s e m b l y  In p l a c e  of  the praimpactor. The l ns tack  f i l t e r  
I s  d iscarded a t  the end o f  the run. The con t ro l  sample I s  c o l l e c t e d  and 
processed I n  an i d e n t i c a l  manner as the other  Impactor Samplings. The 
change I n  weight I n  t h e  s tages I n  the con t ro l  run Is then us.ed t o  cor- 
r e c t  t h e  subsequent de terminat ions .  

Impactors are n o t  designed i n  a manner such t h a t  they W i l l  meet a 
Method 5 leak check. nor need t h e y  be. The maximum pressure drop across 
t h e  housing i s  on l y  a few hundredths 1N.YC. s ince t h e  f low has f ree  ac- 
cess t o  t h e  i n s i d e  o f  t h e  impactor  through the  open nozzle. For t h i s  
reason. t h e  pre- and post  t e c t  leak  checks are conducted ' p r i o r  t o  and 
a f t e r  removing t h e  impactor assembly from the end of t h e  probe. The 
s tandard  €PA Method 5 leak s p e c i f i c a t i e n s  are then used f o r  t h i s  t a r t i o n  
o f  t n e  sampling t ra in .  
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W P l N G E I  T R A I N  OCTIDNAL: 
Y A Y  BE REPLACED BY AN 

WLATED ?ROBE 
rn 
8AMPLlR 

ORlCKL 

L U N R l C T I I  

flURE 2. M 10 PARTlCUATE SAWLING TRAIN FOR CONDEWSIBLE AND 
WNCONDENSIBLE PARTICULATE (WOIFlfD LPA RCTHOD 5 TRAIN). 
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CALCULATION EQJATIOHS 

flETHO0 2 

= 60 vs A Qa 

- 2  PsHs 4.585 x io 
I 

TS ( a v g )  

* A l t e r n a t e  e q u a t i o n s  for c a l c u l a t i n g  m o i s t u r e  c o n t e n t  from wet b u l b  and 
d r y  b u l d  d a t a .  



-- 

A 

An 

bS 

CP 

Ca 

CS 

EA 

Y 

Gd 

I 

Md 

ms 
mp 

MS 

MP 

Pbat 

pg 

S W O L S  

= Cross sectional area of stack, SQ. FT. 

= Cross sectional area of nozzle, SQ. FT. 

= Water vapor in gas stream, proportion by volme 

= Pitot tube coefficient, dimensionless 

= Concentration of particulate matter in stack gas, 
wet basis, 6R/ACF 

= Concentration of particulate matter in stack gas. dry 
basis, corrected to standard conditions, GR/DSCF 

= Excess-aTr, percent by v o l m e  

= Dry test meter correction factor, dimensionless 

= Specific gravity (relative to air), dimensionless 

= Isokinetic variation, percent by volume 

= Molecular weight o f  stack gas, dry basis, g/g - mole. 
= Mass flow of wet flue gas, LB/HR 

= Particulate mass flow, LB/HR 

= Molecular weight of stack gas, wet basis. g/g, mole. 

= Total amount of particulate matter collected, g 

= Atmospheric pressure, IN. HG. (uncmpensated) 

-- Stack static gas pressure, IN. Ut. 
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PS = Absolute pressure o f  s t a c k  gas .  1N.HG. 

P s t d  = Standard a b s o l u t e  pressure. 29.92 IN. HG. 

*a = Actual vo lumet r i c  s t a c k  gas  f l o w  r a t e ,  ACM 

Qs .d = Dry volumetr ic  s tack gas  flow r a t e  cor rec ted  t o  s t anda rd  
cond i t ions ,  DSCFY 

RH = Relat ive humidi ty ,  Z 

Td b = Dry b u l b  t e m p e r a t u r e  o f  s t a c k  gas. OF 

Twb = Yet b u l b  t empera tu re  o f  s t a c k  gas ,  OF 

Tm(avg) = Absolute average  d r y  gas  meter temperature. OR 

Ts(avg)  = Absolute ave rage  s t a c k  temperature .  OF 

T s t d  = Standard a b s o l u t e  t empera tu re ,  528 OF (68 OF) 

8 = Total sampling time, min. 

v1 c = Total volume o f  l i q u i d  c o l l e c t e d  i n  impingers and 
s i l i c a  g e l ,  m l  

Vm = Volume o f  gas sample a s  measured by dry gas meter. CF 

Vm(std) = Volume o f  gas sample measured by the dry gas meter 
cor rec ted  t o  s t a n d a r d  cond i t ions .  DSCF 

V,(std) = Volume o f  wate r  vapor  in the  gas sample corrected' to 
s tandard c o n d i t i o n s ,  SCF 

- 
VS = Average ,ac tua l  s t a c k  gas  ve loc i ty .  FT/SEC 

vPtdb = Vapor p r e s s u r e  a t  Tdb. IN. HG. 



Vapor Pressure a t  T,b. IN. HG 

Average Pressure d i f f e r e n t i a l  across the  o r i f i c e  
m e t e r ,  IN. WC. 

V e l o c i t y  pressure o f  s tack  gas. IN. WC. 

Dry t e s t  meter  c o r r e c t i o n  c o e f f i c i e n t ,  dimensionless 

Actual  gas d e n s i t y ,  LS/ACF 

. . .. - . .  



CALCULATION EQUATIONS 

METHOO 3 

100(%0, - ).5% t o )  
= jJ .264Z N2 - X o2 + 0.5% co %EA 

= 0.44(%C02) + 0.32 ( X 0 2 )  + 0.28 (%N2 + %CO) 
Md 

= Md ( I  - Bw,) + 0.18 Bws MS 

t "w(s td )  

Bws 'W(std) + " m ( s t d )  



U V C U I A T I O N  EQUATIONS 

METHOD 5 

BWS 

I 
~ 

0.0472 VIS 

V 
) I  T s ( a v g )  rn(std) 

0.0944 (p  A ~ I - 
5 -5 n tlws 

15.43 M 
.. 

I 
3: 
I 
I 
# 

272.3 M P S  

T s ( a v g )  ('w( std f  'm(std))' 
a 
I 

8.5714 x C, 

1.3228 x lo-' M, A 
tJ 

O An 
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A 

An 

Bws 

CP 

Ca 

CS 

€A 

Y 

Gd 

I 

Md 

mP 

MS 

MP 

Pbar 

pg 

SYMBOLS 

= Cross sectional area of stack, SQ. FT. 

= Cross sectional area o f  nozzle, SQ. FT. 

= Water vapor in gas stream, proportion by volume 

= Pitot tube coefficient, dimensionless 

= Concentration of particulate matter in stack gas, 
wet basis, GR/ACF 

= Concentration of particulate matter in stack gas, dry 
basis, corrected to standard conditions, GR/DSCF 

= Excess air, percent by volume 

= Dry test meter correction factor, dimensionless 

= Specific gravity (relative to air), dimensionless 

= Isokinetic variation, percent by volume 

= Molecular weight of stack gas. dry basis, g/g - mole. 

= Mass flow of wet flue gas, LB/HR 

= Particulate mass flow, LB/HR 

= Molecular weight of stack gas. wet basis, g/g, mole. 

Total amount of particulate matter collected, g = 

= Atmospheric pressure, IN. HG. (uncompensated) 

= Stack static gas pressure, IN. WC. 
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Absolute p r e s s u r e  o f  s t a c k  gas .  1N.HG. 

Standard a b s o l u t e  pressure,  29.92 I N .  HG. 

Actual v o l u m e t r i c  s t a c k  gas  f low r a t e ,  ACFM 

Dry volumetr ic  s t a c k  gas  flow r a t e  co r rec t ed  
c o n d i t i o n s ,  DSCFY 

Rela t ive  humid i ty ,  Z 

Dry bulb t e m p e r a t u r e  of  s t a c k  gas .  O F  

Wet b u l b  t e m p e r a t u r e  o f  s t a c k  gas ,  O F  

Absolu te  ave rage  d r y  g a s  meter  temperature ,  02 

Absolute ave rage  stack tempera ture ,  O F  

t anda rd  

C'I I 

1.' 
Standard a b s o l u t e  t e m p e r a t u r e ,  528 O F  (63 O F )  

Total  sampling time, min .  

Total volume o f  l i q u i d  c o l l e c t e d  i n  impingers and 
si l ica  ge l ,  m l  

.> 

I .' 
I '  

Volume of pas sample  as  measured by dry gas m e t e r ,  CF 1 . I  
Volume o f  gas sample  measured by t h e  d r y  gas meter 
c o r r e c t e d  t o  s t a n d a r d  c o n d i t i o n s .  DSCF 

Volume o f  wa te r  v a p o r  i n  t h e  gas sample c o r r e c t e d  t o  
s t anda rd  c o n d i t i o n s ,  S C F  

Average a c t u a l  s t a c k  g a s  v e l o c i t y ,  FT/SEC 

Vapor p r e s s u r e  a t  Tdb.  IN. H;. 
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c 
6 
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i 
8 
c 
L 
1 
L 
t 
L 
i 
c 
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"Ptwb = Vapor pressure a t  TWb. I N .  HG 

m = Average pressure d i f ferent ia l  across the or i f ice  
meter, I N .  W C .  

AP = Velocity pressure o f  stack gas .  I N .  WC.  

Y = Dry t e s t  meter correction coeff ic ient ,  dimensionless 

P = Actual gas density,  LS/ACF 

i 



I .  CONCENTRATION (ug/Nm3) 

Vm (DSCF) 

where Vm = Exhaust gas volume through meter (DSCF) 

ii' 
- t- I 

. I '  
I '  
I' 
R'  
I '  
# 'I 
I '  
1:  

(Ib/hr) = ( 3 . 7 4 x I O - 9 ) x D S C R . I x ~  
Nm3 

where OSCFH = Volumetric flow rate in the some 

~ 
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C a l c u l a t i o n  o f  Elemental 

Emission Factors 

E, = 1 . 2 7 6 E x 1 0 ~ 5  Ci 

20.9 - O2 

where E = emission f a c t o r  of element I i n  LB/106BTU 

1 Ci = concent ra t ion  o f  element i i n  ug/Nm 

O2 = oxygen content  i n  f l u e  gas a t  p o i n t  o f  

sample c o l l e c t i o n  i n  tv /v .d  



I N T E R P O L L  L A 8 O R A T O R l E S ,  I N C .  
(612)786-6020 

R e s u l t s  o f  T r a c e  M e t a l s  A n a l y s i s  

f a c i l i t y :  N S P / B l a c k  D o g  
T e s t :  1 
S o u r c e :  U n i t  12, E S P  I n l e t  
T e s t  T y p e :  P a r t i c u l a t e  

T o t a l  n a s i  o f  E l e D e n t S  i n  S a a g l e  l u g ]  

Eleient l l t t h o d  

l l 0 9  H0.I 
( r t .  ( q l t  [ P A  5 

A! E P h  6010 
A I  E P A  6010 
A S  i P A  7060 
8 E P A  601 0  
8 a  E P A  6010 
n e  [PA 7091 

C a  E P A  6010 
Cd E P A  6 0 1 0  
c o  f P A  6010 
C r  [ P A  6 0 1 0  
c u  E P A  6010 
f e  E P A  6010 
H g  I f )  E P A  7470 
H g  ( 8 )  [ P A  1470 
K E P A  6010 
t i  S R  3 1 7 h  

E P A  6010 
l ln  E P A  6010 
1 0  f P A  6010 
N a  E P A  6010 
N i  E P A  6010 
P [ P A  6010 
P b  [ P A  6010 
s A S T l l  01552 
Sb !PA 1 0 4 1  
S e  E P A  7740 
Si E P A  6010 
S n  E P h  6010 
Sr S N  1 2 6 A  
T i  f P A  6010 
TI f P A  6010 
V E P A  6010 
In E P A  6010 

C A S T N  o1iTn 

f i e l d  
B l a n k  1 

N O  
N O  
N O  
N O  
N O  
N O  
N O  
N O  
N O  
NO 
N O  
H O  
N O  
N O  
N O  
N O  
N O  
NO 
N O  
N O  
N O  
N O  
N O  
N O  
NO 
N O  
N O  
N O  
N O  
N D  
N O  
N O  
N O  
N O  
N O  

f i e l d  
B l a n k  2 

N D  
no 
N O  
N O  
N O  
N O  
N O  
N O  
N O  
NO 
N O  
N O  
N O  
N O  
N O  

0.12 
N O  
N D  
N O  
N O  
N O  
N O  
N O  
N O  
N O  
n o  
no 
N O  
N O  
N O  
N D  
N O  
N O  
N O  
NO 

R u n  1 

I 5282-051 

5 9 i i 6 n . 4 8  

4tnn.16 

18628.12 

T . 2 8 O b  
< 14.56 

112.12 

4623.05 
21.71 

1456080.00 
< 11.56 

171.09 

I295.9L 

< 0.29 
6.17 

2 1 6 9 5 . 5 9  
276.66 

7 2 1 . 4 9  
66.98 

447.02 
0.00 

193.66 
149459.20 

10.92 
46.96 

8 2 9 9 6 5 . 6 0  
0.00 

25481.40 

0.00 
1565.29 
791.56 

348.71 

121791.6a 

254ni4.00 

115758.16 

5 4 n z i . 4 1  

Run 2 

isznz-io) 
9 . 9 1 1 8  

< i9.az 
793915.18 

141.74 
5164.05 

' 1675.03 
11.19 

107047.44 
1 8 4 1 5 9 b . 8 0  

169.71 

1536.13 

< 0.40 
11.50 

< 19.82 

174.78 

4 o z t i g . o a  

25770.6n 
165.85 

321142.12 
1040.74 

82.27 
1 5  1612. 90 

0.00 

416119.20 

558.01 

ini.15 

13.88 
18.37 

1169592.40 
0.00 

11916.00 
72157.90 

0.00 
2oot.ia 
981.27 

Run 1 

152az-14) 
1.1961 

< 1 1 . 1 9  
601591.96 

97.87 
4209.72 
9642.77 

20.72 
73400.22 

1561553.70 
< 1 1 . 1 9  

2 7 6 . 1 1  
1 5 0 . 4 5  

102236.20 
< 0.29 

1 1 4 4 . 1 8  

7.78 
t i 5 n n . 1 0  

217.47 
244667.40 

741.20 
6 1 . 5 1  

1 2 5 2 1 1 . 1 4  
429.61 

0.00 
2 0 7 . 9 7  

31nz16.70 
1 5 . 8 3  
41.10 

8 5 6 1 1 5 . 9 0  
0.00 

20T54.58 
5b978.20 

0.00 
1519.97 
675.71 

I l 

I 
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INTERPOLL LABORATORIES. INC. 
(612)786-6020 

PA Sunanary for Composi t ional  A n a l y s i s  

F a c i l i t y :  NSP/Black Dog 
Tes t :  1 
Source: U n i t  t 2 .  ESP 1nle.t 
T e s t  Type: P a r t i c u l a t e  

C o n c e n t r a t i o n  i n  Sample ( 5  u/w) 
Element as 
t h e  Oxide Run 1 Run 2 Run 3 

(Log No.) 
( W t .  ( g ) )  
Ag20 < 
A1 203 
As203 
8203 
BaO 
Be0 
C 
CaO 
CdO < 
coo 
Cr203 
CUO 
Fe203 
HgO ( F )  < 
"J (6) 
K2O 
L i  20 
M9O 
Hn304 
MOO3 
Na2O 
N i  0 

PbO 
503 
Sb203 
se02 
s i  02 
Sn02 

T i 0 2  
T120 
V205 
2nO 

m 3  

sm 

(5282-06) 
7,2804 

0.000215 
15.343128 
0.002033 
0.189668 
0.625199 
0.000830 
1.080000 

27.984032 
0.000228 
0.002988 
0.007001 
0.022282 
6.318978 
0.000004 

_o.oooo92 
0.358987 
0.008180 
5.804527 - 0.0137 57 
0.001380 
2.143284 
0.007813 
0. oooooo 
0.002865 

11.986525 
O.Ooo180 
0.000906 

24.382770 
0.000000 
0.413912 
1.256048 
0.000000 
0.038383 
0.013567 

(5282-10) 
9.9118 

< 0.000215 
15.135278 
0.001888 
0.167771 
0.628548 
0.000966 
1. oeoooo 

26.025150 
< 0.000228 

0.004743 
0.007001 
0.019402 
5.804310 
O.oOM)04 
0.000 125 
0.313211 
0.010118 
5.373333 
0.014577 
0.001245 
2.089365 
0.007 164 
0.000000 
0.002014 

10.987648 
0.000168 
0.000686 

25.238305 
0. 000Ooo 
0.3801 99 
1.214347 
0.000000 
0.036062 
0.012323 

(5282-14) 
7.1961 

15.796620 
0.001796 
0.188380 
0.636363 
0.000799 
1.020000 

30.362675 
< 0.000228 

0.004883 
0 .OO7118 
0.019903 
6.004458 

< 0.000004 
0.0001 17 
0.361397 
0.007104 
5.638683 
0.014299 
0.001283 
2.345481 
0.007597 
0.00oooO 
0.003113 

11.736806 
0.000263 
0.000842 

25.452189 
O.oooO00 
0.4068 17 
1.274397 
0.000000 
0.038204 
0.011688 

< 0.000215 

TOTAL 98.009764 94.556994 101.343721 



INTERPOLL LABORATORIES, INC. 
(612)786-6020 

QA Sumnary for  Compos1 t i o n a l  A n a l y s i s  

F a c i l i t y :  NSP/Black Dog - 
T e s t :  1 
source: U n i t  #2, Stack 
T e s t  Type: 4H5 

Element as 
t h e  Oxide 

(Log No.) 
(Ut .  ( 9 ) )  
Ag20 
A1 203 
As203 
8203 
BaO 
Be0 
C 
CaO 
CdO 
coo 
Cr203 
CUO 
Fe203 
HgO ( F )  
HgO 18) 
KZO 
L i  20 
W 
Mn304 
MOO3 
Na20 
N i O  
PO3 
PbO 
so3  
Sb203 
9 0 2  
s i  02 
sn02 
SrO 
T i 0 2  
T120 
V205 
Zn0 

TOTAL 

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

Run 1 Run 2 

(5282-55) 
0.0365 

0.003575 
11.004022 
0.004275 
1.650268 
0.333628 
0.000462 
0.000000 

31.336528 
0.025432 
0.000000 
0.046256 
0.096226 
7.659597 
0.013007 
0.004312 
0.481061 
-0.000000 

6.457139 
0.040608 
0.053422 
6.235236 
0.264245 
0.000000 
0.295026 
0. oooooo 

< 0.003984 
0.004676 
0.000000 
0.000000 
0.365998 
1.049128 
O.oooOOO 
0.043 13 1 
0.840861 

(5282-56) 
0.0410 

< 0.003109 
11.813092 
0.003860 
1.575132 
0.345753 
0.000402 
0.ooOOOO 

31.102368 
0.064805 
0.000000 
0.079110 
0.107605 
7.199888 
0.009032 
0.004813 
0.627607 
0. oooooo 
6.528143 
0.041386 
0.098139 
6.41801 1 
0.290600 
0.000000 
1.636876 
0.000000 
0.003465 
0.002034 
0.000000 
0.000000 
0.373094 
1.052494 
0.000000 
0.03751 3 
0.554811 

68.312105 69.973141 

G- 14 

( %  W / W )  

Run 3 

(5282-57) 
0.0415 

0.003065 
11.914125 
0.003503 
1.295416 
0.366303 
0.000396 
0.000000 

31.656687 
0.031191 
0.000000 
0.026772 
0.067499 
7.790582 
0.010228 
0.004991 
0.515545 
0. 00oOoo 
6.576965 
0.059015 
0.036256 
5.307300 
0.06063 1 
0.000000 
0.313485 
0.MXH)oD 

< 0.003415 
0.002967 
o.MxXx30 
0.000000 
0.411635 
1.132662 
0.000000 
0.036978 
0.283392 

67.911002 
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U n i t s  2 E S P  S t a c k  

M e t a l  
Ag 
A 1  
A S  
8 
8 a  
Be 
Ca 
C d  
C r  
cu  
F e  

K 
Mg 
Mn 
Mo 
Na  
N i  
Pb 
S 
Sb 
Se 
S i  
Sr 
V 
Zn 

Hg 

~~ 

V m  ( D S C F )  
Vm(NM3) 

DSCFM 

0 2  

-1 -1 
1 7 5 0  2 1 6 0  
0 . 9 7  1.01 

1 5 4  1 6 9  
8 9 . 8  1 0 7  
-0.05 -0.05 

6 7 3 0  7 6 8 0  
6 . 6 9  1 9 . 6  
9 . 5 1  1 8 . 7  
2 3 . 1  2 9 . 7  
1 6 1 0  1 7 4 0  
4 . 0 2  4 .43  
- 1 2 0  180 
1 1 7 0  1 3 6 0  
8 . 7 9  1 0 . 3  
1 0 . 7  2 2 . 6  
1 3 9 0  1 6 4 5  
6 2 . 4  7 8 . 9  
8 2 . 3  5 2 5  

3 0 0 0 0 0  2 9 8 0 0 0  
-1 -1 
1 0.5  

NM NM 
9 3  1 0 9  

7 . 2 6  7 . 2 6  
2 0 3  1 5 4  

7 6 . 8 2  7 6 . 7 8  
2 . 1 8  2 . 1 7  

3 5 4 0 0 0  3 5 1 0 0 0  

1 0 . 4  1 0 . 2  

-1 
2 2 1 0  
0 . 9 3  

1 4 1  
1 1 5  

- 0 . 0 5  
7 9 3 0  
9 . 5 7  
6 . 4 2  
1 8 . 9  
1 9 1 0  
4 . 9 4  

1 5 0  
1 3 9 0  
1 4 . 9  
8 . 4 7  
1 3 8 0  
1 6 . 7  

1 0 2  
2 7 8 0 0 0  

-1 
0 . 7 4  

NM 
1 2 2  

7 . 2 6  
7 9 . 8  

7 7 . 2 2  
2 . 1 9  

3 5 5 0 0 0  

10 .2  

R u n l  
- 0 . 4 6 0  

8 0 4  
0 . 4 4 6  

7 0 . 8  
4 1 . 3  

- 0 . 0 2 3  
3 0 9 4  
3 . 0 8  
4 . 3 7  

1 0 . 6 2  
7 4 0  

2 . 2 2  
- 5 5 . 2  

5 3 8  
4 . 0 4  
4 . 9 2  

6 3 9  
2 8 . 6 9  

3 7 . 8  
1 3 7 9 1 1  
- 0 , 4 6 0  

0 . 4 6 0  
0 

4 2 . 8  
3 . 3 4  
9 3 . 3  

Page 1 o f  2 

ug/NM3 
Run2 R u n 3  

- 0 . 4 6 0  
9 9 3  

0 . 4 6 5  
7 7 . 7  
4 9 . 2  

- 0 . 0 2 3  
3 5 3 2  
9 .01 
8 . 6 0  

1 3 . 6 6  
8 0 0  

2 . 0 4  
8 2 . 8  

6 2 6  
4 . 7 4  

1 0 . 3 9  
7 5 7  

3 6 . 2 9  
2 4 1 . 5  

1 3 7 0 6 3  
- 0 . 4 6 0  

0 . 2 3 0  
0 

5 0 . 1  
3 . 3 4  
7 0 . 8  

- 0 . 4 5 7  
1011 

0 . 4 2 5  
6 4 . 5  
5 2 . 6  

- 0 . 0 2 3  
3 6 2 7  
4 . 3 8  
2 . 9 4  
8 . 6 4  

8 7  3 
2 . 2 6  
6 8 . 6  

6 3 6  
6 . 8 1  
3 . 8 7  

6 3 1  
7 . 6 4  
4 6 . 6  

1 2 7 1 3 6  
- 0 . 4 5 7  

0 . 3 3 8  
0 

5 5 . 8  
3 . 3 2  
3 6 . 5  

G- 16 



I 
I 
1 
I 
I 
I 
1 
I 
1 
1 
31 
1 
I 
I 

I 
I 
I 
I 

i 

- 
Runl 

- 0 . 0 0 0 6 0 2  

- LB/HR- 
Run2 R u n 3  

- 0 . 0 0 0 5 9 7  -0.000601 
1 . 0 5 4  

0 . 0 0 0 5 8 4  
0 . 0 9 2 7  
0 . 0 5 4 1  

- 0 . 0 0 0 0 3 0  
4 .05  

0 . 0 0 4 0 3  
0 . 0 0 5 7 3  
0 . 0 1 3 9 1  

0 . 9 6 9  
0 . 0 0 2 9 0  
- 0 . 0 7 2 3  

0 . 7 0 4  
0 . 0 0 5 2 9  

0 . 0 0 6 4  
0 . 8 3 7  

0 . 0 3 7 6  
0 . 0 4 9 6  

1 8 1  
- 0 . 0 0 0 6 0 2  

0 . 0 0 0 6 0 2  
0 

0 . 0 5 6 0  
0 . 0 0 4 3 7  

0 * 1 2 2 2  

1 . 2 9 0  
0 . 0 0 0 6 0 3  

0 . 1 0 0 9  
0 . 0 6 3 9  

-0.000030 
4 . 5 9  

0 . 0 1 1 7 1  
0 . 0 1 1 1 7  
0 . 0 1 7 7 4  

1 . 0 3 9  
0 . 0 0 2 6 5  

0 . 1 0 7 5  
0 . 8 1 2  

0 . 0 0 6 1 5  
0 . 0 1 3 5  

0 . 9 8 3  
0 . 0 4 7 1  
0 . 3 1 3 6  

1 7 8  
- 0 . 0 0 0 5 9 7  

0 . 0 0 0 2 9 9  
0 

0 . 0 6 5 1  
0 . 0 0 4 3 4  

0 . 0 9 2 0  

1 . 3 2 8  
0 . 0 0 0 5 5 9  

0 . 0 8 4 7  
0 . 0 6 9 1  

- 0 . 0 0 0 0 3 0  
4 . 7 6  

0 . 0 0 5 7 5  
0 . 0 0 3 8 6  
0 . 0 1 1 3 5  

1 . 1 4 7  
0 . 0 0 2 9 7  

0.0901 
0 . 8 3 5  

0.0051 
0 . 8 2 9  

0.0100 
0 . 0 6 1 3  

1 6 7  
- 0 . 0 0 0 6 0 1  

0 . 0 0 0 4  4 5 
0 

0 . 0 7 3 3  
0 . 0 0 4 3 6  

0 . 0 4 7 9  

o . o o a 9 5  

S t a c k  

Runl  
A g  - 5 . 5 7 E - 0 7  
A 1  9 . 7 6 E - 0 4  
A S  5 . 4 1 E - 0 7  

B 8 . 5 9 E - 0 5  
B a  5 . 0 1 E - 0 5  

C a  3 . 7 5 E - 0 3  
C d  3 . 7 3 E - 0 6  
C r  5 . 3 0 E - 0 6  
cu  1 . 2 9 E - 0 5  
F e  8 . 9 8 E - 0 4  
Hg 2 . 6 9 E - 0 6  
K - 6 . 6 9 E - 0 5  

Mg 6 . 5 2 E - 0 4  
Mn 4 . 9 0 E - 0 6  
Mo 5 . 9 7 E - 0 6  
N a  7 . 7 5 E - 0 4  
N i  3 . 4 8 E - 0 5  
Pb 4 . 5 9 E - 0 5  

S I . 6 7 E - 0 1  
S b  - 5 . 5 7 E - 0 7  
Se 5 . 5 7 E - 0 7  

Sr 5 . 1 8 E - 0 5  
v 4 .OSE-06 

Zn 1 . 1 3 E - 0 4  

Be - 2 . 7 9 E - 0 8  

s i  O.OOE+OO 

- LB/MMBTU- 

- 5 . 4 7 E - 0 7  
1 . 1 8 E - 0 3  
5 . 5 3 E - 0 7  
9 . 2 5 E - 0 5  
5 . 8 6 E - 0 5  

- 2 . 7 4 E - 0 8  
4 . 2 0 E - 0 3  
1 . 0 7 E - 0 5  
1 . 0 2 E - 0 5  
1 . 6 3 E - 0 5  
9 . 5 2 E - 0 4  
2 . 4 2 E - 0 6  
9 . 8 5 E - 0 5  
7 . 4 4 E - 0 4  
5 . 6 4 E - 0 6  
1 . 2 4 E - 0 5  
9 . 0 0 E - 0 4  
4 . 3 2 E - 0 5  
2 . 8 7 E - 0 4  
1 . 6 3 E - 0 1  

- 5 . 4 1 E - 0 7  
2 . 7 4 E - 0 7  
O.OOE+OO 
5 . 9 7 E - 0 5  
3 . 9 7 E - 0 6  
8 . 4 3 E - 0 5  

Run2 

P a g e  2 o f  2 

Run3 
- 5 . 4 4 E - 0 7  

1 . 2 0 E - 0 3  
5 . 0 6 E - 0 7  
7 . 6 7 E - 0 5  
6 . 2 6 E - 0 5  

- 2 . 7 2 E - 0 8  
4 . 3 2 E - 0 3  
5 . 2  1 E-06 
3 . 4 9 E - 0 6  
1 . 0 3 E - 0 5  
1 . 0 4 E - 0 3  
2 . 6 9 E - 0 6  
8 . 1 6 E - 0 5  
7 . 5 7 E - 0 4  
8 . 1 1 E - 0 6  
4 . 6 l E - 0 6  
7 . 5  1 E-04 
9 . 0 9 E - 0 6  
5 . 5 5 E - 0 5  
1 . 5 1 E - 0 1  

- . 5 . 4 4 E - 0 7  
4 .03E-07 

6 . 6 4 E - 0 5  
3 . 9 5 E - 0 6  
4 . 3 4 E - 0 5  

O . O O E + O O  



NSP H i g h  B r i d g e  - M e t a l s  
U n i t s  2 E S P  I n l e t  

M e t a l  
Ag 
A 1  
A S  

8 
8 a  
Be 
Ca 
C d  
C r  
c u  
F e  
Hg 
K 
Mg 
M i l  
Mo 
N a  
N i  
Pb 
S 
Sb 
Se 
s i  
S r  
V 
Zn 

V m ( D S C F )  
V m ( N M 3 )  

DSCFM 

0 2  

- 
Runl 

- 1 4 . 6  
5 9 1 0 0 0  

1 1 2  
4 2 9 0  

4 0 8 0 0  
2 1 . 8  

1 4 6 0 0 0 0  
- 1 4 . 6  

3 4 9  
1 3 0 0  

3 2 2 0 0 0  
6 . 1 7  

2 1 7 0 0  
2 5 5 0 0 0  

7 2 1  
6 7  

1 1 6 0 0 0  
4 4 7  
1 9 4  

3 4 9 4 6 0  
1 0 . 9  

47  
8 3 0 0 0 0  

2 5 5 0 0  
1 5 7 0  

7 9 4  

1 0 7 . 6 1  
3 . 0 5  

3 5 3 0 0 0  

7 . 6  

u g  ) - 
Run2 Run3 

- 1 9 . 8  - 1 4 . 4  
7 9 4 0 0 0  6 0 2 0 0 0  

1 4 2  
5 1 6 0  

5 5 8 0 0  
3 4 . 5  

1 8  4 0 0 0 0  
- 1 9 . 8  

4 7 5  
1 5 4 0  

4 0 2 0 0 0  
1 1 . 5  

2 5 8 0 0  
3 2 1 0 0 0  

1 0 4 0  
8 2 . 3  

1 5 4 0 0 0  
5 5 8  
1 8 5  

4 3 6 1 2 0  
1 3 . 9  
4 8 . 4  

11 6 9 6 0 0  
3 1 9 0 0  

2 0 0 0  
9 8 1  

1 0 5 . 4 1  
2 . 9 8  

3 4 4 0 0 0  

7 . 7  

9 7 . 9  
4 2 1 0  

4 1000 
2 0 . 7  

1 5 6 0 0 0 0  
- 1 4 . 4  

350 
1 1 4 0  

3 0 2 0 0 0  
7 . 7 8  

2 1 6 0 0  
2 4 5 0 0 0  

7 4 1  
6 1 . 5  

1 2 5 0 0 0  
4 3 0  
2 0 8  

3 3 8 2 2 0  
1 5 . 8  
4 3 . 1  

8 5 6 3 0 0  
2 4 8 0 0  

1 5 4 0  
6 7 6  

1 0 5 . 7 4  
2 . 9 9  

3 4 3 0 0 0  

7 . 2  

- 
R u n l  
- 4 . 7 9  

1 9 3 9 4 9  
3 6 . 8  
1 4 0 8  

1 3 3 8 9  
7 . 1 5  

4 7 9 1 3 0  
- 4 . 7 9  

1 1 5  
4 2 7  

1 0 5 6 7 1  
2 . 0 2  
7 1 2 1  

8 3 6 8 4  
2 3 7  

2 2 . 0  
3 8 0 6 8  

1 4 7  
6 3 . 7  

1 1 4 6 8 3  
3 . 5 8  
1 5 . 4  

2 7 2 3 8 2  
8 3 6 8  

5 1 5  
2 6 1  

P a g e  ,1 o f  2 

u g / N M 3  
R u n 2  Run3 

- 6 . 6 3  - 4 . 8 1  
2 6 6 0 0 6  2 0 1 0 5 3  

4 7 . 6  3 2 . 7  
1 7 2 9  1 4 0 6  

1 8 6 9 4  1 3 6 9 3  
1 1 . 5 6  6 . 9 1  

6 1 6 4 3 7  5 2 1 0 0 0  
- 6 . 6 3  - 4 . 8 1  

1 5 9  1 1 7  
5 1 6  3 8 1  

1 3 4 6 7 8  1 0 0 8 6 0  
3 . 8 5  2 . 6 0  
8 6 4 4  7 2 1 4  

1 0 7 5 4 1  8 1 8 2 4  
3 4 8  2 4 7  

2 7 . 6  2 0 . 5  
5 1 5 9 3  4 1 7 4 7  

1 8 7  1 4 4  
6 2 . 0  6 9 . 5  

1 4 6 1 0 9  1 1 2 9 5 7  
4 . 6 6  5 . 2 8  
1 6 . 2  1 4 . 4  

3 9 1 8 4 0  2 8 5 9 8 2  
1 0 6 8 7  8 2 8 3  

6 7 0  5 1 4  
3 2 9  2 2 6  

G-18 



I n l e t  Page 2 o f  2 

R u n 2  
- 0 . 0 0 6 2 6  

2 5 6  
0 . 0 4 8 6  

1 . 8 6  
1 7 . 7  

0 . 0 0 9 4 6  
6 3 4  

- 0 . 0 0 6 3 4  
0 . 1 5 1  
0 . 5 6 4  

1 4 0  
0 . 0 0 2 6 8  

9 . 4 2  
111 

0 . 3 1 3  
0 . 0 2 9 1  

5 0 . 3  
0 . 1 9 4  

0 . 0 8 4 2  
1 5 2  

0 . 0 0 4 7 3  
0 . 0 2 0 4  

3 6 0  
11.1 

0 . 6 8 1  
0 . 3 4 5  

- 0 . 0 0 8 4 4  
3 3 9  

0 . 0 6 0 6  
2 . 2 0  
2 3 . 8  

0 . 0 1 4 7 1  
7 8 5  

- 0 . 0 0 8 4 4  
0 . 2 0 3  
0 . 6 5 7  

1 7 1  
0 . 0 0 4 9 0  

11.00 
1 3 7  

0 . 4 4 3  
0 . 0 3 5 1  

6 5 . 7  
0 . 2 3 8  

0 . 0 7 8 9  
1 8 6  

0 . 0 0 5 9 3  
0 . 0 2 0 6  

4 9 9  
1 3 . 6  

0 . 8 5 3  
0 . 4 1 8  

- 0 . 0 0 6 1 0  
2 5 5  

0 . 0 4 1 5  
1 . 7 8  
1 7 . 4  

0 . 0 0 8 7 7  
6 6 1  

- 0 . 0 0 6 1 0  
0 . 1 4 8  
0 . 4 8 3  

1 2 8  
0 . 0 0 3 3 0  

9 . 1 6  
1 0 4  

0 . 3 1 4  
0 . 0 2 6 1  

5 3 . 0  
0 . 1 8 2  

0 . 0 8 8 2  
1 4 3  

0 . 0 0 6 7 0  
0 . 0 1 8 3  

3 6 3  
1 0 . 5  

0 . 6 5 3  
0 . 2 8 7  

LB/MMBTU_ - 
Run1 Run2 Run3 

Ag - 4 . 5 9 E - 0 6  
A 1  1 . 8 6 E - 0 1  
A s  3 . 5 2 E - 0 5  

8 1 . 3 5 E - 0 3  
Ba 1 . 2 8 E - 0 2  
Be 6 . 8 5 E - 0 6  
Ca 4 . 5 9 E - 0 1  
Cd - 4 . 5 9 E - 0 6  
C r  1 . 1 0 E - 0 4  
cu 4 . 0 8 E - 0 4  
F e  1 . 0 1 E - 0 1  

1 . 9 4 E - 0 6  
K 6 . 8 2 E - 0 3  

Mg 8 . O l E - 0 2  
Mn 2 . 2 7 E - 0 4  
Mo 2 . 1 1 E - 0 5  
Na 3 . 6 4 E - 0 2  
N i  1 . 4 0 E - 0 4  
Pb 6 . 1 0 E - 0 5  

S 1 . 1 0 E - 0 1  
Sb  3 . 4 2 E - 0 6  
Se 1 . 4 8 E - 0 5  
S i  2 . 6 1 E - 0 1  
Sr 8 . O l E - 0 3  

v 4 . 9 3 E - 0 4  
Zn 2 . 4 9 E - 0 4  

Hg 

G- 19 

- 6 . 4 0 E - 0 6  
2 . 5 7 E - 0 1  
4 . 5 9 E - 0 5  
1 . 6 7 E - 0 3  
1 . 8 0 E - 0 2  
1 . l l E - 0 5  
5 . 9 5 E - 0 1  

- 6 . 4 0 E - 0 6  
1 . 5 4 E - 0 4  
4 . 9 8 E - 0 4  
1 . 3 0 E - 0 1  
3 . 7 2 E - 0 6  
8 . 3 4 E - 0 3  
1 . 0 4 E - 0 1  
3 . 3 6 E - 0 4  
2 . 6 6 E - 0 5  
4 . 9 8 E - 0 2  
1 . 8 0 E - 0 4  
5 . 9 8 E - 0 5  
1 . 4 1 E - 0 1  
4 . 4 9 E - 0 6  
1 . 5 6 E - 0 5  
3 . 7 8 E - 0 1  
1 . 0 3 E - 0 2  
6 . 4 6 E - 0 4  
3 . 1 7 E - 0 4  

- 4 . 4 7 E - 0 6  
1 . 8 7 E - 0 1  
3 . 0 4 E - 0 5  
1 . 3 1 E - 0 3  
1 . 2 7 E - 0 2  
6 . 4 3 E - 0 6  
4 . 8 4 E - 0 1  

- 4 . 4 7 E - 0 6  
1 . 0 9 E - 0 4  
3 . 5 4 E - 0 4  
9 . 3 7 E - 0 2  
2 . 4 2 E - 0 6  
6 . 7 1 E - 0 3  
7 . 6 1 E - 0 2  
2 . 3 0 E - 0 4  
1 . 9 1 E - 0 5  
3 . 8 8 E - 0 2  
1 . 3 3 E - 0 4  
6 . 4 6 E - 0 5  
1 . 0 5 E - 0 1  
4 . 9 0 E - 0 6  
1 . 3 4 E - 0 5  
2 . 6 6 E - 0 1  
7 . 7 0 E - 0 3  
4 . 7 8 E - 0 4  
2 . 1 0 E - 0 4  



Otnztnt 

lolutnt 

Xy l t n t  

fthyl- 
Etnztnt 

2.35 
2 . 3 2  
2 . 1 6  

2.15 
2 . 3 2  
2.36 

2.15 
2.12 
2.36 

2.15  
2.12 
2.16 

0 .02  4 . 6 9 ~  ~ i i a  0.100 
0.02 4.751-09 154118 0.101 
0.02 4.61t-09 141149 0.091 

0.02 4.691-09 15411B 0.09966 

0.02 4.611-09 141149 0.09146 
0.02 4.~1t-09 154iia o.10095 

G- 20 
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APPENDIX H 
S A M P L I N G  T R A I N  C A L I B R A T I O N  DATA 



I! 
# 
i 
i 
i 
i 
i 
i 
1 
1 
1 
1 
rl 
II 

i 
I 

I 
1 
I 

Interpol1 Laboratoriee. lnc. 
1612) 756-&.t:,&.t:l 

EFA Method 5 Gas Metering System 
Quality Control Check Data Sheet 

Operator h a  &.ZdJJCd Module No. I, 

Instructions: Operate the control madule at a flow rate equal 
t o  .'"'H'S for 1 0  ininutrs before attaching the um- 
bilical. Record the fallowing data: 

Calculate Y,, as follows: 

I -1 

If Y , ,  i5 not within the ranye c j i  0.97 t o  1.05. "the V G ~ L ~ ~ S  

metering system shijuld b s  in,,-- .e>tigstcd befcrs beginning." 

CFR Title 40, Fart 60. Appsndi:.; A ,  Wethod 5, Ssction 4.4.1 
5-432R 
Paoe 11 H- 1 



I n t e r p o l l  L a h o r a t o r l s z .  i n c .  
785-60air 

EPCI Method  5 Gas M e t e r i n g  Sys tem 
Q u a l i t y  C o n t r o l  C h e c k  Data S h e e t  

I n s t r u c t i o n s :  O p e r a t e  t h e  c o n t r o l  m o d u l e  a t  a f l o w  ra te  e q u a l  
t o  .".Ha f o r  1Cl m i n u t e s  before a t t a c h i n g  t h e  um- 
bi 1 i ca l  . Record t h e  f 01 l o w i n g  d a t a :  

C a l c u l a t e  Y,, a s  follows: 

- \. , C n  - - 1 . 0 ~  i3 

I-! Y,, i 6  n o t  w i t h i n  t h e  r a n g e  o f  Cl.77 to 1.02, " t h e  V o l L I m e  
n e t s r i n g  s':;strrn s h o u l d  be i n i e s t i g a t c d  before  b e g i n n i n g . "  

CFR T i t l e  LCO, Far t  5 0 ,  Append ix  A ,  M r t h o d  5 ;  S r c t i o n  4.3.1 

H- 2 
5-432R 

Page I1 
~. 



~ 

i 
4 
i 
i 
c 
i 
I 
I 
L 
I 
I 
c 
c 
b 
I 

i 
I 

1 
I 

<-.:+.-, ,- ..' 

I n t e r p o l  1 L a S o r a t o r i a s .  I n = .  
(612)  785-6060 

EFA Method  5 G a s  M e t e r i n g  Sys tem 
D u a l i t y  C o n t r o l  C h e c k  Data  S h e e t  

I n s t r u c t i o n s :  O p e r a t e  t h e  c u n t r u l  mOdUle a t  a f l o w  r a t e  e q u a l  
t o  ...'.H@ f o r  1 0  m i n u t e s  b e f o r e  a t t a c h i n g  
b i l i c a l .  R e c o r d  t h e  f o l l o w i n g  d a t a :  

Meter Temp. (OF) 

C a l c u l a t e  Y,, a s  f o l l o w s :  

7 - CI . 5 
Y," = 1.736 !t, + 460) 

7 "- 
L 

1.: Y,,  i s  n o t  w i t t > i n  the r a n g e  04 Cr.77 t o  1.1:iZ.. " t h e  v o l u m e  
m e t s r i n g  systz.m s h o u l d  b e   in^.-- v r d i g a t r d  b e f o r e  b e g i n n i n g .  '' 

CFF: T i t l e  C,:), F a r t  hi). Appsndi:. A ,  Piethed 5 ,  S e c t i o n  4.4.1 

5-432R 
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In terpol1  Laboratories, Inc .  

(612)  786-6020 

Nozzle Cal i brat ion 

Data Sheet 

Date o f  Cal ibrat ion:  1-31-92 

Technician: E. Trowbridge 

Nozzle Number 1-4 

The nozzle i s  rotated i n  60 degree increments and the diameter a t  each 

point i s  measured t o  the nearest 0.001 inch. The observed readings and 

average are  shown below. 

Posit ion Diameter 

(inches 1 

1 .250 

2 .249 

3 .250 

Average : .250 

H- 14 
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Interpo l1  Laboratories, Inc .  

(612)  786-6020 

Nozzle Ca l ibra t ion  

Data Sheet 

Date o f  Cal ibrat ion:  1-31-92 

Technician: D.  Van Hoever 

Nozzle: glass 

The nozzle i s  rotated i n  60 degree increments and the diameter a t  each 

point  i s  measured t o  the nearest 0.001 inch. The observed readings and 

average are shown below. 

Posit ion D i  arne t e  r 

( i nches ) 

1 .365 

2 .365 

Average : .365 

H-15 
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In te rpo l1  Laboratories, Inc .  

(612)  786-6020 

Nozzle Cal i b r a t  i on 
Data Sheet 

Date o f  Cal ibrat ion:  1-31-92 Nozzle: Cascade 

Technician: D .  Van Hoever Impactor 

The nozzle i s  rotated i n  60 degree increments and the diameter a t  each 
(1 

point  i s  measured t o  the nearest 0.001 inch. 

average are shown below. 

The observed readings and 

Posit ion Diameter 

(Inches 1 

1 .264 

2 .262 

3 .264 

Average : .263 

H-16 
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Interpol1 Laboratories. Inc. 

j emwratum Measurement Oevlca 
Gal lbrat ion Sheet 

Method of Calibration: 
a Coipirison i q i i n s t  ASn rrcury it ~ l iu  thtriatetir iring I thtrwrtttttd and insulitcd t l u i i n u t  block dcri9ntd 

t8 prmidi rnifori titwituri. I h  tiaperiturt i s  cdjustid 
carfrid~. 
O i i g i  Mil ~ ~ - 1 0 0  TIpt I lhtrmcouplt lilulitar #bid sroridu 22 p r i c i i i  tetoerit~ri t a u i n l i n t  iillirolr 
signals. T b i  a-IOO i s  cold jsactiot cotwnritid. Cilibritiw Kcuricj i s  0.11 ~l sotn l z l o O 4 t  I diqrti 
Ifor aeqiciri teto(ritgres i d d  f 2 dtgrotr. T h i  CL-100 iirlitcs 811ctly thi milliroltiqi of I TYPE I 
thrrnocowle i t  the 1ndici:ed tetptrituri. 

idjustin( the rolci~e 01 t h i  bloct Ltitir 

@ 

Desi red 
Temp (OF) 

tkninal  

0 
100 
200 
300 
400 
500 
600 
700 
a00 
900 
lo00 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
ZOO0 
2100 

Temperature o f  Response o f  Deviation 

Simulated ~ e m p  (OF) C D F )  tit (1) 
Standard or Unit Under Test 

OF = o f f  scale respnse by u n i t  under test (%I 
I dev f 100 A t  / (460 + t) 

u n i t  i n  t o l e r a w  
U n i t  was not I n  tolerance: recalibrated - See new ca l ib ra t ion  sheet. 

H-17 
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Interpoll Laboratories, Inc. 

Janwraturn Measuranbnt Oevipp 
y l i b r a t i o n  Sheet 

Method of Calibratlon: 
a 

B f  

Coupirison a q i i a s t  L f la  wrcury  i n  )lau t h e r w w t a r  a i 1 9  I t h a m r t t t u d  and insulated alui inum block deriqnad 
to proride s n i f o n  teuperatur i .  111 U l p e r a t u r e  i a  IQitttd by atJBstisg tba V o l U ~ e  M t h l  Il#t b a l t l r  
c i r t r i d p .  
OHga llodel CL-100 Iyoe 1 Thenocoupla l i a l i t o r  which p r o v i h  11 prsciae t e s o e r a t i r s  eauivalenl s i l l i r o l t  
8 i )nala.  Tbe CL-100 i s  cold junct ion coqenriled. C d l b r i t l o n  ICEracy i s  ?. 0.1s of wan I Z l O O ( t 1  I IIWI 
I f o r  ~ t i t i v a  t iuoeratores add f t degrasi. lk a-100 i i w l a t e s  n x i c t l y  tha mi l l i vo l t191  of I 1~ I 
th8ruocouole a t  tha  ind lc i ted  t i u p 8 r a t u r I .  

Temperaturn of 
Standard or I Simulated Tamp (OF) 

Des1 3 d  
Temp ( F )  

m i n a l  
~ 

0 0 
100 490 
200 zoo 
300 3oa 
400 A 
600 S O 0  
800 
roo 
800 
800 

1000 
1100 
1200 
1300 A 
1400 /yon 
1500 IS00 
1600 
w o o  
1800 
1800 
2000 
2100 

3E 

3E 
3iE 

c 

c 

Response of 
unit Under las t  

(DF) 

Averages: 6f 
OF = off scale response by u n i t  under test (%I 

X d e V  : 100 A t  / (450+ t) 

16 u n i t  i n  toleranca 
ff Unlt uas not i n  tolerance: recalibrated - See n e w  calibration sheet. 

H-18 
5-433 
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(612)786-6020 I 
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S-Type-P l to t  Tube Inspection Sheet 

-- Pltobe Ib. 2 3 -6 

P l t u t  tube dimensions: .. 

1. External tubing dlmetcr (Dt) - ,  7- /3 X I .  

3. Base to Slde B openlng plane (PB) ' /y 5- 11. 
2. Base to SI& A openlns plane (PA) . -//4 In. 

A1 I gnment : 

4. al<lOO ,[.~ 
5. a*<100 2~ 

7. B; < 50 7- 

- 
Dfstance from P i t o t t o  Probe  Components: 

10. Pitot to 0.500 IN. nozzle . 73r IN. 

11. P I t o t  to probe sheath 3 /.-& IN. 

12. P l t o t  to thermocouple (paral le l  to probe) .a, OL? IN. 

13. P i t o t  to themocouplc (perpendlculrr to probe) , 749 IN. 

Meets a l l  EPA design c r i t e r i a  thus 5 = 0.84 

Does not meet EPA d e s i g n  c r i t e r i a  - thus ca l ibrate  In wind tunnel  

' 

CI = 

Date' of Inspection: Inspected by: 

CFR 11th 40 Pam 60 Appendix A Method 2 

H-19 



1. 
2 .  
3.  

4. 

5. 

6. 
7. 

8. 
9. 

10. 

11. 

12. 

13 I 

I n t e r p o l l  Inc. 

S-Type P i t o t  Tube Inspec t ion  Sheet 

P i t o b e  No. 2 4/- f 

(612)786-6020 

P i t o t  tube dimensions: .. 

External  t u b i n g  diameter  (Dt) IT& IN. 

Base t o  Side A opening p l ane  (PA) 
Base t o  Side B opening p l a n e  (P,) 

Distance from P i t o t  t o  Probe Components: 

P i t o t  t o  0.500 IN. nozz le  .# 7d@ IN. 

P i t o t  t o  probe shea th  3. d IN. 

P i t o t  t o  thermocouple ( p a r a l l e l  t o  probe) IN. 

P i  t o t  t o  thermocouple ( p e r p e n d i c u l a r  t o  probe) IN. 

I 
L-d-Yd I 

Date o f  Inspect ion:  Inspected by: 

H- 20 
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Interpol 1 Laboratories 
(612)786-6020 

S-Type P i to t  Tube Inspection Sheet 

Pitobe No. 4fls--’i( 

Pi to t  tube dimensions: 

1. External tubing diameter (Dt) , 316 IN. 
2. Base t o  Side A opening plane (PA) t/& ZC IN. 

3. ‘ y2+3 IN. Base t o  Side B opening plane (P,) 

A1 ignment: +- 4. a l  <IO0 
5. a2 <loo 

6. B1 < 50 8 
7. B2 50 t 

9. W e.0625’ . B /  

8. 2 C.125’ ,6 2- 

Distance f rom P i t o t  t o  Probe Components: 

10. Pi to t  t o  0.500 IN. nozzle , 74 IN. 

11. Pi to t  t o  probe sheath 2 0  IN. 

12. Pi to t  t o  thermocouple (pa ra l l e l  t o  probe) IN. 

13. Pi to t  t o  thermocouple (perpendicular t o  probe) , 7 d U N .  

Date o f  Inspection: Inspected by: 

’- 2-//f/ 

H-21  



INTERPOLL LABORATORIES 
(612)786-6020 

Stack Sampling Department - QA 
Aneroid Barometer Calibration Sheet 

Actual Mercury 
Barometer Read 

Temperature 
Ambient Correction Adjsted Mercury Initial Aneriod Difference 
Temp. Factor Barometer Read Barometer Read (Pba-Pbm) 

2'5- [' Lq z,$ .r: L- 

4 
Has this barometer shown any consistent problems with calibration? Yes?& If 
yes, explain. 

Has problem been alleviated? Yes/No. How? 

*Note 

Aneroid barometers will be calibrated periodically against a mercury column 
barometer. The aneroid barometer to be calibrated should be placed in close 
proximity to the mercury barometer and left to equilibrate for 20-30 minutes 
before calibrating. Aneriod barometer will be calibrated to the adjusted 
mercury barometer readings. 5-312 

H-22 
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Actual Mercury 
Barometer Read 

INTERPOLL LABORATORIES 
(612)786-6020 

Stack Sampling Department - QA 
Aneroid Barometer Calibration Sheet 

Temperature 
Ambient Correction Adjsted Mercury Initial Aneriod Difference 
Temp. Factor Barometer Read Barometer Read (Pba-Pbm) 

Date 7/r q /  
Technician '7- f l  doe &.?IC 

Aneroid Barometer No. ~ ~ / t , r n e - t c  S Z r  /1 1 F L  / Z / L  

Mercury Colum<Barometer No. 1 

Has this barometer shown any consistent problems with calibration? Yes/No. I f  
yes. explain. 326- 

~~ ~ 

Has problem been alleviated? Yes/No. How? 

*Note 

Aneroid barometers will be calibrated periodically against a mercury column 
barometer. The aneroid barometer to be calibrated should be placed i n  close 
proximity to the mercury barometer and left to equilibrate for 20-30 minutes 
before calibrating. Aneriod barometer will be calibrated to the adjusted 
mercury barometer readings. 5-312 

I~ H-23 
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Mass Rate Conversion 

Factor  f o r  q/sec 

LB g/sec = - m x  
x [  3600 sec 

g / s  = 0.126 (JLB/HR) 

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

Testing Laboratory internal Correspondence 

DAW March 20,1992 

FROM T M k m t z  

TD RogerQarke 
Patricia Boy= 

IDCATTON ac-2 
IDCATlON G0-2 

Go-2 

SUBJECT ANALYSIS OF COAL ASH 

1.0 Purpose of Testing 

The Testing Lab analyzed samples of coal ash fmm various plants to provide current 
i n f o d o n  on coal ash guraatod h m  NSP's stcam plants 

f 

2.0 Test Methods 

The samples WQC leached according to EpAls M&ods 1311 and 1312. For Total 
Composition analysts the samples were dig& with a mixturt of acids in a closed 
mimwave vessel that xtsultcd in a neatly complete dissolution of the q l c  

3.0 Test Results 

T.M h e r e n k  
SupavisingChemist 
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R e s u l t s  of 

F a c l l  i t y :  
T e s t  : 
Source I 
T e s t  Type: 

ASH CONTENT 

ELEMENT 
(Log No.) 

Ag 
A1 
AS 
B 
Ba 
Be 
C 
Ca 
Cd 
co 
C r  
cu 
Fe 
Hg 
K 
L i  
Mg 
Hn 
Mo 
Na 
N1 
P 
Pb. . 
S 
Sb 
se 
S I  
Sn 
Sr 
T I  
T1 
V 
Zn 

INTERPOLL LABORATORIES, INC. 
(612)786-6020 

Trace Meta ls  A n a l y s i s  

NSPlBl ack Dog 
1 
U n i t  t 2 .  Coal Composite 
Coal 

I N  PERCENT: 5.7900 

MW 

107.87 
26.98 
74.92 
10.81 

137.34 
9.01 

12.01 
40.08 

112.40 
58.93 
51.99 
63.55 
55.85 

200.59 
39.09 

6.94 
24.30 
54.94 
95.94 
22.99 
58.71 
30.97 

207.20 
32.06 

121.75 
78.96 
28.09 

118.69 
87.62 
47.90 

204.37 
50.94 
65.38 

MG/KG I N  
THE ASH* 

(5282-73) 
< 0.46 

91500.00 
14.70 

506.00 
811.00 

4.73 
ND 

174000.00 
c 2.30 

NO 
53.70 

253.00 
45300.00 

< 0.04 
4200.00 

21.00 
30200.00 

91.10 
8.63 

2oooo.00 
79.20 

ND 
40.50 

4550.00 
1.28 
4.90 

167000.00 
ND 

2980.00 
7140.00 

ND 
270.00 
151.00 

ELEMENT 
AS THE 
OXIDE 

~ 9 2 0  
A1 203 
As203 
8203 
BaO 
Be0 
C 
CaO 
CdO 
COO 
Cr203 
CUO 
Fe203 
H9O 
K20 
L120 
HgO 
Hn304 
no03 
Na2O 
N10 
Po3 
PbO 
so3 
Sb203 
se02 
s i 0 2  
9 0 2  
SrO 
T I  02  
T120 
V205 
ZnO 

MOLE 
WEIGHT 

231.74 
101.96 
197.84 
69.62 

153.33 
25.01 
12.01 
56.08 

128.40 
74.93 

151.98 
79.55 

159.69 
216.59 

94.18 
29.88 
40.30 

228.81 
143.94 
61.98 
74.71 
78.97 

223.20 
80.06 

291.50 
110.96 
60.08 

150.59 
103.62 
79.90 

424.74 
181.88 

81.38 

MC/KG AS 
THE OXIDE 

< 0.49 
172893.62 

19.41 
1629.40 

905.42 
13.13 
0.00 

243461.08 
< 2.63 

0.00 
78.49 

316.70 
64762.37 

< 0.04 
5059.55 

45.21 
50084.77 

126.47 
12.95 

26959.55 
100.78 

0.00 
43.63 

11362.23 
1.53 
6.89 

357186.19 
0.00 

3524.17 
1 1909.94 

0.00 
482.01 
187.95 

TOTAL PERCENT 

PERCENT OF 
THE ASH 

O.ooOo5 
17.28936 
0.00194 
0.16294 
0.09054 
0.00131 
0.00000 

24.34611 
O.OOO26 
0.00000 
0.00785 
0.03167 
6.47624 

0.0000043 
0.50596 
0.00452 
5.00848 
0.01265 
0.00129 
2.69595 
0.01008 
0.00000 
0.00436 
1.13622 
0.00015 
0.00069 

35.71862 
0.00000 
0.35242 
1.19099 
0.00000 
0.04820 
0.01880 

95.11766 

J-1 
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APPENDIX K 

SULFUR DIOXIDE DISPOSITION 
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QA/W SO2 OisDosi t ion Calculat ions 

A. Maxinum Potent la l  SO. Emisslon Factor From Fuel  Analvsis . 
Based on the fue l  analysis o f  the coal samples co l lec ted  on the day 

o f  test ing.  the fue l  contained 0.29% sul fur  and had a heating value o f  

8553 BTU/LB. The poten t ia l  s u l f u r  d iox ide emission ra te  can be caluclated 

d i r e c t l y  from these values: 

2 0000 B,+ 
MIV E =  

where 4 = 1 i s  equivalent t o  assuming t h a t  a l l  the s u l f u r  i n  the fue l  i s  

emitted as SO2 and 9 = 0.8 assumes t h a t  0.2 ( 2 0 % )  i s  retained i n  the ash 

(system). 



e. F r o m  Emission Test inq 

Since the t race m e t a l  t r a i n  impingers contain peroxide. the SO2 

emission fac to r  can also be calculate'd f r o m  the emission data using the 

fo l low ing  expression: 

2 9 . 2 C ,  
20.9-02  

E =  

Mass lua)  "Std C 02 E 

Run S so, (Nm') (ua/Nm'I ( \ v / v )  (LB/106 BTU) 

1 i3eooo 257710 2.18 118216 10.4 0.14 

2 137000 273712 2.17 126135 10.2 0.15 

3 127000 253733 2.19 115860 10.2 0.14 

C. ComDarl son o f  Em1 ssion Factors 

The resu l ts  o f  t h e  exhaust gas sampling are seen t o  be s ign i f i can t l y  

lower than those predicted by the resu l ts  o f  the fue l  analyses. This 

r e s u l t  i s  expected i n  t h i s  case as the No. 2 B o i l e r  Is  a f l u ld i zed  bed 

b o i l e r  w i th  l ime in jec t lon .  therefore s i g n i f i c a n t  amounts o f  SO2 are 

removed i n  the combustion zone. 

I. 

K- 2 
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