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ACFH 
cc t m l )  
DSCFH 
DSHL 
DEG-F (OF) 
D I A .  
FP 
FT/SEC 

GPH 
GR/ACF 
GR/DSCF 
g/dscm 
HP 
HRS 
IN.  
IN.HG. 
IN.WC. 
LB 
LB/DSCF 
LB/HRC 
LW10 BTU 
LB/HHBTU 
LTPD 
MW 
mg/Nm: 
uq/Nm' 
microns (urn) 

ns  
UIN. 

ohm-cm 
PH 
PPH 
PPH 
DDmC 
DDm.d 
DDm.W 
Q D t  
P S I  
SP.FT. 
T PD 
US 
v /v  
w / w  
< 

ABBREVIATIONS 

a c t u a l  cubic  f e e t  Der mlnute 
cubic cent imeter  ( m i l l i l i t e r )  
standard cub ic  foot o f  d r y  gas per minute 
drv  standard m i l l i l i t e r  
degrees Fahrenhei t  
d i ame t e  r 
f i n i shed  Droduct f o r  p l a n t  
f e e t  Der second 
gram 
gal lons per minute 
grains per a c t u a l  c u b i c  foot 
grains per  d r y  s tandard cubic f o o t  
grams per d r y  s tandard cubic  meter 
horsewwer 
hours 
inches 
inches of mercury 
inches of water 

pounds wr d r y  s tandard cubic  f o o t  
pounds per  hour 
pounds Der m i l l i o n  B r i t i s h  Thermal U n i t s  heat i n p u t  
pounds per  m i l l i o n  B r i t i s h  Thermal Un l t s  heat i n p u t  
long tons per  day 
megawatt 
m i l l ig rams per  d r y  standard cubic meter 
micrograms per d r y  standard cubic meter 
micrometer 
minutes 
nanograms 
ohm-centimeter 
p a r t i c u l a t e  ma t te r  
pounds per hour 
pa r t s  per m i l l i o n  
pa r t s  Der m i l l i o n  carbon 
Darts per m i l l i o n .  d r y  
D a r t s  Der m i l l i o n .  wet 
D a r t s  per t r i l l i o n  
pounds oer sauare i n c h  
sauare f e e t  
tons per day 
micrograms 
percent by volume 
percent by weight 
- < (when f o l l o w i n g  a number) 

DOUnd 

Standard cond i t i ons  are def ined as 68 OF (20 OC) and 29.92 IN .  o f  mercury 
pressure.  
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Jeff Cole, RTI, says this is a dry bottom boiler, according to 
the UDI/EEI 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 

?r H ? r c i  2 7 ,  ! 9 W .  I n t 2 r z c !  1 i 3 i s r a t s r : e r  personnel 23ndgcted a 

t race  ?letal c h a r a c t e r i z a t i o n  study on t h e  U n i t  3 Dry Scrubbing System a t  

the NoTtnern States Pcwer :Company (NSP)  Sherburne County Ceneraticg 

Stst :sn loc3T.ea ii: P x k 2 r ,  M:nne;c.ta. 3n-s;:e t 2 s t i n g  was performed by 3. 

' V u  Koever, E. T r ~ b r i d g e ,  Y .  k'aehler axd C. 3 a i n v i l l e .  Cocrd ins t iz r  

be-ween t e s t i c g  ac t7v : t ies  and Jlan'. operat ion w2s prov ided by Bob Cat:on 

o f  NS?. 

IJn't 3 i s  a Babcock and Wilcou. 8€0  MW b o i l e r  which came on l i c e  I n  

1927.  The b o i l e r  i s  f l r e d  w i t h  F u l v s r i i a d  subSituminous :oal from 

Montma. P a r t i c u l a t e  and s u l f ? l r  d i o x i d ?  e c j s s i m s  are c c n t r o l l e d  b:: 3 dry  

scrubber c o n s i s t i n g  af a sprzy dryer  ab jorber  ( S I X )  and tagP.cuse. 

Scrubbed f l u e  gas i s  exhausted t 3  t h e  atmos3here b y  a 952-foot h igh  r a d i a l  

b r i c k - l i n e d  corc re te  .stack.  

Yul t i -Meta l  Mod i f ied  Method 5 (4ME)  sampling t r a i n  was used t o  

i s o k i n e t i c a ! l y  c o l l e c t  s c l i d  and vapor phase t r a c e  metals. The samples 

'were cr r l lec ted and analyzed as per  t h e  EPA D r a f t  Method "Methodology f a r  

the Determinat ion o f  Metals Emissions i n  Exhaust Gases from Sta t ionary  

Source Combustion Processes". The aerosol or s o l i d  phase t r a c e  metal 

samples were c o l l e c t e d  on h i g h  p u r i t y  P a l l f l e x '  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 contained :00 cc o f  a mix tu re  o f  5% HNO? and 10% H,O,. 

The t h i r d  and f o u r t h  impingers contained 100 cc c f  a mix tu re  o f  4% KMnC, 

and 10% H,SO:. These impingers c o l l e c t  any elemental mercury which m i g h t  

penetrate t h e  f i r s t  two impingers. 

. .  

The recovered f o u r - p a r t  t r a c e  metal samples ware returned t o  the 

labora tory  where t h e  prob? r i n s e ,  f i l t e r  and n i t r i c  a c i d  impinger cat.:h 

& re  smbined,  dissc:ve,j i n  a c i d  (inclJd:;.c t h e  g l s ;  f i b e r  f i i t e r !  and 

5na:yied by I n d u c t i v e l y  Coupled Argon Plasma Emission Speztrometry ( I C P ) .  
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I n  scme cases,  t h e  same here reanalyzed b y  g r a c h i t e  furnace a ton ic  

absorpt ion spectrometry f e r  g r e z t e r  s e n s i t i v i t y .  The permanganate mersiry 

catch and en a ? i c u o t  of t h e  f r c n t  b a l f .  cz:ccI were enalyred by .:olb vap?r  

atomic abscrat ior .  spectrometry :CV/AC;.  Twc f ie ld -b iased b:anks  ' e ? ~  
c o l l e c t e d  and recovered a t  each t e s t  s i t e  and analyzed w i t h  the f i e l d  

samples. 

?he C r l V I )  samples *e-e co??ected  *.ith ? Mod i f ied  Method I ?  sampling 

t r a i n  w i thcu t  t h e  c p t i o n a l  f i l t e r .  Pal l f lex ' .  Type 2500 QAT u l t r a p u r e  

f i l t e r s  were used i n  t h e  post- impinger f i l t e r  ho lder  i n  place o f  the 

normal g lass f i b e r  f l l t e r s .  The sampling t r a i n  was r i g o r o u s l y  cleaned 

p r i o r  t o  sampling t o  remove any t races  c f  organic  m a t e r i a l s  which react  

r a p i d l y  t c  reduce C r ( V 1 )  t o  C r ( I I 1 ) .  I n  a d d i t i o n ,  nonorganic vacuum 

grease was used t o  sea! a l l  ground glass j o i n t s  i n  t h e  sampling t r a i n .  

A heated g lass- l ined  si lmpling probe was used t o  e x t r a c t  the samplos 

from t h e  s tack.  The f i r s t  two impingers were charged w i th  1 N NaOH which 

ac ts  as a p reserva t ive .  The samples were c o l l e c t e d  f o l l o w i n g  Method 5 

sampling p r o t x o l .  A f t e r  complet ion o f  sampling, t h e  f r c 4  ha l f  o f  t h e  

t r a i n  was recovered us ing 0.5% Na,CO:. The backhal f  was recovered us ing 

0.1 N Na@H. 
. .  

The recovered samples were s to red  a t  4 'C u n t i l  analys is .  

I n  t h e  labora tory ,  t h e  th ree-par t  f i e l d  sample was combined, pH 

adjusted, APDC c h e l a t i n g  agent added and e x t r a c t e d  wi th M i B K .  The MiBK 

was then evaporated and t h e  res idue taken up i n  n i t r i c  ac id .  The e x t r a c t  

was then analyzed by I C P  i n  accordance w i t h  EPA Method 6010. 

An i n t e g r a t e d  f l u e  gas sample was ex t rac ted  simultaneously w i t h  each 

p a r t i c u l a t e  and s u l f u r  d i o x i d e  sample us ing a s p e c i a l l y  designed gas 

sampling system. 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  

Tedlar 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 returned t o  t h e  labora tory  f o r  Orsat 

a r a l y s i s .  P r i y r  t o  sampling, t n e  Ted ls r  bags are leak, checked a t  1:. 
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IN.HI;. v3cuum w3;h a? i n - l i n e  - s t m e t e r .  332s w i t h  any detectable 

inleakage are discarded. 

Test ing on the SDA I n l e t  was conducted us ing a s i n g l s  p o i n t  

t raverse.  Each t e s t  run was 60 minutes i n  d u r a t i o r .  Testing cn the  Stack 

was conducted from f o u 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 ,located seven s tack diameters downstream o f  t h e  breeching i n l e t  

and eievsn diameters upstream of t h e  s tack e x i t .  4 16-ooint t r a v e r s e  was 

used t o  e x t r a c t  representa t ive  t r a c e  meta ls  and chromium V I  samples. Each 

t raverse  p o i n t  was sampled f o u r  minutes t o  g ive a t o t a ?  sampling t ime of 

64 minutes per run. 

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

Deta i led  r e s u l t s  are presented i n  Sect ion 3. F i e l d  data and a l l  o ther  

support ing in fo rmat ion  are presented i n  t h e  appendices. 
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2 SUMMARY AND DISCUSSION 

The r e s u l t s  o f  t h e  t r a c e  meta ls  determinat ions are summarized i n  

Tables 1 and 2. Chromium V I  r e s u l t s  a r e  DreSented i n  Table 3. 

The mass r a t e s  o f  t r a c e  meta ls  determined a t  t h e  I n l e t  sampling 

l o c a t i o n ,  when s t o i c h i o m e t r i c a l l y  converted t o  t h e  appropr ia te  o r  actua l  

species, and adjusted f o r  unanalyzed species such S i 0 2 ,  T i 0 2  SOj and P20j 
g ive  t o t a l  p a r t i c u l a t e  mass f l o w  r a t e s  which agree very w e l l  wi th t h e  

t o t a l  i n l e t  p a r t i c u l a t e  mass f lows measured on August 9, 1988 when a 

complete duct  t r a v e r s e  (48-points)  was performed as shown below: 

P a r t i c u l a t e  Mass Rate LB/HR 

Calcu lated from Measured 

Trace Metals 

Run 3-27-90 8-9-86 

1 32300 44300 

2 472@0 4420@ 

Average 39700 42300 

The above c a l c u l a t e d  mass r a t e s  f o r  3-27-90 do no t  e x h i b i t  good 

agreement w i th  t h e  p a r t i c u l a t e  mass r a t e  c a l c u l a t e d  d i r e c t l y  from a 

grav imet r ic  ana lys is  o f  t h e  t r a c e  metal  samples (71,000, 67000 and 28000 

LB/HR). T h i s  i s  no t  s u r p r i s i n g  inasmuch as t h e  3-27-90 sampling consis ted 

o f  a 3-point t raverse .  T h i s  data suggests a severe s t r a t i f i c a t i o n  o f  

p a r t i c u l a t e  mess f l a w  i n  t h e  i n l e t  d x t i n g .  

Some contaminat iop occurred o f  t h e  Run 1 sample :,Zliected a t  t h e  

s tack t e s t  s i t e  uh:ch i n v a l i d a t e d  t h e  Run ! r e s u l t s  f o r  arsenic ,  cadmium 

and z inc .  T h i s  contan ina t icn  d i d  n c t  e f f e c t  c t h e r  t r a c e  Elements nor  vas 

i t  observed i n  t h e  subseqirent t e s t  rcns.  

P 



No other  d i f f i c u l t i e s  were encountered i n  t h e  f i e l d  o r  i n  th6 

la ’soratsry eve lua t ion  o f  t h e  samples. On the bas is  of t h i s  f a c t  ane a 

complete review o f  t h e  e n t i r e  data and r e s u l t s ,  i t  i s  our op in ion ,  subject  

t o  t h e  above q u a l i f i c a t i o n s ,  t h a t  t h e  r e s u l t s  repor ted here in  are accurate 

and c l o s e l y  r e f l e c t  t h e  ac tua l  values which e x i s t e d  a t  t h e  t ime t h e  t e s t  

was performed. 
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Table 1. Resul ts  o f  t he  March 27, 1990 Trace Metal  Determinat ions on the  

U n i t  3 Dry  Scrubber System a t  t he  NSP Sherburne County S t a t i o n  i n  Becker, 

Minnesota. 

Concentrat i o n  ( u d N m 3 )  
Run 1 Run 2 Run 3 

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

Aluminum 
Arsenic 
Boron 
Barium 
Bery l l ium 
Calcium 
Cadmium 
Chromium 
Copper 
I r o n  
Potassium 
Magnesi urn 
Manganese 
Molybdenum 
Sodl um 
Nicke l  
Lead 
Sel en i  urn 
Antimony 
S t r o n t i  um 
Vanadi um 
Zinc 
Mercury 
S i l v e r  

1 .39X105 
69.6 
8430 

10300 
22.9 

3.33X105 
8.15 

266 
587 

l.38X1O5 
51700 
20000 

5450 
64.5 

84900 
204 
640 

45.4 
83.8 

19900 
704 
264 

7.88 
2.29 

261 2.56X105 
X 66.0 

2620 8270 
t6.5 15800 

.0022 24.9 
465? 6.O6X1O5 

X 8.23 
15.6 281 

108 555 

251 48500 
40.3 30000 
7.73 5210 
(4.4 47.2 

143 l . l O X l 0 ~  

949? 1.12x105 
10.9? 174 
16.9 494 

(2.72 32.2 
.97 58.1 

1.63 11700 
t . l l  643 

5.62 7.56 
<.33 2.31 

X 2 58 

x = Resul t  i n v a l i d a t e d  due t o  f i e l d  contaminat ion 
? = Resul t  may be h i g h  due t o  f i e l d  contaminat ion 

6 

67 
c.056 

445 
t6.5 

.0067 
259 

11.8? 
9.26 
52.2 

103 

16.7 
51.9 
t4.4 
627 

10.0 
5.35 

(2.79 
0.22 
5.50 
t . l l  

35.6 
2.34 
t.33 

84.8 

1 .87X105 
83.6 

10900 
10300 
26.5 

3.97X105 
7.34 

316 
748 

1. 58X105 
58300 
30400 
6280 
87.1 

237 
654 
58.5 
93.9 

24700 
836 
256 

4.95 
2.30 

1.19x105 

101 
<. 056 
1890 
t6.5 

.0135 
251 

6.84 
7.07 
25.6 
33.7 
81.9 
29.2 
5.16 
(4.4 
653 

3.59 
t4.5 

t2.81 
t.20 
5.61 
<.11 
23.4 

4.6 
t.34 
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Table 3 Summary o f  the Results o f  the March 2 7 .  10'30 Hexavalent 
Chromium (CrVI) Determinations on the Unit 3 Stack at the KSP 
Sherburne County Station. 

Concentration Emission Rate 

Test/Run (us/Nm') (LB/HR) 

2/ 1 1.30 0.0095 

2/2 0.39 0.0028 

2/3 1.41 0.0100 

Avg 1.03 0.0074 
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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 labo ra to ry  evaluat ions are presented i n  

t h i s  sect ion.  Gas composi t ion (Orsat and mois ture)  are presented f i r s t  

fo l lowed by the computer p r i n t o u t  o f  the  t r a c e  metals and chromium V I  

sampling data. Pre l im inary  measurements i nc lud ing  t e s t  p o r t  l o c a t i o n s  are 

given 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  ca l -  

c u l a t i o n s .  EPA-published equat ions have been used as the  bas is  o f  t he  

c a l c u l a t i o n  techniques i n  these programs. 

The emission r a t e s  have been ca l cu la ted  us ing the  product o f  the  

concentrat ion t imes f l ow  method. 



3 .1  Results o f  Orsat and Moisture Analyses 
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I n t e r p o l  1 R e p o r t  No. 0 - 3 0 0 5  
N o r t h e r n  S t a t e s  Power - S h e r c o  

B e c k e r .  M i n n e s o t a  

T e s t  No. 1 
U n i t  3 SOA 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 6 4 ( ? 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 
0 3 - 2 7 - 9 0  0 3 - 2 7 - 9 0  03 -27 -90  

c a r b o n  d i o x i d e .  . . . . . . . . . . .  13 .30  1 3 . 4 0  

o x y g e n  .................... 6 . 7 0  6 . 5 0  

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

n i t r o g e n .  . . . . . . . . . . . . . . . . .  80 .00  8 0 . 1 0  

1 3 . 5 0  

6 .40  

0.00 

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  . ........... 1 2 . 0 3  12 .05  1 2 . 0 6  

o x y g e n . . . .  . . . . . . . . . . . . . . . .  6.06  5 .84  5 .72  

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

n i t r o g e n  .................. 7 2 . 3 8  72 .02  7 1 . 5 4  

w a t e r  v a p o r .  .............. 9 . 5 3  10.09 1 0 . 6 8  

D r y  m o l e c u l a r  w e i g h t  . . . . . . . .  3 0 . 4 0  3 0 . 4 0  30 .42  

Wet m o l e c u l a r  w e i g h t  ........ 2 9 . 2 1  29 .15  29 .09  

S p e c i f i c  g r a v i t y  . . .......... 1 .009  1 . 0 0 7  1.005 

W a t e r  mass f l o w  . . . . . .  ( L B / H R )  662829  6 9 5 2 5 4  743527 

11 
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I n t e r p o l i  R e p o r t  No. 0-3005 
N o r t h e r n  S : 3 . t ? s  P 3 w c r  - S n e r c c  

B e c k e r ,  M i n n e s o t a  

T e s t  N O .  i 
U n i t  3 S t a c k  

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 B 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 )  

R u n  1 Run 2 Run 3 
03-27-90 @3-27-96 03-27-90 

c a r b o n  d i o x i d e  . . . . . . . . . . . .  1 3 . 5 0  13.80 

o x y g e n  . . . . . . . . . . . . . . . . . . . .  6 . 5 0  6.20 

c a r b o n  monox ide  . . . . . . . . . . .  0.00 0 . 0 0  

n i t r o g e n  . . . . . . . . . . . . . . . . . .  80.00 80.00 

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

c a r b o n  d i o x i d e .  . . . . . . . . . . .  11.43 

o x y g e n .  . . . . . . . . . . . . . . . . . . .  5.50 

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

n i t r o g e n  . . . . . . . . . . . . . . . . . .  67.70 

w a t e r  v a p o r  . . . . . . . . . . . . . . .  1 5 . 3 7  

D r y  m o l e c u l a r  w e i g h t  . . . . . . . .  30.42 

Wet  m o l e c u l a r  w e i g h t  . . . . . . . .  28.51 

S p e c i f i c  g r a v i t y  . . . . . . . . . . . .  0.985 

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

13.90 

6.10 

0.00 

80.00 

11.75 11.89 

5.28 5.22 

0.00 0.00 

68.13 68.42 

14.84 14.47 

30.46 30.47 

28.61 28.66 

0.988 0.990 

0.00 0.00 

1.067 1.365 1.265 

12 



'I 
I n t e r p o l 1  R e p o r t  No. 0 -3005 

N o r t h e r n  S t a t e s  Power - S h e r c o  
B e c k e r .  M i n n e s c t a  

T e s t  No. 2 
u n i t  3 S t a c k  

R e s u l t s  o f  O r s a t  6 M o i s t u r e  A n a l y s e s - - - - -  Wethods 3 6 4(Zv/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 
0 3 - 2 7 - 9 0  0 3 - 2 7 - 9 0  0 3 - 2 7 - 9 0  

c a r b o n  d i o x i d e . . . . . .  . . .... 1 3 . 6 0  1 3 . 6 0  

o x y g e n  .................... 6.10  6 . 1 0  

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

n i t r o g e n  . . . . . . . . . . . . . . . . . .  80.30  80.30 

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

c a r b o n  d i o x i d e  . ........... 11.68  1 1 . 6 1  

o x y g e n  .................... 5 . 2 4  5 . 2 1  

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

n i t r o g e n  .................. 68.98 68.55 

w a t e r  v a p o r .  .............. 1 4 . 1 0  14 .63  

D r y  m o l e c u l a r  w e i g h t  . . ...... 30.42  30 .42  

Wet m o l e c u l a r  w e i g h t  ........ 2 8 . 6 7  28.60 

S p e c i f i c  g r a v i t y  . . .......... 0 . 9 9 0  0.988 

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

13.60 I 
I 
I 
I 6.00 

0.00 I 

00.40 

1 1 . 5 8  

5 . 1 1  

0.00 

6 8 . 4 6  

1 4 . 8 5  

3 0 . 4 2  

28.57 

0 . 9 8 7  

0.00 
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I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 

3.2 Results of the Multi Metal Modified Method 5 (4M5) SamDling 
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I n t e r p o l l  R e p o r t  No. 0 -3005  
N o r t h e r n  S t a t e s  Power - S h e r c o  

B e c k e r .  M i n n e s o t a  

T e s t  NO.  1 
U n i t  3 SOA I n l e t  

Results of the Multi Metal Modified Method 5 (4M5) Sampling 

D a t e  o f  r u n  

T i m e  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  . . . . . .  (1N.WC) 
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  sample  gas  

c o n d e n s e r . .  . . ...... 
i m p i n g e r s . .  ........ 
d e s i c c a n t . . . .  ...... 
t o t a l  .............. 

. . ( H L )  
GRAMS) 
GRAMS) 
GRAMS) 

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 )  
A v g  . o r i  f . p r e s  . d r o p .  . ( I N .  WC) 
Avg.  g a s  m e t e r  temp. . (DEF-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 l 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  gas  temp ..(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  .............. (ACFH) 
d r y  s t a n d a r d  ....... (DSCFH) 

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

15 

Run 1 
0 3 - 2 1 - 9 0  

8 4 0 /  940  

- 1 3 . 2 0  
1 0 9 0 . 0 0  

.840  

0.0 
6 5 . 0  
28.0 
9 3 . 0  

0 .9992  
29 .12  

1 . 6 9  
01.7 

43 .75  
41.63 

6 0 . 0 0  
.249 
200 

3691895 
2243426 

9 9 . 1  

Run 2 
03-21-90 

1025/1125 

- 1 3 . 2 0  
1090 .00  

. 0 4 0  

0.0 
82.0 
16 .0  
98.0 

0 .9992 
29.12 

1 . 6 7  
8 7 . 5  

43 .76  
41.20 

60.00 
.249 
200 

3660354 
2209850 

100 .2  

Run 3 
0 3 - 2 1 - 9 0  

1 2 1 0 / 1 3 1 0  

- 1 3 . 2 0  
1090 .00  

. E 4 0  

0.0 
9 0 . 0  
1 5 . 0  

1 0 5 . 0  

0 .9992  
29 .12  

1 . 7 0  
9 0 . 4  

4 q . 2 0  
41.39  

6 0 . 0 0  
.249 

2 80 

3697315 
2216340 

100.4  



T e s t  No. I 
U n i t  3 S t a c k  

I n t e r p o l l  R e p o r t  No. 0 - 3 0 0 5  
N o r t h e r n  S t a t e s  Power - S h e r c o  

B e c k e r .  M i n n e s o t a  

Results of  t h e  M u l t i  Metal Mod i f i ed  Method 5 (4M5) Sampling 

D a t e  o f  r u n  

T i m e  run s t a r t / e n d . .  . . .  ( H R S )  

S t a t i c  p r e s s u r e  . . . . . .  (IN.WC) 
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  samp 

c o n d e n s e r . .  
i m p i n g e r s . .  
d e s i c c a n t . .  
t o t a l  . . .... 

e g a s  . ......... ( M L )  . . . . . . .  ( C R A M S )  
....... ( G R A M S )  . . ..... (CRAMS) 

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 .  HG) 
A v g .  o r i  f .  p r e s  . d r o p . .  ( I N .  WC) 
Avg.  g a s  m e t e r  temp. . (DEF-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 . ( 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 )  
A v g . s t a c k  gas t e m p  . . ( D E C - 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 . . . . . ( % )  

Run 1 
03-27 -90  

8 4 0 /  954 

-0.72 
683 .49  

.840  

0.0 
115.0 

10.0 
125.0  

0 .9980 
28.98 

0 . 8 8  
63.4 

33.22 
32.45 

64 .00  
,178 

167  

2829194  
1950168  

102.9 

Run 2 
03 -27 -90  

1025 /1139  

-0 .72  
683 .49  . 8 4 0  

0.0 
110.0 

7 . 0  
117.0  

0 .9980  
28 .98  

0 .83  
6 2 . 8  

3 2 . 3 8  
31 .67  

6 4 . 0 0  
.178 

166  

2829323 
1965867 

99.6 

Run 3 
0 3 - 2 7 - 9 0  

1 2 1 0 / 1 3 2 4  

-0 .72  
6 8 3 . 4 9  

.E40 

0.0 
1 0 9 . 0  

4 .0  
113.0 

0 . 9 9 8 0  
28 .98  

0 . 8 3  
6 4 . 0  

32 .27  
31 .49  

64.00 
.I78 

1 6 6  

2 8 1  1 2 6 9  
1962255  

9 9 . 2  
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3 . 3  Results o f  the Hexavalent Chromium ( C r  VI) SamDling 
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I n t e r p o l 1  R e p o r t  No. 0-3005 
N o r t h e r n  S t a t e s  Power - S h e r c o  

Becket- .  M i n n e s o t a  

T e s t  No. 2 
U n i t  3 S t a c k  

R e s u l t s  o f  Hexavalent Chromium (Cr V I )  Sampling 

D a t e  o f  r u n  

T i m e  run s t a r t / e n d . .  ... (HRS) 

S t a t i c  p r e s s u r e  . ..... (IN.WC) 
Cross s e c t i o n a l  a r e a  (SQ.FT)  
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 mpi  n g e  rs  .......... (GRAMS) 
d e s i c c a n t  . . ........ ( G R A M S )  
t o t a l  .............. (GRAMS) 

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 . .  ( IN.HG) 
A v g .  o r i f . p r e s . d r o p . . ( I N . W C )  
A v g .  g a s  m e t e r  temp. . (DEF-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 l t l o n s  ... ( C F )  
s t a n d a r d  c o n d i t l 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 )  
A v g . s t a c k  g a s  temp ..(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  .............. (ACFH) 
d r y  s t a n d a r d  ....... (OSCFM] 

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

18 

Run 1 
03- 2 7 -90 

1430/1540 

-0.72 
683.49 

.840 

0.0 
104.0 

5.0 
109.0 

0.9980 
28.80 
0.83 
70.1 

32.66 
31.30 

64.00 
.178 
164 

2801458 
1957528 

98.9 

Run 2 
03-27-90 

1550/1659 

-0.72 
683.49 

.840 

0.0 
106.0 

8.0 
114.0 

0.9980 
28.80 
0.83 
67.2 

32.55 
31.37 

64.00 
.I78 
164 

2808571 
1950487 

99.5 

Run 3 
03-27-90 

1710/1820 

-0.12 
683.49 

.840 

108.0 
8.0 
0.0 

116.0 

0.9980 
28.80 
0.84 
74.1 

32.92 
31.32 

64.00 
. I 7 8  
163 

2804604 
1944863 

99.6 
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APPENDIX A 

SAMPLING TRAIN CALIBRATION DATA 
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I n t e r p o l l  Laboratories, Inc .  
(612) 786-6020 

Nozzle Cal lbrat lon 
Data Sheet 

Date or Cal ibrat ion:  Manh 27. 1990 Nozzle Number 5-4 
Technician: E. Trowbridge 

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

Pos 1 t 1 on 01 ameter 
( 1 nches ) 

1 0.249 

2 0.250 

3 0.249 

Average: 0.249 

A- 3 
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2. 
3. 

4. 

5 .  

6. 
7. 

8. 
9. 

10. 

11. 

12. 

13. 

Interpol 1 Laboratories 

S-Type P i to t  Tube Inspection Sheet 

Pitobe No. //-/7 

(612)786-6020 

P i t o t  tube dimensions: 

External tubing diameter (Dt) , 3 ,  ' I N .  
Base t o  Side A opening plane (PA) . + 4 D  IN. 
Base t o  Side B opening plane (P,) - Yd/ IN. 

Distance from P i t o t  t o  Probe Components: 

P i t o t  t o  0.500 IN. nozzle 

P i t o t  t o  probe sheath 

P i t o t  t o  thermocouple ( p a r a l l e l  to probe) 

*7 sB/ IN. 

I t  &d IN. 

x @ B  IN. 

P i t o t  t o  thermocouple (perpendicular t o  probe) ~ A ~ I N .  

Date o f  Inspection: 

/z-g-sp 

Inspected by : 

I: 
I I  
I 'I 
I 
0 
I 
I' 
1: 
I- 
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1 I n t e r p o l l  Laboratories, Inc .  
(612) 786-6020 

Nozzle Callbration 
Data Sheet 

Date o f  Cal ibrat ion:  March 27. 1990 
Technic4 an: 0. Van Hoever 

Nozzle Number 4-3 

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

Pos i ti on Diameter 
( 1 nches ) 

0.175 

0.177 

0.180 

Average : 0.178 

A- 7 



I n t e r p o l 1  Laborator ies 

S-Type P i t o t  Tube Inspect ion Sheet 

(612)786-6020 

Pi tobe No. g- 14 

P i t o t  tube dimensions: 

* 31d I N .  

f& ir, I N .  

* vd> I N .  

1. External  t u b i n g  diameter (Dt) 
2. 
3. 

Base t o  Side A opening Plane (PA) 

Base t o  Side B opening plane (p,) 

6. B1 < so- / 
7. B2 C So / 

8. z <.125’ , 3  3 
. .  

9. W <.0625” *a& 

Distance from P i t o t  t o  Prc- r  Components: 
.. 

10. P i t o t  to 0.500 IN. nozzle , 7/a IN.  

11. P i t o t  to probe sheath 7. A4 IN. 

12. P i t o t  t o  thermocouple ( p a r a l l e l  t o  probe) x8L@ IN. 
13. P i t o t  t o  thermocouple (perpendicular t o  probe) . 74 W .  

Date o f  Inspect ion:  Inspected by: 

/2 -8-84 

A- 8 I 



EFCI Method  5 G a s  M e t e r i n q  Svstem 
6 u a l i t y  C o n t r o l  Check  Data S h e e t  

T i  m e  
! m i n )  

I n s t r u c t i o n s :  @ 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  r a t e  e q u a l  
t u  .'''He fo r  1 0  m i n u t e r  be fo re  a t t a c h i n g  t h e  um-  
b i l i c a l .  Eecord the f o l l o w i n g  d a t a :  

Meter Temp. (OF) 

I n l e t  Out 1 et 
Vol wne 
(CF) 

C a l c u l a t e  Y,, as follows: 

I +  'T'=- i=, n u t  w i t h i n  the  r a n g e  uf C1.5'7 t o  l.OTI., " t h e  v o l u m e  
niete:ing system shot . t ld be i n v e s t i g a t e d  before  b e g i n n i n g .  " 



1 .. i , c t s r p s ! l  L s ~ c . r a t o t - i ~ ~ .  l n c .  
; . L . L L  .1 I r') ys&-..+:)&,<:! 

E_F'n Method  5 G a s  M e t e r i n g  Svstem 
C k i 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  r a t e  e q u z l  
t o  ,';HE fo r  1 Q  m i n u t e s  b e f o r e  a t t a c h i n g  t h e  um- 
b i l i c a l .  F:ecord t h e  f o l l o w i n g  d a t a :  

.- 

C a l c u l a t e  Y,, a s  f o l l o w s :  

0 . 5 
Y," = 1.786 [I (t, p, + 460) ] 

r v- 



I x t e r p o l l  L a b o r a t o r i e s .  i n c .  
ie.12) 73&--&<1&,:) 

EFQ Method 5 Gas M e t e r i n g  S v s t e m  
R x a l i t y  C o n t r o l  C h e c k  Data S h e e t  

T i  m e  
!min)  

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  r a t e  equal 
t o  ."'.He 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  t h e  u m -  
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) 

(CF) I n l e t  O u t l e t  
Vol un1e  

C a l c u l a t e  Y,, as follows: 

I+ Y,, i E ,  no.t w i t h i n  t h e  r a n g e  of 0.97 t u  l . O Z ,  " t h e  vo lume  
n ie te r . ing  s .y s t em s h s u l d  he i n v e s t i g a t e d  b e f o r e  b e g i n n i n g .  " 

CFR T i t l e  40, P a r t  50. Append ix  A ,  Mettiud 5, Sect ion  4 .4 .  1 

5-432R 
A - 1 1  



I n t e r p o l  1 Laboratories, Inc. 

Temperature Measurement Device 
Ca l i b ra t i on  Sheet 

~~ 

Temperature of 
standard o r  

Simulated Temp (OF) 

)t 
I T I  

Response of 
Un i t  ilnder l e s t  

(9) 

u n i t  under tes t :  
Vendor /&-&A!! 
Model 357k3-T Ser ia l  !umber hr- / 
Range -//a .6 -F rf * /99g OF Thermocouple Type 

Date of c a l i b r a t i o n  z-s-fa Techni c I an KTh ~4 d k f b  40 . I  

Method of Cal ibrat ion:  
[7 Comparison aqains; ASTW mercury i n  glass thermometer usinq a theroostarted and insu la ted  a lu l inum block design 

t o  provide u n i f o r l  temnerature. The temperature i 8  adjusted by adjust lnq the  vo l tage on the  block h e m  
cartr idqe. 

$ ignr ls .  The CL-300 i s  cold j u n c t i o n  comnensated. Ca l ib ra t lon  accuracy i s  0.11 of soan (210O0Ft  1 d e w  
i f o r  neqat ivs t e i o e r a t u r e i  add ?. 2 deqrees. The CL-300 simulates exact ly the  m i l l l v o l t a g e  of a l v n e  K 

D Ome$a Model CL-300 T p e  & Ihermcoup le  Simulator i h i c h  orovides 21 precise temoerature eouivalent l i l l i v o  

'I thermocouole a t  the  ind ica ted  temoerature. 

.~ 

Des1 red 
Temp (OF) 

Nanlna1 

0 
100 
200 
300 
400 
500 
600 

1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 

2000 
2100 

1 

OF = off scale response by u n i t  under t e s t  (OF) 
X dev = 100 A t  / (460 + t) 

ion d--' Devi 

&' u n i t  i n  to lerance 
Un i t  was not i n  tolerance: reca l ib ra ted  - See new c a l i b r a t i o n  sheet. 

A- 12 



I n t e r p o l 1  Laboratories, Inc. 

Jemwrature Measurement Cevlce 
F a l l b r a t i o n  Sheet 

Desir fd 

Nominal 
Temp ( F )  

U n l t  under test :  
Vendor - 
Mode 1 ?9A 4-r x /8T v 
Range - //> . b Y ?J j- /9W '/ OF Thermocouple Type C r -  3rB - 

- Ser ia l  Wunber - 
Date o f  Ca l lb ra t ion  Z --i -9d Technlclan 

Temperature o f  Response of Devlc 
Standard or Un i t  Under Test 

Simulated T m v  (OF) ('5) A t  ( O F )  

Method o f  Cal lbrat lon:  
a Caipir icon i q i i n c t  ASTI1 u r c u r y  i n  q l i c s  t h e r m e t i r  osing I thermostatted and i n r u l i t e d  iluiinui block designe8 

to provide m i f o r i  t e i n e r i t u r e .  The tomperi ture i s  idjosted by i d j n s t i a 9  the voltage on the block b e i t e r  
c i r r r i d g e .  
Omega Rodel CL-300 I!pe I Therwcauole S i i u l i t o r  which ororides 22 p r i c i i e  te ioer i tore  e o u i r t l e n t  i i l l i r o l t  
c iqnt lc .  The C L - ~ O O  i s  cold junction c o i n t n r i t e d .  C i l i b r i t i o n  accuracy is:  0.11 of spin 1 2 1 0 0 ~ 1  2 1 degree 
I f o r  n e q i t i r e  te ineratures tdd f 2 degrees. The Cl-100 timuliter e x i c t l y  the i i l l i r o l t i q c  of  I Iyne I 
theriocouDle i t  the indicate0 teaoer i ture .  

& 

0 
100 
200 
300 
400 
600 
600 
700 
800 
900 

1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 
2100 

I 
~ I 1 

I I I d.?b Averages: 

OF = off scale response by u n l t  under t e s t  (OF) 
X dev = 100 A t  / (460 t) 

~ 

unit I n  tolerance 
U n i t  was not  i n  tolerance: reca l ib ra ted  - See new ca l ib ra t ion  sheet. 

A- 13 
5-433 



I n t e r p o l 1  Laboratories, Inc. 

Temperature Measurement Oevlce 
C a l i b r a t i o n  Sheet 

U n l t  under tes t :  

53 I n  K 
Vendor GoRDOd 

Ser ia l  Number PDT - /b 
.r OF Thermocouple Type &_ 

Model 
Range -1Iz'F .Ib f q q q  

t i  
1 II 

I d  # /LLP Date o f  Ca::bratlon 3 - € - - I O  Technlclan 5 .  aa 

Method of Cal lbrat lon:  
a Comparison apains: ASTW mercury i n  glass thermoseter uslnp a thermostatted and insulated alumlnul block design; 

t o  provide uniform tenotrature.  The temperature IS t d p s t c d  by adjust ing the voltage on the block b e i t t r  
car t r idge.  
Ole98 Model CL-300 TyDe I Therwcouple Simulator which orovides 22 p r e c i r c  tenoerature eouivalent I l l l i ~ O l  
s ignals. The EL-300 is co ld  j unc t i on  comoensated. Ca l i b rs t l on  accuracy i s  0.11 of soan (210041 f. 1 degree . 
i f o r  neqative temoeratures add $ 2 degrees. The CL-300 simulates c l a c t l y  the m i l l i v o l t a g e  O f  I Tvoe I @ 1 

$i 

thermocouole a t  the ind icated teaoerature. 

Desired I Temperature o f  
Temp ( O f )  standard or 

N m l n a l  I slmulated Temp (OF) 

0 
100 
200 
300 
400 
500 
600 
700 
800 
900 

1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 
2100 

Response o f  
U n i t  Under Test 

( O F )  

. .s 
4 7 . 7  

3 9 s -  

& 
298 

Averages: 

OF = o f f  scale response by u n i t  under t e s t  (OF) 
X dev = 100 A t  / (460 + t) 

Devia i o n  

A t  (%I  

u n l r  I n  to lerance 
u n i t  was nor i n  tolerance: recal ibrated - See new c a l i b r a t i o n  sheet. 

5 - 4 3 4  
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APPENDIX C 

4M5 FIELD DATA SHEETS - SDA INLET 



INTERPOLL LQBDRATOHIES EPR HE 

Job &d-5&&& 

T e s t  1 Hun D a t e  3-27-& 
Stack d imen .  3&&!4 c/ 36 IN. 

Source &a f l 3  A 2 -  N L r r  

D r y  b u l b  OF W e t  b u l b  'F 

n a n o m e t e r :  @ R e g .  0 Exp.  0 E l e c .  

B a r o m e t r i c  p r e s s u r e  A'flbZ i n  Hg 

Stat i c  pressure -/X Z- i n  wc 
O p e r a t o r s  Kr/a,v&,oge -**,e 
F'ltot No. / 7 - / / v  Cp s% 

'HOD 2 FIELD DnTQ SHEET 

S c h e m a t i c  of 
Cross S e c t i o n  

P o r t  (in) 



I \~ INTERPOLL LABORATORIES EPCI METHOD 5/17 SAMPLE L O G  SHEET 

d5f/cHcAc 0 Date 3 - 2 7 - 9 6 T e s t  Run 4-1 
3 

Job 
Source *(HI ? - 3  6P4 L -A Le? No. of t r a v e r s e  p o i n t s  
Method %td- F i l t e r  holder:  -nht 5s F i l t e r  type: Ss Z N s n w X  

Sample T ra in  Leak Check: 

Bc 
(vat) 4 

Pretes t :  ( 0.02 cfm a t  15 in. Hg. (vac) 
Postest  : - cfm a t  K i n .  Hg. 

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

NO.S o f  f i l t e r s  used: Recovery so lvent  (5) 

5s * d o  Q acetone 
0 o t h e r t s )  

No. o f  probe wash b o t t l e s :  
Sample recovered by: E 7  

/ 

Condensate Data: 

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

Bag Mate r ia l :  5- layer  CIluminized Tedlar Size: 5 
P r e t e s t  lea): check: @ cc/min a t  /r i n .  Hg. 

Time s t a r t :  &q/ (HRS) Time end: d)yJy (HRS) 

Sampling ra te :  4/lc0 cc/min Operator: Z a - -  
S/N of O= Analyzer used to monitor t r a i n  o u t l e t :  7 

CF-02: 

c- 2 S-0046RR I 
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INTERPOLL LABORATORIES EVA METHOD 5/17 SAMPLE LOG SHEET 
I ,~ 

Job &.g//k-#//Cfl 
source Y # / T ~  SOP ZA’LI~ No. of t rave rse  p o i n t s  

Date 3-s 7-98 Test - f Run 3 !I 
3 

Method dlV5 F i l t e r  ho lder :  YM rrrrC-fx F i l t e r  type: $3 

Sample T r a i n  Leak Check: 

Pretest :  ( 0. 3 cfm a t  15 in. Hg. (vac) 
Postest  : - 2 cfm a t  d n .  Hg. (vac) 

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 so lvent  (s) 

p( acetone 
0 o t h e r ( 6 )  

ssi# a3 
No. of probe wash bo t t l es :  / 

Sample recovered by: Fr - 

Condensate Data: 

2- Impinger No. 2 I 
7 I z@lI  Impinger -No. 3 

~ - 
Condenser 

Desiccant /L/// 1 3 9 s  /4 

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

Bag Pump NO. /39’  ox NO. 2 8 Bag NO. 4 

Bag Mater ia l :  5 - layer  a lumin ized Tedlar Size: 4 s  

P r e t e s t  leal: check: cc/min a t  /r in. Hg. 

Time end: / / z f ( H F ? S )  - Time s t a r t :  ,Qzb (HRS) 

F 7  Sampling r a t e :  U/BO cc/min Operator: 

S/N uf O= Analyzer used t o  monitor train Out le t :  2 

c-4 
I 

S-0046RR 



s o .  - 
n 
I. 

&e- 
0 - .  

c- 5 



1, INTERPOLL LABORATORIES EPA METHOD 5/17 SAMPLE LOG SHEET 

NO. or r r a v e r s e  p o i n r s  
Z i l t e r  ho lder :  S&' IZ#cX-S5 F i l t e r  type: 5s- 

Sample T r a i n  Leak Check: 

P re tes t :  ( 0.02 cfm a t  15 in. Hg. (vac) 
Po6 t e s t  : (vac) - A cfm a t  J1/ in. ~ g .  

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 so lvent  (s) 

SSzZ/S- & acetone 
0 o t h e r t s )  

/ No. of probe wash b o t t l e s :  
Sample recovered by: -- 

Condensate Data: 

D i f f e r e n c e  

esiccan 

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

~ a g  Pump NO. 39 BO,: NO. r D  Bag NO. 3 
Bag Mate r ia l :  5- layer  CIluminized Tedlar Size: 4 s  

P r e t e s t  leal: check: J cc/min a t  1~ in. ~ g .  

- Time s t a r t :  / > I /  (HRS) Time end: / T / f  (HRS) 

Sampling r a t e :  +'& cc/min  Operator: F r  
S/N Of O= Analyzer used t o  monitor t r a i n  Out le t :  

CF-t:iZT 
- I S-0046RR 
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I 
1 
I 
B 
1 
I 
1 

1 
1 
! 
I 
1 
1 
I 
I 
I 
1 
I 

APPENDIX D 

4 5  FIELD DATA SHEETS - STACK 

.. . 
i .  



Job d S 3  / .5HlEP/ 0 

S o u r c e  IJAJ I T  d- 3 S T A C  IC 

T e s t  Hun Q D a t e  3-27-CiQ 
Stack d i m e n .  3 5 4  I N .  

D r y  b u l b '  'F Wet bulb-  'F 
Manometer:  m e g .  0 Exp.  0 E l e c .  

B a r o m e t r i c  p r e s s u r e  2 h ? F r  i n  Hg 

S t a t i c  p r e s s u r e  I i n  WC - 7 2 -  
O p e r a t o r s  3 gd d <LB 
P i t o t  NO. / A / -  B t p  . 890 

F r a c t i o n  D i s t a n c e  Distance 

D i a m e t e r  Mall ( in) Port ( i n )  
of f r o m  Stack f r o m  End o f  

r 

0; & A 

FLEVA'TOR 

S c h e m a t i c  of - Cross S e c t i o n  

I I I I A 
1; 

9- 
7 

I U I I U 1 

I I I I 

I ll I I n I a 
Temp. m e i c .  t o o l  :- SiN: T i m e  End: h r s l  

f< GT r.cthincj= r e g .  n.;r,mneter: 5- e.,panaed: E = e l e c t r o n i c  5-392.1  u-1 .' 



INTERPOLL LABORATORIES EPA METHOD 5/17 SAMPLE LDG SHEET 1, 
Job d s ?  / 5k/15 R C  0 Date 

U N  / Source 7 U T  
Method 4 L h r  F i  1 t e r  h o l  der: F i l t e r  type: 4 35 

/ / 

Sample T r a i n  Leak Check: 

P re tes t :  ( 0.02 cfm at 15 in. Hg. (vac) 
Postest  : - 8 cfm at in. Hg. - 

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

No.6 of f i l t e r s  used: Recovery so lvent  (6) 

No. of probe wash bo 
Sample recovered by: - 

Condensate Data: 

5/r  4/m /i 5- ' Impinger NO. 2 

Impinger -No. 3 <' 

Condenser a, 
Desiccant L49f / Y  SY  /o I 

I n t e g r a t e d  Cas Sampling Data: 

Bag Pump No. -zHT Box No. i7 Bag No. / 
Bag M a t e r i a l :  S l a y e r  Aluminized Tedlar i=e: 

in. Hg. P r e t e s t  leal: check: 

Time s t a r t :  @a +% (HRS) T i m e  en&/ ( HRS - ) 
Sampling r a t e :  7 6  cc/min Operato 

S/N of o= Analyzer used t o  monltor t r a i n  o u t l e t :  &-' 

D cc/min a t  rfz 
, p 3  

I S-0046RR D- 2 
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INTERPOLL LABORATORIES EPA METHOD 5/17 SAMPLE LOG SHEET I !  
Job /45P $Heco - f / /  - D a t e  
Source u.c/rr-3 &of- 
Method 4%- F i l t e r  holder :  5 s  

I 

Sample T r a i n  Leak Check: 

i n .  Hg. (vac)  
Postest: 
Pretest: ( 0.02 c f m  a t  - 6 0 1 ; f m  a t  2 in. Hg. 

P a r t i c u l a t e  Ca tch  Data: 

N 0 . s  of f i l t e r s  used: Recovery s o l v e n t  ( 5 )  

ch\r8 a c e t o n e  
o ther (s )  N ,-/c 
/ 

#, 
N o .  of p r o b e  w a s h  bo t t l e s :  
Sample recovered by: - 

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

r n I I 

I n t e g r a t e d  G a s  Sampl ing  D a t a :  

/ Bag Pump N o .  3 ,'5 Box No. Bag NO. 

Bag Material: %layer a l u m i n i z e d  T e d l a r  Size:  

Pretest leal: check: D cc/min a t  i+ in. Hg. 

Sampl ing  rate:  3(00 c c / m i n  Opera tor :  GI&-- 
S/N of Oa Analyzer  u s e d  t o  m o n l t o r  t r a i n  outlet: 7 - 

53 39 
T i m e  s t a r t :  io (HHS) Time end: I 1  ( HRS ) 

CF-i:iZ? 

D-4 

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

S-0046RR I 
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INTERPOLL LARORATORIES EVA METHOD 5/17 SAMPLE LOG SHEET 1,  

-77 
Job 

Method 4 M 7  Filter holder: Filter type: 
Source N I v L r  3 3- ’ 6 2 L K  

Sample Train Leak Check: 

pretest: ( 0.02 cfm at IS in. H;. (vac) & 
Postest: a cfm at in. Hg. (vac) +- 

Particulate Catch Data: 

No.5 of filters used: very solvent ( 5 )  

cetone - 
1L other ( 6 )  ,4f /%G? 

0 1 0 8  

No. of probe wash bottl / 
n 

Sample recovered by:  Q 7; C Y 7  - 

Condensate Data: 
~~ - .- . . 

Difference 

Impinger -No. 3 

i Condenser 

Desiccant Y 
B / 

Integrated Gas Sampling Data: 
3 Hag pump No. 3? Bo,: No. /7 Bag No. 

Bag Haterial: 5-layer Aluminized Tedlar Size: 4 3  

Pretest leal: check: 3 cc/min at / Y  in. ~ g .  

S/N of O= Analy-er used to monitor train outlet: I 
D-6 

CF - 1:123 

I - 

S-0046RR 
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- -  APPENDIX E 

CHROMIUM SAMPLING TRAIN FIELD DATA SHEETS 



INTERPOLL LFIBORATORIES EPA METHOD 2 F I E L D  DnTA SHEET 

Job /4f5 P s&5'R..o 
Source gA/YjT*3 S&,C 
T e s t  3 Hun 2 Date  3/27/4D r 

Stack  dimen. 3 <q IN. 7- 9" 
o /  D r y  b u l b  OF Wet bu lb  O F  

Manometer: p f R e q .  0 Exp.  0 E l e c .  \ 

I Barometr ic  pressure  28-a in Hg 

S t a t i c  pressure  7 2  - in WC 

F? G T  r.cthlnc;= r e g .  n.ar,~rneter-  S= e::psndEd: E = electronic S-SSi t- 1 



INTERPOLL LABORaTORIES €PA METHOD 5/17 SCIMPLE LOG SHEET I 
~~ - Source No.  of t r a v e r s e  p o i n t s  / b  - 

Method F i  1 ter  hol de r :  3-5- F i l t e r  t y p e :  +dJ/eq 

- 
Sample T r a i n  Leak Check:  

O x  c f m  a t  i n .  Hg. (vac) 
P r e t e s t :  ( 0.02 c f m  a t  15 i n .  Hg. (vac)  
P o s t e s t :  - I 

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

I. 
No. of p r o b e  w a s h  b o t t l e s :  / I 

N 0 . s  of f i l t e r s  used:  Recovery s o l v e n t  (5) 

0 a c e t o n e  p- othercs) / x /  

Sample recovered by: 3 y c p -  

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

F i n a l  

Imp i nge r  N o .  

Impinger  No. 

Condenser 

Weight ( g )  

D i  f f erencE =%=I==- - I 1: 
I 
I 
I 
I 
I 

I n t e g r a t e d  Gas Sampllng Data: 

I 
I 
1 

Hag Fump No.  a/, Box No. cz- Bag No.  ' 
Hag Material: 5-layer Aluminized T e d l a r  Size: 4 3  

Pretest leak c h e c k :  0 cc/min a t  J# in .  Hg. 

- T i m e  s t a r t :  / q 3 0  (HRS) T i m e  end: /Y%d ( H R S )  

Sampl i ng  r a t e :  4 0  cc /min  O p e r a t o w  

S/N of O= A n a l y z e r  u s e d  t o  monitor  t r a i n  o u t l e t :  7 - 
CF-02; 

E-2 I - 

S -0046RR 
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I N T E R F O L L  LARORATORIES E V A  METHOD 5/17 SAMPLE LOG SHEET 1 ,  

Sample T r a i n  Leak Check:  I 

Pretest: ( 0.02 cfm a t  15 i n .  Hg. (vac) 
Postest : c f m  a t  2 i n .  Hg. ( v a c )  % - 

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

~ 0 . s  of f i l t e r s  used: Recovery s o l v e n t  ( 5 )  

0 aceton_e 
o ther (s )  c/tJ.rgCC 

/ I '  
I -1 

- [=I 
Ii 
I~ 
I -  
1 '1 

7- 
No. of p r o b e  w a s h  b o t t l e s :  
Sample recovered - 

C o n d e n s a t e  ' D a t a :  
~~ . 

. _ .  . 

. -  

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

7 Bag Pump No. F3 BO,: NO. Bag No. 

Bag tlaterial: 5-layer Clluminised T e d l a r  Size: 4- 

Pretest leal: c h e c k :  0 cc/min a t  i n .  Hg. l i  
Time end: HRS 1 a- 11 

Time s ta r t :  l(a (HRS) 

Sampling rate: 400 c c / m i n  o p e r a t o  

S/N of Orr Analyzer  Used to monitor  t r a l n  outlet:  8' 
CF-t:iZS 

E-4 

- 

S-0046RR II 
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INTERPOLL LABORATORIES EPA METHOD 5/17 SAMPLE LOG SHEET I 
Al. 5. P. s A E f h  Date 3/7-7/q‘’ Test - R u n  4 

No. of t r a v e r s e  p o i n t s  
Job 

Hethod 
Source N I T  

FL!llter h?lZr: 5 5 F i l t e r  type: feffebv c 
Sample T r a i n  Leak Check: 

Pre tes t :  .( 0.02 c f m  a t  15 in. Hg. (vac) /$‘ 
Postes t  : c f m  a t  in. Hg. 

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 so l ven t  (5) 

0 acetone I: 
;E t /o the r (s )  - 

No. of probe wash b o t  I’ 
I 

. ~ 1: 
I .  
1. 
I 
I 
I 

Sample recovered by: - 
.. - . .  

Condensate D-ata: 
. ~ 

~~ 
~~ 

.~ 

. -  

I n t e g r a t e d  GP6 Sampling Data: 

Bag Pump No. BOX NO. ZZ Bag NO. 3 
Bag Mate r ia l :  %layer Plluminized Tedlar Size: 4 2  

in. Hg. P r e t e s t  leal: check: 9 cc/min a t  

- Time s t a r t :  / 7 / 0  (HRS) Time end: / 8 Z Q  (HRS) 

I 
I 
I 

Sampling ra te :  d u o  

S/N of O= Analyzer used t o  monltor t r a i n  o u t l e t :  

cc / m i  n O p e r - m H ’  z 
CF-I:~~: 

E-6 

- 

S-0046RR I 





APPENDIX F 

LABORATORY DATA SHEETS FOR METHOD 3 



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

I n t e r p o l l  L a b o r a t o r i e s  
(612) 706-6020 

Cha in  o f  C u s t o d y  
Sample  D e p o s i t i o n  S h e e t  

3 o b  A&?/ 5u Eem 
T e a m  Lead& D V l 4  
D a t e  S u b m i t t e d  3 - 2 7 - 4 0 D a t e  o f  T e s t  3 . 2 7 .  '7 0 

S o u r c e  U N  I T * 3  
T e s t  S i t e  S T A C K  

T e s t  N o .  1 No. of  R u n s  Comple ted  9 

.S. T h i m b l e  

P A  M-6 or 8 
c i d  G a s e s  

A u d i t  S a m p l e s  
p u l f u r  D i o x i d e  
OOxides of N i t .  
p t h e r  OOther 

01% p e r  €PA M-6 
Up15 p e r  EPA M-?A 

Source  Information 

1) T y p e  o+ Source- .&&iler 0 A s p h a l t  P l a n t  1 I n c i n e r a t o r  1 Dryer  

2 )  Fuel&oal 0 Wood 0 G a s  0 O i l  0 RDF 0 O t h e r  
3) 
4) Does s a m p l e  need  s p e c i a l  handl lng?+o 0 Yes 

0 O t h e r  

1s s a m p l e  c o m b u s t ~ b l e ~ o  0 Y e s  
I f  y e s ,  e x p l a i n  

S-278RRK'R F- 1 



Interpoll Laboratories 
( 6  12) 706-601U 

EPA Method 5 Data Reporting Sheet 
Oroat CInrlvsir 

EPA Method I Quidelines c\ir QA Check 
Orsat  Analyzer System Leak Check 

for fuel type. 
- Within EPA H-3 Guidelines 
Where F,= 20.9-Ot 

COI 

F = F l a s k  (250 cc all glass) 
H=Tedlar Hag (S-layer) 

Fuel Type 
Coal f 

Anthracite/Lignite 
Bituminous 

Oil: 
Distillate 
W e s i  dual . _ _ _ ~  

Gas: 
Natural' 
Propane 
Butane 

wood/Wood Bark 
F-2 

F0 Range 

1.016-1.130 
1.083-1.2Z0 

1.260-1.41: 
1.2 10-1.370 

I .600-1. a x  
1 .434-1.596 
1.405-1.553 
1.050-1.150 

I 
si 
I LSC-04-BR 



I 
‘I 
I 
I 
1 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I n t e r p o l l  Labora to r ies  
(612) 796-4020 

Chain of Custody 
Sample Depos i t ion  Sheet 

A 
Test S i t e  
Source 

Team Leader 
Date Submit 
Test  No. 1 No. o f  Runs Completed 3 

Type o f  Sample 
Ws::,,:: 1 

S. Thimble 

Impinger Catch: 
OD.’. Water 
03” H=OI 
04M5 Hg O n l y  

R M 5  Metal5 
01.0 N NaOH 
p t h e r  

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

s of N i t .  

Source X n f  or  mat i o n  

Analys i  E Required Comments 

per EPA M-5 
n 

I 04s per  €PA M-5 

&her 
s per €PA M-17 

p l N  P ro toco l  
PI Pro toco l  
OEPA M-6 or 8 
p c i d  Gases 
Formaldehyde 
I jMetals 
~C.’:her 

% @A per  EPA M-10 
per €PA M-3 

W t h e r  

p s  per €PA M-74 

OAttached f u e l  Form 

Time (HHS) 

#S-0163RRR 

OX-Hay Sediqraph 
OBahco Method 
Dother 

p s  per EPA M-5 
oc\s per  EPA M-7A 
OOther u 

1) Type o f  Source: B o i l e r  0 Asphalt  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 RDF 0 Other 
0 No 0 Y e s  

4 )  Does sample need spec ia l  hand l ing? 0 No 0 Y e s  If yes, e x p l a i n  

S-278HHRR 
F-3 



- 

I 
J o b  d sg  /ShcPy ' C C  S o u r c e  T e s t  S i t e  ubl,s 3' k S  *3 I- 

I n t e r p o l  1 L a b o r a t o r l e o  
(612)  786-6070 

€PA Method 3 D a t a  R e p o r t i n g  S h e e t  
Orsat  A n a l y s i s  

J -11 - i c  
E T  Date of T e s t  

No. of  Runs F r p l e t e d  3 
T e c h n i c i a n  

T e a m  L e a d e r  
D a t R  S u b m i t t e d  3 - 1 7 - i c  

I I - - m  2 

I 
d f i m b i e n t  Rip QA Check 
m r s a t  A n a l y z e r  Sys tem L e a k  Check Fuel  Type F 0  Range 
d F -  W i t h i n  EPA PI-3 G u i d e l i n e s  Coal : 

EPA Method 5 Q u i d e l i n e s  

I 016-1.130 
08z-1.2;0 

- 
for f u e l  type. f i n t h r a c i t e / L i g n i t e  1. 

Bi tuminous  1. 
Where Em= 20.9-0 O i l :  

D i  st i 11 ate  1.260-1.412 
R e s 1  d u a l  1 .210-1.370 

N a t u r a l  1.600-1 - 855 
Propane  1.434-1 - 585 

e 
Qas: 

I F = F l a s k  (250 cc a l l  glass) Butane  1.405-1.55; 
B=Tedl ar' Hag ( 5 - l a y e r )  Wood/WoOd B a r k  1.000-1.11.0 

LSC-04-BR 
F-4 



I 
'I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I n t e r p o l 1  Labora tor ies  
(612) ?SA-6020 

Chain or Custody 
Simp1 e Deposi t i  on Sheet 

Job k . S , ? .  5Ha2LCO Source L Z - , ~  3 
Team Leader Test S i t e  5-i-a d.. 
Date  Submitted 31 27/43 D a t e  of Test  31Z1140 
Test  No. t No. of Runs Completed 3 I 

Type of  Sample 

 AS per EPA M-5 
p s  per  EPA M-17 

S o u r c e  I n f o r m a t i o n  

1) Type of S o u r c e m o i l e r  0 Asphalt P l a n t  0 I n c i n e r a t o r  0 Dryer 
0 Other 

oal  0 Wood 
combustible? 

4) Does sample need spe 

S-27BRRRR 
F- 5 



Interpo l  1 L a b o r a t o r i e s  
(613) 766-6020 

Orsrt  A n a l y s i s  
.€Pa Method 3 Data R e p o r t i n g  S h e e t  

No. of Run 

I 
€PA n e t h o d  3 Q u i d o l i n e s  m b i e n t  nir 04 Check 

O r c a t  n n a l v z m r  S v s t e m  L o a k  Check Fuel T w o  F 0  Range - 
I - - - -  I - - .  - I - - -  --- - 
B F- W i t h i n  EPA R-3 G u i d e l i n e s  

for fuel  t y p e .  

Where F,= 20;;;01 

F-Flask (250 cc al l  g l a s s )  
B=Tedlar Bag (!?,-layer) 

- .. 
Coal : 

f i n t h r a c i t e / L i g n i t e  1.016-1.130 
Bituminous  1.003-1.250 

O i l 8  

Gas: 

D i s t i l l a t e  1.268-1.4 1z 
Residual  1.210-1.;70 

Natural I .  b08- 1.056 
Prop an e 1.4Z4-1.586 
Butane 1.405-1.555 I Wwd/Wood Bark 1.008-1.130 

r -o  LSC-04-BR - 
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APPENDIX 0 

RESULTS OF TRACE METAL ANALYSIS 



INTERPOLL LABORATORIES. INC.  
( 6 1 2 ) 7 8 6 - 6 0 2 0  

NSP/Sherco 
Laboratory Log No. 9242 

Resul ts  o f  Trace Metal Analys is  

Test: 1 
Source: U n i t  No. 3 Stack 
Sample Type: 4M5 T r a i n  Catch 

T o t a l  Mass o f  Trace Metal i n  Samole (uq) 

Trace Metal EPA Method F i e l d  Blank Run 1 Run 2 Run 3 

(Log No.) 
A1 urni nurn 
Arsenic 
Boron 
Barium 
B e r y l l i u m  
Cal c i  urn 
Cadmi urn 
C h r o m i  um 
Copper 
I ron 
Potassium 
Magnesium 
Manganese 
Molybdenum 
Sodi urn 
Nicke l  
Lead 
Sel  e n i  um 
Antimony 
St ron t ium 
Vanadium 
Zinc 
Mercury 
S i  1 v e r  

SW-846. 6010 
SW-846. 7060 
SW-846. 6010 
SW-846. 6010 
SW-846. 7091 
SW-846. 6010 
SW-846. 6010 
SW-846. 6010 
SW-846. 6010 
SW-846. 6010 
SW-846, 6010 
SW-846. 6010 
SW-846. 6010 
SW-846. 6010 
SW-846. 6010 
SW-846. 6010 
SW-846. 6010 
SW-846. 7740 
SW-846. 7041 
3500-sr. 
SW-846. 6010 
SW-846. 6010 
SW-846. 7470 
SW-846. 6010 

(9242-39) 
270 

0.17 
33 

8.1 
0.018 

247 
237 
3.9 

40 
60 

110 
25 
15 
26 

540 
29 

5.2 
< 2.5 

0.21 
< 5  
< 0.1 

180 

< 0.1 
< 0.3 

(9242-40) 
510 

0.10 
2420 
12.5 

0.020 
608 

27 
15 

102 
169 
295 
62 

7.6 
32 

1030 
11 

19.5 
< .2.5 

1.1 

6.5 
< 0.1 

117 
0.96 

< 0.3 

(9242-41) 
3 30 

< 0.05 
408 

10.6 
0.024 

413 
11 
19 
50 

130 
140 
40 
47 
28 

720 
10 

8.8 
< 2.5 

0.41 

< 5  
< 0.1 

41 
< 0.4 
< 0.3 

(9242-42) 
360 

< 0.05 
1690 
9.5 

0.030 
405 
6.5 
7.0 

26 
68 

137 
51 

5.1 
30 

7 40 
4.2 
5.9 

< 2.5 
0.17 

< 5  
< 0.1 

30 

< 0.2 
< 0.3 

'Standard Methods, 17th E d i t i o n .  

G- 1 



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

I 
Ii 
- .  

NSP/Sherco 
Laboratory Log No. 9242 l i  

Results o f  Trace Metal Analysis 

Test: 

Source: 

Sample Type: 

1 

Uni t  No. 3 Stack 

Permanganate Impinger Catch 

Total  Mass o f  Trace Metal i n  Sample (ua) 

Trace Metal EPA Method F i e l d  Blank Run 1 Run 2 Run 3 

(Log NO.) (9242-23) (9242-27) (9242-31) (9242-35) 87 
Mercury SW-846. 1470 0.80 5.0 2.9 4.9 

G- 2 

1 
I 
I 
I 
I 
t 
1' 
L 



INTERPOLL LABORATORIES, I N C .  
( 6 1 2 ) 7 8 6 - 6 0 2 0  

NSP/SherCO 
Laboratory Log No. 9242 

Resul ts  of Trace Meta l  Ana lys is  

Test: 1 
Source: U n i t  No. 3 SDA I n l e t  
Sample Type: I n l e t  T r a i n  Catch 

To ta l  Mass of Trace Meta l  i n  Sample lua) 
Trace Metal EPA Method Run 1 Run 2 Run 3 

(Log No.) 
A1 uml  num 
Arsenic  
Boron 
Barium 
Bery l  1 ium 
Calcium 
Cadmium 
Chromium 
Copper 
Iron 
Potassium 
Magnesi um 
Manganese 
Molybdenum 
Sodi um 
N icke l  

Selenium 
Antimony 
S t r o n t  i um 
Vanadium 
Zinc 
Mercury 
S i l v e r  

. Lead 

(9242-06) 
SW-846, 6010 164000 
SW-846, 6010 82 
SW-846, 6010 9940 
SW-846. 6010 12150 
SW-846, 6010 27 
Sd-846. 601.:) 392000 
SW-846, 6010 10 
SW-846. 6010 313 
SW-846. 6010 695 
SW-846. 6010 162000 
SW-846. 6010 60900 
SW-846. 6010 23600 
SW-846. 6010 6420 
SW-846. 6010 109 
SW-846. 6010 1oooM) 

SW-846. 6010 242 
SW-846. 6010 758 

SW-846. 6010 99 
SW-846. 6010 23400 
SW-846. 6010 830 
SW-846. 6010 320 
SW-846, 7470 0.29 
SW-846. 6010 c 3.0 

SW-846. 6010 56 

(9242-10) 
299000 

77 
9640 

18440 
29 

707000 
10 

328 
650 

128000 
56600 
35100 
6080 

88 
13oooO 

204 
580 

40 
68 

13700 
7 50 

3 10 
0.32 

c 3.0 

(9242-14) 
219000 

98 
12820 
12100 

31  
465000 

9 
310 
880 

185000 
68300 
35600 
7360 

135 
139000 

279 
770 

7 1  
110 

28900 
980 
320 

0.25 
3.0 

6-3 



INTERPOLL LABORATORIES. I N C .  
( 6 1 2 ) 7 8 6 - 6 0 2 0  

. 

NSP/Sherco 
Laboratory Log No. 9242 

Results o f  Trace Metal Analysis n 
'c .i 

l e s t :  

Source: 

Sample Type: 

1 

Unit No. 3 SDA I n l e t  

Permanganate Implnger Catch 

Total  Mass o f  Trace Metal I n  Sample (ua) 
Run 1 Run 2 Run 3 Trace Metal EPA Method F i e l d  Blank 

- 

(Log No.) (9242-50) (9242-51) (9242-52) (9242-53) m 
I,/ 
I\ 
a 
c 
1 
1 
1, 
B 
(4 
I 

Mercury SW-846. 7410 0.22 9.8 9.3 6.6 



NSP Sherco Unit  3 
March 90 

Al l  ICP 
Met hod Hi s tor  i ca 1 Measured Used Run 1 Run 3 Run 3 

ICP 375 A 1  270 270 510 33c 360 
GF.'AA ( 5  As 0.17 .05 X < . 0 5  c.05 
ICP 9 B 33 9 2420 408 1690 
I C P  12 Ba 8 .1  8 .1  12.5 10.6 9 . 5  
GF/AA < .1  Be .018 .018 .020 .024 .030 
ICP 181 Ca 247 181 608? 41 3 405 
ICP c.4 Cd 237 c .4  X l l ?  6 .5  
ICP c . 7  Cr 3.9 < . 7  15 9 7 
ICP 3.2 c u  40 3.2 102 50 26 
ICP 38 Fe 60 38 169 130 68 
ICP 64 K 110 64 295 140 137 
I C P  25 Mq 25 25 62 40 51 
ICP < . 5  Mn 15 < .5  7.6 47 5.1 
ICP 33 MO 26 33 32 28 30 
ICP 158 Na 540 158 1030? 720 740 
ICP < 1  Ni 29 ( 1  1 .I? 10 4.2 
ICP t 4  Pb 5.2 < 4  19.: 8 .8  5 .9  
GF/AA (5  Se  (2 .5  t 2 . 5  ( 2 . 5  (2 .5  t 2 . 5  
GF/AA c . 5  Sb .21 .21 1 .1  0.41 0.17 
GF/AA c5 S r  t 5  ( 5  6 .5  ( 5  t 5  
ICP < .1  V < . l  <.1 < . 1  C.1 < . l  
ICP 9.1 Z n  180 9.1 X 41 30 
Cold Vapor c .4  Hg <. 1 c.4 .96 < . 4  < .2  
ICP c.6 A 9  c . 3  t . 3  < . 3  c . 3  < . 3  

Cold VaDor Hq .80 .8 5.0 2.9 4.9 
T o t a l  T r a i n  Hg c .9  .8 5.96 2.9 4.9 

x = I n v a l i d a t e d  due t o  f i e l d  contamination ( 3 )  
? = Result may be h i g h  due t o  f i e l d  contamination ( 3 )  

*Prepared by P. Lonnes 
May 1990 

T o t a l  a n a l y s e s  = 7 2  

G - 5  



APPENDIX H 

RESULTS OF LIME ANALYSIS 



INTERPOLL LABORATORIES.  I N C .  
( 6 1 2 ) 7 8 6 - 6 0 2 0  

NSP/Sherco 
Laboratory Log No. 9242 

R e s u l t s  of Trace k t a l s  A n a l y s i s  

Source: U n l t  No. 3 

Sample Type: Llme 

Concent ra t lon  o f  Trace Meta l  

Meta l  EPA Method In SarnDle (ua/a) 

(Log No.)  

Arsenlc 

B e r y l  1 I um 

Cadrnl urn 
Chrornl um 

N i c k e l  

Lead 

Selenium 

Mercury 

SW-846, 6010 

SW-846. 6010 

SW-846. 6010 

SW-846. 6010 

SW-846. 6010 

SW-846. 6010 

SW-846, 6010 

SW-846. 7470 

(9242-73) 

< 5.0 

< 0.1 

c 0 . 2  

15.3 

3.2 

c 2.5 

< 5 .0  

0.01 

H - 1  



APPENDIX I 

RESULTS OF TRACE METALS ANALYSES ON COAL SAMPLE 



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

NSP/Sherco 
Laboratory Log No. 9242 

Results of Trace Metal s Anal ysi  s 

Source: Unit  3 

Sample Type: Coal 

Concentratlon o f  Trace Metal 

Metal Methoda i n  S a m l e  (ua/a) 

(Log No.) 

Arsenic 

Beryll ium 

Cadml um 

Chroml um 

Nickel 

Lead 

Sel eni um 
Mercury 

SW-846. 7060 
SW-846. 7091 
SW-846. 7131 
SW-846. 6010 
SW-846. 6010 
SW-846. 6010 
SW-846. 7740 
ASTM D3684 

(9242-74) 
0.70 

0.32 
0.06 

4.4 

2.3 
9.1 

< 1.6 
0.02 

'Sgmple prepped by ASTM Method D3683. 



APPENDIX J 

PROCEDURES 



Trace Hetals (4W51 Procedures 

J-1 



TIETHODOLOGY FOR THE DETERMINATION OF WETALS EMISSIONS 

I N  EXHAUST GASES FROM STATIONARY SOURCE COMBUSTION PROCESSES 

1. Appl icabi l i ty  and Principle  
1.1 Appl icabi l i ty .  This method is appl icable  for the  determination of 

t o t a l  chromium ( C r ) .  cadmium (Cd). a r s e n i c  (As). nickel ( N i ) .  manganese (Mn). 
beryllium ( B e ) ,  copper (Cu).  zinc (k). l ead  (Pb). selenium (Se). phosphorus 

( P ) ,  thal l ium ( T l ) .  s i l v e r  (Ag). antimony (Sb). barium (Ba) .  and mercury (Hg) 
emissions from municipal waste incinerators, sewage sludge incinerators ,  and 

hazardous waste inc inera tors .  This method may a l so  be used for the  
determinaeion of pa r t i cu la t e  emissions following the additional procedures 

described. Modifications t o  the sample recovery and analysis procedures 

described ~- i n  this protocol . for the  purpose of determining par t icu la te  emissions 

may p o t e n t i a l l y  impact the  f ront  h a l f  mercury determination.. 

1. -1 
1 
I 
1- 
i 
I 
1 
I 
I 
I 
I 

1.2 Pr inc ip l e .  Pa r t i cu la t e  and gaseous metal emissions are withdrawn 

i s o k i n e t i c a l l y  from the source and co l l ec t ed  on a heated f i l ter ,  and in a 
series of c h i l l e d  impingers containing 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 a c i d i c  potassium permanganate so lu t ion  

i n  two (or one) impingers. Sampling t r a i n  components are recovered and 

digested i n  sepa ra t e  f ron t  and back half f rac t ions .  

sampling t r a i n  are digested with acid so lu t ions  t o  dissolve inorganics and t o  

remove organic  cons t i tuents  t h a t  may create ana ly t ica l  interferences.  Acid 

d iges t ion  is performed using conventional Par$ Bomb or microwave digest ion 

techniques.  The n i t r i c  acid and hydrogen peroxide impinger solution. the 

a c i d i c  potassium permanganate impinger so lu t ion ,  and the probe rinse and 

digested f i l t e r  so lu t ions  are analyzed for mercury by cold vapor atomic 

absorption spectroscopy (CVAAS). Except for the  permanganate solution, the 

Materials col lected i n  t h e  

'Field tests t o  d a t e  have shown t h a t  of  the total amount of mercury measured 
by the method, p l y  0 t o  <2Z w a s  measured i n  the  f ront  ha l f .  Therefore, i t  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  par t icu la te  emissions may 
be measured by t h i s  t r a i n .  without s i g n i f i c a n t l y  a l t e r ing  the mercury results. 



remainder of the  sampling t r a i n  catches are analyzed fo r  Cr. Cd. N i .  Wn. Be. 

Cu, Zn. Pb. Se. P. T1. Ag.  Sb. Ba. and As by inductively coupled argon plasma 
emission spectroscopy (ICAP) or atomic absorption spectroscopy (AAS). Graphite 

furnace atomic absorption spectroscopy (GFAAS) is used for analysis of 
antimony. arsenic .  cadmium. lead.  selenium. and thallium. i f  these elements 
requ i r e  g r e a t e r  ana ly t i ca l  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 fo r  analyses of all metals i f  

t h e  detect ion l i m i t s  meet the  goal of t h e  t e s t i n g  program. 

a l iquo t s  of each digested sample f r a c t i o n  can be combined proportionally f o r  a 

s ing le  ana ly t i ca l  determination. The e f f i c i ency  of the ana ly t ica l  procedure i s  
quant i f ied by the  analysis  of spiked q u a l i t y  control samples containing each of 

t h e  target metals including ac tua l  sample matrix e f f e c t s  checks. 

For convenience, 

2 .  Range, S e n s i t i v i t y ,  Precision. and Interferences 

2.1 Range. For the  analyses described i n  this methodology and f o r  similar 
analyses.  the ICAP response i s  l i n e a r  over several  orders of magnitude. 

p l e s  containing metal concentrations i n  the nanograms per  mil l i l i ter  (ng/ml) t o  
micrograms per mil l i l i ter  (ug/ml) range in the ana ly t ica l  f i n i s h  solution can 

be analyzed using this technique. Samples containing grea te r  than 
approximately 50 ug/ml of chromium, l e a d ,  or arsenic  should be diluted before 

ana lys i s .  
should be d i l u t e d  before analysis .  

Sam- 

Samples containing g r e a t e r  than approximately 20 ug/ml of cadmium 

2.2 Analytical  Sens i t i v i ty .  ICAP detect ion l i m i t s  in the  analyt ical  

so lu t ion  (based on SW-846. Method 6010) are approximately as follows: Sb (32 
ng/ml).  As (53 ng/ml). Ba ( 2  n g / d ) .  Be (0.3 ng/d) .  Cd (4 ng/ml). C r  (7 
ng/ml). Cu (6 ng/ml). Pb (42 ng/ml). Mn (2 n g / d ) .  N i  (15 ng/ml). P (75 ng/ml). 

Se (75 ng/ml). Ag (7 ng/ml). Ti (40 n g / d ) .  and Zn (2  ng/ml). 
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 l i m i t s  f o r  a n a l y s i s  by d i r e c t  asp i ra t ion  

AAS (based on SW-846. Method 7000) are approximately as follows: Sb (200 
ng/ml),  As ( 2  ng/ml). Ba (100 ng/ml). Be (5 ndml ) .  Cd (5 ng/ml), C r  (50 
ng/ml). Cu (20 ng/ml). Pb (100 ng/ml). Mn (10 ng/ml). 
ng/ml).  Ag (10 n g / m l ) .  Tl (100 ng/ml). and Zn (5 ng/ml). 

f o r  mercury by CVAAS i s  approximately 0.2 ng/ml. 
added s e n s i t i v i t y  compared to the  use Of d i r e c t  aspirat ion AAS for the  

following metals: Sb (3 ng/ml). A s  (1 ng/ml). Be (0.2 n g / d ) .  Cd (0.1 n g / m l ) .  

q b  &m*nt 5 Is.benmtnary mi: 
2 " not b ~ r y  reteased b, sp* 

conn'JcI, 

The actual 

N i  (40 ng/ml). Se (2 
The detection l i m i t  

The use of GFAAS can give 

*M * o d d  not nt this .tags 
'epr-t M q  POIIC~. tt IS twr; 

d r c u ( . ~  t o r  = v e n t  on ~ t s  mztm:m 
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C r  (1 n g / m l ) .  Pb (1 ng/ml). Se ( 2  ng/=l ) ,  and T1 (1 ng/=l). To ensure the 
p o s s i b i l i t y  of optimum ease i n  obta in ing  accurate me8surements. the 

concentration of target metals i n  samples should be at least t en  times the 
de tec t ion  l i m i t .  
ana ly t i ca l  procedure. this concentration can be as low as approximately three 
times the  de tec t ion  limit. However. the scatter of such da ta  may render them 
unacceptable or may requi re  many analyses before the  desired r e l i a b i l i t y  of 
ana ly t i ca l  d a t a  is  obtained. 

It 
t j  
11 
11 
II 
tl 
I1 
it 
I I  
4 1  

I I  
4 1  
# I  
11 
is 
1 

Under cer ta in  conditions.  and with greater care in the 

Using the  procedures described i n  this method, the theo re t i ca l  analyt ical  

de tec t ion  l i m i t s  shown above, a volume of 300 m l  f o r  the f ron t  ha l f  and 150 m l  
for t he  back half  samples. and a Stack gas Sample volume of 1.25 m3. the 
corresponding in-stack de tec t ion  l i m i t s  are presented i n  Table A-1 and 
ca lcu la ted  as shown: 

X5b dDculmn( b b .&l88dNfg dn(L 
has not been formally released bl EPA 

and should nm et rhb be Construe3 
P rcpre?.rrt Aqeno) pollcy. I t  8% Fewg 
qr . . . , i>~ . -  t(ir ,-omme-( pr :.- .. -4- 

- * X B S D  
C .- -. .I. ., I . . . . .  

where: A = ana ly t i ca l  detect ion l i m i t ,  ug/ml. 
~ B = volume of sample prior to  a l iquot  for analysis.  ml. 

C = s t ack  sample volume. dscm. m3. 
D = in-stack de tec t ion  l i m i t .  up@. c 

Values i n  Table A - 1  are ca lcu la ted  for the  f ront  and back h a l f  and/or the  to t a l  

t r a i n .  
Actual method in-stack de tec t ion  l i m i t s  are based on actual  test values. 

If required,  t h i s  method's in-stack de tec t ion  l i m i t s  l i s t e d  can be improved for 
a s p e c i f i c  test by using one or more of the  following options: 

o A normal 1-hour sampling nul collects a stack gas sampling volume of 
about 1.25 m3. If the sampling time is increased and 5 m3 is 
col lec ted ,  the in-stack method detection limits would be one fourth of I I 
the values  shown above (this means that w i t h  t h i s  change. the method i s  
four times more s e n s i t i v e  than normal). 

The in-stack de tec t ion  l i m i t s  assume that all of the sample is digested 

( w i t h  exception of the a l i q u o t  for mercury) and the  f ina l  l iqu id  volume 
f o r  analysis  is 300 ml for the f ront  half  and 150 ml for the back half 

sample. .If the  f r o n t  ha l f  volume is reduced from 300 m l  t o  30 ml, the 

f ront  ha l f  in-stack de tec t ion  l i m i t s  would be one tenth of the values 
shown above ( t en  times more s e n s i t i v e ) .  

reduced from 150 m 1  t o  25 m l  the in-stack detect ion limits would be one 

s i x t h  of the  above values. 

o 

If the back ha l f  volume is 

Matrix ecfects checks are necessary on 

3 h s  n d  been released €PI 
Stage be mmruc:  
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TABLE A-1. IN-STACK METHOD DETECXION LWTS (ug/m3) 
FOR TRAIN FRACTIONS USING ICAP AND AFS 

Front H a l f  Back n d f 1  Back Half2 
Fraction 1 Fraction 2 Fraction 3 Total  Train 

Metal Probe and F i l t e r  Impingers 1-3 Impingen 4-5 

3.8 (0.4)' 11.5 (1.1)' Antimony 7.7 (0.7)' 
Arsenic 12.7 (0.3)' 6.4 (0.1)' 19.1 (0.4)' 
Barium 0.5 0-3 0.8 
Beryllium 0.07 (0.05)' 0.04 (0.03)' 
Cadmium 1.0 (0.02)' 0.5 (0.03). 1.5 (0.3). 
Chromium 1.7 (0.2)' 0.8 (0.1)' 2.5 (0.3)' 
Copper 1.4 0.7 2.1 
Lead 10.1 (0.2)' 5.0 (0.1)' 15.1 (0.3). 
Manganese 0.5 (0.2)' 0.2 (0.1). 0.7 (0.3)' 
Mercury 0.05** 0.03" 0.03" 0.11- 
Nickel 3.6 1.8 5.4 
Phosphorus 18 3 

Zinc 0.5 0.3 0.8 

0.11 (0.08). 

27 
27 (0.8)' Selenium 18 (0.5)' 9 (0.3)' 

S i l v e r  1.7 0.9 2.6  
Thallium 9.6 (0.2)' 4 .8  (0.1)' 14.4 (0.3)' 

( )* Detection l i m i t  when analyzed by GFAAS. 
** Detection limit when analyzed by CVAAS. 

Actual method in-stack de tec t ion  l i m i t s  are based on actual t e s t  values. 

analyses of samples and t y p i c a l l y  are cf  greater  significance fo r  

samples t h a t  have been concentrated below the normal sample volume. 
volume less than 25 m l  may not  allow resolubi l izat ion of the  residue 

and may increase in te r fe rence  by o ther  compounds. 

When both of the  above two improvements are used on one sample a t  the  

same time. the  resultant improvements are multiplicative.  For example. 

where s tack  gas volume is increased by a fac tor  of f i v e  and the  t o t a l  

l i q u i d  sample digested volume of both the  f ront  and back halves is 
reduced by fac tor  of s i x ,  the  in-stack method detection l imi t  is 
reduced by a f a c t o r  of t h i r t y  ( t h e  method is t h i r t y  times more 

sens i t i ve ) .  
Conversely. reducing s tack gas sample volume and increasing sample 

A 

o 

o 
l i q u i d  volume w i l l  increase l i m i t s .  
samples '(Fractions 1 and 2) can be combined pr ior  t o  analysis .  

resu l tan t  l iqu id  volume (excluding Fraction 3 which m u s t  be analyzed 

separa te ly)  is recorded. Combining the sample as described does not 

allow determination (whether f r o n t  or back h a l f l )  of where i n  the t r a i n  

The front  half and back h a l f 1  
The 

4 
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the sample WBS captured. 

becomes a single value for  all metals. except mercury fo r  w h i c h  the 
contr ibut ion of Fract ion 3 must be considered. 

The in-stack method detect ion l i m i t  then 

o The above discussion assumes no blank correction. Blank corrections 

are discussed later in t h i s  method. 
2.3 Precision. The prec is ions  ( r e l a t i v e  s tandard deviat ion)  f o r  each 

metal detected i n  a method development test a t  a sewage sludge inc inera tor ,  are  

as follows: Sb (13 .9%) .  As (13 .5%) .  Ba (13.1%).  Cd (11.5%). C r  (12.5%). Cu 
(11 .9%) .  Pb (11.6%). N i  (7.7%). p ( 1 3 . 5 2 ) .  Se (15.3%).  T1 (12 .3%) .  and Zn 
( 1 1 . 8 % ) .  Beryllium. manganese and s i l v e r  were not detected i n  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 fo r  these metals, i t  

is assumed t h a t  t h e i r  p rec is ions  should be s i m i l i a r  t o  those f o r  the  other  

metals. 
- 

2.4 Interferences.  I ron can be a spec t ra l  interference during the 

ana lys i s  of arsenic .  chromium. and cadmium by I C A P .  Aluminum can be a spec t ra l  
in te r fe rence  during the ana lys i s  of a rsen ic  and lead by ICAP. Generally. these 

in te r fe rences  can be reduced by d i l u t i n g  the sample. but t h i s  increases the 

method detect ion limit. Refer t o  EPA Method 6010 (SW-846) f o r  d e t a i l s  on 

po ten t i a l  interferences f o r  
modifiers should be used t o  
matched. 

3. Apparatus 

3.1. Sampling Train. A 

l i m i t  in terferences.  and standards 

schematic of  the sampling train is 

th is  method. For all WAAS analyses. matrix 
should be matrix 

I 
shown i n  Figure 1 

A-1.  It is s i m i l a r  t o  the Method 5 train. The sampling t r a i n  
following components. 

3.1.1 Probe Nozzle (Probe Tip) and Borosil icate or Quartz 

consis ts  of the 

I - 
G l a s s  Probe 

I 
1 
I 
I 

5 n b  *.merit b F.bnmtMW e. 11 
I 

Liner.  Same as Method 5. Sections 2.1.1 and 2.1.2. Glass nozzles are required 
unless  an a l t e r n a t e  probe t i p  prevents  the poss ib i l i t y  of contamination or 
in te r fe rence  of the sample w i t h  its mater ia ls  of construction. I f  a probe t i p  

o the r  than g lass  is used, no co r rec t ion  of the stack sample test results can be 

made because of t h e  e f f e c t  on the  results by the probe t i p .  

3 .1 .2  Pitot'Tube and Di f f e ren t i a l  Pressure Gauge. Same as Method 2 .  

Sections 2.1  and 2.2 ,  respect ively.  

3.1.3 F i l t e r  Holder. Glass. same as Method 5. Section 2.1.5.  except that  

a Teflon f i l t e r  support may be used. i f  desired,  t o  replace the g lass  f r i t .  

* k e n  h l l y  N h E E d  Epb 
should not at thb rtage M tD,,,tUtNtO 

p r e v e m 1  b n q  poky. tt IC Mlng 
urcdJted for comynent on tts 1e:hnlSY 
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1 APPLICATION 

Thls method i s  appllcable to  the detennlnatlon o f  hexavalent chromium 

I n  stationary source samples co l l ec ted  by a sampllng tra ln .  

Method No. 6010-WS 

Revlsion No. 0 

Date June 20. 1990 
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2 RANGE 

I1 
I1 
YI 
I I  

The range o f  t h l s  method extends  from a d e t e c t i o n  l i m l t  of 0.05  ug t o  

50 u g .  The upper range can be g r e a t l y  extended through d l l u t l o n s .  

Method No. 6010-MM5 

Revlslon No. 0 

Date June 20 .  1990 
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3 W P L E  HAHILING AND PRESERVATION 

3 .1  Samples should be analyzed a s  soon as poss ib le .  

3 .2  To retard the chemical act iv i ty  o f  hexavalent chromium. the 

samples should be transported and stored unt i l  the time of analys is  a t  4%. 

3-1 
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1 
4 su+uRYOFWETHoD 

The probe wash and f i l t e r  of the sampling t r a l n  are combined, 

digested. and f l l t e r e d .  The f i l t r a t e  i s  combined w i t h  the impinger catch. 

the  pH o f  t h i s  so lu t ion  i s  adjusted t o  2.4. and chelated using APDC. 

Adjust  the so lut ion pH agaln t o  2.8 and @xt rac t  w i t h  MIBK. This i so la tes  

the  Cr(V1) fmm the other C r  species. The MIBK I s  evaporated and the 

res idue taken up In  n i t r i c  acid. The so lu t ion  I s  then analyzed by I C P  o r  

G F / M .  

Method No. 6010-MM5 
Revision No. 0 

Date June 20. 1990 
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5 INTERFERENCES 

C r ( V 1 )  reacts w i t h  most organtc compounds and surfaces. 

5-1 
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6 APPARATUS AND GLASSWARE 

6.1 For GF/AA analysis: 

6.1.1 Chromium hollow cathode lamp. ' 

6.1.2 Wavelength: 357.9 nm. 

6.1.3 Furnace Program: 

Drying t i m e  30 sec. 

Drying temp. 125'C 

. Ashing t i m e  30 sec. 

Ashi ng temp. lOoo0C 

Atom1 z i  ng t 1 me 10 sec. 

Atomizing temp. 2700'C 

6.2 For ICP analysis: 

6.2.1 T h e m  J a r r e l l  Ash ICAP 61 Plasma Spectrometer. 

6.2.2 Optical system: 0.75 meter Paschen-Runge mount w i t h  a 

25 micron entrance s l l t  and 50 micron e x i t  s l i t s .  

6.2.3 Detectors: Hamamatsu Side Window 1/2 inch (1.3 cm) 

diameter; R300. R427. R306. RB89. 

6.2.4 Computer: I W  R / A T  640K RAM. 30 WByte Winchester hard 

dr ive .  1.44 MByte floppy dr ive ,  enhanced co lo r  display. 

6.3 Hot p la te.  

6- 1 
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6.4 Volumetric f l a sks :  100 mL. 250 mL. and lo00 mL. f o r  

prepara t ion  of standards and sample d i l u t i o n .  

6.5 Graduated cy l inders :  For prepara t ion  of reagents. 

6.6 Mlcrowave d iges t e r :  CEH HDS-81D. Teflon PFA vessels (120 mL 

s i ze )  with pressure r e l i e f  valve, d iges t ion  tu rn tab le .  capping s t a t ion .  

6.7 Beakers and watch g l a s ses :  

w i t h  watchglasses t o  cover the  tops .  

250 mL beakers f o r  sample d iges t ion  

6.8 RIng s tands  and clamps: For securing equlpment. 

6.9 Filter funnels.  

6.10 Glass f i b e r  f i l t e r s .  

6.11 Dlsposable Pasteur p i p e t s  and bulbs. 

6.12 Volumetric pipets.  

6.13 Separatory funnels. 

Method No. 6010-MM5 

Revision No. 0 

Date June 20. 1990 
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7 REACENE4 

7.1 Amnonlum pyrrolidlne dlthlocarbamate (APDC) solutlon. Dissolve 
Prepare fresh 1.0 gram APDC In demlnerallzed water and dilute to 100mL. 

dally. 

7.2 Potassiumdichromate stock solutlon: Dissolve 141.4 mg of drled 
potasslum dichromate. K1Crl4 (analytical reagent grade), in Type I1 water 
and dilute to 1 liter (1 mL = 50 ug C r ) .  

7.3 Potasslum dlchromate standard solution: Dilute 10.00 mL 
potasslum dichromate stock solutlon to 100 mL (1 mL = 5 ug Cr). 

7.4 Sulfuric acid. 10 t (v/v): Dilute 10 mL of dlstilled reagent 
grade sulfurlc acid, H I S O , .  to 100 mL with Type I water. 

7.5 Hethyl Isobutyl ketone (MIBK) 

7.6 Sulfuric acid. 0.1211: Slowly add 6.5 mL concentrated H2S0,  to 
demineralized water and dllute to 1 llter. 

7.7 NItrlc acld. concentrated 

7.8 Sodlum Hydmxlde solutlon. 1 M: Dlssolve 40 grams NaOH In 
demlnerallzed water and dilute to 1 liter. 

7.9 Digestion Solution: MIX 20 grams NaOH and 30 grams NalCOI and 
dilute to 1 llter wlth demlnerallzed water. 

7-1 
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Normal. accepted laboratory safety practices should be followed. No 

known carclnogenlc materials are used I n  thls  method. 

Method No. 6010-MH5 

Revlsion No. 0 

Date June 20. 1990 
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9 PROCEDURE 

9.1 

a beaker. 
Combine the  probe rlnse and t h e  f l l t e r  from the  sample t r a l n  I n  

9.2 Add 40 mL of  the  d lges t lon  so lu t ion .  

9.3 Heat beaker on hot plate for  30 minutes. The so lu t lon  should 
not  be taken t o  dryness.  

9.4 After cool ing.  the mixture i s  f l l t e r e d  uslng a d i s t i l l ed -wa te r  
preeuashed g l a s s  f l b e r  f l l t e r  using vacuum f i l t r a t l o n .  

9.5 Comblne t h e  f l l t ra te  (which conta lns  t h e  C r V I )  wi th  the  implnger 
catch and ad jus t  t h e  pH to  2.4 using H t S O , .  

9.6 Add 5 mL of  A P E  per 100 mL of so lu t lon .  

9.7 Transfer  t o  scparatcry funnel and e x t r a c t  u l t h  10 mL of MIBK per 
100 mL o f  so lu t ion .  Shake vlgonxrsly f o r  5 minutes. A l l o w  layers t o  
separate (10 - 15 mlnutes). Remove MIBK l aye r  i n t o  a f lask.  Repeat t h e  
above two more times and put MIBK i n t o  t h e  same f l a sk .  

9.8 Evaporate t h e  HIBK on a hot  plate almst t o  dryness.  

9.9 Add 25 mL of 5% "01 and heat for  45 mlnutes. 

9.10 Transfer  t o  a 25 mL volumetrlc flask and br ing t o  volume w l t h  

5 2  HNOl.  

Method NO. 6010-W5 

Revision No. 0 

Date June 20. 1990 
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9.11 Analyze by I C P .  ( I f  samples a r e  below t h e  I C P  d e t e c t i o n  l i m l t .  

reana lyze  by GF/AA w i t h  Zeeman background correction i f  r e q u i r e d ) .  

9.12 Sample Analysis:  The p repa red  sample i s  analyzed by I C P  for 
Hexavalent Chromium. The wavelength i s  267.716 nm. 

9.12.1 Ins t rumen t  Set-up: The ins t rument  i s  set-up and 

p r o f i l e d  as d e s c r i b e d  i n  t h e  ICP S tanda rd  Opera t ing  Procedure 

( I n t e r p o l 1  Method Number ICP-ILL). 

9.12.2 Instrumental C a l l b r a t i o n :  Following set-up,  

instrument  Is c a l i b r a t e d  u s i n g  a blank and a s o l u t i o n  c o n t a i n i n g  

mg/L o f  chromium. 

t h e  

100 

Method No. 6010-MM5 
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10 CALCULATION 

To calculate  resu l t s  i n  to ta l  ug. use the followlng equation: 

ug/mL Cr x (Dilution Factor) x Volume of  Sample ( m L )  = tota l  ug 

where: 

ug/mL Cr = read o f f  ICP prlntout 
% .  

volume of Sample = f lna l  volume of sample a f t e r  preparatlon 
(Liters) 

Dllutlon Factor = any d i lu t ions  required t o  bring the 11 
concentratlon of Cr within the ca l ibrat ion 
range or to remove Interferences 

10-1 

I 
I 
I 

Method No. 601O-C(n5 I 
Date June 20. 1990 " I  Revislon No. 

3-20 



11 QUALIlY COHTROL PROCEDURES 

11.1 To v e r l f y  the absence o f  matr lx  interferences. a t  leas t  one 

matr lx splke n u s t  be performed. I f  not enough sample was submltted. an 

Instrument splke must be run. Percent recovery n u s t  meet contro l  l l m l t s  

f o r  t h e  method. 

11.2 One splke n u s t  be performed I n  order t o  determine ext ract lon 

e f f  lclency . 

11.3 One dupl lcate must be run per batch. The Percent Relat lve 

Difference n u s t  meet the cont ro l  l l m l t s  f o r  the method. I f  the re  i s n ' t  

enough sample, an Instrument dupl lcate w l l l  be run. 

11.4 A method blank n u s t  be run t o  v e r i f y  tha t  the method i s  
\ performing t o  specl f lcat ions.  

11.5 Any sample above the  l l n e a r  range o f  the instrument m s t  be 

d l l u t e d  and reanalyzed. 

11.6 Two ca l l b ra t l on  blanks are analyzed wlth each ana ly t l ca l  batch. 

One Is analyzed a t  the beglnnlng o f  the run and the other a t  the end. 

11.7 T w  Instrument check standards should be analyzed during an 

ana ly t l ca l  run. One a t  the beglnnlng and another a t  the end. These 

standards v e r l f y  the accuracy o f  the Instrument ca l ib ra t ion .  

11-1 
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12 ACCURACY AND PRECISIOH 

12.1 

recovery. 

The accuracy l l m i t s  for th ls  method ape f r o m  80 t o  120 percent 

12.2 The precision l i m i t  for t h i s  method I s  10 re la t ive  percent 

difference. 

12.3 Check standards nust be wi th in  2 10t of  t h e l r  true value or the 

data associated with them I s  considered Inval id .  
~ .. 
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13 REFEREKXS 

13.1 EPA Method 6010; Test Methods f o r  Evaluat ing S o l i d  Waste (SW- 

846); U.S. EPA O f f i c e  of Solid Waste and Emergency Response; Novenher 1986. 

13.2 EPA Method 7191; Test Methods f o r  Evaluat ing S o l i d  Waste (SW- 

846); U.S. EPA O f f i c e  o f  S o l i d  Waste and Emergency Response; November 1986. 

13.3 EPA Method 7197; Test  Methods f o r  Evaluat ing Sol id Waste (SW- 

846); U.S. EPA O f f i c e  o f  S o l i d  Waste and Emergency Response; N o v e d e r  1986. . 
13.4 D r a f t  Method Wethodology for t h e  Determlnat$on o f  Meta ls  

Emlssions i n  Exhaust Gases from Sta t i ona ry  Sources o f  Combustion 

Processes.; rece ived A p r i l ,  1989 from Source Methods Standard iza t ion  

Branch. US €PA Atmospheric Research and Exposure Assessment Laboratory; 

Research T r iang le  Park, NC 27711. 

Method No. 6010-MHS 

Revis ion No. 0 

Date June 20. 1990 

13-1 

5-23 



APPENDIX K 

CALCULATION EQUATIONS 
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METHOD 2 

VS 

,d 

Qa 

% 

RH* 

B:S 

CALCULATION EQUATIONS 

60 vs A 

4.935 Qs,d Gd 

- 3ws 

*Alternate equations f o r  calculating moisture content from wet bulb and 
dry Suld data. 
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CALCULATION EQUATIONS 

METHOD 3 

lOO(X0~ - ).5% C O )  
%EA = 1) 264% N2 - %02 + 0.5% CO 

O.44(%CO2) 

Bws) 

0.32 

+ 0.18 

(%02) + 0.28 

"wIstd1 
'w(std) + "m(std) 

K-2 

%CO ) 

- C-1 
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METHOD 5 

I 
I 
,I 
z 
c 
c 

3 
c 
b 
! 
I 
c 
i I 
c 
t 

CALCULATION EQUATIONS 

Pbar + m/13.6 
= 17.65 V, Y ( 1 

'm( s td)  'm(avg) 

= 0.0472 VIS 'w( s td)  

V Ts(avg) m(std) = 0.0944 (p - 
bws)' 

I 
s "s A" 

15.43 M, 

272.3 M Ps 

T s (  avg) ('w( stdf 'm( s td) )  
- - 

'a 

($)I = 8.5714 X io'3 Cs Qs,d 

1.3228 x 10-1 Mp A - 
O A" 

MP12 - 
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A 

An 

Bws 

CP 

Ca 

-CS 

EA 

Y 

Gd 

I 

Md 

mp 

MS 

MP 

Pbar 

pg 

SYUBOLS 

= Cross sect ional  area o f  stack, SQ. FT. 

= Cross sect ional  area o f  nozzle, .SQ. FT. 

= Water vapor i n  gas stream, p ropor t ion  by volume 

= P i t o t  tube c o e f f i c i e n t ,  dimensionless 

= Concentration o f  p a r t i c u l a t e  matter i n  stack gas, 
wet basis, GR/ACF 

Concentration o f  p a r t i c u l a t e  matter i n  stack gas, d ry  
basis, corrected t o  standard condit ions, GR/DSCF 

= Excess a i r ,  percent by  volume 

= Dry t e s t  meter c o r r e c t i o n  fac to r ,  dimensionless 

Spec i f i c  g r a v i t y  ( r e l a t i v e  t o  a i r ) ,  dimensionless 

= 

.- 

= 

= I s o k i n e t i c  var ia t ion ,  percent by volume 

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

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

= Par t i cu la te  mass f low,  LB/HR 

= Molecular weight o f  s tack gas, wet basis. g/g. mole. 

= Tota l  amount o f  p a r t i c u l a t e  matter col lected, g 

= Atmospheric pressure, IN. HG. (uncompensated) 

= Stack s t a t i c  gas pressure, IN. WC. 
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PS = A b s o l u t e  p r e s s u r e  o f  s tack g a s ,  IN.HG. 

P s t d  = S t a n d a r d  a b s o l u t e  p r e s s u r e ,  29.92 IN. HG.  

Aa Actual volumetric stack g a s  f low r a t e ,  ACFM 

Qs .d = Dry volumetric s t a c k  g a s  flow r a t e  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 ,  DSCFY 

RH = R e l a t l v e  h u m i d i t y ,  X 

Tdb = Dry b u l b  t e m p e r a t u r e  o f  s t a c k  g a s .  O F  

T W  3 = Wet b u l b  temperature o f  s t a c k  gas ,  O F  

- Tm(avg)  = A b s o l u t e  a v e r a g e  d r y  g a s  meter t e m p e r a t u r e ,  02 

TS(avg)  = A b s o l u t e  a v e r a g e  s t a c k  t e m p e r a t u r e ,  OF 

T s t d  = S t a n d a r d  a b s o l u t e  t e m p e r d t u r e ,  528 O F  (68 O F )  

e = T o t a l  s a m p l i n g  time, min. 

v1 c = T o t a l  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 ca  g e l ,  m l  

Vm Yslume of  g a s  s a m p l e  as measured by d r y  g a s  meter, CF 

Vm(std) = Volume o f  g a s  s a m p l e  measured  by the  d r y  g a s  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 

Vw(std)  = volume o f  w a t e 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 a n d a r d  c o n d i t i o n s ,  SCF 

- vs = 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 

VPtdb = Vapor p r e s s u r e  a t  Tdb. IN. HE. 
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VPtwb = Vapor pressure a t  Twb. IN. HG 

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

AP = Veloc i ty  pressure o f  stack gas, IN. WC. 

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

P = Actual gas dens i ty ,  LS/ACF 
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