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for five years and, therefore, I am taking h i s  word on this. I 

Jj 

I Jeff Cole, RTI, says this is a dry bottom boiler, according to 
the UDI/EEI database. Jeff has been working with the NSP data 
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1 INTRODUCTION 

On May 1, 1990, I n t e r p o l 1  Laboratories personnel conducted a t race  

metal character izat ion study on the Un i ts  1 and 2 a t  t he  Northern States 

Power Company '(NSP) Sherburne County Generating Sta t ion  located i n  Becker, 

Minnesota. On-site t e s t i n g  was performed by R. Rosenthal, E. Trowbridge, 

C. Mosser and T. Hogan. Coordinat 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  

operation was provided by Bob Catron o f  NSP. 

Un i ts  1 and 2 are i d e n t i c a l  Combustion Engineering 750 megawatt 
b o i l e r s  which came on l i n e  i n  1976. Pa r t i cu la te  and s u l f u r  d iox ide 
emissions from each o f  t h e  two u n i t s  are cont ro l led  by a wet limestone 
scrubbing system which cons is ts  o f  twelve Ind iv idua l  rod ventur i  scrubber 

spray towers. Cleaned f l u e  gas from the  two i n l e t s  is exhausted t o  the  

atmosphere by a c m o n  600-foot r a d i a l  s tee l - l ined  concrete stack. 

The study consisted o f  simultaneous t race  metal samplings a t  t he  

I n l e t  t o  the wet l imestone scrubbing system and the  Convnon Stack. As 

s tated above, the scrubber system consis ts  o f  twelve ind iv idua l  modules on 

each o f  the two un i ts .  As a r e s u l t  o f t h e  i n l e t  duct geometry, no common 

i n l e t  t e s t  s i t e  ex is ts ,  and thus each module must be i n d i v i d u a l l y  tested. 

The problem o f  i n l e t  sampling i s  f u r t h e r  complicated by the  f a c t  

t h a t  the i nd i v idua l  module i n l e t  t e s t  s i t e s  are a l l  less  than 0.5 

equivalent duct diameters from major f low disturbances i n  both the  upand  

downstream f low d i rec t i ons .  Previous experience has shown t h a t  

considerable la rge  scale turbulence e x i s t s  a t  these t e s t  s i t e s  and t h a t  

r e l a t i v e  pa r t i cu la te  loadings and gas f low rates tend t o  vary from hour t o  

hour and day t o  day. 

Under these circumstances, t he  best approach t o  est imat ing i n l e t  

emissions i s  t o  sample a l l  t he  i n l e t  module t e s t  s i t e s  simultaneously 

which i s  cost p r o h i b i t i v e  o r  t o  randomly sample several i n l e t  t e s t  s i t e s  
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and assume t h a t  the average concentrat ion from these s i t e s  i s  the best 

estimate o f  the ove ra l l  i n l e t  concentration. The l a t t e r  method was 

selected by NSP i n  t h i s  work. 

A Multi-Metal Modif ied 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 race  metals. The samples 

were co l lec ted  and analyzed as per t h e  EPA Dra f t  Method "Methodology f o r  

the Determination o f  Metals Emissions i n  Exhaust Gases from Stationary 

Source Combustion Processes". The aerosol o r  s o l i d  phase t race  metal 

samples were co l l ec ted  on h igh  p u r i t y  P a l l f l e x R  f i l t e r s .  The vapor phase 

t race  metals were co l l ec ted  i n  an a l l  glass impinger t r a i n .  The f i r s t  and 
second impingers each contained 100 cc o f  a mixture o f  5% HNOj and 10% 99. 
The t h i r d  impinger contained 100 cc o f  a mixture o f  4% KMnO, and 10% H2SOd. 
This impinger c o l l e c t s  any elemental mercury which might Penetrate the 

f i r s t  two impingers and i s  used only when mercury i s  being sampled. 

The recovered four-par t  t race  metal samJles were combined, dissolved 

i n  ac id  ( inc lud ing  the  glass f i b e r  f i l t e r )  and analyzed by Induc t i ve l y  

Coupled Argon Plasma Emission Spectrometry ( ICP).  The samples were 

reanalyzed by graphi te  furnace atomic absorption spectrometry (GF/AA) f o r  

arsenic, beryl l ium, selenium, antimony and s t ront lum t o  provide be t te r  

detect ion l i m i t s .  Mercury was analyzed by co ld  vapor atomic absorption. 

A f i e l d  biased blank was co l l ec ted  and recovered a t  t he  t e s t  s i t e  and 

analyzed w i t h  the f i e l d  samples. 

An in tegrated f l u e  gas sample was extracted simultaneously w i t h  each 

t race  metal sample using a sDecia l ly  designed gas sampling system. 

In tegrated f l u e  gas samples were co l lec ted  i n  4 4 - l i t e r  Tedlar bags housed 

i n  a p ro tec t ive  aluminum housing. A f t e r  sampling was complete, the bags 

were sealed and returned t o  t h e  laboratory  f o r  Orsat analysis. P r i o r  t o  

sampling, the Tedlar bags are leak checked a t  15 IN.HG. vacuum w i t h  an ln- 

l i n e  rotameter. Bags with any detectable inleakage are discarded. 

2 



Testing a t  t he  i nd i v idua l  scrubber module i n l e t  t e s t  s i t e s  was 

performed using a hor izonta l  row o f  s i x  t e s t  por ts  on a v e r t i c a l  section 
o f  duct where the  gas f low i s  downward i n t o  the module i n l e t .  These por ts  

are less  than 0.5 equivalent duct diameters both up-and downstream t o  flow 

disturbances. A 24-point t raverse was used t o  c o l l e c t  representative 

t race  metal samples. Eachtraverse p o i n t  was sampled 2.5 minutes t o  give 

a t o t a l  sampling t ime o f  60 minutes per scrubber module. 

Test ing on the  Un i ts  1 and 2 Comnon Stack was conducted from four  

t e s t  por ts  on the Stack or iented a t  90 degrees. These t e s t  por ts  are 

located seven stack diameters downstream o f  the breeching I n l e t  and eleven 

diameters upstream o f  t he  stack e x i t .  A 16-point traverse was used t o  

ex t rac t  representative t race  metals and Chromium V I  samples. Each 
t raverse po in t  was sampled fou r  mlnutes t o  g ive a t o t a l  sampling time o f  

64 minutes per run. 

The important resu l t s  o f  t he  t e s t  are summarized i n  Section 2. 

Deta i led r e s u l t s  are presented i n  Section 3. F i e l d  data and a l l  other 

supporting in format ion are presented i n  the appendices. 

3 



2 S W Y  AND DISCUSSION 

The trace metal results have been broken into two sets; the eight 
which the State of Minnesota has identified as concerns, and sixteen 
additional metals for NSP In-House information. In addition, inlet trace- 
metal levels were determined for NSP In-House information. Concentrations 
and mass rates for the first set of eight metals are given in Table 1, and 
the removal efficiencies are sumnarized In Table 2. Concentrations and 
mass rates forthe second set of sixteen metals are presented in Table 3. 
The removal efflciencies are sumnarized in Table 4. Chromium VI 
concentration and emission rates are given in Table 5. 

No other dlfficulties were encountered in the field or in the 
laboratory evaluation of the samples. On the basis of this fact and a 
complete review of the entire data and results, it is our opinion, subject 
to the above qualifications, that the results reported herein are accurate 
and closely reflect the actual values which existed at the time the test 
was performed. 

4 



Table 1. Sumnary of the  Results o f  t he  May 1, 1990 Trace Metals Removal 

Performance Test on the  Combined Un i ts  1 and 2 AQCS a t  the NSP 

Sherburne County S ta t i on  (MPCA-selected elements). 

Concentration (ua/Nm3) 

Stack 

Element I n l e t  Run 1 Run 2 Run 3 Avwaqe 
Arsenic 62.7 2.9 3.1 2.4 2.8 
Bery l l ium 14.7 .3 . 3  .3 .3 
Cadmi um 19.2 X 2.3 3.9 2.1 
Chromium 269 10.8 8.1 7.3 8.7 
Nickel 121 8. l? 5.7 4.1 3.3 
Lead 458 10.3 9.5 8.0 9.3 
Selenium 57.0 8.9 11.0 9.4 9.8 
Mercury 8.1 7.5 6.3 5.0 6.3 

Mass Rate (LB/HR) 
Stack 

Element I n l e t  Run 1 Run 2 Run 3 Au?rwe 
Arsenic .740 .035 .039 .030 .035 
Bery l  1 i um .173 .0037 .0042 .0038 .0039 
Cadmi um .227 X .029 .049 .039 
Chromium 3.11 .133 .lo1 .092 .lo9 
Nickel  1.43 .loo? .071 .052 .062 
Lead 5.40 .121 .118 .loo .115 
Seleni um .673 .lo9 .137 .118 .121 
Mercury .0956 .092 .078 .063 .078 

x = Result inva l ida ted  due t o  f i e l d  contamination 
? = Result may be h igh  due t o  f i e l d  contamination; not used i n  

c a l c u l a t i n g  the average 
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Table 2 Sumnary of  the May 1, 1990 Estimated Trace Ueta l  Removal 
E f f i c i e n c i e s  o f  the  Un i ts  1 and 2 AQCS a t  the  NSP Sherburne 
County Station. 

Mass Rate (LB/HR) AQCS Removal 
Element I n l e t  Stack E f f .  tXW/WZ 
Arsenic 0.740 0.035 95.3 
Beryl 1 ium 0.173 0.0039 97.7 
Cadmi urn 0.227 0.039 82.8 
Chromium 3.17 0.109 96.6 
Nickel 1.43 0.062 95.7 
Lead 5.40 0.115 97.9 
Sel eni  um 0.673 0.121 82.0 
Mercury 0.0956 0.078 18.4 
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Table 3. 

Element 
A 1  umi num 
Boron 
Barium 
Calcium 
copper 
I r o n  
Potassium 
Magnesi um 
Manganese 
Molybdenum 
Sod i um 
Antimony 
S t ron t i  um 
Vanadi um 
Zinc 
S i l ve r  

Summary o f  the Results o f  the  May 1, 1990 Trace Metals Removal 
Performance Test on the  Combined Uni ts  1 and 2 AQCS a t  the NSP 
Sherburne County S ta t ion  (NSP-selected elements). 

Concentrat ion ( uq/Nm3) 
"*^_I, 
JLaLK 
1 I n l e t  Run 2 Ru 3 Amme 

305000 
19000 
14600 

392000 
515 

1 13000 
22200 
84000 

2640 
51.3 

8 1900 
45.2 

13200 
632 
224 

52.4 

779 888 
7940 1455 

290 466 
10200 11 365 
79.8? 16.1 
1180 1171 

163 151 
436 614 

22.9 32.2 
9 . 2  52.2 

624 515 
1.3 0.9 
265 307 

24.4 23.4 
185? 56.3 

52.4 52.4 

707 
3038 

180 
10260 

18.1 
1031 

139 
47 1 

21.8 
52.2 
410 
0.7 
247 

22.5 
35.5 
9 . 4  

791 
4154 

312 
10608 

11.4 
1127 

151 
507 

25.6 
52.2 

516 
0.97 

273 
23.4 
30.6 
52.4 

Mass Rate (LB/HR) 

Element I n l e t  Run 1 Run 2 Run 3 Averaqe 
Aluminum 3600 9.58 11.06 8.86 9.83 
Boron 224 98.0 18.1 38.1 51.4 
Barium 172 3.59 5.81 2.25 3.88 
Calcium 4630 126 141 129 132 
copper 6.08 .981? .200 .227 .214 
I r o n  1330 14.6 14.6 12.9 14.0 
Potassium 262 2.00 1.88 1.74 1.87 
Magnesi urn 99 1 5.36 .7.65 5.91 6.31 
Manganese 31.2 .281 .401 .273 .318 
Molybdenum .605 5.027 5.027 5.027 5.027 
Sod i um 966 7.67 6.42 5.13 6.41 
Antimony .533 .016 .011 .009 .012 
Strontium 156 3.26 3.82 3.09 3.39 
Vanadi urn 7.46 .300 .291 .282 .291 
Zinc 2.64 1.94? .70 .45 .38 
S i l ve r  5.028 5.009 .010 .030 5.016 

x = Result inva l idated due t o  f i e l d  contamination 
? = Result may be h igh  due t o  f i e l d  contamination; not  used i n  

ca lcu la t ing  the  average 
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Table 4 Sumnary o f  the May 1,  1990 Estimated Trace Metal Removal 
E f f i c ienc ies  o f  the  Un i t s  1 and 2 AQCS a t  the  NSP Sherburne 
County Stat ion. 

Mass Rate (LB/HR) AQCS Removal 
Element I n l e t  Stack E f f .  (Xw/w) 
A 1 umi num 3600 9.83 99.7 
Boron 224 51.4 77.1 
Barium 172 3.88 97.7 
Cal c i um 4630 132 97.1 
Copper 6.08 .214 96.5 
I r o n  1330 14.0 98.9 
Potassium 262 1.07 99.3 
Magnesium 991 6.31 99.4 
Manganese 31.2 .318 99.0 
Molybdenum .605 5.027 295.5 
Sod i um 966 6.41 99.3 
Antimony .533 .012 97.7 
S t  r o n t l  urn 156 3.39 97.8 
Vanadium 7.46 .291 96.1 
Zinc 2.64 .38 85.6 
S i l v e r  5.028 5.016 -- 
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Table 5 Summary o f  the Results o f  the May 1 ,  1990 Hexavalent Chromium 
(CrVI) Determinations on the Units 1 and 2 Stack at the NSP 
Sherburne County Station. 

Concentration Emission Rate 
Test/Run ( u d N m ’  ) (LB/HRI 

2/1 .47 .0060 
2/2 .98 .0126 

.62 .0080 2/3 

Avg .69 .0089 

I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 9 

- _  
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3 RESULTS 

The resu l ts  o f  a l l  f i e l d  and laboratory evaluations are presented i n  

t h i s  section. Gas composition (Orsat and moisture) are presented f i r s t  

followed by the computer p r i n t o u t  o f  the t race  metals and chromium V I  

sampling data. Pre l iminary measurements inc lud ing t e s t  p o r t  loca t ions  are 

given i n  the appendices. 

The resu l t s  have been ca lcu lated on a personal computer using 

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 b  

cu lat ions.  EPA-published equations have been used as the basis o f  the 

ca lcu la t ion  techniques i n  these programs. 

The emisslon ra tes  have been calculated using the  product o f  the 

concentration times f low method. 

c 

I 
I 
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3.1 Results o f  Orsat and Moisture Analysis 
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I n t e r p o l l  R e p o r t  No.  0 - 3 0 3 3  

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

T e s t  No .  1 
Sc r u  bbe r I n 1  e t  

R e s u l t s  o f  O r s a t  6 U o l s t u r e  Ana lyses- - - - -  U e t h o d s  3 a 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 )  

c a r b o n  d i o x i d e  ............ 
oxygen . . .  ................. 
c a r b o n  monox ide .  . . ........ 
n i t r o g e n  .................. 

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

c a r b o n  d i o x i d e  ............ 
o x y g e n  ..................... 
c a r b o n  monoxide. . . . . . . . . . .  

n i t r o g e n  . . . . . . . . . . . . . . . . . .  
w a t e r  v a p o r  ............... 

D r y  m o l e c u l a r  w e i g h t . .  . . .... 
Wet m o l e c u l a r  w e i g h t  ........ 
S p e c i f i c  g r a v i t y  ............ 
W a t e r  mass f l o w  . ..... ( L B / H R )  

Run 1 Run 2 Run 3 
05-01-90 05-01-90 05-01-90 

13.90 

6.00 

0.00 

80.10 

12.85 

5 . 5 5  

0.00 

74.04 

7 .57  

30.46 

29.52 

1.020 

0.00 

1 4 . 6 0  

5 . 3 0  

0.00 

80.10 

12.75 

4.63 

0.00 

69.94 

12 .68  

30.55 

28.96 

1.000 

0.00 

14.80 

5.10 

0.00 

B O .  10 

13 .06  

4.50 

0.00 

70 .69  

11.75 

30.57 

29.10 

1.005 

0.00 

1 .072  1 .068  1.068 
12 FO 



d 1 
d I 

I n t e r p o l 1  R e p o r t  No.  0 - 3 0 3 3  
NSP - Sherco  

Becke r .  M i n n e s o t a  

T e s t  No. 1 
S c r u b b e r  I n 1  e t  

R e s u l t s  o f  O r s a t  6 M o i s t u r e  Ana lyses- - - - -  Methods  3 6 4(\v/v) 

D a t e  o f  r u n  
Run 4 

05-01-90 

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

c a r b o n  d i o x j d e  ............ 13 .30  

o x y g e n  .................... 7.00 

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

n i t r o g e n  .................. 79.70 

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

c a r b o n  d i o x i d e  ............ 11.88 

o x y g e n  .................... 6.25 

c a r b o n  monoxide........... 0.00 

n i t r o g e n  .................. 71.19  

w a t e r  vapor............... 10.68 

D r y  m o l e c u l a r  w e i g h t  . . ...... 30 .41  

Wet m o l e c u l a r  w e i g h t  ........ 29.08 

S p e c i f i c  g r a v i t y  ............ 1.005 

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

FO 1.045 

13 



I 
I 
3 
:I 
I 
I 'I 
'I I 

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

I n t e r p o l  1 R e p o r t  N O .  0-3033 
NSP - S h e r c o  

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

T e s t  N o .  1 
U n i t s  I 8 2 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 - - - - - M e t h o d s  3 6 4 ( t v / v )  

D a t e  o f  r u n  

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

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

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

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

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

n i t r o g e n  .................. 
w a t e r  v a p o r . . . . . . . . . . . . . . .  

O r y  m o l e c u l a r  w e i g h t  ........ 
.Wet  m o l e c u l a r  w e i g h t  ........ 
S p e c i f i c  g r a v i t y  ............ 
W a t e r  mass f l o w  ...... (LB/HR) 

Run 1 Run 2 Run 3 
05-01-90 05-01-90 05-01-90 

13.30 

6.60 

0.00 

80.10 

11.22 

5.51 

0.00 

61.58 

15.64 

30.39 

28.45 

0.983 

0.00 

13.40 

6.60 

0.00 

80. 00 

11.33 

5.58 

0.00 

67.66 

15.43 

30.41 

28.49 

0.984 

0.00 

13.40 

6.70 

0.00 

79.90 

11.33 

5.66 

0.00 

67,!55 

15.46 

30.41 

28.49 

0.984 

0.00 

FO 1.075 1.067 1.060 

14 



:I 
I 
, 4  
I 

I n t e r p o l l  R e p o r t  No. 0-3033 
NSP - 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. 3 
U n i t s  1 E 2 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  Ana lyses- - - - -Methods  3 6 4 ( \ V / V )  

E 
Li 
I 
I 
$1 
11 
tu 
I1 
I1 
i I 
:I 
I 
I 
I 
I F O  4.469 4.581 4.548 

15 

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

05-01-90 05-01-90 05-01-90 

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

c a r b o n  d i o x i d e  ............ 3.20 3.10 3.10 

o x y g e n . . . . .  ............... 6.60 6.70 6.80 

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  .................. 90.20 90.20 90.10 

V e t  b a s i s  ( o r s a t )  

c a r b o n  d i o x i d e .  ........... 2.70 2.61 2.62 

o x y g e n . . . . .  . . . . . . . . . . . . . . .  5.57 5.65 5.74 

c a r b o n  m o n o x i d e  ........... 0.00 0.00 0 . 0 0  

n i t r o g e n  .................. 76.14 76.05 76.05 

w a t e r  v a p o r  ............... 15.59 15.69 15.59 

D r y  m o l e c u l a r  w e i g h t  ........ 26.78 28.76 28.77 

Wet m o l e c u l a r  w e i g h t  ........ 27.10 27.07 27.09 

S p e c i f i c  g r a v i t y  ............ 0.936 0.935 0.936 

W a t e r  mass f l o w  ...... ( L B / H R )  0 .00  0.00 0.00 



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

16 



I n t e r p o l 1  Labs R e p o r t  No. 0-3033 
NSP - S h e r c o  

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

T e s t  No. 1 
S c r u b b e r  I n l e t  

R e s u l t s  o f  M u l t i - M e t a l  M o d i f l e d  Me thod  5 (4M5) S a a p l f n g .  .... 

Date  o f  r u n  
Run 1 

05-01 -90  

Time run s t a r t / e n d  . . . . .  ( H R S )  0810-0915 

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

Water  i n  sample gas  
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)  

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 .  . ( IN.WC) 
Avg. gas 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 )  
s t a n d a r d  c o n d i t i o n s . . ( N M 3 )  

T o t a l  s a m p l i n g  t i m e  .... ( H 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  .............. ( A C F H )  
d r y  s t a n d a r d  ....... ( D S C F M )  

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

17 

-20.60 
16 .50  
0.840 

0.0 
3 5 . 0  
10.0 
4 5 . 0  

0.9949 
28.80 

0.65 
8 4 . 2  

21.85 
25 .91  
0.134 

60.00 
.180 

314 

334640 
192474 

91.2 

Run 2 
05 -01 -90  

0940-1045 

-20.60 
1 6 . 5 0  
0 .040  

0.0 
106 .0  

20.0 
1 1 9 . 0  

0 .9949  
28 .80  

1 .88  
8 8 . 1  

46.96 
43 .51  
1.232 

60 .00  
.242 

287 

293978 
1 6 5 4 1 1  

105 .0  

Run 3 
05 -01 -90  

1110-1215 

-20 .60  
76.50 
0.840 

0.0 
103 .0  

13 .0  
1 1 6 . 0  

0.9949 
20 .80  

1.10 
91.0 

44.60 
41.09 
1 . 1 6 4  

60 .00  
.242 

289 

2 8 7 2 9 1  
162994  

1 0 0 . 1  



I n t e r p o l 1  Labs R e p o r t  No. 0 - 3 0 3 3  
NSP - Sherco  

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

T e s t  No. 1 
S c r u b b e r  I n l e t  

S a m p l i n g  D a t a  for PCDD and PCDF lest------- SY846 Method 0010 

D a t e  o f  r u n  

Time r u n  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  . ..... (1N.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 . . . . . .  

Water  i n  sample  g a s  
c o n d e n s e r  ............. ( M L )  
i m p l n g e r s  .......... (CRAMS) 
d e s i c c a n t  . . . . . . . . . .  ( G R A M S )  
t o t a l  .............. ( 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 .HC)  
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  Lemp..  (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 f t i o n s . .  . (CF)  
s t a n d a r d  c o n d i t i o n s . ( D S C F )  
s t a n d a r d  c o n d i t i o n s . . ( N M 3 )  

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  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  .............. (ACFM) 
d r y  s t a n d a r d  ....... ( D S C F M )  

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

Run 4 
05 -01 -90  

L238-1347 

-20.60 
76.50 
0.840 

0.0 
66.0 
15 .0  

101 .o 

0 . 9 9 4 9  
28.  8 0  

1 .68  
89.3 

4 3 . 1 1  
39.04 
1.128 

60.00 
. 2 4 2  

310  

289049 
161373 

98.6 

18 



b .I 
I n t e r p o l 1  R e p o r t  No. 0-3033 

Becker .  M i n n e s o t a  
NSP - S h e r c o  

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

R e s u l t s  o f  M u l t i - M e t a l  Mod i f i ed  M e t h o d  5 (4M5)  Sampling..... 

D a t e  o f  r u n  
Run 1 

05-0 1 - 90 
Time run s t a r t / e n d  ..... (HRS) 0810-0929 
S t a t i c  p r e s s u r e . .  .... (IN.WC) -1.50 
Cross s e c t i o n a l  area (SQ.FT) 829.58 
P i t o t  t u b e  c o e f f i c i e n t . . . . . .  0.840 

W a t e r  i n  sample  gas  
c o n d e n s e r . .  ........... ( M L )  0.0 
Imp1 n g e r s  .......... (GRAMS) 173.0 
d e s i c c a n t  .......... (GRAMS) 15.0 
t o t a l  .............. (GRAMS) 188.0 

G a s  m e t e r  c o e f f i c i e n t . . . . . . .  1.0051 
B a r o m e t r i c  p r e s s u r e . .  (1N.HG) 28.55 
A v g .  o r i t . p r e s . d r o p . . ( I N . W C )  1.82 
Avg.  g a s  m e t e r  temp..(DEF-F) 97.1 

Volume t h r o u g h  g a s  meter . . . .  
a t  m e t e r  c o n d i t i o n s .  . . (CF)  48.63 
s t a n d a r d  c o n d i t i o n s . ( D S C F )  47.83 
s t a n d a r d  c o n d i t i o n s . . ( N H J )  1.354 

T o t a l  s a m p l i n g  t i m e . .  .. ( M I N )  64.00 

A v g . s t a c k  g a s  temp ..(DEG-F) 184 

V o l u m e t r i c  flow r a t e  ........ 
N o z z l e  d i a m e t e r  ......... ( I N )  .188 

a c t u a l  .............. ( A C F M )  4991821 
d r y  s t a n d a r d .  ......( DSCFM) 3284153 

I s o k i n e t i c  v a r l a t i o n  ..... ( t )  98.0 

Run 2 
05-01-90 

1030-1146 

-1.50 
829.58 
0.840 

0.0 
182.0 

5.0 
193.0 

1.0051 
28.55 
1.90 
68.0 

50.17 
48.33 
1.369 

64.00 
.le6 
184 

5046646 
3326471 

99.9 

Run 3 
05-01 -90 

1225-1340 

-1.50 
829.58 
0.840 

0.0 
178.0 
11.0 

189.0 

1.0051 
28.55 
1.94 
70.5 

50.81 
48.72 
1.380 

64.00 
.le5 
184 

5078896 
3347367 

101.1 

I 
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3 . 3  Results o f  t h e  Hexavalent Chrmium ( C r  V I )  Sampling 
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b I I n t e r p o l l  R e p o r t  No. 0 - 3 0 3 3  
NSP - S h e r c o  

Becker .  M i n n e s o t a  

l e s t  No. 3 
U n i t s  1 6 2 S t a c k  

J I 
Results of Hexavalent Chromium ( C r  V I )  Sampling 

I 
i i 

D a t e  o f  r u n  
Run 1 

05-01-90 

Time r u n  s t a r t / e n d  ..... ( H R S )  1600/1710 

S t a t i c  p r e s s u r e  ...... (IN.UC) 
Cross s e c t i o n a l  a r e a  ( S Q . F T )  
P l t o t  t u b e  c o e f f i c l e n t . . . . . .  

W a t e r  i n  sample gas 
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) 

_ _  . 
Cas 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. or1 f . p r e s  .drop..  
Avg.  g a s  m e t e r  temp.. 

...... 
1N.HG) 
1 N . W )  
DEF-F)  

Volume t h r o u g h  gas meter . .  .. 
a t  m e t e r  c o n d l t i o n s . . . ( C F )  
s t a n d a r d  c o n d i t t 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 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  .............. ( A C F M )  
d r y  s t a n d a r d  ....... (DSCFM) 

I s o k l n e t l c  v a r i a t i o n . .  ... ( 8 )  

-1.50 
829.58 

.840 

0.0 
176.0 
15.0 

191.0 

1 .ob51 
28.55 
1.93 
66.3 

50.45 
48.16 

64.00 
.186 
184 

5220779 
3434693 

97.6 

Run 2 
05-01-90 

1735/1847 

-1.50 
829.58 

. E 4 0  

0.0 
176.0 
16.0 

192.0 

1.0051 
28.55 
1.94 
72.5 

50.91 
48.64 

64.00 
.186 
. 184 

5207100 
3421500 

97.7 

Run 3 
05-01 -90 

1910/2022 

-1.50 
829.58 

-840 

0.0 
169.0 
22.0 
191.0 

- 
1.0051 
28.55 
1.95 
73.2 

51.09 
48.75 

64.00 
.186 
i n  

5185542 
3443062 

91.3 

2 1  
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APPENDIX A 

VOLUMETRXC FLOW RATE DETERMINATIONS 



d !I 
I n t e r p o l  Re’part  No. G - 3 9 3 3  

N S P  - Sherco  
Be c k e  r , :.1 i nne s o t  a 

T e s t  No. 1 
S c r u b b e r  I f ? 1  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  D e t e r m i n a t i o n - - - - - - - M e t h o d  2 

p a t e  ,>f  D e t e r m i n a t i o n .  . . . . . . . . . . .  

, , a %  j F  D e t ? : m i n a t i ~ n  . . . . . . .  ( H R S !  

B a r o m e t r i c  p r e s s u r e . .  . . . . .  (1N.H;) 

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

-i  

Number o f  s a m p l i n g  p o r t s  . . . . . . . . .  
i o t a 1  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  . . . . . . . . . . .  (1N.WC) 

Avg.  gas  temp . . . . . . . . . . . . .  ( D E G - F )  
M o i s t u r e  c o n t e n t  . . . . . . . . . .  ( %  V / V )  

Avg.  1 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 . .  . . . . . .  . . ( L E / H R )  

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) 

5 

2 4  

R e c t a n g u l a r  

3 6  

3 0 6  

7 6 . 5 0  

DOWN 

- 2 0 . 6  

3 1 4  

7 . 5 7  

7 7 . 1  

.04;7a 

3 0 . 4 6  

1 0 1 4 1 1 2  

3 5 3 7 7 7  
2 0 3 7 8 6  

A- 1 
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EPA k t h o d  1 Spec i f la t ion  

204 A =x5- 6.28 dir. - 10.55 d h .  32.5 

Ioi - Total number o f  traverse 
points  required (minlnum) 

pi - 12 

c FLUE OPENING 

204 ' 

343' 

L ,-' 

a41' 

I 
I 

ISP SHERBURNE COUNTY SENERATING PLANT 
UNITS 1U STACK 

INTERPOLL IHC- 
B- 1 

645' 

MOT TO s c u t  



APPENDIX C 

FIELD DATA SHEETa 

TABLE OF M E W S  

Wu!ti-Metal ....................... 
Chranim V I  . . . . . . . . . . . . . . . . . . . . . . .  



J ob Akp-sZ&Zk/O 
Source &/OX'#/ / - P a 7  

Stack dimen. 3 A Y  3661~. 
Test 2 Hun 2 Date $f%-ga 
Dry bulb "F Wet bulb "F 

Manometer: X H e g .  0 Exp. 0 Elec. 
Barometric pressure -?9.8d in Hg 
Static pressure -47d.6 in WC 

Operators ZF/$& BdbGe - L i # # A  
Pitot NO. a 1 V - C  c p  / PqJ 

-- 
I-- 344:-4 mf 
d 6 C b E F  

Schematic of 
Cross Section 



c- 3 



1 
I 
I 
I 
I 

~ 

c- 5 





a 
m 
h 

0 
0 
I 

Ln 

ihdl 

c-9 



I 
1 
I 
I 
3 
CI 
c 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
t 
I 

APPENDIX D 

INTERPOLL LABS METALS RESULTS 

TABLE OF CONTENTS 

Orsat (Method 3). . . . . . . . . . . . . . . . . . . . .  D-1 

Multi-Metals. . . . . . . . . . . . . . . . . . . . . . .  #>4 

C h r a n i m V I . .  . . . . . . . . . . . . . . . . . . . . .  D-6 

Sample Depositions . . . . . . . . . . . . . . . . . . .  D-7 



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

NSP/Sherco 
Laboratory Log No. 9449 

Results o f  Trace Metal Analysis 

Test: 1 
Source: Scrubber I n l e t  
Sample Type: 4M5 Tra in  Catch 

Tota l  Mass of Trace Metal I n  Sample (uq) 
Module Module Module Module 

F i e l d  110 101 104 101 

Trace Metal EPA Method 81 ank Run 1 Run 2 Run 3 Run 4 

(Log No.) 
A1 umi num 
Arsenl c 
Boron 
Barium 
Bery l l ium 
Calclum 
Cadmi urn 
Chroml um 
Copper 
I r o n  
Pot ass1 um 
Magneslum 
Manganese 
Molybdenum 
Sodlum 
Nlckel  
Lead 
Selenlum 
Antimony 
St r o n t l  urn 
Vanadi um 
Zinc 
Mercury 
S i  1 ver 

SW-846. 6010 
SW-846. 1060 
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. 6010 
SW-846. 6010 
SW-846. 6010 
SW-846, 1140 
SW-846, 6010 
3500-sr. B' 
SW-846. 6010 
SW-846, 6010 
SW-846. 1410 
SW-846, 6010 

(9449-25) 
450 
0.5 

17 
12 

< 0 .5  
306 
1.5 
5.4 
4.5 
88 
84 
46 

2.8 
32 

620 
2.7 
4.6 

< 0.5 
7.0 

< 5 
< 1 

12 
0.26 

e 0.5 

(9449-26) 
263000 

35 
15900 
12900 

7 
309000 

10 
128 
258 

56100 
11300 
58600 

1400 
55 

51200 
80 

210 
28 
24 

4330 
275 
142 

2.55 
< 1.3 

f 9449-21 ) 
450000 

70 
8100 

29300 
18 

536000 
23 

334 
705 

157Ooo 
21700 

107000 
3250 

97 
96500 

144 
630 
85 
63 

12500 
740 
270 

4.38 
< 1.3 

(9449-28) 
441000 

130 
26000 
11 100 

30 
632000 

40 
550 

1150 
182000 
45300 

144000 
5100 

136 
160000 

220 
845 
100 

85 
11500 

1280 
400 

11.8 
< 1.3 

(9449-29) 
130000 

39 
28600 

8550 
10 

191000 
13 

200 
185 

103000 
13900 
51600 

1840 
72 

48000 
9 1  

215 
39 
49 

24400 
5 10 
200 

2.19 
< 1.3 

'Standard Methods. 1 7 t h  Edi t ion.  

D- 1 
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Calculation of Trace Metal Removal Rates 

The trace metal mass rates at the inlet test sites cannot be 
accurately calculated using the volumetric flow rates measured at these 
test sites due to the large scale turbulence there. As discussed in the 
Introduction of this report, the best estimate of the particulate or trace 
metal concentration at the pollution control system lnlet is the average 
of the concentrations measured in each scrubber (in this case: four). 
This estimate of the concentration at the pollution control system inlet 
can then be used with the volumetric flow rate measured at stack (which is 
an ideal location for flow measurement) to calculate the inlet mass rate. 
Naturally, the stack flow rate (dry, standard) must first be corrected to 
the same oxygen concentration as observed at the inlets during the test 
runs to correct for inleakage. Using this technique, only one estimate of 
the inlet trace metal concentrations and mass rates will be obtained. 
This value will be used then with the average of the outlet (stack) 
results to estimate the system removal rate over the entire test period. 

The average dry standard volumetric flow rate at the stack test site 
was 3,320,000 DSCFM. The average oxygen concentration at the stack was 
6.63% and at the inlet it was 5.85%. The average dry standard volumetric 
flow rate at the Inlet test site can be calculated from the following 
expression: 

Q,, - 3150000 DSCFM 
The average mass rate at the inlet of each trace metal may be 

calculated now using the following expression: 

xh = 3.746~10-’ C?Q 

but Q = 3150000 and thus 
In = 1 . 1 8 x 1 0 - ~  c 
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