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1.0 EXECUTIVE SUMMARY 

York Services Corporation (York) was retained by Foster Wheeler 
Enviresponse, Inc. (FWEI) to conduct an Emission Compliance Test 
Program at the Adirondack Resource Recovery Facility (ARRF) 
located in Hudson Falls, New York. The test program was 
conducted from January 2 8 ,  1992 to February 8, 1992. The 
testing was conducted under the supervision of 
Mr. Roger A. Kniskern; Principal, Air Testing Services. 
Mr. Michael J. Cooper, Environmental Compliance Group Manager 
for FWEI and Mr. Roy Moyer ARRF Plant Manager were our contacts 
during the test program. 

The purpose of the Emission Compliance Test Program was to 
obtain emission data to submit to the New York State Department 
of Environmental Conservation (NYSDEC) in support of FWEI's 
application for a Certificate to Operate. The test program 
involved sampling and analysis for particulate matter, heavy 
metals, mercury, sulfur dioxide, oxides of nitrogen, carbon 
monoxide, volatile organic compounds, sulfuric acid, hydrogen 
chloride, hydrogen fluoride, formaldehyde, PCDD/PCDF, PCB, PAH 
and hexavalent chromium. Table 1-1 details the sequence of 
testing activities. 

Table 1-2 summarizes the results of the test program. The 
results show that the facility meets the permit requirements for 
all compounds. Detailed results for each test are presented in 
Section 2.0. 

2 . 0  SUMMARY AND DISCUSSION OF TEST RESULTS 

2.1 INTRODUCTION 

All test data and results are discussed and summarized in this 
section. Detailed calculations and back up documentation are 
included in the Appendices to this report. 

2 . 2  PARTICULATE 

Tables 2-1 and 2-2 summarize the particulate emission test 
results for Boilers A and B, respectively. A soot blowing cycle 
was conducted during Test No. 4 for each boiler. At the 
completion of Boiler A inlet test #1 the leak check did not meet 
the required limit of 0.02 cfm. This leak occurred sometime 
during the second half of the test since the leak check at the 
test midpoint was acceptable. The emission data are comparable 
to the remaining tests which indicates that the leak most likely 
occurred after the test was completed while handling the 
sampling equipment. No problems were encountered during the 
outlet testing. 

One Research Drive . Stamford, CT 06906 Phone (203) 325-1371 . Fax (203) 357-0166 



.. .. 1 

ParticulatelMeIals #1 

Particulate/Metals #2 

ParticulatelMetals #3 

Table 1-1 

Sequence of Testlna Acthrltles 

_ _ _ _  1215-1436 

___. 1548-181 0 

____  1910-2140 

Partculate/Metals #4 

January 29,1992 

.... 2226-0050 

Palliculate/Metals #l 

Particulate/Metals #2 

ParticulatelMetals #3 

1015-1241 

1402-1625 ____  
1710-1938 ____  , 

I 
I 

HC1 #2 1315-1415 ____  
HC1 #3 1441-1!i41 

so, #1 

HCI #1 

I 1 

_.__ 0930-1 030 

1009-1109 ____  

so, #1 

HCI #1 

NO,, CO & THC #2 1900-2000 

0931 -1 031 _ _ _ _  
0935-1035 ____  

so2 #2 

NO,, CO & THC #1 

1648-1748 _ _ _ _  
1648-1748 

SO2, NO,, CO #3 

Formaldehyde, NO,, CO #1, 

Formaldehyde, NO,, CO, SO2 #2 

Formaldehyde, SO, #3 

1110-1210 -___ 

_ _ _ _  1452-1556 

____  1825-1 925 

_--_ 2119-2219 L 



Table 1-1 Contlnued 

CO, NO,, #3 

Mercury #1 

Mercury #2 

Sequence of Testlng Activltles 
i 

_ _ _ _  0823-0923 

___- 121 0-1430 

1537-1 752 ___- 

____  
11 Hydrogen Fluoride #1 I 1032-1149 I II ____  

I 1702-101 4 _ _ _ _  
2025-2135 Sulfuric Acid .... 

PCDDIPCDF, PCB. PAH #1 

PCDDIPCDF, PCB, PAH #2 

Chromium +6 #1 

Chromium +6 #2 

1030-1 755 ____ 
1950-2310 _ _ _ _  

1255-1507 _ _ _ _  
___. 1727-2034 

Chromium +6. #2 

February 6,1992 

.... 2200-0005 

PCDDIPCDF, PCB, PAH #3 

Chromium +6 #1 

Chromium +6 #2 

I 1 

1000-1330 

1308-1 522 __-_- 
1657-1922 _____  

Mercury #1 

Mercury #2 

____  Sunuric Acid #3 1720-1037 

___- 1350-1 605 

_ _ _ _  1655-1909 

- 3- 

Sulfuric Acid #1 

Sulfuric Acid #2 

Sunuric Acid #3 

____ 0933-1043 

_ _ _ _  11 13-1243 

__-_ 1325-1 435 



.. I 

Table 1-2 

SUMMARY OF TEST RESULTS 







. I  

2.3 

2 . 4  

2 . 5  

2 . 6  

2 .? 

METALS 

Samples for heavy metals were collected at only the stack 
location for each boiler. These samples were collected in the 
same sampling train as the particulate. Tables 2-3 and 2-4  
summarize the heavy metals emissions for Boilers A and B, 
respectively. The general test data and gas data for each test 
are summarized in Tables 2-1 and 2-2. 

The cobalt emission for Boiler A, Test 1, was significantly 
higher than the results for the other two tests, in which cobalt 
was essentially non-detectable. No obvious explanation for this 
result was determined. Since the other two test results were 
non-detectable, along with Test No. 4 which occured during soot 
blowing, the result for Test No. 1 was not included when 
determining the average cobalt emissions. It should be noted 
that if all four test runs are averaged, the result is less than 
the permit value. 

Based upon the usual regulatory requirement of an average of 
three tests to demonstrate compliance, the test results for the 
soot blowing event were not included in the average of the test 
data. 

MERCURY 

Samples for mercury were collected at the inlet and outlet for 
each boiler. Tables 2-5 and 2-6 summarize the results of the 
mercury emissions for Boilers A and B, respectively. A1 1 
emission data has been corrected for the mercury found in the 
blank train. Test #3 for Boiler A was aborted due to glassware 
breakage during the test. 

so,, NO,. CO AND VOC 

Measurements for SO, were conducted at the inlet and outlet for 
each boiler, while CO measurements were made only at the inlet 

measurments were conducted only at the Outlet of Boiler A. 

Tables 2-7 and 2-8 summarize the emission results for each 
boiler, respectively. Measurements for velocity, moisture and 
gas composition were conducted simultaneously with each test. 

SULFURIC ACID 

and  NO^ was measured at the outlet for each boiler. voc 

Samples for sulfuric acid were only collected at the stack 
location for each boiler. Tables 2-9 and 2-10 summarize the 
sulfuric acid emission results for each boiler, respectively. 

HCI 

Measurements for HC1 were made at the inlet and outlet for each 
boiler. Concurrently measurements for velocity, moisture and 
gas composition were conducted. Tables 2-11 and 2-12 summarize 

One Research Drive . Stamford, CT 06906 Phone (203) 325-1 371 Fax (203) 357-01 66 
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, .  I' .. 
.. 

Concentration (ugdscm) 

Concentration (ugdscm @I 7% 0,) 

Emission Rate (Ibslhr) 

Allowable Emissions Rate Ilbslhr) 

Table 2-3 

~0.25 <0.24 ~0.24 <0.24 

<0.32 e0.32 <0.32 <0.32 

<3.01 X1 0-5 c2.97X105 ~ 2 . 9 8 ~ 1  O 5  <2.99XlO* 

0.00125 0.00125 0.00125 0.00125 

Summary of Heavy Metals Emlsslon Test Resutts 
Boller A - ARRF Hudson Falls, NY 

:est No. I 1 I 2 I 3 1 Average I 

Concentration (ugdscm) 

Emission Rate (Ibslhr) 

Concentration (ugdscrn @ 7% 0,) 

Allowable Emissions Rate (Ibslhrl 

<7.73 ~ 7 . 6 2  c7.59 c7.65 

40.14 <10.09 c10.24 ~10.16 

<9.63X1Od <9.49x104 <9.53x104 <9.55x104 

0.005 0.005 0.005 0.005 

I I 

Concentration (ugdscm) 

Concentration (ugdscm @ 7% 0,) 

-Emission Rate (Ibdhr) 

<0.011 <0.011 co.011 <0.011 

<0.014 c0.014 <0.015 <0.014 

<1.33XlO~ <1 .31x106 <1.32x104 <1 .31x106 

Concentration (ugdscm @ 7% 0,) 

illowable Emissions Rate (Ibdhr) I 4.65x10-' I 4 . 6 5 ~ 1 0 ~  I 4.65~10' I ' 465x10' 

0.64 ' I 1.90 3.17 1 .89 

11 Concentration fualdscm) I 2.42 I 1.43 I 0.47 I 1.44 

Emission Rate (Ibslhrl I 3 . 0 1 ~ 1 0 ~  1 .78x104 1 5 .96~10~  3.58~1 O4 

11 Allowable Emissions Rate (Ibdhr) I 0.009 I 0.009 I 0.009 I 0.009 

Concentration (ugdscm) 

Concentration (ugdscm @ 7% 0,) 

Emission Rate (Ibdhr) 

Allnwable Emissions Rate llbslhrl 

3.07 4.29 3.79 3.98 

5.07 5.67 5.12 5.29 

4 . 8 1 ~ 1 0 ~  5.34x104 4.76~10" 4.79~1 0" 

0.065 0.065 0.065 0.065 
~ 

I I 
Concentration (ugdscm) 

Concentration (ugdscm @I 7% 0,) 

Emission Rate (Ibslhr) 

',llowable Emissions Rate (Ibdhr) 

80.21 <1.91 c1.90 <1.91 

105.18 <2.53 ~2.56 ~2.55 

9.99X1 O 3  <2.34x104 <2.38X1O4 <2.36~1 O4 

0.0029 0.0029 0.0029 . 0.0029 

- 8- 
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,- Table 2-3 Continued 

Summary 01 H e a v y  Metals Emlsslon Test Resuns 
Boller A - ARRF Hudson Falls, NY 

i 
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.. 

Concentration (ugdscrn) 

Concentration (ugdscm @ 7% 0,) 

Emission Rate (Ibdhr) 

Table 2-4 

Summaly of Heavy Metals Emlsslon Test Results 
Boiler B - ARRF Hudson Falls, NY 

<6.60 <7.41 ~ 7 . 6 1  <7.21 

<8.49 <9.72 40.36 ~ 9 . 5 2  

~ 8 . 7 9 ~ 1  O-' <9.38x1 o-' <9.51x104 ~ 9 . 2 2 ~ 1  O-' 

Concentration (ugdscrn) <0.21 ~0.24 <0.24 <0.23 

Concentration (ugdscm @7% 0,) <0.27 <0.31 <0.3 <0.30 

Emission Rate (Ibghr) <2.75x1U5 <2.93xlO-' <2.98x105 <2.89x 10.' 

Concentration (ugdscm) 

Concentration (ugdscm @ 7% 0,) 

Emission Rate (Ibdhr) 

<0.010 <0.011 <0.011 <0.011 

<0.012 ~0.014 <0.015 <0.014 

<1.21x104 <1.29x104 <1.31x106 <1.27~10-' 

Concentration (ugdscrn) 

Concentration (ugdscrn @ 7% 0,) 

Emission Rate (Ibghr) 

5.35 3.71 2.85 3.97 

6.89 4.86 -3.88 5.21 

7.1 4x1 O-' 4 . 6 9 ~ 1 0 ~  3 .57~10~  5 . 1 3 ~ 1 0 ~  

Concentration (uddscrn) I 14.42 I 3.71 I 5.23 I 7.79 II 
Concentration (ugdscm @ 7% 0,) I 18.55 

Emission Rate (Ibghr) 1.92X10' 

4.86 7.12 10.17 ~ 

4.69X104 6.54X10" 1.01Xl~ '  

Allowable Emissions Rate (Ibghr) I 0.065 I o.065 I o.065 I o.065 n 

P 

Concentration (ugdscrn @ 7% 02) 6.37 <2.43 <2.59 < 3.80 

Emission Rate (Ibghr) 6.59X104 <2.34X1O4 <2.37X1 O-' <3.77X1 O4 
~ 

I I 

\Ilowable Emissions Rate (Ibghr) 

11 Concentralion (uddscm) I 4.94 I <1.85 I 4.90 

0.0029 0.0029 0.0029. 0.0029 
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,. 

Concentration (ugdscm) 

Concentration (ugldscm @ 7% 02) 
Emission Rate (Ibghr) 

Allowable Emissions Rate (Ibslhr) 

Table 2-4 Comlnued 

Summary of Heavy Metals Emlsslon Test Results 
BOller B - ARRF Hudson Falls, NY 

c0.42 co.46 co.48 co.45 - 
c o s  c0.61 co.65 c0.60 

~ 5 . 4 9 ~ 1  O5 c5.86X105 c5.95X1 O 5  c5.76X106 
N A  N A  N A  NA 

T e d  No. I 1 I 2 I 3 I Averaoe Il 

Concentratin (ugldscm) 
Concentration (ugdscm @ 7% 02) 
Emission Rate (Ibghr) 

ncentration luddscm) 

105.85 108.87 216.15 143.62 
136.24 142.76 294.56 191.19 

1.41 Xi O 2  1.38x102 2.70~10" I .a?xin2 

I I 

I Allowable Emissions Rate (Ibghr) I 0.75 I 0.75 I 0.75 I 0.75 

-//- 

~~ 
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1.8 

0.096 

4.5 

Concentration (ppmv @ 7% 4) 
r-ission Rate (Ibslhr) 

. ... *wable Emission Rate 
( Ibar )  

0.3 1.6 1.2 

0.015 0.080 0.063 

4.5 4.5 .. 4.5 

, 



... 

L 
Concentration (ppmv @ 7% 4) 190.3 45.0 200.4 6.4 151.5 5.4 180.7 18.9 

Emission Rate (Ibslhr) 41.68 11.39 42.41 1.45 33.81 1.22 39.30 4.69 

Removal Efficiency (“A) 72.67 96.58 96.40 88.07 

Allowable Removal Efficiency (%) 70 70 70 70 

Table 2-8 

Time 

Concentration (ppmv) 

1453- 1824- 0823- 
1553 1924 0923 

128.1 130.9 116.9 125.3 

- /s- 



3 - 

In 
IC 
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V 

2 
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V 
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2.0 

2 . 9  

HYDROGEN FLUORIDE 

Hydrogen! Fluoride samples were collected from the outlet of 
Boiler A only. Table 2-13 summarizes the hydrogen fluoride 
emission test results. 

FORMALDEHYDE 

Formaldehyde samples were collected from the outlet of Boiler B 
only. Table 2-14 summarizes the formaldehyde emission test 
results. 

2.10 PCDD/PCDF, PCB and PAH 

PCDD/PCDF, PCB and PAH samples were collected at the outlet of 
Boiler A only. Table 2-15 summarizes the emission test results 
for these compounds. The results have been corrected for train 
blank contribution where applicable. 

To compare Dioxin emissions to the permit conditions, only 
tetrachloro-dibenzodioxin (TCDD) is required. The results 
presented in Table 1-2 for TCDD include only these isomers. 

In order to compare PCDD/PCDF emissions to current NYSDEC 
standards, the emissions have been calculated as TCDD toxic 
equivalents based upon the toxic equivalency factors issued by 
the NYSDEC. These calculations can be found in Section 6.16 of 
this report. 

2.13 HEXAVALENT CHROMIUM 

Samples for hexavalent chromium were collected from the outlet 
of each boiler. Tables 2-16 and 2-17 summarize the hexavalent 
chromium emission test results for each boiler, respectively. 

One Research Drive Stamford, CT 06906 Phone (203) 325-1371 Fax (203) 357-0166 
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1.0 INTRODUCTION 

1.1 Background: An emissions compliance test program was 

conducted at the Poster Wheeler Resource Recover-.. Facility in 

Charleaton, South Carolina on October 17 through October 20. 

1989. The testing was performad by Qene Craft, Richard Mutra- 

baugh and Laurie Qraves, all of ETS. Inc. Plant supervision was 

provided by Jerry Hall and Roy Moyer. A l l  compliance testing was 

observed by J o e  Tallon of the South Carolina Department of Health 

and Environmental Control (SCDHBC). 

Two incinerator units are in service at the facility. These 

units are designated as "Unit A" and "Unit B" i n  this report. 

1.2 Objective: The purpose of the agency-witnessed tests was to 

evaluate the emission performance of the facility with respect to 

the following pollutants: 

Total Solid Particulate (TSP) 

Hydrogen Fluoride (HF) 

2378-Tetrachlorinated Dibenzo-p-Dioxin (2378-TCDD) 

Lead (Pb) 

Mercury (Ag) 

Beryllium (Be) 

In addition to the compliance demonatration, the test 

program was a l s o  designed to provide additional emisaiona 

information for the following pollutants: 

1 



A l l  Tetra- through Octa-chlorioated Dibenzo Dioxins aod 

Arsenic (As) 
Antimony (Sb) 
Selenium (Se) 
Cadmium (Cd) 
Total Chromium (Cr) 
Cobalt ( C o )  
Copper (Cu) 
Nickel (Ni) 
Zinc (Zn) 

Furan8 (PCDD/PCDF) 

Data and resulta for the TSP and IIF emiesions are contained 

io Volume I of the co~pliance report, which was issued on 

November 17, 1989. Volume I also contains details concerning the 

.' facility and overall program specifics. 

This report, Volume 11, contains the data and results for 

the PCDD/PCDF and metals emissions. 

1.3 Tests Performed: The overall test program is described in 

Volume I of the compliance report. 

The PCDD/PCDF testing was performed only on the outlet stack 

of the Unit B incinerator. Three tests were performed. The 

testing was performed in accordance with Modified EPA Method 5 

procedures. 

Metals testing was performed at the outlets of both the Unit 

A aod the Unit B incinerators. Three tests were performed at 

each location. These tests were performed in conjunction with 

the particulate tests, and are described in Volume I of the 

compliance report. 
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2 . 0  SUMMARY OF RESULTS 

T a b l e  I summarizes t h e  e m i s s i o n s  r e s u l t s  for a l l  of  t h e  

r e g u l a t e d  p o l l u t a n t s  t e s t e d  d u r i n g  t h e  test  progrem. 

More d e t a i l e d  r e s u l t s  f o r  the PCDD/PCDF and metals e m i s s i o n s  

a r e  c o n t a i n e d  in T a b l e s  I1 t h r o u g h  I V ,  as w e l l  a s  in t h e  

A p p e n d i c e s .  

2 . 1  PCDD/PCDF E m i s s i o n s :  T a b l e  I1 s u m m a r i z e s  t h e  r e s u l t  of t h e  

PCDD/PCDF t e s t i n g  p e r f o r m e d  on t h e  U n i t  B i n c i n e r a t o r .  

Mass e m i s s i o n s  of  2378-TCDD, t h e  o n l y  r e g u l a t e d  i a o s e r  for 

t h e  f a c i l i t y ,  showed a w i d e  r a n g e  o f  v a l u e s ,  v a r y i n g  from 4.26  x 

10-lo l b / h r  for t h e  f i r s t  t e s t  run t o  3.72 x 1 O - O  l b / h r  f o r  t h e  

t h i r d  t e s t  r u n .  The a v e r a g e  of  t h e  t h r e e  t e s t s  wee 2 . 0 7  x 10-9 

l b / h r ,  w h i c h  i s  e q u i v a l e n t  t u  1 . 6 7  x lb/MMBtu.  These  

v a l u e s  a r e  well be low t h e  p e r m i t t e d  maximum of 7 . 5  x 10-6 I b / h r  

( 2 . 9  x lb/MMBtu).  

2 . 2  Metals B m i s s i o n s :  T a b l e s  I11 a n d  I V  summarize t h e  r e s u l t s  

of t h e  metals tests p e r f o r m e d  on U n i t s  A and  6 ,  r e s p e c t i v e l y .  

More d e t a i l e d  d a t a  a n d  r e s u l t s  may b e  f o u n d  i n  A p p e n d i x  B. 

T h e  emissions of t h e  r e g u l a t e d  p o l l u t a n t s  (Lead,  Mercury and 

B e r y l l i u m )  were a l l  be low t h e  p e r m i t t e d  maximum l e v e l s .  

The  h i g h e s t  l e v e l  o f  a n y  o f  t h e  1 2  metals t e s t e d  was 



- 
obtained for zinc. Unit A averaged 0.11 lb/hr zinc, while Unit B 

had an average zinc emissions of 0.37 lb/hr. 

3.0 SAMPLINQ AND ANALYTICAL PROCEDURES. 

A l l  Sampling and analytical procedures were those recomeo- 

ded by the United States Environmental Protection Agency. 

3.1 Field Testing: 

3.1.1 Particulate and Multi-Metals SamplinU: Sampling for 

particulate and metals was performed in a single test train. The 

sampling procedure f o r  this testing can be found in Volume I. 

3.1.2 Organic Sampling: A modified Method 5 (MM5) sampling 

train was used to sample the flue gases to determine the concen- 

trations of PCDD/PCDF. The detailed protocol for collecting 

emissions using the M M 5  sampling train was derived from Method 

0010 of SW-846. and is basically similar to the protocol outlined 

in the ASMB draft 1984 protocol. 

3.1.2.1 Sampling Train Description: Figure 1 illustrates the 

modified Method 5 sampling train. 

The train employed e quartz nozzle and heated glass probe 

for sample withdrawal. The probe had an effective length of 

seven feet. The nozzle was attached to the probe with stainless 

steel unions and Teflon corpresaion ringa. 
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Particulate matter was removed from the gas stream by means 

of a heated glass filter supported on a Teflon frit. The filter 

temperature was maintained at 240 5 2S0F. 

After particulate removal, the gasee passed into a water- 

cooled glass condenser and entered an XAD resin sorbent trap. 

Coolant water maintained at wet-ice temperature was continuously 

recirculated into the condenser/sorbent trap assembly using a 

submersible water punp. 

The sorbent trap waa packed with 20-30 grams of pre-cleaned, 

quality control checked amberlite X A D - 2  resin. 

The condenser cooled the sample gases and condensed part of 

the moisture. 

through the XAD-2  resin which retained the organic constituents. 

The cooled gases and condensate flowed down 

After passing through the sorbent trap, the sample gases 

entered a chilled impinger train to remove the remaining 

moisture. The impinger train consisted of five glass impingers 

packed in ice water. The first impinger was left blank to 

facilitate collection of the condensate which passed through the 

XAD-2 sorbent trap. The second and third impingers each con- 

tained 100 nl of distilled water. The fourth impinger was left 

blank, and the fifth impinger contained approximately 200 gms of 

silica gel. 
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A l l  fittings and connectors from the nozzle to the fourth 

impinger were made of either glass or Teflon. Qlase-to-glass 

connections between the probe and the exit stem of the second 

impinger were externally sealed by wetting each surface with 

hexane. 

and fifth impingera. 

Sealing grease was used on connections between the third 

3.1.2.2 Pre-test Preparation: A l l  glaaa and Teflon components 

of the M M 5  train were precleaned before use. The following 

. cleaning procedures were used: 

1) Wash with hot water and detergent. 

2) Rinse with tap water three timea. 

3) Rinse with deionized, distilled water three t 

4) Rinse with pesticide grade hexane three times 

" )  Bake at 400°F for three hours. 

, 

Des. 

6) Cap glassware with hexane-rinsed aluminum foil, wrapped 

externally with Teflon tape. 

The sorbent traps were pre-cleaned according to the above 

methodology, and packed with 20-30 gms o f  quality control checked 

XAD-2 resin by Triangle Labs located in Research Triangle Park, 

NC. The laboratory also spiked the traps with a known amount of 

labelled organic compounds in order t o  facilitate determination 

o f  retention and recovery efficiency o f  the XAD-2 resin. The 

packed traps were maintained et or below room temperature to 

prevent reain decomposition. T w o  traps were retained at the 

laboratory as method blanks. 
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filter holder were rinsed three times with pesticide grade 

acetone followed by three rinses with pesticide grade 

toluene. All rinsings were collected in pre-cleaned amber 

glass bottles fitted with Teflon lined screw caps. 

Particulate Catch: The filter was removed from the housing 

with Teflon tweezers and placed into a precleaned glass 

petri dish. The dish was sealed externally with Teflon 

wrapping tape. 

Back-half Rinse: The back half of the filter holder and all 

connecting lines from the filter to the sorbent tube were 

rinsed and treated as in (1) above. 

Sorbent Cartridge: The sorbent trap assembly was capped 

with hexane-rinsed aluminum foil and sealed externally with 

Teflon tape. 

First Impinger Catch: Any condensate collected in the first 

impinger was transferred to a graduated cylinder and the 

volume recorded. The impinger was rinsed and treated as in 

(1) above. 

Second Impinger Catch: Same procedure as in (5) above. 

3.1.2.6 Sample Storage and Transport: Inaediately upon re- 

covery, all samples including liquid rinses, filters and sorbent 

7 
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traps were placed into insulated coolers packed with ice, thus 

protecting the samples from light and heat. 

The samples remained inside the coolers during transport to 

the analytical laboratory. While in the custody of BTS, the 

temperatures inside the coolers were periodically measured to 

inaure that the samples did not exceed 32OF. 

A l l  samples were express mailed directly to the analytical 

lab for analysis. While at the lab, the samples were kept i n  a 

refrigerated compartment until analyzed. 

Raw field data for the MM5 sampling can be found in Appendix 

D. 

3.2 Laborerorv Analysis 

3.2.1 Multi-Metala A n a l y s i s :  Analyais of the multi-metals 

sample train components was performed in accordance with SPA 

Method 200.7 (40 CFE 136, Appendix C) and Method 303F of stand- 

ards for water and waste-water analysis. 

Arsenic. antimony, beryllium and selenium employed graphite 

furnace atomic absorption for the analysis. Cadmium. chromium 

cobalt. copper, lead. nickel and zinc were analyzed using ICAP. 

Mercury was analyzed by cold vapor atomic absorption. All'aetals 

a::~iyses were conducted by Research Triangle Institute (Research 

a 
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Triangle Park, NC). Appendix E contains the laboratory report 

for the analysis. 

3.2.2 TCDD/TCDF Analysis: Analysie of the modified Method 5 

sample train components for dioxins and furans was performed in 

accordance t o  the procedures outlined in Method 8280 of SW-846, 

with several modifications required to achieve suitable method 

detection limits. The analysis was performed with high resolu- 

tion gas chromotography/uass spectronetry. A l l  analyses were 

performed by Triangle Laboratories (Durham. NC). Appendix P 

contains raw laboratory data for the TCDD/TCDF analysis. 

3.3 Data Analysis: 

3.3.1 Metals and Organics: Calculations for converting the 

laboratory data for metals and organics into actual gaseous 

emissions are shown in Appendix D. General sampling and volume- 

tric calculations may be found in Volume I of the Compliance 

Report. 

4.0 QUALITY ASSURANCB 

One blank sample train was used to establish background and 

method contamination levels for the PCDD/PCDF sampling. In 

addition, one blank sorbent trap was analyzed as a trip blank, 

while two additional traps were retained at the lab and analyzed 

as laboratory blanks. A l l  blanks indicated negligible or ho 

background contamination. The laboratory data f o r  the blanks is 

included in Appendix F. 
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A blank sample train was used at each of the two incinera- 

tors to determine background and method contamination levels for 

the multiple-metals sampling and analytical procedures. A 

substantial background level of ~everal of the metals was 

obtained a t  each incinerator. Most notably, cadmium, chromium, 

copper, cobalt and zinc background level6 were quite high. In 

several cases. the blank levels for these metals exceeded the 

allowable compensation value of 5% of the sample value. In such 

cages, the limiting value of 5% of the sample value was used to 

compensate the sample for the background contamination. 
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POLLUTANT 

T S P  
--------- 

k 
HF 

2 3’1 8 - TC DD.  ~ 

Lead 

Mercury 

B e r y l l i u m  

TABLE I 
- 

SUHHARY OF EHISSIONS FOR REGULATED P O L L U T A N T S  

U N I T S  ------- 
g r / d s c f  
c o r r . t o  1 2 %  
c02 

P E R H I T T E D  E H I S S I O N  A C T U A L  E H I S S I O N S  
L I H I T  FOR EACH U N I T  U N I T  A U N I T  B ------------------- --------- __------- 

0.015 0 . 0 6 2 7  0 . 0 0 2 4  

lb/HHBtU 

l b / h r  

1 b I HUB tu 

l b / h r  

1 b / HUB t u  

l b l h r  

lb / HHBtU 

l b / h r  

lb/ HHB t u  

l b / h r  

l b /  H H B t u  

0 . 0 0 5 2  0 . 0 3 2  0 . 0 0 6 1  

0 . 6  

0 . 0 0 2 2  

0 . 0 1 7  

0 . 0 0 0 1 3  

7 . 5 X 1 0 - 6  

2 . 9 X 1 0 - 8  

2 . 0 7 X 1 0 - 9  

1 . 6 7 X 1 0 - 1 1  

6 . 5 3  

0 . 0 0 2 0 3  

0 .012  0 . 0 0 7  

0 . 0 0 0 0 9  0 . 0 0 0 0 5  

..0 L 1 2  

( Z G T  
0 . 0 5 6  0 . 0 6 1  

0 . 0 0 0 4 1  0 . 0 0 0 4 5  

6 . 8 ~ 1 0 - 5  4 . 0 6 X 1 0 - 6  6 . 4 X 1 0 - 6  

2 . 6 ~ 1 0 - 7  2 . 9 7 X 1 0 - 8  4 . 0 8 X 1 0 - 0  



DIOlllS 

1.549 1 2 8 . 4 2 1  11.411 41.482 0.1410 1. i9bi  
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Figure 1 - Sernlvolatile Organics Sampling Tra ln  (Modifled Method 5) 
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APPENDIX A 

SAMPLING DATA AND RESULTS FOB MODIFIED MBTEOD 5 TESTS 



FOSTER WHEELER 
UNIT 8 :  DIOXINS/FURnNS 

Run No. 

O a t  e 

Time S t a r t e d  
Time Ended 

S-NG PRRFIMETERS 
M e t e r e d  Volume - dcf 
C o r r e c t e d  Volume - dscf 
T o t a l  T e s t  T i m e  - r n i n  
X I e o k i n e t  i c s  

GRS PRRQNEIEBS 
S t a c k  Temperature - F 
x 02 
x coz 
X co 
X Water  
X Excess R i r  
Fo 

GBS FLOWRRTC 
velocity f t / e  
R c t u a l  Volume - K F M  
S t a n d a r d  Volume - DSCFM 

1 t? 3 

1 O/ 1 3/89 1 CJ/2'0/89 10/20/89 

15236 OBI23 13:03 
18:50 11:34 16: 19 

103. 7'33 37.7'33 104. 740 
39.986 '36.277 101.939 

180 180 180 
33 36 34 

304 238 2'32 
11.5 10. 5 10.3 
4.0 9 . 5  1 0 .  3 
i i .  0 0. i l  U. i i  

17. 9 16.2 16.0 
1 L '3 1 . L  3 98.9 94.3 

1.04 1. 09 1. 07 

51.09 47.56 50.48 
70643 65760 69795 
40221 37618 40938 

2'30 
iil. a 

' 3 . 5  
0. u 

17. 7 
105. CI 

1. 07 

49. 71 
68733 
29s9z 



Data b R e s u l t s  o f  Method 5 C a l c u l a t i o n s  

ETS T e s t  o f :  

L o c a t i o n ;  UNIT BI DIOXINS/FURFlNS 
Date: 18 /19 /09  - 18/28/09 
C o n d i t i o n :  COMPLIFlNCE 
O p e r a t o r :  CRAFT 

FOSTER WHEELER 

I 
I Diameter o f  S t a c k  ( i n )  

I . C l r e a  of  Stack ( f t z )  

= 65  
, D i d .  U p s t r e a m  ( f t )  = N.R. 

Eq. D i d .  Downst ream ( f t ) =  N.R. 
= 23.04384 

Run I 

-. 02 

% N2 
% H20 

L: Mole. U t .  D r v  
Ms Mole. U t .  G a s  

I V m  acf 

= 11.5 
= 9.0 
= 0  
= 79.5 
= 17.89711 
= 1.044444 
= 29.9 
= 21.77024 

= 103.793 
= .!is24281 
= .7432551 
= 1.16 
= 77.29167 
= 30. 12529 
= 99.98647 

No. o f  P o r t s  = 2  
P o i n t s  p e r  P o r t  = 6  
T i m e / P o i n t  ( m i n )  = 15 
I m p i n g e r  1 G a i n  ( m i  = 380 
I m p i n g e r  2 G a i n  ( a l )  = 49 
I n p i n g e r  3 G a i n  ( a l )  = 5  
I m p i n g e r  4 G a i n  ( m l )  = 0  

S T D  Temp.  (F)  = 68  
S T D  P r e s s u r e  ( i n .  H g )  = 29.92 
B a r o m e t r i c  P r e s .  ( i n . H g )  = 30.04 
M e t e r  C a l .  ( Y )  = 0.973 
M e t e r  ( d e l t a  H a )  = 1.962 
S t a t i c  P r e s .  ( i n .  H20) = -.37 
P i t o t  C o e f f .  = . 8 4  

Stack Teap.  (F) = 304.0833 
Cress. S t a c k  ( i n .  Hg) = 30.01279 
Vimpstd dscf  = 20.42838 
V s g s t d  d s c f  = 1.36706 Vacuum @ L e a k  Check  = 10.0 
T o t a l  T e s t  T i m e  ( m i n )  = 180 Leak Rate ( f t 3 / m i n )  = .008 

1 
3 N o z z l e  D i d .  ( i n )  = .2§  R r e a  o f  N o z z l e  ( f t 3 )  3.408846E-04 

- = 121.2057 F i l t e r  G a i n  ( g r a m )  - 1 : t o k i n e t i c s  = 93.35983 
Si l i ca  G e l  (gram) = 29 

v s  ( V e l o c i t y )  f t / s e c  = 51.09354 
Os dscfm = 40221.3 
O a  acfm = 70643.48 1 

I 
t 
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Data 6 Results of Method 5 Calculations 

ETS Test o f :  
FOSTER WHEELER 

-Location: UNIT B: DIOXINS/FURRNS 
Date: 18/19/09 - 18/26/09 
Condition: COMPLIRNCE 

'Operator: CRRFT E -- 
Diameter o f  Stack (in) = 65  

D i d .  Upstream (ft) = N.R. 
Dia. Downstream (ft)= N.R. &:E;: 

E% 02 = 10.5  

E %  E o  

Q 

*ea o f  Stack (ftz) = 23.04384 

lt c02 = 9 . 5  
", co = 0  

= 80  
= 18.2312 
= 1.094737 F o  

Md Mole. Wt. Dry = 29 .94  
Ms M o l e .  Ut. Gas = 27 .7632  

= 97 .793  8:;; ?::. H20) = .4827963 
'Sqr. (DP) Rvg. = .6948354 

Tm (F )  = 65.70834 p 'm (in. Hg) = 30.12335 
+@std dscf = 96.27732 

Ts Stack Temp. (F )  = 297 .5833  
Press. Stack (in. Hg) = 30.02059 
'impstd dscf = 20.05102 

DH Rvg. (in. W.C.) = .9974999 

a 
m 'Jsgstd dscf = 1.4142 

"Total Test Time (min) = 180 
Nozzle Did. (in) = . 2 5  

b:% En = 98.87606 
% Isokinetics = 96.11742 

: v s  (Velocity) ft/sec = 47 .5612  
' Q s  dscfm = 37618. 1 
Oa acfm = 65759 .55  

- 

Run 

No. o f  Ports 
Points p e r  Port 
Time/Point (win) 
Impinger 1 Gain (111) 
Impinger 2 Gain (111) 
Impinger 3 Gain (111) 
Impinger 4 Gain ( m I )  

= 2  
= b  
= 15 
= 426 
= 0  
= 0  
= 0  

STD Temp. (F) 
STD Pressure (in. Ho) 

= 6 8  .. = 2 9 . 9 2  
Barometric Pres. (in.Hg) = 30 .05  
Meter Cal. ( Y )  = 0 .973  
Meter (delta Ha) = 1.962 
Static P r e s .  (in. H20) = - . 4 0  
Pitot Coeff. = .84 

Vacuum 0 Leak Check = 11.0  
Leak Rate (ft3/min) = .011  
area o f  Nozzle (ft3) = 3.400846E-04 

Filter Gain (gram)  - - 

Silica Gel (gram) = 30 



. 

D a t a  6 R e s u l t s  o f  M e t h o d  5 C a l c u l a t i o n s  Run 3 

ETS T e s t  o f :  
M! 

~~. ~ . 

FOSTER WHEELER 
L o c a t i o n s  U N I T  0 :  DIOXINS/FURFINS 
D a t e r  18/19/89 - 18/28/09 
C o n d i t i o n :  COMPLIFINCE 
O p e r a t o r :  CRFIFT -- 
D i a m e t e r  o f  S t a c k  ( i n )  = 65 
Eq. D i d .  U p s t r e a m  ( f t )  = N.F\. 

a ! E q .  D i d .  Downs t ream ( f t ) =  N.FI. 
, '  ' ea  o f  S t a c k  ( f t a )  = 23.04384 

, %  02 = 10.25 No. o f  P o r t s  = 2  
*% c02 = 10 P o i n t s  p e r  P o r t  = 6  

% co = 0  T i m e / P o i n t  ( m i n t  = 15 

= 16.82396 I m p i n g e r  2 G a i n  ( m l )  = 17 
= 79.75 I m p i n g e r  1 G a i n  (el) = 307 

F o  = 1.065 I m p i n g e r  3 G a i n  (#I) = 0  
Md M o l e .  Ut .  Dry = 30.01 I m p i n g e r  4 G a i n  ( m 1 )  = 0  
Ms M o l e .  U t .  G a r  = 27.98944 

= 104.74 STD Temp. (F) = 6 8  
= .ss2674a STD P r e s s u r e  ( in .  Hg) = 29.92 

Sqr. (DP) Flvg. = .743421 B a r o m e t r i c  P r e s .  ( i n .  Hg) = 30.05 
DH Rvg.  ( i n .  W.C.) = 1.167083 M e t e r  C a l .  ( Y )  = 0.973 
Tm (F)  = 72 M e t e r  ( d e l t a  Ha)  = 1.962 
P m  ( i n .  Hg) = 30. 13581 S t a t i c  P r e s .  ( in. H20) = -.40 

as td  d s c f  = 101.9386 P i t o t  C o e f f .  = . 8 4  

a :; ?Tn'. H20) 

T s  S t a c k  Temp. (F) = 29i .sa33 

d s g s t d  d s c f  = 1.60276 Vacuum @ L e a k  Check  = 11.0 

Press .  S t a c k  (in. Hg) = 30.02059 
' l i m p s t d  d s c f  = 19.01628 

T o t a l  T e s t  T i n e  ( D i n )  = 180 L e a k  R a t e  ( f t 3 / m i n )  = .016 
N o z z l e  D i d .  ( i n )  = .2s  B r e d  o f  N o z z l e  ( f t 3 )  = 3.408846E-04 

- = 94.87227 F i l t e r  G a i n  ( g r a m )  - 
: t o k i n e t i c s  = 93.51647 

S i l i c a  G e l  ( g r a s )  = 34 
v s  ( V e l o c i t y )  f t / s e c  = 50.4796 
Os d s c f m  = 40937.88 
(la acfn = 69794.63 

a 
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auuEnl 

h t i r o n y  Sb 
RIenic Rs 
B c y l l i u i  Be 
t a d i i u i  Cd 
Ovotiu Cr 
Cobllt co 
Copper Cu 
Lrd Pb 
H e m a l  Hg 
Nickel H i  
Selenium Sr 
Zinc I n  

- 

N n ~ ~ l m F 2  
SIYRT VaUL = 75888 dscf 

TOT& FILS NywllE = .'4S999 dscf! 
lXRU3l DIOXIDE S = 8.25 

m a = 9.75 

mwIm OIlTR 
SAlOcE CllTM - i i c rog ra ts  

FRMl HLFI Bw( w: 
WRE B w X s n €  Bw(( 

5.56 e 0.63 0 

0.14 0 . m  8. ea 0 
8.8) e 2.40 0 

96.64 1.5 44.58 0 
4. w 0 e. ea 0 
U# 1.6 28.88 1.4 

118.89 0 7.81 0 
8259 0 594.88 0.459 

e. ea 8 8. @a 9 

--- 
1.34 0 e. b7 e 

126.88 e 4.k 0 

:r)59.W 31.9 13.4b e 

TOTK 

6. I9 
2.01 
0. Bs 

11.28 
139.68 

4.40 
69.78 
i m i  
676.84 ia. m 

0.00 
12931.6 

Front Half - Robe Uash and F i l t r r  
Back Half - I ip ingcr C d t d r s  
Blank - Field Blank 
Fur l  Factor o f  .9W d r c f l m t u  usrd i n  llarr Rate Ca lcu la t ions  

[*-- 

ifTECTIOH LIMITS 

Rntitony 
Rrsenic 
Bery l l i u i  
Cddriui 
chruiiui 
Cobalt 
Copper 
Lead 
Mtmny 
Nickel 
S e l t n i u  
Zinc 

Sb 
As 
Be 
cd 
Cr 
co 
cu 
Pb 
H! Hi 

Sr 
I n  

e. 24 
0.18 
9.83 
0.31 
0.58 
8.98 
0.60 
1.M 

0.8882 
1.28 
0.15 
8. IO 

0.24 0 . 4  
8. I8 0.35 

0.3% 0. be 

0.90 Lea 
8.60 1.a 
1.M 3.60 

0.m e.= 
1.20 2.40 
e. 1s 0.30 
8.10 1b.a 

0. e3 0. m 
e. 3 1.88 

EIIIIIV"l 6R9ous EKCTIM LIMITS 
CONCMIBITIM m WISS 

FCTUIL e m a n  wm 
grlDSCF g r / W  LBMR m a  

9.77E-a 1 .G-67 J.BsE-85 2.slE-87 
7.J3E-M 1.87E-QI 289E-05 1.- 
1 . 2 2 3 0  1.7nE-a 4.ea-86 3.1E-W 
I.ZE-67 1.78E-87 4.82E-85 3.1941 
2.04E-87 2.96E-67 8.93E-85 1 8 - 6 7  
3.bbE-91 J . X +  I.ME-04 9.4837 
2.44E-97 3.5R-87 9.63E-85 6.2E-81 
7.3337 1.87E-06 289E-04 1.- 
I.=-10 I.78E-18 4.E-W LIE-I0 
4.89E-87 7.11E-67 1.93E-B) 1.29-86 
b.llE-08 8.88E-M 24IE-65 I.sIE-87 

---- 

3 . x *  4 . ~ 4  I.X-IU a- 



cGlucml 

Gntiiony Sb 
Wstnic Ilr 
Berylliui 8e 
Cadriui Cd 
[Xroiiui Cr 
Cobalt to 
Copper Cu 
lead Pb 

.' Mercury Hg 
Nickel Hi 
Selrniui Sr 
Zinc In 

RUIWI(BOI.UBR3 
gyDLE v(lwL s 75.691 drcf 

TOT# WS Nywm * k498 drcfm 
CRnwI nimm I = 11.0 
om I = 19.9 

UlsDrWTMpl MTn 
WOlE OlTM - ticmgraic 

FRMl W :  Bw( w: 
s R l R E e w p c s r v R E a w d (  --- - -- 

7.8) 8 8. 78 0 
8. BB e 8.21 8 
8.11 8.886 8. e0 0 
3.88 e 8. 88 8 
4-19 8.2 5. %? Q 
e. 88 8 8. @a 8 
7.38 8.36 3.86 8.15 

56.18 8 6.82 8 

9.89 B 1.65 8 

32.88 18. I 13.87 8 

11.68 a 1811.2a 8.459 

8. Fa e 8.88 a 

mTtx - 
7.82 
1.a 

3.88 
9.42 
Q. 88 
9.85 

62.92 
LW.3 

11.45 
8. @0 
jV.9 

e. ie 

Front Half - Probe Uath and Filter 
B a c i  Half - lipingrr Catcher 
Biank - F i e l d  Blank 
Fuel Factor of 9% drcflPRltu used in Pas5 Rate Calculations 

MTECTION L!NITS 

cDIQIlw(T 

(Intiiony Sb 
Artrnic As 
Beylliui Be 
Cadiiui Cd 
Chroiiui Cr 
Cobalt co 
Copper Cu 
Lead Pb 
Mercury qg 
Nickel Hi 
Seleniui Se 
Zinc ln 

--- 
F R M  
w - 

8.24 

9.83 
0.3 
8. 3 

8.68 
1.M 
Q.6W 

1. a 
8.15 
8. I9 

R in  

e. 90 

RRM 
w .  

e. 18 
e. 83 

e. 58 

- 
8.24 

e. 39 

8.98 
8. b9 
1.88 

8. me4 
1.29 
8.15 
8. I0 

TOTAL 

8. OB 
Q. 36 

8. b9 
1.88 
1.80 
1.a 
3.68 

8. mQ6 
2.49 
0.38 

16.20 

e. ffi 

E W I V ~  ~RSEOUS DETECTID( Liws 
CONCEHlRRTlffl MGSs lyIss 

RCW e l a m  tmlE KQB 
g r l W  gr/DSCF LBMR LB/)*Btu 

9.79E-BB 1.87E-87 3.77E-05 2. m - 3 7  
7 . W - M  8.01E-BB Z.UE-85  1.9X-07 
l .Z-08 1.33E-88 k.71€+6 3.21E- 
1.ZZ-07 1 . 3 9 4 7  4.71E-05 3.2IE-07 
2. 84E-97 2.22E-07 7. BsE-05 5. s - 0 7  
3.b7E-87 4. M - 8 7  I. kIE-94 9. bX-87 
2. k5E-87 2. b7E-87 9. G-@3 6. M-81 
7.W-87 B.01E-87 2.Bs-M 1 . 9 9 4  

4.89E-87 5.2K-87 1.eaE-B) 1.28EE-86 
b.lZ-88 b.67E-M 2.36E-85 l.blE-07 
3.3E-0b 3.bE-tb 1.27E-63 8.bK-86 

---- --- --- - 

i . a - i e  I.=-18 4.71~-88 3.x-18 



MIB("I 

Rnti tony Sb 
Rrsrnic As 
Brrylliui Be 
Cadii*u Cd 
Chrotiut Cr 
Cobalt Co 
Copprr Cu 
h a d  Pb 

Nickel Ni 
Srlrniur Sr 
Zinc In 

-__- 

'. I~IITU~ Hg 

RlN"BER~UBR4 
WGU WWE 5 76.624 drcf 

101% B1s FU#lTE 3 45664 dscf i  
CRRBM DIOXIDE z a 8.e 

om s = 13.8 

LRBowlmRT WITII 
WQCE WTM - iicrograir 

F K W  W: Bwx w: 
-YULE BWN m Buw( _- ---- 

15.a 0 0. 49 8 
a. 79 e e. BB 8 
8.89 e m  8. BQ 8 
5.78 e 2.03 8 

2.38  e.62 18.60 0 
@.ea B 16.38 0 

15.98 6.8 2.78 8.18 
13.43 8 e. 11 0 
3. 43 a 540.88 8.459 
L. :-Y a e ?.74 0 

B. m a a. BB 8 
W.@ 3.1 19.91 8 

TOTK 

15.69 
e. 79 
it 89 
7.73 

22.28 
16.38 
18.62 
81.51 

518.74 
24.94 
0.60 

481.8 

611s MISSIDG 
CWEHlWITlM WLSS M 

gr/DSCF gr/DscF LBMR LJ/!Wtu 

3.IbE-06 4.7K-06 1.2K-03 l.lK-05 
1.59E-07 2.39E-07 6.23E-B: 5.7bE-87 
1.75E-68 tbE-88 b.W* 6.X-@4 
I .  %E-& 234E-86 6.09€-@4 5. M-6 
4.49E-Bb b.79-06 1.7bE-83 1.63-@5 
3.28E-66 4.92E-06 l.29E-93 1.19E-E 
3.7SE-06 5.69-86 1.47E-03 1.3E-05 
1.7bE-85 2 b K 4 5  6.9pF-03 b . X - e 5  
l.l7E# l .7Z-04  k.SbE-@ 4.m-M 
:.E€-86 7.SE-86 1.97E-A1 1.BEI-85 
e. BBEa e. BBE*BB e. w a  8. M*88 
8. B9E-B: 1.21E-N 3.17E-F2 ?, 9.E-B( 

ncnw eiam FATE m 
-- - --I -- 

Front Half - Rotr Uarh and Filtcr 
Back Half - lioingtr b:chtr 
Blank - f i e l d  Bltn i  
Fuel  Fictor o f  9534 dscflMBtu used i n  Mars Rate Calculations 

LREOlWTORY DEiEilICW LIMITS 

FRan 
w 

Bw( 
w TOTAL 

Rntitony 
Rrsrnic 
Brrylliui 
Cadtiw 
Chrotiua 
Cobalt 
Copprr 
Lead 
Mercury 
Nickel 
Seleniut 
Zinc 

Sb 
As 
nr 
c4 
cr 
co 
cu 
Pb 
H! 
!li 
St 

la 

8. 24 
e. 18 
e. a 
e. 38 

a. 98 
9.3 

0.68 
1.88 

8. m 
:*a 
0. 1: 
8. I9 

0.M 
8.36 
e. t6 
0. b0 

1.88 
1.EQ 
3.68 

2.48 
0.30 

16.28 

1.88 

a. 0084 

EcuIVKENl 6Rs%l!2 OETECTIDN LII(I1S 
CDMENT(WT1ON llRss lyLss 

ncm elam WlTE AATE 
grlDSCF g r / W  LWHR LB/I*Btu 

9.bE-08 1.4SE-07 3.78E-Rs 3.X-137 
7.SE-BB 1.09E-07 LBK-05 269-07 
1.21€-?4 1.8lE-08 4.7E-26 4.3BE-BB 
1.21E-07 l.BlE-07 4.7X-05 4.3E-07 
2.81E-97 3.E-07 7.88E45 7 . X 4 1  
3 . 6 3 3 7  5.44E-07 1.W-M 1.31E-06 
2. KE-07 3.63E-07 9.46E-E 8. m-87 
7.EX-07 I.mE-86 2.B4E-M Z.bP+ 
8.86E-11 1.21E-I0 3 . 1 3 3 8  2.93-18 
4.83E-97 7.25E-01 1.89E-M 1.m+ 
6.0K-08 9.BbE-08 2.3E-05 ?.19E47 
3.2bE-pb 4.89€* 1.28E-03 1.m* 

---- ___ - ~ 



Antimony Sb 
h-tenic Rs 
Btrylliui 8, 
Cadiiui Cd 
[Xroiiui Cr 
Cobalt Co 
Coppw Cu 
Lead Pb 
Mercury Hg 
Nickel Hi 
Seltniui S t  
Zinc In 

LABDfflTORY IKITA 
SlYRE CRTM - i i m g r a i s  

f R M  w: Bw( w: 
~W~ euw --- 

13.40 U 8.88 0 

8-16 8.0987 o. m 0 
7. l e  e e. e0 0 

8.96 e e. m 0 

2. ea e 8. ea e 

24.43 1.2 7.81 8.35 

3.28 1.7 L2b e 
1a.m 3.5 3.79 e. 19 
21.10 e 9 4 b 6 . a  8 . 7 ~  
40. 40 e 2.38 e 

8. e8 e e. ea e 
1445.e0 3 . 4  Q.00 9 

TOW. -- 
13.48 
2. BB 
0. t4 
7.78 

29.86 

33.76 
I#. 10 
966.62 

42.78 
0.00 

1424. b 

e. 90 

Front Hal f  - Wobr Uarh and filttr 
Back Hal f  - lipingtr Catcher 
Blank - Field Blank 
Fuel Factor o f  9584 JrcfMBtu used in Narr Rate Cdlculationr - 
DffECTION LIlllTS 

LRBOrWTORV MECTIO( LIMITS 

frn 
w 

Rntiiony Sb 
Firrrnic Rr 
Berylliui Be 
Cadiiui W 
[Xroi:ui Cr 
Cobarr Co 
Copper Cu 
Lead Pb 
V t r q  Hg 
Nickel Ni 
Stltniui Se 
Zinc In 

e. 24 
0. 18 
0.83 
0.38 
8.58 

0. be 
. 1.M 

U. BBB! 
1.3 

8.19 

8. 98 

e. 15 

e. 24 
?. 18 
8.83 
b38 
0.58 
8.90 
6.69 
1.88 

0. ea04 
1.28 
8.15 
a. 18 

8.40 
8.36 
8. & 
8. be 
1.88 
1.80 
1.28 
3.68 

i 6886 
2.40 
8.38 

16.28 



..* 
I 
I. 
c R N u ( = w R b  

WRE VM = 63.894 drcf 
TOTR W FLMWTE = 3747b drcfr 

CIlRBM DIOXIDE I = 13.0 
o m s  = 8.0 

CQmQll 

Rntiiony 91 
Rrrtnrc Rs 
Berqllr~r 8e 
Gdiiui Cd 
(Ihroaiur Cr 
Cobalt Co 
Copper Cu 
Lead Pb 

(' Mrm8m-y Hg 
Nickel Mi 
Stltniur Sr 
Zinc Zn 

wlwm D(ITA 
WUE Gim - ircrogrrir 

Fm m Bw( HLF: 
W U E B u m w R E B L A H (  - - -- 

27.90 0 0.m 0 
2k6 0 1. m 0 
8.17 8.8987 am 0 

11.1B 0 u. m 0 
15.90 0.8 i0.M 8.54 
14.30 B 1.6 8.85 
36.98 1.6 246 e 

188.88 2.5 2 . 6  e. 15 
6.39 B 7k7.10 0.7k7 
a. 98 0 a. m 0 
0.88 0 P. fa 0 

?1!0.@ 3 . k  e. ea 0 

TOTRC - 
27.90 
2. k6 
e. 07 

11. ie 
a. 36 
15.33 
36.96 
187. k8 
72.74 
a. 33 
0.88 

2 4 9 .  b 

6As M I S I a 6  
coEDnrwTIa( W-iS lyLss 

rn e i a m t  MTE MTE 
grlDSCF prmSCF UlHR u m t u  ---- 
b . S - 0 6  6.38E-06 2.19E-03 1.51E-85 
b . S - 0 7  5.5337 1.99-04 1.33E-06 
1.69-63 1.52E-BB 5.rn-06 2 .b5-88  
2.71f-06 251E-06 8.72E-04 6.H-86 
b . X - 0 6  5.73€4 1.99E-03 1.38E-BS 
3.7K-06 3.45E-86 l.X-03 8 . X 6  
9.w-06 8.3K-06 2.9eE-03 2.01E-a5 
4.%-@5 4.23E3E-85 1.k7E-62 1.02E-M 
I.84E-M 1.78E-0k 5.92€-@ LBBE-BI 
k . 9 7 € 6  k.yIE-06 1.60E-03 I.lE-135 
B.BBE+ea e.m+ea B.BaE+ea 0.mE* 
5, l l f4k  4.7E-M I.bK-01 1.1X-63 

Front Half - h o b e  Uarh and Filter 
Pack Half - lioinger Catcher 
Blank - Firld Blank 
Furl Factor of 9W drcfllPIBtu USM in Mars Rate Calculationr --- -- --_ 

OETECTICN LlHlTS 

FRan 
w 

htiiony Sb 
Rrrenic As 
Beylliur 8r 
Cadiiur Cd 
h o i i u i  Cr 
Cobalt co 
Copper Cu 
Lead Pb 
N e m a y  Hg 
Nickel Mi 
Seltniur Se 
Zinc In 

0.2k 
0. 18 
0.83 
0.38 
0.58 

0. b0 
1.M 

0.8882 
1.a 
e. I5 
8.10 

8.98 

0 .2k  
0. 18 
0.63 

0.58 
8.90 
8-68 
1.60 

1.28 
B. IS 
8.18 

e. 38 

e. LW 

E W I V W  EE€UJs m r u y  LIMITS 
CMEHTRRTIuy lwss Iw5s 
m e1nw WE IWlE 
gr/= grlm LBM LB/I*Btu 

1.17E-07 I.BBE-07 3.77E-85 2.bE-07 
8.6IE-63 8.IE-BB 28X4 1.95E-07 
1.k7E-88 1 .3548  4.71E-86 3.S-0E 
1.47E-07 1.35Ed7 4.71E-0S i2bE-07 
2.kz-07 2.26E-07 7.86E-BS 5.kE-07 
4.4E-07 4.86E-07 1.kLE-M 9.T7E-07 
2.9K-07 2.71E-07 9.43€-@5 b.51E-07 
8.81E-07 8.IE-07 28X-M 1.933% 

5.87E-07 5. a - 0 7  1.89E-M 1.X* 
7.3K-BB b,m-BB 2J6E-85 1.63E-07 
3.96E-06 3.66E-86 1.27E-03 8.79E-f6 

- -- -- __ 

1.47~-1e 1.aE-ie 4.71~-63 3.S-10 



llntiiony sb 
Arsenic Rs 
Btrylliui Be 
Cadiiui Cd 
mroiiui Cr 
Cobalt cn 
Copper Cu 
Lead Pb 

.' H e m y  H q  
Nick1 Hi 
Srleniui SI 
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1.0  EXECUTIVE S M R Y  

York Services Corporation (York) was retained by Foster Wheeler 
Enviresponse, Inc. (FWEI) to conduct an Emission COmplianC’e Test 
Program at the Adirondack Resource Recovery Facility (ARRF) 
located in Hudson Falls, New York. The test program was 
conducted from April 21, 1992 to April 30, 1992. The testing 
was conducted under the supervision of Mr. Roger A. Kniskern; 
Principal, Air Testing Services. Mr. Narayan Dave and 
Mr. William Foley of FWEI and Mr. Roy Moyer ARRF Plant Manager 
were our contacts during the test program. 

The purpose of the Emission Compliance Test Program was to 
obtain emission data to submit to the New York State Department 
of Environmental Conservation (NYSDEC) in support of FWEI’s 
application for a Certificate to Operate. The test program 
involved sampling and analysis for particulate matter, heavy 
metals, mercury, sulfur dioxide, oxides of nitrogen, carbon 
monoxide, volatile organic compounds, sulfuric acid, hydrogen 
chloride, hydrogen fluoride, formaldehyde, PCDD/PCDF, PCB, PAH 
and hexavalent chromium. Table 1-1 details the sequence of - 
testing activities. 

Table 1-2 summarizes the results of the test program. The 
results show that the facility meets the permit requirements for 
all compounds. Detailed results for each test are presented in 
Section 2 . 0 .  

2.0 SUMMARY AliD DISCUSSION OF TEST RESULTS 

2.1 INTRODUCTION 

All test data and results are discussed and summarized in this 
section. Detailed calculations and back up documentation are 
included in the Appendices to this report. 

2.2 PARTICULATE 

Tables 2-1 summarizes the particulate emission test results for 
Boilers B. A soot blowing cycle was conducted during the period 
1900-1930 for Test 4 .  During Test 111 the turbine generator was 
lost at 1130. Sampling was suspended at this time. Once the 
process operation was restored to normal, sampling was restarted 
at 1147. 

2.3 METALS 

Samples for heavy metals were collected at only the stack 
location for Boiler B. These samples were collected in the same 
sampling train as the particulate. Table 2-2 summarizes the 

one Research Drive . Stamford, CT M906 Phone (203) 325-1371 - Fax (203) 357-0166 
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Table 1-1 

Seauence o f  Testina A c t i v i t i e s  
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Table 1-1 Continued 

Sequence o f  Testlnq A c t i v i t i e s  

Mercury #1 

Mercury #2 

_ _ _ -  1015'1227 

- - _ -  1350-1600 

Mercury #3 

Apr i l  30, 1992 

_ _ - _  1702- 1920 

-3- 

Formaldehyde #1 

Formaldehyde #2 

Formaldehyde #3 

Formaldehyde #1 

Formaldehyde #3 

Formaldehyde #2 

- -_ -  0800-0900 

_ - _ -  0920-1020 

_ _ _ _  1045-1145 

1235-1335 _ _ _ _  
1400- 1500 

1523- 1623 - - _ -  
_ _ _ -  



Table 1-2 

SUMMARY OF TEST RESULTS 
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... Table 2-7. 

Summary o f  Heavy Metals Emission Test Results 
Boiler B - ARRF Hudson Falls, NY 

t 

Test No. 1 2 3 Average P 
Arsenic 
Concentration (ug/dscm) t0.4858 to. 4883 to. 4770 t0.4837 
Concentration (ug/dscm @7% 0,) to. 6252 t0.6344 to. 5973 t0.6190 

Emission Rate (lbs/hr) t5.727~10" <5.593x10-' <5.503x10-' t5.608~10-' 

Concentration (ug/dscm) t6.3150 t6.3482 t6.2007 t6.2880 

Concentration (ug/dscm @ 7% 0,) t8.1277 t8.2468 t7.7649 (8.0448 

Emission Rate (lbs/hr) t7.445x10-' t7.270~10-~ <7.154~10~~ <7.29OXlO-' 

Concentration (ug/dscm) to. 0097 tO .0098 t0.0095 tO .0097 

Concentration (ug/dscm @ 7% 0,) t0.0125 t0.0127 to. 0120 to. 0124 

Emission Rate (lbs/hr) t1.146~10-~ t1.119~10-~ tl. 101x10-6 <1.122~10-~ 

Concentration (ug/dscm) 0.9715 0.4883 0.9540 0.8046 

Concentration (ug/dscm @ 7% 0,) 1.2504 0.6344 1.1946 1.0265 

Emission Rate (lbs/hr) 1.146~10-~ 5.593xlO-' 1. l O l ~ l O ' ~  9.354x10-' 

Concentration (ug/dscm) 4.9431 t1.9533 t1.9079 tl.9348 

Concentration (ug/dscm @ 7% 0,) t2.5001 ~2.5375 -9.3892 t2.4723 

Emission Rate (lbs/hr) t2.291X10-4 t2.237XlO" t2.201X10-4 t2.243X10" 
I 

Concentrat ion (ug/dscm) 0.9715 2.4416 1.4309 1.6147 
Concentration (ug/dscm @ 7% 0,) 1.2504 3.1718 1.7919 2.0714 

Emission Rate (lbs/hr) 1. 146x10'' 2.796XlO.' 1 .651X10'4 1.864XlO-' 
1 

,Allowable Emissions Rate (lbs/hr) I 0.0029 1 0.0029 I 0.0029 0.0029 

- 6 -  



I .  Table 2-2 Continued 

Summary of Heavy Metals Emission Test Results 
Boiler B - ARRF Hudson Falls, NY 

1 

Allowable Emissions Rate (lbs/hr) I 0.875 I 0.875 0.875 I 0.875 
Manganese I I 

Test No. 1 I 2 I 3 I Average 
Copper I 

I 
11 Concentration (ug/dscm) I 4 . 9 4 3 1  I <1.9533 I 1.9079 .I t1.9348 11 

I 5.8293 I 5.8599 I 9.0626 6.9173 11 Concentration (ug/dscm) 
Concentration (ug/dscm ‘3 7% 0,) 7.5025 7.6124 11.3487 8.8212 

11 Emission Rate (lbs/hr) I 6.873X10‘4 I 6.711X10’4 I 1.046XIO-’ I 8.015X10‘4 11 

- 7- 



2 . 4  

2 .5 

2 . 6  

2 . 7  

2 .8  

2 .9  

heavy metals emissions for Boiler B. The general test data and 
gas data for each test are summarized in Table 2-1. 

MERCURY 

Samples for mercury were collected at the inlet and outlet for 
Boiler B. Table 2-3 summarizes the results of the mercury 
emissions for Boiler B. All emission data has been corrected 
for the mercury found in the blank train. 

so:, NOzI co, 0, ?am voc 
Measurements for SO2 and 0, were conducted at the inlet and 
outlet for Boiler B, while CO measurements were made only at the 
inlet and NO,, and VOC were measured at the outlet. 

Tables 2-4 summarizes the emission results for Boiler B. 
Measurements for HC1, velocity, moisture and gas composition 
were conducted simultaneously with each test. 

SULFURIC ACID 

Samples for sulfuric acid were only collected at the stack 
location for Boiler B. Tables 2-5 summarizes the sulfuric acid 
emission'results for Boiler 8. 

- HC1 

Measurements for HC1 were made at the inlet and outlet for 
Boiler B. concurrently measurements for SO2, velocity, moisture 
and gas composition were conducted. Tables 2-6 summarizes the 
HC1 emission test results from Boiler B. 

During the test program conducted in January/February 1992, HC1 
and SO2 samples were collected on Boiler A concurrently while 
the system was being operated at lime slurry rates to produce an 
SO2 removal as close to 70% as possible. Table 2-7 summarizes 
the results of these tests. 

HYDROGEN FLUORIDE 

Hydrogen Fluoride samples were collected from the outlet of 
Boiler B only. Table 2-8 summarizes the hydrogen fluoride 
emission test results. 

FORMALDEHYDE 

Formaldehyde samples were collected from the inlet and outlet of 
Boilers A and B, respectively. Tables 2-9 and 2-10 summarize 
the formaldehyde emission test results for each boiler. 

One Research Drive Stamford. CT 06906 Phone (203) 325-1371 . Fax (203) 357-0166 
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. .  
Table 2-4 

Boiler B - ARKF Hudson Falls, NY Summary o f  SO,, NO,. CO, 0 and VOC Emlssion Test Results 

II 
lest No- 

General Data 

Time 

Concentration (ppmv @ 7% 

11 Emission Rate (lbs/hr) 
Removal Efficiency (%) 

Allowable Removal 

11 Concentration (ppmv) 

.. 0,) 
Concentration (ppmv @ 7% 

11 Emission Rate (lbs/hr) 

Concentration (ppmv @ 7% 

Emission Rate (lbs/hr) 
Allowable Emission Rate 11 (lbs/hr) 11 VOC (as Methane) 

I[ Concentration (ppmv) 
Concentration (ppmv @ 7% 

Emission Rate (lbs/hr) 
Allowable Emission Rate 11 (lbs/hr) 

1 Out 2 In 2 Out 3 In 3 Out Avg. 
' I n I  I I I I I InIAoVugt'II 

I '  1 '  I i - -  II 1118- 1118- 1318- 1318- 1506- 1506- - -  
1218 1218 1418 1418 1606 1606 

I I I I I 

9.6 I 10.7 I 9.9 I 11.5 I 7.5 I 9.5 i 9.0 i 10.6 II 
I I I 1 I I I 

I I I 
39.2 2.1 22.1 0.4 111.8 16.9 57.7 6.5 

47.2 2.9 27.9 0.7 116.0 20.6 63.7 8.1 
I I I I I I I 

9.33 I 0.71 I 5.12 I 0.13 I 22.95 I 4.68 I 12.47 1 1.84 1 I 
- _  92.39 - -  97.46 - -  79.65 _ -  85.24 

70 _ -  70 - -  70 - -  70 - _  
I I I I I I I 

I I I I ll 
- -  I 124.7 I - -  1 136.7 I - -  I 132.4 I - -  I 131.3 11 

I I I I I I 

- -  169.9 - _  202.1 - -  161.4 - -  j 177.8 11 
26.3 - _  29.4 _ _  30.1 _ -  31.9 _ _  

50 _ _  50 - -  50 _ _  50 - _  

45.8 - -  57.2 - -  27.3 _ _  43.4 _ _  

3.9 - -  4.6 - -  2.4 - -  3.6 - -  
I I I I I I i - -  II 40.6 - -  40.6 - -  40.6 - -  40.6 

0.5 _ _  1.3 

0.08 _ _  0.21 

_ _  1.2 - -  2.1 - -  

- -  0.22 _ -  0.33 - _  
I 

4.5 - -  4.5 - _  4.5 _ _  4.5 _ _  

- /D  - 
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Table 2-2 

Summary o f  Special HC1 and SO, Emission Test Results 
Boi ler  A - ARRF Hudson Fa l ls ,  NY 

4 

5 

6 

7 

8 

9 

Avg . 

1855-1955 50.00 15.46 

2025-2125 62.20 11.07 

2152-2252 75.24 13.25 

0025-0125 80.34 32.79 

0146-0246 68.87 27.90 

0311-0411 67.83 33.01 

_ _  67.41 22.25 

9.86 

5.05 8.06 

4.93 

8.35 11.18 

6.90 6.65 

Note: Tests conducted 1/31/92 t o  2/1/92 

HC1 
Removal 

Ef f ic iency 

93.44 

84.47 

86.90 
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2.10 PCDD/PCDF. PCB AND PAR 

PCDD/PCDF, PCB and PAH samples were collected at the outlet of 
Boiler B only. During Test No. 1 a field in the precipitator 
was out of service. Since this condition is not 
representative of normal operations, an additional test was 
run with all precipitator fields in service. Table 2-11 
summarizes the emission test results for these compounds for 
the three tests with all precipitator fields in service. 
Table 2-12 summarizes the results of Test No. 1 for comparison 
purposes. The results have been corrected for train blank 
contribution where applicable. 

- k  To compare Dioxin and Furan emissions to the permit 
conditions, actual emission rates are required. The results 

@J\ J presented in Table 1-2 for PCDD and PCDF are the total of all \<I' isomers while the TCDD include only these specific isomers. 4 
In order to compare PCDD/PCDF emissions to current NYSDEC 
standards, the emissions have been calculated as TCDD toxic 
equivalents based upon the toxic equivalency factors issued by 
the NYSDEC. These calculations can be found in Section 6.11 
of this report. 

2.11 HEXAVALENT CHROMIUM 

Samples for hexavalent chromium were collected fromthe outlet 
of Boiler B. Table 2-13 summarizes the hexavalent chromium 
emission test results for Boiler B. 

3.0 PROCESS DESCRIPTION 

The Adirondack Resource Recovery Facility is a two train 432 
ton per day (216 tons per train) MSW mass burn with two 
independent pollution control equipment trains and two flues 
in a single stack. The pollution control equipment consists 
of a dry scrubber and an ESP. 

Trucks deliver waste to the facility where they dump their 
loads into a refuse storage pit designed to store 1,200 tons 
of waste. Overhead craves are used to charge waste into the 
charging hoppers of the boilers. 

The facility is equipped with two refuse fired boilers 
designed to produce steam at a temperature of 750°F and a 
pressure of 650 psig. Each boiler is designed to produce 
63,500 pounds per hour of steam when combusting 225 tons per 
day of refuse. Refuse is fed to the boilers through a 
charging hopper which leads to a feed chute. At the bottom of 
the feed chute a hydraulic ram feeder pushes the refuse into 
the furnace. The refuse then falls onto a grate. The grate 
moves the refuse through the furnace, provides agitation for 
proper combustion and provides for the introduction of 
combustion air under the refuse. The ash remaining on the 

One Research Drive . Stamford, CT 06906 Phone (203) 325-1371 . Fax (203) 357-0166 

#/7- 



-I&- \- 

. 
7 

c 



h 
c, 
3 
0 

'p 

a2 
L 

F 

c 

v) 
U 

'p 
C m 1  
m 
n.: 
0 

Y- 
O 

: 
< 
7 
3 

I 
! 
1 

, 
I 

C 

L 

i 

-/? - 



& 
0 

-20- 



ENVIRONMENTALISTS INC 

POST OFFICE BOX 12291 
RESEARCH TRIANGLE PARK 
NORTH CAROLINA 2770J-2291 

mw81-3550 

VOLUME I 
TEXT AND APPENDICES 

STATIONARY SOURCE SAMPLING REPORT 
REFERENCE NO. '10183 

CAMDEN COUNTY RESOURCE RECOVERY FACILITY 
CAMDEN, NEW JERSEY 

EMISSIONS TESTING FOR: 
Carbon Monoxide 
Hydrogen Chloride 
Hydrogen Fluoride 
Methane 
Mercury 
Metals 
Nitrogen Oxides 
PAHS 
Particulate 
Particulate Matter s 10 Microns 
PCDD/PCDF 
Sulfur Dioxide 
Sulfur Trioxide 

Total Hydrocarbons 
Sulfuric Acid Mist 

UNIT NOS. 1, 2, AND 3 

PERFORMED FOR: FOSTER WHEELER ENVIRESPONSE, INC. 

JUNE 17 THROUGH 21, 1991 



REPORT CERTIFICATION 

SUBMITTAL DATE 

Aueust 1.  1991 

The project was carried out under 

of my knowledge, the data presented in 

my direction and supervision. To the best 

this report is accurate and complete. 

Allan F. Lowe 

Project Manager 

ENTROPY 



TABLE OF CONTENTS 

VOLUME q 
EXE 

LIST OF TABLES AND FIGURES . . . . . . . . . . . . . . . . . . . . . . .  vii 

INTRODUCTION 
1.1 Background . . . . . . . . . . . . . . . . . . . . . . . . . .  1-1 

. 1.2 Outline of Test Program . . . . . . . . . . . . . . . . . . .  1-1 
1.3 Test Participants . . . . . . . . . . . . . . . . . . . . . .  1-1 

SUMMARY OF RESULTS 
2.1 Presentation . . . . . . . . . . . . . .  
2.2 Discussion . . . . . . . . . . . . . . .  
2.2.1 Particulate 4 10 Microns . . . . . . . .  
2.2.2 Duplicate Analysee . . . . . . . . . .  
2.2.3 PCDD/PCDF Analytical Results Prefixes 

2.2.4 PAHs Analytical Results . . . . . . .  
2.2.5 Aborted Runs . . . . . . . . . . . . .  
2.2.6 Air Flow Rates . . . . . . . . . . . .  

. . . . . . . . . . .  2-1 

. . . . . . . . . . .  2-1 

. . . . . . . . . . .  2-1 

. . . . . . . . . . .  2-1 

. . . . . . . . . . .  2-1 

. . . . . . . . . . .  2-1 

. . . . . . . . . . .  2-1 

. . . . . . . . . . .  2-1- 
PROCESS DESCRIPTION AND-OPERATION 

3.1 General . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-1 

3.2 Source Air Flow . . . . . . . . . . . . . . . . . . . . . . .  3-1 

SAMPLING AND ANALYTICAL PROCEDURES 
4.1 General . . . . . . . . . . . . . . . . . . . . . . . . . . .  4-1 
4.2 Sampling and Velocity Traverse Points . . . . . . . . . . . .  4-1 
4.3 Volumetric Air Flow Rates . . . . . . . . . . . . . . . . . .  4-1 
4.3.1 Flue Gas Velocity . . . . . . . . . . . . . . . . . . . . .  4-1 

4.3.2 Flue Gas Composition . . . . . . . . . . . . . . . . . . . .  4-1 

4.3.3 Flue Gas Moisture Content . . . . . . . . . . . . . . . . .  4-4 
4.3.3.1 SDA Inlets . . . . . . . . . . . . . . . . . . . . . . . .  4-4 
4.3.3.2 Stacks . . . . . . . . . . . . . . . . . . . . . . . . . .  4-4 
4.4 Emissions Determinations . . . . . . . . . . . . . . . . . . .  4-4 
4.4.1 Carbon Monoxide. Nitrogen Oxides, Sulfur Dioxide, 

and Total Hydrocarbons . . . . . . . . . . . . . . . . . . .  4-4 
4.4.2 Hydrogen chloride . . . . . . . . . . . . . . . . . . . . .  4-7 

4.4.3 Hydrogen Fluoride . . . . . . . . . . . . . . . . . . . . .  4-7 

4.4.4 Methane . . . . . . . . . . . . . . . . . . . . . . . . . .  4-0 

4.4.5 Mercury . . . . . . . . . . . . . . . . . . . . . . . . . .  4-9 
4.4.6 Metals . . . . . . . . . . . . . . . . . . . . . . . . . . .  4-9 

4.4.7 Particulate . . . . . . . . . . . . . . . . . . . . . . . .  4-10 

ENTROPY (continued next page) 



ii 

TABLE OF CONTENTS (continued) 

VOLUME (continued) 

SAMPLING AND ANALYTICAL PROCEDURES 

4.4.8 Particulate 5 10 Hicrons . . . . . . . . . . . . . . . . . .  4-11 
4.4.9 PCDD/PCDF and PAHS . . . . . . . . . . . . . . . . . . . . .  4-12 

4.4.10 Sulfuric Acid including Sulfur Trioxide . . . . . . . . . .  4-14 
4.5 Equipment Calibration . . . . . . . . . . . . . . . . . . . .  4-15 

4.6 Aialytical Laboratories . . . . . . . . . . . . . . . . . . .  4-15 

QUALITY ASSLlRANCE/QUALITY CONTROL 

5.1 General . . . . . . . . . . . . . . . . . . . . . . . . . . .  5-1 

5.2 Preventive Maintenance and Equipment Calibration . . . . . . .  5-1 

5.3 Sample Processing . . . . . . . . . . . . . . . . . . . . . .  5-2 

5.4 Instrument Calibration . . . . . . . . . . . . . . . . . . . .  5-4 

5.5 Blanks and Spikes . . . . . . . . . . . . . . . . . . . . . .  5-4 

5.6 Internal/External System Audit Checks . . . . . . . . . . . .  5-5 
5.1 Data Reduction and Validation . . . . . . . . . . . . . . . .  5-5 
5.8 QA/QC Summary . . . . . . . . . . . . . . . . . . . . . . . .  5-6 

APPENDICES 

A . Teat Results 

1 . Unit NO . 1 
a . SDA Inlet 

1 . Hydrogen Chloride . . . . . . . . . . . . .  
2 . Hercury . . . . . . . . . . . . . . . . . .  
3 Hetals . . . . . . . . . . . . . . . . . . .  

1 

3 

6 

4 . Sulfur Dioxide . . . . . . . . . . . . . . .  10 

5 . Volumetric Air Flow Rates . . . . . . . . .  18 

. 

b . Stack 

1 . Carbon Monoxide. Nitrogen Oxides. 
S u l f u r  Dioxide. and Total Hydrocarbons . . .  20 

2 . Hydrogen Chloride . . . . . . . . . . . . .  28 

3 . Hydrogen Fluoride . . . . . . . . . . . . .  30 

4 . Mercury . . . . . . . . . . . . . . . . . .  33 

5 . Metals . . . . . . . . . . . . . . . . . . .  36 

(continued next page) 



TABLE OF CONTENTS (cont inued)  

VOLUME L (cont inued)  

APPENDICES 

A. T e s t  Resul t6  

1. U n i t  No. 1 

b. Stack 

6 .  Methane . . . . . . . . . . . . . . . . . . 
7. P a r t i c u l a t e  . . . . . . . . . . . . . . . . 
8. P a r t i c u l a t e  s 10 Micron6 . . . . . . . . . . 
9. PAHs and PCDD/PCDF . . . '. . . . . . . . . . 
10. s u l f u r i c  Acid M i s t  

Including Su l fu r  Tr ioxide  . . . . . . . . . 
2. U n i t  No. 2 

a. SDA I n l e t  

1. Hydrogen Chloride . . . . . . . . . . . . . 
2 .  s u l f u r  Dioxide . . . . . . . . . . . . . . . 
3. Volumetric A i r  Flow R a t e s  . . . . . . . . . 

b. Stack 

1. Carbon Monoxide, Nitrogen Oxides, 
Sulfur  Dioxide, and Tota l  Hydrocarbons . . . 

2. Hydrogen Chloride . . . . . . . . . . . . . 
3. Methane . . . . . . . . . . . . . . . . . . 
4.  P a r t i c u l a t e  . . . . . . . . . . . . . . . . 
5.  P a r t i c u l a t e  S 10 Microns . . . . . . . . . . 

3. U n i t  No. 3 
a. SDA I n l e t  

1. Hydrogen Chloride . . . . . . . . . . . . . 
2 .  Sulfur  Dioxide . . . . . . . . . . . . . . . 
3. Volumetric A i r  Flow Rates . . . . . . . . . . .  

b. Stack 

1. Carbon Monoxide, Nitrogen Oxides, 
s u l f u r  Dioxide, and Tota l  Hydrocarbons . . . 

2 .  Hydrogen Chloride . . . . . . . . . . . . . 
3. Methane . . . . . . . . . . . . . . . . . . 
4.  P a r t i c u l a t e  . . . . . . . . . . . . . . . . 
5. P a r t i c u l a t e  S 10 Microns . . . . . . . . . . 

4 .  Example Calculat ions . . . . . . . . . . . . . . . . . . 
(continued next  page) 

40 

42 

45 

4 8  

62 

65 

67 

75 

77 

85 

87 

89 

92 

95 

97 

105 

107 

115 

117 

119 

122 

125 

ENTROW 



VOLUME I (cont inued)  

i v  

TABLE OF CONTENTS (cont inued)  

APPENDICES 

8 . Fie ld  and Ana ly t i ca l  Data 

1 . Unit No . 1 

a . SDA I n l e t  
1 . Hydrogen Chloride . . . . . . . . . . . . .  
2 . Mercury . . . . . . . . . . . . . . . . . .  
3 . Metals . . . . . . . . . . . . . . . . . . .  
4 . Volumetric A i r  Flow Rates . . . . . . . . .  

b . Stack  

1 . Hydrogen Chloride . . . . . . . . . . . . .  
2 . Hydrogen Fluor ide  . . . . . . . . . . . . .  
3 . Methane . . . . . . . . . . . . . . . . . .  
4 . Mercury . . . . . . . . . . . . . . . . . .  
5 . Metals . . . . . . . . . . . . . . . . . . .  
6 . P a r t i c u l a t e  . . . . . . . . . . . . . . . .  
7 . Par t icu la te  5 10 Microns . . . . . . . . . .  
8 . PAHs and PCDD/PCDF . . . . . . . . . . . . .  

Including Sul fur  Trioxide . . . . . . . . .  

s u l f u r  Dioxide, and Tota l  Hydrocarbons . . . . . .  

9 . S u l f u r i c  Acid M i s t  

c . I n l e t  and Stack. Carbon Monoxide. Nitrogen Oxides. 

2 . U n i t  N o  . 2 
a . SDA I n l e t  

1 . Hydrogen Chloride . . . . . . . . . . . . .  
2 . Volumetric A i r  Flow R a t e s  . . . . . . . . .  

b . Stack  

1 . Methane . . . . . . . . . . . . . . . . . .  
2 . Hydrogen Chloride . . . . . . . . . . . . .  
3 . P a r t i c u l a t e  . . . . . . . . . . . . . . . .  
4 . P a r t i c u l a t e  5 10 Microns . . . . . . . . . .  

c . I n l e t  and Stack. Carbon Monoxide. Nitrogen Oxides. 
Su l fu r  Dioxide; and Tota l  Hydrocarbons . . . . . .  

PAGE 

134 

141 

155 

168 

176 

183 

193 

196 

210 

223 

239 

241 

297 

306 

321 

328 

335 

338 

345 

361 

368 

(continued next page) 

ENTROPY 



V 

TABLE OF CONTENTS (continued) 

VOLUME I (continued) 

APPENDICES 

B .  F i e l d  and Analyt ica l  Data 

3.  Unit No. 3 

a. SDA I n l e t  

1. Hydrogen Chloride . . . . . . . . . . . . .  
2. Volumetric A i r  Flow Rates . . . . . . . . .  

b. Stack 

1. Methane . . . . . . . . . . . . . . . . . .  
2 .  Hydrogen Chloride . . . . . . . . . . . . .  
3 .  P a r t i c u l a t e  . . . . . . . . . . . . . . . .  
4.  P a r t i c u l a t e  s 10 Microns . . . . . . . . . .  

C .  I n l e t  and Stack, Carbon Monoxide, Nitrogen Oxides, 
Sulfur Dioxide, and Total Hydrocarbons . . . . . .  

C. Cal ibrat ion Data . . . . . . . . . . . . . . . . . . . . . . .  
D .  Sampling and Analytical  Procedures . . . . . . . . . . . . . .  

382 

388 

400 

403 

410 

426 

434 

462 

5 1 0  

ENTROPY 



CONTENTS OF SUPPLEMENTAL ANALYTICAL DATA VOLUMES 

VOLUME I1 

PCDD/PCDF ANALYTICAL CHROMATOGRAMS 

Case Narrative 

Document Control 

sample 1-S-M23-1 

sample 1-S-H23-2 

sample 1-S-M23-3 

sample l-S-IQ3-FB 

Laboratory Blank 

calibration Data 

VOLUME I11 

P w s  ANALYTICAL CHROMATOGRAMS 

Case Narrative 

Document Control 

sample 1-S-M23-1 

sample 1-S-M23-2 . 

sample 1-S-M23-3 

sample 1-S-MZ3-FB 

Laboratory Blank 

Calibration Data 

ENTROPY 



Table ..... 
1-1 
1-2 
1-3 
2-1 

2-2 
2-3 

2.4 . 
2-5 

2-6 
2-1 
2-8 
2-9 
2-10 

2-11 

2-12 
2-13 
2-14 
2-15 
2-16 
2-17 

2-18 
2-19 

2-20 

2-21 
2-22 
2-23 

2-24 

Figure 
...... 
. 
. 
. 
. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

Title ..... 

v i i  

LIST OF TABLES AND FIGURES 

Page .... 
TestLog . . . . . . . . . . . . . . . . . . . . . . .  1-2 
EPA Methods 2 and 3 Usage . . . . . . . . . . . . . . .  1-4 
Test participants . . . . . . . . . . . . . . . . . . .  1-5 
Compliance Emissions Summary . . . . . . . . . . . . .  2-2 

Emissions . . . . . . . . . . . . . . . . . . . . . .  2-5 
Three-Run Average0 . . . . . . . . . . . . . . . . .  2-6 
Emissions . . . . . . . . . . . . . . . . . . . . . .  2-7 
Three-Run Averages . . . . . . . . . . . . . . . . .  2-8 

PCDD/PCDF Summaries 

PAHs summaries 

Run-BY-Run Tests Summaries 
Unit No . 1 

Inlet 
Hydrogen chloride . . . . . . . . . . . . . . . .  2-9 
Mercury . . . . . . . . . . . . . . . . . . . . .  2-10 
Metals . . . . . . . . . . . . . . . . . . . . .  2-11 
sulfur Dioxide . . . . . . . . . . . . . . . . .  2-15 
Volumetric Air Flow Rates . . . . . . . . . . . .  2-16 

Stack 
Carbon Monoxide. Nitrogen Oxides. 
Sulfur Dioxide. and Total Hydrocarbons . . . . .  2-17 
Hydrogen Chloride . . . . . . . . . . . . . . . .  2-18 
Hydrogen Fluoride . . . . . . . . . . . . . . . .  2-19 
Mercury . . . . . . . . . . . . . . . . . . . . .  2-20 
Metals . . . . . . . . . . . . . . . . . . . . .  2-21 
Methane . . . . . . . . . . . . . . . . . . . . .  2-25 
Particulate . . . . . . . . . . . . . . . . . . .  2-26 
Particulate d 10 Microns . . . . . . . . . . . .  2-28 
PCDD/PCDF and PAHs sample Train 
and Flue Gas Parameters . . . . . . . . . . . . .  2-29 
Sulfuric Acid M i s t  Including Sulfur Trioxide . . 2-30 

U n i t  No . 2 

Inlet 
Hydrogen Chloride . . . . . . . . . . . . . . . .  2-31 
Sulfur Dioxide . . . . . . . . . . . . . . . . .  2-32 
Volumetric Air Flow Rates . . . . . . . . . . . .  2-33 

Stack 
Carbon Monoxide. Nitrogen Oxides. 
Sulfur Dioxide. and Total Hydrocarbons . . . . .  2-34 

(continued next page) 

ENTROPY 



.I ... viii 

LIST OF TABLES AND FIGURES (continued) 

Table Figure ........... 

. 2-25 
2-26 . 
2-27 . 
2-28 . 

2-29 . 
2-30 . 
2-31 . 

2-32 . 

2-33 . 
2-34 . 
2-35 . 
2-36 . 
. 3-1 
. 4-1 
. 4-2 

4-1 . 
5-1 . 
5-2 . 
5-3 . 

5-4 . 
5-5 . 
5-6 . 

5-7 . 

5-8 . 

5-9 . 
5-10 . 

Title ..... 
Run-Bv-Run Tests Sumaries 

U n i t  No . 2 

Stack 

Page .... 

Hydrogen Chloride . . . . . . . . . . . . . . . .  2-35 
Methane . . . . . . . . . . . . . . . . . . . . .  2-36 
particulate . . . . . . . . . . . . . . . . . . .  2-37 
Particulate S 10 Microns . . . . . . . . . . . .  2-39 

U n i t  No . 3 
Inlet 

Hydrogen Chloride . . . . . . . . . . . . . . . .  2-40 
sul fur  Dioxide . . . . . . . . . . . . . . . . .  2-41 
volumetric Air Flow Rates . . . . . . . . . . . .  2-42 

Stack 
Carbon Monoxide. Nitrogen Oxides. 
s u l f u r  Dioxide. and Total Hydrocarbons . . . . .  2-43 
Hydrogen Chloride . . . . . . . . . . . . . . . .  2-44 
Methane . . . . . . . . . . . . . . . . . . . . .  2-45 
Particulate . . . . . . . . . . . . . . . . . . .  2-46 
Particulate Less Than 10 Microns . . . . . . . .  2-48 

Unit Nos . 1. 2. and 3 Air Flow Schematics . . . . . . .  3-2 
Unit Nos . 1. 2. and 3 SDA Inlets Test Locations . . . .  4-2 
Unit Nos . 1. 2. and 3 stacke Test Locations . . . . . .  4-3 
Laboratories Analytical Responsibilities . . . . . . .  4-15 
In-House Equipment Calibration . . . . . . . . . . . .  5-1 
In-House Instrument Calibration . . . . . . . . . . . .  5-4 
Field. Reagent. Filter. and Trip Blanks . . . . . . . .  5-6 

Hydrogen Chloride Duplicate Analyses Results . . . .  5-8 
Hydrogen Fluoride Duplicate Analyses Results . . . .  5-9 
Metals Reagent Blank. Field Blanks. Matrix Spikes. 
and Duplicate Analyses Results . . . . . . . . . . .  5-10 
Mercury Reagent Blanks. Field Blanks. Matrix 
Spikes. and Duplicate Analyses Results . . . . . . .  5-11 
PCDD/PCDF Surrogates and Alternate Standards 
Recoveries . . . . . . . . . . . . . . . . . . . . .  5-12 

PCDD/PCDF Internal Standards Recoveries . . . . . . .  5-13 
PAHs Laboratory Blank Analytical Results . . . . . .  5-14 

QAlOC Tables 

ENTROPY 



.I 
a1 , I .! 1-1 

.... INTRODUCTION 

1.1 Background. Foster Wheeler Envireaponse, Inc. has conducted a testing 

program to quantify specific emissions from Unit Nos. 1, 2, and 3 of the Camden 

County Resource Recovery facility in Camden, New Jersey. 

The facility consists of three mass-fired municipal refuse burning furnaces 

which produce electricity for sale to a local utility company. Each of the mass- 

fired boilers is equipped with a spray dryer adeorber (SDA) for acid gas removal, 

an electrostatic precipitator (ESP) for the control of suspended particulate 

emissions. 

1.2 Outline of Test Program. This report covers stationary source sampling 

performed on June 17 through 21, 1991 at the Unit Nos. 1, 2, and 3 SDA inlets and 

stacks. Table 1-1 is a test log which presents the sampling locations, sampling 

parameters, sampling methods, test dates, and run numbers. Several runs utilized 

volumetric air flow rates and/or flues gas composition data from other runs; 

refer to Table 1-2 for a listing. 

1.3 Test Participants. Table 1-3 lists the personnel involved in the test 

program. 
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TABLE 1-1 
TEST uxi 

Sampling 

Unit 
NO. 1 
SDA 
I n l e t  

Unit 
No. 1 
Stack 

Emissi om 
Measured 

co2. 02 

Metals 

co2. 02 

Mercury 

CO2. 02 

Volunetric 
A i r  Flow Rate 

Sulfur Dioxide 

Hydrogen Chloride 

co2. 02 

Metals 

CO2. 02 

PWDIPCDF. PAHS 

co2. 02 

Hydrogen Fluoride 

co2. 02 

Mercury 

Methane 

co2. 02 

Part iculate 

CO. NOX, 
s02, THC 

SOJ, H2504 

Hydrogen Chloride 

coz. oz 
Particulete 
5 10 Micrars 

Sanplino 

EPA 3 . 

EPA WTL 

EPA 3 

EPA. 101A 

EPA 3 

EPA I 

EPA 6C 

EPA 26 

EPA 3 

EPA WTL 

EPA 3 

EPA 23 

EPA 3 

EPA 138 

EPA 3 

EPA 101A 

EPA 18 

EPA 3 

NJUS 

EPA 10, 7E. 
6C. 251 

EPA 8 

EPA 26 

EPA 3 

EPA 201A 

Tost _____.-------____. Rrn y d r *  -_.____.__._.__._. 
6/17 1-1 -U3/MTL-l, l-I-M/WTL-2, 1 - I-M3/WTL-3 

1-I-WTL-3 

6/18 l-I-U3/MlOlA-l, 1-I-101MlOlA-2, 1-I-101M101A-3 

6/18 1-I-M101A-1, 1-I-MlOlA-2, 1-1 -MlOlA-3 

6/19 1-I-M3/w4-1, 1- I -M3/M4-2, l-I-W/w4-3 

6/19 1-I-w4-1, 1 - I  -w44-2, 1-I-w4-3 

6/17 1-I-MTL-1, 1-I-MTL-2, 

6/19 1-I-CEH-1, 1 - I-CEM-2, 1-I-CEM-3 

6/19 1 - I  -1126-1, 1- I -M26-2, 1-1 -M26-3 

6/17 l-S-U3/WTL-l, l-S-Iu/WTL-2, l - S - U 3 M T L - S  

6/17 1-S-WTL-1, 1-s-MTL-2, 1-S-WTL-3 

6/17 1 -S-U3/M23- 1, 1 -S-U3/M23-2, 
6/18 1 -S-M3/1123-3 

6/17 1-s-n23-1, 1-s-MU-2, 
6/18 l-S-M23-3 

6/18 l-S-U3/1113B-l, l-S-10/1113E-2, 1-S-Ml3E-3 

6/18 1-S-M13E-1, 1-S-MlSE-2, 1-s-M13B-3 

6/18 l-S-U3/MlOlA-l, l-S-IU/MlOlA-2, l-S-W3/#101A-3 

6/18 1-5-M101A-1, 1-5-M101A-2, 1-S-MlOlA-3 

6/19 1-s-M18-1, 1-s-M18-2, 1-5-1118-3 

6/19 1-S-U3INJMS-2, l-S-U3/NJMS-3, l-S-U3/NJM5-4, 
l-S-MS/NJMS-S 

6/19 . l-S-NJMS-2SE, 1-S-NJMS-3, 1-S-NJMS-4, 
. 1-S-NJMS-5 

6/19 1-s-CW-2, 1-S-CEM-3, 1-S-CEM-C 

6/19 1-s-I@-1, 1-s-M8-2, 1-s-M8-3 

6/19 1 -S-M26- 1, 1-S-M26-2, l-S-M26-3 

6/20 l-S-U3/#201A-l 

6/20 l-S-M201A-l 

9 arsenic, beryl l iun, cadniun, chrmiun, nickel, and lead 

(continued nex t  page) 
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Senplinp - 
U n i t  
No. 2 
SDA 
I n le t  

U n i t  
No. 2 
Stack 

U n i t  
No. 3 
SDA 
I n l e t  

U n i t  
No. 3 
Stack 

Emissions 
Measured 

co2. 02 

Vol met r I c 
A i r  Flow Rate 

sulfur Diox ide  

Hydrogen Chloride 

co2. 02 

Part iculate 

Hydrogen Chloride 

CO, NOX, 
s02, THC 

02. to;! 

Part iculate 
I 10 Microns 

C02. o;! 

Vol-tric 
A i r  f l ow Rate 

Sulfur Oioxide 

Hydrogen Chloride 

co2. 02 

Part iculate 

Hydrogen Chloride 

CO, YOY, 
s02, THC 

co2, o;! 

Part icu la te 
J 10 Microns 

TABLE 1-1 (continued) 
TEST LOG 

Sarpllnp T a t  ______________.__ * 
EPA 3 6/21 2 - I - K i m - 1 ,  

EPA C 6/21 2-1-115-1. 

€PA 6C 6/21 2- I -[EM- 1, 

EPA 26 6/21 2-1-1126-1. 

EPA 3 6/21 2-S-Ki/WJMS-l, 
2-S-Ki/YJMS-4 

NJMS 6/21 2-S-YJMS-1, 
2-S-WJMS-4 

EPA 26 6/21 2-S-M26-1, 

EPA 10, 7E. 6/21 2-S-CEM-1, 
6C. 2% 

€PA 3 6/21 2-S-Ki/M201A-l 

EPA 2OlA 6/21 2-S-M2OlA-1 

EPA 3 6/20 3-I-Ki/Iu-1. 
3- I -Ki / Iu-4 

EPA 4 6/20 3 - 1 4 - 1 ,  
3- I - Iu-4 

EPA 6C 6/20 3-I-CEM-1, 

EPA 26 6/20 3-1-M26-2, 

EPA 3 6/20 3-S-Ki/NJUS-l58, 
3-S-Ki/NJUS-4 

WJ M5 6/20 3-S-WJMS-1, 
3-S-NJMS-4 

6/20 3-5-W6-2. EPA 26 

EPA 10, E .  6/20 3-S-CUI-1 
6C. 2SA 

EPA 3 6/20 3-S-Ki/M20lA-l 

EPA 2OlA 6/20 3-S-M201A-1 

. .  

ENTROPY 

2-I-CEM-2, 2-1 -CEM-3 

2-1-M26-2, 2-I-M26-3 

2-S-Ki/NJM5-2, 2-S-Ki/WJMS-3, 

2-S-WJMS-ZS8, 2-S-”3-3, 

2-S-H26-2, 2-S-rn26-3 

2-S-CEM-2, 2-S-CEM-3 

3-I-Iu-2, 3-1-114-3. 

3-I-CEM-2, 3-I-CEM-3 

3- 1-H26-3, 3- 1426-4 

3-S-113/NJMS-2, 3-S-KiINJMS-3, 

3-S-WJM5-2, 3 -S - W JMS - 3, 

3-S-1126-3, 3-S-1126-4 

3-S-CEM-2 3-S-CEU-3 
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TABLE 1-2 
EPA METHODS 2 AND 3 USAGE 

Run8 Requiring Volumetric 
Air Plow Rate and/or Flue 
Gaa Composition Data 

1-I-M26-1 
1-I-M26-2 
1-I-M26-3 

1-I-CEM-1 
1-I-CEM-2 
1-I-CEM-3 

1-S-M26-1 
1-S-M26-2 
1-S-M26-3 

1-S-CEM-1 
1-S-CEM-2 
1-S-CEM-3 

2-I-MZ 6-1 
2 -I-M2 6-2 
2-I-M26-3 

2-I-CEM-1 
2-I-CEM-2 
2-I-CEM-3 

2-S-M2 6- 1 
2-S-M26-2 
2-S-M26-3 

2-S-CEM-1 
2 -S-CEN-2 
2 -S-CEM-3 

3-I-M26-1 
3-I-H26-2 
3-I-M26-3 

3-I-CEM-1 
3-I-CEM-2 
3-I-CEM-3 

3-S-M26-1 
3-S-H26-2 
3-S-M26-3 

3-S-CEM-1 
3-S-CEM-2 
3-S-CEH-3 

_ - - - -  Concurrent Rune - - - - - 
Volumetric Air 
Plow Rate 

1-I-M4-1 
1-I-M4-2 
1-1444-3 

1-I-H4-1 
1-I-M4-2 
1-1444-3 

1-S-NJMS-2SB 
1-S-NJM5-3 
1-S-NJMS-4 

1-S-NJMS-ZSB 
1-S-NJMS-3 
1-S-NJMS-4 

2-I-M4-1 
2-I-M4-2 
2-1-M4-3 

2 -I -M4 - 1 
2-I-M4-2 
2-1444-3 

2-S-NJMS-1 
2-S-NJMS-2SB 

2-S-NJMS-3 

2-S-NJMS-1 
2-S-NJM5-2SB 

2's-NJMS-3 

3-1-M4-2 
3-I-M4-3 
3-I-M4-4 

3-1444-2 
3-I-M4-3 
3-1444-4 

3-S-NJMS-2 
3-S-NJM.5-3 
3-S-NJM5-4 

3-S-NJMS-2 
3-S-NJMS-3 
3-S-NJMS-4 

Flue Gaa 
Composit ioq 

1-I-M3/M4-1 
l-I-M3/M4-2 
l-I-M3/M4-3 

1-I-M3/M4-1 
l-I-M3/M4-2 
l-I-H3/M4-3 

l-S-M3/NJM5-2 
l-S-M3/NJM5-3 
1-S-M3/NJM5-4 

l-S-M3/NJM5-2 
l-S-M3/NJMS-3 
l-S-M3/NJM5-4 

2-I-M3/M4-1 
2-I-M3/M4-2 
2-I-M3/M4-3 

2-I-M3/M4-1 
2-1-M3/H4-2 
2-I-M3/M4-3 

2-S-M3/NJM5-1 
2-S-M3/NJM5-2 
2-S-M3/NJM5-3 

Z-S-M3/NJMS-l 
2-S-M3/NJM5-2 
2-S-M3/NJMS-3 

3-I-M3/M4-2 
3-1-M3/M4-3 
3-1-hl31M4-4 

3-I-M3/M4-2 
3-I-M3/M4-3 
3-I-H3/M4-4 

3-S-M3/NJM5-2 
3-S-M3/NJM5-3 
3-S-M3/NJM5-4 

3-S-M3/NJM5-2 
3-S-M3/NJM5-3 
3-S-M3/NJM5-4 



TABLE 1-3 

TEST PARTICIPANTS 

Foster Wheelei Enviresponse,i Inc. Bruce C. studley 
Test Coordinator i___-.-, / 

Camden County Energy 
Recovery Associates 

New Jersey State Department 
of Environmental Protection 

Cemtech Associates 

Entropy Environmentalists Inc. 

Newton 0 .  Wattis 
Test Coordinator 

Steven E. Warlick 
Teet Coordinator 

Frederick Ballay 
Test Observer 

Richelle S. Burkeen 
Test Observer 

K.B. Bhandutia 
Test Observer 

John F. Van Woy 
Test Observer 

C. Stephen Krivanck 111' 
Test Observer 

Allan F. Lowe 
Project Manager 

Barry F. Rudd 
Project Supervisor 

Christopher M. Wrenn 
Project Supervisor 

Herbert T. Dixon 
sampling Team Leader 

Matthew L. Hamilton 
sampling Team Leader 

Richard L. Moreno 
Sampling Team Leader 

David A. Stone 
Sampling Team Leader 

Mark P. Winter 
Sampling Team Leader 

(continued next page) 
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TABLE 1-3 (continued) 

TEST PARTICIPANTS 

Entropy Environmentalists Inc. Kevin B. Baird 
Engineering Technician 

John M. Carpenter 
Engineering Technician 

Ken Davie 
Engineering Technician 

Reginald F .  H o l t  
Engineering Technician 

Jesus Grave de Peralta 
Laboratory Technician 

Lauren A .  Sherwood 
Laboratory Technician 

. .  
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2.1 Presenta t ion .  T a b l e  2-1 presen t s  t h e  emissions r e s u l t s  f o r  t h e  

compounds having s p e c i f i c  emissions l i m i t s  s t a t e d  i n  t h e  permit.  

2-3 a r e  PCDD/PCDF emissions summaries. T a b l e s  2-4 and 2-5 are PAH summaries. 

Tables 2-6 through 2-33 a r e  run-by-run t e e t s  summaries; r e f e r  t o  t h e  " L i s t  of 

Tables and Figures" on page v i i  of t h e  " T a b l e  of Contents" f o r  a cross-reference.  

Detai led test r e s u l t s  a r e  presented i n  Volume I,  Appendix A; f i e l d  and a n a l y t i c a l  

da t a  is provided i n  Volume I, Appendix 8. 

a r e  presented i n  Volumes  I and 11, respec t ive ly .  

Tables 2-2 and 

The PCDD/PCDF and PAHs chromatograms 

2.2 Discussion 

2 . 2 . 1  P a r t i c u l a t e  s 10 Microns. For t h e  p a r t i c u l a t e  5 10 microns t e s t i n g ,  

d e l t a  p and s t ack  temperature  readings were taken  from a prel iminary t r ave r se .  

For run 2-S-MZOlA-1 t h e  d e l t a  p and s t ack  temperature  averages w e r e  taken from 

r u n  2-S-NJMS-1. 

2.2.2 Duplicate Analyses. Whenever d u p l i c a t e  ana lyses  were performed, t h e  

average of t h e  two a n a l y t i c a l  r e s u l t s  was used in emissions ca l cu la t ions .  

2.2.3 PCDD/PCDF Analy t ica l  Resul t s  P re f ixes .  Two symbols are used i n  t h e  

The symbols i n d i c a t e  r e s u l t s  t h a t  have p resen ta t ion  of t h e  a n a l y t i c a l  r e s u l t s .  

spec ia l  s ign i f i cance  and require d i f f e r e n t  procedures in c a l c u l a t i o n s  and d a t a  

i n t e r p r e t a t i o n .  The less than  (<) symbol is used t o  i n d i c a t e  t h a t  a compound was 
not de tec ted  and t h a t  t h e  repor ted  catch value is a de tec t ion  l i m i t .  

es t imat ion  symbol ( - )  i n d i c a t e s  va lues  t h a t  a r e  e i t h e r  an  es t imated maximum 

poss ib l e  concent ra t ion  (EMPC) o r  a p o s i t i v e  r e s u l t  t h a t  is below t h e  quan t i t a t ion  

l i m i t  assigned t o  t h e  compound. 

The 

2.2.4 PAHs Ana ly t i ca l  Resul ts .  Due t o  mat r ix  in t e r f e rences ,  reliable 
i n t e r n a l  s tandard amounts and percent  recover ies  could not be determined, as 
noted i n  f u r t h e r  d e t a i l  i n  t h e  Case Narra t ive  i n  Appendix B.l.b.9. 

2.2.5 Aborted Runs. Runs 1-S-NJATM5-1 and 3-S-M26-1 were aborted.  No da ta  

on t h e s e  aborted runs  a r e  presented i n  t h e  r epor t .  

2.2.6. A i r  Flow R a t e s .  I n l e t  a i r  flow r a t e s  d i f f e r  from t h e  s t ack  a i r  flow 

rates. T h i s  may suggest  i n l e t  pounds per hour for €IC1 may be d i f f e r e n t  than 

those  reported.  

compliance. 

Note, t h e  i n l e t  HC1 pounds per hour is no t  used i n  permit 
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TABLE 2-1 

COMPLIANCE EMISSIONS SUMMARY 

Un i t  No. 1 

SDA I n l e t  
Concen., ppnvd 0 7% 02 

Hydrogen Chloride 
Sulfur Oioxida 

_ _  328 _ _  223 95.7 665 
394 121 116 _ _  210 _ .  

- Stack 
Concen., ppnvd P 7!4 02 1 5 - a 3  

400 _ _  _ .  17.1 14.4 13.6 Carbon Monoxide 
Hydrogen Chloride 5.23 1.49 ' 14.3 . 7.01 50 _ .  
Nitrogen Oxides' 210 209 208 300 207 

50 SUI fur Dioxide - 58.5 1.17 8.43 _ .  22.7 

_ _  
-. 

Total Gaseous Nomthane  _ .  Organics as Methaw. 2.61 1.77 < 1.66 2.01 m 
Emission Rate, l b l h r  

Carbon Monoxide 
Hydrogen Fluor ide 
Mercury 
Metals 

Arsenic 
Beryl l iun 
Cackniun 
Chrcmiun 
Lead 
Nickel  

Nitrogen Oxides 
F i l t e r a b l e  Par t icu la te.  
Sulfur Dioxide 
S u l f u r i c  Ac id Mist  ( i n c l .  
Total Gaseous Nomthane  
Organics as Methane. 

2.51 
< 0.0798 
0.00736 

2.13 
0.212 

0.0394 

8.47E ~ 05 
< 7.85E-06 
< 7.85E-04 

0.00188 
< 0.00157 

0.00173 
50.6 

0.738 
0,394 
0.343 

1.97 
< 0.0695 

0.0398 

< 7.97E-05 
< 7.97E-06 
< 7.97E-04 

0.00542 
0.00239 
0.00303 

49.2 
1.22 
2.80 
2.58 

60.2 
0.38 
0.08 

5.25E-04 
1.31E-M 

0.0035 
0.0215 
:0.08 
0.018 

74.1 
4.38 
34.1 
2.6 

_ _  
- _  

0.0289 

e 1.54E-04 
7.88E-06 
7.88E-04 

< 0.00295 
< 0.00722 
< 0.00211 

50.2 
0.933 

7.63 
1.27 

2.97E - 04 
< 7.82E-06 
< 7.82E-04 

< 0.00156 
0.0177 

< 0.00156 
50.8 

19.7 
SO3 ) 0.897 

. _  

0.220 0.149 0.138 _ .  < 0.169 6.0 

2.3.7.8 TCDD 
l o t a l  PAHS 

Concen., grlDSCF-a 7!4 02 
F i l t e r a b l e  Par t i cu la te  
F i l t e r a b l e  Par t icu la te,  SB" 
Par t i cu la te  s 10 Microns 

Concen., gr/OSCF P 12% C02 
Total P a r t i c u l a t e  

Removal Ef f ic iency.  %*** 
Hydrogen Chloride 
Sulfur Dioxide 

8.36E - 09 _ _  8.43E-09 1.09E-08 _ -  _ _  9.24E-09 
- 3.12E-06 

0.00321 
0.00254 - 0.000597 

9.3E-07 
0.0145 

0.015 
0.03 

0.013 

. _  
0.00254 

0.000595 

0.00580 0.00983 0.00627 0.00730 

98.0 
92.3 

0.1 

Po 
80 

97.6 
85.1 

98.4 97.8 
99.0 92.7 

Since methane uas not detected. t h i s  nur&r i s  the same as the t o t a l  hydrocarbon n u h e r .  
** Performed during b o i l e r  tube rapping. 

*** Based on p p w d  0 7% 02 

(continued next page) 
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- -  
TABLE 2-1 (continued) - 

COMPLIANCE EMISSIONS SUMMARY 

Permitted 
Conpl ianca .___._.___.--__._ Repetition _-______...______ 

1 1 5 4 Avereqe Limits 
Emissions 

Unit No. 2 ---.._____ 

SOA Inlet - Concen., ppvd 7% 02 
Hydrogen Chloride 
Sulfur 0 i oxide - Stack 

Concen., ppnvd D 7% 02 
Carbon Monoxide 
Hydrogen Chloride 
Nitrogen Oxides 
sulfur Dioxide 
Total Gaseous Nomethane 
Organics as Methane. 

Emission Rate, Ib/hr 
Carbon Monoxide 
Nitrogen Oxides 
Fi 1 terable Particulate 
sulfur Dioxide 
Total Gaseous Nomethane 
Hydrocarbons as Methane, 

Concen.. grlOSCF a 7% 02 
Filterable Particulate 
Filterable.PartiCUlate. SB'* 
Particulate d 10 Microns 

Concen., grlDSCF D 12% C02 
Total Partarticulate 

Removal Efficiency. %*** 
Hydrogen Chloride 
Sulfur Dioxide 

Unit No. 3 _ _ _ _ _ _ _ - - -  

Concen., ppnvd 5 7% 02 
Hydrogen Chloride 
SUI fur Dioxide 

steck 
Concen., ppnvd 5 7% 02 

Carbon Monoxide 
Hydrogen Chloride 
Nitrogen Oxides 
Sulfur Dioxide 
Total Gaseous Yomethane 
Organics as Methane. 

134 
113 

57.1 
1.58 
200 
7.40 

< 1.93 

8.18 
47.0 
1.61 
2.43 

< 0.159 

0.004 13 

0.001 28 

0.00825 

99.8 
93.4 

_ .  

112 
142 

12.8 
3.09 
202 
3.83 

1.79 

151 
103 

38.9 
3.98 
225 
16.2 

< 2.05 

5.28 
50.2 _ _  
5.03 

c 0.159 

. _  
0.00581 _ _  

. _  

97.3 
84.2 

47.4 
104 

16.4 
3.81 
211 
3.39 

< 1.83 

139 
98.P 

29.4 
2.90 
200 

8.7s 

< 1.90 

4.06 
45.5 
1 .I9 
2.76 

< 0.150 

0.00553 
_ .  
. _  

0.0107 

97.9 
91.1 

4.75 
239 

21.3 

Since methane uas not detected. this nunber is the same as the total hydrocarbon nunber. 
** Perfoned during boiler tube rapping. 

e** Based on ppnvd D 7% 02 

141 
105 

41.8 
2.82 
208 
10.8 

c 1.96 

5.84 
47.5 
1.26 
3.41 

< 0.156 

0.00399 
0.00581 
0.00128 

0.00910 

98.3 
89.6 

54.7 
162 

16.8 
3.23 
218 
17.7 

< 1.85 

400 
50 
300 
50 

70 

60.2 
74.1 
4.38 
34.4 

6.0 

0.015 
0.03 
0.013 

0.1 

90 
80 

400 
50 
300 
50 

m 

(continued next page) 
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TABLE 2-1 (continued) 

COMPLIANCE EMISSIONS SUMMARY 

U n i t  No. 3 

- Stack 

- - _ _ _ _ _ _ _ _  

Emission Rate, lb/hr 
Carbon Monoxide 
Nitrogen Oxides 
F i l te rab le  Par t i cu la te  
sulfur Dioxide 
Total Gaseous Normethane 
organics as Methane. 

Concen., gr/DSCF 0 ?X 02 
F i l t e r a b l e  Par t i cu la te  
F i l te rab le  Part iculate, S8" 
par t i cu la te  5 10 Microns 

concen., grlDSCF 0 12% co2 
Total Par t icu la te 

RemDval Eff iciency, !4"' 
Hydrogen ch lor ide 
sulfur Dioxide 

2.00 
51.8 

1.37 

< 0.120 

_ .  

_ .  
0.00548 
0.00130 

. _  

97.2 
97.3 

2.42 
51.2 
1.93 
1.15 

< 0.116 

0.00666 
_ .  
_ .  

0.0129 

91.9 
96.7 

3.05 
56.7 
2.94 
15.0 

< 0.118 

0.0105 _ _  _ _  
0.0252 

41.2 
80.8 

. .  

. -  
1.05 - _  
. .  

0.00476 . _  _ _  
0.0199 

_ _  _ _  
Since methane uas not detected. t h i s  ntnkr i s  the same as the t o t a l  hydrocarbon nwher. 

** Performed during b o i l e r  tube rapping. 
*** Based on ppnvd 0 7% 02 

AYerage 

2.49 
53.2 
1.97 
5.83 

< 0.118 

0.00731 
0.00548 
0.00130 

0.0193 

Permitted 
conpliance 

Emissions 
Limits 

60.2 
74.1 
4.38 
u . 4  

6.0 

0.015 
0.03 

0.013 

0.1 

,m 90 

ENTROPY 



- - TABLE 2-2 

PCDDIPCDF EMISSIONS SUMMARY 

- 
2-5 

PCDD - 
Total TriCDD 

Other TCDD 
12378-PeCDD 
Other PeCDD 

2378-TCDD 

123478-HxCDD 
123678-HxCDD 
123789-HxCDD 
Other HxCDD 
1234678-HpCDD 
Other HpCDD 
OCDD 

Total PCDD 

PCDF 

Total TriCDF 

Other TCDF 
12378-PeCDF 
23478-PeCDF 
Other PeCDF 

2378-TCDF 

123478-HxCDF 
123678-HxCDF 
123789-HxCDF 
234678-HxCDF 
Other HxCDF 
1234678-HpCDF 
1234789-HpCDF 
Other HpCDF 
OCDF 

Total PCDF 

Unit No. 1 Stack 

-------- Concentration, nq/DSCM *------- 
1 - S-MZ 3 - 1 

1.27E+000 
4.923-002 
8.783-001 
7.473-002 
4.01E-001 
5.72E-002 

ND 
9.373-002 
7.OZE-001 
3.75E-001 
4.10E-001 
8.72E-001 

- -  
1-S-M23-2 

.. - 

8.84E-001 
5 .OZE-002 
7.51E-001 
6.753-002 
5.03E-001 
4.40E-002 
4.60E-002 
7.583-002 
4.833-001 
2.353-001 
2.19E-001 
5.84E-001 

~~ 

5.18E+000 

2.41E+001 
4.793-001 
1.45E+001 
5.18E-001 
4.61E-001 
5.66E+000 
6.65E-001 
3.12E-001 

ND 
2.28E-001 
1.93E+000 
4.75E-001 
6.803-002 
3.27E-001 

ND 

4.97E+001 

Total PCDDIPCDF 5.493+001 

32O F ( O o  C) -- 29.92 Inches of Mercury (Hg) 
ND Not detected or EMPC catches; used as zero (0) 

3.94E+000 

1.68E+001 
5.09E-001 
1.41E+001 
5.853-001 
5.11E-001 
5.44E+000 
8.28E-001 
3.863-001 
3.433-002 
3.94E-001 
2.18E+000 
4.55E-001 
9.593-002 
2.19E-001 
1.79E-001 

4.273+001 

1-S-M23-3 

1.21E+000 
6.463-002 
9.48E-001 

ND 
3.41E-001 
5.463-002 
5.06E-002 

ND 
5.42E-001 
2.41E-001 
2.31E-001 
5.56E-001 

~ 

4.24E+000 

2.87E+001 
5.92E-001 
1.70E+001 
6.98E-001 
6.08E-001 
7.12E+000 
8.883-001 
4.21E-001 
4.16E-002 
3.22E-001 
2.84E+000 
5.05E-001 
9.36E-002 
4 e 13E-001 
2.50E-001 

6.05E+001 

4.663+001 6.47E+001 

ENTROPY 



PmD 

Tota l  T r i m 0  
z78-Tmo 
Other Tmo 
1 ~ 7 8 - ~ e r n o  
Other PemD 
i m n - n x r n o  
123678-MxCOD 
123789-HxCDO 
Other HxCOO 
1234678-HpCDO 
Other HpCDO 
M l l D  

- 

Total  PmD 

PmF 

r o t e l  TrimF 
2 3 7 8 - i m ~  
other T ~ F  
12378-PeCDF 
23478-PemF 
Other PeCDF 

123478-HxCDF 
123678- Hxm F 
123789- HxCD F 

- 

z 4 6 7 8 - n ~ m ~  
Other HxmF 
1234678- HpCD F 
1234789-HpCDF 
Other npCDF 
MI)F 

Tota l  PmF 

Total PCDDIPCDF 

nglDSCW * 

l.l2E+000 
5.47E-002 
8.59E-001 
4.74E-002 
4.15E-001 
5.19E-002 
3.22E-002 
5.65E-002 
5.76E-001 
2.84E-001 
2.87E - 001 
6.71E-001 

4.45€+000 

2.32€*001 
5.27E-001 
1.52E*001 
6. OOE - 001 
5.27E-001 
6.07E*OOO 
7.94E-001 
3.73E-001 
2.53E-002 
3.15E-001 
2.32El000 
4.78E-001 
8.58.5 -002 
3.20E-001 
1.43E-001 

5.10E*001 

5.55E*001 

ngmscn 
a t  12% cn2 

1.53E*000 
7.51E-002 
1.18E+o00 
6.53E- 002 
5 .73E-OOl 
7.12E-002 
4.49E-002 
7.77E-002 
7 .W-001  
3 . W - 0 0 1  
3.92E-001 
9.17E-001 

ngIOSU1 
a t  7% 02 - 

_ _  
1.62E+000 
7.9%-002 
1.25E*000 
6.93E-002 
6.07E-001 
7.53E-002 
4.77E-002 
8.20E-002 
8.34E-001 
4.1OE-001 
4.14E-001 
9 . 7 i ~ - a o i  

---Emission Rate-- - -  
I b l h r  

- 

1.8%-007 
9.23E-009 
1.45E-007 
8.00E-009 
7.01E-008 
8.78E-009 
5. L2E-009 
9.53E-009 
9.72E-008 
4.80E-008 
4.86E-008 
1.13E-007 

gramslsecord 

2.39E-008 
1.16E-009 
1.83E-008 
1.01E-009 
8.82E-009 
1.11E-009 
6.85E-010 
1.20E-009 
1.23E-008 
6.05E ~ 009 
6.12E-009 
1.43E-008 

6.10€*000 

3.17E*001 
7.24E-001 
2 .09E+OOl 
8.26.5-001 
7.24E-001 
8 .35E40  
1 .O9E*OOO 
5.14E-001 
3.53~5-002 
4.35E-001 
3.1BE+OOO 
6.57E-001 
l.19E-001 
4.37E-001 
1 . w - 0 0 1  

6.WE+OOl 

6.46E+OOO 

3.35€+001 
7 .W-001  
2.21E*OOl 
8.75E-001 
7.66E-001 
8.84E+000 
1.16E+OOO 
5.44E-001 
3.74E-002 
4.61E-001 
3.37E+OOO 
6.9%-001 
1.2SE-001 

2.11E-001 

7.3%*001 

4.62~-aoi  

7.52E-007 

3.92E-006 
8.89E - 008 
2.57E- 006 
1.01E-007 
8.90E-008 
1.03E-006 
1 .34E-007 
6.30E-008 
4.26E-OW 
5.31E-008 
3.91E-007 
8.08E-008 
1 J6E-008 
5.4M-008 
2.41E-008 

8.62E-006 

9.50E - 008 

4.94E - 007 
1.12E-008 
3.24E-007 
1.28E-008 
1.12E-008 
1.29E-007 
1.69E-008 
7.94E-009 
5.37E-010 
6.69E - 009 
4.92E-008 
1.02E-008 
1.83E-009 
6.81E-009 
3.03E -009 

1.WE-006 

7.MIE+001 

32' F < 0' C) -- 29.92 Inches of Mercury (Mg) 

8.04Es001 9.37E-OM 1. (BE-006 
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TABLE 2-4 - 

P U S  EMISSIONS SUHHARY 
Unit No. 1 Stack 

Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(a)pyrene 
Benzo(e)pyrene 
2-Cloronaphthalene 
Chryaene 
Dibenz(a,h)anthracene 
Fluoranthene 
Fluorene 
Indeno(l,2,3-cd)pyrene 
2-Methylnaphthalene 
Naphthalene 
Perylene 
Phenanthrene 
Pyrene 

NDB 
1.74E+00 
7.06E+00 

ND 
3.85E+00 

ND 
NDB 
ND 

NDB 
ND 

NDB 
ND 

NDB 
NDB 
NDB 
NDB 
NDB 
ND 

NDB 
NDB 

ND B 
4.15E-01 
1.38E+01 

NDB 
NDB 
NDB 
NDB 
ND 

NDB 
2.15E+00 

NDB 
ND 

NDB 
NDB 
NDB 
NDB 
NDB 
ND 

NDB 
NDB 

NDB 
NDB 
ND 
ND 

NDB 
NDB 

1.66E+01 
4.03E+00 
2.86E+00 

NDB 
NDB 
NDB 
NDB 
NDB 
NDB 
NDB 
NDB 

2.86E+00 
NDB 
NDB 

32 Deg. P (0 Deg. C) -- 29.92 inches Hg 

ND - Not detected or EV catches; used as zero (0) 
NDB - The compound was detected on the full screen analysis at a 

concentration that was indistinguishable from the TLI 
Laboratory Blank results. The catch is considered 
indistinguishable from the blank results if it is not at 
least five times greater than the blank value. 

ENTROPY 
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TABLE 2-5 

PAHS EMISSIONS S U m Y  
THREE-RUN AVERAGES 
Unit No. 1 Stack 

------- concentration--------- 
ngfDSCM ng/DsCM ngfDSCM 

@ 12% COZ @ 76 02 - ......................................................... 
Acenaphthene NDB NDB NDB 
Acenaphthylene 7.18E-01 9.7lE-01 1.03E+OQ- 
Anthracene 6.95E+00 9.70E+00 1.03E+01 
Benzo(a)anthracene NDB NDB NDB 
Benzo(b)fluoranthene 1.28E+00 1.71E+00 1.80E+00 
Benzo(k)fluoranthene NDB NDB NDB 
Benzo(g,h,i)perylene 5.533+00 7.573+00 8.03E+00 
Benzo(a)pyrene 1.34E+00 1.83E+00 1.95E+00 
Benzo(e)pyrene 9.53E-01 1.30E+00 1.38E+00 
2-chloronaphthalene 7.17E-01 l.OZE+OO 1.09E+00 
Chrysene NDB NDB NDB 
Dibenz(a,h)anthracene NDB NDB NDB 
Pluoranthene NDB NDB NDB 
Fluorene NDB . NDB NDB 
Indeno(l,2,3-cd)pyrene NDB NDB NDB 
2-Methylnaphthalene NDB NDB NDB 
Naphthalene NDB NDB ND B 
Perylene 9.53E-01 1.30E+00 1.38E+00 
Phenanthrene NDB NDB NDB 
Pyrene NDB NDB NDB 

--- Emission Rate --- 
lbs f hr g/- 

NDB 
1.223-07 
1.17E-06 

NDB 
2.18E-07 

NDB 
9.373-07 
2.273-07 
1.61E-07 
1.20E-07 

NDB 
NDB 
NDB 
NDB 
NDB 
NDB 
NDB 

1.61E-07 
NDB 
NDB 

NDB 
1.543-08 
1.47E-07 

NDB 
2.743-08 

NDB 
1.183-07 
2.863-08 
2.033-08 
1.51E-08 

NDB 
NDB 
NDB 
NDB 
NDB 
NDB 
NDB 

2.03E-08 
NDB 
NDB 

32 Deg. F -- 29.92 inches Hg 

ND - Not detected or EV catches; used as zero (0) 

NDB - The compound was detected on the full screen analysis at a concentration 
that wad lndistinguishable from the TLI Laboratory Blank results. 
The catch is considered indistinguishable from the blank results 
if it is not at least five t h e e  greater than the blank value. 
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2-9 

- 
T e s t  Date 

Run S t a r t  Time 
Run Fin ish  Time 

- - - 
TABLE 2-6 

HYDROGEN CHLORIDE TESTS SUMMARY 

Uni t  No.  1 SDA I n l e t  

1-I-M26-1 1-1426-2 1-1426-3 Average -------_- ________- __------- ------- 
6/19/91 6/19/91 6/19/91 

1225 1715 1930 
1340 1822 2040 

.. - 

Volume of Dry Gas Sample, DSL* 119.253 120.157 117.920 

Flue Gas Parametere** 

1202, Percent By volume, Dry 9.0 8.6 10.3 9.3 

02, Percent  By Volume, Dry 11.0 11.4 9.4 10.6 

A i r  Flow R a t e ,  D r y  SCFM 48,490 47,550 45,116 47,052 

Hydrogen ch lo r ide  

Concentration, p p v d  159 65.6 551 259 

Concentration, ppmvd Q 12% &2 213 91.5 642 315 

Concentration, ppmvd Q 70 02 

Emission Rate, lb/hr 

223 95.7 665 3 2 8  

43.7 17.6 141 67.3 

* 70' F ( 2 1 '  C)  -- 29.92 Inches Of Mercury (Hg) 

** From runs 1-144-1,  1-1444-2, and 1-1444-3, respec t ive ly .  

ENTROPY 



. I I  

Rm Date 

2-10 - -  TABLE 2-7 - 
MERCURY TESTS SUMMARY 

Uni t  NO. 1 8 D A  Inlet 

1-I-MlOlA-1 1-1-MlOlA-2 1-I-MlOlA-3 Average - 
2 

6/18/91 6/ 18/91 6/ 18/91 

Rm Start Tim 
Rm Finish Tim 

Test Train Parsmeters: 

Volune O f  Dry Gas Sagle, SCF 

Percent Isokinetic: 

F l u e  Gas Parmeters: 

q, Percent By V o i w ,  Dry  

02, Percent By VoLme, D r y  

lenperature, 'F 

Air Fiw Rate, Dry scFM 

A i r  Flw Rate, Yet ACFM 

E X C ~ S S  Air, Percent 

3 G I L( S" 

Mercury: 

1445 0810 
1025 1345 1715 

1100 _ _  

65.098 69.691 65.288 

100.8 100.6 99.0 

10.0 9.7 10.0 9.9 

9.8 10.1 10.0 10.0 
A. 

518 425 

46,811 

a 7 . m  94.957 =.a92 90,407 

e4 91 90 a9 

Concentration, ugfDSoC 

Concentration, ugmscn 0 12% COZ 

Concentration, ugmSC4 0 7% 02 

Concentration, grainslDSCF 

Concentration-, ar/DSCF 0 12% COZ 

Concentration, gr/DSCF 0 7% 02 

Emission Rate. Lbfhr 

539 598 638 558 

527 740 766 678 

549 760 812 710 

1 .w-OM 2.6lE-004 2.7%-OM 2 . U - M u  

2.30E-OM 3.M-004 3.3%-004 2.96E-Mu 

2.40E-001 3.3t.E-004 3.55E-OM 3.1oE-OM 

0.0744 0.110 0.111 0.0985 

70' F ( 21. C) -- 29.92 Inches of Mercury (Hg) 

ENTROPY 
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2-11 - -  TABLE 2-8 

WETALS TESTS SWl4ARY 

- 

Rm Date 

Rm Start  Tlme 
Rm Finish T i n a  

l e s t  Train Parmeters: 

U n i t  NO. 1 SDA In le t  

1-1 -WWTL-l 1-I-WTL-2 1-I-WTL-3 Average - 
6/17/91 6/17/91 6/17/91 

le00 1030 1435 
1253 1707 2028 

_ _  

~~~ ~ 

Volune O f  D r y  Gas Senple, SCF ' 
Percent I s o k i n t i c :  

F l u e  Gas Parnmters: 

87.881 

97.0 

86.200 

96.6 

88.831 

95.2 

~ ~ 

C%, Percent By Volune, D r y  

02, Percent By Volune, D r y  

Tarperature, O F  

A i r  Flw Rate, D r y  SCFM 

A i r  Flow Rate, Uet ACFM 

Excess Air, Percent 

Arsenic: 

9.2 

10.7 

421 

46,588 

91,Ul  

102 

8.8 

11.4 

431 

45,859 

W,lW 

118 

8.9 9.0 

11.1 11.1 

4% 429 

47,949 46.799 

92,863 91,498 

111 110 

Cmentratim, ug/DSM 

Carentratim, ug/Dso( a 1ZX 032 

Concentration. ug/DscII a 7% 02 

Concentratim, grainslDSCF 

c m e n t r a t i & .  gr/DSCF a IZX coz 

C m e n t r a t i m ,  gr/DSCF 0 7% 02 

Emission Rate, lb/hr 

1,125 1,167 914 1,069 

1.467 1,592 1.233 1,431 

1,529 1.703 1 . m  1.508 

4.92E-004 5.lM-004 LWE-004 4.67E-004 

6.41E-004 6.W-005 5.39E-OW 6.25E-004 

6.68E-004 7.44E-005 5.65E-004 6.5%-004 

0.1% 0.201 0.164 0.187 

(Continued next page 
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2-12 - -  TABLE 2-8 (Continued) - 

METALS TESTS SUUMARY 

U n i t  No. 1 SDA I n l e t  

1-I-MTL-1 1-I-WTL-2 1-I-WTL-3 Average - 

Cmcmtration, ug/DSM 3.28 5.45 1 .?7 3.50 .. - 
concentration, w/DSCn a 12% aU 4.28 7.43 2.39 4.70 

Concentration, ug/DSCn 0 7% 02 b.16 7.95 2.50 4.97 

concentration, graIns/DSCF 1.43E-006 2.m-OM 7.73E-007 1.53E-006 

Concentration, gr/DSCF 0 12% C02 1.87E-006 3.25E-OW 1.04E-006 2.05E-006 

cmcmtration, gr/DSCF a 7% 02 1.95E-006 3.47E-006 1.09E-006 2.17E-006 

Emission Rate, Ib/hr 5.m-004 9.36E-004 3.18E-004 6.opE-OW 

c*iun: - 
Cmcentration, ug/DSOI 

concentration, W/DSC~ a 12% m? 

Concentration, ug/OSCn a 7% 02 

Concentration, grainslDSCF 

Concentration, gr/OSCF a 12% CO2 

Concentration, gr/DSCF 0 7% 02 

Emlssim Rate, Ib/hr 

. 

1.221 1.360 1,240 1,274 

1,593 1.855 1,672 1,707 

1 . w  1,= 1,754 1.799 

5.34E-004 5.94E-004 5.42E-004 5.57E-OW 

6.W-OW 8.1lE-004 7.31E-004 7.46E-OW 

7.26E-004 8.67E-OW 7.67E-OW 7.87E-004 

0.213 0.234 0.223 0.223 

70' F ( 21' C) -- 29.92 Inches of Mercuy (Hg) 

(Continued next page: 
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2-13 - -  TABLE 2-8 (Continued) - 
UETALS TESTS SUUUARY 

Unit No. 1 SDA I n l e t  

Chranim: 

Concentration, ugDSo1 

Concentration, ug/DSCW 0 1ZX COZ 

Concentration, ug/DsoI a 7% 02 

concentration, grains/DSCF 

concentration, gr/OSCF a 12% coz 

concentration, gr/DSCF a 7% 02 

Emission Rate, ib/hr 

Lead: - 
Concentration, u S m S o 1  

Concentration. W D S C W  0 12% COZ 

Concentration, w/OSM a 7% 02 

Concentration, grains/DsCF 

concentration, grlbsCF a In coz 

Concentration, grDSCF 0 7% 02 

Emission Rate, Lb/hr 

- 

1 - I  -WTL-l 

840 

1.095 

1,141 

3.67E-005 

4.m-004 

4.99E-001 

0.147 

22.420 

29,244 

30.474 

0.00980 

0.0128 

0.0133 

3.91 

70. F ( 21' C) -- 29.92 Inches of Mercury (Hg) 

ENTROPY 

1 - I - M L - 2  1-I-MTL-3 Average - 

81 1 833 

1,156 1,093 1,115 

._ 848 

1,237 1,147 1,175 

3.71E-004 3.54E- 004 3.64E-006 

5.05E-004 4.78E-004 4.87E-005 

5.4OE-004 5.01E-004 5.1K-005 

0.146 0.146 0.146 

22.243 25,520 0.395 

30,332 w.400 31,328 

32,438 %m 33.000 

O.OO9R 0.0112 0.0102 

0.0133 0.0150 0.0137 

0.0142 0.0158 0.0144 

3.82 4.58 5.10 

( C o n t i m a d  next page) 



2-14 - -  TABLE 2-8 (Continued) - 
UETALS TESTS S-Y 

Unit No .  1 SDA I n l e t  

1-I-mat-1 

Nickel: - 
Concentration. uglOSCM 

Concentration, ugloscw a la COZ 

Concentration, uglDsm 0 7x 02 

Concentration, prainsDSCF 

Concentration. grIDSCF 0 1ZX COZ 

Concntration, grIDSCF a 7% 02 

Emission Rate, lblhr 

317 

414 

431 

1.3%-004 

1.81E-004 

1.89E-004 

0.0554 

70' F < 21' C) - -  29.92 Inches of Mercury (Hg) 

1 - I-MTL-2 1- I-WTL-3 

297 307 

418 400 

447 419 

1.34E-004 1.30E-004 

._ 

1.83E-004 1.75E-001 

1.w-004 (.=E-004 

0.0527 0.0533 

Average - 

307 

411 

432 

1.34E-004 

1.80E-004 

1.8%-004 

0.0538 

ENTROPY 



SULFUR DIOXIDE TESTS SUMMARY 

Unit No. 1 SDA Inlet 

Test Date 

Run Start Time 
Run Finish Time 

Flue Gas Parameters 

cO2, Percent By Volume, Dry 

0 2 ,  Percent By Volume, Dry 

Air Flow Rate, Dry S C F W  

Sulfur Dioxide 

Concentration, ppmvd 

Concentration, ppmvd @ 12% cOZ 

Concentration, ppmvd '2 7% 02 

Emission Rate, lb/hr 

1-I-CEM-1 

6/19/91 

1225 
1325 

- - - - - - - - - 

9.0 

11.0 

48,490 

281 

375 

394 

136 

1-I-CEM-2 

6/19/91 .. . 

1710 
1810 

------- -_ 

8.6 

11.4 

47,550 

82.7 

115 

121 

39.4 

* From runs 1-1444-1, 1-1444-2, and l-I-M4-3, respectively. 

ENTROPY 
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10.3 9.3 

9.4 10.6 

45,116 47,052 

96.4 153 

112 201 

116 2 10 

43.6 73.1 



i 

Run Date - 
R u n  S tar t  Time 

R u n  Finish Time 

2-16 - TABLE 2-10 - - 
VOLUMETRIC AIR FLOW RATES TESTS SUMMARY 

U n i t  No. 1 SDA I n l e t  

Test Train Parameters: 

Volune O f  Dry Gas Sample, SCF * 

Flue Gas Parameters: 

C02, Percent By Volune,  Dry 

02, Percent By Volune, Dry 

Temperature, ‘F 

Air Flou Rate, Dry SCFM * 

A i r  Flow Rate, Wet ACFM 

1 - I  -M4- 1 1- I -*-2 1-1444-3 Average 
- - - - 
6/19/91 6/ 19/91 6/19/91 

1225 1715 1930 
1340 1822 - -  2040 

26.820 27.499 27.111 

9.0 8.6 10.3 9.3 

1 1  .o 11.4 9.4 10.6 

430 427 417 425 

48,490 47,550 45,116 47,052 

95.429 92,371 87.W2 91,931 

ENTROPY 



- - - TABLE 2-11 

CARBON MONOXIDE, NITROOEN OXIDES, SULFUR DIOXIDE 
AND TOTAL HYDROCARBOWS TESTS SUMMARY 

T e s t  Date 

Run S t a r t  Time - Run Fin ish  Time 

Flue G a s  Parameters 

CO2, Percent By Volume, D r y  

02, Percent  By Volume, D r y  

A i r  Flow R a t e ,  D r y  SCFM* 

Carbon Monoxide 

Concentration, ppmvd 

Concentration, ppmvd @ 12% CO2 

Concentration, ppmvd @ 7% 02 

Emission Rate, lb/hr 

Nitroqen Oxides as NO2 

. concentrat ion,  ppmvd 

Concentration, p p v d  @ 12% a32 

Concentration, ppmvd @ 7% 02. 

Emission Rate, l b / h r  

Sulfur  Dioxide 

Concent rat ion, ppmvd 

Concentration, ppmvd @ 12% CO2 

Concentration, ppnvd @ 7% 02 

Emission R a t e ,  lb/hr 

Total  Hvdrocarbons 

Concentration, ppmvd 

6/19/91 

1225 
1325 

9.0 

11.0 

47,071 

12.2 

16.3 

17.1 

2.51 

150 

200 

210 

50.8 

41.8 

55.7 

58.5 

19.7 

1.86 < 

Concentration, ppmvd @ 12% CO2 2.48 < 

Concentration, ppmvd @ 7% 02 2.61 < 

Emission Rate, l b / h r  0.220 < 

6/19/91 

1710 
1810 

_ _  
8.8 

11.4 

49,239 

9.9 

13.5 

14.4 

2.13 

143 

195 

209 

50.6 

0.800 

1.09 

1.17 

0.394 

1-S-CEM-3 

6/19/91 

1930 
2030 

--------- 

9.0 

10.7 

45.035 

10.0 

13.3 

13.6 

1.97 

152 

203 

207 

49.2 

6.20 

8.27 

8.43 

2.80 

1.21 < 1.22 < 1.43 

1.65 < 1.63 < 1.92 

1.77 < 1.66 < 2.01 

0.138 < 0.169 0.149 < 

2-17 

8.9 

11.0 

47,115 

10.7 

14.4 

15.0 

2.21 

148 

199 

208 

50.2 

16.3 

21.7 

22.7 

7.63 

From runs l-S-NJMS-ZSB, 1-S-NJM5-3, and 1-S-NJH5-4, respec t ive ly .  

ENTROPY 



2-18 

Teat Date 

Run Start  Time 
Run Finish Time 

Volume of D r y  Gas Sample, DSL' 

Flue Gas Parameters** 

c02, Percent By Volume, D r y  

- -  - 
TABLE 2-12 

HYDROGEN CHLORIDE TESTS SUMHARY 

Unit No. 1 Stack 

1-s-pU6-1 1-S-M26-2 144426-3 Average ---_-__ _________ ----_--_-- --------- 
6/19/91 6/19/91 _ _  6/19/91 

1225 1710 1930 
1325 1820 2040 

116.322 116.569 116.777 

9.0 8.8 9.0 

11.0 11.4 10.7 

. 47,071 49,239 45,035 

02, Percent By Volume, Dry 

Air Flow Rate, D r y  SCFM 

Hydroaen Chloride 

concentration, ppmvd 3.74 1.02 10.5 

Concentration, ppnvd @ 128 W 2  4.99 1.39 14.0 

concentration, ppmvd @ 7% 02 5.23 1.49 14.3 

Emission Rate, lb/hr 0.996 0.284 2.68 

* 70' F (21' C)  -- 29.92 Inches Of Mercury ( H g )  

** From runs l-S-NJX5-ZSB. 1-S-NJX5-3, and 1-S-NJX5-4, respectively.  

8.9 

11.0 

47,115 

5.09 

6.80 

7.00 

1.32 

ENTROPY 



R u n  Date - 
R u n  S tar t  Tim 
Rm Finish Tim 

Test Train Parameters: 

2-19 - -  - TABLE 2-13 

HYDROGEN FLUORIDE TESTS SUEIHARY 

Unit  No. 1 Stack 

I - S - M I ~ B - I  1-s-WE-2 I - S - M I ~ B - S  Average 
- 

6/18/91 6/18/91 6/18/91 

1905 
1520 j810 2020 

.. - 1410 imo 

Volune O f  Dry Gas Sanple. SCF 

Percent Isokinetic: 

Flue Gas Parameters: 

38.916 35.206 36.148 

101.2 102.8 103.2 

co2, Percent By Voltme, Dry 8 9 8, 8.8 

02. Percent By Voltme, Dry - 11.9 10.6 11.5 11.3 

Tenperatwe, 'F 264 262 261 262 

A i r  Flow Rate. Dry SCFM 49,521 44.808 45,118 46,482 

A i r  Flow Rate, Wet ACFM 81,258 73.m 74,059 76.374 

Excess A i r ,  Percent 130 101 120 117 

Hydrogen Fluoride: 

Concentration, ppnvd 

Concentration. ppnvd a 12% C02 

Concentration, ppnvd a 7% 02 

Emission Rate, I b l h r  

< 0.519 1.52 < 0.497 < 0.845 

< 0.741 1.94 < 0.693 < 1.12 

< 0.798 2.05 0.732 < 1.19 

< 0.0798 0.212 < 0.0695 < 0.120 

70' F ( 21. c) -- 29.92 Inches of Mercury (Hg) 
Indicates the value i s  below the detection l i m i t .  < 

ENTROPY 



R u n  Date - 
R u l  Star t  Tim 
R u l  Finish T i m  

Test Train P a r m t e r s :  

volune of Dry Gas Saaple, SCF 

Percent Isokinetic: 

TABLE 2-14 

UERCURY TESTS SUMHARY 

Unit No. 1 Stack 

Flue Gas Parmeters: 

C02, Percent By Volune, Dry 

02, Percent By Volune, D r y  

Tenperature, 'F 

A i r  Flou Rate, Dry SCFM 3 62s 

1-S-MlOlA-1 1-S-MlOlA-2 

6/18/91 6/18/91 

0810 1100 
1025 1 x 5  

A i r  Flou Rate. Yet ACFM 

Excess A i r ,  Percent 

Mercury: 

Concentration. ug/oscw 

Concentration, ugloscw a 12% C02 

Concentration, ug losol  a 7% 02 

Concentration, prainsl0SCF 

2-20 - -  - 

1-S-M101A-3 Averauc - 
6/18/91 

1446 . 
1715 

- 

73.841 92.403 72.202 

100.0 98.3 99.7 

9.1 8.6 9.2 

10.9 11.4 10.9 

81,853 84,027 

107 117 

39.5 203 

52.0 281 

54.7 296 

72E. 005 8.87E-co5 

Concentration; i r / O S C F  a 1zX MI2 2.27E-005 1.24E-004 

CoKentration, pr/DSCF a 7% 02 2.3%-005 1.29E-oos 

Emission Rate. ib/hr 0.00736 0.03% 

70' F ( 21' c) - -  29.92 Inches of Mercury (Hg) 

79,742 

107 

217 

283 

301 

9.49E-005 

1.24E-004 

1.32E-004 

0.0398 

9.0 

11.1 

259 

50,170 

81.874 

110 

153 

206 

217 

6.6%-005 

9. O t E -  005 

9.50E- 005 

0.0289 

ENTROPY 



R u n  Date 
* 

R u n  S tar t  Tim 
R u n  F in ish T i m  

Test Tra in  P a r m t e r s :  

TABLE' 2-15 - 
METALS TESTS SUHWARY 

Unit No. 1 Stack 

2-21 - 
- 

1-S-WTL-1 1-S-IMTL-2 1-S-KMTL-3 Average - 
6/17/91 6/17/91 6/17/91 

1030 1435 1800 
1255 1705 - -  2028 

v o l m  of D r y  Gas sample, SCF 

Percent Isokinetic: 

FLue Gas Paremeters: 

83.076 82.046 86.262 

99.5 98.4 97.7 

EOZ, Percent By Volun?, Dry 

02, Percent By Volune, Dry 

T q r a t u r e ,  'F 

A i r  Flou Rate. Dry SCFM 

A i r  FLou Rate, Uet ACfM 

Excess A i r ,  Percent 

Arsenic: - 
Concentration, uglost l l  

Concentration, ug/oSCII a 12% C02 

Concentraticn, up/OSu( 0 ?% 02 

Concentration, grainslDSCF 

CMcentration'. -gr/DSCF a 12% c02 

Concentration, @r/DSCF a ?% 02 

Emission Rate. lb/hr 

9.0 

- 11.0 

266 

49,107 

82,603 

109 

1.62 

2.15 

2.26 

7.06E-007 

9.41E-007 

9.88E-007 

2.97E -004 

70' F ( 21' C) - -  29.92 Inches of Mercury (Hg) 

< Indicates the value i s  below the detection l i m i t .  

8.8 

11.2 

268 

48,670 

81,069 

113 

0.465 < 

0.634 

0.664 < 

7.9 

12.1 

264 

51,957 

85,740 

134 

0.4W < 

0.622 < 

0.644 

8.6 

11.4 

266 

49,911 

83.137 

119 

0.831 

1.14 

1.19 

2.03E-007 1.79E-007 3.63E-007 

2.77E-007 < 2.RE-007 4.97E-007 

2.90E-007 2.81E-007 < 5.20E-007 

8.47E-005 < 7.97E-005 e 1.54E-OW 

(Continued next pege: 

ENTROPY 



Beryl L i u n :  

Concentration, ug/DSO( 

Concentration, WIDSU~ a 12% w2 

concentration, W/DSC)( a 7% 02 

Concentration, grainslDSCF 

Concentration, grlDSCF a 12% W2 

Concentration, gr/DSCF 0 7% 02 

Emission Rate, Ib/hr 

Cahiun: 

-. - - TABLE 2-15 (Continued) 

UETACS TESTS SUHMRRY 

Unit  No. 1 Stack 

1-S-WTL-1 1-S-WTL-2 1-S-WTL-3 Average - 

< 0.0425 0.0430 0.0409 < 0.0421 .. - 
8 0.0567 0.0587 < 0.0622 < 0.0592 

e 0.0595 < 0.0615 0 . W  0.0618 

< 1 .M-008 < 1.m-008 1.79E-008 < 1.84E-008 

< 2.4%-OW < 2.5bE-008 2.72E-008 e 2.59E-008 

< 2.60E-008 < 2.69E-008 K 2.81E-008 < 2.70E-008 

< 7.82E-006 < 7.85E-006 e 7.97E-006 < 7.W-006 

Concentration, ug/DSCM 

concentration, ugioscn a 12% c02 

Concentration, ug/DSul 'd 7% 02 

Concentratiar, grains/OSCF 

concentration, grIDSCF a 12% COZ 

concentration, gr/DSCF a 7% 02 

Emission Rate, Lb/hr 

< 4.25 < 4.30 < 4.09 < 4.21 

' 5.67 < 5.87 6.22 ' 5.92 

< 5.95 < 6.15 < 6.44 < 6.18 

< 1.5%-006 1.88E-006 1.79E-006 < 1.84E-OW 

2.4%-006 a 2.W-006 2.72E-006 2.59E-006 

< 2.bO.E-006 e 2.69E-006 < 2.8lE-006 < 2.70E-006 

< 7.82E-004 < 7.85E-004 7.97E-004 < 7.m-004 

70' F ( 21' C) - -  29.92 inches of Mercury (Hg) 
Indicates the value i s  below the detection l i m i t .  

ENTROPY 

2-22 

(Continued next page: 



Chrmim: - 
Concentration. ugIDSUI 

Cancentration, ug/DSCM a 12% coz 

Concentration, Ue lDSUI  0 7% 02 

Cmentrat ion,  grainsfDSCF 

Concentration. grlDSCF a 12% COZ 

Concentration, grIDSCF 0 7% 02 

Emission Rate, Ib/hr 

Lead: - 
Concentration. uglDSUI 

Cancentration, u g ~ ~ s t l l  a IZX c0Z 

Concentration, ugIDSUI a 7% 02 

Concentration. grainslOSCF 

Concentration. grlDSCF a 12% COZ 

Concentration, grmSCF a R: 02 

Emission Rate, Ib lhr  

- TABLE 2-15 (Continued) 

HETALS TESTS SU13MARY 

Unit No. 1 stack 

1-S-WTL-1 

< 8.50 

< 11.3 

< 11.9 

< 3.RE-006 

< 4.958-006 

e 5.208-006 

< 0.00156 

96.1 

128 

134 

4.20E-005 

5.6OE-005 

5 .m-005  

0.01TI 

* 70' F ( 21' C) -- 29.92 Inches of Hercury (Hg) 

Irdisates the value i s  below the detection l i m i t .  

2-23 - - 

1-S-WTL-2 1-S-WTL-3 Average - 

27.8 < 15.5 

14.1 42.3 < 22.6 

14.8 43.8 < 23.5 

4 S1E-006 1.22E-005 < 6.8lE-006 

_ _  10.3 

6.1s-006 1.85E-005 9.87E-006 

6.45E-006 1.91E-005 1.03E-005 

0.00188 0.00542 e 0.00295 

< 8.61 12.3 39.0 

< 11.7 18.7 < 52.8 

< 12.3 19.3 < 55.2 

< 3.76E-006 5.37E-006 < 1.70E-005 

< 5.13E-006 8.15E-006 < 2.31E-005 

< 5.37E-006 8.44E-006 < 2.42E-005 

< 0.00157 0.00239 0.00722 

ENTROPY 
(Continued m x t  page) 



b n' 
2-24 - - 

TABLE 2-15 (Continued) - 

METALS TESTS SUMHRRY 

Uni t  No. 1 Stack 

Nickel: - 
Concentration, ug/DSCU 

concentration, ug/DSa( 0 12% Co2 

Concentration, ug/DSa( 0 7% 02 

Concentration, grains/DSCF 

Concentration, gr/OSCF 0 12% COZ 

Concentration, grlDSCF 0 7% 02 

Emission Rate, lb/hr 

1-S-MTL-1 

< 8.50 

< 11.3 

< 11.9 

< 3.72E-006 

< 4.95E-006 

5.20E-006 

0.00156 

i 

70' F ( 21' C) - -  29.92 Inches of Mercury (Hg) 
< Indicates the value i s  below the detection l i m i t .  

1 -S-MTL-2 1 -S-WTL-3 Average - 

15.6 < 11.2 9.47 

12.9 23.6 8 15.9 

_ _  

13.5 24.5 e 16.6 

4.14E-006 6.80E-006 < 4.8%-006 

5.64E-006 1.03E-005 e 6.96E-006 

5.91E-006 1.07E-005 < 7.27E-006 

0.00173 0.00303 < 0.00211 

ENTROPY 



2-25 

- 
T e s t  Date 

Run Start  Time 
Run Finish Time 

Volume O f  G a s  Sampled, DSL* 

A i r  Flow Rate, D r y  SCFM** 

Methane 

Concentration, p p v d  

Emission Rate, lb/hr 

- - - 
TABLE 2-16 

METHANB TESTS SQMMMtY 

Unit No. 1 Stack 

1-S-M18-1 

6/19/91 

1225 
1340 

--------- 

4.228 

47,071 

4.256 4.238 

49,239 45,035 47,115 

< 1.61 < 1.61 C 1.61 C 1.61 

< 0.190 < 0.199 < 0.182 c 0.190 

70' F (21' C) -- 29.92 Inches of Mercury (Hg) 

** From runs l-S-NJM5-2SB, 1-9-8JU5-3, and 1-5-NJM5-4. 

ENTROPY 
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2-26 - -  TABLE 2-17 - 

PARTICULATE TESTS SUMMARY 

Uni t  No. 1 stack 

R V I  oate 

R u n  S tar t  T i m  
Rm Fin ish Tim 

Test Tratn Parameters: 

V o l m  Of D r y  Gas Senple, SCF 

Percent Isok inet ic :  

Flue Gas Parameters: 

1-S-WJM5-2SB 1-2-YJM5-3 1-S-WJMS-4 1-S-WJM5-5 Average - 
6/19/91 6/19/91 6/19/91 6/19/91 

1225 1710 1930 2115 
1340 1820 -- 2040 2222 

35.665 38.822 33.714 41.639 

102.3 100.0 101.1 w.7 

C02. Percent By Volune, Dry 

4.. Percent By Volune, Dry 

Temperature, O F  

A i r  Flow Rate, Dry SCFM 

A i r  Flow Rate, Yet ACFM 

Excess A i r ,  Percent 

F i  l terable Part iculate: 

Concentration, mg/OSul 

Concentration, ~WDSCW a 12% W 2  

Concentration. m/osCW a 7x 02 

Concentration, grains/OSCF 

Concentratiwi, 'gr/OSCF a 12% C02 

Concentration, grlOSCF D 7% 02 

Emission Rate. Ib/hr 

9.0 

11.0 

262 

47,071 

79,561 

109 

4.16 

5.54 

5.82 

0.00182 

0.00242 

0.00254 

0.733 

70' F ( 21' C) - -  29.92 Inches of  Mercury (Hg) 

8.8 

11.4 

266 

49.239 

81,483 

118 

4.00 

5.46 

5.84 

o.ooin 

0.00239 

0.00255 

0.738 

9.0 

10.7 

263 

45,035 

75,065 

102 

7.23 

9.64 

9.82 

0.00316 

0.00421 

O.OW29 

1.22 

8.3 

11.7 

264 

52.978 

88,204 

124 

4.24 

6.13 

6.38 

0.00185 

0.00268 

0.00279 

0.841 

8.8 

11.2 

264 

4a.581 

81,078 

113 

0.91 

6.69 

6.97 

0.00215 

0.00293 

0.00304 

0.883 

(Continued next page: 
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2-27 - -  
TABLE 2-17 ( C o n t i n u e d )  - 

PARTICULATE TESTS SVHHARY 

U n i t  N o .  1 Stack 

1-S-WJM5-2SB 

Cadmsabie Particulate: - 
Concentration, WDSW 

Concentration, ne/DSCY a 12% C02 

Cmentrat ion,  !na/DOCM 0 7% 02 

Cmentrat ion,  grains/OSCF 

concentration, gr/DSCF a 12% c02 

Concentration, Or/OSCF a 7% 02 

Emission Rate, Ib/hr 

Total Particulate: 

Cmentrat ion,  w/OSM 

concentration, m m s ~  a 12% c02 

Concentration, w/DSW a 7% 02 

Concentration. grainslOSCF 

concentration, gr/DSCF 0 12% C02 

Cmentrat ion,  gr/DSCF 0 7% 02 

Emission Rate, ib/hr 

32.4 

43.2 

45.3 

0.0141 

0.0189 

0.0198 

5.71 

36.5 

48.7 

51.1 

0.0160 

0.0213 

0.0224 

6.44 

1-S-NJWS-3 1-S-WJWS-4 1-S-YJ115-5 

70' F ( 21' C) -- 29.92 Inches of Mercurv (Ha) 

ENTROPY 

5.75 9.64 . 5.68 

7.81 12.8 8.21 

8.36 13.1 8.55 

0.00250 0.00121 0.00248 

_ _  

0.00342 0.00561 0.00359 

0.00365 0.00572 0.00374 

1.06 1.63 1.13 

9.73 16.9 9.92 

13.3 22.5 14.3 

14.2 22.9 14.9 

0.00125 0.00737 0.00434 

0.00580 0.00983 0.00627 

0.00620 0.0100 0.00653 

1.80 2.84 1.97 

Average 

13.4 

18.0 

18.8 

0.00582 

0.00788 

0.00823 

2.38 

18.3 

24.7 

25.8 

0.00799 

0.0108 

0.0113 

3.26 



2-20 

- -  TABLE 2-18 

PARTICULATE S 10 MICRONS TEST SIJMUARY 

Unit No. 1 Stack  

Run Date 

Run S t a r t  Time 
Run F in i sh  Time 

-- T e s t  T r a i n  Parameters 

Volume of D r y  G a s  sampled, SCF* 

Percent  I s o k i n e t i c  

Flue Gas Parameters -- 
CO2, Percent  By Volume,  D r y  
02, Percent  By Volume, D r y  

Temperature, 'F 

Air Flow R a t e ,  SCFM, Dry* 
Air Flow Rate, ACFH, W e t  

PMlO Ca lcu la t ions  

D i a .  I n  Cyclone, Microns 

P a r t i c u l a t e  Catch, 

To ta l ,  Milligrams 
< 10 Microns, Milligrams 
> 10 Microns, Milligrams 

Percent  of t o t a l  P a r t i c u l a t e  

< 10 Microns, Milligrams 
> 10 Microns, Milligrams 

P a r t i c u l a t e  Emission Resul t s  for < 10 Microns 

Concentration, gr/DSCF* 

concent ra t ion ,  gr/DsCP @ 12% -2' 

Concentration, gr/DSCF @ 1% 02. 

Emission R a t e ,  lb/hr 

70' P (21. C )  -- 29.92 Inches of Mercury (Hg). 

1-S-M201A-1 ----------- 
6/20/91 

950 
1313 

64.724 

112 

9.1 
10.9 

265 

43,614 
73,092 

9.59 

3.7 
1.8 
1.9 

48.6 
51.4 

0.000429 

0.00124 

0.000595 

0.161 

ENTROPY 



'r. .o' 2-29 

- -  - 
TABLE 2-19 

PCDD/PCDF AND PAHS SAMPLE TRAIN AND FLUE GAS PRRAEIgTER SUMMARY 

Unit No. 1 Stack 

- 
Run Date 

Run Start Time 
Run Finish Time 

Test Train Parameters 

Volume of Gas Sampled. 

Dry Stand. Cubic Feet 

Dry Stand. Cubic Meters 

Average Sampling Rate. 

Dry Stand. Cubic Feet/min 

Dry Stand. Cubic Meters/min 

Percent Ieokinetic 

Flue Gas Parameters 

Combustion Products 

c02, Percent by volume, ~ r y  

02, Percent by Volume, Dry 

Moisture, Percent by Volume 

Temperature 

Degrees Fahrenheit 

Degrees Celsiua 

Volumetric Flow Rates 

Dry Stand. Cubic Ft/Min.+ 

Dry Stand. Cubic Meters/Min.* 

Actual Cubic Ft/Min. 

Actual Cubic Meters/Min. 

1-8-M23-1 

6/17/91 

1000 
1330 

------- - 

105.474 

2.987 

144423-2 

6/17/91 

lSS0 
1908 

-------- 

101.998 

2. a89 

1-S-M23-3 Average -------- ------- 
6/18/91 

925 
1235 

106.021 

3.003 

0.586 0.567 0.579 

0.0166 0.0161 0.0164 

99.7 99.2 101.0 

9.0 

11.0 

17.9 

268 

131 

45,414 

1,286 

82,790 

2,345 

32' F (0' C) -- 29.92 Inches Of Mercury (Hg) 

8.4 

11.8 

16.9 

269 

132 

44,819 

1,269 

80,854 

2,290 

8.8 

11.3 

17.5 

261 

127 

45,057 

1,276 

79,600 

2,254 

8.7 

11.4 

17.4 

266 

130 

45,097 

1,277 

81.081 

2,296 

ENTROPY 



2-30 - -  TABLE 2-20 - 

SULFURIC ACID MIST INCLUDING SULFUR TRIOXIDE TESTS SUMMARY 

Unit No. 1 Stack 

- Run Date 

R u n  S ta r t  Time 
R u n  F in ish T i n e  

Test T ra in  P a r m t e r s :  

1-s-118-1 1-s-118-2 1-S-118-3 Average - - - - 
6/19/91 6/19/91 6/ 19/91 

1930 . .. - 1225 1710 
1340 1820 2040 

V o l m  Of Dry Gas Ssrrple. SCF * 

Percent Isok inet ic :  

Flue GSS Paremeters: 

39.185 38.555 35.573 

98.7 97.2 99.8 

C02, Percent By V o l m ,  Dry 

02, Percent By Volune, Dry 

Temperature, O F  

A i r  Flou Rate. D r y  S C f M  

A i r  Flou Rate. Vet ACFM 

Excess A i r ,  Percent 

S u l f u r i c  Ac id M is t  (incl. 503): 

9.0 8.8 9.0 8.9 

11.0 11.4 10.7 11.0 

260 263 264 261 

51,115 49,923 4 5 . m  48,982 

&.a 80,981 76,005 80,557 

109 118 102 110 

Concentration, ppnvd 

Concentration, ppnvd 8 12% C02 

Concentration, ppnvd 8 7% 02 

Emission Rate. lb /hr  

1.15 0.451 3.69 1.76 

1.54 0.615 4.92 2.36 

1.62 0.658 5.02 2.43 

0.897 0.343 2.58 1.27 

70' F ( 21' E) - -  29.92 Inches of Mercury (Hg) 
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Test Date 

Run start Time 
Run Finish Time 

TABLE 2-21 

HYDRCGEN CHLORIDE TESTS SUMMARY 

Unit No. 2 SDA Inlet 

Volume of ~ r y  Gas sample, DSL* 115.527 115.149 113.057 

Flue Gas Parameters** 

CO2, Percent By Volume, Dry 9.0 8.8 9.3 9.0 

0 2 ,  Percent By Volume, Dry 11.0 11.3 10.6 11.0 

Air Plow Rate, Dry SCFM 

Hydroaen Chloride 

47,514 50,678 45,504 47,899 

Concentration, ppvd 95.7 105 103 101 

concentration, ppmvd C 120 CO2 128 143 133 134 

Concentration, ppvd @ 70 02 134 151 139 141 

Emission Rate, lb/hr 25.7 30.0 26.5 27.4 

* 70' F (21' C) -- 29.92 Inches Of Mercury (Eg) 

** From runs 2-1444-1, 2-I-M4-2, and 2-I-M4-3, respectively. 

ENTROPY 
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TABLE 2-22 

SULFUR DIOXIDE TESTS SIIHHARY 

Unit No. 2 SDA I n l e t  

I 

T e s t  Date 

Run Start  Time 
Run Finish Time 

Flue Gas Parameters 

COZ, Percent By Volume, Dry 

02, Percent By Volume, Dry 

A i r  F l o w  Rate, Dry SCFW 

Sulfur Dioxide 

Concentration, ppmvd 

Concentration, ppmvd @ 12% CO2 

Concentration, ppmvd @ 7% 0 2  

Emission Rate, lb/hr 

2-I-CEX-1 2-I-CEX-2 2-I-CEH-3 Average --------- --------- --------- - - - - - - - 
6/21/91 6/21/91 

1100 1310 1525 
1200 1410 1655 

_ _  6/21/91 

9.0 8.8 9.3 9.0 

11.0 11.3 10.6 11.0 

47,514 50,678 45,504 47,899 

80.8 71.1 73.5 75.1 

108 97.0 94.8 150 

113 103 98.9 105 

38.4 36.1 33.5 36.0 

From run8 2-1444-1, 2-I-H4-2, and 2-1444-3, respect ive ly .  

ENTROPY 



Run Date - 
R u n  S tar t  T i m e  
R t m  Finish Time 

2-33 
- TABLE 2-23 - - 

VOLUElETRIC A I R  FLOW RATES TESTS SUMMARY 

Unit Ne. 2 SDA I n l e t  

Test Train Parameters: 

Volune Of Dry Gas Ssnple, SCF 

Flue Cas Parameters: 

2 - I - w - 1  2-1-w-2 2 - 1 - a - 3  Average - - - - 
6/21/91 6/21/91 6/21/91 

1100 1310 1525 
1208 1430 -- 1635 

27.188 26.652 26.048 

co2, Percent By Volune, D r y  

02, Percent By Volune, Dry 

Tenperature, ‘F 

Air FLou Rate, Dry SCFM 

Air FLou Rate. Yet ACFU 

9.0 8.8 9.3 9.0 

11.0 11.3 10.6 11.0 

432 428 424 428 

67.514 50.678 45.504 47.899 

92,255 97.4% 87.197 92,312 

ENTROPY 
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- -  TABLE 2-24 

CARBON MONOXIDE, NITROOEN OXIDES, SULFUR DIOXIDE,  
AND TOTAL HYDROCARBONS TESTS SUHPIARY 

U n i t  No. 2 Stack 

Run S t a r t  Time 1100 
Run F in i sh  Time 1200 

Flue G a s  Parameters 
- 

CO2, Percent  By Volume, D r y  8.0 

02, Percent  By Volume, Dry 12.3 

Air Flow R a t e ,  D r y  SCFW 52,650 

2-s-cw-2 2-5-CEM-3 Average --------- --------- ------- 
6/21/91 6/21/91 

1310 1525 
1410 1655 

7;s 8.0 7.8 

12.8 12.2 12.4 

52,858 50,161 51,890 

Carbon Monoxide 

Concentration, ppurzd 35.5 22.8 18.5 25.6 

Concentration, ppmvd @ 12% CO2 53.3 36.5 27.8 39.2 

concentrat ion.  ppmvd @ 7% 02 57.1 38.9 29.4 41.8 

Emission Rate, lb /h r  8.18 5.28 4.06 5.84 

Nitroaen Oxides as NO2 

Concentration, ppmvd 124 132 126 1 2  7 

Concentration, ppmvd @ 12% CO2 186 211 189 195 

Concentration, ppurzd @ 7% 02 200 225 200 208 

Emission Rate, lb /h r  47.0 50.2 45.5 47.5 

Su l fu r  Dioxide 

Concentration, ppmvd 4.60 9.50 5.50 6.53 

Concentration, ppnvd @ 12% CO2 6.90 15.2 8.25 10.1 

Concentration, ppmvd @ 7% 02 1.40 16.2 8.75 10.8 

Emission R a t e ,  l b /h r  2.43 5.03 2.76 3.41 

T o t a l  Hvdrocarbons 

concent ra t ion ,  ppmvd < 1.20 c 1.20 < 1.19 < 1 . 2 0  

Concentration, ppllvd @ 12% CO2 < 1.80 < 1.92 < 1.79 < 1.84 

Concentration, ppnvd @ 7% 02 < 1.93 < 2.05 < 1.90 < 1.96 

Emission R a t e ,  l b /h r  < 0.159 < 0.159 < 0.150 < 0.156 

* From runs  2-8-NJn5-1, 2-S-NJH5-2SB. and 2-S-NJn5-3, r e spec t ive ly .  

ENTROPY 
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TABLE 2-25 

HYDROGEN CHLORIDE TESTS SIJIiUSlY 

Unit No. 2 Stack 

T e s t  Date 

Run S t a r t  Time 
Run Finish T h e  

Volume of Dry Gas Sample, DSL* 

Flue Gas Parameters+* 

1202, Percent By Volume, Dry 

2-S-X26-1 2-s-H26-2 2-s-M26-3 Average ___---_-- --------- --------- ------- 
6/21/91 6/21/91 6/21/91 

1100 1310 1525 
1208 1430 1635 

113.987 112.684 113.539 

_ _  

8.0 7.5 8.0 7.8 

12.3 12.8 12.2 12.4 

52,650 52,858 50,161 51.890 

02, Percent By Volume, Dry 

A i r  Flow Rate, Dry SCFX 

Hydroaen Chloride 

Concentration, ppnvd 0.980 

Concentration, ppmvd @ 120 &2 1.47 

Concentration, ppmvd B 70 02 

b i a s i o n  Rate, lb/hr 

1.58 

0.292 

70' F (21' C)  -- 29.92 Inches Of Mercury ( H g )  

*+ From runs 2-S-NJH5-1, 2-S-NJH5-ZSB, and 2-S-NJH5- . 

2.33 

3.73 

3.98 

0.697 

respect 

1.82 1.71 

2.74 2.65 

2.90 2.82 

0.518 0.502 

rely. 

ENTROPY 
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Test Date 

Run Start Time 
Run Finish Time 

Volume Of Gas Sampled, DSL* 

.Air Flow Rate, Dry SCFH** 

Methane 

Concentration, ppmvd 

- -  - 
TABLE 2-26 

HETHANE TESTS SUMMARY 

Unit No. 2 Stack 

2-S-H18-1 

6/21/91 

1100 
1215 

4.215 

52,650 

--------- 2-S-M18-2 2-S-H18-3 

6/21/91 6/21/91 

1310 1525 
1425 1610 

4.228 4.241 

52,858 50,161 

------ --- -------- - 
_ _  

Average - - - - - - - 

51,890 

< 1.61 < 1.61 < 1.61 < 1.61 

Emission Rate, lb/hr < 0.213 < 0.213 < 0.202 < 0.209 

70' F (21' C) -- 29.92 Inches of Mercury (Eg) 

** From rune 2-S-NJH5-1, Z-S-NJW-ZSB, and 2-S-NJH5-3. 

ENTROPY 



4> 
(I ,  3' 

2-37 - - TABLE 2-27 - 

PARTICULATE TESTS SUMMARY 

Unit No. 2 Stack 

Run Date 

R u n  S tar t  Time 
R u n  F in ish Tim 

Test Tra in  P a r e t e r s :  

2-S-WJm-1 2-S-NJM5-2SB 2-S-WJM5-3 2-S-NJM5-4 Average - 
6/21/91 6/21/91 6/21/91 6/21/91 

1100 1310 1525 1735 
1208 1430 1635 1842 

.. - 

Volune O f  Dry Gas Ssnple. SCF * 

Percent Isokinetic: 

Flue Gas Parameters: 

38.438 41.286 36.401 41.124 

98.5 99.1 98.0 100.3 

to2, Percent By Volune, D r y  

02. Percent By Volune, D r y  

Tnrperature, 'F 

A i r  Flow Rate. Dry SCFM 

A i r  Flow Rate, Uet ACFM 

Excess A i r .  Percent 

F i l t e r a b l e  Part iculate: 

8.0 7.5 8.0 8.4 8.0 

. 12.3 12.8 12.2 11.7 12.3 

266 262 265 267 265 

v 52,650 52.858 50,161 52,027 51,924 

86,486 86,382 81,713 86,563 85.206 

141 155 138 125 140 

Concentration. mg/DSCll 

Concentration, lne l~scl l  a 12% CO2 

Cment ra t ion ,  IW/OSCM a 7% 02 

Concentration, grains/OSCF * 

concentration; grlOSCF a IZX coz 

Cment ra t ion ,  grlDSCF a 7% 02 

Emission Rate, lblhr 

70' F ( 21' C) _-  29.92 Inches of Mercury (Hgl 

5.88 7.78 7.95 3.52 6.28 

8.82 12.5 11.9 5.03 9.56 

9.46 13.3 12.7 5.30 10.2 

0.00257 0.00340 0.00548 0.00154 0.00275 

0.00385 0.00544 0.00521 0.00220 0.00418 

0.00413 0.00581 0.00553 0.00232 0.00445 

1.16 1.54 1.49 0.686 1.22 

(Continued next page) 
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TABLE 2-27 (Continued) - 

PARTICULATE TESTS SUMMARY 

Unit  No. 2 Stack 

2-S-WJM5-1 Z-S-WJMS-ZSB 2-S-WJM5-3 2-S-WJM5-4 Average - 
. -  Condensable Particulate: 

Concentration, mgIOSCM 6.71 14.4 8.44 9.87 9.86 _ _  
Concentration, WOSCn 0 12X W2 10.1 23.0 12.7 14.1 15.0 

Concentration, mgIOSCM 0 ?% 02 10.8 24.5 13.4 14.9 15.9 

Concentration, grainslOSCF 0.00293 0.00628 0.00369 0.00432 0.00431 

Concentration, grlOSCF a 12X C02 0.00440 0.0100 0.00553 0.00616 0.00652 

Concentration. gr/DSCF a 7% 02 0.004R 0.0107 0.00587 0.00650 0.00695 

Emission Rate. l b / h r  1.32 2.85 1.59 1.92 1.92 

Total Particulate: 

Concentration, mglOSCM 12.6 22.2 16.4 13.4 16.2 

concentration, mg/OSW a 1ZX C02 - 18.9 35.4 24.6 19.1 24.5 

concentration, mglosCM a 7% 02 20.3 37.8 26.1 20.2 26.1 

Concentration, grainslOSCF 0.00550 0.00968 0.00716 0.00585 0.00705 

Concentration, grlOSCF a 1ZX COZ 0.00825 0.0155 0.0107 0.00836 0.0107 

Concentration, grlOSCF a ?% 02 0.00885 0.0165 0.0114 0.00881 0.0114 

Emission Pate. Iblhr 2.48 4.39 3.08 2.61 3.14 

70. F ( 21' C )  - _  29.92 Inches of Mercury (Hg) 
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- -  TABLE 2-28 

PARTICULATE S 10 MICRONS TEST S-Y 

Unit  No. 2 Stack  

Run Date 

~ Run S t a r t  Time 
Run F i n i s h  Time 

- T e s t  T ra in  Parameters -- 
Volume of D r y  Gas Sampled, SCF* 

Percent  I s o k i n e t i c  

Flue G a s  Parameters -- 
CO2, Percent  By Volume, D r y  
02, Percent  By Volume,  Dry 

Temperature, 'F 

A i r  Plow Rate, SCFM, D r y *  
A i r  Flow Rate, ACFM, W e t  

PMlO Ca lcu la t ions  

D i a .  I n  cyclone, Microns  

P a r t i c u l a t e  Catch, 

To ta l ,  M i l l i g r a m s  
< 10 Microns, Mi l l ig rams 
> 10 Microns, Milligrams 

Percent  of to ta l  P a r t i c u l a t e  

< 10 Microns, Milligrams 
> 10 Microns, Milligrams 

P a r t i c u l a t e  E m i s s i o n  Resu l t s  for < 10 Microns 

Concentrat ion,  gr/DSCP* 

Concentrat ion,  gr/DSCF B 12% c02* 

Concentrat ion,  gr/DSCF @ 7% 02* 

Emission Rate, l b / h r  

70.. F (20. C )  -- 29.92 Inches of Mercury (Hg). 

Z-S-M201A-l ____------- 
6/21/91 

1405 
1742 

65.072. 

91 

8.0 
12.2 

110 

59,362 
76,672 

9.52 

4.3 
3.4 
0.9 

79.1 
20.9 

0.000806 

0.00323 

0.00128 

0.410 

ENTROPY 
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TABLE 2-29 

HYDROGEN CHLORIDE TESTS SUMMARY 

Unit No. 3 SDA I n l e t  

- 
T e s t  D a t e  

Run S t a r t  Time 
Run F in i sh  Time 

Volume  of D r y  Gas Sample, DSL* 

Flue Gas Parameters** 

CO2, Percent  By V o l u m e ,  D r y  

02, Percent  By Volume, D r y  

A i r  Flow R a t e ,  Dry SCFM 

Aydroaen Chloride 

Concentration, ppmvd 

3-I-M26-2 

6/20/91 

1135 
1248 

116.345 

--------- 

9.0 

11.0 

4 4 . a ~  

80.3 

Concentration, ppmvd @ 12% CO2 107 

Concentration, ppmvd B 7% 02 112 

Emission R a t e ,  l b /h r  20.4 

3-I-M26-3 --------- 
6/20/91 _ _  

1355 
1712 

115.655 

8.9 

11.2 

48,698 

33.2 

44.8 

47.4 

9.15 

70' F (21' C )  -- 29.92 Inches Of Mercury (As) 

** From n n s  3-I-M4-2, 3-1444-3. and 3-144-4. r e spec t ive ly .  

3-I-M26-4 

6/20/91 

2150 
2315 

117.506 

--------- 

7.4 

12.7 

57,032 

2.82 

4.57 

4.75 

0.909 

Average ------- 

8.4 

11.6 

so, 185 

38.8 

52.1 

54.9 

10.1 

ENTROPY 
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TABLE 2-30 

SULFUR DIOXIDE TESTS BUMMARY 

U n i t  No. 3 SDA I n l e t  

T e s t  Date 

Run S t a r t  Time 
Run Fin ish  Time 

Flue Gas Parameters 

CO2, Percent  By Volume, Dry 

02, Percent  By Volume, Dry 

Air Flow Rate, Dry SCFM* 

Sulfur  Dioxide 

Concentration, ppmvd 

Concentration, ppmvd @ 12% CO2 

Concentration, ppmvd @ 7% 02 

Emission R a t e ,  lb/hr 

3-I-CIEW-1 

6/20/91 

925 
1025 

--------- 

9.4 

10.7 

45,759 

104.7 

134 

142 

48.0 

3-I-CEH-2 3-I-CEH-3 

6/20/91 6/20/91 

1135 1510 
1235 1710 

---___--- --------- 
.. - 

9.0 ' 8.9 

11.0 11.2 

44,826 48,698 

74.1 167.1 

98.8 225 

104 239 

33.3 81.5 

2-41 

Average 

9.1 

11.0 

46,428 

115 

153 

162 

54.2 

ENTROPY 
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TABLE 2-31 - -  - 
VOLUNETRIC AIR FLOW RATES TESTS SUMMARY 

Unit No. 3 SDA Inlet 

R u n  Date 

nun s t a r t  Tim 
R u n  Finish Tim 

Test Train Parameters: 

Volune Of D r y  Cas Senple, SCF 

Flue Gas Parameters: 

co2, Percent By V o l w ,  D r y  

02, Percent By V o l w ,  D r Y  

Temperature, 'F 

Air Flow Rate, Dry SCFN 

Air Flou Rate, Wet ACFW 

3-1-ML-1 3-I-Wu-2 3- I -W-3  3- I -ML-L Average 
- - - - - 

6120191 6/20/91 6120191 6/20/91 

0925 1135 1355 2150 
1033 1248 --7 1712 2315 

26.880 27.191 27.212 27.613 

9.4 9.0 8.9 7.4 8.7 

10.7 11.0 11.2 12.7 11.4 

427 436 444 45 1 440 

45,759 LL,826 48.698 57,032 49,079 

90,874 90.476 98,467 113,164 98.245 

ENTROPY 
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- - TABLE 2-32 

CARBON MONOXIDE, NITRWEN OXIDES, SULFUR DIOXIDE,  
AND TOTAL HYDROCARBONS TESTS SUMMMlY 

Unit N o .  3 Stack 

T e s t  Date 

Run S t a r t  Time 
Run F in i sh  T h e  - 

3-s-CEX-1 3-S-CEX-2 3-S-CEM-3 Average _________ ________- --------- ------- 
6/20/91 6/20/91 6/20/91 

925 1135 1510 
1025 1235 1710 

Flue Gas Parameters 

CO2, Percent By Volume, D r y  8.5 8; 6 8.0 8.4 

02, Percent  By VOluute, D r y  . 11.5 11.5 12.0 11.7 

Air Flow R a t e ,  Dry SCFM* 52,568 49,777 50,854 51,066 

Carbon Monoxide 

Concentration, ppmvd 8.7 11.1 13.7 11.2 

Concentration, p p v d  @ 12% COZ 12.3 15.5 20.6 16.1 

Concentration, ppmvd @ 7% 02 12.8 16.4 21.3 16.8 

Emission Rate, lb/hr 2.00 2.42 3.05 2.49 

Nitroaen Oxides as NO2 

Concentration, p v d  137 143 155 145 

Concentration, p p v d  @ 12% CO2 193 200 233 20s 

Concentration, p p v d  @ 7% 02 202 ’ 211 241 218 

Emission R a t e ,  lb/hr 51.8 51.2 56.7 53.2 

Sulfur Dioxide 

Concentration, p p v d  2.60 2.30 29.40 11.43 

Concentration, p p v d  @ 12% CO2 3.67 3.21 44.1 17.0 

Concentration, ppmvd @ 7% 02 3.83 3.39 45.7 17.7 

Emission R a t e ,  lb /hr  1.37 1.15 15.0 5.83 

Tota l  Hvdrocarbons 

Concentration, ppmvd < 1.22 < 1.24 < 1.23 < 1.23 

Concentration, p p v d  @ 12% C02 1.72 < 1.73 < 1.85 < 1.77 

Concentration, ppmvd @ 7% 02 < 1.79 < 1.83 < 1.92 < 1.85 

Emission Rate, lb /h r  < 0.160 < 0.155 < 0.157 < 0.157 

From runs  3-S-NJM5-lSB, 3-S-NJM5-2, and 3-S-NJn5-3, respec t ive ly .  

2-43 
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TABLE 2-33 

HYDROGEN CHLORIDE TESTS SUMMRRY 

Unit  No. 3 S tack  

- 
T e s t  Date 

Run start Time 
Run F in i sh  Time 

Volume of Dry Gas Sample, DSL* 

Flue G a s  Parameters+* 

1202, Percent  By Volume,  Dry 

114.248 113.811 113.839 

8.6 8.0 7.0 7.9 

11.5 12.0 13.2 12.2 

49,777 50,854 46,299 48,971 

0 2 ,  Percent  By Volume, Dry 

Air Flow Rate, Dry SCFU 

Evdroaen Chlor ide  

Concentration, ppmvd 2.10 2.45 1.56 2.03 

Concentration, p p v d  @ 128 CO2 2.92 3.68 2.67 3.09 

Concentration, ppmvd ‘8 7% 0 2  3.09 3.81 2.79 3.23 

Emission R a t e ,  l b /h r  0.590 0.705 0.407 0.568 

70’ F (21. C )  -- 29.92 Inches Of Mercury (Eq) 

** From runs  3-S-NJH5-2, 3-S-NJl45-3, and.3-S-NJn5-4. r e s p e c t i v e l y  



- -  - 
TABLE 2-34 

KETRANB TESTS SUMMARY 

Unit NO. 3 Stack 

- 
T e s t  Date 

Run Start Time 
Run Finish Time 

Volume O f  08s sampled, DSL* 

A i r  Flow Rate, D t y  SCFM** 

Methane 

concentration, ppmvd 

Emission Rate, lb/hr 

3-S-M18-1 

6/20/91 

925 
1040 

4.247 

52,568 

----- -__ 3-S-M18-2 3-5-M18-3 Average -----___ __-__-_- ----___ 
6/20/91 6/20/91 

1135 1510 
1250 1725 

4.322 4.332 

_ _  

49,777 50,854 51,066 

< 1.61 < 1.61 < 1.61 < 1.61 

e. 0.212 0.201 < 0.205 < 0.206 

70’ F (21’ C)  -- 29.92 Inches of Mercury (89) 

** From runs 3-S-NJU5-1SB. 3-S-NJUS-2, and 3-S-NJUS-3. 

ENTROPY 
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2-46 - -  TABLE 2-35 

PARTICULATE TESTS SUHMRRY 

Uni t  N o .  3 Stack 

- Run Date 

Run Start T i m  
Run Finish Time 

Test Train Parameters: 

3-S-WJU5-lSB 3-S-YJM5-2 3-S-YJM5-3 3-S-WJM5-4 Average - 
6120191 6l20191 6/20191 6/20/91 

0925 1135 1355 2150 
1033 1248 1715 2315 

_ _  

Volune O f  Dry Gas Ssnple. SCF 

Percent Isokinetic: 

Flue Gas Parameters: 

38.619 39.288 37.341 36.080 

99.2 100.1 99.1 98.8 

COz, Percent By Volme, Dry 

02, Percent By VoLme, Dry 

T-rature, O F  

Air FLou Rate, Dry SCFM 

Air FLou Rate, Vet ACFU 

Excess Air, Percent 

Filterable ParticuLate: 

Concentration, mg/OSCU 

Concentration, mgmSCI10 12% 032 

Concentration, mglDSM a 7% 02 

Concentration, prainslOSCF 

Concentration, prIOSCF a 12% CO2 

Concentration, grlOSCF a 7% 02 

Emission Rate, lblhr 

8.5 8.6 8.0 7.0 8.0 

11.5 11.5 12.0 13.2 12.1 

263 263 266 274 267 

52,568 4 9 . m  50.854 46,299 49.875 

86.830 83,795 85.266 T7.293 =,E76 

120 120 132 168 135 

8.50 10.3 15.4 6.07 10.1 

12.0 14.4 23.1 10.4 15.0 

12.5 15.2 24.0 10.9 15.7 

0.00372 0.00452 0.00674 0.00265 0.00441 

0.00525 0.00630 0.0101 0.00455 0.00655 

0.00548 0.00666 0.0105 0.00476 0.00685 

1.67 1.93 2.94 1.05 1.90 

70' F ( 21' C) -- 29.92 Inches of Uercury (Hg) 

ENTROPY 
(Continued next page) 
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2-47 - -  TABLE 2-35 (Continued) - 

PARTICULATE TESTS SUMMARY 

U n i t  No. 3 Stack 

Condensable Particulate: 

Concentration, w/DSUI 

Concentration, wlDSUI a 12% C02 

Concentration, w/DSUI B 7% 02 

Concentration, grainslOSCF 

Concentration, gr1DSCF a 12% C02 

Concentration. grlDSCF a 7% 02 

Emission Rate, Lblhr 

Total Particulate: 

Concentration. ue1DSCM 

Concentration, wlDSCM a 12% CD2 - 

Concentration, wlDSCn a 7% 02 

Concentration, grains/DSCF 

concentration, gr1DSCF 0 12% CDZ 

Concentration, gr/DSCF a 7x OZ 

Emission Rate, Iblhr 

3-S-YJM5-2 

15.2 

21.4 

22.4 

0.00663 

0.00936 

0.00978 

2.99 

23.7 

33.4 

34.9 

0.0103 

0.0146 

0.0153 

4.66 

10.9 

15.2 

- 

16.0 

0.00475 

0.00663 

0.00700 

2.03 

21.2 

29.6 

31.3 

0.00927 

0.0129 

0.0137 

3.w 

70’ F ( 21’ C) -- 29.92 Inches of Mercury (Hg) 

ENTROPY 

3-S-WJM5-3 3-S-WJM5-4 Average - 

25.1 20.6 17.5 

36.6 35.2 26.6 

- 

35.9 36.9 27.8 

0.0101 0.00898 0.00762 

0.0151 0.0154 0.0116 

0.0157 0.0161 0.0121 

4.40 3.56 3.25 

38.5 26.6 27.5 

57.7 45.6 41.6 

59.9 47.8 43.5 

0.0168 0.0116 0.0120 

0.0252 0.0199 0.0182 

0.0262 0.0209 0.0190 

7.33 4.62 5.14 
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1.0 INTRODUCTION 

1.1 Background: An emissions compliance teat program was 

conducted at the Poster Wheeler Resource Recover-.? Facility in 

Charleston. South Carolina on October 17 through October 20,  

1989. The temting was performed by Gene Craft, Richard Mutza- 

baugh and Laurie Qraves, all of BTS, Inc. Plant supervision was 

provided by Jerry Hall and Roy Moyer. A l l  compliance testing was 

observed by Joe Tallon of the South Carolina Department of Health 

and Environmental Control (SCDHBC). 

Two incinerator units are in service at the facility. These 

units are designated as “Unit A’’ and “Unit 8“ in this report. 

1.2 Objective: The purpose of the agency-witnessed tests was to 

evaluate the emission performance of the facility with respect to 

the following pollutants: 

Total Solid Particulate (TSP) 

Hydrogen Fluoride (BF) 

2378-Tetrachlorinated Dibenzo-p-Dioxin (2378-TCDD) 

Lead (Pb) 

Mercury (Ffg) 

Beryllium (Be) 

In addition to the compliance demonstration, the teat 

program was also designed to provide additional emissions 

information for the following pollutanta: 

1 



A l l  Tetra- through Oc te -ch lo r ina t ed  Dibenzo  D i o x i n s  and 

A r s e n i c  (As) 
Antimony ( S b )  
S e l e n i u m  ( S e )  
C a d r i u m  (Cd)  
T o t a l  Chromium ( C r )  
C o b a l t  ( C o )  
Copper (Cu) 
N i c k e l  ( N i )  
Z i n c  (20)  

F u r a n s  (PCDD/PCDF) 

Data a n d  r e s u l t s  f o r  t h e  TSP and HF e m i s s i o n s  a re  conta ined  

i n  Volume I of t h e  compliance r e p o r t ,  wh ich  was i s s u e d  on 

November 17. 1989. Volume I a l s o  c o n t a i n s  d e t a i l s  conce rn ing  t h e  

f a c i l i t y  end o v e r a l l  program s p e c i f i c s .  

T h i s  r e p o r t ,  Volume 11. c o n t a i n s  t h e  d a t a  a n d  r e s u l t s  f o r  

t h e  PCDD/PCDF and meta ls  emissions.  

1 .3  T e s t s  Pe r fo rmed :  The o v e r a l l  t e s t  program is d e s c r i b e d  i n  

Volume I o f  t h e  compliance r e p o r t .  

The PCDD/PCDF t e s t i n g  was performed o n l y  on t h e  o u t l e t  s t a c k  

of t h e  U n i t  B i n c i n e r a t o r .  Three t e s t a  were p e r f o r m e d .  The 

t e s t i n g  w a s  per formed i n  accordance w i t h  M o d i f i e d  BPA Method 5 

p r o c e d u r e s .  

Metals t e s t i n g  wns  performed a t  t h e  o u t l e t s  o f  b o t h  t h e  U n i t  

A and t h e  U n i t  B i n c i n e r a t o r s .  Three tes ts  were performed a t  

each l o c a t i o n .  These t e s t s  were pe r fo rmed  i n  c o n j u n c t i o n  w i t h  

t h e  p a r t i c u l a t e  tests. and a r e  d e s c r i b e d  i n  Volume I of t h e  

compl i a n c e  r e p o r t .  

2 



2.0 SUMMABY OF RBSULTS 

Table I summarizes the emissions resulta for all of the 

regulated pollutants tested during the test program. 

More detailed results for the PCDD/PCDF and metals emissions 

are contained in Tables 11 through IV, as well as in the 

Appendices. 

2.1 PCDD/PCDF Emissions: Table I1 summarizes the result of the 

PCDD/PCDF testing performed on the Unit 5 incinerator. 

Mass emissions of 2378-TCDD, the only regulated isomer for 

the facility, showed a wide range of values. varying from 4.26 x 

10-10 lb/hr for the firsr teat run to 3.72 x 10-0 lb/hr for the 

third test run. The average of the three teats was 2.07 x 1 0 - s  

lb/hr, which is equivalent tu 1.67 x lo-” lb/MMBtu. These 

values are well below the permitted maximum of 7.5 x l b / h r  

(2.9 x 1 0 - e  lb/MMBtu). 

2.2 Metals Bmissions: Tables I11 and I V  summarize the results 

of the metals tests performed on Units A and 8 ,  respectively. 

More detailed data and results may he found in Appendix B .  

The emissions of the regulated pollutants (Lead. Mercury and 

Beryllium) were all below the permitted maximum levels. 

The highest level of any of the 12 metals tested was 



- 
o b t a i n e d  f o r  z i n c .  U n i t  A averaged  0 . 1 1  l b / h r  z i n c ,  w h i l e  U n i t  B 

had a n  a v e r a g e  z i n c  emis s ions  of  0 .37  l b / h r .  

3 .0  SAMPLING AND ANALYTICAL PROCEDURBS 

A l l  s a m p l i o g  aod a n a l y t i c a l  p r o c e d u r e s  were t h o s e  recommen- 

ded  b y  t h e  U n i t e d  S ta tes  Env i ronmen ta l  P r o t e c t i o n  Agency. 

3 .1  F i e l d  T e a t i n s  

3 .1 .1  P a r t i c u l a t e  and Mul t i -Meta l s  Samulinlt :  S a m p l i n g  for 

p a r t i c u l a t e  and  meta ls  was pe r fo rmed  i n  a s i n g l e  t e a t  t r a i n .  The 

s a m p l i n g  p r o c e d u r e  f o r  t h i s  t e s t i n g  c a n  be  found  i n  Volume I. 

3 . 1 . 2  O r g a n i c  Sampling: A m o d i f i e d  Method 5 (MM5) sampl ing  

t r a i n  w a s  u sed  t o  sample t h e  f l u e  g a s e s  t o  d e t e r m i n e  t h e  concen- 

t r a t i o n s  o f  PCDD/PCDF. The d e t a i l e d  p r o t o c o l  f o r  c o l l e c t i n g  

e m i s a i o n e  u s i n g  t h e  MM5 sampl ing  t r a i n  wan d e r i v e d  f rom Method 

0010 o f  SW-846. and is b a s i c a l l y  s i m i l a r  t o  t h e  p r o t o c o l  o u t l i n e d  

i n  t h e  ASME d r a f t  1984 p r o t o c o l .  

3 . 1 . 2 . 1  Semol ina  T r a i n  D e s c r i p t i o n :  F i g u r e  1 i l l u a t r a t e s  t h e  

m o d i f i e d  Method 5 sampling t r a i n .  

The t r a i n  employed a q u a r t z  n o z z l e  and h e a t e d  g l a s a  probe  

for s a m p l e  wi thdrawal .  The probe  h a d  an e f f e c t i v e  l e n g t h  of  

s e v e n  f e e t .  The nozz le  was a t t a c h e d  t o  t h e  p r o b e  w i t h  s t a i n l e s s  

s t ee l  u n i o n s  and  T e f l o n  compress ion  r i n g s .  

4 
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Particulate matter was removed from the gas strean by meana 

of a heated glaaa filter supported on e Teflon frit. The filter 

temperature was maintained at 248 25OF. 

After particulate removal. the gases passed into a water- 

cooled glass condenser end entered E D  XAD resin sorbent trap. 

Coolant water maintained at wet-ice temperature was continuously 

recirculated into the condenser/sorbent trap assembly using a 

submersible water p u ~ p .  

The sorbent trap was packed with 20-30 grams of pre-cleaned. 

quality control checked amberlite XAD-2 resin. 

The condenser cooled the sample gases and condensed part of 

the moisture. 

through the XAD-2 resin which retained the organic constituents. 

The cooled gases and condensate flowed down 

After passing through the sorbent trap, the sample gases 

entered a chilled impinger train to remove the remaining 

moistu.re. The impinger train consisted of five glass impingers 

packed in ice water. The first impinger wan left blank to 

facilitate collection of the condensate which passed through the 

XAD-2 sorbent trap. The second and third impingers each con- 

tained 100 m1 of distilled water. The fourth impinger was left 

blank. and the fifth impinger contained approximately 200 &me of 

silica gel. 

5 
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A l l  fittings and connectors from the nozzle to the fourth 

impioger were made of either glass or Teflon. Qlass-to-glans 

connections between the probe and the exit stem of the second 

impinger were externally sealed by wetticig each surface with 

hexane. 

and fifth impingers. 

Sealing grease Wa8 used on connections between the third 

3 . 1 . 2 . 2  Pre-test Preparation: A l l  glees and Teflon components 

of the MM5 train were precleaned before use. The following 

.. cleaning procedures were used: 

1) Wash with hot water and detergent. 

2) Rinse with tap water three times. 

3) Rinse with deionized, distilled water three tines. 

4) Rinse with pesticide grade hexane three times. 

= )  Bake at 400oF for three hours. 

6) Cap glassware with hexane-rinsed aluminum foil, wrapped 

externally with Teflon tape. 

The sorbent traps were pre-cleaned according to the above 

methodology, and packed with 20-30 gBS of quality control checked 

XAD-2 resin by Triangle Labs located i n  Research Triaogle Park, 

NC. The laboratory a l s o  spiked the traps with a known amount of 

labelled orgenic compounds in order t o  facilitate determination 

of retention and recovery efficiency of the XAD-2 resin. The 

packed traps were maiotained at or below room temperature to 

prevent resin decomposition. Two traps were retained a t  the 

laboratory as method blaoks. 
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filter holder were rinsed three times with pesticide grade 

acetone followed by three rinses with pesticide grade 

toluene. All rinsings were collected in pre-cleaned amber 

glass bottles fitted with Teflon lined screw capo. 

Particulate Catch: The filter was removed from the housing 

with Teflon tweeters and placed into a precleaned glass 

petri dish. The dish was sealed externally with Teflon 

wrapping tape. 

Back-half Rinse: The back half of the filter holder and all 

connecting lines from the filter to the sorbent tube were 

rinsed and treated as in (1) above. 

Sorbent Cartridge: The sorbent trap assembly was capped 

with hexane-rinsed aluminum foil and sealed externally with 

Teflon tape. 

First Impinuer Catch: Any condensate collected i n  the first 

impinger was transferred to a graduated cylinder and the 

volume recorded. The impinger was rinsed and treated as in 

(1) above. 

Second Imvinger Catch: Sane procedure as in (5) above. 

3.1.2.6 Sample Storage and Transport: Immediately upon re- 

covery, all samples including liquid rinses, filters and sorbent 

7 
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traps were placed into insulated coolers packed with ice, thue 

protecting the samples from light and heat. I 
The samples remained inside the coolers during transport to 

the analytical laboratory. While in the custody o f  BTS, the 

temperatures inside the coolers were periodically measured to 

insure that the samples did not exceed 320F. 

E 
I 

A l l  samples were express mailed directly to the analytical 

lab for analysis. While at the lab, the samples were kept i n  a 
S 
1- : refrigerated compartment until analyzed. 

Raw field data for the MU5 sampling can be found in Appendix 

D. 

3.2 Laboratory Analysis 

3.2.1 Multi-Metals Analysis: Analysis of the multi-metals 

sample train components was performed in accordance with 6 P A  

Method 200.7 (40 CFE 136, Appendix C )  and Method 303F of stand- 

ards for water and waste-water analysis. 

Arsenic, antimony, beryllium and selenium employed graphite 

furnace atomic absorption for the analysis. Cadmium, c h r o ~ i u m  

cobalt. copper, lead, nickel and zinc were analyzed u s i n g  ICAP. 

Mercury was analyzed by cold vapor atomic absorption. All'metals 

3::~lyses were conducted by Research Triangle Institute (Research 
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Triangle Park, NC). Appendix E contains the laboratory report 

for the analysis. 

3.2.2 TCDD/TCDF Analysis: Analyais of the modified Method 5 

sample train components for dioxins and furans was performed in 

accordance to the procedures outlined in Method 8280 of SW-846. 

with several modifications required to achieve suitable method 

detection limits. The analysis was performed with high resolu- 

tion gas chroiotography/mass spectrometry. All analyses were 

performed by Triangle Laboratories (Durham, NC). Appendix F 

contains raw laboratory data for the TCDD/TCDF analysis. 

3.3 Data Analysis: 

3.3.1 Metals and Orrtanics: Calculations for converting the 

laboratory data for metals and organics into actual gaseous 

emissions are shown in Appendix D. General sampling and volume- 

tric calculations may be found in Volume I of the Compliance 

Report. 

4.0 QUALITY ASSURANCB 

One blank sample train was used to establish background and 

method contamination levels for the PCDD/PCDF sampling. In 

addition, one blank sorbent trap was analyzed as a trip blank. 

while two additional traps were retained at the lab and analyzed 

as laboratory blanks. A l l  blanks indicated negligible or  ho 

background contamination. The laboratory data for the blanks is 

included in Appendix F. 
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. 
A blank sample train was used et each of the two incinere- 

tors to determine background aad method contamination levels f o r  

the multiple-metals sampling and analytical procedures. A 

substantial background level of several of the metals was 

obtained at each incinerator. Moat notably, cadmium, chromium. 

copper, cobalt and zinc background levels were quite high. In 

several cases. the blank levels for theee metals exceeded the 

allowable conpensetion value of 5% of the sample value. In such 

caaes, the limiting value of 52 of the sample value was ueed to 

compensate the sample for the background contamination. 

P 
d 
a 
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237- .TCDD 

Lead 

Mercury 

Beryllium 

TABLE I 
. 

S U H H A R Y  OF EHISSIONS F O R  R E G U L A T E D  P O L L U T A N T S  

P E R H I T T E D  E H I S S I O N  
U N I T S  LIMIT FOR EACH U N I T  ------- -------------_----- 
gr/dscf 0.015 
corr.to 12% 
COZ 

lb/HHBtU 

lb/hr 

1 b / HUB tu 

lb/hr 

0.032 

0.6 

0.0022 

,5X10-6 

lb/HHBtu 2.9Xl0-8 

lblhr e.53 

lb/ HMBtU 0.00203 

lb/hr 0.12 

lb / MMB tu 
---- 
! 0.00047 

lblhr 6.8X10-5 

IblHHBtu 2.6Xl0-7 

11 

A C T U A L  E H I S S I O N S  
U N I T  A - -_-_-- -_  
0.0827 

0.0061 

0.012 

0.00009 

0.056 

0.0004 1 

4.06X10-6 

2.9lX10-0 

0.0052 

0.011 

'0.00013 

2.0lXl0-9 

1.6lX10-11 

B .  001 

0.00005 

0.061 

0.00045 

6.4X10-6 

4.80X10-0 
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Figure 1 - Semivolatile Organics Sampling Train (Hodlfied Hethod 5) 
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A P P E N D I X  A 

S A M P L I N O  DATA AND R E S U L T S  FOE M O D I F I E D  M B T E O D  5 T E S T S  
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FOSTER WHEELER 
UNIT B: DIOXINS/FURANB 

Run No. 1 .2 3 

Date 

T i m e  S t a r t e d  
Time Ended 

SFlMPL I NG PARAMETERS 
. Metered Volume - dcf 

Corrected Volume - dscf 
Tota l  Test Time - r n i n  
x I s o k i n e t l c s  

~ n s  P F l R A m E m  
Stack Temperature - F 
x 02 
x coi? 
x co 
X Water 
X Excess Q i r  
Fo 

GQS FLOWRRTC 
v e l o c i t y  f t / 6  
Flctual Volume - QCFM 
Standard Volume - DSCFM 

lo/ 19/89 1 0 / 20 / 89 10/20/89 

15:36 oa : 23 13:03 
18:50 11:34 16: 19 

103.733 37.7'33 104. 740 
39.986 36.277 101.939 

180 1 8(5 1 80 
33 36 34 

204 238 232 
11.5 10. 5 10.3 
3.0 9.5 1u. 0 
0. 0 i l .  i l  u. ii 
17.9 16.2 16.8 
121.2 98.9 94.9 
1.04 1.09 1.07 

51.09 47.56 30.48 
70643 6S760 6979s 
4022 1 37618 40938 

iiir. l(33 
'39. 401 

1 ail  
'34 

2'3& 
l i l .  a 
3.5 
u. <I 

17. i 
105.0 

1. 07 

49.7: 
68733 
39s9z 
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pata b Results of Method 5 Calculations 

ETS Test oft 

Locationt UNIT Bt DIOXINS/FURRNS 
Date: 18/19/89 - 18/28/89 
Conditiont COMPLIRNCE 
Operator: CRCIFT 

FOSTER WHEELER 

I 
1 Diameter  of^ Stack (kn) 

1 Rrea of Stack (ftz) 

= 65 
Dia. Upstream (ft) = N.R. 

Eq. D i d .  Downstream (ft)= N.R. 
= 23.04384 

.' 02 

% N2 
% H20 
F O  
Md Mole. Ut. D r y  
Ms Mole. Ut. Gas 

1 Va acf 
DP (in. H20) 
Sqr.  (DP) Qvg.  
r ' *  Qvg. (in. W.C. 
. ~ (F)  

I 
Pa (in. Hg)  1 Vmrtd dscf 

= 11.5 
= 9.0 
= 0  
= 79.5 
= 17.89711 
= 1.044444 
= 29.9 
= 27.77024 

= 103.793 
= .5524281 
= .7432551 

= 77.29167 
= 30. 12529 
= 99.98647 

) = 1.16 

Stack Temp. (F) = 304.0833 
w e s s .  stack (in. kip) = 30.01279 
Vimpstd dscf = 20.62838 
Vsgstd dscf = 1.36706 
Total Test Time (.in) = 180 

= .2s 

= 121.2057 I :tokinetics = 93.35983 

v s  (Velocity) ftlsec = 51.09354 
Os dscfm = 40221.3 
O a  acfm = 70643.48 

1 
1 Nozzle Did. (in) 

I 

Run J 

No. o f  P o r t s  = 2  
Points per Port = 6  
Time/Po int ( a  in) = 15 
Impinger 1 Gain ( a i  = 380 
Impinger 2 Gain ( m l )  = 49 
Inpinger 3 Gain ( a 1 )  = 5  
Impinger 4 Gain t a l )  = 0  

STD Temp. (F)  = 68 
STD Pressure (in. Hg) = 29.92 
Barometric Pres. ( i n . H g )  = 30.04 
Meter C a l .  ( Y )  = 0.973 
Meter (delta Ha) = 1.962 
Static Pres. (in. H 2 0 )  = -.37 
Pitot Coeff. = .84 

Vacuum 0 Leak Check = 10.8 
Leak Rate (ftJ/min) = .008 
area of Nozzle (ft3) = 3.488846E-04 

- Filter Gain (gram) - 
Silica Gel (gram) = 29 

I 

I 



. 

1: 
ETS T e s t  o f :  

% 

Data 6 R e s u l t s  o f  Method 5 C a l c u l a t i o n s  Run a 
~ 

FOSTER WHEELER 
L o c a t i o n :  U N I T  B: DIOXINS/FURANS 

C o n d i t i o n :  COMPLIRNCE 
p: Date: 18/19/89 - 10/20/8? 

B ; o p e r i t o r :  CRFIFT 

Diameter o f  Stack ( i n )  = 65 
D i d .  Ups t r eam ( f t )  = N.A. 
D i d .  Downstream ( f t ) =  N.A. Is: .ea o f  Stack ( f t r )  = 23.04384 

1 %  02 = 10.5 
% c02 = 9.5 
". co = 0  

1; 

P 
I. 
i 

= 80 
= 18.2312 

r ~2 
i %  H20 

F o  = 1.094737 
Md Mole. U t .  Dry  = 29.94 
Ms M o l e .  U t .  Gas = 27.7632 

V D  aCf = 97.793 
.DP ( i n .  H20) = .4827963 
Sqr. ( D P )  nvg.  = .b948354 

Tm (F) = b5.70834 
.' ( i n .  Hg)  = 30.12335 

d a s t d  d s c f  = 96.27732 

DH nvg. ( i n .  U.C. ) = .9974999 

No. o f  P o r t s  = 2  
P o i n t s  p e r  P o r t  = 6  
T i m e / P o i n t  ( m i n i  = 15 
I m p i n g e r  1 G a i n  ( m 1 )  = 426 
I m p r n g e r  2 G a i n  t.1) = 0  
I m p i n g e r  3 G a i n  ( m i )  = 0  
I m p i n g e r  4 G a i n  ( m ) )  = 0  

STD Temp. (F)  = 68 
STD P r e s s u r e  ( i n .  Hq) = 29.92 
B a r o m e t r i c  P r e s .  ( i n . H g )  = 30.05 
Meter C a l .  C Y )  = 0.973 
Meter ( d e l t a  H a )  = 1.962 
S t a t i c  P r e s .  ( i n .  H20) = -.40 
P i t o t  C o e f f .  = .84 

Ts S t a c k  Temp. (F)  = 297.5833 
Press. Stack ( i n .  Hg) = 30.02059 
' i m p s t d  dscf = 20.05182 

J s g s t d  d s c f  = 1.4142 Vacuum 0 L e a k  C h e c k  = 11.0 
T o t a l  T e s t  T i m e  (.in) = 180 Leak  Rate ( f t 3 / m i n )  = .011 
N o z z l e  D i d .  ( i n )  = .25 A r e a  o f  N o z z l e  ( f t3 )  3.408846E-04 

1 
1:. EA = 98.87006 F i l t e r  G a i n  - ( g r a m )  - - 

% I s o k i n e t i c s  = 96.11742 
Si l ica  Gel ( g r e a )  = 30 

: Y S  ( V e l o c i t y )  f t / s c c  = 47.5612 
Os dsc fm = 37618. 1 
O a  acfm = 65759.55 



Data  6 R e s u l t s  o f  Method 5 C a l c u l a t i o n s  

.. 

Run 3 

ETS T e s t  o f :  
W 

FOSTER WHEELER 
L o c a t i o n :  UNIT B: DIOXINS/FUACINS 
D a t e :  18/19/89 - 18/28/89 
C o n d i t i o n :  COMPLICINCE B O p e r a t o r :  CRCIFT ‘ * e a  o f  S t a c k  ( f tr)  

D i a m e t e r  o f  S t a c k  ( i n )  = 6 5  
Eq. Dia .  U p s t r e a m  ( f t )  = N.Q. 

.Eq. Did .  Downstream ( f t ) =  N.Fl. 
= 23.04384 

= 10.25 
= 10 

% CO = 0  
N 2  = 79.75 

= 16.82396 
= 1.065 

1 % H20 
F o  
M d  Mole.  Ut .  D r y  = 30.01 

= 27.98944 

= 104.74 
= S 5 2 6 7 4 8  

Sqr. (DP) Flvg. = .743421 
DH Flvg. (in. W.C.) = 1. 167083 
Tm (F )  = 72 
P m  ( i n .  Hg) = 30. 13581 

a s t d  d s c f  = 101.9386 

Ts S t a c k  Temp. (F )  = 29 I .  5833 
P r e s s .  S t a c k  (in. Hg) = 30.02059 
‘ ) i n p s t d  d s c f  = 19.01628 
, s g s t d  d s c f  = 1.60276 
T o t a l  T e s t  Time (.in) * 180 
N o z z l e  D i d .  ( i n )  = .25 

@ Ms M o l e .  W t .  Gas 

fl i; :::. H20) 

I 

94.07227 
X I s o k i n e t  i c s  = 93.51647 

us ( V e l o c L t y )  f t / s c c  = 50.4796 
Os dscfm 40937.88 
Qa acfm = 69794.63 

No. o f  P o r t s  = 2  
P o i n t s  p e r  P o r t  = 6  
T i a e / P o  i n t  ( m  in) = 1s 
I m p i n g e r  1 Gain ( . I )  = 387 
I m p i n g e r  2 Gain ( m l )  = 17 
I m p i n g e r  3 Gain ( e l )  = 0  
I m p i n g e r  4 G a i n  ( m l )  = 0  

= 6 8  STD Temp. (F) 
STD P r e s s u r e  ( in .  Hg) = 29.92 
B a r o m e t r i c  Pres.  ( i n .Hg)  = 30.05 
M e t e r  C a l .  ( Y )  = 0.973 
M e t e r  ( d e l t a  Ha) = 1.962 
S t a t i c  P res .  ( in.  H20) = -.40 
P i t o t  C o e f f .  = .84 

Vacuum @ Leak  Check = 11.0 
Leak R a t e  ( , f t3/min) = . 0 l 6  
Q r e a  o f  N o z z l e  ( f t 3 )  = 3- 408846E-04 

F i l t e r  Gain (gram) = 

S i l i c a  Gel (gram) = 34 

I 
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COQoDn 

h t i a o n v  Sb 
Rrenic Rs 
8rrylliua Br 
Gdaiua cd 
Owarw cr 
cahlt co 
Copper Cu 
Lead Qh 

NicLel NI 
Seleniua Se 
Zinc In 

_c_ 

n e m  Hp 

RI(W.uBE 
SIYRE HlllL = 75.888 dscf 

45999 drcfa TOTFL 611s NyIwlE = 
WRBMDlMIC€S= 8.25 

OC16Ms. 9.79 

ulsorwm~~ min 
SWU UlUl - airragrani 

FROYl Wi Bw( m: 
~ B L R m s l l R E B w y (  --- 

5.9 0 8. b3 8 
1.34 8 0. 67 0 
8.14 0.991 8. ea 8 
8.88 0 2 - 4 9  0 

96.6) 1.5 44.58 8 
4. w 8 0. ea 8 

33.w 1.b 24.80 1. k 
1ie.m 8 7.81 8 
8258 8 594.89 8.459 
mea 0 4. e9 0 

8.89 0 0. ea 0 
!Z958.@4 21.9 13.46 e 

TOT# 

6.19 
2. 01 
8.85 

Il.i.0 
139.60 

4.40 
69.78 

12!i*n1 
676.84 
1d.09 

8.88 
12931. b 

front Half - Robr UaIh and Filter 
k k  Half - Inpinper  f r tb rs  
Blank - f i e l d  Blank 
fuel Factor of 9W drcflmtu urrd i n  @ass Rate Calculations 

mu. 
Rntiaony Sb 
Rsrnic As 
Bqlliua Br 
Waiw Cd 
Owaiua Cr 
Cobalt c4 
Copper Cu 
Lead Pb 
Mrrcmy Hg 
Nickel Hi 
Stleniw Sr 
Zinc In 

a24 
9. 18 
LU 
9.34 
0.58 
0.9) 
8.68 
I.@ 

8. ea02 
La 
9.1s 
a IO 

8.24 

0.03 
a38 
8 . 3  
0.90 
8. b8 
1. Bo 

0.m 
1.a 
8.15 
8.10 

a in 
8.40 
8.3b 
8. ab 
8. b0 
1.88 
1.89 
1.a 
3-60 

8.8886 
2.48 
a. 30 

1b.28 



-- 
I 

rlllaowT 

Ant i iony  % 
Rrirnic Rr 
Berylliui 8 i  
Cadiiui Cd 
Olraiiu Cr 
Cobalt CP 
Copper Cu 
Lead Pb 
Ilcrcury Hg 
Nickel Hi 
Scltniur Sc 
Zinc ln 

anwI(BoI=uBR3 
gRlE W.U€ * 75.691 drcf 

T O W  US RMWTE = 44926 dscfa 
wiu~ oimin z 8 11.8 

o m s .  , 19.8 

mmm MITA 
WOCE WTM - itmprais 

FRMl Wr 810( w: 
y l R E p w ( ( s # R E  WW -- - -- 

7.84 e e. 78 0 
&Bo 8 e. ti  0 
all 0 . a  e. ea 0 
3. Bo 8 a. ea 0 
4.1e 8.2 5. x Q 
RBB e e. ea 0 
1.39 8.36 3.86 B. 15 

56.18 e 6. E2 e 
11.68 a 1 ~ 1 . 2 a  8.459 
9.89 9 I. 65 9 
8. fa 9 8.00 e 

32.88 IS. I 13.87 R 

mi& - 
7.82 
1.01 
0. 10 
j. 88 
9.42 
e. ea 
9.89 

62.92 
:&’.34 

11.45 
e. 89 

3 3 . 3  

F r o i t  &If - Probe Uath and Filtir 
Baci Half - lrpingcr Catchic 
Bidnk - Fie ld  Blank 
Fuel Factor o f  9% .Iicc/Wtu urid i n  Fdrr Rate Calculations 

tcbBoon 

Rntirony Sb 
Rrscnic Rr 
Bcrylliui 81 

CIdiiur C4 
Chroriui Cr 
Cobalt co 
Copper Cu 
Lead Pb 
lltrcury ‘lg 
Nickel Hi 
Seleniui Sr 
Zinc In  

--- 
FRoyl 

w - 
9.24 
e. 10 
a a  
a s  

e. 99 
e.% 

0.69 
1.89 

9.8882 
1.28 

8.11 
e. 15 

m 
m .  - 

8.24 
8.111 
9.83 
0.38 
9.58 
0.98 

1.88 

1.a 

e.6e 

e. w 

e. 15 
8. ie 

TOTK - 
0.48 
e. 36 
0. 86 
0.68 
I. ea 
1.88 
1.a 
5.60 

8. a886 
?. 49 
9.38 

16.28 

E G U I V r n  EKms m 1 C N  LIMITS 
a ” m T I M  1y\a m 
x m  e l a m  RalE RaTE 
grlDS[T gr/OSCF LBMR LBMtu 

9.79E-88 1.97E-87 3.77E-03 2. YE47 
7.34E-M 8.91E-88 2.8JE-85 1.93E-97 
1.22E-W 1.UE-W 4.71E-86 3.21E-BB 
1 . Z - 0 7  1 .3947  4.71E-03 3.tlE-97 
2. 9C-07 2. a 4 7  7. a335 5. z - 9 7  
i.67E-97 4.“€-87 1.4lE-04 9 .6967 
2. 4s-87 2.67E-87 9. e45 6. a 4 7  

I.Z€zE-M 1.Z-19  4.71E-M 3.21E-19 
k.89E-07 5.3C-97 l .W+ I.%-& 
6.lZ-W 6.b7E-M 2.366-05 1.61E47 
3.3BE-0b 3.bE+ 1.27E-03 &b?E-Bb 

--- -- -- - 

7 . w - 0 7  e.0iE-w 2.m-84 1.9x-86 



nl16oMI 

Antiiony sb 
Grsenic Rs 
Berylliui h 
CddSl~Il cd 
Chrosiui Cr 
Cobalt to 
Copper Cu 
Lead pb 

' #rrcbry Hg 
Nickel N i  
Seleniua S r  
Zinc In 

--- 

M " H J ( B E R l i a R 4  
WU VM 7b.624 dscf 

TOT& RMWE = 45664 drcfi 
CARm DlOIlOE I a 0.8 

O p w l  I = 13.8 

LRBoiwTDRT WTR 
WXE CRTM - sicragrasr 

FRMl W :  m w: 
3 s i . E B W n w R E  BLRH( -- --- __- 

ISZD e e. 49 8 
a. 79 e e. ea e 
8.89 e m  8.88 a 
5.7% B 2.83 e 
2.3 8.62 18.68 8 
e.w B 1b.30 8 
i:.~ a.8 2.78 a. 18 
7% 4% a 8.11 e 
38. Y a we.88 8.459 

s.88 3.1 19.91 e 

2.a B ?. 74 8 
a.w a 0.88 8 

ms aIsm 
RCNL eiam ~ T E  mTE 

E-TIM lwss r(Rss 

T o m  gr/DEF gr/oscF LBM L B l m t u  

15.69 3.lbE-06 4.74E-06 1.24E-83 1. 14E-85 
8.79 1.59E-07 2x47 6.23E-45 5.7bE-07 
8.09 1.75E4 L6S4 6.W-86 b . X - 8 8  
7.73 1.56E-66 2.34-86 b.09E-B) 5.M-& 

22.228 4.49E-86 b.73E-06 1.7bE43 I . b X 4 5  
lb.30 3.2E-06 4.92E-06 1.29E-83 I.ISE-05 
18.b2 3.X-06 5.69-06 1.47E-83 1.3E-85 
87.51 1.7bE-85 2.b4E-6 6.9E-83 b .X-%5 

578.74 1.17E-B) l.=-@4 4.%€-%2 4.ZE-04 
24.94 5.6Z-06 7.53E-06 1.97E-OJ I.LIEE-Bs 

401.8 8 . m E a  1.21E-M 3.:7E-@ !.99-M 

---- ------- 

e.m ~.BBE*BQ w~tm e .e~+tw e.wa 

Front Half - Rotr Udrh dnd Filtrr 
b c k  Half - Iioinper htchrr 
Blank - F i r l d  8 1 i ~  
Furl Fkcto- o f  9% drcf/Wlstu used in  b a r 5  Rate Cdlculrtionr 

axwwlT 

htiiooy 
Rrrenic 
Beryl1 ius 
Cadiiui 
Chroiiru 
C o b a l t  
Capper 
L e a  
Mercury 
Nickel 
Seleniuc 
Zinc 

--- - 
sb 

Be 
cd 
cf 
co 
cu 
Pb 
"4 
Vi 
Se 
Zn 

as 

FRDn 
HALF - 

e. 24 
e. I8 
8. e3 
8 . 3  
&sB 

0. b8 
Lea 

8. ew 
:.a 
8. I: 
8.18 

a. 9e 

Bw( 

HALF -- 
9.24 
e. 18 
8.83 
e. 3 

e. 98 
0.53 

8.68 
1.68 

2. mw 
1.28 
e. IS 
8. ie 

TOTU. 

8.M 
e. 36 
8. e6 
8.68 

1.88 
l.i* 
3.68 

1.m 

@.me4 
2.4e 
e. JB 

16.28 

EWIVIY+HT &sous OETECTI(H LIMITS 
c O " l w l T I 0 N  rn mss 

ACW einm MTE ME 
gr/DSCF gr/DSCF LB/WI L B M t u  ---- --- - - 
9. b7E-W 1. 4 x 4 7  3.7E-85 3.5@€-17 
7.cX-W l.mE-87 2.84E-85 2 6 9 - 8 7  
1.21E* l.BIE-88 4.73746 4.38E-W 
1.21E-07 l.BIE-87 4.73E-85 4.38E-87 
2.8IE-07 3.82E-87 7.@€-%5 7.3RE-07 
3.bJE-07 5.UE-07 I.4Z-B) 1.31E4 
2.42E-07 3.69-87 9. kbE-85 6.m-07 
7.isE-07 I.mE-86 2.84E-B) t.bjE-86 

4.83E-87 1.22-07 1.89E-B) l.X-06 
b.kl4E-W 9.8M-88 2.37E-05 L19E-07 
3.2bE-06 4.89E-Bb 1.2E-03 l.lE-05 

~.&E-II 1 . x - 1 8  3. 1x-a 2.9z- ie  



cmum 
Antiiony Sb 
ksenic As .. 

8erylliui Be 
'Cadriui Cd 
Chroiiui Cr 
Cobalt co 
Copper Cu 
Lead Pb 
Mercury Hp 
Nickel Ni 
Srleniui Se 
Zipc In 

LABDIwToRl Mill 
WRE (31TM - i r m g r a r r  

FRan Mi BlIx w: 
w o c E B w i l w 9 L T B L R H (  --- 

13.40 B e. ea 0 
2. ea 0 8.00 e 
e. 16 e.8987 o. ea e 

24. W 1.2 7 . ~ 1  8.35 
0.90 e 8.00 e 

21.10 e 9+6.a  8.747 
28. u 0 2.38 e 
0.8% 9 e. ea e 

IUS.@ 28.4 e. 88 e 

7.78 e e. ea 0 

34.a 1.7 1-26 0 
148.88 3.5 3.79 0.19 

mAL 
13.4e 

e. a6 
7.78 

e. 90 

2.88 

29.86 

33.76 
148. I0 
966.63 

H.W 
1424. b 

e. 7e 

h n t  Half - h b e  Uask and Filter 
B i c i ~  Half - lipinper Catches 
Blank - Fir ld 81ank 
Fuel Factor o f  9584 drcf/MBtu used in Mars Rate Calculations 

D€lEC?ION LIMITS __- 

LRBMWTORY ElECTlM LIMITS 

htiiony 
Rrsrnic 
Btqll  iur 
Cadiicu 
Chroi:ui 
Coba1r 
Copper 
Lead 
#eredry 
Nickel 
Seleniui 
Zinc 

sb e.24 0.24 0.48 
as 0.18 ?. :a 0. 36 
be 8.m 0. a3 0. e6 
cd &a e.31 0.68 
cr 0.58 e. 58 I.@ 
Co 0.90 0.90 1.89 
cu e.60 e. be 1.28 
Pb 1.89 1.80 3.68 
Hg 6.6882 B.BaM 5.m 
Hi \.?e 1.a ?* 40 
Se 8.15 o. 15 e. 38 
Zn 8.M 8.10 16.28 



mQQMl 

ht iaony  Sb 
Rrrenic RI 
ntrylli~r Br 
Gdirui Cd 
Olroiiua Cr 
Cobalt Co 
Copper Cu 
Lead Pb 
M e r c w y  Hq 
Nickel Hi 
Seleniui Sr 
Zinc Zn 

_L 

llulHI(Bu(swRb, 
YWU VUE = 63.894 drc f  

TOTlyL WS ROURRR 37476 d r c f i  
CARBM DIOXIDE S = 13.8 

o m s  = ' n.8 

UlsOIWmpl DATA 
YYRE WTM - microgrins 

Frmyl rn Bw( w: 
w 9 L E m w R E B L R H (  - - -- 

27.98 8 0. ea 8 
L4b 8 8. ea 0 
8.17 8.8987 kea 8 

I!. 10 0 0. ea 0 
15.98 B.8 i8.80 8.54 
14.30 8 1.85 0.m 
36.38 1.8 L4b 8 

1w.m 5.5 3.85 ' 0.15 
6.39 0 147.18 8.747 
a. 38 8 1. ea 0 

e. BB 0 P. ea 8 
?I!@.@ 3 . 4  e. BB 0 

Toia - 
27.90 

2.46 
B. 87 

11.18 
25.36 
15.33 
36.96 

187.48 
752.74 
28.33 
8. ea 

,369. b 

Front Half - h o b e  Uarh and F i l t e r  
Plck hlf - lioisqtr htchtr 

Fuel Factor o f  9.584 dscf/lWBtu UIM in Mars Ratr Calculationr 
Blank - f i e l d  Pldnk 

-_ 
OmCTILH LIi41TS 

Rntiiony Sb 
Rrsenic As 
B r r y l l i u i  Be 
r a d r i u i  Cd 
l r o a i u i  Cr 
Cobalt co 
Copper C u  
Lrad Pb 
Ilrrcvy Hq 
Nickel M i  
SiIcniua Se 
1 inc In 

8.24 
0.18 
0. e3 
0.3 
e. 5Q 

B. 68 
1.M 

8. 8882 
1.28 
8. I5 
0.10 

8. 9a 

8.24 
8. 18 
0. BJ 
8.38 
e. 59 

8.68 
1.88 

0. &a04 
1. a 
0. IS 

a 9a 

a 18 

EWIVRLDII Esa6 m 1 m  LIllITS 
c(HcMIIWT1m rylss m 
rn elam WIT€ lwTE 
grlDSCF pr/DSCF LBMR U/I*Btu 

1.17E-07 I .W-87 3.77Ed9 2.bE-07 
8.8IE-08 (1.IE+0 289-65 1.95E-47 
1.47E-88 1.3Z-W 4.71E44 3.26E-00 
1.47E-87 I.35E-07 4.71E-65 12bE-87 
2 .4Z47 2.26E-87 7 . M 5  143E-87 
4.4K-87 4.0bEW 1.4lE-M 9.RE-87 
2.94E-87 271E-97 9.uE-Bs b.51E-87 
8.81E-07 (1.19-07 2.8334 1.9546 

5.87E-07 5.=-0? 1.89E-M 1.X-6 
7.34E-08 b.77E-M 22bE-05 1.bP-87 
3.96E-86 3.6bE-Bb 1.27EB3 8.79E44 

- -- -- - 

I.~~E-IB i.H-ie ~.~IE-BB 3.26~-18 



R N N J W = W R 7  
9W.E V M  = 65.578 drcf 

TOTRL GRS FLCUlWTE = 3931k dscfi 
W DIOXIDE I = 9.0 

OWEN I =  11.5 

WUllWlrn D(1TA 
jwRE WrcH - iicrograis 

c a 8 o M I ~ B w ( ( s l y R T B w y (  

htiiony Sb 14.60 0 8.88 0 
Rrsenic Rr I. 83 0 e.w 8 
btrylliui 8e 8.13 8.8987 8. @e 0 
Cadiiui Cd 7.79 0 O.W R 
chroiiua 3 19.58 8.98 4.37 0. 2 
Cabalt Co d. 88 0 1.3 e.a 
Capper tu 21.16 1.7 3. e4 8 
irad Pb 14I.m 3.5 2.K 8.12 

' N e m y  Hg 1.03 9 416.50 8.747 
Nickel N i  i2.m e 8.88 8 
Seleniui S i  8.W 0 0.88 8 
Zinc ln 24 .88  a.4 13.98 8. 7 

FROHl w: BWI Iw: 

- - TOTK - 
14.60 

I. 83 
0.83 

0 . 6 9  
1. K 
23.a 
139.84 
416.78 

12.00 
e. kw 

516.8 

1.78 

6Rs DlIDIONs 
COEWTlWTlM M S  llRss 

Acm e m a n  IWlI IWTE 
gr/OSCF gr/DSCF LBIM L B I M t u  

3.44-5-06 4 . X - &  l.lbE4.3 l.E€46 
4.31E-87 5.74E-87 1.4Z-M l.31€-& 
6.bbE-H 8.88E-89 2.2kE-06 2.KE-08 
1.BlE-06 2.KE-B6 6.llE-M 5.SE-86 
S.uE+% 7.lE-Bb 1.6E4.3 1.63E-89 
3.uE-87 4.4bE-07 1.13E-M LEX-& 
S . I M - 0 6  7.2E-Bb 1.BK4.3 1.66E-85 
3.X-05 4.39E-95 !.llE-62 I.BBE-84 
9.81E-85 l.!IE-04 3.31E-62 2.99E-84 
2. 8ZE-06 3.77E-06 9. YE-@ 8. bE-& 

L a - M  1.6E-W 4.10E-92 3.iBE-M 

- -- - --- 

0. 88~m e. mea e.w+ee e. =+ea 

Fr:nt Half - h b e  Uarh and FiI:rr 
E i c k  k i f  - :icingrr Catcher 
Flank - Citld Elank 
:fie1 Factor of 9584 d r c f l W t u  utrd in k r r  Rate blculationr 

c m  

Rntiiany Eb 
Arsenic 0s 
Berylliui Be 
Cadiiui Cd 
chmiiui Cr 
Cobalt co 
Copper 3s 
Lead Pb 
3emry Hg 
Nickel Ni 
Seleniui Se 
Zinc ln 

mIW1oRI CmCTlCN LIMITS 

FROHl 
w -- 

0.2k 
0. 18 
9.03 
8.38 
8.58 
0.99 
8. 60 
!.a 

d. BKe 
1.a 
8. I5 
8.10 

m 
w 

8.2k 
e. 18 
0.83 
0. 38 
e. SB 
0. 99 
0. 60 
1.98 

1.a 
0.15 

e. m 

a. 19 

TOTK ---- 
8. ui 
8.36 
8.  eb 
0.60 
I . @  
1.88 
1.a 
3.60 

2.49 
8.38 
I6.a 

e. BBB~ 

E Q J I V U N l  W M  COECTICN LIMITS 
coTocIlWTID( m ryLss 

RCTW elam PATE mlTE 
pr/DSCF grIOSCF UIHR LBlWBtu - -- 
1.13E-87 1.51E-87 3.8IE46 3 .M-07  
8. 4E-M I .  1 x 4 7  2. &E-05 L %-07 
1.kIE-BB 1.W-M 4.7bE-Bb i.3BE-W 
1.41E-87 L M 4 7  4.7bE-95 4 . X - 0 7  
2.3Z-07 3. 14-547 7.93E-05 7.lbE-87 
k.2kE-07 5.65E-91 1.43E-84 1.29E-06 
2.EE-07 3.TIE-87 9.S-85 d.bE-81 
8.k7E-87 1.13E-06 2.&E-@ 2.58E-e6 
I.kIE-10 l.W-I9 4 . 7 E 4  4.X-19 
5.65-87 1.53E-87 1.98E-M I.lEi6 
7.BbE-M 9.kIE-BB 2.sBE-85 2.1E-87 
3.81E6 5.W-06 1.2E-03 I.1bE-05 
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