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* 1.1 BACKGROUND 

1.0 INTRODUCTION 

The U. S. Environmental Protection Agency (EPA) Office of Air Quality 
Planning and Standards (OAQPS), Industrial Studies Branch (ISB), and Emission 
Measurement Branch (EMB) directed Entropy, Inc. to conduct an emission test 
at the Unit 1 oil-fired boiler at Long Island Lighting Company’s (LILCO) 
electric generating station in Northport, New York. The test was conducted 
on July 19 to July 21, 1993. The purpose of this test was to identify which 
hazardous air pollutants (HAPs) listed in the Clean Air Act Amendments of 
1990 are emitted from this source. The measurement method used Fourier 
transform infrared (FTIR) spectrometry, which had been developed for 
detecting and quantifying many organic HAPs in a flue gas stream. Besides 
developing emission factors (for this source category), the data will be 
included in an EPA report to Congress. 

Before this test program, Entropy conducted screening tests using the 
FTIR method at facilities representing several source categories, including 
a coal-fired boiler. These screening tests were part of the FTIR Method 
Development project sponsored by EPA to evaluate the performance and 
suitability of FTIR spectrometry for HAP emission measurements. These tests 
helped determine sampling and analytical limitations, provided qualitative 
information on emission stream composition, and allowed estimation of the 
mass emission rates for a number of HAPs detected at many process locations. 
The evaluation demonstrated that gas phase analysis using FTIR can detect and 
quantify many HAPs at concentrations in the low part per million (ppm) range 
and higher, and a sample concentration technique was able to detect HAPs at 
sub-ppm levels. 

Following the screening tests, Entropy conducted a field validation 
study at a coal-fired steam generation facility to assess the effectiveness 
of the FTIR method for measuring HAPs, on a compound by compound basis. The 
flue gas stream was spiked with HAPs at known concentrations so that 
calculated concentrations, provided by the FTIR analysis, could be compared 
with actual concentrations in the spiked gas stream. The analyte spiking 
procedures of EPA Method 301 were adapted for experiments with 47 HAPs. The 
analytical procedures of Method 301 were used to evaluate the accuracy and 
precision of the results. Separate procedures were performed to validate a 
gas phase analysis technique and a sample concentration technique of the FTIR 
method. A complete report, describing the results of the field validation 
test, has been submitted to EPA.’ 

This report was prepared by Entropy, Inc. under EPA Contract No. 
68020163, Work Assignment No. 1-34. Research Triangle Institute (RTI) 
provided the process information given in Sections 2.1 and 3.3.3. 
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1.2 DESCRIPTION OF THE PROJECT 

The FTIR-based method uses two different sampling techniques: (1) direct 
analysis of the extracted gas stream (hereafter referred to as the gas phase 
technique or gas phase analysis) and (2) sample concentration followed by 
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thermal desorpt ion.  Gas phase a n a l y s i s  i nvo l ves  e x t r a c t i n g  gas from t h e  
sample p o i n t  l o c a t i o n  and t r a n s p o r t i n g  t h e  gas through sample l i n e s  t o  a 
mobi le l a b o r a t o r y  where sample c o n d i t i o n i n g  and FT IR  ana lys i s  are performed. 
The sample concen t ra t i on  system employs 10 g o f  Tenax@ sorbent, which can 
remove organic  compounds from a f l u e  gas stream. Organic compounds adsorbed 
by Tenax@ are then t h e r m a l l y  desorbed i n t o  t h e  smal ler  volume o f  t h e  FTIR 
absorpt ion c e l l  ; t h i s  technique a l l ows  d e t e c t i o n  o f  some compounds down t o  
the  ppb l e v e l  i n  t h e  o r i g i n a l  sample. For t h i s  t e s t ,  approximately 850 d r y  
l i t e r s  o f  f l u e  gas were sampled d u r i n g  each r u n  us ing  t h e  sample 
concen t ra t i on  system. 

Entropy operated a mobi le  l a b o r a t o r y  (FTIR t r u c k )  con ta in ing  the  
i ns t rumen ta t i on  and sampling equipment. The t r u c k  was d r i v e n  t o  t h e  s i t e  a t  
Nor thpor t ,  and parked w i t h i n  reach o f  bo th  l o c a t i o n s .  Three t e s t  runs were 
performed over a two-day pe r iod .  

Entropy t e s t e d  t h e  f l u e  gas f r o m  t h e  i n l e t  and t h e  o u t l e t  o f  one o f  t h e  
e l e c t r o s t a t i c  p r e c i p i t a t o r s  (ESP). The furnace burned f u e l  o i l  No. 6.  
Sect ion 2.0 con ta ins  d e s c r i p t i o n s  o f  t he  process and the  sampling p o i n t  
l o c a t i o n s .  

FT IR  gas phase ana lys i s  was used t o  measure carbon monoxide ( C O ) ,  carbon 
d i o x i d e  (CO?) ,  s u l f u r  d i o x i d e  (SO,), n i t r o g e n  oxides (NO,), and ppm l e v e l s  o f  
o the r  species. EPA inst rumenta l  t e s t  methods were used t o  p rov ide  
concentrat ions o f  CO, CO,, 0,, and hydrocarbons (HC). The sample 
concen t ra t i on  technique was used t o  measure HAPS a t  ppb l e v e l s .  Entropy 
conducted t h r e e  4-hour sample concen t ra t i on  runs. Dur ing each run  samples 
were c o l l e c t e d  s imul taneously  a t  t h e  i n l e t  and o u t l e t  o f  t h e  c o n t r o l  device.  
Gas phase a n a l y s i s  was used t o  t e s t  bo th  l o c a t i o n s  s e q u e n t i a l l y  concurrent  
w i t h  each sample concen t ra t i on  run.  Combustion gas vo lumet r i c  f l ows  were 
determined by pe r fo rm ing  v e l o c i t y  t r a v e r s e s  du r ing  each run.  Sect ion 3.1 
gives t h e  t e s t  schedule. 

Sect ion 4.0 descr ibes t h e  sampling systems. 

e 
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1.3 PROJECT ORGANIZATION 

The test program was funded and administered by the Industrial Studies 
Branch (ISB) and the Emissions Measurement Branch (EMB) of the U.S. €PA. A 
representative from RTI collected process data. The following list presents 
the organizations and personnel involved in coordinating and performing this 
project . 

LILCO Corporate Ms. Linda Bergeron (516) 391-6136 
Contacts: Mr. Paul Lynch (516) 391-6135 

Northport Facility 
Coordinators: 

EMB Work Assignment 
Managers: 

ISB Contacts: 

Mr. James Brennan (516) 262-2200 
Mr. Jack Tiernan (516) 

Ms. Lori Lay (919) 541-4825 
Mr. Dennis Holzschuh (919) 541-5239 

Mr. Kenneth Durkee (919) 541-5425 
Mr. William Maxwell (919) 541-5430 

Entropy Project Manager: Dr. Thomas Geyer (919) 781-3551 

Entropy Test Personnel : Mr. Scott Shanklin 
Dr. Laura Kinner 
Ms. Lisa Grosshandler 
Mr. Mike Worthy 
Dr. Ed Potts 
Dr. Grant Plummer 
Mr. Rick Straughsbaugh 

RTI Representative: Mr. Jeffrey Cole (919) 990-8606 
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a 2.0 PROCESS DESCRIPTION AND SAMPLE POINT LOCATIONS 

2.1  FACILITY DESCRIPTION 

Long I s l a n d  L i g h t i n g  Company's (LILCO) Nor thpor t  One powerplant i n  
Nor thpor t ,  New York i s  l o c a t e d  i n  S u f f o l k  County about 30 m i l e s  f rom New York 
Ci ty.  U n i t  One i s  an o i l - f i r e d  ( r e s i d u a l ,  No. 6) base-loaded u n i t  t h a t  
normal ly  operates 24 hours a day, 7 days a week, except f o r  a 2 -  t o  3-week 
planned outage f o r  maintenance every 18 months. Al though U n i t  One i s  
t e c h n i c a l l y  a base-loaded u n i t ,  a b e t t e r  c h a r a c t e r i z a t i o n  would be a load-  
f o l l o w i n g  u n i t .  The u n i t  operates f rom approx imate ly  25 t o  100 percent  
capac i ty  (100 t o  385 MWe) depending on t h e  need f o r  power. 

Fuel i s  supp l ied  t o  t h e  p l a n t  through an o f f sho re  p l a t f o r m  where o i l  
tankers can dock and t r a n s f e r  t h e i r  o i l .  The source o f  o i l  v a r i e s  bu t  t h e  
o i l  i s  sampled and analyzed p r i o r  t o  acceptance f o r  d e l i v e r y ,  upon d e l i v e r y ,  
and once a week i n  as-burned grab samples. Table 2 - 1  shows t h e  o i l  ana lys i s  
r e s u l t s  f o r  bo th  days t h e  p l a n t  was tes ted .  Dur ing t h i s  t e s t ,  U n i t  One o i l  
consumption averaged 389.2 gal /min.  

Dur ing s ta r tup ,  U n i t  One i s  f i r e d  by d i s t i l l a t e  (No. 2) o i l  u n t i l  t h e  
opera t ing  temperature i s  achieved. A t  t h i s  t ime, r e s i d u a l  o i l  i s  g radua l l y  
s u b s t i t u t e d  u n t i l  o n l y  r e s i d u a l  o i l  i s  burned. 

Nor thpor t  One uses a t a n g e n t i a l l y - f i r e d ,  d r y  bottom furnace t o  produce 
2,550,000 l b / h r  o f  steam f o r  a General E l e c t r i c  steam t u r b i n e  generator  r a t e d  
a t  385 MWe. A t a n g e n t i a l l y - f i r e d  fu rnace uses windboxes a t  t h e  f o u r  corners 
o f  t he  furnace t o  i n t roduce  f u e l  and a i r  i n t o  the  combustion zone (see F igure  
2-1). Combustion a i r  i s  supp l ied  by  a fo rced  d r a f t  f a n  and ducted through 
the a i r  preheater  where t h e  temperature o f  t h e  a i r  i s  increased. Both f u e l  
and preheated combustion a i r  are p r o j e c t e d  f r o m  the  corners  o f  t h e  furnace 
along a l i n e  t a n g e n t i a l  t o  a smal l  c i r c l e  moving i n  a h o r i z o n t a l  p lane a t  t he  
center  o f  t h e  furnace. The f u e l  and combustion a i r  are i g n i t e d  by an 
e l e c t r i c  spark f rom gas i g n i t e r s  i n  t h e  windboxes. The flame zone extends 
f r o m  the  corners o f  t he  furnace t o  t h e  cen te r  where the  f i r e b a l l  s w i r l s .  The 
f u e l  nozzles can be t i l t e d  upward o r  downward as a means o f  temperature 
c o n t r o l .  Steam temperature i s  a l s o  c o n t r o l l e d  by gas r e c i r c u l a t i o n ,  which 
invo lves  d i v e r t i n g  a p o r t i o n  o f  t h e  exhaust gases a f t e r  t he  economizer and 
re in t roduc ing  them a t  t h e  bottom o f  t h e  furnace. Normal opera t ing  
temperature i n  the  furnace i s  approx imate ly  1700-18OO0F. 

F lue gas from t h e  combustion process passes through t h e  superheater, 
pr imary and secondary gas reheaters ,  and the  economizer. F rom the  
economizer, t h e  m a j o r i t y  o f  f l u e  gas ( a  p o r t i o n  being ducted through t h e  gas 
r e c i r c u l a t i o n  system) i s  ducted through t h e  a i r  preheater  and t o  t h e  
e l e c t r o s t a t i c  p r e c i p i t a t o r  (ESP).  The f l o w  i s  d i v i d e d  be fore  passing through 
the two ESP sec t ions .  A t  t h e  ESP o u t l e t ,  t h e  separated f l ows  are channeled 
through two i d e n t i c a l  induced d r a f t  ( ID)  fans r a t e d  a t  1,020,000 acfm ( a t  
285°F). The two streams j o i n  a t  t h e  base o f  t he  6 0 0 - f t  s tack  and the  f l u e  
gas i s  exhausted t o  t h e  atmosphere through t h e  16 .75- f t  s tack  e x i t  d iameter.  

4 
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Date Sampled 

Sample I D  

Btu/Gal ( ca l cu la ted )  

Btu/l b ( ca l cu la ted )  

Vanadium (mg/kg) as V205 

Magnesi um 0x1 de (mg/kg) 

Percent Sulfur 

Sodium (mg/kg) 

2.2 A I R  POLLUTION CONTROL DEVICES 

2.2.1 N i t roqen  Oxides (NO,) Contro l  

The t a n g e n t i a l l y - f i r e d  u n i t  i s  by design a low NO, u n i t .  Th i s  NO, 
r e d u c t i o n  i s  accomplished thorough m i x i n g  o f  a i r  and f u e l  i n  t h e  combustion 
chamber. The u n i t  a l s o  uses c l o s e  couple o v e r f i r e  a i r  (CCOFA) f o r  NO, 
c o n t r o l .  Using CCOFA i nvo l ves  r e d i s t r i b u t i n g  t h e  combustion a i r  in t roduced 
i n t o  t h e  furnace t o  reduce combustion temperatures. 

2.2.2 S u l f u r  D iox ide  (SO,) Contro l  

percent s u l f u r ,  by weight .  

2.2.3 P a r t i c u l a t e  Contro l  

e 

To c o n t r o l  SO, emissions LILCO uses No. 6 f u e l  o i l  w i t h  a maximum o f  one 

J u l y  19, 1993 

F-93-00279 ( U n i t  1) 

151,607 

18,282 

148 

396 

1.00 

112 

A c o l d - s i d e  ESP i s  used t o  c o l l e c t  t h e  f l y a s h  e x i t i n g  the  a i r  
preheaters.  The t o t a l  c o l l e c t i o n  area and t h e  s p e c i f i c  c o l l e c t i o n  area (SCA) 
o f  t h e  ESP are 206,640 ft2 and 189 f t2 /1000 acfm, r e s p e c t i v e l y .  The ESP has 
4 f i e l d s  i n  4 p a r a l l e l  chambers r e s u l t i n g  i n  16 c e l l s .  The f l u e  gas i s  
d i v i d e d  i n t o  two streams be fo re  e n t e r i n g  t h e  separate A and 8 sect ions o f  t h e  
ESP. These sec t i ons  c o n s i s t  o f  4 f i e l d s  i n  2 p a r a l l e l  chambers r e s u l t i n g  i n  
8 c e l l s  (F igu re  2 -2 ) .  Dur ing t h e  t e s t  o n l y  t h e  i n l e t  and o u t l e t  o f  t h e  B 
s e c t i o n  (South) were monitored. A rapp ing  system i s  used t o  d i s lodge  dus t  
from t h e  ESP p l a t e s  and i n t o  dus t  hoppers. The p l a t e s  are rapped a t  
d i f f e r e n t  t imes i n  a sequence designed t o  minimize t h e  amount o f  p a r t i c u l a t e  
r e - e n t e r i n g  t h e  gas stream. 

e 
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2.3 SAMPLE POINT LOCATIONS a - 
The F T I R  t r u c k  was parked a t  a p o s i t i o n  along t h e  process w i t h i n  150 ft 

o f  t h e  ESP i n l e t  and o u t l e t  sample p o i n t  l o c a t i o n s .  T h i s  enabled Entropy t o  
perform gas phase sampling s e q u e n t i a l l y  between t h e  two l o c a t i o n s .  F igure 2 -  
3 i s  an o v e r a l l  schematic showing bo th  t e s t  l o c a t i o n s .  

2.2.1 ESP I n l e t  

Sampling was performed a t  t h e  i n l e t  t o  t h e  South-side ESP (F igu re  2 -4 ) .  
S i x  4- inch diameter sample p o r t s  were a v a i l a b l e  a t  a l o c a t i o n  downstream of 
t he  a i r  preheater  and upstream o f  t h e  South-side ESP i n l e t .  The p o r t s  were 
e q u a l l y  spaced a long the  t o p  o f  a h o r i z o n t a l  s e c t i o n  o f  t h e  duct  30 f e e t  
above ground l e v e l .  Access was p rov ided  by s t a i r s ,  l adder ,  and a catwalk .  
The probes sampled f l u e  gas from t h e  middle two p o r t s  a t  a depth near t h e  
cen te r  o f  t h e  duct .  One hundred f i f t y  f e e t  o f  heated sample l i n e  were used 
t o  connect t h e  gas phase probe t o  t h e  sample pump i n  t h e  F T I R  t r u c k .  

2.2.2 ESP O u t l e t  

Four 4 - i n c h  diameter sample p o r t s  were a v a i l a b l e  a t  a l o c a t i o n  
downstream o f  t h e  South-side ESP and induced d r a f t  ( ID)  fan  (F igure 2-5) .  
The p o r t s  were e q u a l l y  spaced along a s e c t i o n  o f  the duc t  t h a t  was angled a t  
about 45" f rom v e r t i c a l .  T h i s  l o c a t i o n  was about 30 f e e t  above ground l e v e l .  
Access was prov ided by s t a i r s ,  and a catwalk .  S c a f f o l d i n g  was erected on the  
catwalk  t o  p r o v i d e  access t o  t h e  p o r t s .  F lue gas was e x t r a c t e d  from the  ' 

middle two p o r t s  a t  a depth near t h e  c e n t e r  o f  t h e  duct .  One hundred f e e t  o f  
heated sample l i n e  were used t o  connect t h e  gas phase sample probe t o  t h e  
sample pump i n  t h e  F T I R  t r u c k .  

0 
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e 3.0 RESULTS 

3.1 OBJECTIVES AND TEST MATRIX 

The purpose o f  t h e  t e s t  program was t o  o b t a i n  i n . - r m a t i o n  t h a t  w i l l  
enable EPA t o  develop emission f a c t o r s  ( f o r  as many HAPs as poss ib le )  which 
w i l l  apply  t o  e l e c t r i c  u t i l i t i e s  employing o i l - f i r e d  combustion sources. EPA 
w i l l  i nc lude  these r e s u l t s  i n  a r e p o r t  f o r  Congress. 

The s p e c i f i c  o b j e c t i v e s  were: 

Measure HAP emissions (us ing  methods based on FTIR spectrometry)  i n  
two concen t ra t i on  ranges, near 1 ppm and h igher  us ing  gas phase 
ana lys is ,  and a t  sub-ppm l e v e l s  us ing  sample concentrat ion/ thermal  
desorpt ion.  

Determine maximum p o s s i b l e  concent ra t ions  f o r  undetected HAPs based 
on d e t e c t i o n  l i m i t s  o f  ins t rumenta l  c o n f i g u r a t i o n  and l i m i t a t i o n s  
imposed by composi t ion o f  f l u e  gas m a t r i x .  

Measure O,, CO,, CO, and hydrocarbons us ing gas analyzers.  

Perform simultaneous t e s t i n g  a t  t he  i n l e t  and o u t l e t  o f  t h e  ESP and 
analyze da ta  t o  assess t h e  e f f e c t  ( i f  any) o f t h e  c o n t r o l  dev ice  on 
HAP (and o t h e r  p o l l u t a n t )  emissions. 

Obta in  process i n fo rma t ion  f rom LILCO. Th is  i n fo rma t ion  inc ludes  
the  r a t e  o f  power p roduc t i on  d u r i n g  the  t e s t  per iods  and opera t i ng  
parameters o f  t h e  c o n t r o l  dev ice.  

Table 3 - 1  presents  t h e  t e s t  schedule t h a t  was fo l lowed.  

e 
12 



TABLE 3-1. FTlR TEST SCHEDULE AT LlLCO UNIT 1 

SAMPLING PERIODS 

I Sample Cone. GEM 
Date Run' Loch Conditioning'l Time Analyzers ::;:leg 

Gas Phase 

7/19/93 Amb 0 1 18451945 

I 14351535 I09MK)911 I 
I 14231523 1091843291 

a Amb denotes an ambient sample. 
L o c a t i o n  d e s i g n a t i o n s ;  I = ESP I n l e t  South, 0 = ESP O u t l e t  South. 
COND = condenser sampling system; H/W = Hot/wet sampling system. 
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3.2 FIELD TEST CHANGES AND PROBLEMS 

On set-up day LILCO reported a possible steam leak in Unit 1 that could 
have led to a shut-down of the unit. After consultation with LILCO, and EPA, 
Entropy accelerated the schedule to complete the test in two days instead of 
three. Runs 1 and 2 were performed on July 20 and Run 3 was performed on 
July 21. 

0 

3.3 SUMMARY OF RESULTS 

3.3.1 FTIR Results 

Gas phase and sample concentration data were analyzed for HAPs and other 
species. All spectra were inspected and absorbance bands identified where 
possible. Spectra were analyzed, using procedures developed by Entropy, to 
quantify detected species. The results are presented in Tables 3-2 and 3-3. 
Maximum possible (minimum detectible) concentrations were determined for 
undetected HAPs. These results are presented in Tables 3-4 to 3-7. 

3.3.1.1 Gas Phase Results - -  Each gas phase sample was analyzed for HAPS and 
other species. The spectra revealed that the gas phase samples were composed 
of: 

water vapor was detected but quantified with the wet bulb/dry bulb 
method. 

CO, was detected but quantified using a CEM. 

CO was detected but quantified using a CEM. 

NO was measured in condenser and diluted hot/wet samples at an 
average concentration of about 210 ppm. Water interference was too 
high in the undiluted hot/wet samples to quantify NO. 

NO, was detected in some of the spectra but not quantified because 
Entropy does not have reference spectra for NO,. Entropy will 
provide NO, concentrations in the Final report. 

SO, concentrations ranged from about 460 to 540 ppm with no 
significant difference between the inlet and outlet of the ESP. 

A set of subtracted spectra was generated to analyze for the maximum 
possible (or minimum detectible) concentrations of undetected HAPs. 
Reference spectra of water vapor, SO,, NO and CO, were scaled and subtracted 
from each sample spectrum. The resulting base lines were analyzed according 
to procedures described in Section 4.6.3. The upper limit concentration of 
an undetected compound is referred to in Tables 3-4 to 3-6 as the maximum 
possible concentration. This quantity was calculated for HAPs in the 
reference library. Results for hot/wet, condenser and diluted samples 
(diluted with dry N, at about 2:l) are presented in Tables 3-4, 3-5, and 3-6, 
respectively. The results are averages of the calculated values for all of 
the spectra in the sample runs. 

14 



Hot/wet gas phase spect ra are t h e  most d i f f i c u l t  t o  analyze due t o  
spec t ra l  i n t e r f e r e n c e  from water  vapor. Even so, i n  r e s u l t s  f rom the  hot/wet 
gas phase data, 81  compounds gave minimum d e t e c t i b l e  concent ra t ions  below 10 
ppm; o f  these, 65 are below 5 ppm, and 21  are 1 ppm o r  lower .  

For the  v a l i d a t i o n  study’  Entropy developed ana lys i s  programs f o r  HAPs 
i n  f l u e  gas f rom a c o a l - f i r e d  b o i l e r .  S t a t i s t i c a l  ana lys i s  showed t h e  
programs’ t o  be successfu l  i n  measuring some HAPs i n  hot/wet and condenser 
samples. The major i n t e r f e r a n t  species i n  c o a l - f i r e d  b o i l e r  emissions are 
s i m i l a r  t o  those i d e n t i f i e d  i n  the  o i l - f i r e d  b o i l e r  e f f l u e n t .  Therefore,  t he  
same programs were used t o  analyze t h e  da ta  obta ined i n  t h i s  t e s t .  The 
r e s u l t s  o f  t h e  ana lys i s  are presented i n  Appendix C .  

3.3.1.2 Sample Concentrat ion Resu l ts  - -  Sample concent ra t ion  spect ra are 
i n t e g r a t e d  samples c o l l e c t e d  over each 4-hour run.  The samples were composed 
o f :  

Water vapor was present  b u t  a t  lower  l e v e l s  than i n  gas phase 
samples so spec t ra l  i n t e r f e r e n c e  was reduced. 

Some CO, remained i n  t h e  desorbed samples, bu t  m o s t  o f  i t  was 
removed so spec t ra l  i n t e r f e r e n c e  from CO, was g r e a t l y  reduced. The 
gas ana lyzer  p rov ides  a more accurate measure o f  t he  CO, 
concent ra t ion .  

e Some CO remained i n  the  desorbed samples b u t  was more accura te ly  
measured us ing  t h e  gas analyzer .  

T r ich lo ro f luoromethane (CC1,F) was i d e n t i f i e d  i n  a l l  samples 
i n c l u d i n g  t h e  ambient runs and may be a contaminant. 

SO, was de tec ted  i n  samples f rom a l l  t h ree  runs a t  both l oca t i ons ,  
bu t  t h e  sample concen t ra t i on  process removes most o f  t h e  SO,. A 
more r e l i a b l e  measure o f  t h e  SO, concent ra t ion  i s  prov ided by t h e  
gas phase r e s u l t s .  

HC1 was de tec ted  i n  t h e  samples from Run 2 a t  t h e  ESP i n l e t  and 
o u t l e t .  HC1 i s  v o l a t i l e  and does n o t  adhere t o  Tenax w e l l :  
t he re fo re ,  sample concent ra t ion  prov ides a lower  l i m i t  t o  t h e  HC1 
concent ra t ion .  The upper l i m i t  t o  the  HC1 concent ra t ion  i s  between 
0.8 and 1.3 ppm (Table 3-4) determined from t h e  hot/wet gas phase 
data.  

Hexane was i d e n t i f i e d  i n  a l l  samples i n c l u d i n g  t h e  ambient runs. 
Features s i m i l a r  t o  hexane are u s u a l l y  observed i n  spect ra o f  
desorbed samples and probab ly  i nc lude  c o n t r i b u t i o n s  from hexane and 
o t h e r  (h ighe r  molecular  we igh t )  a l i p h a t i c  hydrocarbons t h a t  w e r e  
no t  complete ly  removed f rom t h e  Tenax i n  the  pre-c leaning 
procedure. 

A c y c l i c  s i l oxane  compound was de tec ted  i n  t h e  samples from Runs 1 
and 3 a t  t h e  ESP i n l e t  and i n  samples f rom Runs 1 and 2 a t  t he  ESP 
o u t l e t .  Entropy i d e n t i f i e d  t h i s  compound i n  spect ra o f  samples 
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taken a t  t h e  c o a l - f i r e d  b o i l e r  v a l i d a t i o n  t e s t . '  T h i s  compound was 
shown t o  be a product  o f  a r e a c t i o n  between HC1 o r  water vapor i n  
t h e  gas stream and m a t e r i a l s  i n  the  f i l t e r  housing o f  t he  Method 5 
box. Entropy took  steps t o  e l i m i n a t e  t h i s  problem and t h e  
s i loxane,  i f  i t  i s  a contaminant, i s  present a t  ve ry  low l e v e l s  ( i n  
the  samples from LILCO) r e l a t i v e  t o  v a l i d a t i o n  data.  

Formaldehyde was detected i n  t h e  sample f rom Run 1 a t  t h e  ESP 
o u t l e t  and i n  one o f  t h e  ambient samples. Formaldehyde i s  v o l a t i l e  
and does n o t  adhere t o  Tenax w e l l :  therefore,  sample concen t ra t i on  
prov ides a lower l i m i t  t o  t h e  formaldehyde concentrat ion.  The 
upper l i m i t  t o  t h e  formaldehyde concen t ra t i on  i s  between 1 and 1.4 
ppm (Table 3-4) determined from t h e  hot/wet gas phase data. 

Table 3-3 presents  c a l c u l a t e d  r e s u l t s  f o r  SO,, HC1, formaldehyde, hexane, 
and CC1,F i n  samples where these species were detected. The concen t ra t i on  of 
CC1,F was est imated us ing a spectrum supp l i ed  by I n f r a r e d  Ana lys i s  I n c .  The 
f l u e  gas concentrat ions were determined u s i n g  procedures descr ibed i n  Sec t i on  
4.6.5. The adsorpt ion/desorpt ion e f f i c i e n c i e s  o f  l i g h t  compounds such as HC1 
and formaldehyde have n o t  been considered. Therefore,  t h e  values i n  Table 3- 
3 are lower l i m i t  concentrat ions.  Upper l i m i t s  on HAP concentrat ions a r e  
prov ided by t h e  a n a l y s i s  o f  t h e  gas phase da ta  (Tables 3-4, 3-5, and 3-6).  
Table 3-7 g i ves  minimum d e t e c t i b l e  concen t ra t i ons  f o r  HAPs undetected i n  t h e  
Tenax" samples. The minimum d e t e c t i b l e  f l u e  gas concentrat ions were de r i ved  
from amount o f  gas sampled (Sect ions 4.6.3 and 4.6.5) and are presented i n  
Table 3-7. 

A d d i t i o n a l  absorbance f e a t u r e s  were observed b u t  n o t  i d e n t i f i e d .  None 
o f  these f e a t u r e s  were a t t r i b u t e d  t o  HAPs l i s t e d  Table 3-7. R e l a t i v e  band 
i n t e n s i t i e s  va ry  among t h e  sample spect ra.  

Spect ra l  ana lys i s  programs were p r e v i o u s l y  deyeloped f o r  sample 
concen t ra t i on  spect ra f o r  a n a l y s i s  o f  v a l i d a t i o n  data.  The programs were 
used t o  evaluate sample concen t ra t i on  d a t a  f o r  HAPs. The r e s u l t s ,  presented 
i n  Appendix C, g i v e  c a l c u l a t e d  concen t ra t i ons  f o r  HAPs t h a t  Entropy used i n  
s p i k i n g  experiments w i t h  Tenax. 
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TABLE 3-2. SUMMARY OF GAS PHASE FTlR RESULTS FROM TESTING AT LlLCO UNIT ONE 

1340-1342 1 

Location 
Olitlet 

Inlet 

=Exr 

11 465 6 4529 

Inlet 

lnlet 

Outlet 

- 1355-1359 
1404-1408 

Sample I Sampling IDilution 11 Sulfur Dioxide 

Hot/Wet 441 10 3610 
439 9 3592 

432 20 3560 

514 8 5 
136-1349 1 
1400-14021 Hot/Wet 4 540 6 4606 
1415-1417 4 494 5 4210 
HoVWet 461 14 3773 
1538-1 539 464 14 3799 
1543-1544 459 14 3754 
1548-1550 461 14 3774 
1554-1557 Condenser 490 7 4773 

198 29 1931 
200 29 1946 
200 29 1946 
221 32 2254 
221 32 2248 
221 32 2248 
219 32 2236 
... 0 
.-- 0 

259 17 2220 
244 17 2093 
m 34 2373 
228 35 2387 
228 35 2389 
._. 0 

237 23 2083 
..- 0 
._. 0 

226 33 2365 
203 31 1981 
203 30 1976 
204 31 1993 
203 31 1980 
..- 0 

(a) Blank spaces indicate sample was not diluted. 
(b) Water interference was too great to measure NO in hotiwet undiluted samples. 
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TABLE 3-3 
FLUE GAS CONCENTRATIONS (PPM) CALCULATED FOR SOME COMPOUNDS 

DETECTED IN SAMPLE CONCENTRATION SPECTRA. LlLCO UNIT 1 OIL-FIRED BOILER. 

FORMAL- 
RUN#(a) LOCATION S02(b) HCI HEXANE DEHYDE CCBF 

(a) Amb denotes an ambient sample. 
(b) Flue gas concentration ppm calculated as described in Section 4.6.5. 

18 



TABLE 3 4  CALCULATED W I M U M  POSSIBLE IMlNlMUM DETECTlBLO CONCENTRATIONS. 
4APs NOT DETECTED IN SPECTRA OF HOT/W€r SAMPLES MTRACTED FROM 
UNIT I OIL.FIRED BOILER 

1039.90 . 1C64.M 3.45E.W 47.30 3.59E03 49.24 
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TABLE 54. CALCULATED MAXIMUM POSSIBLE (MINIMUM DETECTIBLQ CONCENTRATIONS: 
HAPS NOT DFECTED IN SPECTRA OF HOTMET SAMPLES MTRACTED FROM 
UNlT 1 OIL-FIRED BOILER. 

6.25 

11 1102.90 - 1123.63 11 5.36E03 I 1.70 5.77E-03 

6.17 7.70EQ3 3069.50 - 3 W . 8 0  7.6OE03 
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TABLE 3-4. CALCULATED MAXIMUM POSSIBLE (MINIMUM DETECTIBLQ CONCENTRATIONS: 
HAPs NOT DETECTED IN SPECTRA OF HOTNET SAMPLES MTRACTED FROM 
UNIT 1 OIL.FIRED BOILER. 

e 

(a) HAPs for which Entropy has obtained quanmative reference spectra. 

(b) Frequency region. in wavenumben (Ilcm) chosen for the analysis. 

(c) Calculated root mean square deviation over the analflcal region in spectra generated by 

(d) Maximum flue gas concentration (in ppml 01 undetected compound caiculated according to procedures 

subtracting reference spectra of interferant species from sample spectra. 

discussed in Sections 4.6.3 and 3.3.1. 

(e) All HAPs from acetoniuiie to m-xylene were measured in spiking experiments in a FTiR 

validation test. Compounds marked with a met Method 301 validation criteria. 
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TABLE 3 5 .  CALCUUTED MAXIMUM POSSIBLE (MINIMUM DETECTIBLE) CONCENTRATIONS: 
HAP8 NOT D m C T E D  IN SPECTRA OF CONDENSER SAMPLES MTRACTED FROM 
U N r  1 OIL-FIRED BOILER. 

ESP INLEl ESP OUTLET 
Maurnurn Maximum 

Compoundla) Anahltlcal Region lwnllb AMSOIc) ppmldl RMSO ppm 
I I 
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TABLE 3-5. CALCULATED MAXIMUM POSSIBLE (MINIMUM DETECTIBLQ CONCENTRATIONS: 
HAPS NOT DETECTED IN SPECTRA OF CONDENSER SAMPLES MTRACTED FROM 
UNm 1 OIL-FIRED BOILER. 
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TABLE 3 5  CALCULATED MAXIMUM POSSIBLE (M.NIMLM OETECTIELO CONCENTRATIONS 
HAPS NOT OmCTEO IN SPECTRA OF CONDENSER SAMPLES MTRACTEO FROM 
UNIT 1 OIL-FIRED BOILER. v 

e 

(a) HAPS for which Entropy has obtained quantitative relerence spectra. 

(b) Frequency region. in wavenumbers (l lcm) chosen for the analysis. 

(c) Calculated root mean square deviation over the analytical region in spectra generated by 

submdng reference specba of interferant species lrom sample spectra. 

(d) Maximum flue g?s concentration (in ppm) of undetected compound caiculated according to 

procedures discussed in Sections 4.6.3 and 3.3.1 

(e) All HAPS from acetonitrile to m-xylene were measured in spiking experiments in a FTlR 

validation test. Compounds marked with * met Method 301 validation criteria. 



e 

a 

TABLE 3 6  CALCULATED MAXIMUM POSSIBLE lMlNlMUM DFlECTlBLE) CONCENTRATlOhS. 
HAPS NOT DETECTED IN SPECTRA OF DILUTED HOTNVFT SAMPLES EXTRACTED 
FROM UhV 1 OIL-FIRED BOILER 

t ESP INLEl  iI ESP OUTLET 

13.0s 

2.46 u 6.66E03 I 
I lsobwl Ketone 2872.05 . 2W.95 2.38E.03 1.W 3.10E.02 
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a TABLE 3-6. CALCULATED MAXIMUM POSSIBLE (MINIMUM DETECTIBLQ CONCEFCTRATIONS: 
HAPS NOT DETECTED IN SPECTRA OF DILUTED HOTWET SAMPLES EXTRACTED 
FROM UNIT 1 OIL-FIRED BOILER. 

I ESP INLET I1 ESP OUTLET 

a 
26 



TABLE 3-6 CALCULATED MAXIMUM POSSIBLE iMlhlMuM OElECT BLEl CONCENTRATlOhS 
HAPs NOT DETECTED N SPECTRA OF D.LUTED hOTfflET SAMPLES EXTRACTED 
FROM LNT 1 0 L.FIRED BOILER 

(a) HAPs for which Entropy has obtained quantitative reference spectra. 

(b) Frequency region. in wavenumbers (t/cm) chosen far me analysis. 

(c) Calculated root mean square deviation over the analytical region in spectra generated by 

subbacting reference spectra of intelterant species from sample spectra. 

(d) Maximum Rue gas concentration (in ppm) of undetected compound calcuiated according to procedures 

discussed in Sections 4.6.3 and 3.3.1. Oilufion factor not taken into account. 

(e) All HAPS from acetonibile to m-wlene wera measured in spiking experiments in a R I R  validation test. 
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TABLE 3.7 CALCVUTED MAXIMUM POSSIBLE IM hlMUM DmCTlBLO CONCENTRATIONS rAPs NOT D m C T E D  IN 
SAMPLE CONCEMRATION SPECTRA EXTRACTED FROM LNlT 1 O.L-F.RED BO.LER AND AMBIENT AIR 



e TABLE 3-7. CALCULATED MAXIMUM POSSIBLE (MINIMUM DETECTIBm CONCEKTRATIONS: HAPS NOT DETECTED IN 
SAMPLE CONCENTPATION SPECTRA MTRACTED FROM UNIT 1 OIL-FIRED BOILER AND AMBIENT AIR. 
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TABLE 3-7. CALCULATED W I M U M  POSSIBLE (MINIMUM OETECTIBLE) CONCEKTRATIONS: HAP?, NOT DETECTED IN 
SAMPLE CONCENTRATION SPECTRA MTRACTED FROM UNm 1 OIL-FIRED BOILER AND AMBIENT AIR. 

(a) HAPs in quantitative reference library. 

(b) Frequency region. in wavenumbers (l/cml chosen lor the anaysis. 

(c) Calculated root mean square deviation in cno%n anruyticd reaion in subtlacted soecra. 

(d) Calculated maximum flue gas concenmtion (in ppmi of undetected compouno determined 

acmrding to procedures in Sections 4.6.3 and 3.3.2. 

(e) All HAPs from acetonitrile lo m-xylene were rneasurea in spiking experiments on Tenax in FTlR 

validation test. Compounds marked with * met Method 301 Validation critena. 
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3 . 3 . 2  Instrumental and Manual Test Results 

Table 3-8 summarizes the results obtained using EPA test methods as 
described in Sections 4 - 3  and 4 - 4 .  All concentration results in the table 
were determined from the average gas concentration measured during the run 
and adjusted for drift based on the pre- and post-run calibration results 
(Equation 6 C - 1  presented in EPA Method 6C,  Section 8 ) .  Although not required 
by Methods 10 and 25A,  the data reduction procedures of Method 6 C  were used 
for the CO and HC determinations to ensure data quality. All measurement 
system calibration bias and calibration drift checks for each test run met 
the applicable specifications of the Methods. Each emission rate value 
(expressed in units of lb/hr) was computed using the averaged concentration 
measurement for the test period, flue gas volumetric flow rate, and the 
appropriate conversion factors. 

The dry flue gas volumetric flow rates are expressed in units of "dry 
standard cubic feet per minute (dscfm)." The SO,, NO,, and CO emission rates 
were computed using the dry basis concentration and flow rate data. Because 
Method 25A requires that the measurement be made on a wet basis, the wet flow 
rate results in units of "wet standard cubic feet per minute (wscfm)" were 
used to compute HC emission rates (lb/hr as methane). 
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3.3.3 Process Results 

3.3.3.1 ODeratinq Conditions - -  Process data are presented in Tables in 
Appendix 8 and are summarized in Figures 3-1 to 3-3. 

3.3.3.2 Problems and/or Variations Durinq Samplinq - -  During Runs 1 and 2, 
some ESP cells were inoperative. This did not present a problem because no 
more than one o f  the eight cells monitored (Figure 2 - 2 )  was down at any one 
time. 

Otherwise During Run 1 (11:OO a.m. to 3:OO p.m.,7/20/93), Run 2 (3:20 
p.m. to 7:20 p.m., 7/20/93), and Run 3 (10:20 a.m. to 2:ZO p.m., 7/21/93), 
the plant operated at a steady state without notable problems. 
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3 . 3 . 3 . 3  Calculation of ESP Parameters - -  Because the secondary voltage was 
not displayed on any plant instrumentation, it was derived as shown below. 
First, to obtain the apparent rectifier efficiency, the ratio of the input 
ratings to the nominal output ratings o f  the transformer-rectifier sets was 
used. 

Input ratings: 

87.5 amperes x 460 Volts = 40,250 Watts 

Nominal output ratings: 

550 DC milliamperes x 45 KV DC = 24,750 Watts 

Apparent rectifier efficiency: 

24,750 / 40,250 = .615 = 61.5% 

The apparent rectifier efficiency and the recorded parameters: primary 
current, primary voltage, and secondary current were combined in equation 1 
to calculate the secondary voltage. 

where: 

V, = Secondary voltage (kV DC) 

RE = Rectifier efficiency 

V, = Primary voltage (V) 

I ,  = Primary current (amps AC) 

I, = Secondary Current (mAmps DC) 

I n  the following example calculation a rectifier efficiency of 61.5 percent 
is assumed: 

5 0  A 
(300 md DC)) 

1000  

10.25 K V D C  = .615 x 

The measured secondary currents and the derived secondary voltages for 
each 15 minute monitoring interval were averaged. These averaged numbers 
were multiplied together to obtain the average corona power input used by an 
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ESP c e l l  du r ing  t h e  emissions t e s t .  

The average corona power i n p u t  was used i n  two c a l c u l a t i o n s .  I n  t h e  
f i r s t ,  a l l  average corona power i n p u t s  were combined t o  o b t a i n  the  t o t a l  
average corona power i n p u t ,  which was then d i v i d e d  by t h e  t o t a l  p l a t e  area 
( f t ' )  t o  o b t a i n  the  t o t a l  average corona power dens i t y .  I n  the  second 
c a l c u l a t i o n ,  t h e  average corona power i n p u t  ( f o r  each c e l l )  was d i v i d e d  by 
each c e l l ' s  p l a t e  area. Th is  c a l c u l a t i o n  prov ided t h e  average c e l l  corona 
power dens i t y .  The r e s u l t ,  a long w i t h  t h e  t o t a l  average corona power 
dens i ty ,  i s  shown i n  F igures 3 -4  t o  3 -6  f o r  Runs 1, 2 and 3, respec t i ve l y .  

Because t h e  number o f  p l a t e s  and t h e i r  s izes  were known, the  sur face 
area o f  each c e l l  was determined t o  a i d  i n  v i s u a l  rep resen ta t i on  of ESP 
performance as a f u n c t i o n  o f  power d i s t r i b u t i o n .  

Exampl e : 

Ac t i ve  C o l l e c t i o n  P l a t e  Size 

A, B, C Fields - 30' x 6' x 41 plates x 2 sides x 6 cells = 88,560 fts 
D Fields - 30' x 3' x 41 plates x 2 sides x 2 cells = 14,760 ft 

Total Collection Area = 88.560 ft' + 14,760 ftZ = 103,320 ft2 (South side only) 

The collection area for each cell would then be: 
2 A, B, C Fields - 88,560 ft: / 6 = 14,760 ft2 each 

D Fields - 14,760 ft / 2 = 7,380 ft each 
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4.0 SAMPLING AND ANALYTICAL PROCEDURES 

The FTIR analysis is done using two different experimental techniques. 
The first, referred to as gas phase analysis, involves transporting the gas 
stream to the sample manifold so it can be sent directly to the infrared 
cell. This technique provides a sample similar in composition to the flue 
gas stream at the sample point location. Some compounds may be affected 
because of contact with the sampling system components or reactions with 
other species in the gas. A second technique, referred to as sample 
concentration, involves concentrating the sample by passing a measured volume 
through an absorbing material (Tenax@) packed into a U-shaped stainless steel 
collection tube. After sampling, the tube is heated to desorb any collected 
compounds into the FTIR cell. The desorbed sample is then diluted with 
nitrogen to one atmosphere total pressure. Concentrations of species 
detected in the absorption cell are related to flue gas concentrations by 
comparing the volume of gas collected to the volume of the FTIR cell. 
Desorption into the smaller FTIR cell volume provides a volumetric 
concentration which gives a corresponding increase in analytical sensitivity 
for the detection of species that can measured using Tenax@. 

Infrared absorbance spectra of gas phase and concentrated samples were 
recorded and analyzed. In conjunction with the FTIR sample analysis, 
measurements of hydrocarbons (HC), carbon monoxide (CO), oxygen (0,), and 
carbon dioxide (CO,) were obtained using gas analyzers. Components of the 
emission test systems used by Entropy for this test program are described 
bel ow. e 
4.1 EXTRACTIVE SYSTEM FOR DIRECT GAS PHASE ANALYSIS 

An extractive system, shown in Figure 4-1, was used to transport the gas 
stream to the infrared cell. 

4.1.1 Samplins System 

Flue gas was extracted through a heated stainless steel sample probe. 
A Balstonm particulate filter rated at 1 micron was installed at the outlet 
of the probe. The probe was connected to the heated sample pump in the FTIR 
truck (KNF Neuberger, Inc. model number NO10 ST.111) using 3/8-in O.D. 
Teflon@ sample line. The temperature of the sampling system components and 
transport 1 ines was maintained at about 300°F using digital temperature 
controllers. All connections were wrapped with electric heat tape and 
insulated to eliminate "cold spots" in the sampling system where sample might 
condense. All components of the sample system were constructed of Type 316 
stainless steel or Teflon@. A heated manifold, in the FTIR truck, included 
a secondary particulate filter and valves that allowed the operator to send 
sample gas directly to the absorption cell or through a gas conditioning 
system. 

The extractive system can deliver three types of samples to the 
absorption cell. Sample sent directly to the FTIR cell is considered 
unconditioned, or "hot/wet." This sample is thought to be most 
representative of the actual effluent composition. The removal of water 
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vapor from the gas stream before analysis was sometimes desirable; therefore, 
a second type of sample was provided by directing gas through a condenser 
system. The condenser employed a standard Peltier dryer to cool the gas 
stream to approximately 38°F. The resulting condensate was collected in two 
traps and removed from the conditioning system with peristaltic pumps. This 
technique is known to leave the concentrations of inorganic and highly 
volatile compounds very near to the (dry-basis) stack concentrations. A 
third type of sample was obtained by dilution. The cell was partially filled 
with sample gas and the partial pressure of the sample was measured and 
recorded. The cell was then filled to ambient pressure using dry nitrogen. 
The procedure could be reversed with the nitrogen being introduced to the 
cell first. A dilution factor of 2:l significantly reduced spectral 
interference from water vapor without removing any species from the sample 
while minimizing the possibility of reducing HAP concentrations below 
detectible levels. Lowering the water vapor concentration, in addition to 
protecting the absorption cell components, relieved spectral interferences, 
which could limit the effectiveness of the FTIR analysis for particular 
compounds. 

4.1.2 Analytical Svstem 

The FTIR equipment used in this test consists of a medium-resolution 
interferometer, heated infrared absorption cell, 1 iquid nitrogen cooled 
mercury cadmium telluride (MCT) broad band infrared detector, and computer 
(Figure 4-2). The interferometer, detector, and computer were purchased 
from KVB/Analect, Inc., and comprise their base Model RFX-40 system. The 
nominal spectral resolution of the system is one wavenumber (1 cm' ) .  Samples 
were contained in a model 5-22H infrared absorption cell manufactured by 
Infrared Analysis, Inc. The inside walls and mirror housing of the cell were 
Teflon@ coated. Cell temperature was maintained at 240°F using heated jackets 
and temperature controllers. The absorption path length of the cell was set 
at 22 meters. 

4.1.3 Sample Collection Procedure 

During all three test runs, gas phase analysis was performed at the ESP 
inlet and outlet concurrent with the sample concentration testing. The test 
schedule is presented in Table 3-1. During a 4-hour run, flue gas 
continuously flowed through the heated system to the sample manifold in the 
FTIR truck. A portion of the gas stream was diverted to a secondary manifold 
located near the inlet of the FTIR absorption cell (Figure 4-2). The cell 
was filled with sample to ambient pressure and the spectrum recorded. The 
cell was then evacuated to prepare for a subsequent sample. The process of 
filling the cell, collecting the spectrum and evacuating the cell took less 
than 10 minutes. During each run, 12 gas phase samples were analyzed. 
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4.2 SAMPLE CONCENTRATION 

Sample concentration was performed using the adsorbent material Tenax", 
followed by thermal desorption into the FTIR cell. The sample collection 
system employed equipment similar to that of the Modified Method 5 sample 
train. 

4.2.1 Samplinq System 

Components of 
the sampling train included a heated stainless steel probe, heated filter and 
glass casing, stainless steel air-cooled condenser, stainless steel adsorbent 
trap in an ice bath, followed by two water-filled impingers, a knockout 
impinger, impinger filled with silica gel, sample pump, and a dry gas meter. 
All heated components were kept at a temperature above 120°C to ensure no 
condensation of water vapor within the system. The stainless steel condenser 
coil was used to pre-cool the gas before it entered the adsorbent trap. The 
trap was a stainless steel U-shaped collection tube filled with 10 g of 
Tenax" and plugged at both ends with glass wool. Stainless steel was used to 
make the adsorbent tubes because it gives a more uniform and more efficient 
heat transfer than glass. 

A run lasted 4-hours with a sample flow rate of 0.12 to 0.17 dcfm for a 
total volume of about 30 to 40 dcf. The sampling rate depended on the 
sampling train used and was the maximum that could be achieved. Collection 
times provided a volumetric concentration that was proportional to the 
volume sampled. The resulting increase in sensitivity allowed detection of 
some HAPS to concentrations below 1 ppm. 

4.2.2 Analytical System 

Before analysis condensed water vapor was removed from the collection 
tubes using a dry nitrogen purge for about 15 minutes. Sample analysis was 
performed using thermal desorption. The sample tubes were wrapped with heat 
tape and placed in an insulated chamber. One end of the tube was connected 
to the inlet of the evacuated FTIR absorption cell. The same end of the tube 
that served as the inlet during the sample concentration run served as the 
outlet for the thermal desorption. Gas samples were desorbed by heating the 
Tenax@ to 250°C. A preheated stream of UPC grade nitrogen was passed through 
the adsorbent and into the FTIR absorption cell. About 7 liters of nitrogen 
(at 240°F) carried the desorbed gases to the cell and brought the FTIR sample 
to ambient pressure. The infrared spectrum was then recorded. The 
desorption process was repeated until no evidence of additional desorbed 
compounds was noted in the spectrum. 

4.2.3 Sample Collection Procedure 

Samples were collected at the inlet and outlet of the ESP. The test 
schedule is presented in Table 3-1. A sample concentration apparatus was set 
up at each location and ambient samples were collected to ensure each train 
contained no significant contamination (Section 5.4.1). Entropy performed 
leak checks of the system and the start time of the run was synchronized at 
both locations. Sample flow, and temperatures of the heated box, the dry gas 

Figure 4-3 shows the apparatus used in this test program. 
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meter, and the tube outlet were monitored continuously and recorded at 10- 
minute intervals. After 4-hrs the collection tube was removed. the open ends 
were tightly capped and the tube was stored on ice until it was analyzed. 
The tubes were analyzed within 12 hours after the run. 

e 
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4.3 CONTINUOUS EMISSION MONITORING 

Entropy's extractive measurement system and the sampling and analytical 
orocedures used for the determinations of SO,, NO", HC, CO, O,, and CO, 
;onform with the requirements of EPA Test Methods 6i', 7E; 25A, lb, and 3Ai 
respectively, of 40 CFR 60, Appendix 8. Two heated sampling systems and a 
single set of gas analyzers were used to analyze flue gas extracted from the 
ESP inlet and outlet locations. The analyzers received gas delivered 
sequentially from the two sample locations. 

A gas flow distribution manifold downstream of the heated sample pump 
was used to control the flow to each analyzer. A refrigerated condenser 
removed water vapor except for samples analyzed for HC. (Method 25A requires 
a wet basis analysis.) The condenser operated at about 38°F. Condensate was 
continuously removed from the traps to minimize contact with the sample. 

The sampling system included a calibration gas injection point 
immediately upstream of the analyzers for calibration error checks and also 
at the outlet of each sample probe for the sampling system bias and 
calibration drift checks. The mid- and high-range calibration gases were 
certified by the vendor according to €PA Protocol 1 specifications. Methane 
in air was used to calibrate the HC analyzer. 

Table 4-1 presents a list of the analyzers that Entropy used during the 
test program to quantify the gas concentration levels at the sample point 
locations. Figure 4-1 is a simplified schematic of Entropy's extractive 
measurement system. 

A computer-based data acquisition system was used to provide an 
instantaneous display of the analyzer responses, compile the measurement data 
collected each second, calculate data averages over selected time periods, 
calculate emission rates, and document the measurement system calibrations. 

Test run values were determined from the average concentration 
measurements displayed by the gas analyzers during the run and are adjusted 
based on zero and upscale sampling system bias check results using the 
equation presented in Section 8 of EPA Method 6C. 

0 
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TABLE 4-1. GAS ANALYZERS USED DURING THE TEST PROGRAM 

Western Research Model 
721AT2 

SO, (0-1000 ppm,) Ultraviolet (UV) 

NO, (0-1000 ppm,) 

HC (0-1000 PPIII,.,) 

CO (0-2000 ppm,) 

co, (0-20%,) 

0, (0-25%,) 

Thermo Environmental Chemiluminescence 

Ratfisch Model RS255CA F1 ame ionization 
Model 42H 

detector (FID) 
Thermo Environmental Infrared gas filter 

Model 48 correlation (GFC) 
Fuji Model 3300 Non-dispersive infrared 

Teledyne 32OP-4 Micro-fuel cell 
(NDIR) 

4.4 FLOW DETERMINATIONS 

Flue gas flow rates were determined by different methods at each 
location. The exhaust duct carrying gases from the air preheater branched 
into two ducts upstream of the ESP inlet location (Figure 2-3). Each duct 
passed through the ESP before the streams were recombined downstream of the 
ESP outlet before the stack. During set-up day Entropy collected velocity 
data using both a 3-Dimensional (3-D) pitot probe and a standard S-type pitot 
probe at the inlet and outlet of the south-side ESP. This information 
indicated a potential for flow disturbances at the outlet. The ESP inlet 
location did not show evidence of flow disturbance; therefore, the inlet flow 
determinations were made in accordance with EPA Methods 1, 2, and 3A. The 
following plan was adopted to measure the total flow through the ESPs: 

Before and during Run 1, 3-D measurements were obtained at the south- 
side ESP outlet. 

As Run 1 and Run 2 continued, 3-D measurements were obtained at the 

After Run 2, flow data were obtained using the 3-D probe at the 
south-side ESP outlet. 

During Run 3, 3-D measurements were obtained at the north and south 
sides of the ESP outlet. 

north side of the ESP outlet. 

During Runs 1, 2 and 3 Entropy performed flow measurements at the 

A set of flow measurements was obtained for each run at the ESP outlet 

north and south-side ESP inlet using a standard S-type pitot. 
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locations using the 3-D probe and at the ESP inlet locations using a standard 
S-type pitot. 0 Table 4-2 presents the schedule of flow measurements. 

A a t e  
7-19 

7-20 

7-21  

7 - 1 9 .  

7-20 

7-21 

TABLE 4-2. SCHEDULE OF FLOW MEASUREMENTS DURING EMISSIONS TEST AT LILCO 

South-Side North-Side 

3-D S-type 3-D S-type 

1400- 1600 

0915-1015 1525-1636 

1845-2000 

0905-0945 1120-1205 

1433 - 1600 

1620-1725 

1127- 1140 1145- 1209 

1908- 1920 1835-1905 

0930-1020 1025-1040 

I ncation 
ESP Inlet 

ESP Outlet 

The wet-bulb/dry-bulb technique was used to measure percent moisture in 
the flue gas. Pitot traverse point locations and measurements made at these 
points are presented on the data sheets included in Appendix A. 

The 3-D probe was used to measure off-axial flow disturbances. 
Measurements were obtained at 11 points through each port (44 data points for 
each duct) to establish a flow profile in the sampling region. Because of 
the time required to obtain the 44-point traverses through each duct, it was 
not practical to perform a complete set of pre- and post-run velocity 
measurements on the north and south sides. 

During the test runs, an S-type pitot tube was positioned adjacent to 
the point where the sample concentration probe was inserted. Single point AP 
values were recorded at 10 minute intervals to verify that flow 
characteristics, at the sampling point, were not changing significantly 
during the run. 

4.5 PROCESS DATA 

During test runs, a representative from RTI monitored plant operations. 
Process observations are described in Section 3.3.3. 
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4 . 6  ANALYTICAL PROCEDURES a - 
4 . 6 . 1  D e s c r i p t i o n  o f  K-Matr ix  Analyses 

K-type c a l i b r a t i o n  matr ices were used t o  r e l a t e  absorbance t o  
concentrat ion.  Several * d e s c r i p t i o n s  of t h i s  a n a l y t i c a l  technique can be 
found i n  the  l i t e r a t u r e  . The d i scuss ion  presented here f o l l o w s  t h a t  of 
Haaland, E a s t e r l i n g ,  and Vopicka3. 

For a s e t  o f  m absorbance re fe rence  spec t ra  o f  q d i f f e r e n t  compounds 
over n data p o i n t s  (corresponding t o  t h e  d i s c r e t e  i n f r a r e d  wavenumber 
p o s i t i o n s  chosen as t h e  a n a l y t i c a l  r e g i o n )  a t  a f i x e d  absorpt ion pa th leng th  
b. Beer's law can be w r i t t e n  i n  m a t r i x  form as 

A =  RC +E (3) 

where: 

A = The n x m m a t r i x  rep resen t ing  t h e  absorbance values o f  t h e  m 
re ference spect ra over t h e  n wavenumber p o s i t i o n s ,  con ta in ing  
c o n t r i b u t i o n s  from a l l  o r  some o f  t he  q components; 

The n by q m a t r i x  rep resen t ing  t h e  r e l a t i o n s h i p  between absorbance 
and concen t ra t i on  f o r  t h e  compounds i n  the  wavenumber reg ion (s )  o f  
i n t e r e s t ,  as represented i n  t h e  reference spectra.  The m a t r i x  
element kq = banq, where anq i s  t h e  a b s o r p t i v i t y  o f  t h e  q t h  
compound a t  t h e  n t h  wavenumber p o s i t i o n :  

The q x m m a t r i x  c o n t a i n i n g  the  concentrat ions o f  t h e  q compounds 
i n  t h e  m re fe rence  spectra; 

E = The n x m m a t r i x  rep resen t ing  t h e  random " e r r o r s "  i n  Beer's law f o r  
t h e  ana lys i s ;  these e r r o r s  are n o t  a c t u a l l y  due t o  a f a i l u r e  o f  
Beer 's law, b u t  a c t u a l l y  a r i s e  from f a c t o r s  such as 
m is rep resen ta t i on  ( i ns t rumen ta l  d i s t o r t i o n )  o f  t he  absorbance 
values o f  t h e  reference spectra,  o r  inaccurac ies i n  the  reference 
spectrum concentrat ions.  

The q u a n t i t y  which i s  sought i n  t h e  design o f  t h i s  ana lys i s  i s  t he  
m a t r i x  K, s ince i f  an approximation t o  t h i s  ma t r i x ,  denoted by E, can be 
found, the  coFcentrat ions i n  a sample spectrum can a l s o  be estimated. Using 
the  v e c t o r  A t o  represent  t h e  n measured absorbance values o f  a sample 
spectrum over t h e  wavenumber r e g i o n ( s )  o f  i n t e r e s t ,  and t h e  vector  C t o  
represent  t h e  j est imated concen t ra t i ons  o f  t he  compounds compris ing t h e  
sample, C can be c a l c u l a t e d  from A' and K from t h e  r e l a t i o n  

K = 

C = 
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Here the superscript t represents the transpose of the indicated matrix, and 
the superscript -1  represents the matrix inverse. 

K = A c t  [CC' I "  (5 )  

The standard method for obtaining the best estimate K is to minimize the 
square of the error terms represented by the matrix E.  
represents the estimate 

Reference specltra for the K-matrix concentration d,eterminations were de- 
resolved to 1.0 cm' resolution from existing 0.25 cm' resolution reference 
spectra. This was accomplished by truncating and re-apodizing4 the interfer- 
ograms of single beam reference spectra and their associated background 
interferograms. The processed sing1 e beam spectra were recombined and 
converted to absorbance (see Section 4.3). 

The equation 
which minimizes the analysis error. 

4 . 6 . 2  Preparation of Analvsis Proqrams 

To provide accurate quantitative results, K-matrix input must include 
absorbance values from a set of reference spectra which, added together, 
qualitatively model the appearance of the sample spectra. For this reason, 
all of the Multicomponent analysis files included spectra representing 
interferant species and criteria pollutants identified in the flue gas. 

Several factors affect the detection and analysis of an analyte in the 
flue gas matrix. One factor is the gas composition. The major spectral 
interferants in oil-fired boiler effluent are water and CO,. At CO, 
concentrations of 10 percent and higher, weak absorbance bands become 
visible. Portions of the spectrum could not be analyzed because of 
absorbance features from water and CO,, but most compounds exhibit at least 
one absorbance band that is suitable for analysis. Significant amounts of 
SO,, NO, and NO, were also present in the samples and these species must be 
considered in the analysis. A second factor is the number of analytes 
detected in the sample. The analytical program becomes more limited in 
distinguishing overlapping bands as the spectra become more complicated. A 
third factor depends on how well the sample spectra are modeled. Spectra are 
best analyzed when all the observed bands are accounted for using with 
reference spectra. If a major component is identified and its reference 
spectrum is unavailable then the analysis of other species in the sample may 
be complicated. 

Before K-matrix analysis was applied to data, all of the spectra were 
inspected to identify the components of the sample. Entropy prepared program 
files to measure the detected species. Four baseline subtraction points were 
specified in each analytical region, identifying an upper and a lower 
baseline averaging range. The absorbance data in each range were averaged, 
a straight base1 ine was calculated through the range midpoint using the 
average absorbance values, and the baseline was subtracted from the 
absorbance values prior to K-matrix analysis. Gas phase and sample 
concentration spectra were analyzed using K-matrix analysis. 
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4.6.3 E r r o r  Ana lys i s  o f  data e 
The p r i n c i p a l  c o n s t i t u e n t s  o f  t he  gas phase samples were water,  CO,, SO,, 

NO, and NO,. A program f i l e  was prepared t o  q u a n t i f y  each o f  these compounds. 
Other than these species and N,O no major  absorbance f e a t u r e s  were observed 
i n  the  gas phase spect ra.  A f t e r  concen t ra t i ons  o f  the main c o n s t i t u e n t s  were 
determined, t h e  approp r ia te  standard was sca led and sub t rac ted  from t h e  
spectrum o f  t h e  sample m ix tu re .  Th is  helped v e r i f y  t h e  c a l c u l a t e d  
concentrat ions and generated a base l i n e  by success ive ly  s u b t r a c t i n g  scaled 
standard spect ra o f  water,  CO,, SO,, NO, and NO,. The r e s u l t i n g  "Subtracted" 
spectrum was analyzed f o r  HAPs and used t o  c a l c u l a t e  maximum p o s s i b l e  
concentrat ions f o r  undetected HAPs. 

Maximum p o s s i b l e  (minimum d e t e c t i b l e )  concentrat ions were determined i n  
several steps. The no ise  l e v e l  i n  t h e  approp r ia te  a n a l y t i c a l  r e g i o n  was 
q u a n t i f i e d  by c a l c u l a t i n g  t h e  r o o t  mean square d e v i a t i o n  (RMSD) o f  t h e  
base l i ne  i n  t h e  sub t rac ted  spectrum. The RMSD was m u l t i p l i e d  by t h e  w id th  
( i n  cm-') o f  t h e  a n a l y t i c a l  r e g i o n  t o  g i v e  an equ iva len t  "no ise area" i n  t h e  
subtracted spectrum. This  value was compared t o  the  i n t e g r a t e d  area o f  t h e  
same a n a l y t i c a l  r e g i o n  i n  a standard spectrum o f  t he  pure compound. The 
noise was c a l c u l a t e d  from t h e  equat ion:  

a 
where: 

RMSD = Root mean square d e v i a t i o n  
reg ion .  

i n  the  absorbance values w i t h i n  a 

n = Number o f  absorbance va lue  i n  the  reg ion .  

Ai = Absorbance value o f  t h e  ith data  p o i n t  i n  the  a n a l y t i c a l  
r e g i o n .  

A,,, = Mean o f  a l l  t h e  absorbance values i n  t h e  reg ion .  

The e r r o r  i n  t h e  c a l c u l a t e d  concen t ra t i on  o f  a detected compound i s  g iven by: 

RMSD x (x, - XI) 
x CONR - 

EPPm - Area,  (7)  

where: 

= Noise r e l a t e d  e r r o r  i n  the  c a l c u l a t e d  concentrat ion,  i n  ppm. 
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x, = 

x, = 

Area, = 

Upper l i m i t ,  i n  cm-’, o f  t h e  a n a l y t i c a l  reg ion .  

Lower l i m i t ,  i n  cm”, o f  t h e  a n a l y t i c a l  reg ion .  

T o t a l  band area ( co r rec ted  f o r  pa th  length,  temperature, and 
pressure)  i n  a n a l y t i c a l  r e g i o n  o f  re fe rence  spectrum of 
compound o f  i n t e r e s t .  

CON, = Known concen t ra t i on  o f  compound i n  t h e  same re fe rence  
spectrum. 

This r a t i o  prov ided a concen t ra t i on  equ iva len t  o f  t h e  measured area i n  t h e  
subtracted spectrum. For undetected compounds, E,,, i s  equ iva len t  t o  t h e  
maximum p o s s i b l e  concen t ra t i on  i n  t h e  sample. 

Some concen t ra t i on  l i m i t s  g i ven  i n  Tables 3-4 t o  3-6 a re  r e l a t i v e l y  h i g h  
(g rea te r  than 10 ppm) and t h e r e  are severa l  poss ib le  reasons f o r  t h i s .  

The re fe rence  spectrum o f  t h e  compound may show low absorbance a t  
r e l a t i v e l y  h i g h  concen t ra t i ons  so t h a t  i t s  fundamental l i m i t  o f  
d e t e c t i o n  i s  r e l a t i v e l y  h igh.  

The r e g i o n  o f  t h e  spectrum used f o r  t he  ana lys i s  may have r e s i d u a l  
bands o r  nega t i ve  fea tu res  r e s u l t i n g  from spec t ra l  sub t rac t i on .  I n  
these cases t h e  absorbance o f  t h e  reference band may be l a r g e  a t  low 
concentrat ions,  b u t  t h e  RMSD i s  a l s o  l a r g e  (Equat ion 7 ) .  Condenser 
samples o f t e n  g i v e  lower E,,, than hot/wet samples because i t  i s  
e a s i e r  t o  s p e c t r a l l y  s u b t r a c t  water vapor from the  d r y  sample. 
However, t h e  E,,, c a l c u l a t e d  f o r  hot/wet spec t ra  are o f t e n  more 
r e l i a b l e  because some compounds do n o t  pass through the  condenser. 

The chosen a n a l y t i c a l  r e g i o n  may be too  l a rge ,  unnecessar i ly  
i n c l u d i n g  reg ions  o f  no i se  where t h e r e  i s  no absorbance from t h e  
compound o f  i n t e r e s t .  

I n  t h e  second and t h i r d  cases E,,, may be lowered by choosing a d i f f e r e n t  
a n a l y t i c a l  reg ion,  genera t i ng  b e t t e r  sub t rac ted  spectra,  o r  by narrowing t h e  
l i m i t s  o f  t h e  a n a l y t i c a l  reg ion .  Entropy took these steps t o  minimize t h e  
maximum p o s s i b l e  HAP concentrat ions presented i n  Sect ion 3.3.1. 

4.6.4 Concentrat ion C o r r e c t i o n  Factors  

Calcu lated sample concen t ra t i ons  were co r rec ted  f o r  d i f f e r e n c e s  i n  
absorpt ion pa th leng th  between t h e  re fe rence  and sample spect ra according t o  
the f o l l o w i n g  r e l a t i o n :  

0 where: 
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C,,,, = The pathlength corrected concentration. 

C,,,, = The initial calculated concentration (output of the Multicomp 
program designed for the compound) 

L, = The pathlength associated with the reference spectra. 

L, = The pathlength (22m) associated with the sample spectra. 

T, = 

T, = 

The absolute temperature of the sample gas (388 K ) .  

The absolute gas temperature at which reference spectra were 
recorded (300 to 373 K ) .  

Corrections for variation in sample pressure were considered, and found 
to affect the indicated concentrations by no more that one to two percent. 
Since this is a small effect in comparison to other sources of analytical 
error, no sample pressure corrections were made. 

4.6.5 Analysis of Sample Concentration Spectra 

Sample concentration spectra were analyzed in the same way as gas phase 
data. Flue gas concentrations were derived by dividing the calculated 
concentrations by the concentration factor (CF) .  To illustrate, suppose that 
10 ft3 (about 283 liters) of gas were sampled and then desorbed into the FTIR 
cell volume of approximately 8.5 liters to give concentration factor of about 
33. If a HAP is detected at 50 ppm in the FTIR cell, its corresponding flue 
gas concentration is about 1.5 ppm. The volume of flue gas sampled was 
determined from the relation: 

where: 

VflUs = Total volume of flue gas sampled. 

V,,, = 

Tflus = 

T,,, = 

W = 

Volume of gas sampled as measured at the dry gas meter after 
it passed through the collection tube. 
Absolute temperature of the flue gas at the sampling location. 

Absolute temperature of the sample gas at the dry gas meter. 

Fraction (by volume) of flue gas stream that was water vapor. 

The concentration factor, CF, was determined using Vflue and the volume 
of the FTIR cell, Vcsll: 

56 



0 
The f l u e  gas concen t ra t i on  was determined us ing CF and t h e  concent ra t ion  

i n  the  FTIR sample, C,,,,. 
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5.0 INTERNAL QUALITY ASSURANCE/QUALITY CONTROL ACTIVITIES 

Q u a l i t y  c o n t r o l  (QC)  i s  de f i ned  as a system o f  a c t i v i t i e s  designed t o  
ensure a q u a l i t y  product  o r  serv ice .  Th is  may inc lude  r o u t i n e  procedures f o r  
ob ta in ing  p resc r ibed  standards o f  performance i n  t h e  mon i to r ing  and 
measurement process. Q u a l i t y  assurance (QA) i s  de f i ned  as a system of 
a c t i v i t i e s  t h a t  p rov ides  a mechanism o f  assessing t h e  e f fec t i veness  o f  t h e  
q u a l i t y  c o n t r o l  procedures. I t i s  an i n t e g r a t e d  program f o r  assur ing t h e  
r e l i a b i l i t y  o f  mon i to r i ng  and measurement data.  

The s p e c i f i c  i n t e r n a l  QA/QC procedures t h a t  were used du r ing  t h i s  t e s t  
program t o  produce use fu l  and v a l i d  da ta  a re  descr ibed i n  t h i s  sec t ion .  Each 
procedure was an i n t e g r a l  p a r t  o f  t h e  t e s t  program a c t i v i t i e s .  

5 .1  QC PROCEDURES FOR MANUAL FLUE GAS TEST METHODS 

Th is  sec t i on  d e t a i l s  t h e  QC procedures fo l l owed  f o r  manual t e s t  
a c t i v i t i e s .  

5.1.1 Ve loc i tv /Vo lumet r ic  Flow Rate QC Procedures 

The QC procedures f o r  v e l o c i t y / v o l u m e t r i c  f l o w  r a t e  determinat ions 
fo l lowed gu ide l i nes  s e t  f o r t h  by EPA Method 2. Incorpora ted  i n t o  t h i s  method 
are sample p o i n t  de termina t ions  by procedures o f  EPA Method 1. Gas mois tu re  
content  was approximated us ing  the  wet bu lb -d ry  b u l b  technique. 

The f o l l o w i n g  QC s teps were fo l l owed  du r ing  these t e s t s :  

The S- type p i t o t  tube was v i s u a l l y  inspected be fore  sampling. 

Both l e g s  o f  t h e  p i t o t  tube were l e a k  checked be fore  and a f t e r  
sampling. 

Proper o r i e n t a t i o n  o f  t h e  S-type p i t o t  tube was maintained w h i l e  
making measurements. The r o l l  and p i t c h  a x i s  o f  t he  S-type p i t o t  
tube was mainta ined a t  90' t o  t h e  f low.  

The magnehelic s e t  was l e v e l e d  and zeroed before each run.  

The p i t o t  tube/manometer u m b i l i c a l  l i n e s  were inspected be fore  and 
a f t e r  sampling f o r  leaks  and mois tu re  condensate ( l i n e s  were c leared  
i f  found).  

Cyc lon ic  o r  t u r b u l e n t  f l o w  checks were performed p r i o r  t o  t e s t i n g  the  
source. 

e 

Reported duc t  dimensions and c ross -sec t i ona l  duc t  area were v e r i f i e d  
by o n - s i t e  measurements. 

I f  a negat ive  s t a t i c  pressure was present  a t  sampling por ts ,  checks 
were made f o r  a i r  in - leakage a t  t h e  sample p o r t  which could have 
r e s u l t e d  i n  p o s s i b l e  f l o w  and temperature e r r o r s .  Leaks were sealed 
when found. 
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The stack gas temperature measuring system was checked by observing 
ambient temperatures prior to placement in the stack. 

The QC procedures followed to ensure accurate sample gas volume 

The dry gas meter i s  fully calibrated every 6 months using an EPA 
approved intermediate standard. 

Pre-test and post-test leak checks were completed and were less than 
0.02 cfm or 4 percent of the average sample rate. 

The gas meter was read to a thousandth (.001) of a cubic foot for the 
initial and final readings. 

Readings of the dry gas meter, meter orifice pressure (AH), and meter 
temperatures were taken every 10 minutes during sample collection. 

Accurate barometric pressures were recorded at least once per day. 

Post-test dry gas meter checks were completed to verify the accuracy 
of the meter full calibration constant ( Y ) .  

determination are: 

5.1.2 SamDle Concentration Samplinq OC Procedures 

sample concentration sampling system were: 
QC procedures that allowed representative collection of organics by the 

Only properly cleaned glassware and prepared adsorbent tubes that had 
been kept closed with stainless steel caps were used for any sampling 
train. 

The filter, Teflon@ transfer line, and adsorbent tube were maintained 
at 210°F of the specified temperatures. 

An ambient sample was analyzed for contamination in the sample train. 

Clean sample tubes were analyzed for contamination prior to their use 
for sampling. 

5.1.3 Manual Samolinq Equipment Calibration Procedures 

5.1.3.1 TyDe-S Pitot Tube Calibration - -  EPA has specified guidelines 
concerninq the construction and qeometry of an acceptable Type-S pitot tube. 
If the specified design and construction guidelines are met, a-pitot tube 
coefficient of 0.84 i s  used. Information pertaining to the design and 
construction of the Type-S pitot tube is presented in detail in Section 3.1.1 
of EPA document 600/4-77-027b. Only Type-S pitot tubes meeting the required 
EPA specifications were used. The pitot tubes were inspected and documented 
as meeting EPA specifications prior to field sampling. 

5.1.3.2 Temperature Measurinq Device Calibration - -  Accurate temperature 
measurements are required during source sampling. The bimetallic stem 
thermometers and thermocouple temperature sensors used during the test 
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program were calibrated using the procedure described in Section 3.4.2 of EPA 
document 600/4-77-027b. Each temperature sensor is calibrated at a minimum 
of three points over the anticipated range of use against a NIST-traceable 
mercury-in-glass thermometer. All sensors were calibrated prior to field 
sampling. 

5.1.3.3 Drv Gas Meter Calibration - -  Dry gas meters (DGMs) were used in the 
sample trains to monitor the sampling rate and to measure sample volume. All 
DGMs were fully calibrated to determine the volume correction factor prior to 
their use in the field. Post-test calibration checks were performed as soon 
as possible after the equipment was returned as a QA check on the calibration 
coefficients. Pre- and post-test calibrations should agree within 5 percent. 
The calibration procedure is documented in Section 3.3.2 of EPA document 

5.1.3.4 3-Dimensional Probe Calibration - -  The following QC procedures were 
performed when using the 3-dimensional probe. 

600/4-77-237b. 

The barometric pressure was recorded daily. 

The entire sampling system was leak checked prior to each run. 

The direction of gas flow will be determined before sampling 

The angle finder was determined to be working properly. 

The manometers were leveled and zeroed every day. 

The probe was positioned at the measurement point and rotated in the 
gas stream until zero deflection is indicated for the yaw angle; this 
null position occurs when P, = P,. Each yaw angle reading from the 
protractor or other angle measuring device was recorded. 

Holding the null position, readings were taken and recorded for the 
(P, - P,) and (P4 - P5). The tester recorded the duct pressure or the 

The procedure was repeated at each measurement point. 

The pitch angle was determined from the F, calibration curve and F, 
was determined from the F, calibration curve. 

Calibration curves were generated from the procedures outlined in 
Draft Method 2E. 

(P2 - Pbar) . 

5.2 QC PROCEDURES FOR INSTRUMENTAL METHODS 

Flue gas was analyzed for carbon monoxide (CO), oxygen (O,), carbon 
dioxide (CO,) and hydrocarbons ( H C ) .  Prior to sampling each day a pre-test 
leak check of the sampling system from the probe tip to the heated manifold 
was performed and was less than 4 percent of the average sample rate. 
Internal QA/QC checks for the CEM systems are presented below. 
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5.2.1 D a i l y  C a l i b r a t i o n s ,  D r i f t  Checks, and System B ias  Checks 

Method 3A r e q u i r e s  t h a t  t he  t e s t e r :  (1)  s e l e c t  appropr ia te  apparatus 
meeting the  a p p l i c a b l e  equipment s p e c i f i c a t i o n s  o f  t h e  method, (2)  conduct an 
i n t e r f e r e n c e  response t e s t  p r i o r  t o  t h e  t e s t  program, and ( 3 )  conduct 
c a l i b r a t i o n  e r r o r  ( l i n e a r i t y ) ,  c a l i b r a t i o n  d r i f t ,  and sampling system b i a s  
determinat ions d u r i n g  t h e  t e s t  program t o  demonstrate conformance w i t h  the  
measurement system performance s p e c i f i c a t i o n s .  The performance s p e c i f i c a -  
t i o n s  are i d e n t i f i e d  i n  Table 5-1.  

PERFORMANCE TEST 

Analyzer C a l i b r a t i o n  E r r o r  

Sampling System Bias 

Zero D r i f t  

Upscale C a l i b r a t i o n  D r i f t  

I n te r fe rence  Check 

SPECIFICATION 

f 2% o f  span f o r  zero, mid-, and 
high-range c a l i b r a t i o n  gases 

f 5% o f  span f o r  zero and upscale 
c a l i b r a t i o n  gases 

f 3% o f  span over t e s t  run  pe r iod  

r 3% o f  span over t e s t  run  pe r iod  

r 7% o f  t h e  mod i f i ed  Method 6 r e s u l t  
f o r  each run  
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5.3 QA/QC CHECKS FOR DATA REDUCTION, VALIDATION, AND REPORTING 

Data q u a l i t y  a u d i t s  were performed us ing  da ta  q u a l i t y  i n d i c a t o r s  which 
r e q u i r e  t h e  d e t a i l e d  rev iew o f :  (1 )  t h e  reco rd ing  and t r a n s f e r  o f  raw data; 
( 2 )  da ta  c a l c u l a t i o n s ;  ( 3 )  t he  documentation o f  procedures; and (4)  t h e  
s e l e c t i o n  o f  app rop r ia te  da ta  q u a l i t y  i n d i c a t o r s .  

A l l  da ta  and/or c a l c u l a t i o n s  f o r  f low ra tes ,  mo is tu re  content ,  and 
sampl i n g  r a t e s  were spot  checked f o r  accuracy and completeness. 

I n  genera l ,  a l l  measurement da ta  have been v a l i d a t e d  based on the  
f o l l o w i n g  c r i t e r i a :  

acceptable sample c o l l e c t i o n  procedures 

adherence t o  p resc r ibed  QC procedures.  

Any suspect da ta  have been i d e n t i f i e d  w i t h  respect  t o  t h e  na ture  o f  t h e  
problem and p o t e n t i a l  e f f e c t  on da ta  q u a l i t y .  Upon complet ion o f  t e s t ,  t he  
f i e l d  coo rd ina to r  was respons ib le  f o r  p repara t i on  o f  a da ta  summary i n c l u d i n g  
c a l c u l a t i o n  r e s u l t s  and r a w  da ta  sheets.  

5.3.1 Sample Concentrat ion 

The sample concen t ra t i on  custody procedures f o r  t h i s  t e s t  program were 
based on EPA recommended procedures. Because c o l l e c t e d  samples were analyzed 
on -s i t e ,  t he  custody procedures emphasized c a r e f u l  documentation o f  sample 
c o l l e c t i o n  and f i e l d  a n a l y t i c a l  data.  Use o f  cha in -o f -cus tody  documentation 
was n o t  necessary. Instead, c a r e f u l  a t t e n t i o n  was p a i d  t o  t h e  sample 
i d e n t i f i c a t i o n  coding. These procedures are discussed i n  more d e t a i l  below. 

Each sample concen t ra t i on  spectrum was assigned a unique alphanumeric 
i d e n t i f i c a t i o n  code. For example, T in1 102A designates a desorp t ion  spectrum 
o f  a Tenax@ sample taken a t  t h e  ESP i n l e t  du r ing  Run 1 us ing  tube number 02. 
The A i n d i c a t e s  t h i s  was t h e  spectrum o f  t h e  f i r s t  deso rp t i on  f rom t h i s  
sample. 

The p r o j e c t  manager was respons ib le  f o r  ensur ing t h a t  proper  custody and 
documentation procedures were fo l l owed  f o r  t he  f i e l d  sampling, sample 
recovery,  and f o r  rev iewing  t h e  sample i nven to ry  a f t e r  each run  t o  ensure 
complete and up - to -da te  e n t r i e s .  A sample i nven to ry  was maintained t o  
p rov ide  an overview o f  a l l  sample c o l l e c t i o n  a c t i v i t i e s .  

Every sample tube was cleaned and checked f o r  contaminat ion before use. 
The contaminat ion check cons is ted  o f  desorb ing t h e  c lean tube and reco rd ing  
i t s  spectrum. Each sampling t r a i n  was checked f o r  contaminat ion be fore  t h e  
t e s t  and a f t e r  a l l  t e s t  runs were completed. The t r a i n s  were se t  up 
according t o  t h e  procedures of Sec t ion  4.2, except t h a t  t h e  probe was no t  
i n s e r t e d  i n t o  t h e  p o r t .  Ambient a i r  was drawn through t h e  e n t i r e  sample 
concent ra t ion  apparatus f o r  one hour. Th is  t ime was s u f f i c i e n t  t o  reveal  
s i g n i f i c a n t  contaminat ion on the  system components. About 10 ft’ o f  a i r  was 
sampled f o r  t he  ambient checks. The ambient tube was s to red  and analyzed i n  
the  same way as t h e  sample tubes. Minor contaminat ion was accounted fo r  i n  

a 

Every c o l l e c t i o n  tube was i n s c r i b e d  w i t h  an i d e n t i f i c a t i o n  number. 
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the subsequent analysis by using spectral subtraction. Evidence of major 
contamination was not identified in any sample. 

Sample flow at the dry gas meter was recorded at 10 minute intervals. 
Results from the analyzers and the spectra of the gas phase samples provided 
a check on the consistency of the effluent composition during the sampling 
period. 

5.3.2 Gas Phase Analysis 

During each run at least 12 gas phase samples were collected and 
analyzed. Each spectrum was assigned a unique file name and a separate data 
sheet identifying sample location and sampling conditions. A comparison of 
all spectra in this data set provided information on the consistency of 
effluent composition and a real-time check on the performance of the sampling 
system. Effluent was directed through all sampling lines for at least 5 
minutes and the CEMs provided consistent readings over the same period before 
sampling was attempted. This requirement was satisfied when switching to a 
different conditioning system or between locations. The FTIR continuously 
scanned when the cell was evacuating to provide a spectral profile of the 
empty cell. A new sample was not introduced until no residual absorbance 
features remained from the previous sample. The FTIR also continuously 
scanned during sample collection to provide a real-time check on possible 
contamination in the system. 

5.3.3 FTIR Spectra 

For a detailed description o f  QA/QC procedures relating to data 
collection and analysis, refer to the "Protocol For Applying FTIR . .  . 
Spectrometry in Emissjon Testing." A spectrum of the calibration ti-ansfer 
standard (CTS) was recorded and a leak check of the FTIR cell was performed 
before and after each sampling session. The CTS was 100 ppm ethylene in 
nitrogen. The CTS spectrum provided a check on the operating conditions of 
the FTIR instrumentation, e.g. spectral resolution and cell path length. 
Ambient pressure was recorded whenever a CTS spectrum was collected. 

Two copies of a1 1 interferograms, processed backgrounds, sample spectra, 
and the CTS were stored on separate computer disks. Additional copies of 
sample and CTS absorbance spectra were also stored for use in the data 
analysis. Sample spectra can be regenerated from the raw interferograms, if 
necessary. FTIR spectra are available for inspection or re-analysis at any 
future date. 

Pure, dry ("zero") air was periodically introduced through the sampling 
system in order to check for contamination or if condensation formed. Once, 
when water condensed in the manifold, the lines and cell were purged with dry 
N,, until sampling could continue. 

The position and slope of the spectral base line was constantly 
monitored. If  the base line within a data set for a particular sample run 
began to deviate by more than 5 percent from 100 percent transmittance, a new 
background was collected. e 
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5 . 4  CORRECTIVE ACTIONS 

During the test program, it was the responsibility of the field 
coordinator and the team members to ensure that all data measurement 
procedures were followed as specified and that data met the prescribed 
acceptance criteria. Specific procedures for corrective actions are 
described above. 
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6.0 CONCLUSIONS AND DISCUSSION 

e 

Entropy conducted an emission t e s t  a t  LILCO's o i l - f i r e d  b o i l e r  i n  
Nor thpor t ,  New York. Gas phase ana lys is ,  and sample concent ra t ion  were 
performed over two days. Three 4-hour sample concent ra t ions  runs were 
performed a t  t h e  ESP i n l e t  and o u t l e t .  FTIR gas phase ana lys i s  and CEM 
measurements were performed concur ren t l y  w i t h  t h e  sample concent ra t ion  runs.  

Gas phase ana lys i s  revealed the  presence o f  water vapor, CO, CO,, NO,, 
SO,, and NO. HC1, CCl,F, formaldehyde, hexane, and a c y c l i c  s i loxane were 
detected i n  concentrated samples f rom both  l oca t i ons .  Also, u n i d e n t i f i e d  
absorp t ion  bands remain which may be due t o  species produced i n  t h e  process. 

The pr imary goal o f  t h i s  p r o j e c t  was t o  use FTIR ins t rument ion  i n  a 
major t e s t  program t o  measure as many HAPs as p o s s i b l e  o r  t o  p lace  upper 
l i m i t s  on t h e i r  concent ra t ions .  Four o the r  e l e c t r i c  u t i l i t i e s  were tes ted  
along w i t h  t h e  LILCO f a c i l i t y .  U t i l i t i e s  present a most d i f f i c u l t  t e s t i n g  
chal lenge f o r  two reasons: 

1) They are combustion sources so t h e  f l u e  gas conta ins  h igh  l e v e l s  of 
mo is tu re  and CO, (bo th  are s p e c t r a l  i n t e r f e r a n t s ) .  

2) The l a r g e  vo lumet r i c  f l o w  r a t e s  t y p i c a l  o f  these f a c i l i t i e s  can l e a d  
t o  mass emissions above regu la ted  l i m i t s  even f o r  HAPs a t  very  low 
concent ra t ions .  Th is  places g r e a t  demand on the  measurement method 
t o  achieve low d e t e c t i o n  l i m i t s .  

Th i s  program represents  the  f i r s t  a t tempt  t o  use FTIR spectroscopy i n  
such an ambi t ious t e s t  program. The program accomplished very  s i g n i f i c a n t  
achievements and demonstrated impor tan t  and fundamental advantages o f  FTIR 
spectroscopy as an emissions t e s t  method over  o the r  t e s t  methods: 

e 

Using a s i n g l e  method q u a n t i t a t i v e  da ta  were prov ided f o r  over 100 
compounds. 

Software was w r i t t e n  t o  analyze a l a r g e  da ta  se t  and prov ide  
concen t ra t i on  and d e t e c t i o n  l i m i t  r e s u l t s  q u i c k l y .  The same o r  
s i m i l a r  sof tware can be used f o r  subsequent t e s t s  w i t h  very  l i t t l e  
investment o f  t ime  f o r  minor m o d i f i c a t i o n s  o r  improvements. 

The o r i g i n a l  da ta  a re  permanently s to red  so t h e  r e s u l t s  can be 
rechecked f o r  v e r i f i c a t i o n  a t  any t ime. 

A s i n g l e  method was used t o  o b t a i n  both t ime-resolved ( d i r e c t  gas) 
and i n t e g r a t e d  (sample concent ra t ion)  measurements o f  gas streams 
from two l o c a t i o n s  s imul taneously .  

The two techniques of t he  F T I R  method cover d i f f e r e n t  concent ra t ion  
ranges. 

P re l im ina ry  da ta  ( q u a l i t a t i v e  and q u a n t i t a t i v e )  are prov ided o n - s i t e  
i n  r e a l  t ime.  
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e With little effort at optimization (see below), detection limits in 
the pDb ranqe were calculated for 2 1  HAPs and between 1 and 5 ppm for 
65 other HAPs using direct gas phase measurements of hot/wet samples, 
which present the most difficult analytical challenge. Sample 
concentration provided even lower detection limits for some HAPs. 

A compound detect is unambiguous. 

It is  appropriate to include some discussion about the "maximum possible 
concentrations" presented in Tables 3-4 to 3-7. These numbers were 
specifically not labeled as detection limits because use of that term could 
be too easily misinterpreted. But the numbers in Tables 3-4 to 3-7 will be 
referred to as "detection limits" in the discussion below. 

In FTIR analysis detection limits are calculated from the spectra (see 
Section 4.6.3 and the "FTIR Protocol"). These calculated numbers do not in 
any way represent fundamental measurement limits, but they depend on a number 
of factors. For example: 

Some instrumental factors 

Spectral resolution. 

Source intensity.. 

Detector response and sensitivity. 

Scan time. 

Efficiency of infrared transmission (through-put). 

Signal gain. 

Path length that the infrared beam travels through the sample. 

Some sampling factors 

Physical and chemical properties of a compound. 

Flue gas composition. 

Flue gas temperature. 

Flue gas moisture content. 

Length of sample line (distance from location). 

Temperature of sampling components. 

Sample flow. 

Instrumental factors are adjustable. For this program instrument settings 
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were chosen t o  d u p l i c a t e  c o n d i t i o n s  t h a t  were s u c c e s s f u l l y  used i n  p rev ious  
screening t e s t s  and t h e  v a l i d a t i o n  t e s t .  These c o n d i t i o n s  p rov ide  speed of 
analys is ,  d u r a b i l i t y  o f  i ns t rumen ta t i on ,  and t h e  b e s t  chance t o  o b t a i n  
measurements o f  t h e  maximum number o f  compounds w i t h  acceptable s e n s i t i v i t y .  
Sampling f a c t o r s  present  t h e  same chal lenges t o  any t e s t  method. 

An a d d i t i o n a l  c o n s i d e r a t i o n  i s  t h a t  t h e  numbers presented i n  Tables 3-4 
t o  3-7 are a l l  h iqhe r  than t h e  t r u e  d e t e c t i o n  l i m i t s  t h a t  can be c a l c u l a t e d  
from the  1 cm-’ da ta  c o l l e c t e d  a t  LILCO. Th is  r e s u l t s  from t h e  method o f  
analys is :  t h e  no ise  c a l c u l a t i o n s  were made on ly  a f t e r  a l l  s p e c t r a l  
sub t rac t i ons  were completed. Each s p e c t r a l  s u b t r a c t i o n  adds no ise  t o  t h e  
r e s u l t i n g  sub t rac ted  spectrum. For most compounds i t  i s  necessary t o  perform 
o n l y  some ( o r  none) o f  t h e  s p e c t r a l  s u b t r a c t i o n s  be fo re  i t s  d e t e c t i o n  l i m i t  
can be ca l cu la ted .  With even more s o p h i s t i c a t e d  sof tware it w i l l  be p o s s i b l e  
t o  automate t h e  process o f  per forming s e l e c t i v e  s p e c t r a l  s u b t r a c t i o n s  and 
opt imize t h e  d e t e c t i o n  l i m i t  c a l c u l a t i o n  f o r  each compound. (Such an 
under tak ing was beyond t h e  scope o f  t h e  c u r r e n t  p r o j e c t . )  Furthermore, t h e  
d e t e c t i o n  l i m i t s  rep resen t  averages compiled f rom t h e  r e s u l t s  o f  a l l  t h e  
spect ra c o l l e c t e d  a t  a g i ven  l o c a t i o n .  A more r e a l i s t i c  d e t e c t i o n  l i m i t  i s  
prov ided by t h e  s i n g l e  spectrum whose ana lys i s  g i ves  t h e  lowest  c a l c u l a t e d  
value. I t  would be more accurate t o  t h i n k  o f  “maximum p o s s i b l e  
concentrat ions”  as p l a c i n g  upper boundaries on t h e  HAP d e t e c t i o n  l i m i t s  
prov ided by these data.  

Perhaps t h e  most impor tant  sampling c o n s i d e r a t i o n  i s  t he  sample 
composit ion. I n  Table 3-4 benzene‘s d e t e c t i o n  l i m i t  i s  quoted as 6.56 ppy. 
This  was determined i n  t h e  a n a l y t i c a l  r e g i o n  between 3020 and 3125 cm- . 
Benzene e x h i b i t s  a much s t ronger  i n f r a r e d  band a t  673 cm-’ b u t  t h i s  band was 
n o t  used i n  t h e  a n a l y s i s  because absorbance from CO, s t r o n g l y  i n t e r f e r e d  i n  
t h i s  a n a l y t i c a l  reg ion.  A t  a l ower  CO, emission source an i d e n t i c a l  FTIR 
measurement system would p rov ide  a benzene d e t e c t i o n  l i m i t  below 1 ppm f o r  
d i r e c t  gas a n a l y s i s  (even i g n o r i n g  t h e  c o n s i d e r a t i o n  discussed i n  t h e  
prev ious paragraph). Data from Tables 3-4 t o  3-7 should n o t  be used t o  
c a l c u l a t e  mass emission r a t e s  because compounds l i s t e d  i n  those t a b l e s  a re  
non-detects. 

F i n a l l y ,  t h e r e  may be some ques t ion  about why c e r t a i n  species were n o t  
detected i n  gas phase samples; p a r t i c u l a r l y  HC1. (HC1 was measured i n  bo th  
Tenax samples from Run 2, b u t  a t  ve ry  low l e v e l s ,  and these measurements a re  
n o t  q u a n t i t a t i v e . )  One answer cou ld  be t h a t  HC1 concen t ra t i ons  were a c t u a l l y  
below the  lowest  s t a t e d  d e t e c t i o n  l i m i t  o f  840 p a r t s  p e r  b i l l i o n  ( a t  t h e  ESP 
i n l e t ) .  The fue l  a n a l y s i s  prov ided t o  RTI (Table 2-1) does n o t  i n c l u d e  a 
c h l o r i d e  measure, b u t  f o r  t h e  sake of d i scuss ion  i t  w i l l  be assumed t h a t  HC1 
was present above 1 ppm i n  t h e  gas stream a t  t h e  sampling l o c a t i o n ,  which i s  
d e t e c t i b l e  by d i r e c t  F T I R  gas analys is ,  and t h e  ques t i on  w i l l  be explored as 
t o  why t h e  HC1 i n  t h e  F T I R  sample was n o t  a l s o  above 1 ppm so t h a t  i t  cou ld  
be measured. 

The sampling system c o n f i g u r a t i o n  ( i n c l u d i n g  t h e  temperatures o f  
components) was chosen because t h e  same c o n f i g u r a t i o n  was used success fu l l y  
a t  o t h e r  t e s t s .  HC1 was measured a t  u t i l i t i e s  and o t h e r  emission sources 
d u r i n g  the  F T I R  development p r o j e c t .  It was assumed t h a t  f l u e  gas c o n d i t i o n s  
would be s i m i l a r  t o  those a t  t h e  e l e c t r i c  u t i l i t i e s  Entropy t e s t e d  d u r i n g  t h e  
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development project. In fact, the flue gas at LILCO contained 16 percent 
moisture. This is much higher that the 7 percent moisture that was 
encountered when Entropy tested utilities for the screening and validation 
tests. High moisture makes HC1 measurements difficult because it is water 
soluble. (Entropy has detected HC1 in a 22 percent moisture stream using 
dilution.) Maintaining the sampling system and FTIR cell at a higher 
temperature would have meant testing under conditions different from those 
used at the validation. The sample stream could have been spiked with HC1 to 
verify sampling system integrity but this precaution was not considered 
before the test because it was assumed the moisture content would not be a 
significant problem. In any event, nothing would have been gained by raising 
the temperature of the sampling components because the measured flue gas 
temperature at both locations was between 300 and 320°F. The sampling system 
up to the FTIR cell was maintained above 300°F. The FTIR cell was maintained 
at 250°F (to keep spectral conditions near to those of the reference spectra), 
but this could not have interfered with HC1 measurements because there was no 
condensation in the cell. 

The important point to emphasize i s  that these difficulties are all 
related to the samplinq system and have absolutely nothinq to do with the 
FTIR analysis. In fact, FTIR techniques offer the best opportunity to 
accurately measure HC1 (and other unstable or reactive species1 because FTIR 
spectrometry can be readily used to easily and unequivocally monitor the 
sampling system integrity. That was not done in this test because the 
primary goal was the general one of measuring as many compounds as possible, 
not optimizing the measurement system for any particular compound or set of 
compounds. Furthermore, the testing schedule was compressed by the process 
difficulties LILCO experienced. This made any further deviation from the 
plan impossible. 

All previous studies on HC1 sampling and measurement indicate that high 
sample flow rates are required to deliver HC1 to the measurement system. 
Entropy has participated in EPRI (Electric Power Research Institute) studies 
performing FTIR CEM measurements at utilities. In these studies HC1 was 
measured using a sample flow of 10-15 lpm and heated lines at 300°F. At the 
LILCO test it was not possible to achieve a sample flow rate above 6-7  lpm 
because, in addition to FTIR testing, Entropy was also delivering sample to 
five gas analyzers. EPA required CO, CO,, HC, and 0, measurements and a NO, 
monitor was also used to provide LILCO with data to optimize their process 
before testing. When FTIR is used as a stand-alone method the sampling 
demands of similar emissions tests will be greatly reduced. 

0 
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