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ABSTRACT 

A comprehensive boi ler  tes t ing  program was performed on Units 4 and 5 of the 
Four  Corners Steam Electr ic  Station t o  compare the NOx emissions and thermal 
performance of a uni t  r e t ro f i t t ed  with low-NOx burners (Unit 4) with a 
" s i s t e r "  unit  s t i l l  equipped with i t s  original turbulent burners (Unit 5). 
Built in the l a t e  1960s. Units 4 and 5 are  800-MW Babcock & Wilcox 
supercr i t ical ,  once-through boi lers  designed f o r  f i r i n g  of a western 
subbituminous.coa1. 
burners designed by Foster Wheeler Energy Corporation; Unit 5 was l e f t  
unmodified while awaiting i t s  scheduled r e t r o f i t  i n  1991. Major objectives of 
the comparative tes t ing  program were t o  es tab l i sh  the NO, emissions levels  and 
to  assess any changes in  the performance and operabi l i ty  of Unit 4 due t o  the 
ins ta l la t ion  of low-NOx burners. 

In 1989. Unit 4 was r e t r o f i t t e d  w i t h  low-NOx c i r cu la r  

Testing included measurement of NOx, CO, and SO, emissions, unburned carbon, 
gas temperature leaving the economizer, and heat absorption in various boi le r  
c i r cu i t s  a t  d i f fe ren t  levels  of unit  load and excess a i r ,  and w i t h  d i f fe ren t  
burner a i r  r eg i s t e r  adjustments. 
burners reduced N 4 ,  emissions from Unit 4 by 55% compared with t h e  unmodified 
Unit 5, without any detrimental e f fec t  on boi le r  performance, efficiency. o r  
operabili ty.  

Test r e s u l t s  indicate  tha t  the low-NO, 

This paper should be of i n t e re s t  t o  any u t i l i t y  evaluating potential  NO, 
reductions and boi le r  performance e f fec ts  tha t  could be anticipated'by 
r e t ro f i t t i ng  these low-NOx burners t o  pulverized-coal-fired u t i l i t y  boi lers  
with "ce l l  ", burners or conventional c i rcu lar  turbulent burners. 
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INTRODUCTION 

The Ar izona Pub l i c  Serv ice Company (APS) operates f i v e  c o a l - f i r e d  u n i t s  a t  t h e  
Four Corners Steam E l e c t r i c  S t a t i o n  l oca ted  near  Farmington, New Mexico. 
u n i t s  operate under a s t a t e  environmental r e g u l a t i o n  which l i m i t s  emissions of 
n i t r o g e n  ox ide  (NO,) t o  0.70 lb/M8tu f rom c o a l - f i r e d  u t i l i t y  b o i l e r s .  Th is  

r e g u l a t i o n  was promulgated i n  1972. severa l  years  a f t e r  t h e  two u n i t s  t h a t  
produce t h e  h ighes t  NOx emissions--Uni ts 4 and 5--went i n t o  commercial 
operat ion.  

The 

Babcock & Wi lcox (B&W) b o i l e r s  manufactured d u r i n g  t h e  l a t e  1960s. l i k e  U n i t s  
4 and 5. were equipped w i t h  c l o s e l y  spaced, two- o r  three-nozz le " c e l l "  
burners s p e c i a l l y  designed t o  maximize combustion i n t e n s i t y  and produce 
extremely h igh  heat  re leases i n  a compact burner  zone. 
fea tures  r e s u l t  i n  very h igh  flame temperatures, heavy s lagg ing  i n  t h e  
furnace, and NO, emissions around 1.20 lb/MBtu a t  f u l l  load. 

These combustion 

Between 1972 and 1984. APS conducted severa l  t e s t i n g  programs and NOx c o n t r o l  
technology s tud ies  on U n i t s  4 and 5 i n  an at tempt  t o  achieve compliance w i th  
t h e  s t a t e  regu la t i on .  None o f  these e f f o r t s  were successfu l  o r  even 
promising. 
(FWEC) Contro l  1 ed-Flow/Spl i t-F1 ame (CF/SF) low-NOx burner  as a promi s i n g  NO, 
c o n t r o l  technology f o r  poss ib le  a p p l i c a t i o n  t o  t h e  Four Corners b o i l e r s .  
Subsequent p i l o t - s c a l e  burner  t e s t i n g  programs and des ign engineer ing s tud ies  
supported a r e t r o f i t  o f  CF/SF low-NOx burners on U n i t s  4 and 5.' I n  1987, t h e  
r e t r o f i t  was approved f o r  major  overhauls o f  U n i t s  4 and 5 scheduled f o r  1989 
and 1991. respec t i ve l y .  

I n  1985, APS i d e n t i f i e d  t h e  Fos ter  Wheeler Energy Corporat ion 

BOILER PLANT DESCRIPTION 

Un i t s  4 and 5 a r e  i d e n t i c a l  B&W opposed-fired, s u p e r c r i t i c a l ,  once-through, 
pressur ized b o i l e r s .  
5,445.000 l b / h  main steam f l o w  a t  1000/1000'F. 
s u l f u r ,  high-ash. subbituminous coa l  w i t h  t h e  c h a r a c t e r i s t i c s  shown i n  
Table 1. 
serv ing  18 three-nozz le c e l l  burners.  The c l o s e l y  spaced c e l l  burners 

Each i s  capable o f  a maximum cont inuous r a t e d  ou tpu t  o f  
The u n i t s  f i r e  a western, low- 

U n i t s  4 and 5 were o r i g i n a l l y  designed by 8&W w i t h  n ine  p u l v e r i z e r s  
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i l lus t ra ted  in  Figure 1 were arranged in a nonuniform f i r i n g  pattern in the 
furnace. 

Retrofit  of the FWEC CF/SF low-NOx burners (Figure 2) required major design 
modifications t o  the Unit 4 boi le r  including 

a Conversion t o  e ight  pulverizers and 48 low-NOx burners, arranged in  
four rows of s i x  burners on each f i r i n g  wall 

New lower furnace watemall panels designed f o r  a conventional, 
widened burner spacing 

Replacement of most of the burner piping a 

a Ins ta l la t ion  of a new pulverizer/burner control system 

These construction modifications were completed during a major two-month 
overhaul of U n i t  4 i n  the  spring of 1989. 

TEST PROGRAM DESCRIPTION 

Following ins ta l la t ion  of the low-NOx burners, APS and the Elec t r ic  Power 
Research Ins t i t u t e  (EPRI) entered in to  a cooperative agreement t o  t e s t  and 
compare the modified bo i l e r ' s  perfonqance and emissions w i t h  the performance 
and emissions of unmodified Unit 5. 

Specific objectives of the t e s t ing  program were 

a To assess any changes i n  Unit 4 boi le r  performance and operabi l i ty  
with the new low-NOx burners 

To investigate the e f f ec t s  of inner and outer a i r  reg is te r  posit ions 
and burner inner nozzle adjustments on flame shape and s t a b i l i t y ,  NO, 
emissions, and boi le r  absorption ra tes ,  par t icu lar ly  in  the secondary 
superheater and pendant reheater sections 

oxygen (0,) leve ls  on NO, emissions 

a 

1 To evaluate the e f fec ts  o f  di f fe ren t  u n i t  loads and furnace excess 

Tenerx Corporation was hired t o  co l lec t  emissions data on NO,. excess 0,. 
carbon monoxide (CO), and su l fu r  dioxide (SO,), t o  measure gas temperatures 
leaving the economizer, and t o  co l l ec t  and analyze coal and ash samples. APS 
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'II) engineers collected a l l  flow, pressure, and temperature data needed t o  
evaluate boi ler  absorption performance. 
inspection of the boi lers  prior t o  the t e s t ing  program to  es tab l i sh  acceptable 
sampling locations and tes t ing  procedures. Coal fineness and f u e l / a i r  balance 
tes t ing  were performed on the fuel supply systems of both uni t s  pr ior  t o  the 
main tes t ing  program t o  ensure acceptable b o i l e r  test  conditions. 
permanent plant instrumentation used in  the tes t ing  was checked f o r  
cal ibrat ion and recal i brated where necessary. 

APS and Tenerx conducted a s i t e  

All 

Gaseous emissions and f lue  gas temperatures were measured in the f lue  gas 
ducts between the economizer ou t l e t  and the a i r  preheater i n l e t s .  
emissions were col lected from an 18-point gr id  in  Unit 4 and an &point gr id  . 

in U n i t  5.  Gas temperatures were measured from a 27-point thermocouple gr id  
in  Unit 4 and a 24-point thermocouple gr id  in  Unit 5 .  A computer-based data 
acquisit ion system was used t o  co l l ec t  a l l  thermocouple readings. 

Gaseous 

TESTING PROCEDURE 

The comparative tes t ing  program followed the  test  matrix shown in Table 2 t o  
evaluate the un i t s '  emissions and thermal performance over a range of 
operating conditions. 
t e s t s  on Units 4 and 5, along with six t e s t s  conducted only on Unit 4. 
variables included uni t  load, furnace excess 0, l eve l ,  burner t i p  position. 
and inner/outer a i r  r eg i s t e r  position. The following tests were conducted: 

The tes t  plan consisted of a s e r i e s  of 15 paral le l  
Test 

fl Four full- load paral le l  t e s t s  were run on both uni t s  a t  standard 
burner t i p  position of +3 inches a t  low (1.8-2.4%). normal (2.7- 
2.9%). and high (3.4-3.6%) excess 0, levels .  

Four full-load, paral le l  tests were run  on both uni t s  with burner t i p  
pos i t i ons  moved t o  zero and -3 inches a t  low (1.8-2.4%) and h i g h  
(3.4-3.6%) excess 0, levels.  

Four full- load tests were run on Unit 4 only while varying inner and 
outer  a i r  r eg i s t e r  positions. 
excess 0, l eve ls  (2.7-3.0%). 
posit ions were ident i f ied  based on NOx emission leve ls .  
additional full- load tests were then r u n  on U n i t  4 with both a i r  
r eg i s t e r s  a t  optimized posit ions a t  low (2.0%) and normal (2.7%) 
excess 0, levels .  

I 

1 

These tests were performed a t  normal 
Optimum inner and outer  a i r  r eg i s t e r  

Two 

a 
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Four 75% load, paral le l  t e s t s  were r u n  on b o t h  uni ts  under standard 
burner operating conditions with a l l  mil ls  i n  service (AMIS) and with 
top mill out of service (MOOS) a t  normal excess 0, levels  (3.2-3.7%); 
and with AMIS a t  high excess 0, levels  (4.4-4.5%). 

Three 50% load, paral le l  t e s t s  were r u n  on both uni t s  under standard 
burner operating conditions with two top MOOS a t  normal excess 0, 
l eve ls  (4.7-5.0%), and then with two top MOOS 0, (5.4-5.5%). 

0 

Each t e s t  las ted about 4-5 hours--1.5 hours of process s tab i l iza t ion ,  and 3-4 
hours of actual tes t ing .  
point samples and as  composite samples. 
of a chemiluminescent NOx analyzer, infrared analyzers f o r  CO and C02. a 
zirconia ce l l  analyzer f o r  0,. and a DuPont SO, analyzer. 

Emissions were monitored and recorded as  single- 
Emissions tes t ing  equipment consisted 

Two fuel analyses were performed during each t e s t .  Coal samples were 
collected immediately downstream of the coal silos before the coal entered 
each mill feeder. 
coal sample. and higher heating value (HHV). proximate, and ultimate analyses 
were performed. Mineral analyses were also conducted on selected coal 
samples. 

These samples were r i f f l e d  together t o  produce an "average" 

Bottom ash samples were collected once per test from a selected bottom ash 
hopper. 
one economizer hopper f o r  each unit .  Samples were analyzed f o r  mineral 
consti tuents,  fusion temperature, and carbon carryover ( loss  on ignit ion.  
LOI). 
bottom ash and baghouse f l y  ash samples. 

Fly ash samples were collected from two selected baghouse hoppers and 

Size, quantity, and elemental analyses were performed on selected 

A t  the end of Test No. 1 a severe leak in  the f i r s t  point high-pressure 
feedwater heater of U n i t  5 occurred, and the heater had t o  be valved out of 
service.  Testing revealed tha t  NOx emissions from U n i t  4 were approximately 
the same with t h i s  f i r s t  p o i n t  heater in  or out of service. Based on t h i s ,  
the Unit 4 f i r s t  point heater was also valved out of service for  the remaining 
paral le l  t e s t s  t o  allow a f a i r  performance comparison between Units 4 and 5. 
During the s i x  t e s t s  on only Unit 4 ,  both f i r s t  point heaters were in  service. 
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EMISSION TEST RESULTS 

Because the secondary a i r  supply t o  the burners o u t  of service on Unit 5 could 
n o t  be shut of f ,  a staging e f f ec t  was present t h a t  could explain the lower NO, 
emissions from U n i t  5 under low-load conditions. 
emissions versus stoichiometric a i r  r a t i o  t o  cor rec t  for  the staging effect .  

Figure 3 i l l u s t r a t e s  NO, 

The FWEC low-NO, burners ins ta l led  on Unit 4 achieved an average 50% reduction 
in NO, emissions versus those from the unmodified Unit 5 when operating a t  
fu l l  load. 
reduction in  NO, emissions was 47% with AMIS, and 40% with the t o p  MOOS. 
the two top MOOS a t  50% load conditions. the staging e f f ec t  on U n i t  5 NO, 
emission reduction was so obvious tha t  only an average 17% NO, reduction was 
observed on Unit 4.  

Under 75% load and normal (3.4-3.7%) excess 0, levels.  the 
With 

Figure 4 i l l u s t r a t e s  NO, emissions versus uni t  load a t  various operating 
excess 0, levels.  
between NO, emissions and unit  load f o r  Unit 5. while the Unit 4 data did not 
show signif icant  correlat ion.  
which i s  a small portion of to ta l  NO, emissions. 
burners on U n i t  5 were operated a t  higher peak flame temperatures than the 
low-NO, burners on Unit 4, Unit 5 produced more thermal NO, than Unit 4. and 
was more sensi t ive t o  uni t  load changes. 

A correlation analysis indicated a def in i te  correlat ion 

0 Reducing u n i t  load can only reduce thermal NO,. 
Because the turbulent 

Figure 5 indicates tha t  changing the burner t i p  posit ion had l i t t l e  e f f ec t  on 
NO, emissions. When the burner t i p  position i s  adjusted, the primary a i r  
velocity i s  changed because primary airflow i s  constant. 
t o  optimize the primary airlsecondary a i r  r a t i o  t o  minimize shear-induced 
turbulence. 
previously ident i f ied the optimum burner t i p  posit ion as +3 inches. 

Adjustments are  used 

APS had They may also cause major changes i n  flame shape. 

The e f fec ts  of inner and outer a i r  reg is te r  posit ion on the performance of the 
low-NO, burners in U n i t  4 a re  i l l u s t r a t ed  in  Figure 6. 
regulate the amount of swirl in the secondary a i r  near the burner t i p  and 
control the point of flame ignition. Outer a i r  reg is te rs  impart i n i t i a l  swirl 

Inner a i r  reg is te rs  
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to the secondary air and control the overall flame shape and size/strength of 
the internal recirculation zone. Minimum NO, emissions levels occurred at an 
inner air register position of 10' open and an outer air register position of 
35-40' open. 
positions, NO, emission levels were 0.44 lb/MBtu at normal excess 0, level and 
0.42 lb/MBtu at low excess 0, level. 

With both inner and outer air registers in their optimum 

Figure 7 illustrates the NO, emissions versus burner zone liberation rate. 
The effect of staging on Unit 5 NO, emissions is obvious. 

SO, flue gas values ranged from 605 to 914 ppm for Unit 4, and 546 ppm to 761 
ppm for Unit 5. 
CO emissions ranged from 32 to 75 ppm except on one test with low excess 0,, 
where average CO emissions were 185 ppm. 

CO emissions on Unit 5 ranged from 32 to 75 ppm, while Unit 4 

Analyses of coal and ash samples taken during the testing program revealed the 
consistency of the coal fired in Units 4 and 5. The coal is fairly reactive, 
so there was little difference in the unburned carbon levels between Units 4 
and 5. 

BOILER PERFORMANCE TEST RESULTS 

Based on preliminary analyses of boiler performance data, it appears that 
there was no detrimental effect on boiler performance, efficiency, or 
operability as a result of the installation of low-NOx burners on Unit 4. 
Table 3 presents the results of a typical, full-load, boiler performance test. 
Further analysis is required to explain the substantial differences between 
some of the comparative data. 
emissions testing on Unit 5 after the installation of low-NO, burners. 
will provide additional data for a better comparison of the boiler performance 
before and after the burner retrofit. 

APS plans to conduct boiler performance and 
This 

Furnace €xi t Gas Temperature (FEGTL 

The FEGTs at full-load operations calculated using the back-calculation method 
ranged from 2541 to 2680'F for Unit 4, and 2647 to 2850'F for Unit 5. The 

8 



. 

d i f f e rence  i n  FEGT f o r  U n i t  4. which ranges f rom 100 t o  209'F lower than U n i t  
5 FEGT, i s  due t o  increased furnace heat abso rp t i on  as a r e s u l t  o f  reduced 
l e v e l s  o f  s lagging i n  t h e  furnace. 
temperature flame reg ions  which promote s lagging. 

Heat Absorpt ion Rates i n  B o i l e r  C i r c u i t s  

Changes i n  t h e  burner  f i r i n g  arrangement and t h e  r e t r o f i t  o f  low-NOx burners 
have c rea ted  a new furnace heat  absorp t ion  pa t te rn .  
t y p i c a l  comparison o f  heat  absorp t ion  ra tes  i n  t h e  b o i l e r  c i r c u i t s  f o r  U n i t s  4 
and 5. 

The low-NOx burners c o n t r o l  h igh-  

F igu re  8 i l l u s t r a t e s  a 

Only en tha lp ies  f o r  the  b o i l e r  c i r c u i t s  are shown i n  t h e  f i g u r e  because t h e  
water/steam r a t e s  f o r  U n i t s  4 and 5 are  almost i d e n t i c a l .  
an increase o f  31-66% i n  the  upper furnace hea t  absorp t ion  r a t e  compared w i t h  
U n i t  5. Th is  i s  due t o  reduced l e v e l s  o f  s lagg ing  i n  t h e  furnace. A decrease 
o f  33-43% i n  t h e  pr imary  superheater heat  absorp t ion  r a t e  i s  a l s o  i n d i c a t e d  i n  
the  U n i t  4 data. The heat  absorp t ion  ra tes  f o r  t h e  upper furnace and pr imary 
superheater a r e  be ing  i n v e s t i g a t e d  f u r t h e r  t o  f i n d  o u t  why t h e r e  are  
subs tan t i a l  d i f f e rences  between t h e  u n i t s .  
absorpt ion r a t e  increases t h e  pr imary superheater o u t l e t  steam temperature 
such t h a t  t h e  superheater spray f l o w  requirement f o r  U n i t  4 i s  increased by 
148-180% when compared w i t h  U n i t  5. U n i t s  4 and 5 data show i n s i g n i f i c a n t  
changes i n  t h e  heat  absorp t ion  r a t e s  i n  o the r  b o i l e r  c i r c u i t s  such as t h e  
lower furnace, secondary superheater, superheater enclosure, reheater,  and 
economizer 

U n i t  4 data shows 

The much h ighe r  upper furnace heat 

Main Steam and Hot Reheat Temperatures 

Data i n d i c a t e  a s l i g h t  increase i n  t h e  main steam temperature f o r  U n i t  4. 
Main steam temperatures a r e  i n  t h e  range o f  990-1004'F f o r  Unit 4 versus 983- 
992°F f o r  U n i t  5. However, t he re  i s  a subs tan t i a l  decrease i n  t h e  h o t  reheat  
temperature f o r  Uni t  4. 
977'F f o r  U n i t  4 and 975-1011'F f o r  U n i t  5. 
reheater  i n l e t  gas temperature f o r  U n i t  4, which i s  124-177'F lower  than t h e  
temperature f o r  U n i t  5. 

on t u r b i n e  c y c l e  e f f i c i e n c y  i s  be ing i nves t i ga ted .  

Hot reheat  temperatures a r e  i n  t h e  range o f  947- 
Th is  i s  due t o  t h e  pendant 

The e f f e c t  o f  lower h o t  reheat  temperature f o r  U n i t  4 
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B o i l e r  E f f i c i e n c i e s  

B o i l e r  e f f i c i e n c y  increased s l i g h t l y ,  i n  t h e  range o f  0.72-1.52%. f o r  Unit .4.  

This i s  due t o  lower a i r  preheater  i n l e t  gas temperatures as a r e s u l t  o f  lower  
economizer i n l e t  water temperatures. Dur ing t h e  o n l y  t e s t  t h a t  U n i t s  4 and 5 
had w i t h  bo th  f i r s t  p o i n t  h igh-pressure feedwater heaters  i n  se rv i ce  (Test 
No. 1). the  a i r  preheater  o u t l e t  gas temperatures were almost the  same. 
Therefore. i t  can be concluded t h a t  t h e  b o i l e r  thermal e f f i c i e n c i e s  remained 
the  same a f t e r  t h e  r e t r o f i t .  

r 

CONCLUSION 

The b o i l e r  emissions and thermal performance t e s t i n g  program comparing t h e  
performance o f  U n i t s  4 and 5 a t  t h e  Four Corners Steam E l e c t r i c  S t a t i o n  
revealed t h a t  t h e  r e t r o f i t  o f  low-NOx burners t o  U n i t  4 reduced NOx emissions 
by about 50% a t  normal, f u l l - l o a d  opera t ing  c o n d i t i o n s  w i thou t  any de t r imenta l  
e f f e c t  on b o i l e r  performance, e f f i c i e n c y .  or o p e r a b i l i t y .  

The average l e v e l  o f  NO, emissions f rom Unit 4 was 0.53 lb/MBtu. w e l l  under 
the  app l i cab le  s t a t e  o f  New Mexico a i r - q u a l i t y  standard o f  0.70 lb/MBtu. 
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F igure 1 - FWEC Three-Nozzle C e l l  Burner 

Figure 2 - FWEC Controlled-Flow/Split-Flame Low-NO, Burner 
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Test  
Proximate Ana lys is  

% Mo is tu re  
% Ash 

% V o l a t i l e s  

% F ixed Carbon 

Energy Content. B tu / l  b 

% S u l f u r  

MAF, B t u / l b  
% A i r  Dry Loss 

U l t imate  Ana lys is  

% Mo is tu re  
% Carbon 

% Hydrogen 

% N i t rogen 

% S u l f u r  

% Ash 

% Oxygen 

Table 1 

COAL ANALYSES SUMMARY 

Cond i t ion  

-- 
As Received 
Dry Basis 
As Received 
Dry Basis 
As Received 
Dry Basis 
As Received 
Dry Basis 
As Received 
Dry Basis -- 

-- 

-- 
As Received 
Dry Basis 
As Received 
Dry Basis 
As Received 
Dry Basis 
As Received 
Dry Basis 
As Received 
Dry Basis 
As Received 
Dry Basis 

U n i t  4 

14.67 
16.33 
19.14 
26.47 
31.02 
42.53 
49.84 

9561 
11205 

0.85 

U n i t  5 

14.34 
16.32 
19.05 
31.32 
36.88 
37.75 
44.07 

9602 
11210 

0.72 
1.00 0.84 

9.03 7.57 
13857 @ 

14.67 
53.87 
63.13 

3.86 
4.52 
1.10 
1.29 
0.85 
1 .oo 

16.33 
19.14 
9.32 

10.92 

14.34 
54.55 
63.68 

3.96 
4.62 
1.15 
1.34 
0.72 
0.84 

16.32 
19.05 
8.96 

10.47 
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Table 2 

TEST MATRIX 

Test Number 
1 
2 
3 
4 

5 

6 

7 

a 
9 
10 
11 
12 
13 
14 
15 
16 
17. 
18 
19 
20 
21 

-Un i t s  
100% 4&5 

100% 4&5 

100% 4&5 

100% 4&5 

100% 4 

100% 4 

100% 4 

100% 4 

100% 4&5 

100% 4&5 

100% 4&5 

100% 4&5 

75% 4&5 

75% 4&5 

75% 4&5 

75% 4&5 

50% 4&5 

50% 4&5 

50% 4&5 

50% 4&5 

50% 4&5 

Excess Air 
Normal 
Normal 
Low 

Normal 
Normal 
Normal 
Normal 
Normal 
Low 

H i g h  
Low 

High 
Normal 
High 
Normal 
Normal 
Normal 
High 
Normal 
Normal 
Normal 

16 

Test Condition 
Std. Nozzle & Register Positions 
Std. Nozzle & Register Positions 
Std. Nozzle & Register Positions 
Repeat Std. 
Outer Register Open 
Outer Register C1 osed 
Inner Register Open 
Inner Register Closed 
Burner Nozzle In (0) 
Burner Nozzle In (0) 

Burner Nozzle In (-3) 
Burner Nozzle In ( -3)  
Std., All Mills In Service 
Std., All Mills I n  Service 
Std., 1 Mill Out  o f  Service 
Std. 
Std.. 2 Mills O u t  o f  Service 
Std., 2 Mills O u t  o f  Service 
Repeat Std. 
Optimal Nozzle Register Positions 
Optimal Nozzle Register Positions 



Table 3 

I 
TYPICAL COMPARATIVE BOILER PERFORMANCE OATAI 

Ut.IL7-5 i 
Parameter ?DSL%+V&+ Pres Rct-coitt I 

Load, MW 

Excess 0,. % Wet 
Feedwater Flow, 1000 l b / h  
Superheater Spray Flow, 1000 
Main Steam Temp., 'F 
Hot Reheat Temp., 'F  
Furnace E x i t  Gas Temp.,'F 
NO,, lb/MBtu 

760 
2.82 

5478 
1 b/h 433 

1004 
965 
2593 

0.49 

752 
2.74 

5493 
286 
992 
999 
2775 
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