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D
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T
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o
I

8
P

A
R

T
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N
D
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N
O

T
IC

E

T
O
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John

T
herriault

A
ssistant

C
lerk

Illinois
P

ollution
C

ontrol
B

oard
Jam

es
R

.
T

hom
pson

C
enter

100
W

est
R

andolph
St.,
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11-500

C
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IL
60601

S
E

E
A

T
T

A
C

H
E

D
S

E
R

V
IC

E
L

IS
T

P
L

E
A

S
E

T
A

K
E

N
O

T
IC

E
that

I
have

today
filed

w
ith

the
O

ffice
o
f the

C
lerk

ofthe

Illinois
P

ollution
C

ontrolB
oard

T
E

S
T

IM
O

N
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R
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R

B
E

R
,

T
E

S
T

IM
O

N
Y

O
F

JA
M

E
S

E
.

ST
A

U
D

T
,

Ph.D
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T
T

R
A
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S
,
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D

R
A

F
T

A
T

T
A

iN
M

E
N

T
D

E
M
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N
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T

R
A
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R
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R
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T
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N
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R
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T
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R

IE
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)
(R

ulem
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-
A

ir)
A

M
E

N
D

M
E

N
T

S
T

O
35

IL
L

.
A

D
M

.
C

O
D

E
)

P
A

R
T

S
2

1
1

A
N

D
2

1
7

)

T
E

S
T

IM
O

N
Y

O
F

R
O

B
E

R
T

K
A

L
E

E
L

M
y

nam
e

is
R

obert K
aleel.

I
am

the
M

anager
o
fthe

A
ir

Q
uality

P
lanning

Section
in

the
B

ureau
o
fA

ir
at the

Illinois
E

nvironm
ental

P
rotection

A
gency

(Illinois
E

PA
).

I
have

previously
testified

in
this

rulem
aking.

M
y

testim
ony

today
is

intended
to

update
the

B
oard

on
recent

developm
ents

affecting
or

related
to

this
proposal.

T
he

Illinois
E

PA
has

continued
to

w
ork

w
ith

potentially
affected

industries
to

address

som
e

ofthe
concerns

and
issues

raised
atthe

previous
hearing.

T
he

Illinois
E

PA
anticipates

filing
a

m
otion

to
am

end
its

proposal
prior

to
the

public
hearing

scheduled
on

F
ebruary

3,

2009,
to

address
concerns

raised
atthe

previous
hearing

or
to

reflect
agreem

ents
betw

een
the

Illinois
E

P
A

and
stakeholders.

I
w

ill
highlight

som
e

o
f the

expected
am

endm
ents

to
the

proposal.In
response

to
several

com
m

ents
that

the
proposed

im
plem

entation
date

o
fM

ay
1,

2010
w

ould
not

allow
enough

tim
e

for
industries

to
reasonably

com
ply

w
ith

the
requirem

ents

o
f the

rule,
the

Illinois
E

PA
is

recom
m

ending
three

changes.
First,

the
Illinois

E
PA

recom
m

ends
thatthe

com
pliance

date
in

Sections
217.152,

217.155,
217.164,

217.184,

217.204,
217.224,

217.244,
and

217.344
ofP

art
217

be
extended

until
January

1, 2012,to

allow
industries

enough
tim

e
to

plan
and

im
plem

entthe
m

easures
needed

to
com

ply.

Second, recognizing
the

unique
role

o
f petroleum

refineries
in

the
region’s

econom
y,

the

Illinois
E

P
A

is
recom

m
ending

thatthe
com

pliance
date

for
refineries

coincide
w

ith
already

planned
m

aintenance
turnarounds

to
avoid

unplanned
shut-dow

ns
and

potential
disruptions

to

the
region’s

fuel
supply.

T
hird,

in
response

to
concerns

about
the

availability
o
fcontinuous

em
issions

m
onitoring

system
(C

E
M

S)
equipm

ent,
the

Illinois
E

P
A

recom
m

ends
extending

the
com

pliance
date

for
C

E
M

S
for

a
period

o
f three

years
after

the
effective

date
ofthis

rule.

F
or

refineries
w

ith
potentially

later
com

pliance
dates,

C
E

M
S

w
ould

be
required

by
the

com
pliance

date
for

the
em

issions
lim

itations
contained

in
the

rule.
F

or
other

industries
w

ith
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com
pliance

dates
prior

to
the

C
E

M
S

com
pliance

date,
the

Illinois
E

PA
recom

m
ends

that

com
pliance

be
determ

ined
through

the
testing

and
reporting

requirem
ents

under
Sections

217.156
and

217.157
of Part

217.

T
he

Illinois
E

PA
continues

to
discuss

other
issues

raised
by

stakeholders
in

this

rulem
aking,

and
w

ill
continue

to
do

so.
Illinois

E
PA

is
w

orking
w

ith
U

S
Steel

regarding
its

concerns
about

em
ission

lim
its

for
its

reheat
furnaces

and
boilers.

W
e

are
also

w
orking

w
ith

A
rcelorM

ittal U
S

A
regarding

concerns
about

the
em

ission
lim

its
for

its
reheat

furnace.
W

e

are
discussing

w
ith

S
aint-G

obain
C

ontainers,
Inc.,

the
appropriate

regulatory
language

to

address
its

com
m

ent provided
to

the
B

oard
prior

to
the

lasthearing.
It

is
our

understanding

that
S

aint-G
obain

C
ontainers,

Inc.,
w

ill
either

com
ply

w
ith

the
requirem

ents
of this

proposal

by
the

com
pliance

date
recom

m
ended

by
Illinois

E
PA

,
or

agree
to

m
ore

stringent

requirem
ents

to
be

im
plem

ented
by

2014.
W

e
hope

to
agree

on
the

revised
regulatory

provisions
prior

to
the

third
hearing

to
allow

S
aint-G

obain
C

ontainers,
Inc.,

the
flexibility

to

com
ply

w
ith

the
m

ore
stringent requirem

ent
at the

later
date.

T
he

Illinois
E

PA
is

also

w
orking

w
ith

M
idw

est
G

eneration
and

C
onocoP

hillips
to

try
to

resolve
som

e
o

f the
concerns

raised
during

this
rulem

aking.
A

gain
it

is
hoped

that
these

issues
w

illbe
resolved

prior
to

the

next hearing.

I
w

ould
also

like
to

update
the

B
oard

on
som

e
recent

developm
ents

that
have

been

m
entioned

during
this

rulem
aking.

O
n

D
ecem

ber
16,2008,

the
Illinois

E
P

A
held

a
public

hearing
to

take
com

m
ents

on
its

draft
attainm

entdem
onstration

for
C

hicago
for

the
1997

8-

hour
ozone

standard,
and

its
draftm

aintenance
plan.

T
he

m
aintenance

plan
is

intended
to

provide
continued

attainm
ent o

fthe
ozone

standard
after

the
area

has
been

redesignated
to

attainm
ent.

P
er

the
B

oard’s
request, the

Illinois
E

PA
is

filing
the

associated
docum

ents,
in

conjunction
w

ith
this

testim
ony,

as
part

o
fthis

rulem
aking.

S
ince

the
prim

ary
technical

support
for

the
attainm

ent
dem

onstration
w

as
prepared

by
the

L
ake

M
ichigan

A
ir

D
irectors

C
onsortium

(L
A

D
C

O
), the

Illinois
E

P
A

requested
that

L
A

D
C

O
’s

E
xecutive

D
irector,M

r.

M
ichael

K
oerber, provide

testim
ony

and
appear

athearing
to

discuss
the

key
findings

contained
in

the
L

A
D

C
O

technical
support

docum
ent.

T
he

Illinois
E

PA
continues

to

m
aintain, how

ever,
that

m
odeling

did
not

play
a

role
in

the
developm

ent
o

fthis
N

O
x

R
A

C
T

proposal.

2
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O
n

D
ecem

ber
23,

2008,
the

U
nited

States
C

ourt
ofA

ppeals
for

the
D

istrict
o
f

C
olum

bia
issued

its
decision

regarding
the

C
lean

A
ir

Interstate
R

ule
(C

A
IR

).
N

orth

C
arolina

v. E
PA

,
N

o.
05-1244,

2008
W

L
5335481

(D
.C

.
C

ir.
D

ec.
23,

2008).
T

he
C

ourt’s

decision
to

rem
and

the
rule

back
to

U
nited

States
E

nvironm
ental

P
rotection

A
gency

(U
S

E
P

A
)

m
eans

that
the

C
A

R
rule

rem
ains

in
effect

w
hile

U
S

E
P

A
w

orks
to

correct

deficiencies
identified

by
the

C
ourt.

A
s

o
f January

1,2009,
the

requirem
ents

o
f the

N
O

x
SIP

C
all

have
been

replaced
by

the
C

A
IR

.
Since

the
B

oard
has

already
adopted,

and
U

S
E

P
A

has

approved,
regulations

that
com

ply
w

ith
C

A
R

for
electric

generating
units

(E
G

U
s)

in
Illinois,

the
Illinois

E
P

A
is

developing
revisions

to
the

Illinois
C

A
R

rule
to

sunset
the

provisions
o

f

the
N

O
x

SIP
C

all.
T

hese
revisions

w
ill

be
subm

itted
to

the
B

oard
in

the
near

future.
Illinois

m
ust

also
correct

its
C

A
IR

rule
to

ensure
thatnon-E

G
U

s
affected

by
the

N
O

x
SIP

C
all

m
eet

the
em

issions
budget

contained
in

the
N

O
x

SIP
C

all
even

though
Illinois

did
not

opt
to

include
non-E

G
U

s
in

the
C

A
IR

trading
program

.
T

he
Illinois

E
P

A
is

also
developing

a

regulatory
proposal

to
resolve

this
deficiency

and
hopes

to
subm

it this
proposal

to
the

B
oard

in
the

near
future.

O
n

D
ecem

ber
22,

2008,
the

U
S

E
P

A
designated

areas
throughout

the
U

nited
States,

including
areas

in
Illinois,

as
nonattainm

ent
for

the
24-hour

P
M
2.5

air
quality

standard

established
in

2006.
A

reas
in

Illinois
that

have
been

designated
as

nonattainm
ent

include

both
C

hicago
and

the
M

etro-E
ast,

the
sam

e
areas

designated
previously

as
nonattainm

ent
for

the
annual

P
M
2.5

standard.
Illinois

m
ust develop

an
attainm

ent plan
and

adopt
control

m
easures

needed
to

attain
the

24-hour
P

M
2.5

standard
w

ithin
three

years
of the

effective
date

ofU
.S.

E
P

A
’s

decision,
and

Illinois
m

ust
attain

the
standards

w
ithin

five
years

o
fthe

effective
date.

O
n

D
ecem

ber
16,2008, the

Illinois
E

P
A

held
a

public
m

eeting
in

C
hicago

to
present,

and
take

com
m

ents
on,

its
recom

m
endation

for
establishing

nonattainm
ent

area
boundaries

for
the

2008
8-hour

ozone
standard.

A
sim

ilar
m

eeting
is

planned
for

the
M

etro-E
ast

area
on

January
22,

2009.
T

he
Illinois

E
PA

’s
initialproposal

is
for

Illinois
to

recom
m

end
to

U
SE

PA

to
establish

nonattainm
ent boundaries

for
the

2008
standard

that
generally

m
atch

the

boundaries
already

established
for

the
1997

ozone
standard.

Illinois
m

ustprovide

recom
m

endations
to

U
S

E
P

A
no

later
than

M
arch

12,2009.
U

S
E

P
A

is
expected

to
finalize

the
nonattainm

ent
designations

in
2010,

initiating
a

new
cycle

o
fplanning

and
regulatory

3
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developm
ent.

O
bviously

such
planning

has
not

occurred
yet

for
either

the
2008

ozone

standard
or

the
2006

P
M
2.5

standard,
so

it
is

notpossible
to

identify
em

issions
reduction

m
easures

needed
to

attain
these

standards.
A

s
the

Illinois
E

PA
has

presented
testim

ony,

how
ever,

N
O

x
em

ission
reductions

w
ill

im
prove

both
ozone

and
P

M
2.5

air
quality

since
N

O
x

is
a

precursor
to

both
pollutants.

T
he

reductions
provided

by
the

subjectN
O

x
R

A
C

T

proposal
w

ill
help

to
m

eet
the

new
standards

and
should

help
to

address
any

future

requirem
ents

to
im

plem
ent

R
A

C
T

for
the

new
standards.

4
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N
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H
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B
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M
y

nam
e

is
M

ichael
K

oerber.
I

am
the

E
xecutive

D
irector

for
the

L
ake

M
ichigan

A
ir

D
irectors

C
onsortium

(L
A

D
C

O
).

I
have

a
B

achelor
o
fScience

degree
in

E
nvironm

ental
E

ngineering
from

the
U

niversity
o
f

Illinois
at

C
hicago,

and
a

M
aster

of

Science
degree

in
M

eteorology
from

the
P

ennsylvania
State

U
niversity.

I
have

w
orked

at

L
A

D
C

O
for

over
19

years,
and

have
been

in
m

y
presentposition

since
1997.

P
reviously,

Iw
orked

as
the

R
egional

M
eteorologist

atU
S

E
P

A
,

R
egion

V
.

In
thatcapacity,

I
w

as

responsible
for

review
ing,

overseeing,
and

conducting
air

quality
studies

for
new

source

perm
its,

state
im

plem
entation

plans,
and

other
purposes.

A
s

E
xecutive

D
irector

for
L

A
D

C
O

,
I

am
responsible

for
overseeing

and

m
anaging

the
day-to-day

operations
o
fthe

organization.
T

he
m

ain
purposes

o
fL

A
D

C
O

are
to

provide
technical

assessm
ents

for
and

assistance
to

our
m

em
ber

states
(Illinois,

Indiana,
M

ichigan,
O

hio,
and

W
isconsin)

on
problem

s
ofair

quality,
and

to
provide

a

forum
for

our
m

em
ber

states
to

discuss
air

quality
issues.

L
A

D
C

O
is

com
m

itted
to

an

open
and

public
process,

as
exem

plified
by

our
long-standing

actions
to

share
data

and

inform
ation,

conductregular
public

m
eetings,

and
w

elcom
e

participation
by

outside

parties
(e.g.,

industry
and

citizen
groups)

on
our

com
m

ittees.

D
uring

m
y

career
at

L
A

D
C

O
,

Ihave
m

anaged
the

identification
and

evaluation
o

f

em
issions

control
strategies

to
address

1-hour
ozone

nonattainm
ent

in
the

L
ake

M
ichigan

region
as

part
o
fthe

L
ake

M
ichigan

O
zone

S
tudy

(L
M

O
S),

ozone
transport

problem
s

in

the
eastern

halfo
f the

U
.S.

as
part

of the
O

zone
T

ransportA
ssessm

ent
G

roup
(O

T
A

G
),

visibility
im

pairm
ent

in
C

lass
I

areas
across

the
country

as
part

o
fthe

R
egional

P
lanning

O
rganization

(R
P

O
)

process,
and

8-hour
ozone

nonattainm
ent,

P
M
2.5

nonattainm
ent,

and
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visibility
im

pairm
ent

throughout
the

upper
M

idw
est

as
part

o
f the

latest
round

of
state

air

quality
planning.

T
he

purpose
ofm

y
testim

ony
is

to
sum

m
arize

the
results

of technical
analyses

perform
ed

by
L

A
D

C
O

and
its

contractors
to

support the
developm

ent
o
f

State

Im
plem

entation
P

lans
(SIPs)

for
ozone, P

M
2,5,

and
regional

haze
in

the
States

of
Illinois,

Indiana,
M

ichigan,
O

hio,
and

W
isconsin.

T
he

analyses
include

preparation
o

f regional

em
issions

inventories
and

m
eteorological

m
odeling

for
tw

o
base

years
(2002

and
2005),

evaluation
and

application
ofregional

chem
ical

transport
m

odels,
and

analysis
of

am
bient

m
onitoring

data.
T

he
results

o
f these

analyses
are

sum
m

arized
in

L
A

D
C

O
’s

report,

“R
egional

A
ir

Q
uality

A
nalyses

for
O

zone,
P

M
2.5,

and
R

egional
H

aze:
F

inal
T

echnical

Support
D

ocum
ent”,

A
pril

25,
2008.

T
his

docum
ent

is
included

in
the

Illinois

E
nvironm

ental
P

rotection
A

gency’s
attainm

ent
dem

onstration
for

ozone,
and

w
hich,

I

believe,
has

already
been

subm
itted

to
the

Illinois
P

ollution
C

ontrol
B

oard
in

this

rulem
aking.

A
s

described
in

the
report,

the
first

step
in

the
technical

analyses
w

as
to

review

am
bient

m
onitoring

data
to

provide
a

conceptual
understanding

o
fthe

air
quality

problem
s.

K
ey

findings
o
f the

data
review

are
as

follow
s.

O
zone

B
ased

on
m

onitoring
data

for
the

period
2005-2007,

there
w

ere
about

20
sites

in

violation
of the

1997
8-hour

ozone
standard

o
f

85
parts

per
billion

(ppb)
in

the

upper
M

idw
est,

including
eight

sites
in

the
L

ake
M

ichigan
area.

B
ased

on
the

prelim
inary

m
onitoring

data
for

the
period

2006-2008,
there

is
only

one
site

in
the

L
ake

M
ichigan

area
in

violation
o
f the

1997
8-hour

ozone
standard

(i.e.,
H

olland,

M
ichigan).

H
istorical

ozone
data

show
a

steady
dow

nw
ard

trend
over

the
past

15

years,
especially

since
200

1-2003,
due

likely
to

federal
and

state
em

ission
control

program
s.

2
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O
zone

concentrations
are

strongly
influenced

by
m

eteorological
conditions,

w
ith

m
ore

high
ozone

days
and

higher
ozone

levels
during

sum
m

ers
w

ith
above

norm
al

tem
peratures.

Inter-
and

intra-regional
transport

o
f ozone

and
ozone

precursors
affects

m
any

portions
o
fthe

five
L

A
D

C
O

states,
and

is
the

principal
cause

o
fnonattainm

ent
in

som
e

areas
far

from
population

or
industrial

centers.
A

s
I

discuss
below

,
the

source
region

w
ith

the
largest

contribution
on

high
ozone

days
in

H
olland,

M
ichigan

is
northeastern

Illinois.

M
2
.5

B
ased

on
m

onitoring
data

for
the

period
2005-2007,

there
w

ere
30

sites
in

violation
o
fthe

current
(1997

version)
annual

P
M

2
5

standard
o
f

15
Ig

/m
3

in
the

upper
M

idw
est,

including
five

sites
in

the
C

hicago
area.

N
onattainm

ent
sites

are

characterized
by

an
elevated

regional
background

(about
12

—
14

j.tg
/m

3)
and

a

significant
local

(urban)
increm

ent
(about

2
—

3
.tg

/m
3)
.

H
istorical

P
M
2.5

data

show
a

slightdow
nw

ard
trend

since
deploym

ent
ofthe

P
M
2.5

m
onitoring

netw
ork

in
1999.

P
M
2.5

concentrations
are

also
influenced

by
m

eteorology,but
the

relationship
is

m
ore

com
plex

and
less

w
ell

understood
com

pared
to

ozone.

O
n

an
annual

average
basis,P

M
2.5

chem
ical

com
position

consists
m

ostly
o
f

sulfate,
nitrate,

and
organic

carbon
in

sim
ilar

proportions.

T
he

second
step

in
the

technical
analyses

w
as

to
apply

air
quality

m
odels

to

supportthe
regionalplanning

efforts.
T

he
m

odeling
w

as
conducted

in
accordance

w
ith

U
S

E
P

A
’s

air
quality

m
odeling

guidance.
T

w
o

base
years

w
ere

used
in

the
m

odeling:

2002
and

2005.
B

asecase
m

odeling
w

as
conducted

to
evaluate

m
odel

perform
ance

(i.e.,

assess
the

m
odel’s

ability
to

reproduce
observed

concentrations).
T

his
exercise

w
as

intended
to

build
confidence

in
the

m
odel

prior
to

its
use

in
exam

ining
control

strategies.

3
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F
uture-year

strategy
m

odeling
w

as
conducted

to
detennine

w
hether

existing
(“on

the

books”)
controls

w
ould

be
sufficient

to
provide

for
attainm

ent
of the

standards
for

ozone

and
P

M
2

5
and

ifnot,
then

w
hat

additional
em

ission
reductions

w
ould

be
necessary

for

attainm
ent.

T
he

third
step

in
the

technical
analyses

w
as

to
provide

an
attainm

ent

dem
onstration

based
on

the
prim

ary
(guideline)

m
odeling

and
supplem

ental
analyses

(i.e.,
other

m
odeling,

exam
ination

of historical
trends

in
em

issions
and

m
onitored

data,

and
special

data
analyses).

Such
a

“w
eight

of evidence”
approach

for
the

attainm
ent

dem
onstration

is
recom

m
ended

by
U

S
E

P
A

’s
m

odeling
guidance.

It
should

be
noted

that

am
ong

the
other

m
odeling

analyses
considered

for
inclusion

in
ourw

eight
of

evidence

dem
onstration

w
as

m
odeling

conducted
by

a
contractor

for
the

F
ive

States
S

takeholders,

w
hich

includes
the

M
idw

est
O

zone
G

roup
(a

consortium
o
f M

idw
est

utilities).
B

ecause

this
analysis

relied
on

several
assum

ptions
that

w
ere

counter
to

U
S

E
P

A
’s

m
odeling

guidance
(and,

as
such,

w
ould

not
be

acceptable
to

U
S

E
P

A
as

part
o
fa

valid
m

odeled

attainm
ent

dem
onstration),w

e
w

ere
unable

to
include

this
other

m
odeling

in
our

w
eight

of evidence
dem

onstration.

B
ased

on
the

m
odeling

and
supplem

ental
analyses,

the
L

A
D

C
O

report
provides

the

follow
ing

conclusions.

First,
existing

controls
are

expected
to

produce
significant

im
provem

ent
in

ozone

and
P

M
2
5

concentrations.

Second,
the

choice
o
f the

base
year

affects
the

future-year
m

odel
projections.

A

key
difference

betw
een

the
base

years
of 2002

and
2005

is
m

eteorology.
B

oth
are

technically
valid,

although
2002

w
as

m
ore

ozone
conducive

than
2005.

T
he

choice
o
fbase

year
as

the
basis

for
the

SIP
is

a
policy

decision
(i.e., how

m
uch

safeguard
to

incorporate).

4
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T
hird,

m
odeling

suggests
that

m
ost

sites
are

expected
to

m
eet

the
1997

8-hour

ozone
standard

by
the

applicable
attainm

ent
date,

except
for

sites
in

w
estern

M
ichigan.

T
he

highest
ozone

concentration
site

in
w

estern
M

ichigan
is

H
olland,

M
ichigan.

Itis
relevant

to
note

that
U

S
E

P
A

is
required

to
address

ozone

nonattainm
ent

problem
s

in
w

estern
M

ichigan,pursuant
to

the
E

nergy
P

olicy
A

ct

o
f 2005.

O
n

January
21,

2009,
U

S
E

P
A

is
expected

to
release

a
report

entitled

“W
estern

M
ichigan

O
zone

S
tudy.”

T
he

report
is

expected
to

conclude
that

the

1997
8-hour

ozone
standard

w
ill

be
m

et
atm

ost,
but

not
all,

sites
in

w
estern

M
ichigan

by
the

applicable
attainm

ent
date

(i.e.,by
2009)

—
the

one
site

projected

to
rem

ain
in

nonattainm
ent

is
H

olland.
Shoreline

areas
in

w
estern

M
ichigan,

such

as
H

olland,
are

affected
by

inter-regional transport
and

intra-regional
transport,

especially
from

Illinois
(e.g.,

m
odeling

estim
ates

that
1/4

o
fthe

high
ozone

concentrations
in

H
olland

are
from

northeastern
Illinois

em
issions).

F
ourth,

m
odeling

suggests
that

m
ost

sites
are

expected
to

m
eet

the
current

annual

P
M
2.5

standard
by

the
applicable

attainm
ent

date,
except

for
sites

in
D

etroit,

C
leveland,

and
G

ranite
C

ity.
T

he
regional m

odeling
for

P
M
2.5

does
not

include

air
quality

benefits
expected

from
P

M
2.5

controls
from

local
industries.

States
are

conducting
local-scale

analyses
and

w
ill

use
these

results,
in

conjunction
w

ith
the

regional-scale
m

odeling,
to

support
their

attainm
ent

dem
onstrations

for
P

M
2
5
.

T
hese

findings
ofresidual

nonattainm
ent

for
ozone

and
P

M
2.5

are
supported

by

m
onitoring

data
for

the
period

2005
—

2007,
w

hich
show

significant

nonattainm
ent

in
the

region
(e.g.,

peak
ozone

design
values

on
the

order
of

90—

93
ppb,

and
peak

P
M
2.5

design
values

on
the

order
of

16
-

17
jig

/rn
3)
.

B
ecause

existing
controls

w
ill

notprovide
sufficient

em
ission

reductions
in

the
next

couple

of years,
additional

em
ission

reductions
are

necessary
to

provide
for

attainm
ent

at

all
sites.

A
ttainm

ent
at m

ost
sites

by
the

applicable
attainm

ent
date

is
dependent

on
actual

future
year

m
eteorology

(e.g.,
ifthe

w
eather

conditions
are

sim
ilar

to
[or

less

5
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severe
than]

2005,
then

attainm
ent

is
likely)

and
actual

future
year

em
issions

(e.g.,

ifthe
em

ission
reductions

associated
w

ith
the

existing
controls

are
achieved,

then

attainm
ent

is
likely).

If
either

ofthese
conditions

is
notm

et
(e.g.,

ifthe
w

eather

conditions
are

sim
ilar

to
2002),

then
attainm

ent
m

ay
be

less
likely.

M
odeling

suggests
that

the
new

(2006
version)

P
M
2.5

24-hour
standard

and
the

new
(2008

version)
ozone

standard
w

ill
not

be
m

et
at

several
sites

in
the

L
ake

M
ichigan

region,
even

by
2018,

w
ith

existing
controls.

6
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January
16,

2009

W
estern

M
ichigan

O
zo

n
e

S
tudy:

D
raft

F
inal

R
ep

o
rt

(ex
cerp

t)

T
w

o
figures

from
the

D
raft

Final
R

eport
are

presented
here

to
provide

inform
ation

on
the

contribution
from

various
so

u
rce

regions
to

high
ozone

concentrations
in

H
olland,

M
ichigan

(site
w

ith
highest

m
onitored

ozone
levels

in
w

estern
M

ichigan).

contrib
—

N
O

X
—

V
O

C
—

lag
io

n
O

hio
M

ichigan
Indiana
Illinois

W
isconsin

Ill
C

hi
N

A
Ind

C
h

iN
A

W
isN

A
D

etroit_N
A

Cleve
N

A
K

entucky
W

as tV
irgin:a

M
issouri

V
IST

A
S

M
A

N
E

-V
U

G
A

P
W

F
A

P
IA

1%
IN

C
anada

20
30

40
53

60

F
ig

u
re

15.
M

o
d
el-b

ased
o
zo

n
e

so
u
rce

ap
p
o
rtio

n
m

en
tresu

lts
fo

r
H

olland,
M

ichigan
N

ote:
B

C
rep

resen
ts

the
contribution

from
the

boundary
conditions

F
ig

u
re

12.
M

o
n

ito
r-b

ased
b

ack
trajecto

ry
p

lo
t

for
h
ig

h
o
zo

n
e

d
ay

s
in

H
olland,

M
ichigan

N
ote:

d
ark

er
shading

rep
resen

ts
higher

frequency
(e.g.,

air
is

m
o

st
likely

to
have

p
assed

through
areas

w
ith

dark
o

ran
g

e
shading

—II.——I

0

P
ercent
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B
E

F
O

R
E

T
H

E
IL

L
IN

O
IS

P
O

L
L

U
T

IO
N

C
O

N
T

R
O

L
B

O
A

R
D

N
T

H
E

M
A

T
T

E
R

O
F:

))
N

IT
R

O
G

E
N

O
X

ID
E

S
E

M
ISSIO

N
S

F
R

O
M

)
R

08-19
V

A
R

IO
U

S
S

O
U

R
C

E
C

A
T

E
G

O
R

IE
S:

)
(R

ulem
aking

-
A

ir)
A

M
E

N
D

M
E

N
T

S
T

O
35

IL
L

.
A

D
M

.
C

O
D

E
)

P
A

R
T

S
211A

N
D

217
)

T
E

S
T

IM
O

N
Y

O
F

JA
M

E
S

E
.

S
T

A
U

D
T

,
P

h.D
.

I,Jam
es

E.
Staudt,have

been
retained

by
the

Illinois
E

nvironm
ental

P
rotection

A
gency

(“Illinois
E

PA
”)

as
an

expert
in

this
nitrogen

oxides
(“N

O
x”)

rulem
aking

addressing
various

source
categories

and
R

easonably
A

vailable
C

ontrol
T

echnology
(“R

A
C

T
”).

I
have

previously

testified
regarding

this
rulem

aking
in

both
pre-filed

testim
ony

and
in

person
on

O
ctober

14,

2008.
Ihave

also
exam

ined
the

testim
ony

ofw
itnesses

for
industries

affected
by

the
proposed

rule
during

the
hearing

on
D

ecem
ber

9
and

10,
2008.

In
response

to
this

testim
ony

by
industry,

I

have
prepared

the
follow

ing
rebuttaltestim

ony.

S
um

m
ary

of
T

estim
ony

It
is

m
y

opinion
that

C
onocoP

hillips
and

U
nited

States
Steel

(“U
S

Steel”)
w

ere
not

convincing
in

their
argum

ents
to

increase
the

em
issions

rates
proposed

in
the

rule.
In

support
oftheir

argum
ent

for
higher

em
ission

lim
its,

C
onocoP

hillips
cited

costs
estim

ated
from

U
ltra

L
ow

N
O

x
B

urner

(“U
L

N
B

”)
projects

associated
w

ith
C

onocoPhillips’
C

onsent
D

ecree
that

are
far

above
the

costs

(about
15

to
20

tim
es)

reported
for

sim
ilar

technology
by

num
erous

independent,
publicly

available
studies.

H
ow

ever,
to

date,
none

ofthe
supporting

inform
ation

for
these

cost
estim

ates

has
been

m
ade

available
for

exam
ination

and
C

onocoP
hillips

could
notprovide

m
any

im
portant

details
on

these
estim

ates
w

hen
asked

atthe
D

ecem
ber

9
hearing.

W
ith

regard
to

U
S

Steel,

inform
ation

itprovided
w

as
found

to
have

errors
and

contradictions
and

w
as

m
issing

key
pieces

of inform
ation,

as
I

w
ill

describe
in

m
ore

detail
in

the
follow

ing
testim

ony.
U

sing
m

ore
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consistent
inform

ation,
even

using
U

S
Steel’s

presum
ed

N
O

x
em

ission
rates

for
various

fuels,
it

appears
thatthe

currently
proposed

N
O

x
em

ission
rate

for
B

oilers
11

and
12

is
a

reasonable
one.

W
ith

regard
to

the
reheat

furnaces,
U

S
Steel

has
not,

to
date,provided

adequate
back-up

inform
ation

—
such

as
the

proposal
from

the
burner

supplier
—

that
is

necessary
to

evaluate
the

inform
ation

they
did

provide.
T

his
inform

ation
w

as
requested

at
the

hearing,but
has

not
yet

been
provided

(T
ranscript

of D
ecem

ber
10,

2008,
hearing,

(“12/10/08
T

R
”)p.

31,
lines

11-20).

For
these

reasons
I

do
not

believe
either

C
onocoPhillips

or
U

S
Steel

provided
convincing

inform
ation

in
support

oftheir
argum

ents
for

higher
N

O
x

em
ission

rates.

C
om

m
ents

on
C

onocoP
hillips

T
estim

ony

C
onocoPhillips’

argum
ent

largely
relies

on
M

r.
D

unn’s
assertion

thatthe
costs

ofN
O

x

controls
that

could
m

eet
the

proposed
lim

its
are

w
ell

above
the

cost
range

targeted
by

the
rule.

M
r.

D
unn

stated
that

as
a

result
of the

proposed
em

ission
rates

C
onocoP

hillips
is

“looking
at

least
at

low
N

O
x

burners
probably

w
ith

FG
R

,
flue

gas
recirculation,

or
ultra

low
N

O
x

burners”

(T
ranscriptofD

ecem
ber

9,
2008,

hearing
(“12/9/08

T
R

”),p.
144,

lines
5-7).

M
r.

D
unn

testified

that
the

proposed
em

ission
rates

are
w

ell
above

w
hat

is
achievable

w
ith

U
L

N
B

(12/9/08
T

R
,p.

146,
lines

2-13;
p.

148,
lines

2-21).
M

r.
D

unn
also

testified
thatthe

proposed
rule

does
not

require
U

L
N

B
(12/9/08

T
R

,
p.

143,
lines

9-13).
M

oreover,
according

to
the

technical
support

docum
ent

(“T
SD

”),
em

issions
lim

its
are

consistentw
ith

those
achievable

w
ith

low
N

O
x

burners,

and
as

noted
above,

M
r.

D
unn

cited
low

N
O

x
burners

as
a

possibility.
So,

facility
ow

ners
have

m
ore

options
than

just
ultra

low
N

O
x

burners.
M

r.
D

unn
also

adm
itted

that
U

L
N

B
could

be
used

on
a

large
unit

to
allow

sm
aller

units
to

average
in

w
ith

little
or

no
effort

(12/9/08
T

R
,

p.
148,

line
22

through
p.

149,
line

5).
So,

this
is

not
a

question
ofw

hether
or

not
the

em
issions

rates

2
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proposed
in

the
rule

are
achievable.

It
is

a
question

ofw
hether

the
costs

for
necessary

controls

are
w

ithin
the

range
ofR

A
C

T
.

A
ccording

to
the

T
SD

,
w

hich
references

num
erous

independent
studies,both

L
N

B
and

U
L

N
B

are
w

ell
w

ithin
the

cost
effectiveness

range
targeted

by
this

rule,
about

$3000/ton
ofN

O
x

rem
oved.

U
L

N
B

are
reported

in
the

T
S

D
to

cost
in

the
range

o
f

about
$1000/ton

o
f N

O
x

rem
oved

(T
SD

pages
43,

64,
65).

Tn
his

pre-filed
testim

ony,
M

r.
D

unn
used

a
cost

estim
ate

of

burners
installed

pursuant
to

a
C

onsent
D

ecree
to

argue
thatU

L
N

B
are

m
ore

expensive
—

in
the

range
of

$15,000
to

$20,000/ton
ofN

O
x

rem
oved

(Pre-filed
T

estim
ony

ofD
avid

D
unn,

p.
7-12).

H
ow

ever,
M

r.
D

unn
could

not
explain

w
hy

the
cost

effectiveness
estim

ate
C

onocoP
hillips

developed
for

U
L

N
B

retrofits
w

as
so

m
uch

higher
than

w
hat

is
w

idely
reported

in
literature

from

L
A

D
C

O
, U

S
E

P
A

,
and

others,
and

as
docum

ented
in

the
T

SD
(12/9/08

T
R

,p.
153,

lines
15-20).

It
is

im
portantto

point
out

that
a

dollar
per

ton
ofN

O
x

rem
oved

estim
ate

entails
m

any

assum
ptions

that
can

greatly
skew

the
estim

ate
in

one
direction

or
another.

T
here

are

assum
ptions

regarding
w

hat
should

be
included

in
the

capital
cost,

the
am

ortization
of that

cost

to
a

yearly
capital

charge,
w

hat
is

assum
ed

as
the

initialversus
the

final
em

issions
levels,how

and
if

overhead
should

be
accounted

for,
insurance

costs,
taxes,

assum
ptions

for
allow

ance
for

spare
parts,

m
aintenance,

the
cost

ofother
routine

m
aintenance

thatm
ay

be
perform

ed
atthe

sam
e

tim
e

as
the

project,
etc.

M
any

o
fthese

are
outlined

in
U

S
E

P
A

’s
A

ir
P

ollution
C

ontrol
C

ost

M
anual

(http://w
w

w
.epa.gov/ttnlcatc/products.htm

l#cccinfo).
A

s
a

result,
by

adjusting
the

assum
ptions,

it
is

possible
to

arrive
at

a
w

ide
range

ofdollar
per

ton
ofN

O
x

rem
oved

cost

estim
ates

for
any

given
project.

B
ecause

o
fthis,

exam
ination

ofthe
assum

ptions
is

im
portant

for
interpreting

such
a

cost
estim

ate.

3
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D
ue

to
the

large
difference

in
the

cost
estim

ates
betw

een
those

presented
by

M
r.

D
unn

and
those

that have
been

w
idely

published
in

num
erous

independent
studies

as
presented

in
the

T
SD

,there
m

ust
be

som
ething

unique
about the

specific
project

or
the

assum
ptions

C
onocoP

hillips
used

to
craft

the
dollar

per
ton

cost
effectiveness

estim
ate

the
com

pany
presented

in
M

r.
D

unn’s
pre-filed

testim
ony.

T
he

Illinois
E

PA
attem

pted
to

learn
w

hatw
ould

account
for

this
difference

during
hearing,

such
as

inclusion
ofother

“routine
m

aintenance”
item

s
or

w
hat

assum
ptions

w
ere

used
to

craftthis
estim

ate
ofdollar

per
ton.

W
hen

asked
about

assum
ptions

of

the
cost

effectiveness
estim

ate,
M

r.
D

unn
adm

itted
that

the
cost

estim
ate

included
significant

indirect
costs.

F
urtherm

ore,
he

could
not

describe
m

any
ofthe

key
underlying

assum
ptions

used

to
craft

the
dollar

per
ton

estim
ate

(12/9/08
T

R
,p.

159,
lines

2-20;
p.

161,
lines

8-1
1).

T
he

underlying
cost

analysis
has

not
been

provided
to

the
B

oard
to

date.
In

addition,
due

to
claim

s

that
the

“detailed”
cost

estim
ate

is
privileged,

it
is

not
clear

w
hether

the
Illinois

E
PA

can
allow

m
e,

as
an

Illinois
E

PA
contactor,

to
exam

ine
and

com
m

ent
on

it
(12/9/08

T
R

,p.
151,

lines
4-10;

p.
154,

lines
18-20).

C
onsidering

that
C

onocoP
hillips’

cost
estim

ates
are

so
inconsistent

w
ith

num
erous

independent
estim

ates
thathave

been
w

idely
published,

and
that

the
com

pany
w

ill
not

subject
the

data
to

public
scrutiny,

it
is

m
y

opinion
thatthe

com
pany’s

cost inform
ation

should
not

be

considered.
T

he
Illinois

E
P

A
has

relied
on

independent
and

publicly
verifiable

estim
ates,

as

docum
ented

in
the

T
SD

,
and

this
inform

ation
dem

onstrates
thatthe

proposed
em

issions
lim

its
are

achievable
w

ith
available

technology
at

a
cost

that
is

w
ithin

the
range

ofR
A

C
T

.

4
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C
om

m
ents

on
U

S
S

teel
T

estim
ony

U
S

Steel
appears

to
have

reached
its

conclusion
regarding

its
approach

to
reducing

N
O

x

em
issions

from
boilers

11
and

12
w

ithout
a

thorough
evaluation

ofthe
technologies

that
are

available.
M

oreover,
there

are
errors

and
inconsistencies

in
the

data
presented.

In
justifying

its

conclusions,
U

S
Steel

m
ade

several
assertions

w
ithout

any
supporting

data
or

calculations.
U

pon

exam
ination

I
found

these
assertions

to
be

erroneous.
In

the
follow

ing
paragraphs

I
w

ill
exam

ine

these
assertions

as
w

ell
as

errors
or

inconsistencies
in

calculations
that w

ere
presented.

A
ssertions

by
U

S
SteelF

ound
to

be
E

rroneous

U
S

Steel’s
consultant,

M
r.

Stapper,
ruled

out
low

N
O

x
burners

and
selective

non-

catalytic
reduction

(“SN
C

R
”)

as
viable

N
O

x
control

options,
although

he
m

ade
no

effortto

contact
suppliers

ofthese
technologies

to
determ

ine
the

suitability
ofthese

technologies

(12/10/08
T

R
,

p.
39,

line
16

through
p.

40,
line

3;
p. 48,

line
19

through
p.

49,
line

17).
D

espite

having
no

inform
ation

from
burner

suppliers,
M

r.
Stapper

testified
that

there
w

ere
no

low
N

O
x

burners
thatw

ould
apply

to
the

m
ulti-fuel

application
ofB

oilers
11

and
12

(12/10/08
T

R
,p.

19-

20,
39).

M
oreover,

he
testified

thatburners
w

ould
cause

dangerous
conditions

that
could

result

in
furnace

explosions
(12/10/08

T
R

,
p.

20,
lines

14-17).
T

hese
assertions,

as
w

illbe

dem
onstrated,

are
incorrect.

W
hile

there
are

challenges
to

cofiring
low

B
T

U
fuels

such
as

B
last

F
urnace

G
as

w
ith

N
atural

G
as

or
other

higher
B

T
U

fuels,
this

can
and

has
been

done.
M

r.
Stapper

relied
solely

on

his
ow

n
experience

w
ithout

consulting
any

burner
suppliers

or
boiler

m
anufacturers.

M
r.

Stapper
m

ade
it

clear
that

it
is

U
R

S
’s

norm
al

practice
not

to
contact

technology
suppliers

for

inform
ation

(12/10/08
T

R
,p.

49,
lines

8-17).
A

s
a

result,
it

is
uncertain

w
hether

M
r.

Stapper
is

5
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using
the

m
ost

up-to-date
technical

inform
ation.

O
n

the
other

hand,
in

developing
the

rule
the

Illinois
E

PA
relied

on
independent

sources
ofinform

ation
available

to
the

public.

In
light

ofM
r.

Stapper’s
testim

ony,
w

hich
seem

ed
to

suggest
that

low
N

O
x

burners
w

ere

both
unsuitable

and,
in

fact,
dangerous

to
apply

to
B

oilers
11

and
12

atthe
G

ranite
C

ity
W

orks,
I

have
since

contacted
burner

suppliers
to

evaluate
M

r.
Stapper’s

assertions.
In

contrast
to

M
r.

Stapper’s
testim

ony,
B

loom
E

ngineering,N
orth

A
m

erican
B

urner,
C

oen
and

H
am

w
orthy

Peabody,
all

reputable
burner

suppliers,
have

stated
thatthey

supply
burners

that
are

capable
of

safely
reducing

the
N

O
x

from
U

S
Steel’s

boilers
for

the
fuel

conditions
that

U
S

Steel
projected.

A
s

for
specific

em
issions

rates,
they

could
not

confirm
em

ission
rates

w
ithout

a
m

ore
careful

exam
ination

ofthe
boiler.

H
ow

ever,
som

e
ofthem

provided
ranges

based
upon

the
burners

that

they
offer.

Inform
ation

from
these

com
panies

is
provided

in
E

xhibit
1

and
as

attachm
ents

to
this

testim
ony.

T
hese

com
panies

have
experience

in
supplying

such
burners

on
other

steelm
ill

and

m
ixed

fuel
applications.

In
fact,m

ulti-fuelburners
are

not
as

rare
as

M
r.

Stapper
asserted

in
his

testim
ony

and
are

com
m

only
used

in
the

steel
industry

as
w

ell
as

in
the

refining
industry.

R
efinery

coking
processes

can
also

produce
low

B
T

U
gases

that
are

fired
atthe

refinery.

A
ccording

to
the

H
andbook

ofP
etroleum

Processing,’
edited

by
D

.
S.

J.
Jones

and
P

eter
R

.

Pujado,
E

xxon
M

obil’s
F

lexicoke
process

produces
a

low
B

T
U

gas
w

ith
a

low
er

heating
value

of

127
B

tu/S
C

F
that

is
sim

ilar
to

the
heating

value
of B

last
F

urnace
G

as.
T

his
gas

is
fired

atthe

refinery
once

sulfur
bearing

com
pounds

are
cleaned

from
the

gas.

M
r.

Stapper
further

testified
that

installing
a

circular
low

N
O

x
burner

on
the

tangentially

fired
(also

referred
to

as
“corner

fired”)
B

oiler
num

ber
11

w
ould

require
com

plete
reconstruction

‘http://books.google.com
/books?id=

D
6pb

1Y
nO

vY
oC

&
dg=

H
andbook+

of+
Petro1eum

+
Processing&

printsec=
frontcov

er&
so

ceb
1
&

o
tsX

W
2
zZ

a1
Q

ct&
sig=

nK
h8rkyzFJm

K
L

T
X

O
W

Z
7cm

G
B

8_s&
hl=

en&
sa=

X
&

oi=
book

result&
res

n
u
m

8
&

ctresu
lt#

P
P

A
4
5
3

,M
1

6
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ofthe
boiler

(12/10/08
T

R
,

p.
19).

M
r.

Stapper
also

testified
that

“L
ow

N
O

x
burners

are

generally
circular

burners
designed

for
w

all-fired
applications”

(12/10/08
T

R
,p.

19,
lines

14-16).

M
r.

S
tapper

neglected
to

m
ention,

how
ever,

that
low

N
O

x
burners

are
available

for
corner

fired

burners,
and

he
w

ould
not

have
m

ade
this

oversighthad
he

contacted
burner

suppliers
or

even

conducted
a

sim
ple

G
oogle

search
for

“T
angential

L
ow

N
O

x
B

urners”
(see

http://w
w

w
.coen.com

/i
htm

l/pdf/T
F

ireL
ow

N
oxO

ilR
ef.pdf, w

hich
w

as
the

first
item

to
com

e
up

on
such

a
search).

C
oen,

as
w

ell
as

other
com

panies,
sell

low
N

O
x

burners
or

burner

m
odifications

for
tangentially

fired
boilers

that
fire

gas.
T

hese
are

burners
that

are
installed

in

the
existing

corner
burner

area
and

do
not

require
reconstruction

ofthe
boiler.

In
response

to
m

y

request
for

inform
ation,

the
C

oen
C

om
pany

stated
that

they
could

supply
low

N
O

x
burners

for

this
application

(B
oilers

11
and

12).

M
r.

Stapper
also

testified
thatthere

w
ould

be
risks

o
ffurnace

explosions
w

ith
the

use
of

L
ow

N
O

x
burners

(12/10/08
T

R
,p.

20,
lines

11-17)
and

stated
that

“T
here

are
no

low
N

O
x

burners
that

could
safely

be
installed

on
boiler

12
to

burn
blast

furnace
gas

and
C

oke
oven

gas”

(12/10/08
T

R
,p.

39,
lines

13-15).
H

e
did

notprovide
any

data
or

calculations
to

supportthis

assertion
and

did
not

contact
any

burner
suppliers

to
check

on
this.

(12/10/08
T

R
,p.

39,
lines

16-

20)
T

here
is

alw
ays

a
risk

ofa
boiler

explosion,
regardless

ofthe
burner

type
or

fuel.
B

ecause
a

boiler
explosion

is
such

a
catastrophic

event,
under

the
N

ational
Fire

P
rotection

A
ssociation

P
A

)
codes,

allboilers
m

ustbe
equipped

w
ith

instrum
entation

and
controls

to
avoid

such

events,
w

hich
is

w
hy

these
events

are,
thankfully,

so
rare.

In
contrastto

M
r.

Stapper’s
assertion

that
such

burners
are

dangerous,
w

hich
he

did
not

supportw
ith

any
inform

ation
from

technology

suppliers
or

w
ith

any
engineering

calculations,
four

reputable
burner

suppliers
have

stated
that

they
can

supply
low

N
O

x
burners

for
this

application.

7
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M
r.

S
tapper

further
testified

to
the

issues
ofconcern

regarding
the

use
of

S
N

C
R

(12/10/08
T

R
,p.

44,
line

1
through

p.
46,

line
17).

H
ow

ever,
I

had
already

testified
that

each
of

these
concerns

had
been

addressed
in

application
of

S
N

C
R

on
hundreds

of
facilities

that
are

in

com
m

ercial
operation.

A
lthough

it
is

understandable
for

com
panies

to
raise

concerns,the

suppliers
o
fthis

technology
have

show
n

in
the

hundreds
ofindustrial

installations
thatthe

technology
is

available
and

w
orks

in
m

ulti-fuel
industrialboiler

applications,
as

w
ell

as
a

w
ide

array
o
f

other
applications,

w
hich

is
supported

by
the

T
SD

and
supporting

docum
ents

in
the

original
subm

ittal.
M

r.
Stapper

adm
itted

that
he

did
not

contact
a

single
supplier

of
SN

C
R

technology
for

technical
input,

and
that

U
R

S
has

never
supplied

an
SN

C
R

system
(12/10/08

T
R

,

p.
47,

line
20

through
p.

48,
line

4).
A

s
a

result,
his

testim
ony

regarding
SN

C
R

,
like

his

testim
ony

regarding
low

N
O

x
burners,

am
ounts

only
to

his
assertions

w
ithout

adequate

supporting
data.

In
M

r.
Stapper’s

hearing
testim

ony,he
discussed

the
John

Z
ink

R
apid

M
ix

B
urner

(12/10/08
T

R
,

p.
51,

line
6

through
p.

53,
line

17).
H

e
testified

that
the

R
apid

M
ix

B
urner

achieves
0.01

lb/M
M

B
tu

and
that

it
“w

orks
only

in
a

very
narrow

niche
ofindustrial

boiler

applications”
(12/10/08

T
R

,
p.

52,
line

8-10).
H

ow
ever,

as
he

stated,
this

technology
is

not

required
by

the
rule

(12/10/08
T

R
,

p.
54,

line
11-12).

M
oreover,the

Illinois
E

PA
’s

proposed

lim
its

for
boilers

are
eijiht tim

es
the

em
ission

rate
that

M
r.

Stapper
testified

the
R

apid
M

ix

B
urner

is
capable

of.
T

herefore,
the

R
apid

M
ix

B
urner,

or
other

ultra
low

N
O

x
burners

from

other
m

anufacturers,m
ay

be
used

to
com

ply
w

ith
the

proposed
rule

w
here

the
ow

ner
deem

s
this

the
appropriate

technology.
H

ow
ever,because

the
proposed

lim
its

are
far

in
excess

ofw
hat

ultra

low
N

O
x

burners
are

capable
of,

facility
ow

ners
have

m
any

m
ore

options
attheir

disposal
than

the
R

apid
M

ix
B

urner
to

achieve
the

proposed
em

ission
rates.

8
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E
rrors

or
Inconsistencies

in
U

S
Steel

C
alculations

or
A

ssum
ptions

In
addition

to
m

aking
several

assertions
w

ithout
any

supporting
inform

ation,
U

S
Steel

provided
inform

ation
regarding

em
issions

estim
ates

that,
upon

exam
ination,

w
ere

found
to

be

incorrect
or

inconsistent.
I

w
ill

exam
ine

a
few

ofthese
here.

U
S

Steel
did

notprovide
back

up
for

the
assum

ptions
that

underlie
its

recom
m

ended

em
ission

rates
for

B
oilers

11
and

12
that

are
show

n
in

E
xhibit

A
to

M
r.

Siebenberger’s
pre-filed

testim
ony.

U
S

Steel
did

notprovide
any

test
data

or
other

supporting
inform

ation.
C

alculations

w
ere

not
show

n
to

explain
the

large
difference

betw
een

the
presum

ed
em

ission
rate

for
coke

oven
gas

(C
O

G
)

versus
that

o
fnatural

gas
(N

G
).

Supporting
inform

ation
for

E
xhibit

A
w

as

requested,
but

to
date

has
not

yet been
provided.

(12/10/08
T

R
,p.

28,
line

22
-

p.
29

line
7)

T
he

principal
reason

coke
oven

gas
has

higher
N

O
x

em
issions

than
natural

gas
is

the

hydrogen
cyanide

(“H
C

N
”)

present
in

the
gas

(Pre-filed
T

estim
ony

of
L

arry
Siebenberger,

p.
5),

show
n

on
the

gas
analysis

provided
by

U
S

Steel
to

the
Illinois

E
PA

as
0.185%

(m
ole

w
eighted)

w
ithoutthe

C
O

G
scrubber

and
0.0

13%
(m

ole
w

eighted)
w

ith
the

C
O

G
scrubber.
2

H
ow

ever,

even
ifit

is
conservatively

assum
ed

that
100%

ofthe
nitrogen

in
the

H
C

N
o
fthe

C
O

G
is

oxidized
to

form
N

O
x,

itw
ould

not
explain

the
increased

N
O

x
TIR

S
assum

ed
for

scrubbed
C

O
G

over
N

G
.

U
R

S
assum

ed
in

E
xhibit

A
to

M
r.

S
iebenberger’s

pre-filed
testim

ony
thatw

ith
the

C
O

G
scrubber

in
service,N

G
produces

em
issions

of0.084
lb/M

M
B

tu
and

C
O

G
produces

0.144

lb/M
M

B
tu,

a
difference

o
f0.06

lb/M
M

B
tu.

N
o

basis
for

these
em

ission
estim

ates,
such

as
test

2
Fuel

analysis
provided

by
U

S
Steel

to
the

Illinois
E

PA
show

s
that,

on
a

m
ole

w
eightbasis,

C
O

G
has

52%
hydrogen,

26%
m

ethane,
5%

C
O

,
2%

ethylene
and

m
ost

ofthe
rest

are
incom

bustibles
(nitrogen,

w
ater,

C
O
2)
.

Pure
hydrogen

w
ould

potentially
increase

the
flam

e
tem

perature
and

the
N

O
x

relative
to

naturalgas.
B

ut
for

C
O

G
,

w
hich

contains
significantam

ounts
ofm

oisture
and

non-com
bustibles,

and
only

52%
hydrogen,

w
e

w
ould

not
expect

an
increase

in
therm

al
or

prom
ptN

O
x

generation
over

natural
gas,

likely
even

a
decrease.

T
his

is
supported

by
data

generated
by

W
aibel

and
others

on
N

O
x

generation
from

gas
m

ixtures.
A

D
V

A
N

C
E

D
B

U
R

N
E

R
T

E
C

H
N

O
L

O
G

Y
F

O
R

S
T

R
iN

G
E

N
T

N
O

x
R

E
G

U
L

A
T

IO
N

S
,

R
.

T.
W

A
IB

E
L

,
PH

D
.
,D

.N
.

PR
IC

E
A

N
D

P.
S

.T
ISH

,
M

.L
.

H
A

L
P

R
[N

,
P

R
E

S
E

N
T

E
D

A
T

T
H

E
A

M
E

R
IC

A
N

P
E

T
R

O
L

E
U

M
IN

S
T

IT
U

T
E

M
ID

Y
E

A
R

R
E

F
IN

IN
G

M
E

E
T

IN
G

JO
IN

T
M

E
E

T
IN

G
O

F
T

H
E

S
U

B
C

O
M

M
IT

fE
E

O
N

H
E

A
T

T
R

A
N

S
F

E
R

E
Q

U
IP

M
E

N
T

,
O

R
L

A
N

D
O

,
FL

,
M

A
Y

8
,

1990,
w

w
w

.johnzink.com
/elibraiy/D

ow
nloadF

ile.aspx?fileguid=
8e219961-ec78-4]

O
f-bb6754dd87]d2d4

7
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data,
w

as
provided

by
U

S
Steel.

B
ased

upon
data

show
n

by
W

aibel
and

others
for

N
O

x
from

various
gas

m
ixtures,
3

excluding
the

effect
of

fuelbound
nitrogen,

one
w

ould
expect

a
sim

ilar

N
O

x
level

from
C

O
G

as
natural

gas.
So,the

0.06
lb/M

M
B

tu
difference

in
N

O
x

estim
ated

by

U
R

S
m

ustbe
predom

inantly
N

O
x

from
fuelbound

nitrogen.
H

ow
ever,based

on
U

S
Steel’s

C
O

G
fuel

analysis,
I

estim
ate

that
ifall

ofthe
nitrogen

in
the

H
C

N
in

the
cleaned

C
O

G
oxidized

to
N

O
x,

this
w

ould
increase

N
O

x
by

only
about

0.03
lb/M

M
B

tu
—

halfthat
estim

ated
by

U
R

S
for

U
S

Steel
(see

T
able

1,
attached).

F
urtherm

ore,
in

actual practice,
significantly

less
than

100%
of

the
fuelbound

nitrogen
actually

gets
converted

to
N

O
x,

particularly
if

low
N

O
x

burners
or

other

com
bustion

controls
are

used.
So, the

difference
in

the
em

ission
rate

should
be

less
than

the

0.03
lb/M

M
B

tu
contributed

by
100%

H
C

N
oxidation.

A
dditionally,IJR

S
’s

estim
ate

in
E

xhibit

A
o

fM
r.

Siebenberger’s
pre-filed

testim
ony

show
s

a
difference

betw
een

N
G

and
C

O
G

w
ithout

the
scrubber

to
be

0.252
lb/M

M
B

tu
(0.336-0.084

lb/M
M

B
tu),

roughly
59%

ofw
hat

is

theoretically
predicted

for
100%

conversion
of

fuelbound
nitrogen

to
N

O
x

(0.252/0.422
-

see

T
able

1
for

estim
ate

of
fuelbound

N
O

x
from

unscrubbed
C

O
G

).
It

appears
thatIJR

S
has

overestim
ated

the
em

issions
level

o
f

scrubbed
C

O
G

.
T

herefore,
U

R
S

m
ay

have
m

ade
a

m
istake

in
its

calculations
for

N
O

x
from

the
various

gases,
w

hich
ithas

not
yet provided

for
the

Illinois

E
P

A
or

the
B

oard
to

review
.

M
r.

S
iebenberger

also
testified

thatthere
is

an
error

in
E

xhibit
A

o
fhis

pre-filed

testim
ony.

E
xhibit

A
ofhis

pre-filed
testim

ony
does

not
have

the
correctm

ix
of

gases
for

conditions
w

here
the

blast
furnace

is
out

of
service

(12/10/08
T

R
,p.

28,
line

17-21).
Instead

of

firing
60%

C
O

G
and

40%
N

G
w

hen
the

B
last

F
urnace

is
not

in
service

as
stated

on
page

2
of

E
xhibit

A
,

the
boilers

w
ould

fire
60%

N
G

and
40%

C
O

G
.

Since
this

error
overestim

ates
the

3

10
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am
ount

o
f

C
O

G
that

w
ould

be
fired

and
underestim

ates
the

am
ount

to
N

G
thatw

ould
be

fired

under
this

condition,
the

im
pact

o
fthis

estim
ate

w
ould

be
to

overestim
ate

the
N

O
x

em
ission

rate

for
B

oilers
11

and
12.

I
attem

pted
to

reproduce
the

C
ontrolled

case
and

B
ase

C
ase

results
show

n
in

E
xhibit

A
of

M
r.

S
iebenberger’s

pre-filed
testim

ony
using

the
assum

ptions
that

are
show

n
in

that
exhibit

and

his
testim

ony.
I

arrived
at

different
results

for
both

tons
o
fN

O
x

em
itted

and
the

em
ission

rate.

T
he

C
ontrolled

case
calculations

w
ere

perform
ed

tw
o

w
ays:

one
assum

ing
60%

C
O

G
and

40%

N
G

during
the

F
urnace

D
ow

n
period

(see
T

able
2,

attached),
and

one
assum

ing
40%

C
O

G
and

60%
N

G
during

the
F

urnace
D

ow
n

period
(see

T
able

3,
attached).

N
either

case
produced

results

that
corresponded

w
ith

the
annual

N
O

x
em

issions
rate

or
total

N
O

x
show

n
in

E
xhibit

A
.

I
w

as

able
to

reproduce
the

“B
ase

C
ase”

calculations
for

em
issions

(see
T

able
4,

attached),
so

it

appears
that

I
am

using
the

sam
e

approach
as

used
by

U
S

Steel
in

E
xhibit

A
.

T
herefore,

w
hile

the
Illinois

E
P

A
is

not
stating

that
it

agrees
w

ith
the

assum
ptions

o
fU

S
Steel’s

analysis,
the

assum
ptions

that
U

S
Steel

uses
do

not
appear

to
produce

the
results

show
n

in
E

xhibit
A

for
the

controlled
case.

T
he

rate
that

U
S

S
teel

requests
of

0.113
lb/M

M
B

tu
that

w
as

developed
from

these

assum
ptions

does
correspond

w
ith

the
estim

ated
O

zone
S

eason
em

ission
rate

using
the

original

assum
ptions

stated
in

M
r.

S
iebenberger’s

pre-filed
testim

ony.
H

ow
ever,

this
higher

N
O

x

em
ission

rate
for

the
O

zone
S

eason
is

an
anom

aly
o
fthe

assum
ption

to
shut

dow
n

the
C

O
G

scrubber
during

the
O

zone
S

eason
and

the
fact

that
he

overstated
the

am
ount

o
f

C
O

G
fired

w
hen

B
F

G
w

as
unavailable.

In
light

o
fthe

im
portance

o
fkeeping

N
O

x
em

issions
low

during
the

O
zone

Season,
itw

ould
certainly

m
ake

m
ore

sense
to

have
the

C
O

G
scrubber

serviced
at

other

tim
es.

T
he

annual
total

N
O

x
em

issions
and

the
rate

that
I

calculated
in

attem
pting

to
reproduced

11
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E
xhibit

A
ofM

r.
S

iebenberger’s
pre-filed

testim
ony,

how
ever,

do
not

correspond
w

ith
w

hat
is

show
n

in
E

xhibit
A

.
So,the

analysis
as

w
ell

as
the

assum
ptions

associated
w

ith
the

C
ontrolled

em
ission

levels
of M

r.
Siebenberger’s

E
xhibit

A
appear

to
be

incorrect.

R
egarding

the
“B

aseline”
em

issions
levels

show
n

in
E

xhibitA
,

these
are

incorrect

because
the

assum
ptions

are
incorrect.

A
s

M
r.

S
iebenberger

stated
on

page
4

ofhis
pre-filed

testim
ony,

B
oilers

1-10
w

illbe
shut

dow
n

as
part

ofthe
C

ogen
project

im
provem

ent.
T

his
w

ill

cause
m

ore
C

O
G

to
be

burned
in

B
oilers

11
and

12.
So, the

historical
baseline

N
O

x
em

issions

for
B

oilers
11

and
12

are
not

as
great

as
assum

ed
in

the
B

aseline
calculation

for
E

xhibit
A

.
M

ore

im
portantly,

U
S

Steel
did

not
take

into
account

in
their

B
aseline

calculation
the

factthatthe

C
O

G
desulfurization

system
w

ould
be

in
operation.

U
S

Steel
should

certainly
have

assum
ed

the

reduced
C

O
G

N
O

x
level

for
the

C
O

G
resulting

from
the

desulfurization
system

,
because

this
is

definitely
going

to
be

the
case

regardless
o
fthe

proposed
N

O
x

R
A

C
T

rule.
Since

U
S

Steel

assum
ed

in
its

B
aseline

the
higher

N
O

x
levels

for
C

O
G

w
ithout

desulfurization
at

all
tim

es,
its

estim
ate

ofthe
B

aseline
is

grossly
overstated

and
the

reduction
in

em
issions

show
n

on
E

xhibit
A

is
therefore

grossly
overstated.

M
oreover,

the
C

O
G

usage
w

ill
likely

be
less

for
the

boilers
than

assum
ed

in
E

xhibitA

due
to

lim
itations

on
availability

o
f

C
O

G
.

A
ccording

to
a

January
8,

2009,
e-m

ail
sent

from
M

r.

S
iebenberger

to
M

r.
K

aleel,the
available

C
O

G
is

3,830,400
m

illion
B

tu/yr.
U

S
Steel

did
not

provide
inform

ation
on

how
m

uch
C

O
G

is
fired

in
the

reheat
furnaces,

exceptthat
its

em
ission

rate
for

the
reheat

furnaces
w

as
based

on
the

“m
axim

um
com

busted
blend

ofdesulfurized
coke

oven
gas

and
non-desulfurized

coke
oven

gas.”
T

he
reheat

furnaces
have

the
heat

input
capacity

to
accept

100%
ofthe

C
O

G
.

IfU
S

Steel
opted

to
use

all
ofthe

available
C

O
G

in
the

reheat

furnaces, then
none

o
fitw

ould
be

available
to

boilers
11

and
12.

Ifit
is

assum
ed

that
the

reheat

12
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furnace
burners

obtained
only

40%
oftheir

heat
input

from
C

O
G

,
and

using
the

heat
inputs

for

the
furnaces

show
n

in
E

xhibit
B

ofM
r.

Siebenberger’s
pre-filed

testim
ony,

only
963,740

m
illion

B
tu

ofC
O

G
w

ill
be

available
to

the
boilers

per
year

(see
T

able
5,

attached).
T

his
leaves

a

shortfall
in

availability
o
f

C
O

G
betw

een
400,000

and
500,000

m
illion

B
tu

per
year

versus
w

hat

appears
to

have
been

assum
ed

by
U

S
Steel

in
developing

E
xhibit

A
ofM

r.
Siebenberger’s

p
re

filed
testim

ony.
T

his
is

a
significant

overestim
ate

o
fthe

am
ount

ofC
O

G
that

is
actually

available,
w

hich
results

in
a

significant
overestim

ate
ofthe

am
ount

ofN
O

x
generated

from
this

fuel.
It

is
likely

thatthe
“excess”

C
O

G
w

ould
have

to
be

replaced
w

ith
natural

gas,
w

hich
w

ould

further
reduce

em
issions,

since
natural

gas
has

a
low

er
N

O
x

contentthan
C

O
G

.
A

s
a

result,
U

S

Steel
has

overstated
the

controlled
N

O
x

em
ission

rate.

I
re-estim

ated
the

rate
using

U
S

Steel’s
assum

ptions,but
corrected

per
M

r.

Siebenberger’s
testim

ony
and

corrected
to

account
for

the
actual

availability
o
fC

O
G

and
40%

C
O

G
firing

in
the

reheat
furnaces

(m
aking

C
O

G
firing

in
the

boilers
less

than
40%

).
T

he
results

are
show

n
in

T
able

6,
attached.

A
s

show
n,

using
U

S
Steel’s

estim
ates

for
em

issions
rates,

w
hich

as
discussed

earlier
are

probably
high

for
C

O
G

,
I

arrive
at

an
annualrate

o
f0.091

lb/M
M

B
tu

—

w
hich

is
less

than
the

rate
recom

m
ended

by
U

S
Steel.

C
orrecting

the
C

O
G

N
O

x
rate

for
the

m
axim

um
am

ount
o
ffuel N

O
x

results
in

an
annual

rate
of 0.084

lb/M
M

B
tu

—
very

close
to

the

Illinois
E

PA
’s

proposed
rate

(see
T

able
7,

attached).
Itis

possible
that

all
ofthe

C
O

G
could

be

used
in

the
reheat

furnaces,
leaving

none
for

the
boilers,

since
the

available
C

O
G

has
roughly

53%
o
fthe

heat
input

available
for

the
reheat

furnaces.
A

s
show

n
in

T
able

8,
attached,

if
all

of

the
C

O
G

is
fired

in
the

reheat
furnaces,

leaving
none

for
B

oilers
11

and
12,

the
annual

em
ission

rate
is

0.075
lb/M

M
B

tu,
w

hich
is

less
than

the
proposed

rule.

13
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I
am

not
stating

that
any

one
ofthe

em
issions

rates
offered

by
TIR

S
for

U
S

Steel
for

B
oilers

11
or

12
are

“correct.”
In

fact,
Ibelieve

that
they

are
conservatively

high,
especially

since
U

S
Steel

has
not

contacted
any

technology
suppliers

or
even

exam
ined

low
N

O
x

burners,

w
hich

w
ould

reduce
N

O
x

further
w

hile
keeping

costs
w

ithin
the

range
o
fR

A
C

T
.

B
ut,

the
data

thatU
S

Steelprovided
in

its
fuel

analysis
and

testim
ony

show
inconsistencies,

and
no

back
up

calculations
or

test
data

w
ere

provided.
I

have
show

n,
by

reproducing
U

S
Steel’s

calculations,

that
U

S
Steel

apparently
m

ade
several

errors
in

assum
ptions

and
in

calculations.
T

herefore,
U

S

Steel’s
em

ission
estim

ates
for

B
oilers

11
and

12
should

be
regarded

w
ith

caution,
and

the
B

oard

should
not

consider
them

until
such

tim
e

as
m

ore
reliable

inform
ation

is
available

from
U

S
Steel.

U
S

Steel
claim

s
that

its
approach

for
N

O
x

control
on

B
oilers

11
and

12
w

as
the

result
of

an
optim

ization
study.

T
his

study
w

as
requested

for
exam

ination
athearing

(12/10/08
T

R
,

p.
41,

lines
12-23).

T
o

date,
this

has
not

yetbeen
produced

for
the

Illinois
E

P
A

or
B

oard
to

exam
ine.

U
S

Steel’s
em

ission
rates

for
the

reheat
furnace

w
ere

also
provided

w
ithout

any

supporting
backup.

T
he

Illinois
E

PA
requested

this
additional

inform
ation

at
the

hearings,
O

n

page
7

ofhis
pre-filed

testim
ony,

M
r.

S
iebenberger

stated
that

the
lim

it
w

as
“based

on
the

burner

m
anufacturer’s

w
arranty

and
the

m
axim

um
com

busted
blend

ofdesulfurized
coke

oven
gas

and

non-desulfurized
coke

oven
gas

(during
desulfurized

m
aintenance

outage)
w

ith
natural

gas.”

E
xhibit

A
states

that
these

are
developed

by
B

loom
M

anufacturing
and

M
r.

S
iebenberger

testified
that

he
believed

that
they

w
ere

guaranteed
values.

(12/10/08
T

R
,p.

34,
lines

20-23)
T

he

Illinois
E

PA
has

asked
to

see
the

technicalproposal
from

B
loom

and
U

R
S

’s
supporting

calculations.
O

nce
w

e
receive

that
inform

ation,
itw

ill
enable

us
to

exam
ine

the
em

issions
rate

requested
by

U
S

Steel
for

the
reheat

furnaces
and

also
exam

ine
how

m
uch

C
O

G
w

ill
actually

be

available
for

use
in

B
oilers

11
and

12.

14)¸
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T
o

sum
m

arize,
I

am
not

convinced
thatU

S
Steel

or
its

consultant,
U

R
S,

have
m

ade
a

com
plete

and
diligent

effortto
explore

all
options

for
reducing

N
O

x
at the

G
ranite

C
ity

W
orks.

N
um

erous
errors

w
ere

identified
in

their
analysis

thatw
ould

have
been

avoided
had

they
or

their

consultant
contacted

technology
suppliers

or
perform

ed
a

diligent
evaluation

ofindependent

inform
ation.

Further,
M

r.
Stapper

m
ade

num
erous

assertions,w
ithout

supporting
data,

w
hich

in

som
e

cases
appear

to
have

been
intended

to
shock

the
B

oard
rather

than
to

inform
them

(especially
the

testim
ony

regarding
furnace

explosions).
T

here
also

appear
to

be
calculation

errors
in

their
estim

ates
of

em
issions,

and
there

are
errors

in
assum

ptions.
C

alculations
w

ere

found
to

be
inconsistent

or
inaccurate,

and
no

back
up

w
as

provided
in

support
of

estim
ates

of

N
O

x
em

ission
rates.

It
appears

that
U

S
Steel

expects
the

B
oard

to
take

these
estim

ates
on

faith.

A
s

the
Illinois

E
P

A
has

repeatedly
stated,

it
does

not
consider

R
A

C
T

any
particular

technology,but
an

em
ission

rate
that

is
achievable

at
a

reasonable
cost.

T
he

em
issions

rates
that

the
Illinois

E
PA

has
proposed

for
gas-fired

facilities
are

achievable
at

a
reasonable

cost
using

technologies
such

as
low

N
O

x
burners

or
other

com
bustion

controls.
T

his
is

supported
by

num
erous

independent
studies

that
are

publicly
available

and
have

been
cited

in
the

T
SD

.
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E
xhibit

1.
R

esponses
fro

m
B

u
rn

er
S

uppliers

C
O

E
N

H
ello

M
r.

S
taudt,

I’m
not

sure
how

the
B

last
F

urnace
G

as
is

currently
injected

w
ith

existing
burners,

but
C

oen
has

experience
supplying

low
N

O
x

burner
designs

firing
N

atural
G

as,
C

oke
O

ven
G

as
and

B
last

F
urnace

G
as.

W
e

use
a

“Low
B

tu
G

as
Scroll,”

w
hich

is
an

integral
part

of
the

burner,
to

fire
the

B
last

F
urnace

G
as.

In
this

case,
the

N
atural

G
as

and
C

oke
O

ven
G

as
are

each
fired

through
their

ow
n

set
of

gas
injectors,

but
the

B
last

F
urnace

G
as,

since
itis

injected
directly

into
the

burner
through

a
scroll,

acts
like

FG
R

(flue
gas

recirculation)
to

reduce
the

flam
e

tem
perature

and
corresponding

N
O

x
em

issions.

Y
our

C
oke

O
ven

G
as

analysis
reveals

a
relatively

low
H

C
N

level.
In

other
w

ords,
the

N
O

x
contribution

from
this

fuel
bound

nitrogen
is

refreshingly
sm

all.
W

e
w

ould
need

a
host

of
details

regarding
the

boilers,
firing

rates,
num

ber
of

burners
per

boiler,
burner

spacing,
etc.,

but
assum

ing
am

bient
com

bustion
air,

I
w

ould
g
u
ess

our
burners

w
ould

be
in

the
range

of
0.03

to
0.05

Ib/M
M

B
tu

N
O

x
w

hen
firing

all
three

fuels
at

once
(norm

al
operation).

H
ow

ever,
w

hen
the

B
last

F
urnace

G
as

is
dow

n,
you

w
ould

have
to

run
w

ith
som

e
F

G
R

to
m

eet
the

sam
e

level
of

N
O

x
em

issions
that

you
w

ould
have

under
norm

al
operation.

Ifyou
have

any
questions,

p
lease

call.
Ifyou

can
provide

m
ore

details,
w

e
can

take
a

closer
look

at
each

application.

B
est

regards,
S

co
tt

K
rahn

A
pplication

E
ngineer

Industrial
R

etrofits
G

roup
C

o
en

C
o
m

p
an

y
,

Inc.
1510

T
anforan

A
venue,

W
oodland,

C
A

95776
U

SA
T

el:
1

(530)
668-2100

Fax:
1

(530)668-2171
D

irect:
1

(530)
668-2119

http://w
w

w
.coen.com
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H
am

w
orthy

P
eab

o
d

y
C

o
m

b
u
stio

n

Jim
,

W
e

have
significant

ex
p

erien
ce

w
ith

low
B

T
U

,
m

ulti-fuel
applications

and
have

supplied
both

new
and

retrofit
b
u
rn

ers
an

d
ancillary

equipm
ent

to
steel

m
ills

throughout
N

orth
A

m
erica.

lw
ill

forw
ard

our
ex

p
erien

ce
list

w
ith

our
resp

o
n
se.

P
lease

ex
p
an

d
on

your
definition

of
“low

N
O

x”
as

that
m

ean
s

different
things

to
different

people.
W

hat
levels

are
you

striving
for

on
each

firing
scen

ario
?

R
eg

ard
s,

S
co

tt
Ingram

R
egional

S
ales

M
an

ag
er

H
am

w
o

rth
y

P
eabody

C
om

bustion
-

G
lobal

S
olutions,

L
ocal

D
elivery

H
am

w
o

rth
y

P
eabody

C
om

bustion
m

c,
70

S
helton

T
echnology

C
en

ter,
S

helton,
C

T
06484

D
irect:

(952)
476-5972

F
ax:

(952)
473-2639

M
obile:

(320)
260-5807

E
m

ail:
singrarn@

ham
w

orthy-peabody. corn
w

w
w

.ham
w

orthy-peabody.com
O

ffices:
U

K
(Poole

H
Q

,
B

irm
ingham

,
G

lasgow
),

U
S

A
(H

ouston
T

X
,N

orw
ich

N
Y

,
Shelton

C
T

)
A

ustralia,B
razil,

C
anada,

C
hina,

D
ubai,

France,
G

erm
any,

India,
Italy,

Japan,
S.K

orea,
M

exico,
N

etherlands,
Poland,

Spain
T

his
e-m

ail
and

any
files

attached
to

itare
confidential

and
intended

solely
for

the
use

of
the

individual
to

w
hom

they
are

addressed.
A

ny
unauthorized

use
or

re-transm
ission

of
this

e-m
ail

and
attachm

ents
is

strictly
forbidden,

If this
e-m

ail
is

received
by

anyone
other

than
the

addressee,
please

delete
itand

any
attachm

ents
and

notify
H

am
w

orthy
P

eabody
im

m
ediately

(Tel.
203

922
1199).
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N
orth

A
m

erican
M

an
u

factu
rin

g

In
ad

d
itio

n
to

th
e

e-m
ail

b
elo

w
,

N
orth

A
m

erican
se

n
t

a
letter

th
at

is
p
ro

v
id

ed
a
s

an
attach

m
en

t
to

th
is

testim
o
n
y

Jim
,

G
o
o
d

to
h

ear
fro

m
y

o
u

ag
ain

.

W
e

d
o

h
av

e
U

ltra-
L

ow
N

O
x

tech
n

o
lo

g
y

in
th

e
M

ag
n
a

F
lam

e
L

E
series..

I’ve
co

p
ied

in
sev

eral
N

A
key

p
eo

p
le

so
th

ey
h
av

e
v

isib
ility

o
f

y
o
u
r

req
u
est.

T
h
e

lean
-

p
rem

ix
tech

n
o

lo
g
y

is
d
escrib

ed
in

th
e

attach
ed

b
u
lletin

s.
T

h
e

co
n

cep
t

is
ap

p
licab

le
to

an
y

g
a
se

o
u
s

fuel.

T
h

ere’s
a

few
o

th
er

ap
p

licatio
n

q
u

estio
n

s
th

at
w

e
w

o
u

ld
n
eed

an
sw

ered
(av

ailab
le

p
re

ssu
re

s,
B

O
F

an
d

C
O

G
an

aly
sis,

e
tc

)
to

se
t

ex
p

ectatio
n

s..
if

y
o

u
are

aro
u
n

d
n
ex

t
w

eek
,

I’ll
call

to
d

iscu
ss.

B
ill

T
ra

c
e
y

+
610-996-8005

biIItraceynam
fg.com

F
ro

m
:

Jim
S

taudt
[m

ailto
:staudt@

andovertechnology.com
]

S
en

t:
Friday,

D
ecem

ber
19,

2008
12:06

PM
T

o:
BillT

racey
S

u
b
ject:

N
O

x
reduction

at
steel

m
ill

boilers
B

ill,

I
am

looking
to

reduce
N

O
x

from
tw

o
225

M
M

B
tu

boilers
at

a
steelm

ill
that

fires
som

e
natural

gas,
som

e
coke

oven
gas,

and
som

e
blast

furnace
gas.

Iw
as

w
ondering

ifyou
had

a
low

N
O

x
burner

that
could

handle
these

different
fuels.

N
orm

al
O

peration
35%

B
last

Furnace
G

as
25%

natural
gas

40%
C

oke
oven

G
as

W
hen

B
last

Furnace
is

dow
n

40%
natural

gas
60%

coke
oven

gas

N
ote

that coke
oven

gas
w

ill
be

desulfurized.
So,

itw
ill

usually
have

m
ost

or
all

ofH
C

N
rem

oved.

A
lso,

one
boiler

is
w

all
fired

w
ith

tw
o

burners
and

the
other

is
corner

fired.
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I’m
trying

to
determ

ine:
B

allpark,
w

hatkind
o
fN

O
x

levels
you

m
ight

be
able

to
achieve

(w
ith/w

ithout
FG

R
)

W
hat

your
experience

has
been

(experience
list,

ifpossible)

T
hanks

in
advance

for
your

help.

B
est

R
egards,

Jim
Staudt,

Ph.D
.,

C
FA

office:
978-683-9599

m
obile:

978-884-5510
staudt@

A
ndoverT

echnology.com

T
his

e-m
ail

contains
inform

ation
thatm

ay
be

proprietary
and

confidential
to

A
ndover

T
echnology

P
artners

and/or
our

clients.
If

you
have

received
this

m
essage

in
error,

please
erase

the
m

essage,
do

not
print

it
out

or
forw

ard
it

to
others

or
share

the
inform

ation
in

any
w

ay,
and

please
notify

us
ofour

m
istake.

T
hank

you
for

your
cooperation.
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B
loom

E
n
g
in

eerin
g

F
rom

:
B

inni,
M

ike
[m

allto:m
binni@

bloom
eng.com

]
S

en
t:

M
onday,

D
ecem

ber
22,

2008
5:06

PM
T

o:
staudt@

andovertechnology.com
S

u
b
ject:

B
asic

Idea
of

P
redicted

N
O

x
em

issions
on

B
FG

/N
G

/C
O

G
m

ixed
fuel

D
ear

Jim
:

In
G

eneralw
ith

the
lim

ited
inform

ation
you

have
provide

us.
U

nder
operating

condition
of25%

natural
gas,

35%
B

last
F

urnace
G

as,
and

45%
C

O
G

using
a

B
loom

1030
Series

burner
on

boiler
w

e
predict

em
issions

of
approxim

ately
0.1

l4L
bs/M

M
at nom

inal
capacity

ofthe
burner.

T
his

is
not

a
guarantee.

T
his

prediction
w

ould
have

to
be

confirm
ed

based
on

inform
ation

you
w

ould
need

to
provide

us.
Such

inform
ation

w
ould

include
Fuel

analysis
of

each
fuel,

A
ir

to
Fuel

R
atio

C
ontrol

System
,

B
oiler

D
im

ensions
including

burner
w

all
dim

ensions
am

ong
other

inform
ation.

I
have

attached
1030

Series
B

urner
sheets.

T
his

only
show

s
a

single
fuel

design.
M

ultiply
fuel

design
w

ould
w

ill
cause

the
burner

to
getbigger

in
size.

If
you

have
any

questions,
please

give
m

e
a

call.

V
ery

truly
yours,

B
loom

E
ngineering

C
om

pany,
Inc.

M
ichael

J.
B

inni,
P

.E
.

P
roduct

M
anager

of
D

ryer,
Incinerator

and
B

oiler
A

pplications
PL

E
A

SE
N

O
T

E
:

T
he

preceding
inform

ation
m

ay
be

confidential
or

privileged.
Itshould

only
be

used
or

dissem
inated

for
the

purpose
of

conducting
business

w
ith

B
loom

E
ngineering

C
o,

Inc.
Ifyou

are
not

an
intended

recipient,
p
lease

notify
the

sen
d
er

by
replying

to
this

m
essag

e
or

calling
(412)

653-3500
and

then
delete

the
inform

ation
from

your
system

.
T

hank
you

for
your

cooperation.
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Table 1. Calculation of fuel NOx from scrubbed and unscnbbed COG

_______

mole % Mole % times MW WI %

MW unscrubbed scrubbed unscrubbed scrubbed unscrubbed scrubbed

H2S 34 0.603 0.037 0.20502 0,01258 1.783% 0.112%

C02 44 1.421 0.709 0.62524 0.31196 5.437% 2.776%

C02 28 4.975 4.950 1.393 1.386 12.114% 12.333% as N fuel bound N lb/MMBIu N02, lb/MMBtu*

Cs 60 0.005 0.002 0.003 0.0012 0.026% 0.011% unscrubbed scrubbed unscrubbeci scrubbed unscrubbed scrubbed
HCN 27 0.185 0.013 0.04995 0.00351 0.434% 0.031% 0.225% 0.016% 0.128 0.009 0.422 0.030

502 64 0.000 0.000 0 0 0.000% 0.00034 * assuming 100% conversion of

CS2 76 0.010 0.010 0.0076 0.0076 0.066% 0.068% fuel bound nitrogen to NOx

Merc 48 0.000 0.000 0 0 0.000% 0.000% HHV
NH3 17 0.000 0.000 0 0 0.000% 0.000% with scrubber

CH4 16 26.295 26.163 4.2072 4.18608 36.588% 37.248% Btu/scf Btu/Ibrnole Btu/lb

Ethylene 28 2.132 2.121 0.59696 0.59388 5.191% 5.284% 524 199,120 17,718

Ethane 30 0.622 0.619 0.1866 0.1857 1.623% 1.652% without_scrubber

Propane 44 0.177 0.176 0.07788 0.07744 0.677% 0.689% Btu/scf Btu/lbrnole Btu/Ib

Isobutane 58 0.089 0.088 0.05162 0.05104 0.449% 0.454% 531 201,780 17,548

n Butane 58 0.089 0.088 0.05162 0.05104 0.449% 0.454%

Isocentane 72 0.089 0.088 0.06408 0.06336 0.557% 0.564%

n Pentane 72 0.089 0.088 0.06408 0.06336 0.557% 0.564%

Benzene 78 0.523 0.519 0.40794 0.40482 3.548% 3.602%

Heavies 86 0.042 0.042 0.03612 0.03612 0.314% 0.321%

H2S 2 52.145 51.885 1.0429 1.0377 9.070% 9.234%

Nitrogen 28 4.962 4.938 1.38936 1.38264 12.082% 12.303%

02 32 0.283 0.281 0.09056 0.08992 0.788% 0.800%

H20 18 5.268 7.180 0.94824 1.2924 8.246% 11.500%

otal 100.00 100.00 11.499 11.238

Note: Mole % and HHV data provided by US Steel toiL EPA
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T
able

5.
E

stim
ation

of
A

vailable
C

O
G

for
boilers

123

T
otal

A
nnual

HI
40%

heat
input

for
C

O
G

4

T
otal

available
C

O
G

1
,6

5
4
,3

0
4

1,654,304

1,654,304

2
,2

0
6
,2

3
8

7,169,150

2,867,660

3,830,400

m
illion

B
T

U
/yr

m
illion

B
T

U
/yr

m
illion

B
T

U
/yr

m
illion

B
T

U
/yr

m
illion

B
T

U
/yr

m
illion

B
T

U
/yr

m
illion

B
tu/yr

R
eheat

F
urnace

H
eat

In
(E

xhibit
B)

T
otal
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the
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p
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the

last
20

years
has

been
the

developm
ent

and
com

m
ercialization

of
a

variety
of

L
ow

N
O

x
technologies.

T
here

are
m

any
choices

that
range

in
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North American
Manufacturing Company, Ltd.
4455 East 71st Street Cleveland, OH 44105-5600 USA

___________

Tel 216.271.6000 Fax 216.641.7852 email: sales@namfg.com

INA
L

Installed At:
Steam generator in
an oil field
Long Beach,
‘California, USA.

Burner:
50 MMBtu/hr. capacity
LE burner operating on
gaseous waste fuel
(550-1000 Btu/scf)

Performance:
The boiler produces a maximum
of 58,500 lb. of steam per hour
at 1700 psi, using waste fuel which
has no commercial value.

Emissions:
NOx emissions measured by the
SCAQMD at <7 ppmvd corrected to
3% 02 dry at 100% capacity
without the use of FGR.

Magna Flame LE Applications

* * * Replacement for Authorized Fax Filing for Clarity and Color * * *



Flame LE Applications

Installed At:
D-type water tube boiler at a
refinery
Arroyo Grande, California, USA.

Burners:
127 MMBtu/hr LE operating over a
5:1 turndown.

116.5 MMBtu/hr LE operating over
a 7:1 turndown

Performance:
NOx emissions measured between 25 to 29 ppmvd on each system.
CO emissions measured at 0 ppmvd on each system.
(all corrected to 3% 02 dry)

Additionally, the North American supplied PLC based controller allows for
accurate metering of the system, realized in improved operational efficiency.

North American
Manufacturing Company, Ltd.

* * * Replacement for Authorized Fax Filing for Clarity and Color * * *
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radial
g
as

is
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via

a
b

y
p
ass
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w
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s
for

a
tw

o
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‘hi/b’
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w
ith

the
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g

as
flow
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and

low
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rate
and

the
low

radial
g
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design
firing
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of the
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T
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fire
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g
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is

set
at

a
flow

rate
that
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not
be

d
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by
th

e
m

ain
U

V
and
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th
at
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F
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the

tig
h
test

(low
est)

em
ission

requirem
ents,
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m
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radial

g
as

control
m

ay
be

required.
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p
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A
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pilot
U
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T
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U
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b
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d
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p
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N
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A
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U
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g
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m
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d
ary

g
as,

ap
p
ro

v
ed

shutoff
valves

are
required

on
th
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d
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b
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p
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p
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res
b
etw

een
300-1600

F.
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b
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bient

tem
p

eratu
re

seco
n

d
ary

p
ro

cess
stream

.

T
he

graph
at

right
show

s
actual

test
results

of
a

burner
fired

w
ith

10%
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•
U

ltra
low

NOx
and

Co
w

ithoutFGR

•
D

ual-fuel
capability

•
H

igh
intensity

flam
e

allow
s

significant
reductions

in
firing

cham
ber

size

•5to400m
illionB

tu/hr

•
Single

UV
m

onitoring

A
pplications:

•
air

heaters
•

incinerators

M
ag

n
a-F

lam
e

L
E

x
sy

stem
s
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red
u

ce
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typical
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O
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C

O
)
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g
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com
bustion.

U
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b
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O

x
em

issions
of
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than
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m
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reaction
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over
80

percent
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bustion
producing

very
com
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flam

e
geom

etry.
T

his
com

pact
flam

e
allow

s
significant

reductions
in

furnace
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and
overall
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O
peration
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he

b
u
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co
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o
rates

internal
m

ixing
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ts
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at
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fuel
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prior
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in
the

reaction
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ber.
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p
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fo
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x
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o
m

b
u
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n
S

y
stem
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A

characterizable
m

ass
flow

ratio
control

device
is

recom
m

ended
for

tailoring
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through

turndow
n.

F
ig

u
re

2.
T

he
M

agna-F
lam

e
L

E
x

uses
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prem
ix

technology
to

establish
a

lean
prem

ix
and

then
com

busts
the

m
ixture
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a

controlled
reaction

zone
w

ithoutthe
use

of
FG

R
,

com
plex

staging
devices

or
m

oving
parts.

T
he

fuel
and

air
are

introduced
separately

into
the

burner
w

here
they

are
intim

ately
m

ixed
w

ithin
anti-flashback

m
ixers.

T
his

m
ixture

is
then
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the
reaction
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w
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lean

com
bustion

takes
place.
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the
reaction

cham
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cent
com

busted
resulting

in
shorter,

m
ore

com
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flam
e

geom
etry.

In
m
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the
firing

cham
ber

size
can

be
significantly

reduced.
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A
T
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N

F
O
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T

A
N

G
E

N
T
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L

-FIR
E

D
B

O
IL

E
R

S

SIT
U

A
T

IO
N

C
oen

C
om

pany
team

ed
w

ith
a

m
ajor

oil
refinery

to
define

and
im

plem
ent

the
m

ost
econom

ical
approach

to
reduce

N
O

x
em

issions
on

three,
550,000

lb/hr,
tangentially-fired

boilers.
B

urner
m

odifications
supplied

by
C

oen
w

ere
an

integral
part

of
the

selected
strategy,

w
hich

involved
the

application
of

increased
rates

of
induced

flue
g
as

recirculation
(IFG

R
)

to
achieve

target
N

O
x

em
ission

w
hen

burning
refinery

g
as

and
natural

gas.
T

he
prim

ary
objectives

of
the

C
oen

burner
m

odifications
w

ere
to

augm
ent

the
N

O
x

reductions
from

IFG
R

and,
m

ost
im

portantly,
to

provide
stable

com
bustion

w
hen

operating
w

ith
high

rates
of

IFG
R

.
T

he
projected

rates
of

IFG
R

(up
to

30%
)

w
ould

pose
high

risk
of

com
bustion

instabilities
and

unacceptable
fuel

efficiency,
ifapplied

w
ith

the
existing

burner
design.

C
oen

proposed
a

design
that

w
ould

m
inim

ize
m

odifications
to

the
plant

by
adapting

to
the

existing
w

indbox
geom

etry,
backup

fuel
oil

firing
system

,
and

ignition
equipm

ent.

SO
L

U
T

IO
N

T
angentially-fired,

four
corners

3
elevations,

12
burners

total
500

F
30%

at
low

load;
18%

at
high

load
C

ustom
engineered

tilting
burners

w
ith

ultra-stable
flam

e
stabilizers

and
low

N
O

x
g

as
injectors

0.085
lb/M

B
tu

N
O

x
F

lam
e

S
tability

C
oen

m
odeling

and
com

bustion
testing

supported
the

decision
to

proceed
w

ith
the

IFG
R

approach.
T

o
help

en
su

re
that

perform
ance

requirem
ents

w
ould

be
m

et
and

to
dem

onstrate
satisfactory

operation
to

the
custom

er,
a

1/4-scale
m

odel
of

one
low

N
O

x
corner

burner
elem

ent
w

as
tested

at
C

oen’s
C

om
bustion

T
est

Facility
under

sim
ulated

field
conditions.

T
he

tests
dem

onstrated
the

N
O

x
characteristics

of
the

proposed
burner

m
odification

and
excellent

flam
e

stability
and

lightoff
characteristics

over
the

required
burner

turndow
n

range.

C
oen

also
evaluated

the
im

pact
of

increased
IFG

R
rates

on
su

p
erh

eater
heat

absorption
and

tem
perature

control.
U

tilizing
a

m
athem

atical
m

odel
of

furnace
heat

transfer

that
w

as
developed

by
C

oen
and

validated
w

ith
actual

plant
data,

the
analysis

indicated
that

the
superheater

w
ould

accom
m

odate
the

projected
IFG

R
rates

and
that

su
p

erh
eat

tem
perature

control
could

be
m

aintained
via

existing
m

eans
(e.g.,

burner
tilts).

A
com

plem
entary

C
FD

study
of

the
com

bustion
air

ductw
ork

and
w

indboxes
indicated

that
no

m
odifications

w
ere

n
ecessary

to
achieve

uniform
air

flow
to

the
burners.

C
oen’s

burner
equipm

ent
design

kept
the

retrofit
cost

to
a

m
inim

um
by

replacing
only

critical
g
as

firing
com

ponents
w

ith
custom

-engineered
com

ponents,
w

hile
m

ost
of

the
burner

system
rem

ained
intact.

T
he

C
o

en
supplied

equipm
ent

included
low

N
O

x
g
as

injectors,
new

flam
e

stabilizers,
and

replacem
ent

of
associated

w
indbox

air
nozzles

(“buckets”).
T

h
ese

com
ponents

w
ere

designed
to

adapt
to

existing
w

indbox
com

partm
ents

and
burner

tilt
m

echanism
s.

S
pecial

nozzle
pivot

pin
socket

assem
blies,

included
in

C
oen’s

sco
p
e

of
supply,

sim
plified

installation
of

the
new

air
nozzles

and
avoided

costly
asb

esto
s

abatem
ent

that

B
o
iler

D
esig

n
:

N
o.

O
fB

u
rn

ers:
W

indbox
T

em
p.:

1FG
R

R
ate:

E
q
u
ip

m
en

t:

G
u

aran
tee:

C
oen

R
etrofit

U
ltra-Stable

L
ow

N
O

x
G

as
B

urner
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w
ould

likely
have

been
required

w
ith

a
standard

socket
replacem

ent.
In

designing
the

replacem
ent

w
indbox

air
nozzles,

C
oen

took
care

to
en

su
re

that
the

existing
oil

firing
equipm

ent
could

be
re-used

w
ith

m
inor

m
odifications.

T
he

project
had

a
very

short
execution

tim
e

and
w

as
subject

to
rigorous

quality
assu

ran
ce

testing
during

fabrication.
Itw

as
also

im
perative

that
the

C
oen

equipm
ent

attain
design

perform
ance

im
m

ediately
after

the
installation

outage.

R
E

SU
L

T
S

W
ith

the
first

of
three

boilers
retrofitted

in
S

um
m

er
2004,

the
C

oen
burner

m
odifications

w
ere

confirm
ed

to
provide

stable
flam

es,
good

flam
e

sh
ap

e
and

reliable
lightoffs

over
the

boiler
load

range
and

w
ith

the
m

axim
um

rates
of

IFG
R

in
the

w
indbox.

S
tartup

of
the

rem
aining

tw
o

boilers
and

optim
ization

of
the

IFG
R

system
is

expected
to

continue
into

2005.
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IN
T

R
O

D
U

C
T

IO
N

In
1984

the
South

C
oastA

ir
Q

uality
M

anagem
entD

istrict
(SC

A
Q

M
D

),w
hich

oversees
the

L
os

A
ngeles

air
basin

in
Southern

C
alifornia,

enacted
R

ule
1109

lim
iting

the
N

O
x

em
issions

from
furnaces

and
boilers

in
petroleum

refineries
and

chem
ical

plants.
T

his
rule

provided
that

furnaces
over

40
m

illion
B

tu!hr
(42.2

G
J/hr)

w
ere

lim
ited

to
0.14

lb.
o

f N
O

x
per

m
illion

B
tu

of heat
input(0.06

g/M
J).

T
he

lim
itw

as
given

as
a

plantw
ide

average
for

existing
furnaces.

In
order

to
com

ply,
the

plant
ow

ners
retrofitted

som
e

oftheir
furnaces

w
ith

low
N

O
x

burners
capable

ofproducing
less

than
0.06

to
0.08

lb.
ofN

O
x

per
m

illion
B

tu
in

order
to

produce
the

offsets
needed

to
reduce

the
overall

average
em

issions.
In

the
Fall

of
1988

R
ule

1109
w

as
revised

and
this

lim
itw

as
reduced

from
0.14

to
0.03

lb.
per

m
illion

B
tu

(H
H

V
)

(0.0
13

g/M
J),

w
hich

is
a

reduction
ofm

ore
than

75%
.

R
ule

1146
w

as
also

enacted,
lim

iting
the

em
issions

from
furnaces

and
boilers

w
ith

less
than

40
M

M
B

tu/hr
(42.2

G
J!hr)

heat
input

to
40

PPM
V

,
dry

basis,
corrected

to
3%

02
(80

m
g/N

M
3).

B
oth

ofthese
new

lim
its,w

hich
are

about
50

and
80

m
g/N

m
3,

respectively,
have

presented
significant

challenges
to

burner
designers

as
w

ell
as

furnace
operators. T

his
paper

discusses
the

developm
entof

burners
by

John
Z

ink
w

hich
m

eetthis
challenge

and
the

results
ofa

successful
application

ofthese
burners

by
U

nocal.

N
O

x
em

issions
are

influenced
by

the
furnace

operating
tem

perature,
excess

air
and

factors
thatdeterm

ine
the

flam
e

tem
perature,

such
as

fuel
com

position
and

air
preheattem

perature.
O

ne
ofthe

m
ajor

difficulties
facing

burner
designers,refineries

and
chem

ical
plants

is
the

nature
ofthe

fuels
utilized.

T
ypically,w

aste
gases

from
several

processes
m

ake
up

the
greater

portion
oftheir

fuel
gas

supply. T
hey

m
ay

be
burned

as
is

or
they

m
ay

be
blended

together
w

ith
natural

gas
and

distributed
via

a
plantw

ide
fuel

gas
system

.
T

hese
w

aste
gases

contain
large

volum
es

ofhydrogen,
ethane,propane

and
butane

and,
attim

es,
significant

quantities
of

ethylene,
propylene

and
butylene.

T
hese

com
ponents

can
produce

higher
flam

e
tem

peratures
than

a
typical

natural
gas.

T
able

1
provides

a
com

parison
ofcalculated

flam
e

tem
peratures

for
each

ofthese
gases.

* * * Replacement for Authorized Fax Filing for Clarity and Color * * *



T
ab

le
I

A
d
iab

atic
F

lam
e

T
em

p
eratu

res
C

alcu
lated

F
or

V
arious

G
as

S
p
ecies

G
as

S
pecies

T
em

perature,
°F

C
H

4
3308

C
2H

6
3342

C
3H

8
3345

C
4H

1O
3345

C
4H

8
3423

C
3H

6
3446

C
2H

4
3512

H
2
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L
O

W
N

O
x

B
U

R
N

E
R

T
E

C
H

N
O

L
O

G
Y

E
arly

low
N

O
x

burner
technology

relied
on

low
excess

air
operation

to
reduce

N
O

x
em

issions.
A

lthough
low

excess
air

operation
is

still
used

today,
it

is
not

sufficiently
effective

to
m

eet
the

latestregulations.
Staged

air
com

bustion
w

as
also

one
ofthe

early
techniques

used
to

reduce
N

O
x.

T
his

technique,
how

ever,
has

lim
itations

in
flam

e
quality,

flam
e

length
and

it
lim

its
the

ability
to

operate
w

ith
low

excess
air.

Flue
gas

recirculation
has

also
been

show
n

to
be

an
effective

m
ethod

for
reducing

N
O

x,
although

past
applications

have
proven

to
be

costly
to

im
plem

ent.T
he

staged
fuel

technique,
developed

and
patented

by
John

Z
ink

C
om

pany,
has

proven
to

be
one

ofthe
m

ost
effective

techniques
for

reducing
N

O
x.

Staged
fuel

burners
produce

the
low

estN
O

x
em

issions,w
hile

allow
ing

low
excess

air
operation

w
ith

stiff,
com

pact
flam

es.

T
he

latest staged
fuel

burners
can

m
eetthe

requirem
ents

ofR
ule

1146
for

m
ost

applications.M
eeting

the
new

N
O

x
em

ission
lim

it
of0.03

lb/M
M

B
tu

(R
ule

1109)
has

proven
m

ore
difficult,

but
itis

also
achievable.

B
y

itselfthe
John

Z
ink

L
ow

N
O

x
Staged

Fuel
burner

can
m

eetor
approach

the
em

ission
level

required
for

m
any

refinery
applications.

B
y

com
bining

fuel
staging

w
ith

flue
gas

recirculation
ithas

been
dem

onstrated
thatthe

required
level

can
be

reliably
achieved

for
nearly

all
furnaces

and
boilers.

T
he

key
factor

in
m

eeting
the

em
ission

levels
m

andated
by

these
rules

is
the

John
Z

ink
Staged

Fuel
burner,

show
n

in
Figure

1.Fuel
staging

reduces
N

O
x

by
burning

a
portion

ofthe
fuel

gas
w

ith
the

com
bustion

air
in

a
lean

prim
ary

com
bustion

zone.
N

O
x

in
this

region
is

low
because

flam
e

tem
peratures

are
depressed

by
the

high
excess

air
levels.T

he
rem

aining
fuel

is
then

injected
into

the
tail

end
of the

prim
ary

flam
e

zone
to

form
a

secondary
com

bustion
zone.

T
he

N
O

x
em

issions
from

this
region

are
also

low
because

the
fuel

is
burned

w
ith

an
‘air’

stream
containing

* * * Replacement for Authorized Fax Filing for Clarity and Color * * *



reduced
oxygen

content
due

to
the

inertproducts
of

com
bustion

from
the

prim
ary

flam
e.B

y
adding

recirculated
flue

gas
to

the
com

bustion
air

the
overall

em
issions

from
both

the
prim

ary
and

secondary
com

bustion
zones

can
be

further
reduced.

N
O

x
is

lim
ited

in
the

prim
ary

com
bustion

zone
because

the
inert

flue
gas

further
reduces

the
oxygen

concentration
and

also
reduces

the
adiabatic

flam
e

tem
perature.

T
he

N
O

x
in

the
secondary

com
bustion

zone
is

reduced
for

the
sam

e
reasons.

1’
II

\
SEC

O
N

D
A

R
Y

•
0

I
•

•

PR
IM

A
R

Y
FU

EL
C

O
N

N
E

C
T

iO
N

F
ig

u
re

1
JO

H
N

Z
IN

K
ST

A
G

E
D

FU
E

L
L

o
N

o
x

’
B

U
R

N
E

R

* * * Replacement for Authorized Fax Filing for Clarity and Color * * *



JO
H

N
Z

IN
K

T
E

S
T

FA
C

IL
IT

Y

T
he

Joim
Z

ink
International

R
esearch

C
enter

has
9

furnaces
ofvarious

sizes
and

configurations
for

burner
research

and
developm

ent.
Full

scale
burners

from
less

than
I

m
illion

B
tu/hr

(0.3
M

W
)

to
m

ore
than

250
m

illion
B

tu/hr
(75

M
W

)
can

be
tested.

In
order

to
develop

a
suitable

burner
system

,
Furnace

N
o.

8
w

as
fitted

w
ith

a
flue

gas
recirculation

system
as

show
n

in
Figure

2.N
o.

8
test

furnace
is

a
vertical

cylindrical
furnace

w
ith

a
com

bustion
cham

ber
8

ft.
(2.44

m
)

in
diam

eter
and

20
ft.

(6.1
m

)
tall.

T
he

furnace
w

all
is

a
double

shell
w

ith
w

ater
in

the
annulus

to
absorb

part
ofthe

heat
inputto

the
furnace.

A
portion

ofthe
interior

surface
is

insulated
to

control
the

heat
absorption

rate.
T

he
furnace

exit tem
perature

during
all

tests
w

as
about

1600°F
(870

°C
),

w
hich

is
typical

ofm
any

refinery
process

heaters.
A

12
inch

(305
m

m
)

recirculation
duct

w
as

installed
atthe

furnace
outletto

extracta
portion

ofthe
flue

gases.
T

his
ductw

as
routed

to
a

shell
and

tube
heatexchangerw

here
the

flue
gases

w
ere

cooled
to

about
500

°F
(260

°C
).A

hot
fan

w
as

used
to

draw
the

flue
gases

through
the

heat
exchanger

and
inject

them
into

the
com

bustion
air

stream
.

T
he

flue
gas

recirculation
flow

rate
w

as
m

easured
w

ith
a

venturi
flow

m
eter.

T
he

tests
reported

here
w

ere
conducted

w
ith

burners
designed

for
a

nom
inal

heat
input

of7
to

10
m

illion
B

tu/hr
(7.4

to
10.55

G
J/hr).

T
he

developm
entw

ork
involved

tests
over

the
entire

operating
range

ofeach
burner.

T
he

N
O

x
em

ission
results

included
in

this
paper

are
those

collected
w

ith
the

burners
operating

at
their

nom
inal

firing
rate.

B
oth

am
bient

and
preheated

air
w

ere
tested.

A
variety

offuel
gases

w
ere

utilized
during

the
testing.

Som
e

of the
fuel

blends
thathave

been
tested

are:

N
atural

G
as

H
ydrogen

I
N

atural
G

as
H

ydrogen
/

Propane
IN

atural
G

as
H

ydrogen
/ Propylene

/ N
atural

G
as

H
ydrogen

/ B
utane

/
Propane

IN
atural

G
as

Flue
gas

recirculation
rates

w
ere

varied
from

0
to

35%
.

T
he

excess
oxygen

level
w

as
varied

from
0.2%

to
4%

02.
D

ata
collected

included
fuel

com
position,

fuel
flow

rate,
fuel

pressure,
air

tem
perature,

FG
R

flow
rate,

FG
R

tem
perature,

burner
draft

loss,
furnace

pressure,
furnace

tem
perature,

and
flue

gas
tem

perature,
N

O
x,

C
O

,
and

02.
T

he
N

O
x

concentrations
reported

here
are

given
as

PPM
by

volum
e,

dry
basis,

and
are

corrected
to

3%
excess

oxygen.
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B
U

R
N

E
R

D
E

V
E

L
O

PM
E

N
T

T
he

bulk
o

f the
early

developm
ent

w
ork

involved
optim

izing
the

fuel
staging

m
ethod

to
achieve

m
inim

um
N

O
x

and
stable

operation
w

ith
flue

gas
recirculation

at all
firing

rates
from

m
axim

um
to

m
inim

um
.

T
his

w
ork

involved
determ

ining
the

optim
um

ratio
ofprim

ary
to

secondary
fuel,

prim
ary

and
secondary

fuel
injection

pattern,
num

ber
and

location
ofprim

ary
and

secondary
fuel

injectors
and

air
velocity

and
flow

pattern.
A

fter
determ

ining
the

optim
um

design
configuration

w
hile

firing
natural

gas,the
burner

w
as

tested
w

ith
a

variety
ofother

fuels
and

further
optim

ization
w

as
done.

T
he

resultant
staged

fuel
burner

designed
for

flue
gas

recirculation
has

been
designated

as
the

John
Z

ink
SFR

burner.

In
addition

to
the

developm
ent

of the
John

Z
ink

SFR
burner,

w
ork

w
as

done
to

develop
a

staged
fuel

burner
that recirculates

products
ofcom

bustion
w

ithin
the

burner
itselfw

ithout
an

external
fan.

T
his

natural
draft

staged
fuel

burner
w

ith
selfrecirculated

flue
gas,

designated
as

the
John

Z
ink

N
D

R
burner,uses

the
m

om
entum

ofthe
fuel

and
com

bustion
air

to
recirculate

com
bustion

products
from

the
furnace

and
does

not
require

flue
gas

recirculation
fans

or
ductw

ork.
T

he
perform

ance
ofthis

burner
can

be
enhanced

w
ith

the
utilization

of a
sm

all
am

ountof
inert

gas
or

com
pressed

air.

D
E

V
E

L
O

PM
E

N
T

T
E

ST
R

E
SU

L
T

S

Figures
3

through
5

show
the

results
from

the
SFR

burner
developm

enttests
done

at the
John

Z
ink

International
R

esearch
C

enter.
Figure

3
show

s
som

e
ofthe

data
collected

for
natural

gas
firing.

T
he

low
er

curve
show

s
the

variation
ofN

O
x

w
ith

flue
gas

recirculation
for

am
bientcom

bustion
air.T

he
data

show
s

thatthe
N

O
x

level
w

as
about

27
PPM

w
ithoutFG

R
,

w
hich

is
w

ell
below

the
40

PPM
lim

itofR
ule

1146
and

very
near

the
lim

itof
25

PPM
(0.03

lb.
ofN

O
x

per
m

illion
B

tu)
m

andated
by

R
ule

1109.
B

y
introducing

flue
gas

recirculation
this

low
N

O
x

level
w

as
further

reduced.
W

ith
15%

FO
R

the
level

w
as

less
than

half.
T

he
upper

curve
show

s
the

behavior
w

ith
500

°F
com

bustion
air.

W
ithout

FG
R

the
N

O
x

w
as

nearly
double

that
seen

w
ith

am
bient

air.
H

ow
ever,w

ith
less

than
5%

FO
R

,
the

R
ule

1146
level

is
m

et
and

w
ith

15%
FG

R
the

N
O

x
level

w
as

below
the

0.03
lb

per
m

illion
B

tu
level

m
andated

by
R

ule
1109.
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F
igure

4
com

pares
the

natural
gas

data
w

ith
data

for
a

fuel
gas

m
ixture

o
f

30%
propane,

40%
hydrogen

and
30%

natural
gas

for
am

bient
com

bustion
air

and
500

°F
com

bustion
air.

O
nce

again
the

N
O

x
for

the
fuel

gas
m

ixture
is

higher
than

that
for

natural
gas.

W
ith

am
bient

air
the

R
ule

1146
level

of40
PPM

w
as

m
et

w
ithout

FG
R

.
F

or
the

preheated
air

case
FG

R
w

as
required

to
m

eet
both

rules.
W

ith
500°F

com
bustion

air,
m

eeting
the

R
ule

1109
level

required
the

addition
o

f
nearly

20%
flue

gas
recirculation.

T
he

data
show

F
G

R
levels

up
to

35%
.

T
his

high
F

G
R

rate
is

possible
because

the
hydrogen

in
the

fuel
aids

in
stabilizing

the
flam

e.

JOHN
ZINK
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NOx
BURNER

c’J

C
)

cDcL0><

50

FGR,
%
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Igure
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R
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T
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G
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F
igure

5
show

s
the

sam
e

com
parison

for
a

m
ixture

of30%
propylene,

40%
hydrogen

and
30%

natural
gas

w
ith

am
bient

com
bustion

air.
T

his
figure

show
s

that
the

base
N

O
x

w
ithout

FG
R

,
35

P
P

M
,

is
higher

for
this

com
position

than
for

the
other

fuels.
T

his
is

the
case

because
this

m
ixture

has
a

higher
adiabatic

flam
e

tem
perature

than
the

other
fuels.

A
s

w
ith

the
other

fuel
com

positions,
how

ever,
this

level
drops

w
ith

the
addition

o
f

FG
R

.
In

this
case

the
N

O
x

level
is

dow
n

to
18

PPM
w

ith
20%

FG
R

.
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ZINK
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-

3
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U
-
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F
igure

6
show

s
results

from
the

John
Z

ink
N

D
R

(self-recirculating)
burner

using
a

m
ixture

of
30%

propane,
4

0
0

.6
hydrogen

and
30%

natural
gas.

W
ith

this
burner,the

rate
of

flue
gas

recirculation
can

be
increased

by
injecting

a
sm

all
am

ount
of

inert
gas

or
com

pressed
air

into
the

burner.
A

s
show

n,
a

sm
all

quantity
of

steam
can

significantly
reduce

the
N

O
x

level,
even

w
ith

a
difficult

fuel.
In

this
case,

the
N

O
x

level
w

as
reduced

by
nearly

tw
o-thirds,

from
26

PPM
to

about
9

P
P

M
w

ith
approxim

ately
0.22

lb.
of

steam
per

lb.
o

f
fuel.

F
IE

L
D

T
E

S
T

R
E

S
U

L
T

S

T
hree

John
Z

ink
P

S
F

R
-16M

L
oN

ox
burners

w
ere

installed
in

A
ugust

1989
at

U
nocal’s

L
os

A
ngeles

R
efinery

in
W

ilm
ington,

C
alifornia.

T
he

installation
w

as
to

verifS’
the

John
Z

ink
developm

ent
test

results
in

an
operating

environm
ent.

F
lue

gas
recirculation

w
as

not
utilized

for
this

test.

T
he

heater
is

a
vertical

cylindrical
furnace

built
in

1969.
T

he
heater

superheats
400

psig
saturated

steam
from

a
refinery

header
from

44
8°F

to
750°F

and
delivers

itto

3025

JOHN
ZINK

COM
PANY

NOR
LOW

NOx
BURNER

15%
Excess

Air
1600

F
FireBox

Tem
p.

cJC
o

CC
-)

00

Fuel
C

om
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40%
H

ydrogen
30%

N
at.

G
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3
%
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0
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0.1
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Steam

/
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Fuel
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0.2
0.25

F
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a
steam

turbine.
T

ypical
steam

flow
rate

is
80-90

M
lbs/hr

w
ith

a
design

capacity
of

100
M

lbs/hr.
T

he
radiant

section
is

7
ft.-2

in.
diam

eter
and

25
ft.

tall.
T

he
nom

inal
bridge

w
all

tem
perature

is
1650°F

and
the

available
draft

atthe
floor

is
0.35

in.
w

.c.

A
n

SC
A

Q
M

D
perm

it
w

as
subm

itted
and

approved
to

test
this

heater
under

R
ule

441,
R

esearch
O

peration.
T

he
heater

m
axim

um
gross

input
is

lim
ited

to
25

M
M

B
tu/hr,

w
hile

the
capacity

o
f

each
burner

is
9.5

M
M

B
tu/hr.

T
he

refinery
fuel

gas
has

a
heat

content
of

1300-1500
B

tu/scf(H
H

V
).

T
hree

John
Z

ink
H

E
V

R
-20

burners
w

ere
rem

oved
and

the
floor

and
fuel

gas
piping

w
ere

m
odified

to
accept

the
new

John
Z

ink
P

S
F

R
burners.

T
he

three
P

S
F

R
burners

w
ere

initially
configured

exactly
the

sam
e

as
one

used
in

the
test

furnace.
M

inor
m

odification
of the

secondary
burner

tips
w

as
needed

to
optim

ize
the

N
O

x
and

C
O

em
issions

to
acceptable

levels.
T

his
w

as
necessary

because
the

three
burners

w
ere

installed
on

a
very

tight
burner

circle.
E

m
issions

data
are

tabulated
for

the
H

E
V

R
and

P
S

F
R

burners
in

T
able

2,
and

plotted
for

the
P

S
F

R
burners

in
F

igures
7

and
8.

W
ith

the
optim

ized
secondary

fuel
tips,

C
O

em
issions

from
the

P
S

F
R

burners
w

ere
0

ppm
in

m
ost

cases.
W

hen
the

02
w

as
reduced

to
2%

,
the

C
O

em
issions

w
ere

still
less

than
50

ppm
.

T
ab

le
2

U
nocal

L
os

A
n
g
eles

R
efinery

H
eater

E
m

issio
n
s

T
ests

Jo
h
n

Z
ink

H
E

V
R
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D
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U
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N
A

N
D

C
O

N
C

L
U

SIO
N

S

T
able

3
show

s
a

com
parison

ofthe
m

easured
base

N
O

x
em

issions
(w

ithout
FG

R
)

and
calculated

adiabatic
flam

e
tem

perature
for

several
fuel

com
positions.

A
s

w
ould

be
expected,

the
table

show
s

that the
N

O
x

em
issions

increase
as

the
adiabatic

flam
e

tem
perature

increases.
T

he
em

issions
also

appear
to

be
very

sensitive
to

flam
e

tem
perature,

since
they

increase
by

33%
,

from
27

to
35

PPM
,

w
ith

only
a

130
°F

increase
in

adiabatic
flam

e
tem

perature.

T
ab

le
3

F
lam

e
T

em
p

eratu
re

an
d

N
O

x
fo

r
V

arious
F

uel
G

ases
w

ith
o
u
t

F
lue

G
as

R
ecircu

latio
n

F
lam

e
T

em
p.

N
O

x
,(3

%
0

2)
°F

PPM

N
atural

G
as

3385
27

40%
H

2
130%

C
3H

8
I

30%
N

at.
G

as
3450

28
50%

H
2

/
50%

N
at.

G
as

28
40%

H
2
/3

0
%

C
3H

6/30%
N

at.
G

as
3515

35

A
nother

interesting
finding

is
that,

except
for

the
propylene

fuel
m

ixture,
a

higher
rate

of
flue

gas
recirculation

w
as

required
to

achieve
a

given
percentage

reduction
in

N
O

x
for

the
refinery

fuel
gas

m
ixtures

com
pared

to
the

natural
gas

fuel.
T

his
is

show
n

by
the

low
er

slope
ofthe

N
O

x
versus

FG
R

curves
for

the
m

ixed
fuel

gases. T
he

variation
in

response
to

FG
R

betw
een

the
differentfuel

com
positions

is
also

great
enough

to
require

that
data

m
ustbe

collected
for

a
w

ide
variety

offuel
com

positions
in

order
to

allow
accurate

prediction
of

em
issions.

T
he

test
furnace

atU
nocal

has
been

in
nearly

continuous
service

since
itw

as
first

started
up

in
A

ugust
1989.

A
ny

dow
ntim

e
cannot

be
attributed

to
the

burners.
W

ith
a

three-burner
arrangem

ent
and

their
m

axim
um

capacity,
one

burner
can

be
rem

oved
from

service
ata

tim
e

w
ith

slightly
reduced

steam
outlet

tem
perature.N

o
flam

e
im

pingem
ent

problem
s

or
hot

spots
have

been
observed.

A
fter

about three
m

onths
service

the
tips

w
ere

rem
oved

for
inspection

and
cleaning.

H
eavy

fouling
w

as
found

in
the

prim
ary

tips
but

em
ission

readings
prior

to
rem

oval
show

ed
acceptable

results.
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In
the

field
test,

the
P

S
F

R
burners

m
eet

the
R

ule
1146

requirem
ents

over
the

range
ofoperation

tested.
T

o
date,

the
actual

refinery
fuel

gas
com

position
is

less
severe

in
term

s
o
fN

O
x

em
issions

than
the

fuel
gas

com
positions

that
w

ere
used

during
the

developm
ent

tests,
and

each
burner

has
been

fired
at

about
70%

of
m

axim
um

firing
rate.

In
sum

m
ary,

John
Z

ink
developm

ent
data

and
the

U
nocal

field
test

data,
show

that
it

is
possible

to
m

eetthe
S

C
A

Q
M

D
R

ule
1146

N
O

x
em

ission
lim

it
of40

PPM
utilizing

the
SFR

burner
w

ithout
FG

R
w

hen
using

am
bient

air.
T

he
John

Z
ink

developm
ent

data
show

s
that

the
R

ule
1109

N
O

x
em

ission
lim

it
of

0.03
lb/M

M
B

tu
can

be
easily

m
et

using
either

the
SFR

burner
w

ith
forced

draft
flue

gas
recirculation

or
w

ith
the

self
recirculating

N
D

R
and

a
sm

all
quantity

of
inert

gas,
such

as
steam

.
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O
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m
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C
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C
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R
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M
E

N
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M
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N
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S
T

O
35

IL
L

.
A

D
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.
C

O
D

E
)

P
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R
T

S
211A

N
D
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)

M
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T
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N
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O
C

O
R

R
E

C
T

T
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A
N

S
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T
S

N
O

W
C

O
M
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the
Illinois

E
nvironm

entalP
rotection

A
gency

(“Illinois
E

PA
”),by

its

attorneys,
and

pursuantto
35

Iii.
A

dm
.

C
ode

§
101.604,

requests
that

the
Illinois

P
ollution

C
ontrolB

oard
(“B

oard”)
order

the
correction

ofthe
transcripts

o
fthe

hearing
held

in
this

m
atter

on
D

ecem
ber

9
and

10, 2008,
as

follow
s:

T
ranscript

for
D

ecem
ber

9, 2008

P
age

C
orrection

5
3

C
hange

“A
rselor

N
atel”

to
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C
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O
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to
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O

x”

15
17

C
hange

“SC
R
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C
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is”
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5
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to
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“boilers
11

and
12”

11
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m
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hange
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O
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O
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L
J

V
V
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3
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hange
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to
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hange
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to
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hange
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C
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hange
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to
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hange
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to
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57
17

C
hange

“exem
pts”

to
“accepts”

58
5

C
hange

“E
K

”
to

“D
K

”

58
8

C
hange

“JE
R

”
to

“IE
R

G
”

58
12

C
hange

“W
anningers”

to
“W

anninger’s”

59
5

C
hange

“10.15”
to
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i
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i
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Page
C

orrection

62
5

C
hange

“H
IS

Sarah”
to

“11T
S-C

E
R

A
”

62
11

C
hange

“W
ebco”

to
“W

E
PC

O
”

63
21

C
hange

“com
bine”

to
“com

bined”

63
23

C
hange

“vacature”
to

vacatur”

65
1

C
hange

“bum
”

to
“burden”

65
13

C
hange

“I
H

I
C

”
to

“ilil-C
E

R
A

”

65
14

D
elete

“E
R

A
”

68
23

C
hange

“extrapolaiton”
to

“extrapolation”

69
24

C
hange

“projection
costs,”

to
“projection,

costs”

70
20

Insert
“M

s.
R

occaforte:”
before

“I’m
sure”

70
24

C
hange

“M
r.

R
occaforte”

to
“M

s.
R

occaforte”

73
22

C
hange

“G
enerations”

to
“G

eneration’s”

75
24

C
hange

“plan
to

start the
update”

to
“planned

startup
date”

W
H

E
R

E
F

O
R

E
,

for
the

reasons
set

forth
above,

the
Illinois

E
P

A
respectfully

requests
that

the
B

oard
order

the
correction

o
f the

hearing
transcripts

as
set

forth
above.

R
espectfully

subm
itted,

IL
L

IN
O

IS
E

N
V

IR
O

N
M

E
N

T
A

L
P

R
O

T
E

C
T
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A
G

E
N

C
Y

B
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_

_
_
_

_
_
_
_

_
G
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R
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A
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C
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D
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o
f L
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C
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D
A

T
E

D
:
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20,

2009
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N

orth
G
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A
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E

ast
P.

0
.

B
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p
i
i
i
i
g
i
i
i
u
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