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e
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M
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W
E

S
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G
E

N
E

R
A

T
IO

N
E

M
E

,
L

L
C

C
H

IC
A

G
O

A
R

E
A

W
A

T
E

R
W

A
Y

S
A

N
D

L
O

W
E

R
D

E
S

P
L

A
IN

E
S

R
IV

E
R

G
E

N
E

R
A

T
IN

G
U

N
IT

S

C
O

O
L

IN
G

T
O

W
E

R
C

O
S

T
S

T
U

D
Y

T
A

B
L

E
O

F
C

O
N

T
E

N
T

S

P
A

G
E

E
X

E
C

U
T

IV
E

S
U

M
M

A
R

Y
1-1

2.
A

P
P

R
O

A
C

H
A

N
D

S
C

O
P

E
O

F
C

O
O

L
IN

G
T

O
W

E
R

S
T

U
D

Y
2-1

A
.

P
R

O
P

O
S

E
D

U
A

A
T

H
E

R
M

A
L

W
A

T
E

R
Q

U
A

L
IT

Y
S

T
A

N
D

A
R

D
S

2-1
B

.
C

O
O

L
IN

G
T

O
W

E
R

D
E

S
IG

N
A

N
D

P
E

R
F

O
R

M
A

N
C

E
2-2

C
.

C
O

O
L

IN
G

T
O

W
E

R
C

O
S

T
S

T
U

D
Y

S
C

O
P

E
2-8

3.
C

O
N

C
E

P
T

U
A

L
D

E
S

IG
N

B
A

S
IS

F
O

R
C

L
O

S
E

D
L

O
O

P
C

O
O

L
IN

G
T

O
W

E
R

S
T

U
D

Y
3-1

A
.

D
E

S
IG

N
E

L
E

M
E

N
T

S
C

O
M

M
O

N
T

O
A

L
L

U
N

IT
S

3-1
B

.
S

T
A

T
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N
O

R
U

N
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-S
P

E
C
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A
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S
U

M
P
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R
E
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R
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T
IN

G
IS

S
U

E
S

4-1
A

.
A

IR
P

E
R

M
IT

T
IN

G
4-1

B
.

N
P

D
E

S
P

E
R

M
IT

T
iN

G
4-11

C
.

U
.S

.
A

R
M

Y
C

O
R

P
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R
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.
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R
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R
A

W
F

O
R

D
S

T
A

T
IO

N
T

E
C

H
N

O
L

O
G

Y
O

P
T

IO
N

S
A

N
D

C
O

S
T

E
S

T
IM

A
T

E
R

E
S

U
L

T
S

5-4
C

.
W

IL
L

C
O

U
N

T
Y

S
T

A
T

IO
N

T
E

C
H

N
O

L
O

G
Y

O
P

T
IO

N
S

A
N

D
C

O
S

T
E

S
T

IM
A

T
E

R
E

S
U

L
T

S
5-8

D
.

JO
L

IE
T

6
S

T
A

T
IO

N
T

E
C

H
N

O
L

O
G

Y
O

P
T

IO
N

S
A

N
D

C
O

S
T

E
S

T
IM

A
T

E
R

E
S

U
L

T
S

5-12
E

.
JO

L
IE

T
7

&
8

S
T

A
T

IO
N

T
E

C
H

N
O

L
O

G
Y

O
P

T
IO

N
S

A
N

D
C

O
S

T
E

S
flM

A
T

E
R

E
S

U
L

T
S

5-14
F.

C
A

P
iT

A
L

C
O

S
T

S
A

S
S

O
C

IA
T

E
D

W
IT

H
O

P
E

N
-C

Y
C

L
E

C
A

P
A

B
IL

IT
Y

5-17
6.

T
Y

P
IC

A
L

C
O

O
L

IN
G

T
O

W
E

R
P

R
O

JE
C

T
S

C
H

E
D

U
L

E
6-1

T
C

-l

\snIlc\datal\m
idw

estgen\1
0683-1

30\6.06\S
L

-009359
Final

110201
.doc



M
idw

est
G

eneration
E

M
E

,
L

L
C

SL
R

eport
N

o.
S

L
-009359

C
A

W
S

and
L

ow
er

D
es

P
laines

R
iver

S
&

L
P

roject
N

o.
10683-130

S
i
r
g
e
r
s
t
&

L
L

z
n
d

v
L

D
ate:

F
ebruary

1,
2011

G
enerating

U
nits

C
ooling

T
ow

er
C

ost
S

tudy
p

E
X

H
IB

IT
S

A
.

C
O

O
L

IN
G

T
O

W
E

R
E

Q
U

IP
M

E
N

T
A

R
R

A
N

G
E

M
E

N
T

S

B
.

C
L
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L
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L
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R
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G
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U
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S
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I
r
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t
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w
ld
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D
ate:

February
1,2011

C
ooling

T
ow

er
C

ost
Study

E
X

E
C

U
T

IV
E

S
U

M
M

A
R

Y

Proposed
rules

by
the

Illinois
E

nvironm
ental

Protection
A

gency
(“Illinois

E
PA

”
or

“A
gency”)

seek
to

change
the

use
designation

for
the

U
pper

Illinois
W

aterw
ay

(“U
IW

”)
from

the
existing

“secondary
contact

and
indigenous

aquatic
life”

use
(the

“Proposed
U

A
A

R
ules”).

T
he

Proposed
U

A
A

R
ules

include
m

ore
stringenttherm

al
w

ater
quality

standards
(“Proposed

U
A

A
T

herm
al

Standards”)
for

the
U

IW
.

Five
electrical

generating
stations

ow
ned

and
operated

by
M

idw
est

G
eneration

E
M

E
,

L
L

C
(“M

W
G

en”)
are

located
along

and
discharge

to
those

portions
ofthe

U
IW

know
n

as
the

S
outh

B
ranch

o
f

the
C

hicago
R

iver,
C

hicago
S

anitary
and

Ship
C

anal
(“C

SSC
”)

and
the

U
pper

D
resden

Island
Pool

(“U
D

IP”)
of

the
L

ow
er

D
es

Plaines
R

iver.
T

hese
stations

are
Fisk,

C
raw

ford,
W

ill
C

ounty
and

Joliet
(2

stations)
generating

stations.
Joliet

6
is

located
on

the
south

side
ofthe

D
es

Plaines
R

iver,
w

hile
Joliet

7&
8

is
located

on
the

north
side

ofthe
D

es
Plaines

R
iver.

W
ill

C
ounty

U
nits

l&
2

w
ere

retired
effective

D
ecem

ber
31,

2010.
T

herefore,
these

tw
o

units
w

ere
not

included
in

this
study.

T
he

M
W

G
en

generating
stations

operate
based

on
a

once-through,
open-cycle

circulating
w

ater
system

design.
N

one
ofthe

M
W

G
en

generating
stations

are
capable

ofachieving
and

consistently
m

aintaining
com

pliance
w

ith
the

proposed
therm

al
standards

at
existing

operating
levels.

M
W

G
en

requested
that

Sargent
&

L
undy

(S&
L

)
evaluate

the
various

technologies
that

are
available

for
cooling

the
Fisk,

C
raw

ford,
W

ill
C

ounty
and

Joliet
units.

S&
L

has
been

designing
pow

er
plants

since
its

beginning
in

1891.
T

he
original

Fisk
unit

w
as

designed
by

S&
L

in
the

early
1900’s.

Since
thattim

e,
S&

L
has

designed
m

any
pow

er
plants

that
incorporate

different
types

of
cooling

tow
er

designs.

T
his

report
addresses

the
potential

cost
and

operational
im

pacts
associated

w
ith

revised
lim

its
on

therm
al

discharges
from

the
subjectM

W
G

en
generating

stations.
T

his
particular

study
expands

and
updates

earlier
w

ork
prepared

in
2005,

thatpresented
proposed

cost
estim

ates
and

other
inform

ation
developed

by
S&

L
for

the
installation

oftherm
al

control
technology

atthe
M

W
G

en
stations.

In
2008,

after
this

rule-m
aking

w
as

initiated,
S&

L
began

w
ork

to
review

and
update

its
prior

2005
study.

T
he

proposed
therm

al
control

technology
evaluated

consisted
ofm

ulti-cell
cooling

tow
ers

designed
for

closed-cycle
operation,

w
ith

provisions
to

perm
it

operation
in

open-cycle
m

ode
w

hen
conditions

allow
.

T
he

increm
ental

capital
costs

for
the

provisions
to

perm
it

open-cycle
m

ode
constitute

a
sm

allpercentage
ofthe

overallprojectcost.
T

hose
increm

ental
costs

are
discussed

further
in

Section
5.

A
t

the
tim

e
ofthe

2005
S&

L
study,

itw
as

not
know

n
w

hatnew
therm

al
standards

the
Illinois

E
PA

w
ould

propose
for

the
U

IW
.

A
ccordingly,

in
the

absence
of

any
suggested

therm
al

standards
on

w
hich

to
base

the
study,

the
2005

S&
L

study
used

the
existing

Illinois
G

eneral
U

se
therm

al
standards

as
the

design
basis

for
evaluating

the
control

options
and

associated
costs

for
achieving

com
pliance.

In
the

2005
study,

the
estim

ated
capital

costs
for

w
et

tow
ers

ranged
from

about
$59,500,000

for
Joliet

6
to

about
$170,000,000

for
Joliet

7/8,
and

the
costs

for
w

et/dry
(plum

e
abated)

tow
ers

ranged
from

about
$84,500,000

for
Joliet

6
to

about
$257,000,000

for
Joliet

7/8.
A

nnual
O

peration
and

M
aintenance

(O
&

M
)

costs
w

ere
also

estim
ated

in
the

2005
study.

O
&

M
costs

are,
to

a
great

extent,
proportional

to
a

plant’s
electrical

output,
so

it
is

to
be

expected
thatO

&
M

costs
for

the
largestplant,

Joliet
7/8

at
1,138

M
W

,
w

ould
be

considerably
higher

than
O

&
M

costs
for

Fisk
at

348
M

W
.

T
he

2005
estim

ated
O

&
M

costs
for

w
et/dry

tow
ers

ranged
from

about
$1,400,000

for
Fisk

to
about

$7,000,000
for

Joliet
7/8.
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D
ate:
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C
ooling

T
ow

er
C

ost
Study

In
this

study,
the

Proposed
U

A
A

T
herm

al
Standards

are
used

as
the

design
basis

for
determ

ining
the

feasibility
ofadd-on

therm
al

control
technology

and
the

associated
costs

of com
pliance

for
each

ofthe
M

W
G

en
stations.

A
s

part
of

the
design

basis,
the

proposed
cooling

system
s

w
ere

designed
w

ith
the

goal
o
f

allow
m

g
the

stations
to

run
at

full
capacity

under
the

m
ost

dem
anding

conditions.
U

nder
the

P
roposed

U
A

A
T

herm
al

S
tandards,

it
is

generally
expected

that
the

m
ost

dem
anding

therm
al

conditions
w

ill
occur

during
the

hot
sum

m
er

m
onths.

H
ow

ever,
because

the
P

roposed
U

A
A

T
herm

al
Standards

include
stringent

seasonal
therm

al
criteria

throughout
the

year,
the

design
also

needed
to

address
the

need
to

operate
w

ithout
capacity

restrictions
during

the
cooler

tim
es

ofthe
year.

T
he

follow
ing

inform
ation

w
as

developed
in

this
study

for
cooling

tow
ers

atFisk,
C

raw
ford,

Joliet
and

W
ill

C
ounty:

•
E

valuation
of

capability
for

m
eeting

the
proposed

therm
al

standards;

•
R

eview
ofregulatory

and
perm

itting
issues

and
risks;

•
O

rder-of-m
agnitude

(-30%
/+50%

)
capital

and
O

&
M

cost
estim

ates;
and

•
R

eview
of

schedule
requirem

ents
and

layout
feasibility.

Several
alternative

types
of

closed
loop

cooling
technologies

w
ere

evaluated
as

part
of

this
study,

including
radiator

type
tow

ers
(externalw

ater
required),

air
cooled

condensers
(new

condenser
is

located
external

to
the

turbine
room

),
and

hyperbolic
natural

draft
cooling

tow
ers.

T
hese

options
have

either
notbeen

proven
on

such
large

scale
installations

or
are

considerably
m

ore
expensive

than
the

conventional
w

et
cooling

tow
er

design.

T
he

advantage
ofthe

closed-cycle
w

et
cooling

tow
er

approach
is

that
itvirtually

elim
inates

therm
al

discharges
to

the
adjacentriver.

T
here

is
still

a
sm

all
discharge

that
is

required
to

control
the

w
ater

chem
istry

ofthe
tow

er
(referred

to
as

“cooling
tow

er
blow

dow
n”),but

this
is

a
fraction

of
a

percent
of

the
total

open
loop

cooling
com

pared
to

the
current

open-cycle
operation

ofthese
stations.

If
a

m
ixing

zone
is

granted
for

discharging
cooling

tow
er

blow
dow

n,
it

is
assum

ed
thatthe

cooling
tow

er
blow

dow
n

w
ill

m
eetthe

Proposed
U

A
A

T
herm

al
Standards

at the
edge

ofthe
m

ixing
zone.

H
ow

ever,
S&

L
recognizes

that,
ifthe

am
bient

tem
perature

ofthe
river

is
above

the
Proposed

U
A

A
T

herm
al

Standards,
an

allow
ed

m
ixing

zone
m

ay
notbe

applicable
under

the
existing

m
ixing

zone
regulation

in
35

IA
C

§
302.102.

A
ccordingly,

it
is

currently
not

know
n

w
hether

and
to

w
hat

extent
each

ofthe
M

W
G

en
stations

w
ould

be
granted

an
allow

ed
m

ixing
zone.

In
any

event,the
estim

ated
costs

ofthe
proposed

cooling
tow

ers
and

associated
circulating

w
ater

system
m

odifications
discussed

in
this

reportare
not

significantly
affected.

Ifthe
stations’

cooling
tow

er
blow

dow
n

discharge
is

not
subjectto

an
allow

ed
m

ixing
zone,

the
tem

perature
ofthe

cooling
tow

er
blow

dow
n

discharge
m

ust
com

ply
w

ith
the

Proposed
U

A
A

T
herm

al
Standards

atthe
point

ofdischarge
to

the
river.

In
the

absence
ofan

allow
ed

m
ixing

zone,
an

additional
cooling

m
echanism

(likely
a

chiller
totaling

approxim
ately

$3
m

illion
per

station)
m

ay
be

required
to

guarantee
com

pliance
at

each
of

the
M

W
G

en
stations

under
all

operating
and

receiving
w

ater
scenarios.

H
ow

ever,
for

purposes
ofthis

report,
w

e
have

not
included

any
supplem

ental
cooling

ofthe
cooling

tow
er

blow
dow

n
discharge

for
any

ofthe
stations

in
the

study
cost

estim
ates.

T
hree

different
design

scenarios
w

ere
evaluated

for
the

Joliet
and

W
ill

C
ounty

Stations.
T

hese
are

w
et

tow
ers

(w
hich

yield
a

visible,
fog-like

discharge
plum

e),w
et/dry

tow
ers

(plum
e-abated

tow
ers),

and
w

et
tow

ers
w

ith
provisions

to
convertto

w
et/dry

operation.
T

he
cooling

tow
er

design
for

Fisk
and

C
raw

ford
w

as
based

solely
on

the
w

et/dry
(plum

e-abated)
design,

in
order

to
prevent

icing
on

the
nearby

interstate

1-2
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highw
ay,

high
voltage

pow
er

lines,
and

in
nearby

com
m

ercial
and

residential
areas.

T
he

estim
ated

com
pliance

capital
costs

for
all

o
f

the
stations

covered
by

this
study

range
from

$93,400,000
at

Joliet
6

to
$223,800,000

at
Joliet

7/8
for

w
et

tow
ers

to
betw

een
$115,700,000

at
Joliet

6
and

$300,900,000
at

Joliet
7/8

for
the

w
et/dry

options.
A

nnual
O

peration
and

M
aintenance

(O
&

M
)

costs
for

w
et/dry

tow
ers

ranged
from

$2,127,000
at

F
isk

to
$9,080,000

at
Joliet

7/8.

T
he

estim
ated

capital
costs

for
the

various
designs

considered
are

sum
m

arized
in

T
able

E
S

-i.
T

able
E

S
-i

also
provides

the
capital

cost
per

kilow
att

for
the

w
et/dry

tow
er

designs
for

each
o
f

the
five

M
W

G
en

stations,
w

hich
ranges

from
$264/kW

to
$394/kW

,
w

ith
an

average
cost

across
all

five
stations

o
f

$301/kW
.

A
nnual

O
&

M
costs,

based
on

75
percent

capacity
factors,

are
sum

m
arized

in
T

able
E

S
-2.

T
able

E
S

-3
sum

m
arizes

the
portion

o
f

each
station’s

gross
capacity

w
hich

is
lost

due
to

the
cooling

tow
er

system
s’

auxiliary
pow

er
dem

and.

T
able

E
S

-I

C
ost

S
um

m
ary

ofA
ll

W
et/D

ry,
W

et/D
ry

C
onvertible,

and
W

et
N

on-C
onvertible

T
ow

ers

S
tation

C
apital

C
ost

C
apital

C
ost

W
et

W
et/D

ry
T

otal
W

et/D
ry

C
onvertible

to
C

apital
C

ost
C

apital
C

ost
U

nit
G

ross
M

W
T

ow
er

(5)
W

et/D
ry

(5)
W

et
O

nly
(5)

(S
per

kW
)

Fisk
19

348
$137,100,000

N
/A

N
/A

$394
C

raw
ford

7&
8

585
$165,200,000

N
/A

N
/A

$282
W

ill
C

ounty
3&

4
832

$257,100,000
$230,200,000

$210,700,000
$309

Joliet
6

341
$115,700,000

$103,600,000
$93,400,000

$339
Joliet

7&
8

1,138
$300,900,000

$257,900,000
$223,800,000

$264

T
otals

3,244
$976,000,000

-

-
$301

(average)

T
able

E
S-2

E
stim

ated
A

nnual
O

perating
and

M
aintenance

C
osts

S
tation

T
otal

W
et/D

ry
T

ow
ers

W
et

or
W

et
C

onvertible
U

nit
G

ross
M

W
T

ow
ers

Fisk
19

348
$2,127,000

N
/A

C
raw

ford
7&

8
585

$3,960,000
N

/A
W

ill
C

ounty
3&

4
832

$5,750,000
$5,710,000

Joliet
6

341
$2,660,000

$2,350,000
Joliet

7&
8

1,138
$9,080,000

$8,280,000
T

otals
3,244

$23,577,000
N

/A
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A
uxiliary

pow
er

use
increases

for
the

cooling
tow

er
operation.

E
ach

cooling
tow

er
cell

is
provided

w
ith

a
fan,

and
additional

pum
ps

are
required

to
m

ove
cooling

w
ater

through
the

closed
cooling

ioop.
T

he
pow

er
dem

ands
ofthe

fans
and

additionalpum
ps

contribute
to

the
additional

auxiliary
pow

er
requirem

ents.
T

he
auxiliary

pow
er

requirem
ents

for
the

M
W

G
en

plants
are

show
n

in
T

able
E

S-3.

T
able

E
S

-3
C

ooling
T

ow
er

A
uxiliary

P
ow

er
U

se
(A

nnual-A
verage

M
W

)

F
isk

C
raw

fo
rd

W
ill

C
ounty

3&
4

Joliet
6

Joliet
7&

8

348
M

W
585

M
W

832
M

W
341

M
W

1,138
M

W

C
oolingT

ow
erFanPow

er
3.24

6.08
9.32

4.28
16.20

Supply
Pum

p
Pow

er
3.89

6.48
9.72

4.78
17.01

D
ischarge

Pum
p

Pow
er

0.65
0.97

0.81
.0.81

1.94
A

verage
A

ux
P

ow
er

U
se

7.78
13.53

19.85
9.87

35.15
P

ercen
tag

eo
fM

W
O

u
tp

u
t

2.2
2.3

2.4
2.9

3.1

From
the

data
in

T
able

E
S-3,

it
can

be
seen

thatthe
cooling

tow
er

system
s

consum
e

betw
een

2.2
percent

and
3.1

percent
ofthe

stations’
gross

output,
w

hich
represents

lost
generating

capacity
for

each
affected

station.
T

he
econom

ic
effects

of
station

generating
capacity

loss
are

discussed
in

Section
5.

T
he

costs
presented

above
are

based
on

the
prelim

inary
design

criteria
prepared

by
S&

L
for

this
report.

For
each

ofthe
M

W
G

en
stations,

cooling
tow

er
design

is
based

on
a

7°F
approach

tem
perature

and
a

1%
w

etbulb
occurrence.

T
hese

num
bers

drive
the

perform
ance

and
cost

ofthe
tow

er.
Sm

aller
approach

tem
peratures

require
larger

and
m

ore
expensive

tow
ers

to
accom

m
odate

a
given

cooling
w

ater
flow

requirem
ent.

B
ut,

sm
aller

(or
low

er)
approach

tem
peratures

also
increase

the
likelihood

thatthe
unit

can
rem

ain
running

at its
full

rated
load

under
all

operating
conditions.

C
onversely,

higher
approach

tem
peratures

w
ould

reduce
the

size
ofthe

tow
er

required
butw

ould
increase

the
risk

that
the

unitw
ould

need
to

be
operated

atm
uch

less
than

its
rated

load
on

hot
days

w
hen

the
dem

and
for

pow
er

is
typically

at
its

greatest.
A

higher
approach

tem
perature

w
ould

also
increase

the
tem

perature
ofthe

cooling
tow

er
blow

dow
n,

increasing
the

risk
ofnot

m
eeting

the
applicable

tem
perature

lim
its,

especially
if

these
apply

atthe
end-of-pipe.

T
he

potential
capital

cost
savings

realized
for

designing
to

a
12°F

approach
tem

perature,
instead

ofthe
7°F

approach
tem

perature
selected

for
this

study,
w

ould
be

approxim
ately

20
percent.

E
ven

w
ith

this
potential

cost
savings,

the
overall

cost
ofthe

cooling
tow

er
installation

still
represents

a
substantial

capital
expense.

T
he

use
ofa

7°F
approach

tem
perature

yields
the

low
estpractical

cooling
tow

er
blow

dow
n

tem
perature,

and
thus

m
inim

izes
the

overall
therm

al
im

pact
on

the
river.

Please
refer

to
Section

2.C
.2

for
a

m
ore

detailed
discussion

of
cooling

tow
er

design
and

function.

T
here

are
several

concerns
associated

w
ith

the
proposed

cooling
tow

er
installations.

T
he

feasibility
of

siting
cooling

tow
ers

poses
significant

constructability
difficulties

atm
any

of
the

M
W

G
en

stations.
“C

onstructability”
is

an
industry

term
used

to
indicate

both
the

econom
ic

feasibility
and

the
ease

w
ith

w
hich

equipm
ent

can
actually

be
installed.

Installation
of

cooling
tow

ers
atFisk,

C
raw

ford,
and

W
ill

C
ounty

stations
w

ill
require

relocation
of

C
ornE

d
high

voltage
lines

to
prevent

ice
buildup

caused
by

the
cooling

tow
ers’

operation
and

potentially
catastrophic

snapping
ofthese

pow
er

lines
during

the
w

inter

1-4
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C
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T

ow
er

C
ost

Study

m
onths.

B
ased

on
S&

L
’s

past professional
experience,

the
estim

ated
capital

costs
include

an
allow

ance
for

transm
ission

line
relocation

w
here

applicable,
but there

w
as

no
study

perform
ed

to
define

the
scope

ofthis
necessary

m
odification.

T
his

study
also

assum
es

that
if requested,

C
ornE

d
w

ould
agree

to
and

allow
the

relocation
of

the
high

voltage
lines,

Ifrelocation
ofthe

C
ornE

d
high

voltage
lines

is
not

possible,the
tow

ers
w

ould
pose

a
safety

concern
at Fisk,

C
raw

ford,
and

W
ill

C
ounty

w
hich

m
ay

prevent
their

installation
unless

another
alternative

approach
to

their
installation

can
be

identified.

M
any

ofthe
M

W
G

en
stations

have
very

lim
ited

available
space

for
locating

new
cooling

tow
ers.

T
he

lim
ited

availability
of

space
can

affect
the

tow
ers’

perform
ance.

T
hese

tight
arrangem

ents
prom

ote
interference

(w
hen

the
hot

air
discharge

ofone
tow

er
enters

the
intake

of
a

nearby
tow

er,
leading

to
poor

perform
ance).

A
nother

negative
im

pact
ofthe

tight
tow

er
arrangem

ent
is

recirculation
(w

hen
the

hot
air

discharge
ofa

tow
er

enters
its

ow
n

intake,
leading

to
poor

perform
ance)

w
hen

w
inds

are
blow

ing
in

an
unfavorable

direction.

N
oise

em
issions

from
the

cooling
tow

ers
are

expected
to

be
below

the
regulatory

lim
its

for
all

of the
units

except
for

Joliet
7&

8
due

to
the

proxim
ity

of an
existing

office
building

w
est

ofthe
proposed

Joliet
7&

8
cooling

tow
er

location.
T

he
cost

ofnoise
abatem

entw
as

not
included

in
the

Joliet
7&

8
capital

cost
estim

ates.

Particulate
em

issions
from

the
cooling

tow
er

are
estim

ated
to

be
greater

than
the

25
ton/year

threshold
for

N
ew

Source
R

eview
(N

SR
)

for
overall

particulate
m

atter
for

the
Joliet

7&
8

and
W

ill
C

ounty
3&

4
cooling

tow
ers.

T
hese

em
ission

levels
w

ould
trigger

requirem
ents

for
B

estA
vailable

C
ontrol

T
echnology

(B
A

C
T

);
how

ever,
driftelim

inators
(included

in
the

design)
m

eetthe
B

A
C

T
standards.

Particulate
em

issions
w

ith
an

aerodynam
ic

diam
eter

less
than

10
m

icrons
(P

M
1

o)
are

estim
ated

to
fall

below
the

N
S

R
P

M
1
0

threshold
of

15
tons/year

atall
stations

except
Joliet

7&
8,based

on
use

of
published

ratios
of P

M
1

0
:
P

M
em

issions
thathave

been
accepted

by
the

Illinois
E

PA
in

the
past.

U
sing

this
m

ethod,
Joliet

7&
8

have
predicted

com
bined

P
M

1
0

em
issions

ofapproxim
ately

15.06
tons/year,

w
hich

is
slightly

above
the

threshold.
W

ill
C

ounty
3&

4
have

predicted
com

bined
em

issions
of

approxim
ately

10
tons/year,

based
on

a
conservative

100%
capacity

factor
and

100%
closed-cycle

operation.
If

a
m

ethodology
different

from
the

ratio
m

ethod
is

used
to

calculate
P

M
1
0

em
issions,

the
15

tons/year
threshold

possibly
could

be
exceeded

at
W

ill
C

ounty,
depending

on
the

final
calculation

m
ethods

and
assum

ptions.
Fisk,

C
raw

ford
and

Joliet
6

should
nothave

issues
related

to
P

M
1
0

em
issions.

L
astly,

S&
L

estim
ates

that
a

single
tow

er
installation

w
ill

require
a

m
inim

um
of29

m
onths

to
com

plete
after

additional
studies

are
com

pleted
and

critical
design

criteria
are

finalized.
T

his
schedule

is
based

on
a

single
tow

er
installation;

the
overall

duration
for

a
m

ultiple
station

cooling
tow

er
installation

w
ill

be
longer.

From
a

design
standpoint,

m
uch

ofthe
required

effortw
ill be

largely
repetitive.

For
exam

ple,
once

a
cooling

tow
er

specification
is

prepared
for

one
station,

it w
ill

take
considerably

less
tim

e
to

prepare
a

com
parable

specification
for

another
station.

H
ow

ever,
it

is
likely

thatM
W

G
en’s

ability
to

pursue
m

ultiple
cooling

tow
er

projects
in

parallel
w

ill
be

lim
ited

by
the

tim
e

required
to

fabricate
and

deliver
the

cooling
tow

er
m

aterial
and

equipm
ent

andlor
by

the
tim

e
required

to
construct

the
tow

er
and

other
structures.
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A
tpresent,

there
are

few
utility-size

cooling
tow

er
projects

underw
ay

nationally,
and

the
construction

labor
m

arket
is

favorable.
W

ith
such

conditions,
assum

ing
funding

can
be

acquired
w

hen
needed,

one
m

ightbe
able

to
execute

projects
atFisk

and
C

raw
ford

in
parallel,

and
to

startprojects
at

the
next

stations
in

sequence
w

ith
a

12-
to

15-m
onth

lag.
A

ssum
ing

such
“bestcase”

scenario
circum

stances,
after

the
tim

e
required

to
com

plete
the

final
design

criteria,
the

tim
e

required
to

im
plem

ent
closed-cycle

cooling
at

the
five

M
W

G
en

stations
is

estim
ated

to
be

a
m

inim
um

of
60

m
onths.

H
ow

ever,
as

the
econom

y
im

proves,
lead

tim
es

w
ill

lengthen
and

construction
labor

w
ill

becom
e

less
available.

T
herefore,

it
is

notpossible
to

predict
accurately

the
overall

tim
e

required
to

design,
fabricate

and
install

cooling
tow

ers
at five

pow
er

stations.
A

gain,
assum

ing
that

funding
can

be
obtained

w
hen

needed,
for

planning
purposes,

S&
L

recom
m

ends
that

at
least72

m
onths

should
be

allow
ed

for
that process.

T
he

extent
of

transm
ission

line
relocation

w
as

not
exam

ined
in

any
detail

during
this

study.
T

he
tim

e
required

to
obtain

perm
ission

for
line

relocation
and

to
actually

relocate
the

lines
has

notbeen
considered

in
the

schedule
discussion

above.
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C
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T
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2.
A

P
P

R
O

A
C

H
A

N
D

S
C

O
P

E
O

F
C

O
O

L
IN

G
T

O
W

E
R

S
T

U
D

Y

T
his

section
addresses:

•
T

he
Proposed

U
A

A
T

herm
al

Standards
w

hich
w

ill
force

installation
of closed-cycle

cooling
at

C
raw

ford,Fisk,
Joliet

6,Joliet
7/8

and
W

ill
C

ounty
3/4;

•
A

discussion
ofcooling

tow
er

design
and

perform
ance

considerations;
and

•
A

description
ofthe

scope
of

this
cooling

tow
er

cost
study

report.

A
.

P
R

O
P

O
S

E
D

U
A

A
T

H
E

R
M

A
L

W
A

T
E

R
Q

U
A

L
IT

Y
ST

A
N

D
A

R
D

S

In
O

ctober
2007,

the
A

gency
filed

the
Proposed

U
A

A
R

ules
w

ith
the

Illinois
Pollution

C
ontrol

B
oard.

Ifadopted,
the

Proposed
U

A
A

R
ules

w
ould

reclassify
the

subject
w

aters
into

w
hich

each
ofthe

M
w

G
en

stations
discharge

from
their

current
“secondary

contact”
use

designation
and

im
pose

m
ore

stringent
therm

al
standards

for
the

associated
w

aterw
ays.

T
he

Proposed
U

A
A

R
ules

include
therm

al
standards

that
are

stricter
than

the
existing

G
eneral

U
se

standards.

T
able

2-1
below

lists
the

Proposed
U

A
A

T
herm

al
Standards,

w
hich

w
ould

apply
on

a
period

average
basis

w
ith

a
daily

m
axim

um
lim

it.
U

nder
the

Proposed
U

A
A

R
ules,

the
C

A
W

S
A

quatic
L

ife
U

se
B

(“A
L

U
B

”)
standards

w
ould

apply
to

Fisk,
C

raw
ford,

and
W

ill
C

ounty,
w

hile
the

U
pper

D
resden

Island
Pool

(“U
D

IP”)
standards

w
ould

apply
to

Joliet.
T

he
Proposed

U
A

A
T

herm
al

Standards
m

ay
be

applied
at

the
edge

ofan
approved

m
ixing

zone
pursuantto

the
requirem

ents
of

35
Ill.

A
dm

.
C

ode
§302.102.

H
ow

ever,
a

final
detenuination

of
w

hether
any

m
ixing

zone
w

ill
be

allow
ed,

and,
if

so,
how

large,
is

not
currently

know
n

because
itw

ould
be

determ
ined

by
the

A
gency

in
future

N
PD

E
S

perm
itting

ifany
revised

therm
al

w
ater

quality
standards

are
ultim

ately
adopted.

For
the

purpose
ofthis

study,
itis

assum
ed

that the
sm

all
(-650

to
—

3000
gpm

)
cooling

tow
er

blow
dow

n
flow

s
generated

by
a

closed-cycle
cooling

system
either

w
ill

com
ply

w
ith

the
Proposed

U
A

A
T

herm
al

Standards
or

w
ill

not
contribute

to
any

significantw
ater

tem
perature

rise
w

ithin
the

receiving
stream

,
thus

m
aking

any
need

for
a

m
ixing

zone
lim

ited
to

a
very

sm
all

area
of

the
receiving

stream
.

H
ow

ever,based
on

existing
receiving

stream
data,

it
is

expected
that

there
m

ay
be

tim
es

w
hen

no
m

ixing
is

available
due

to
low

river
flow

and/or
am

bientriver
tem

peratures
w

hich
are

higher
than

the
Proposed

U
A

A
T

hennal
Standards.

In
the

absence
ofan

allow
ed

m
ixing

zone,
an

additional
cooling

m
echanism

(likely
a

chiller
ata

total
approxim

ate
cost

of
$3

m
illion

per
station)

m
ay

be
required

to
ensure

com
pliance

at
each

of
the

M
W

G
en

stations
under

all
operating

and
receiving

w
ater

scenarios.
H

ow
ever,

for
purposes

ofthis
report,

w
e

have
not

included
any

supplem
ental

cooling
ofthe

blow
dow

n
discharge

for
any

ofthe
stations

in
the

study
costestim

ates.
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T
able

2-1
P

roposed
IE

P
A

W
ater

T
em

perature
L

im
its

M
onth

O
ctober

2007
Final

O
ctober

2007
Final

O
ctober

2007
Final

O
ctober

2007
Final

IE
PA

A
verage

C
A

W
IE

PA
M

axim
um

C
A

W
IE

PA
A

verage
U

pper
IE

PA
M

axim
um

U
pper

A
quatic

L
ife

U
se

B
A

quatic
L

ife
U

se
B

D
resden

Island
Pool

D
resden

Island
Pool

T
em

p
L

im
it

T
em

p
L

im
it

T
em

p
L

im
it

T
em

p
L

im
it

Jan
1-31

54.3
90.3

54.3
88.7

Feb
1-29

53.6
90.3

53.6
88.7

M
ar

1-15
57.2

90.3
57.2

88.7
M

ar
16-31

7
2

90.3
57.2

88.7
A

pr
1-15

90.3
60.8

88.7
A

pr
16-30

90.3
62.l

:
r
.

88.7
M

ay
1-15

90.3
69.2

88.7
M

ay
16-31

90.3
71.4

:
;

88.7
Jun

1-15
90.3

74.2
“
‘

88.7
Jun

16-30
90.3

85.1
88.7

Jul
1-15

90.3
85.1

88.7
Jul

16-31
90.3

.
85.1

88.7
A

ug
1-15

90.3
85.1

88.7
A

ug
16-31

.1
90.3

85.1
88.7

Sep
1-15

90.3
1

Y
8
.
l

-
.

88.7
ç
p

16
30

90
3

88
7

O
ctI

15
73L

903
887

0
ct1

6
3

1
6
9
6

903
j
6

9
’

887
N

ov
1-30

66.2;
90.3

•
:
i
’

66.2
88.7

D
ec

1-31
59.9

90.3
59.9

88.7

T
he

M
W

G
en

stations
that

are
im

pacted
by

the
Proposed

U
A

A
R

ules
are

Fisk,
C

raw
ford,

W
ill

C
ounty

and
the

tw
o

Joliet
stations.

T
herm

al
discharges

from
the

M
W

G
en

stations
in

their
current

once-through,
open-cycle

design
do

not
m

eetthe
Proposed

U
A

A
T

herm
al

Standards
either

for
the

C
A

W
S

A
quatic

L
ife

U
se

B
or

the
U

D
IP.

B
ased

on
the

Proposed
U

A
A

T
herm

al
Standards,

as
sum

m
arized

in
T

able
2-1

above,
it

w
as

determ
ined

that
closed-cycle

cooling
tow

er
control

technology
w

ould
be

the
m

ost
effective

m
eans

of
com

plying
w

ith
the

Proposed
U

A
A

T
herm

al
Standards

w
hile

m
aintaining

the
capability

to
operate

atthe
design

electrical
outputof

each
unit.

B
.

C
O

O
L

IN
G

T
O

W
E

R
D

E
S

IG
N

A
N

D
P

E
R

F
O

R
M

A
N

C
E

1)
C

ooling
T

ow
er

Function
and

Physical
C

haracteristics

C
ooling

tow
ers

are
used

to
transfer

the
heatfrom

the
pow

er
plant

circulating
w

ater
into

the
atm

osphere.
Steam

from
the

turbine-generator
exhaust

is
cooled

and
condensed

to
w

ater
in

one
side

of
a

large
heat

exchanger,
called

the
condenser,

and
is

pum
ped

back
(recycled)

to
the

boiler.
T

he
other

side
ofthe

condenser
is

cooled
by

the
circulating

w
ater

system
,

and
the

circulating
w

ater
gains

heat
as

it passes
through

the
condenser.

T
he

circulating
w

ater
is

sprayed
into

the
top

ofthe
cooling

tow
er,

w
here

it
com

es
into

contactw
ith

air
from

the
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atm
osphere

w
hich

flow
s

upw
ard

through
the

tow
er.

Som
e

of
the

w
arm

circulating
w

ater
is

evaporated
and

absorbed
by

the
cooler

air.
T

his
evaporation

of
a

portion
ofthe

circulating
w

ater
is

the
prim

ary
m

echanism
for

heat
transfer

betw
een

the
w

ater
and

the
air.

T
he

air
cools

the
circulating

w
ater

so
it

can
be

pum
ped

back
to

the
condenser

and
the

cycle
is

repeated.
“Fill”

is
used

to
break

up
falling

w
ater

droplets
in

the
tow

er
and

prom
ote

interaction
betw

een
the

w
ater

and
the

am
bient

air.

C
ooling

tow
ers

of
a

type
called

“m
echanical

draft”
w

ere
evaluated

for
installation

at the
M

W
G

en
stations.

A
m

echanical-drafttow
er

is
typically

40
to

60
feet

tall
and

anyw
here

from
40

to
several

hundred
feet

long,
depending

on
the

volum
e

ofcirculating
w

ater
flow

the
tow

er
is

designed
to

process.
A

cooling
tow

er
is

actually
com

prised
of

several
sem

i-
independent

m
odules

referred
to

as
“cells”.

E
ach

cell
consists

of
1)

a
structural

steel
or

fiberglass
fram

e,2)
w

alls
(to

confine
the

air
and

w
ater

flow
),

3)
piping

near
the

top
of the

fram
ew

ork
to

distribute
the

w
ater

evenly, 4)
m

aterial
called

“fill”
(installed

w
ithin

the
tow

er
fram

ew
ork)

to
im

prove
heattransfer

betw
een

the
w

ater
flow

ing
dow

n
and

the
air

flow
ing

up,
5)

a
large-diam

eter
fan

to
pull

air
upw

ard
through

the
tow

er,
and

6)
an

exhaust
stack

to
help

direct
w

arm
air

upw
ard

and
aw

ay
from

the
sides

ofthe
tow

er.
A

group
of

cells
is

typically
linked

end-to-end
to

form
a

single
cooling

tow
er

assem
bly.

T
he

group
of

cells
is

constructed
inside

a
concrete

basin
w

hich
collects

the
cool

w
ater.

T
he

pum
ps

w
hich

return
the

cool
w

ater
to

the
condenser

are
installed

on
one

end
of

the
basin.

T
he

num
ber

of
individual

cells
in

the
cooling

tow
ers

evaluated
for

this
study

ranged
from

a
low

of
16

atFisk
Station

to
a

high
of64

atJoliet
7/8.

T
he

cooling
tow

er
equipm

ent
arrangem

ent
draw

ings
presented

in
E

xhibitA
show

that
itw

as
necessary

to
break

the
total

num
ber

of
cells

required
into

tw
o

or
m

ore
groups

ow
ing

to
space

lim
itations

atthe
stations.

2)
C

ooling
T

ow
er

Perform
ance

C
onsiderations

Sizing
of w

et
and

plum
e-abated

(w
etldry)

cooling
tow

ers
depends

prim
arily

on
tw

o
key

param
eters:

w
etbulb

tem
perature,

w
hich

is
determ

ined
by

w
eather

conditions,
and

approach
tem

perature,
a

value
w

hich
is

selected
by

the
cooling

system
designer.

T
he

am
ount

ofhum
idity

in
the

atm
osphere

air
determ

ines
the

w
etbulb

tem
perature,

w
hich,

in
turn

influences
the

effectiveness
of

cooling
tow

er
in

rem
oving

heat
from

the
circulating

w
ater.

H
igher

hum
idity

levels
result

in
higher

w
etbulb

tem
peratures,

and
low

er
hum

idity
levels

result
in

low
er

w
etbulb

tem
peratures.

In
general,

the
low

er
the

w
etbulb

tem
perature,

the
low

er
the

cold
w

ater
tem

perature
—

the
tem

perature
of the

circulating
cooling

w
ater

after
ithas

passed
through

the
cooling

tow
er.

T
hus

cooling
tow

ers
are

m
ore

effective
on

cool,
dry

days
and

less
effective

on
w

arm
,

hum
id

days.

W
etbulb

tem
perature

changes
continually

(hour
to

hour
and

day
to

day)
as

w
eather

changes.
T

herefore,
tow

er
design

for
cooling

perform
ance

and
the

ability
to

m
eettherm

al
discharge

lim
its

involves
consideration

ofm
eteorology

probabilities.
A

conservative
approach

that
accounts

for
reasonably

expected
w

eather
conditions

w
as

used
in

this
study

to
ensure

that
the

tow
er

design
w

ill
rem

ove
the

heat
from

the
generating

station
even

during
the

m
ost

hot
and

hum
id

days.
T

he
cooling

tow
ers

w
ere

designed
based

on
the

“Sum
m

er
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1%
”

w
etbulb

tem
perature

w
hich

m
eans

that
the

historical
w

etbulb
tem

peratures
exceed

this
value

only
1%

ofthe
tim

e
during

the
hottest

m
onths.

H
istorical

w
et

bulb
data

w
as

obtained
from

a
U

.S.
A

ir
Force

publication.
(See

paragraph
3.a.6

below
for

a
com

plete
reference

to
this

publication.)

A
second

im
portant

param
eter

that
defines

the
design

ofa
cooling

tow
er

is
“approach

tem
perature.”

T
he

approach
tem

perature
is

defined
as

how
close

the
w

ater
being

cooled
approaches

the
w

et
bulb

tem
perature.

D
esign

for
a

low
er

approach
tem

perature
results

in
a

larger
tow

er,
w

hich
is

usually
effected

by
increasing

the
num

ber
of

cells
in

the
tow

er.
A

larger
tow

er
w

ill
provide

greater
contacttim

e
betw

een
the

circulating
w

ater
and

the
airflow

,
w

hich
increases

heat
rem

oval
and

low
ers

cold
w

ater
tem

perature.
A

larger
tow

er
is

m
ore

expensive
for

a
given

circulating
w

ater
flow

rate,
but

itw
ill

increase
the

likelihood
thatthe

generating
station

can
rem

ain
running

at
full

load
during

the
m

ost
hot

and
hum

id
days.

Figure
2-1

illustrates
the

capital
costs

for
the

Joliet
7&

8
tow

ers
as

a
function

ofapproach
tem

perature.
T

his
sam

e
general

relationship
am

ong
cooling

tow
er

approach
tem

perature,
cooling

tow
er

cost,
and

auxiliary
pow

er
dem

and
is

typical
ofthe

tow
ers

evaluated
for

the
other

generating
stations

considered
in

this
study.

C
ooling

tow
er

cost
decreases

w
ith

higher
approach

tem
peratures

although
the

cost
is

still
in

the
order

of
hundreds

of m
illions

of
dollars.

W
ith

this
decrease

in
cost, how

ever,
com

es
an

increased
risk

thatthe
unit

w
ill

generate
less

electrical
pow

er
during

a
tim

e
w

hen
dem

and
is

high
and

the
cost

for
purchased

pow
er

also
is

alm
ost

alw
ays

relatively
high.

T
o

m
inim

ize
the

risk
that

the
cooling

tow
ers

chosen
w

ould
necessitate

unit
deratings

to
m

aintain
com

pliance
atthe

M
W

G
en

stations
at

tim
es

w
hen

dem
and

for
electricity

is
high,

an
approach

tem
perature

of
7°F

w
as

used
as

the
basis

for
this

study.

A
n

additional
benefitof

designing
the

tow
ers

w
ith

a
7°F

approach
is

that
it m

inim
izes

the
tem

perature
of the

cooling
tow

er
blow

dow
n

flow
to

the
relevant

w
aterw

ay.
D

ecreasing
the

tow
er

size
and

costby
selecting

a
larger

approach
tem

perature
such

as
9°F

or
12°F

w
ould

increase
the

tem
perature

ofthe
cooling

tow
er

blow
dow

n
flow

.
A

n
approach

tem
perature

increase
of

even
2-3

degrees
w

ould
likely

lead
to

an
end-of-pipe

cooling
tow

er
blow

dow
n

flow
tem

perature
that

is
w

arm
er

than
the

Proposed
U

A
A

T
herm

al
Standards

m
axim

um
value

during
the

sum
m

er
m

onths.
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A
final

design
consideration

is
the

treatm
ent

ofthe
fog-like

plum
e

that norm
ally

rises
from

cooling
tow

ers.
T

ow
ers

w
ith

visible
w

ater
vapor

plum
es

are
available

atlow
er

costbut
can

cause
potential

visibility
problem

s
and

icing
problem

s
in

freezing
w

eather.
V

isibility
and

icing
problem

s
can

create
safety

hazards
on

nearby
streets

and
highw

ays
and

for
those

w
ho

use
them

.
Icing

problem
s

are
particularly

hazardous
to

pow
er

lines
located

in
the

vicinity
of

an
electrical

generating
station

because
the

icing
can

cause
pow

er
lines

to
fail

and
interrupt

pow
er

service
to

custom
ers.

W
et/dry

or
“plum

e-abated”
tow

ers
m

inim
ize

the
risk

of
visibility

and
icing

problem
s.

W
et/dry

tow
ers

have
a

dry
reheating

section
above

the
w

et
section,

w
hich

further
w

arm
s

the
w

arm
,

m
oist

air
leaving

the
w

et
section

of the
tow

er.
Such

w
et/dry

tow
ers

m
ake

the
plum

e
essentially

invisible
and

decreases
the

potential
for

visibility
and

icing
problem

s.
H

ence,
the

reason
they

are
called

“plum
e-abated”

tow
ers.

Plum
e-abated

tow
ers

are
designed

so
thatthe

visible
plum

e
extends

no
farther

than
one

tow
er

height.
It

should
be

noted
that

there
is

still
som

e
icing

concern
w

ith
w

et/dry
tow

ers,
though

the
icing

risk
is

low
er

than
that

associated
w

ith
pure

w
et

tow
ers.

Ifit
is

uncertain
w

hether
plum

e
abatem

ent
w

ill
ultim

ately
be

required
for

a
given

generating
station,

a
w

et-type
tow

er
can

be
designed

w
ith

features
w

hich
allow

later
conversion

to
plum

e-abated
or

w
et/dry

operation.
T

he
principal

features
required

are
design

ofthe
cooling

tow
er

basin
and

structural
supports

for
the

higher
w

eight
ofthe

plum
e-abatem

ent
heat

exchangers
that

are
added

to
convertthe

tow
er

to
w

et/dry
operation.

A
lthough

a
w

et-
type

tow
er

that
is

not
originally

designed
for

conversion
to

plum
e

abatem
ent

could
subsequently

be
converted,

the
costs

ofdoing
so

w
ould

be
m

uch
higher

than
ifprovision

for
subsequent

conversion
w

ere
m

ade
in

the
original

design.
Figure

2-2
illustrates

the
relative

costs
of

all
three

tow
er

types
based

on
the

costs
for

W
ill

C
ounty

Station
U

nits
3/4.

A
s

show
n

in
m

ore
detail

in
Section

5,the
costrelationship

am
ong

the
three

types
oftow

ers
at

W
ill

C
ounty

is
also

typical
for

Joliet
6

and
Joliet

7/8.

2-6

sn11c\data1\m
idw

estgen\1
0683-1

30\6.06\S
L

-009359
Final

110201
.doc



M
idw

est
G

eneration
E

M
E

,
L

L
C

SL
R

eportN
o.

SL
-009359

C
A

W
S

and
L

ow
er

D
es

Plaines
R

iver
S&

L
ProjectN

o.
10683-130

G
enerating

U
nits

S
r
-
g
n
t

&
L

L
in

d
’j

D
ate:

February
1,2011

C
ooling

T
ow

er
C

ost
Study

300

250

0C0

200

U,
S0I

150

00U0U)01
)U
,

0I-

100500

F
igure

2-2
Installed

C
apital

C
ost

of
W

ill
C

ounty
C

ooling
T

ow
ers

for
T

hree
D

ifferent
T

ypes

W
et/dry

tow
ers

w
ere

selected
as

the
base

design
for

C
raw

ford
and

Fisk,
ow

ing
to

those
stations’

proxim
ity

to
a

nearby
interstate

highw
ay,

electric
transm

ission
lines,

and
com

m
ercial

and
residential

areas.
W

et-type
tow

ers
are

believed
to

be
acceptable

for
Joliet

6,Joliet
7/8

and
W

ill
C

ounty
3/4,

but
installed

costs
for

all
three

types
are

provided
in

Section
5.

A
ll

ofthe
M

W
G

en
stations

w
ere

designed
for

and
operate

as
open-cycle

cooling
stations.

C
ooling

tow
er

costs
for

retrofit
applications

to
convertfrom

open-cycle
to

closed-cycle
cooling,

such
as

is
the

case
here

for
the

M
W

G
en

stations,
are

generally
higher

than
those

for
a

tow
er

provided
ata

generating
unit

initially
designed

for
closed-cycle

operation
—

estim
ated

to
be

approxim
ately

10
to

20
percenthigher.

U
nits

designed
for

once-through
(open-cycle)

cooling
typically

have
a

sm
aller

condenser
than

units
originally

designed
for

closed-cycle
operation.

A
retrofit

tow
er

w
ill

typically
be

m
ade

larger
to

com
pensate

for
the

sm
aller

condenser.
kicreasing

the
size

of
the

condenser
during

retrofit
is

a
potential

design
option,

but
the

costs
ofcondenser

m
odifications

are
higher

than
the

increm
ental

costs
of

larger
cooling

tow
ers.
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C
ooling

T
ow
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C
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Study

T
he

cost
estim

ates
provided

here
for

all
w

et/dry
cooling

tow
er

options
are

based
on

cooling
tow

er
quotes

obtained
from

SPX
!M

arley,
a

cooling
tow

er
supplier,

in
response

to
a

brief
specification

and
sizing

table
provided

by
S&

L
.

L
ow

-clog
film

fill
w

as
selected

by
SPX

!M
arley

as
suitable

for
the

M
W

G
en

applications,
based

on
the

T
otal

Suspended
Solids

levels
in

the
m

ake-up
w

ater.
M

ake-up
w

ater
quality

data
is

presented
in

E
xhibit

F.

E
xhibit

C
contains

prelim
inary

design
specifications

for
the

cooling
tow

er
designs.

T
his

design
basis

inform
ation

w
as

provided
to

SPX
/M

arley
by

S&
L

to
use

as
the

basis
for

its
estim

ates
of

cooling
tow

er
costs.

3)
A

lternative
C

ooling
T

ow
er

T
echnologies

T
he

follow
ing

alternative
cooling

technologies
w

ere
also

considered
at

the
start

ofthe
study,

but
w

ere
elim

inated
from

further
consideration

for
the

reasons
stated

below
:

•
R

adiator-type
tow

ers
(w

ith
no

w
ater

cooling):
E

lim
inated

because
these

tow
ers

have
never

been
applied

to
units

ofthe
size

or
approach

tem
perature

applicable
here

and
they

w
ould

require
a

prohibitive
am

ount
of

land
that

is
not

available
atthe

M
W

G
en

stations.

•
A

ir-cooled
condensers:

E
lim

inated
because

existing
unit

condensers
atthe

M
W

G
en

stations
w

ould
have

to
be

replaced
and

low
-pressure

steam
w

ould
need

to
be

ducted
to

the
new

air-cooled
condenser

(A
C

C
).

T
his

option
w

ould
not

likely
be

technically
feasible

due
to

large
am

ount
of

land
area

required
for

such
installations,

and
the

difficulty
routing

the
very

large
ductrequired

from
the

turbine
exhaust

to
the

A
C

C
inlet.

A
n

A
C

C
w

ould
increase

turbine
backpressure,

w
hich

w
ould

further
reduce

the
station’s

generating
capacity,

and
italso

w
ould

be
prohibitively

expensive.

•
H

yperbolic
natural

draftcooling
tow

ers:
E

lim
inated

due
to

the
extrem

ely
high

cost
(4

to
8

tim
es

the
cost

of
a

conventional
w

et
tow

er),concerns
about

a)
interference

w
ith

the
glide

paths
for

nearby
airports,

b)
the

land
area

required,
and

c)
overall

perm
itting

ow
ing

to
negative

public
perception

ofthe
aesthetics

of
such

tall
structures.

C
.

C
O

O
L

IN
G

T
O

W
E

R
C

O
S

T
S

T
U

D
Y

S
C

O
P

E

T
he

scope
ofthis

study
is

as
follow

s:

•
O

btain
capital

and
O

&
M

costs
in

current
dollars

for
cooling

tow
ers

sized
for

closed-cycle
operation

under
sum

m
er

conditions.
T

he
cooling

tow
er

equipm
entarrangem

ent
draw

ings
and

closed-cooling
cycle

diagram
s

that
form

the
basis

ofthe
cost

estim
ating

criteria
are

provided
in

E
xhibits

A
and

B
,

respectively.
M

ajor
equipm

ent
w

as
sized

based
on

m
axim

um
boiler

heat
input,

m
axim

um
exhaust

flow
s,

and
original

condenser
and

circulating
w

ater
design

conditions.
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•
D

evelop
“order-of-m

agnitude”
(-30%

/+
50%

)
cost

estim
ates

for
the

follow
ing

scenarios
in

this
study:

W
et

cooling
tow

er
w

ith
plum

e
abatem

ent
(w

et/dry
tow

er)
for

all
five

stations.

>
W

et
cooling

tow
ers

for
Joliet

(both
stations)

and
W

ill
C

ounty
Stations

w
ithout

the
option

to
add

plum
e

abatem
ent.

>
W

et
cooling

tow
ers

for
Joliet

(both
stations)

and
W

ill
C

ounty
Stations

w
ithoutplum

e
abatem

ent
butdesigned

w
ith

additional
structure

to
allow

addition
ofplum

e
abatem

ent
at

a
later

date.

B
udgetary

cost
estim

ates
from

SPX
IM

arley,
a

prom
inentpow

er
plant

cooling
tow

er
supplier,

w
ere

solicited
to

obtain
current

costs
for

all
cooling

tow
er

options.
S&

L
calculated

balance-of-plant
costs

using
previous

plant
designs

and
our

in-house
cost

database.

•
E

stim
ate

O
&

M
costs,

including
auxiliary

pow
er

for
tow

er
fans

and
additionalcirculating

w
ater

pum
p

head
requirem

ents,
plus

chem
ical

costs
and

tow
er

m
aintenance.

•
C

om
pare

estim
ated

cooling
tow

er
blow

dow
n

tem
peratures

and
volum

es
to

proposed
therm

al
standards

to
determ

ine
w

hether
further

tem
perature

dispersion
study

is
required.

•
E

stim
ate

particulate
em

issions
due

to
cooling

tow
er

“drift”,
and

determ
ine

w
hether

these
em

issions
could

trigger
additional

air
perm

it
or

com
pliance

requirem
ents.

•
Perform

a
qualitative

assessm
ent

ofpossible
tow

er
noise

em
issions

and
any

regulatory
or

ordinance
requirem

ents
that

m
ay

require
m

easures
for

noise
m

itigation.

•
E

valuate
the

im
pact

of
cooling

tow
er

addition
on

plant
therm

al
cycle.

T
he

ability
ofa

cooling
tow

er
to

produce
cold

w
ater

is
lim

ited
by

the
outdoor

w
etbulb

tem
perature.

G
enerally,the

cooler
the

return
w

ater
to

the
condenser,

the
higher

the
efficiency

ofthe
turbine

generator,
and

the
m

ore
electricity

w
hich

is
generated.

In
addition,

low
er

return
w

ater
tem

peratures
result

in
low

er
condenser

discharge
tem

peratures.

•
D

eterm
ine

prelim
inary

perm
itting

requirem
ents

for
installation

ofcooling
tow

ers.

•
Prepare

a
prelim

inary
construction

schedule
based

on
typical

cooling
tow

er
installation

duration.
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D
ate:

February
1,2011

3.
C

O
N

C
E

P
T

U
A

L
D

E
S

IG
N

B
A

S
IS

F
O

R
C

L
O

S
E

D
L

O
O

P
C

O
O

L
IN

G
T

O
W

E
R

S
T

U
D

Y

In
order

to
design

the
cooling

tow
ers

required
at

each
of

the
M

W
G

en
stations,the

currentunitrating
(in

gross
M

W
),

w
hich

represents
the

current
generating

capacity
ofeach

station,
w

as
used.

M
ajor

equipm
ent

w
as

sized
based

on
m

axim
um

boiler
heat

input,
m

axim
um

exhaust
flow

s,
and

original
condenser

and
circulating

w
ater

design
conditions.

Prelim
inary

design
specifications

w
ere

developed
for

the
tow

ers
needed

at
each

station.

T
he

follow
ing

paragraphs
describe

the
param

eters
com

m
on

to
allunits

atthe
M

W
G

en
stations

w
hich

set
the

design
ofthe

cooling
tow

ers
for

this
study.

D
esign

bases
for

individual units
at

each
ofthe

stations
are

provided
in

E
xhibitD

.

A
.

D
E

S
IG

N
E

L
E

M
E

N
T

S
C

O
M

M
O

N
T

O
A

L
L

U
N

IT
S

T
he

follow
ing

design
bases

w
ere

applied
to

cooling
tow

er
cost

estim
ates

and
layouts

for
all

of
the

electrical
generating

units
located

at
each

ofthe
M

W
G

en
stations:

1)
C

ost
estim

ates
are

“order-of-m
agnitude”

accuracy,
-30%

/+50%
.

2)
T

he
cooling

system
s

for
all

stations
w

ere
sized

for
closed-cycle

operation
atsum

m
er

conditions.
C

ost
estim

ates
include

tow
ers

sized
to

handle
100%

ofheatrejection
duty.

T
o

m
aintain

the
flexibility

to
operate

in
open-cycle

m
ode,

w
hen

river
tem

perature
and

m
eteorological

conditions
perm

it,gates
w

ere
included

in
the

estim
ates.

A
s

discussed
in

Section
5

below
,the

increm
ental

increase
in

capital
costfor

these
open-cycle

provisions
of the

design
are

a
sm

all
percentage

of
overall

project
cost.

A
s

noted
above,w

hen
this

study
w

as
originally

prepared
in

2005,
the

design
considerations

w
ere

based
on

G
eneral

U
se

therm
al

standards.
U

nder
the

G
eneral

U
se

therm
al

w
ater

quality
standards,the

probability
ofbeing

able
to

operate
in

open-cycle
m

ode
during

parts
ofthe

year
is

greater
than

under
the

stricter
Proposed

U
A

A
R

ules.
H

ence,
the

design
basis

ofthe
2005

study
included

the
capability

to
sw

itch
betw

een
open-cycle

and
closed-cycle

cooling
operation.

G
iven

the
increm

ental
increase

in
capital

cost
associated

w
ith

including
open-cycle

capability
in

the
design

is
a

sm
all

percentage
ofoverall

estim
ated

costs,
for

the
purposes

ofupdating
the

study,
itw

as
decided

to
retain

this
open-cycle

capability
in

the
design

basis.

3)
E

stim
ates

of
O

&
M

costs,
particulate

em
issions,

and
cooling

tow
er

blow
dow

n
discharge

are
based

on
continuous

closed-cycle
operation,

for
conservatism

and
because

it
is

not
know

n
to

w
hat

extent
open-cycle

operation
w

ill
be

com
pliant

w
ith

applicable
therm

al
standards.

4)
C

ost
estim

ates
for

plum
e-abated

(w
etldry)

tow
ers

w
ere

developed
for

all
stations.

C
onsideration

ofw
et

only
and

w
et/convertible

to
plum

e-abated
w

as
given

to
Joliet6,

Joliet
7/8

and
W

ill
C

ounty
3/4.3-1
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G
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U
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S
9
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1
t
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L
.L

J
I
1

tI
Y

D
ate:

February
1, 2011

C
ooling

T
ow

er
C

ost
StudyT

he
follow

ing
is

a
com

parison
ofplum

e-abated
(w

etldry)
tow

er
characteristics

com
pared

to
conventional

w
et

tow
ers:

•
W

et/dry
tow

ers
use

7-13%
less

total
m

akeup
w

ater
than

w
et tow

ers

•
E

xtent
of drift/level

ofparticulate
m

atter
em

issions
w

ill
be

the
sam

e
for

w
et/dry

and
w

et
tow

ers
operations

•
Icing

still
occurs

w
ith

w
et/dry

tow
ers,

butw
ill

be
less

than
w

ith
w

ettow
ers,

due
to

the
increased

saturation
tem

perature
of the

air.
M

oisture
w

ill
still

condense
on

cold
surfaces,

how
ever.

•
V

isible
plum

e
w

ill
be

negligible
for

w
et/dry

tow
ers

at
the

design
point.

A
sm

all
am

ount
ofvisible

plum
e

occurs
at

low
er

tem
peratures

and/or
athigh

relative
hum

idity
conditions.

•
T

he
w

et/dry
tow

er
uses

approxim
ately

10-25%
m

ore
electrical

pow
er

than
a

w
et

tow
er.

•
N

oise
em

issions
are

sim
ilar

for
both

types
of

tow
ers.

5)
T

he
cooling

tow
er

site
arrangem

ent
draw

ings
(provided

in
E

xhibitA
)

are
based

on
the

w
et/dry

tow
er

layouts.
SPX

JM
arley

w
as

consulted
to

determ
ine

the
cooling

tow
er

arrangem
ents

that
are

technically
feasible

based
on

the
type

ofcooling
tow

er
to

be
installed.

SPX
/M

arley
advised

thatback-to-back
cooling

tow
ers

are
not

available
for

w
et/dry

cooling
tow

er
types

due
to

the
need

for
the

dry
section

to
receive

air
from

both
sides.

T
herefore,

the
design

for
all

ofthe
w

et/dry
cooling

tow
ers

consists
of

a
single

row
ofcells.

Pure
w

et tow
ers

w
ere

not
considered

as
the

base
design

due
to

all
ofthe

previously
m

entioned
reasons,

including
creation

of poor
visibility

near
the

stations,
icing

ofroads,
and

icing
of

overhead
pow

er
lines.

C
ost

estim
ates

for
both

w
et-only

and
w

et/convertible
to

plum
e-abated

w
ere

developed,
how

ever,
and

are
provided

in
Section

5.

6)
T

he
cooling

tow
ers

at
all

of
the

stations
w

ere
designed

for
a

sum
m

er
season

w
etbulb

tem
perature

of
78°F.

T
his

is
the

1%
sum

m
er

season
w

et bulb
tem

perature
for

all
ofthe

stations.’
T

his
is

a
conservative

approach
used

to
avoid

derating
the

units
during

the
sum

m
er

m
onths

w
hen

the
dem

and
for

pow
er

is
highest.

7)
T

he
cooling

tow
ers

at
all

of
the

stations
w

ere
designed

for
an

85°F
cold

w
ater

tem
perature,

w
hich

is
a

reasonable
choice

based
on

the
1%

sum
m

er
w

et bulb
tem

perature
in

the
C

hicago
area,

and
the

choice
ofa

7°F
approach

tem
perature.

T
his

is
a

conservative
approach

selected
to

m
inim

ize
the

potential
for

unit
derating

(reduction
in

generating
capacity)

on
hot,

hum
id

days.

‘D
epartm

ents
ofthe

A
ir

Force
(U

SA
F), the

A
rm

y,
and

the
N

avy,
‘Facility

D
esign

and
Planning

E
ngineering

W
eather

D
ata”,A

FM
88-29, TM

5-785,
N

A
V

FA
C

P-89,
W

ashington
D

.C
.,

1978.
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C
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8)
A

ll
ofthe

cooling
tow

ers
w

ere
designed

for
a

m
inim

um
achievable

driftrate
of

0.0005%
(i.e.,w

ith
drift

elim
inators).

T
his

m
inim

izes
the

w
ater

particulate
em

issions
ofthe

tow
ers.

E
xhibitE

contains
the

results
ofthe

particulate
calculations.

E
xhibitF

contains
the

w
ater

quality
data

inputused.

9)
U

nder
closed-cycle

operation,
each

station
w

as
assum

ed
to

operate
at

five
cycles

of
concentration.

T
he

phrase
“five

cycles
ofconcentration”

m
eans

the
cooling

w
ater

is
recirculated

until
the

total
dissolved

solids
(T

D
S)

level
reaches

a
value

five
tim

es
the

T
D

S
concentration

in
the

m
ake-up

w
ater.

Further
build-up

is
lim

ited
by

cooling
tow

er
blow

dow
n.

A
value

offive
cycles

is
m

ost
ofien

chosen
for

design
purposes

because
it

m
inim

izes
the

need
for

m
ake-up

w
ater

and
lim

its
T

D
S

concentrations
to

levels
w

hich
do

not
create

corrosion
problem

s
for

cooling
system

m
aterials.

10)
A

ll
ofthe

tow
ers

are
priced

w
ith

fiberglass
construction.

Fire
protection

costs
have

not
been

incorporated
into

the
cooling

tow
er

estim
ates

but
could

increase
the

costofthe
tow

ers
substantially

dependentupon
the

requirem
ents

ofthe
agency

having
jurisdiction

and
the

extentto
w

hich
they

require
installation

offire
protection

equipm
ent.

11)
Single

speed
non-reversing

m
otors

w
ere

assum
ed

for
all

ofthe
cooling

tow
ers.

12)
C

hlorination,
sulfuric

acid
addition,

and
dechlorination

equipm
ent

w
ere

included
in

the
system

design
and

cost
estim

ates
for

closed-cycle
operation

at
all

of the
stations.

13)
From

its
professional

experience,
S&

L
estim

ates
the

annual
w

ater
treatm

entchem
ical

cost
to

be
$1,000/M

W
for

a
station

w
ith

closed-cycle
cooling

tow
ers.

T
his

cost
is

based
on

the
gross

load
ofthe

station
unit(s)

in
all

cases,
and

is
based

on
Sargent

&
L

undy’s
120

years
ofpow

er
plant

design
experience.

14)
C

ooling
tow

er
blow

dow
n

from
the

closed-cycle
m

ode
ofoperation

w
as

assum
ed

to
be

by
a

bleed
stream

from
the

cooling
tow

er
w

ater
supply

pum
ps.

N
o

separate
cooling

tow
er

blow
dow

n
pum

ps
w

ere
included

in
the

design
or

cost
estim

ate,
though

a
sm

all
(up

to
12”

diam
eter)

pipe
w

as
included.

T
he

cooling
tow

er
blow

dow
n,

evaporation,
and

m
akeup

w
ater

data
are

contained
in

E
xhibit

G
.

15)
T

he
follow

ing
m

ethodology
w

as
used

to
estim

ate
the

potential
im

pact
on

turbine
M

W
output

(i.e.,
capacity

loss)
resulting

from
operation

in
a

closed
cooling

configuration:

•
T

he
cold

w
ater

tem
peratures

of the
tow

ers
corresponding

to
the

1%
w

etbulb
during

each
m

onth
ofthe

year
w

ere
used

as
condenser

circulating
w

ater
inputvalues.

T
hese

cold
w

ater
tem

peratures,
w

hich
are

identicalto
the

cooling
tow

er
blow

dow
n

tem
peratures,

are
based

on
cooling

tow
er

industry
(i.e.,

C
ooling

T
ow

er
Institute)

data.

•
C

ondenser
backpressures

at
70%

assum
ed

cleanliness
w

ere
estim

ated,
and

the
percentheat

rate
adjustm

entw
as

read
from

the
original

heatrate
adjustm

entvs.
backpressure

curves
atvalves

w
ide

open
flow

.
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e
n

t
1

_
L

irid
y

D
ate:

February
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C
ooling

T
ow

er
C

ost
Study•

T
he

variations
in

generator
output

betw
een

the
design

output
value

and
the

output
during

closed
loop

cooling
operation

atthe
m

axim
um

w
et bulb

tem
perature

w
ere

calculated
(“closed-cycle

gainlloss”).
T

hen
the

variations
in

generator
output

betw
een

the
design

output
value

and
the

output
during

open-cycle
cooling

operation
w

ith
the

Proposed
U

A
A

T
herm

al
Standards

Period
A

verage
tem

perature
as

the
condenser

circulating
w

ater
inlet

tem
perature

w
ere

calculated
(“open-cycle

gainlloss”).
T

he
difference

betw
een

the
closed-cycle

gainlloss
and

the
open-cycle

gainlloss
is

the
M

W
output

gain
or

loss
for

each
tim

e
period

during
the

year.
N

ote
that

the
Period

A
verage

values
are

tabulated
on

a
partial

m
onth

basis
w

here
so

specified
in

the
Proposed

U
A

A
T

herm
al

Standards,
w

hile
the

closed-cycle
1%

w
et

bulb
values

derive
from

the
m

onthly
A

S
H

R
A

E
2

values.
A

separate
partial

m
onth

w
et

bulb
distribution

w
as

not
developed

for
this

current
study.

16)
Isolating

the
stations’

intake
and

discharge
channels

from
the

river
typically

involves
a

com
bination

offixed
w

alls
and

m
oveable

gates.
W

here
the

term
“gate”

alone
is

used
in

this
report,

the
installation

m
ay

also
involve

som
e

fixed
w

alls
at that

location.
T

he
actual

configurations
used

in
the

design
are

docum
ented

in
the

capital
cost

estim
ates

for
each

station
that

are
presented

in
E

xhibit
I.

Itw
as

assum
ed

that
the

existing
circulating

w
ater

inlet
channel

w
ould

be
partially

left
open

to
the

river
in

closed-cycle
operation

so
that

m
akeup

w
ater

to
the

cycle
can

be
draw

n
in

as
needed.

N
o

separate
m

akeup
pum

ps
or

piping
w

ere
included

in
the

design
or

cost
estim

ate.

17)
N

o
special

noise
abatem

ent
equipm

ent
w

as
included

in
the

base
cost

estim
ates.

SPX
JM

arley
indicates

that the
predicted

noise
level

is
about

90
dB

A
at

3
m

eters
from

the
tow

er.
R

ough
noise

abatem
ent

options
and

costs
w

ere
provided

by
SPX

/M
arley,but

the
predicted

noise
reduction

is
not

guaranteed
w

ithout
a

full
noise

study.
A

sim
ple

com
parison

of noise
levels

(inverse
square

m
ethod)

w
as

perform
ed

(see
Section

4
of

this
report)

by
locating

approxim
ate

distances
ofnearest residential

and
industrial]

com
m

ercial
sites,

using
satellite

photographs
and

the
survey

draw
ing

for
each

site.

18)
A

ll
electrical

pow
er

costs
are

based
on

a
price

of
electricity

ofS
36.71/M

W
h,

w
hich

is
based

on
the

w
eighted

average
price

ofpeak
and

off-peak
pricing

over
a

five-year
period

beginning
in

2011
as

calculated
by

M
W

G
en.

B
.

S
T

A
T

IO
N

O
R

U
N

IT
-S

P
E

C
IF

IC
A

S
S

U
M

P
T

IO
N

S

T
he

design
and

layout
of the

cooling
tow

er
system

m
ustbe

custom
ized

at
each

station
due

to
differences

in
plant

size
and

layouts.
T

he
unit

specific
design

inputs
for

cooling
tow

er
design

provided
to

SPX
IM

arley
are

presented
in

E
xhibit

C
.

E
xhibitD

contains
the

detailed
balance-of-

project
design

inputs
used

for
each

station.

2A
m

erican
Society

of H
eating, R

efrigeration,
and

A
ir

C
onditioning

Engineers
(A

SH
R

A
E), “The

H
andbook

2005
of

Fundam
entals”, published

by
A

SH
R

A
E, A

tlanta, G
eorgia,2005.
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C
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T
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C
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D
ate:

February
1,2011

4.
R

E
G

U
L

A
T

O
R

Y
A

N
D

P
E

R
M

IT
T

IN
G

IS
S

U
E

S

T
he

construction
and

operation
of

cooling
tow

ers
atthe

five
M

W
G

en
stations

w
ill

be
subject

to
a

num
ber

ofenvironm
ental

and
local

construction
perm

itting
requirem

ents.
T

he
S&

L
study

included
determ

ining
the

expected
perm

itrequirem
ents

for
the

proposed
closed-cycle

cooling
system

s,
w

hich
are

presented
in

the
discussion

below
,

but
further

detailed
review

is
recom

m
ended

if
any

ofthe
projects

are
slated

to
proceed.

R
egulatory

and
perm

itting
standards

potentially
applicable

to
a

cooling
tow

er
installation

projectinclude:
(1)

air
perm

itting
for

particulate
m

atter
em

issions;
(2)

m
odifications

to
the

facility’s
N

ational
PollutantD

ischarge
E

lim
ination

System
(N

PD
E

S)
perm

it
for

changes
associated

w
ith

cooling
w

ater
intake

and
w

astew
ater

treatm
ent

and
discharge

characteristics;
(3)

U
.S.

A
rm

y
C

orps
of

E
ngineer

perm
its

to
allow

construction
activities

w
ithin

a
w

aterw
ay

or
activities

thatim
pact

w
etlands;

(4)
local

building
perm

itrequirem
ents;

and
(5)

noise
em

ission
regulations.

D
ue

to
the

conceptual
nature

ofthe
design

basis
included

in
this

study,
a

cost
estim

ate
for

preparing
and

obtaining
the

necessary
perm

its
for

construction
and

operation
ofthe

closed-cycle
cooling

system
s

for
each

ofthe
M

W
G

en
stations

w
as

beyond
the

scope
of this

study.
A

ccordingly,
costs

associated
w

ith
obtaining

perm
its

have
notbeen

included
in

the
capital

cost
estim

ates
presented

in
this

report.

A
.

A
IR

P
E

R
M

IT
T

IN
G

Particulate
m

atter
em

issions
occur

from
cooling

tow
ers

as
a

result
of

cooling
w

ater
being

entrained
in

the
air

stream
.

Particulate
m

atter
in

the
driftw

ater
sentinto

the
air

by
the

tow
er

is
prim

arily
com

posed
of

the
sam

e
im

purities
as

in
the

tow
er

cooling
w

ater.
3

T
he

m
agnitude

of
the

drift
loss

is
influenced

by
the

num
ber

and
size

of
droplets

produced
w

ithin
the

tow
er,

w
hich

are
a

function
oftow

er
design,

air
and

w
ater

flow
patterns,

and
design

ofthe
drift

elim
inators.

T
he

m
ost

effective
w

ay
to

reduce
drift

from
cooling

tow
ers

is
by

installing
drift

elim
inators.

D
rift

elim
inators,

included
in

the
design

basis
for

all
tow

ers
in

this
study,

are
designed

to
rem

ove
entrained

droplets
before

the
droplets

leave
the

tow
er.

Particulate
em

issions
from

a
new

cooling
tow

er
can

trigger
the

need
for

N
ew

Source
R

eview
(N

SR
)

air
quality

review
and

perm
itting.

N
SR

is
a

federal regulatory
program

(im
plem

ented
in

Illinois
by

the
Illinois

E
PA

)
that

applies
to

m
ajor

new
sources

ofair
pollution

and
m

ajor
m

odifications
of

existing
m

ajor
sources

ofair
pollution.

A
n

existing
m

ajor
source

ofem
issions

(such
as

the
C

raw
ford,Fisk,

Joliet,
and

W
ill

C
ounty

G
enerating

Stations)
can

becom
e

subject
to

N
SR

if
m

odifications
are

m
ade

to
the

existing
source,

and
the

m
odification

results
in

a
significant

increase
in

the
annual

em
issions

ofa
regulated

N
SR

pollutant.

R
egulated

N
S

R
pollutants

include
total

particulate
m

atter
(PM

),
PM

w
ith

an
aerodynam

ic
diam

eter
less

than
10

m
icrons

(pm
)

or
less

(P
M

1
0
)

,and
PM

w
ith

an
aerodynam

ic
diam

eter
of

2.5
pm

or
less

(
P

M
2.5)
.

W
ith

respectto
particulate

m
atter

em
issions,

a
significant

em
issions

increase
is

defined
as

being
above

25
tons

per
year

(tpy)
PM

,
15

tpy
P

M
1
0
,

or
10

tpy
PM

2.5.
(See

35
IA

C
§203.209).

C
ooling

Tow
er

D
rift,

itM
easurem

ent,C
ontrol

and
Environm

entalEffect.
C

ooling
Tow

er
Institute

PaperN
o:

TP73-0
I

4-1

\snllc\datal\m
idw

estgen\1
0683-130\6.06\S

L
-009359

Final
110201

.doc



M
idw

est
G

eneration
E

M
E

,
L

L
C

SL
R

eport
N

o.
SL

-009359
C

A
W

S
and

L
ow

er
D

es
P
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R
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S&
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G
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U
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L
L

irid
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C
ooling

T
ow

er
C

ost
S

tudy
D

ate:
F

ebruary
1,

2011

E
m

ission
calculations

w
ere

prepared
for

each
M

W
G

en
cooling

tow
er

configuration
to

quantify
potential

particulate
em

issions.
T

otal
P

M
em

issions
w

ere
estim

ated
based

on:
(1)

the
circulating

w
ater

flow
rate

at
full

load;
(2)

projected
drift

elim
inator

efficiency;
(3)

total
dissolved

solids
(T

D
S

)
in

the
circulating

w
ater;

and
(4)

the
assum

ption
that

100%
o
fthe

T
D

S
in

the
drift

w
ould

be
em

itted
as

PM
,

using
the

follow
ing

eq
u
atio

n
:

4

E
pM

Q
*

Pw
*

(60
m

inlhr)
*

%
D

L
*

(T
D

S
/1

0
6)

W
here:

E
PM

=
P

M
em

ission
rate

(lb/hr)

Q
=

circulating
w

ater
flow

rate
(gpm

)

Pw
=

density
o
f

w
ater

(8.34
lb/gal)

%
D

L
=

D
rift

L
oss

E
fficiency

(0.0005%
)

T
D

S
=

T
otal

D
issolved

S
olids

in
the

liquid
drift

(ppm
w

)

T
he

m
ethodology

given
in

E
P

A
’s

A
P

-42
C

hapter
13.4

calculates
total

P
M

em
issions,

but
does

not
account

for
particle

size
distribution.

T
herefore,

to
determ

ine
PM

1O
and

PM
2.5

em
issions,

S
&

L
used

the
m

ethodology
described

by
R

eism
an

and
F

risbie
to

calculate
the

particle
size

distribution
o
f

solids
em

itted
after

evaporation
o
f

the
liquid

d
rift.
5

P
article

size
is

determ
ined

based
on

representative
drift

droplet
size

distribution
data,

T
D

S
in

the
drift

droplets,
and

the
assum

ption
that

the
total

m
ass

o
f

dissolved
solids

in
the

drift
condenses

into
a

spherical
particle

after
all

the
w

ater
evaporates.

T
he

percentage
o
f

drift
droplets

containing
particles

sm
all

enough
to

produce
PM

1O
or

P
M

2.5
em

issions
can

be
calculated

using
the

follow
ing

equation:

D
=

D
d

[(T
D

S
)(p

/
PT

D
S)]

W
here:

D
=

diam
eter

o
fthe

solid
particle

(jim
)

=
diam

eter
o
f

the
drift

droplet
(jim

)

Pw
density

o
f

w
ater

(1.0
g
/c

m
3)

PT
D

S
=

density
ofthe

solid
particles

(assum
ed

to
be

equal
to

sodium
chloride,

2.2
g
/c

m
3)

T
D

S
=

T
otal

D
issolved

S
olids

in
the

liquid
drift

(jpm
w

)

U
sing

this
approach,

drift
from

cooling
tow

ers
w

ith
higher

T
D

S
values

tend
to

form
larger

solid
particles

as
the

liquid
drift

evaporates.
In

other
w

ords,
P

M
1O

-to-P
M

and
P

M
2.5-to-P

M
ratios

are
inversely

related
to

circulating
w

ater
T

D
S

,
as

show
n

in
F

igure
4-1.

“T
he

m
ethodology

described
herein

for
calculating

cooling
tow

erparticulate
em

issions
is

taken
from

E
PA

’s
C

om
pilation

o
f

A
irPollutantE

m
ission

F
actors,A

P-42
Fifth

E
dition,V

olum
e

1: Stationary
Pointand

A
rea

Sources,C
hapter

13.4
W

et
C

ooling
T

ow
ers,

available
at:

http://w
w

w
.epa.gov/ttnlchief/ap42/chl 3/finallcl3s04.pdf.

R
eism

an,
J.,

and
Frisbie,

G
.,

C
alculating

R
ealistic

PM
JO

E
m

issionsfrom
C

ooling
T

ow
ers,

G
reystone

E
nvironm

ental
C

onsultants,
Inc.,

Sacram
ento,

C
A

.
See

also, H
ennon,

D
.,

C
ooling

T
ow

erE
m

issions
Q

uantU
lcation

U
sing

the
C

ooling
T

echnology
Institute

TestC
ode

A
T

C
-140,C

ooling
T

ow
er

Institute,
PaperN

o.
TPO

3-08.
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1
_

L
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T
ow

er
C

ost
S

tudy
D

ate:
F
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1,

2011

FIG
U

R
E

4-1
P

ercen
tag

e
of

D
rift

PM
T

hat
E

vaporates
to

PM
IO

1iiz:
1

2
3

4
5

6
7

8
9

10
11

12

C
irculating

W
ater

T
D

S
(ppm

w
)

X
1,000

T
aken

from
:

R
eism

an,J., and
Frisbie,G

., “C
alculating

R
ealistic

PM
1O

E
m

issions
from

C
ooling

T
ow

ers,”
G

reystone
E

nvironm
ental

C
onsultants,Inc.,

Sacram
ento,

C
A

.

P
article

size
distribution

w
as

calculated
for

each
M

W
G

en
generating

station
using

the
m

ethodology
described

above
and

the
circulating

w
ater

T
D

S
values

sum
m

arized
in

T
able

4-1.
C

ooling
w

ater
T

D
S

values
w

ere
obtained

from
w

ater
quality

data
collected

by
the

M
etropolitan

W
ater

R
eclam

ation
D

istrict
o
f

G
reater

C
hicago

(M
W

R
D

G
C

).
6

R
esults

o
f

the
particle

size
distribution

calculations
for

three
different

m
axim

um
T

D
S

concentrations
(i.e.,

3,680
ppm

w
,

4,220
ppm

w
and

2,935
ppm

w
)

are
show

n
in

T
ables

4-2
through

4-4,
respectively.

6
C

ooling
w

ater
TD

S
values

w
ere

obtained
from

the
2007

A
nnual

Sum
m

ary
R

eportW
ater

Q
uality

w
ithin

the
W

aterw
ays

System
ofthe

M
etropolitan

W
ater

R
eclam

ation
D

istrict
of G

reater
C

hicago,
Septem

ber
2008.
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U
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ooling
T
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S
tudy

T
able

4-1
G

enerating
S

tation
T

D
S

V
alues

M
akeup

C
ycles

of
M

axim
um

C
A

S
E

W
ater

T
D

S
C

oncentration
T

D
S

(ppm
)

(ppm
)

Fisk
19

736
5

3,680
C

raw
ford

7&
8

736
5

3,680

W
ill

C
ounty

3&
4

844
5

4,220
Joliet

6
587

5
2,935

Joliet
7&

8
587

5
2,935

T
able

4-2
Solid

P
article

Size
D

istribution
(T

D
S

=
3,680

ppm
w

)

TD
S

3,680

L
iquid

L
iquid

E
P

R
I

L
iquid

Solid
Solid

P
article

D
roplet

D
roplet

D
roplet

Size
D

roplet
P

article
P

article
Size

D
iam

eter
V

olum
e

D
istribution

M
ass

M
ass

V
olum

e
D

iam
eter

urn
u
rn
3

%
sm

aller
ug

ug
urn
3

urn
10

524
0.000

5.24E
-04

l.93E
-06

0.9
1.187

20
4,189

0.196
4.19E

-03
l.54E

-05
7.0

2.374

30
14,137

0.226
l.41E

-02
5.20E

-05
23.7

3.561

40
33,510

0.514
3.35E

-02
1.23E

-04
56.1

4.748

50
65,450

1.816
6.55E

-02
2.41E

-04
109.5

5.935

60
113,097

5.702
l.13E

-0l
4.16E

-04
189.2

7.122

70
179,594

21.348
1.80E-O

1
6.61E

-04
300.4

8.309

90
381,704

49.812
3.82E

-0l
1.40E

-03
638.5

10.684

110
696,910

70.509
6.97E

-01
2.56E

-03
1,165.7

13.058

130
1,150,347

82.023
l.15E

+
00

4.23E
-03

1,924.2
15.432

150
1,767,146

88.012
1.77E

+00
6.50E

-03
2,956.0

17.806

180
3,053,628

91.032
3.05E

+
00

l.12E
-02

5,107.9
21.367

210
4,849,048

92.468
4.85E

+
00

1.78E
-02

8,111.1
24.928

240
7,238,229

94.091
7.24E

+
00

2.66E
-02

12,107.6
28.490

270
10,305,995

94.689
1.03E

+01
3.79E

-02
17,239.1

32.051

300
14,137,167

96.288
1.41E

+01
5.20E

-02
23,647.6

35.612

350
22,449,298

97.011
2.24E

+01
8.26E

-02
37,551.6

41.547

400
33,510,322

98.340
3.35E

+O
l

1.23E
-0l

56,053.6
47.483

450
47,712,938

99.071
4.77E

+01
1.76E

-01
79,810.7

53.418

500
65,449,847

99.071
6.54E

+01
2.41E

-01
109,479.7

59.353

600
113,097,336

100.0
1.13E

+02
4.16E

-01
189,181.0

71.224

4-4

\snll c\datal\m
idw

estgen\1
0683-1

30\6.06\SL-009359
Final

110201
.doc



C
M

idw
est

G
eneration

E
M

E
,

L
L

C
4

S
L

R
eport

N
o.

S
L

-009359

C
A

W
S

and
L

ow
er

D
es

P
laines

R
iver

S
&

L
P

roject
N

o.
10683-130

G
enerating

U
nits

D
ate:

F
ebruary

1,
2011

C
ooling

T
ow

er
C

ost
S

tudy

T
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T
able
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S

olid
P

article
Size

D
istribution

(T
D

S
=

4,220
ppm

w
)

4,220

L
iquid

L
iquid

E
P

R
I

L
iquid

S
olid

Solid
P

article
D

roplet
D

roplet
D

roplet
Size

D
roplet

P
article

P
article

Size
D

iam
eter

V
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e
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istribution
M
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M

ass
V

olum
e

D
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u
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%
sm
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3
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0.000
5.24E

-04
2.21E

-06
1.0
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20
4,189

0.196
4.19E

-03
l.77E

-05
8.0
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30
14,137

0.226
1.41E
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5.97E

-05
27.1
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40
33,510

0.514
3.35E

-02
l.41E

-04
64.3
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65,450

1.816
6.55E

-02
2.76E

-04
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5.702
1.13E

-0l
4.77E

-04
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179,594

21.348
1.80E

-O
l

7.58E
-04

344.5
8.698

90
381,704

49.812
3.82E

-01
1.61E

-03
732.2

11.183

110
696,910

70.509
6.97E

-01
2.94E

-03
1,336.8

13.668

130
1,150,347

82.023
1.15E

+00
4.85E

-03
2,206.6

16.153

150
1,767,146

88.012
l.77E

+
00

7.46E
-03

3,389.7
18.638

180
3,053,628

91.032
3.O

SE
+00

1.29E
-02

5,857.4
22.365

210
4,849,048

92.468
4.85E

+00
2.05E

-02
9,301.4

26.093

240
7,238,229

94.091
7.24E

+00
3.05E

-02
13,884.2

29.820

270
10,305,995

94.689
1.03E

+01
4.35E

-02
19,768.8

33.548

300
14,137,167

96.288
1.41E

+01
5.97E

-02
27,117.7

37.275

350
22,449,298

97.011
2.24E

+01
9.47E

-02
43,061.8

43.488

400
33,510,322

98.340
3.35E

+01
1.41E

-01
64,278.9

49.700

450
47,712,938

99.071
4.77E

+01
2.O

1E-01
91,522.1

55.913

500
65,449,847

99.071
6.54E

+01
2.76E

-O
l

125,544.7
62.125

600
113,097,336

100.0
1.13E

+02
4.77E

-01
216,941.3

74.550
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524
0.000

5.24E
-04

l.54E
-06

0.7
1.101

20
4,189

0.196
4.19E

-03
1.23E

-05
5.6

2.202
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14,137
0.226

l.41E
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4.15E
-05

18.9
3.303

40
33,510

0.514
3.35E

-02
9.84E

-05
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65,450
1.816

6.55E
-02

1.92E
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87.3
5.504
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5.702
1.13E

-0l
3.32E
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150.9
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179,594
21.348
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-01
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90
381,704

49.812
3.82E

-01
1.12E

-03
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6.97E
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-03
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130
1,150,347

82.023
1.15E—

00
3.38E

-03
1,534.7
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1,767,146
88.012

1.77E
÷00

5.19E
-03

2,357.5
16.513

180
3,053,628

91.032
3.05E

+00
8.96E

-03
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210

4,849,048
92.468

4.85E
+00
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-02

6,469.1
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240
7,238,229

94.091
7.24E

+00
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-02
9,656.5

26.420
270

10,305,995
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3.02E
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96.288

1.41E—
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4.15E
-02
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33.026

350
22,449,298

97.011
2.24E

+01
6.59E

-02
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38.530
400

33,510,322
98.340

3.35E
+01

9.84E
-02

44,705.8
44.034

450
47,712,938

99.071
4.77E

+01
1.40E

-01
63,653.4
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500

65,449,847
99.071

6.54E
+01
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600
113,097,336

100.0
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3.32E
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the
P

M
1
0

-
t
o

-
P

M
and

P
M
2
5-to

-P
M

ratios
for

each
station

are
sum

m
arized

in
T

able
4-5.

P
otential

P
M

1
0

and
P

M
2
5

em
issions

for
each

cooling
tow

er
configuration

are
sum

m
arized

in
T

able
4-6.

T
able

4-5
P

M
1

0
-
to

-
P

M
and

P
M
2
5-to

-P
M

R
atios

for
E

ach
S

tation

M
axim

um
%

of
P

M
th

at
%

of
PM

that
T

D
S

E
vaporates

to
E

vaporates
to

C
A

S
E

PM
1O

PM
2.5

(ppm
)

(%
)

(%
)

Fisk
19

3,680
41.6

0.20
C

raw
ford

7&
8

3,680
41.6

0.20
W

ill
C

ounty
3&

4
4,220

36.3
0.20

Joliet
6

2,935
50.7

0.20
Joliet

7&
8

2,935
50.7

0.20

T
able

4-6
P

otential
P

M
/P

M
2.5

E
m

ission
C

alculation
S

um
m

ary

C
alculated

T
otal

C
irculating

C
alculated

E
stim

ated
C

alculated
C

alculated
P

otential
N

um
ber

of
W

ater
F

low
T

otal
D

rift
M

axim
um

P
otential

T
otal

P
otential

PM
IO

P
M

2.5
S

tation
C

ells
p

er
C

ell
L

oss
T

D
S

P
M

E
m

issions
E

m
issions

E
m

issions
(#)

(gpm
)

(gpm
)

(ppm
)

(tpy)
(tpy)

(tpy)
Fisk

19
16

13,125
1.0

3,680
8.5

3.53
0.017

C
raw

ford7&
8

30
12,747

1.9
3,680

15.4
6.40

0.031
W

/C
3&

4
40

15,000
3.0

4,220
27.7

10.0
0.055

Joliet6
18

14,500
1.3

2,935
8.5

4.29
0.017

Joliet7&
8

64
14,375

4.6
2,935

29.7
15.06

0.059

T
he

follow
ing

should
be

noted
regarding

interpretation
o
f

this
calculation:

.
C

irculating
w

ater
flow

s
are

the
original

station
design

values.

.
T

otal
D

issolved
S

olids
(T

D
S

)
concentrations

in
the

cooling
w

ater
w

ere
obtained

from
w

ater
quality

data
collected

by
the

M
etropolitan

W
ater

R
eclam

ation
D

istrict
o
f

G
reater

C
hicago

(M
W

R
D

G
C

):
2007

A
nnual

Sum
m

ary
R

eport,
“W

ater
Q

uality
W

ithin
the

W
aterw

ays
S

ystem
o
f

the
M

etropolitan
W

ater
R

eclam
ation

D
istrict

o
f

G
reater

C
hicago”,

S
eptem

ber
2008.

T
he

2007
data

are
given

in
E

xhibitF.
T

he
2009

A
nnual

Sum
m

ary
R

eport
N

o.
10-36,

July
2010,

w
as

review
ed

and
the

2007
report

data
w

ere
found

to
be

representative.
E

stim
ated

m
axim

um
T

D
S

values
in

T
able

4-1
w

ere
based

on
the

9
0

t
h

percentile
T

D
S

values
o
f

w
ater

quality
given

in
E

xhibit
F

and
on

the
assum

ption
o
f

5
cycles

of
concentration.

(See
discussion

in
S

ection
3.A

.9,
above.)4-7

\snllc\datal\m
idw

estgen\1
0683-130\6.06\S

L
-009359

Final
110201

.doc



M
idw

est
G

eneration
E

M
E

,
L

L
C

SL
R

eportN
o.

SL
-009359

C
A

W
S

and
L

ow
er

D
es

Plaines
R

iver
S&

L
ProjectN

o.
10683-130
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C
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D

ate:
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1,2011

•
T

he
calculations

above
are

based
on

100%
capacity

factor
and

operation
in

closed-cycle
100%

ofthe
tim

e,
w

hich
are

both
conservative

assum
ptions.

•
T

he
N

SR
threshold

for
overall

PM
em

issions
is

25
tpy.

C
alculated

total
PM

em
issions

from
the

W
ill

C
ounty

and
Joliet

7&
8

cooling
tow

ers
exceed

these
thresholds,

triggering
N

SR
review

for
the

control
ofPM

em
issions.

Potential
N

SR
considerations

are
discussed

in
m

ore
detail

below
.

•
T

he
N

SR
threshold

for
P

M
1
0

em
issions

is
15

tpy.
C

alculated
P

M
1

0
em

issions
from

cooling
tow

ers
atJoliet

7&
8

are
slightly

above
this

threshold,
and

could
trigger

N
SR

review
for

the
control

ofP
M
1

o.
o. em

issions
from

cooling
tow

ers
atthe

other
M

W
G

en
stations

fall
below

this
threshold

and
should

nottriggerN
SR

perm
itting.

A
nnual

P
M

1
0

em
issions

w
ere

calculated
using

the
P

M
1

0
-
to

-
P

M
ratios

calculated
in

T
ables

4-2
thru

4-4,
and

the
conservative

assum
ption

regarding
capacity

factors.
T

he
m

ethodology
used

to
calculate

the
P

M
1
0

-
to

-
P

M
ratio

has
been

accepted
by

Illinois
E

PA
in

the
past

for
perm

itting
ofnew

units,
but

acceptance
is

not
guaranteed

for
all

future
cases.

Ifthis
calculated

ratio
m

ethod
is

not
accepted

and
a

higher
P

M
1
0

:
P

M
ratio

is
required.

Joliet
7&

8,
W

ill
C

ounty
3&

4
and

C
raw

ford
7&

8
could

be
at

som
e

risk
ofexceeding

the
P

M
1

0
N

SR
threshold,

triggering
N

SR
review

and
perm

itting.

•
T

he
N

SR
threshold

for
P

M
2
5

em
issions

is
10

tpy.
C

alculated
P

M
2.5

em
issions

from
cooling

tow
ers

atall
M

W
G

en
stations

fallbelow
this

threshold
and

should
not

trigger
N

SR
perm

itting.
A

nnual
P

M
2.5

em
issions

w
ere

calculated
using

the
P

M
2
5

-
to

-
P

M
ratios

calculated
in

T
ables

4-2
thru

4-4,
and

the
conservative

assum
ption

regarding
capacity

factors.
T

he
m

ethodology
used

to
calculate

the
P

M
2
5

-
to

-
P

M
ratio

results
in

very
low

P
M
2.5

em
issions

because
of the

diam
eter

ofthe
drift

droplets
and

the
cooling

w
ater

T
D

S.
U

sing
the

m
ethodology

described
above,

a
large

m
ajority

ofPM
em

itted
from

the
cooling

tow
ers

w
ill

have
an

aerodynam
ic

diam
eter

greater
than

2.5
tim

.
If

this
m

ethodology
is

not
accepted

by
Illinois

E
PA

,
P

M
2.5

em
issions

w
ould

need
to

be
calculated

using
an

alternative
m

ethodology, and,
depending

on
the
P

M
2

5
-
to

-
P

M
ratio

used,
could

result
in

higher
annual

P
M
2.5

em
issions.

H
ow

ever,
a

significantchange
in

the
ratio

w
ould

be
needed

to
result

in
P

M
2.5

em
issions

above
the

N
S

R
significance

level.

M
ore

detail
on

potential
N

SR
considerations

is
provided

below
to

give
an

idea
ofthe

upper
bounds

ofthis
risk

for
Joliet

and
W

ill
C

ounty
Stations.

P
roject

specific
N

SR
perm

itting
requirem

ents
depend

upon
the

location
of

the
em

ission
source.

Sources
located

in
an

area
m

eeting
the

N
ationalA

m
bient

A
ir

Q
uality

Standards
(N

A
A

Q
S)

are
subject

to
the

Prevention
of

Significant
D

eterioration
(PSD

)
regulations,

w
hile

sources
located

in
areas

that
do

not
m

eet
the

N
A

A
Q

S
are

subject
to

the
nonattainm

ent
area

(N
A

A
)

regulations
in

35
IA

C
Part

203.
A

sum
m

ary
of

the
currentPM

N
A

A
Q

S
is

provided
in

T
able

4-7.
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n
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G
enerating

U
nits

C
ooling

T
ow

er
C

ost
Study

f
r

C

D
ate:

February
1,2011

T
able

4-7
C

u
rren

t
P

articu
late

M
atter

N
ational

A
m

bient
A

ir
Q

uality
S

tan
d
ard

s

P
o

llu
tan

t
P

rim
ary

S
tan

d
ard

s
S

eco
n
d
ar

S
tandards

L
evel

A
veraging

T
im

e
L

evel
A

veraging
T

im
e

P
M

1
0

150
ig/m
3

24-hour
Sam

e
as

Prim
ary

15
0

ig
/m
3

A
nnual

.
Sam

e
as

Prim
ary

P
M
2.5

(A
rithm

etic
A

verage)
35

jig/m
i

24-hour
Sam

e
as

Prim
ary

A
ll

areas
in

Illinois
are

currently
designated

as
attainm

ent/unclassifiable
w

ith
respectto

the
P

M
1
0

N
A

A
Q

S.
T

hus,
cooling

tow
er

projects
that

result
in

a
significant

net
increase

in
annual

em
issions

ofPM
or

P
M

1
0

w
ould

be
subject

to
the

PSD
preconstruction

perm
itting

and
review

regulations.
A

m
ong

other
things,

the
PSD

regulations
require

air
pollutants

to
be

controlled
using

best
available

control
technology

(B
A

C
T

).

B
A

C
T

is
defined

as
an

em
ission

lim
itation

based
on

the
m

axim
um

degree
of reduction

w
hich,

on
a

case-by-case
basis,

is
determ

ined
to

be
achievable

taking
into

account
energy,

environm
ental,

and
econom

ic
im

pacts
and

other
costs.

U
.S.

E
PA

m
aintains

a
database

of
recently

issued
N

SR
perm

its,
including

a
description

ofthe
control

technology
required

to
m

eet
the

L
A

E
R

or
B

A
C

T
(the

“R
B

L
C

D
atabase”).

T
he

R
B

L
C

D
atabase

lists
several

B
A

C
T

determ
inations

for
industrial

process
cooling

tow
ers

(process
code

99.009).
A

ll
recently

perm
itted

industrial
process

cooling
tow

ers
have

been
perm

itted
w

ith
“drift

elim
inators’

as
B

A
C

T
for

P
M

1
0

control.
F

or
exam

ple
an

N
SR

perm
it

recently
issued

to
the

C
ity

U
tilities

of
Springfield

—
Southw

est
Pow

er
Station

in
M

issouri
identified

“high
efficiency

drift
elim

inator
—

0.00
1%

drift”
as

B
A

C
T

to
control

particulate
em

issions
from

the
facility’s

cooling
tow

er.

B
ased

on
a

review
ofB

A
C

T
determ

inations
listed

in
the

R
B

L
C

D
atabase,

high
efficiency

drift
elim

inators
should

represent
B

A
C

T
for

large
industrialprocess

cooling
tow

ers,
and

w
ould

likely
represent

L
A

E
R

.
B

ased
on

inform
ation

from
M

arley,
drift elim

inators
can

be
designed

to
reduce

driftto
0.0005%

ofthe
circulating

w
ater

flow
.

T
here

are
no

other
technically

feasible
drift

control
technologies

available
for

w
et

cooling
tow

ers.
E

m
ission

calculations
in

T
able

4-6
are

based
on

a
drift

elim
inator

efficiency
of0.0005%

,
and

all
of

the
cooling

tow
er

capital
costs

in
this

study
include

drift
elim

inators.

C
raw

ford,Fisk,
W

ill
C

ounty,
and

Joliet
generating

stations
are

located
in

C
ook

and
W

ill
C

ounties,respectively.
U

.S.E
PA

has
designated

both
C

ook
and

W
ill

C
ounties

as
nonattainm

ent
areas

w
ith

respect
to

annual
P

M
2.5

N
A

A
Q

S.
B

ecause
all

of
the

generating
stations

are
located

w
ithin

areas
designated

as
nonattainm

ent
for

P
M

2
5
,

the
cooling

tow
er

projects
w

ill
be

subjectto
the

N
A

.A
perm

itting
regulations

in
35

IA
C

Part
203

iftheir
em

issions
exceed

the
N

SR
significant

em
issions

threshold.
U

nder
the

Part
203

air
regulations,

a
construction

perm
it

is
required

prior
to

actual
construction

ofa
m

ajor
new

source
or

m
ajor

m
odification

(35
IA

C
203.203).

In
addition,

the
ow

ner
or

operator
of

a
m

ajor
m

odification
m

ust
dem

onstrate
that the

control
equipm

ent
and

process
m

easures
applied

to
the

m
odification

w
illproduce

the
low

est
achievable

em
ission

rate
(L

A
E

R
).

T
his

requirem
ent

applies
to

each
em

issions
unit

atw
hich

a

4-9
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N
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G
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U
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&
D
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February

1,2011
C

ooling
T

ow
er

C
ost

Study

net
increase

in
em

issions
ofthe

pollutant
w

ill
occur

as
a

result
of the

m
odification

(e.g.,
the

cooling
tow

ers).
L

A
E

R
is

defined
as

the
m

ore
stringent

rate
of

em
issions

based
on

the
follow

ing:

a.
T

he
m

ost
stringent

em
ission

lim
itation

w
hich

is
contained

in
the

im
plem

entation
plan

of
any

state
for

such
class

or
category

of
stationary

source,
unless

it
is

dem
onstrated

that
such

lim
itation

is
not

achievable;
or

b.
T

he
m

ost
stringent

em
ission

lim
itation

w
hich

is
achieved

in
practice

by
such

a
class

or
category

ofstationary
sources.

A
s

discussed
above,

E
PA

’s
R

B
L

C
D

atabase
lists

several
B

A
C

T
determ

inations
for

industrial
process

cooling
tow

ers
(process

code
99.009),

but
does

not
include

any
recentprojects

that
required

L
A

E
R

.
B

ased
on

a
review

ofthe
R

B
L

C
D

atabase,
and

a
review

of
cooling

tow
er

particulate
control

technologies,
high

efficiency
driftelim

inators
should

represent
B

A
C

T
for

large
industrialprocess

cooling
tow

ers,
and

w
ould

likely
represent

L
A

E
R

.

H
igh

efficiency
drift

elim
inators

w
ould

likely
represent

L
A

E
R

for
large

industrial
process

cooling
tow

ers.
H

ow
ever,

because
L

A
E

R
does

not
include

an
evaluation

of
econom

ic
im

pacts,
and

because
the

Illinois
N

A
A

regulations
require

an
evaluation

ofalternative
environm

ental
control

techniques,
it

is
possible

thatIllinois
E

PA
w

ould
require

M
W

G
en

to
evaluate

the
feasibility

ofdry
cooling

tow
er

configurations
(e.g.,

air
cooled

condensers)
to

m
inim

ize
particulate

m
atter

em
issions

in
the

P
M
2.5

nonattainm
ent

areas.
A

s
noted

previously,
dry

cooling
tow

ers
w

ere
not

investigated
in

the
study

since
this

technology
is

generally
m

ore
expensive

and
requires

significantly
m

ore
land

than
the

equivalentw
et

cooling
tow

er.
If

dry
cooling

tow
ers

w
ere

required
to

be
installed

in
order

to
m

eet
L

A
E

R
requirem

ents,
the

estim
ated

costs
of

com
pliance

presented
in

this
study

w
ould

significantly
increase,

and
overall

feasibility
issues

w
ould

need
to

be
considered.

In
addition

to
the

requirem
ent

to
achieve

L
A

E
R

,
35

IA
C

Section
203.302

requires
the

ow
ner

or
operator

of
a

new
m

ajor
m

odification
to

provide
em

ission
offsets

equal
to

or
greater

than
the

net
increase

in
em

issions
from

the
m

odification.
O

ffsets
m

ustbe
sufficientto

allow
Illinois

E
PA

to
determ

ine
that

the
m

odification
w

ill not
interfere

w
ith

reasonable
further

progress
tow

ard
m

eeting
the

applicable
N

A
A

Q
S.

O
w

ners/operators
ofa

new
m

ajor
m

odification
are

also
required

to
dem

onstrate
that benefits

of
the

m
odification

significantly
outw

eigh
the

environm
ental

and
social

costs
based

upon
an

analysis
ofalternative

sites,
sizes,production

processes,
and

environm
ental

control
techniques

for
such

proposed
source.

(35
IA

C
Section

203.306).

B
ecause

L
A

E
R

m
ay

require
an

evaluation
ofdry

cooling,
and

because
Illinois

N
A

A
regulations

require
em

issions
off-sets,

M
W

G
en

m
ay

need
to

investigate
options

to
reduce

further
particulate

em
issions

to
provide

internal
em

ission
offsets

and
“net-out”

of N
S

R
review

.
N

SR
significant

thresholds
are

based
on

the
“net”

em
issions

increase
at

an
existing

source.
N

et
em

issions
increase

is
defined

as
the

am
ount

by
w

hich
the

sum
ofany

increase
in

actual
em

issions
from

a
particular

m
odification

and
any

other
increases

or
decreases

in
actual

em
issions

at
the

source
that

are
contem

poraneous
w

ith
the

particular
change

and
are

otherw
ise

creditable,
exceeds

zero.
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(See,
35

IA
C

203.208:
N

et
E

m
ission

D
eterm

ination).
In

other
w

ords,
if

a
generating

station
can

reduce
existing

actual
particulate

m
atter

em
issions

by
a

quantity
equal

to
or

greater
than

the
increase

from
the

cooling
tow

er
project,

the
station

should
net-out

of N
SR

review
and

elim
inate

the
need

for
a

L
A

E
R

evaluation
and

em
ission

offsets.

B
.

N
P

D
E

S
P

E
R

M
IT

T
IN

G

M
odifications

to
the

cooling
w

ater
system

s
that

alter
the

characteristics
of the

cooling
w

ater
discharge

or
the

location
of the

cooling
w

ater
discharge

are
subject

to
N

PD
E

S
perm

itting
requirem

ents.
N

PD
E

S
perm

itting
procedures

require
any

person
proposing

m
odifications

to
an

existing
discharge

to
subm

it
an

application
to

the
appropriate

agency
atleast

180
days

before
the

date
on

w
hich

the
discharge

is
to

begin.

1.
W

astew
ater

D
ischarges

A
ll

facilities
that

discharge
pollutants

from
any

point
source

into
w

aters
of

the
U

nited
States

are
required

to
obtain

a
N

PD
E

S
perm

it.
T

he
term

“pollutant”
is

defined
very

broadly
by

the
N

PD
E

S
regulations

and
includes

any
type

of
industrial

w
aste

discharged
into

w
ater,

including
cooling

tow
er

blow
dow

n.
D

epending
on

the
design

ofthe
cooling

tow
er,

including
any

w
ater

recycling/reuse
system

s,
operating

a
cooling

tow
er

could
result

in
a

new
w

astew
ater

stream
requiring

treatm
ent

and
discharge.

M
W

G
en

w
ould

be
required

to
m

odify
its

existing
N

PD
E

S
perm

its
to

allow
treatm

ent
and

discharge
of

any
w

astew
ater

stream
s

associated
w

ith
the

cooling
tow

ers
investigated

in
this

study.

T
he

cooling
tow

er
blow

dow
n

flow
s

to
the

river
in

closed-cycle
operation

w
ere

calculated
using

the
evaporation

flow
rates

provided
by

M
arley

and
the

assum
ed

five
cycles

of concentration.
T

he
tem

perature
of

cooling
tow

er
blow

dow
n

w
as

assum
ed

to
be

the
sam

e
as

the
cold

w
ater

tem
perature

ofthe
tow

er.
T

he
1%

w
etbulb

tem
perature

at
O

’H
are,

according
to

the
A

SH
R

A
E

2005
handbook,

w
as

used
as

the
w

etbulb
tem

perature
during

each
m

onth
ofthe

year.

T
he

m
axim

um
tem

peratures
ofthe

cooling
tow

er
blow

dow
n

from
each

station
w

ere
calculated

m
onth-by-m

onth,
and

the
results

w
ere

com
pared

w
ith

the
Proposed

U
A

A
T

herm
al

Standards.
T

he
results

are
presented

in
E

xhibitH
.

A
verage

m
onthly

blow
dow

n
tem

peratures
are

m
uch

m
ore

difficultto
predict,

as
those

estim
ates

require
a

detailed
study

ofthe
m

eteorological
data

as
a

function
of tim

e
of

day
for

each
day

of the
m

onth.
Such

a
detailed

evaluation
w

as
beyond

the
scope

of this
study.

In
general,

the
m

axim
um

m
onthly

end-of-pipe
cooling

tow
er

blow
dow

n
tem

peratures
exceed

the
corresponding

Proposed
U

A
A

T
herm

al
Standards’

m
onthly

allow
able

discharge
tem

perature.
H

ow
ever,

in
closed-cycle

operation,
the

cooling
tow

er
blow

dow
n

w
ould

be
routed

to
the

existing
station

discharge
canal

ata
pointjust beyond

the
barrier

w
alls/gates

w
hich

w
ould

isolate
the

circulating
w

ater
system

s
from

the
river.

(R
efer

to
E

xhibits
A

and
B

.)
Som

e
m

ixing
w

ill
occur

in
the

discharge
canal,

and,
as

m
entioned

previously,the
cooling

tow
er

blow
dow

n
flow

rates
are

negligible
com

pared
to

the
overall

volum
etric

flow
of the

w
aterw

ays,
therefore

any
tem

perature
rise

in
the

receiving
w

ater
w

ould
be

expected
to

be
negligible.
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If
com

pliance
is

to
be

determ
ined

based
on

end-of-pipe
tem

perature
and

the
Proposed

U
A

A
T

herm
al

Standards
w

ould
be

exceeded
at

tim
es,

the
cooling

tow
er

blow
dow

n
can

be
routed

through
a

chiller
package

to
cool

itprior
to

discharge.
T

he
installed

costof
a

chiller
package

is
estim

ated
to

be
about

$3,000,000
for

Joliet
7/8,

the
station

w
hich

has
the

highest
cooling

tow
er

blow
dow

n
flow

rate
and

therefore,the
highest

likelihood
and

frequency
of

exceeding
the

Proposed
U

A
A

T
herm

al
Standards

ifa
m

ixing
zone

is
not

allow
ed

for
the

cooling
tow

er
blow

dow
n

discharge.
T

he
costs

of
chiller

packages
for

the
other

stations
are

expected
to

be
proportionally

low
er.

2.
W

astew
ater

T
reatm

entFacility
C

onstruction
Perm

its

In
Illinois,

a
w

ater
pollution

control
construction

perm
it

is
required

for
industrial

activities
w

ith
the

potential
to

cause
w

ater
pollution.

T
his

construction
perm

it
is

required
prior

to
constructing

or
m

odif’ing
any

w
astew

ater
treatm

ent
facility

as
specified

in
the

Illinois
w

ater
pollution

regulations.

A
construction

perm
it

is
required

prior
to

com
m

encing
construction

ofa
regulated

w
astew

ater
m

anagem
ent

system
.

T
he

treatm
ent

of
cooling

tow
er

blow
dow

n
prior

to
discharge

from
any

M
W

G
en

generating
station

w
ould

require
a

construction
perm

it.
T

he
construction

perm
it

application
can

be
subm

itted
concurrently

w
ith

the
N

PD
E

S
perm

it
m

odification,
ifrequired.

C
ostestim

ates
for

obtaining
perm

its
w

ere
not

included
in

this
analysis.

C
.

U
.S.

A
R

M
Y

C
O

R
P

S
O

F
E

N
G

IN
E

E
R

S
P

E
R

M
IT

T
IN

G

Section
404

ofthe
C

W
A

requires
a

perm
itbefore

discharging
or

placing
any

dredged
or

fill
m

aterial
into

navigable
w

aters
of

the
U

nited
States.

T
he

C
W

A
delegates

dredged
or

fill
m

aterial
discharge

perm
it

approval
authority

to
the

U
.S.

A
rm

y
C

orps
ofE

ngineers.
T

he
definition

of
“navigable

w
ater”

for
a

section
404

perm
it

is
very

broad,
and

includes
w

aters
that

are,
or

could
be,used

for
interstate

com
m

erce,
as

w
ell

as
lakes,

im
poundm

ents,
and

w
etlands.

T
he

subject
C

SSC
and

U
D

IP
surface

w
aters

m
eet

the
definition

ofa
“navigable

w
ater”

under
C

W
A

Section
404.

A
ctivities,

including
m

odifications
to

the
cooling

w
ater

intake/discharge
structures

and
construction

activities
im

pacting
existing

w
etlands,

w
ill

require
a

perm
it

from
the

U
.S.

A
rm

y
C

orps
ofE

ngineers.
In

general,
ifa

w
etland

is
located

on
a

site
proposed

for
developm

ent,
the

developer
m

ust
apply

for
a

C
orp

of E
ngineers

perm
it

to
place

fill
into

the
w

etland.
For

projects
that

im
pact

over
0.25

acre
ofw

etlands,
the

applicantw
ill

be
required

to
provide

com
pensatory

w
etland

m
itigation.

It
is

im
portantto

note
thatthe

C
orp

of E
ngineers

w
ill

require
the

applicant
to

avoid
and/or

m
inim

ize
w

etland
destruction

before
com

pensatory
w

etland
m

itigation
w

illbe
considered.
7

N
one

ofthe
cooling

tow
erarrangem

ents
studies

here
for

the
M

W
G

en
generating

stations
are

believed
to

im
pactexisting

w
etland

areas.
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T
he

construction
of

the
cooling

tow
ers

ateach
ofthe

M
W

G
en

stations
m

ay
require

the
issuance

ofa
C

W
A

section
404

perm
it

due
to

excavation
and

fill
activities

adjacentto
or

in
the

w
aterw

ay
necessary

to
com

plete
their

construction.
In

order
to

expedite
the

perm
itting

and
review

process,
the

C
orps

of
E

ngineers
has

developed
a

lim
ited

num
ber

ofnationw
ide

perm
its

(N
W

Ps)
for

activities
the

C
orps

has
identified

as
being

substantially
sim

ilar
in

nature
and

causing
only

m
inim

al
environm

ental
im

pacts.
C

onstruction
activities

w
ithin

a
w

aterw
ay

that
are

notcovered
by

a
N

W
P

require
the

C
orps

to
issue

an
individual

perm
it

for
the

activity.
Issuance

ofan
individual

construction
perm

it
m

ay
also

trigger
the

need
for

a
form

al
E

nvironm
ental

Im
pact

Statem
ent

(E
IS).

T
he

C
orps

ofE
ngineers

cannot
issue

a
perm

it
for

any
activity

that
m

ay
result

in
a

discharge
into

navigable
w

aters
unless

the
State

ofIllinois,
through

the
Illinois

E
PA

,
firstprovides

a
C

W
A

Section
401

C
ertification.

T
he

Section
401

C
ertification

includes
a

statem
entthat

the
State

has
reasonable

assurance
that

the
activity

w
ill

be
conducted

in
a

m
anner

w
hich

w
ill

not
violate

applicable
w

ater
quality

standards.
For

purposes
ofthis

study,
itw

as
assum

ed
thatboth

the
C

W
A

section
401

C
ertification

and
a

section
404

perm
it

w
ould

be
issued

for
the

proposed
cooling

tow
ers

construction
projects

necessary
to

attain
com

pliance
w

ith
the

Proposed
U

A
A

T
herm

al
Standards.

C
ost

estim
ates

for
obtaining

perm
its

w
ere

not
included

in
this

analysis.

D
.

N
O

IS
E

R
E

G
U

L
A

T
IO

N
S

G
enerally

speaking,
the

falling
w

ater
w

ithin
a

cooling
tow

er
results

in
locally

high
noise

levels.
T

o
m

eet
county

noise
regulations,

the
sound

levels
m

ustbe
reduced

approxim
ately

to
that

ofa
norm

al
conversation

atnearby
site

boundaries.
U

nder
currentregulations,

only
Joliet

7&
8

appears
to

have
the

potential
to

violate
noise

lim
its.

T
able

4-8
below

show
s

approxim
ate

costs
and

abatem
ent

reduction
options

for
Joliet

U
nits

7
and

8
thatw

ere
proposed

by
SPX

/M
arley.

T
he

m
ost

expensive
option,

on
the

order
of$12.5

m
illion,

w
ould

m
ost

likely
be

necessary
to

achieve
the

required
sound

levelreduction.
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7
D

ate:
F

eb
ru

a’
1, 2011

T
ab

le
4-8

Jo
liet

7&
8

N
oise

A
b
atem

en
t

C
o
st

O
p

tio
n

s

dB
A

A
pproxim

ate
C

ost
A

ttenuation
M

ethod
R

eduction
F

or
80

C
ells

SA
-2.4

$3,000,000

G
B

W
-3.7

$4,450,000

SA
+

G
B

W
-4.8

$7,450,000

FD
B

W
-0.7

$5,110,000

S
A

+
F

D
B

W
-3.6

$8,110,000

G
B

W
+

F
D

B
W

-5.4
$9,560,000

S
A

+
G

B
W

+
F

D
B

W
-7.1

$12,560,000

SA
=

Splash
A

ttenuation

G
B

W
=

G
rade

B
arrier

W
all

FD
B

W
Fan

D
eck

B
arrier

W
all

Splash
attenuation

(SA
)

consists
ofinstalling

a
thin

layer
of

film
atthe

bottom
ofthe

air
inlet

to
the

tow
er

to
help

break
up

the
noise

generated
by

the
falling

w
ater.

A
grade

barrier
w

all
(G

B
W

)
is

a
w

all
installed

atthe
ground

elevation
along

the
side

ofthe
tow

er
w

hich
is

m
ore

noise-sensitive
to

further
attenuate

the
noise

of
falling

w
ater.

Itis
as

high
as

the
tow

er
air

inlet,
and

is
three

air
inletheights

aw
ay

from
the

tow
er

structure.

A
fan

deck
barrier

w
all

(FD
B

W
)

is
a

w
all

installed
along

the
tow

er
fan

deck
along

the
m

ore
noise-sensitive

side
to

screen
the

noise
from

the
fans,

m
otors

and
gearboxes.

T
he

barrier
w

all
extends

to
a

height
about

one
foot

above
the

tops
ofthe

fan
stacks.
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5.
S

T
U

D
Y

R
E

S
U

L
T

S

T
here

are
three

prim
ary

elem
ents

of
cost

associated
w

ith
conversion

ofan
existing

electrical
generating

station
from

open-cycle
operation

to
closed-cycle

operation.
T

hese
are:

•
T

he
engineering,

m
aterial

and
equipm

ent
purchase,

and
construction

of m
odifications

to
the

plant’s
circulating

w
ater

system
,

including

>
C

ooling
tow

ers,

>
Pum

ps
and

piping,

>
E

lectrical
and

control
equipm

ent,

B
arrier

w
alls

andlor
gates

(to
isolate

the
open-cycle

intake
and

discharge).

•
O

perating
and

m
aintenance

costs,
including

>
E

lectricity
to

run
the

new
pum

ps
and

cooling
tow

er
fans,

>
C

osts
ofchem

icals
needed

to
control

w
ater

quality
in

closed-cycle
operation,

and

M
echanical

and
electrical

m
aintenance

ofthe
new

equipm
ent.

•
L

oss
ofplant

generating
capacity.

A
s

discussed
in

Section
2,

the
circulating

w
ater

inlet
tem

perature
to

the
condenser

is
higher

in
closed-cycle

m
ode

than
in

open-cycle
m

ode,
because

it
is

not possible
to

reduce
(w

ith
cooling

tow
ers)

the
cold-w

ater
tem

perature
ofthe

circulating
w

ater
system

to
the

tem
perature

ofthe
body

ofw
ater

previously
used

for
open-cycle

cooling.
T

his
higher

condenser
inlet

tem
perature

reduces
turbine-generator

efficiency
and

results
in

a
loss

ofplant
generating

capacity,
and

a
corresponding

loss
of

revenue
from

electricity
sales.

A
ll

three
elem

ents
of the

costs
of

closed-cycle
conversion

and
operation

are
discussed

individually
for

each
station

in
the

paragraphs
below

.
T

he
m

ethodologies
thatw

ere
used

to
develop

the
costs

in
this

section
w

ere
discussed

in
Section

3
above.

A
ll

O
&

M
and

lost
capacity

costs
are

based
on

a
75

percent
capacity

factor.

A
.

F
IS

K
S

T
A

T
IO

N
T

E
C

H
N

O
L

O
G

Y
O

P
T

IO
N

S
A

N
D

C
O

S
T

E
S

T
IM

A
T

E
R

E
S

U
L

T
S

A
l.

FISK
C

O
O

L
IN

G
T

O
W

E
R

A
R

R
A

N
G

E
M

E
N

T

E
xhibitA

l
show

s
the

arrangem
ent

ofthe
cooling

tow
er

proposed
for

Fisk.
T

he
“tow

er”
actually

consists
oftw

o
physically

separate
sections

—
tw

o
groups

ofcells
—

as
there

is
not

enough
room

at the
station

property
for

one
long

tow
er

section.
Installation

ofthe
northern

tow
er

w
ould

require
the

dem
olition

of
existing

old
Sw

itch
H

ouse
N

o.
1

to
m

ake
room

for
the

cooling
tow

er.
T

he
cost

estim
ate

includes
this

dem
olition

and
replacem

ent
of active

electrical
equipm

ent
in

this
sw

itch
house

in
the

electrical
costs.

T
he

dem
olition

costs
do

not
include

asbestos
rem

oval
or

lead
paint

abatem
ent

w
hich

m
ay

be
necessary

given
the

age
of

the
Sw

itch
H

ouse.
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R
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S&
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ProjectN
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G

enerating
U

nits
.

L
i..irid

v
D

ate:
February

1,2011
C

ooling
T

ow
er

C
ost

StudyT
he

northern
tow

er
is

not
ideally

oriented
to

the
prevailing

w
inds

and
m

ay
be

subjectto
increased

recirculation
w

hich
w

ould
low

er
the

cooling
ability

ofthe
tow

ers,
leading

to
increased

risk
ofviolating

the
therm

al
discharge

lim
its,

as
w

ell
as

requiring
derates

to
the

unit.
T

he
adjacentbuilding

to
the

eastm
ay

interfere
w

ith
air

flow
into

that
side

of
the

tow
er

w
hich

could
also

decrease
tow

er
cooling

ability.
A

C
ornE

d
sw

itchyard
is

located
im

m
ediately

to
the

w
est

ofthe
tow

er
and

w
ould

be
subjectto

icing
risk,

although
it

is
generally

upw
ind

ofthe
tow

er.
W

et/dry
(plum

e-abated)
cooling

tow
ers

reduce
the

potential
for

icing
dow

nw
ind

ofthe
tow

er
but

do
not

elim
inate

it.
A

ny
such

buildup
of

ice
w

ould
lead

to
extra

w
eight

loading
the

live
pow

er
lines,potentially

resulting
in

line
collapse.

T
he

consequences
ofthis

w
ould

be
pow

er
outages

and
the

risk
of

injury
to

persons
in

the
im

m
ediate

area.
T

he
southern

tow
er

section
is

m
ore

suitably
oriented

butw
ould

require
dem

olition
of the

existing
m

etal
cleaning

tank
and

dem
olition!

replacem
ent

ofthe
plant

m
akeup

w
ater

treatm
ent

facility.
T

he
existing

boiler
building

to
the

north
ofthis

tow
er

m
ay

interfere
w

ith
air

flow
into

that
side

ofthe
tow

er,
adversely

im
pacting

tow
er

perform
ance.

E
xhibitB

i
show

s
the

closed
loop

cooling
tow

er
flow

diagram
for

the
Fisk

Station.
A

gate
w

ould
be

installed
in

the
existing

discharge
flum

e
in

order
to

allow
for

the
option

of
sw

itching
betw

een
open

and
closed-cycle

cooling
m

odes.
U

nder
closed-cycle

operation,
this

gate
w

ould
be

closed
and

tw
o

50%
cooling

tow
er

supply
pum

ps
w

ould
pum

p
the

w
ater

from
the

flum
e

upstream
ofthe

gate
to

the
cooling

tow
ers.

T
he

cooled
w

ater
w

ould
be

pum
ped

by
four

25%
cooling

tow
er

discharge
pum

ps
(tw

o
per

tow
er)

through
above

ground
steel-lined

concrete
piping

to
the

existing
circulating

w
ater

(C
W

)
intake,

and
discharged

there
betw

een
the

existing
trash

rakes
and

traveling
screens

to
re-enter

the
existing

C
W

pum
ps

and
condenser.

A
2.

FISK
C

O
O

L
iN

G
T

O
W

E
R

C
A

PIT
A

L
C

O
ST

E
ST

IM
A

T
E

S

T
he

capital
costs

(including
the

quoted
pricing

from
M

arley)
for

the
w

et/dry
tow

er
are

show
n

in
E

xhibitIi.
B

elow
in

T
able

5-1,
the

costfor
the

100%
closed

loop
tow

er
is

broken
into

the
key

com
ponents.

For
the

w
et/dry

tow
er

option,
the

total
estim

ated
capital

cost
is

approxim
ately

$137
m

illion,
w

hich
translates

to
a

norm
alized

capital
cost

of
$394

per
kilow

att
ofgenerating

capacity.
T

his
value

is
derived

by
dividing

the
total

installed
cost

of
closed-cycle

conversion
in

dollars
by

the
plant’s

gross
electrical

capacity
in

kilow
atts.

N
orm

alizing
capital

costs
on

a
“per

kW
”

basis
is

com
m

on
practice

in
the

pow
er

industry,
sim

ilar
to

com
paring

costs
on

a
“per

square
foot”

basis
in

the
construction

industry.
T

abL
e

5-1
F

isk
C

ap
ital

C
o
sts

B
O

P
E

quipm
ent

T
otal

M
arley

W
et/D

ry
and

M
aterial

Installation
In

d
irect

T
otal

C
ost

C
ost

U
nit

C
T

C
ost($)

C
ost($)

C
ost($)

C
osts

(S)
C

ontingency
($)

($)
($IkW

)
F

isk
19

$13,300,000
$23,600,000

$60,500,000
$18,500,000

$21,400,000
$137,100,000

$394
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L
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D
es
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R
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L
ProjectN

o.
10683-130

S
r
g

r
i
t

&
G

enerating
U

nits
C

ooling
T

ow
er

C
ost

Study
D

ate:
February

1, 2011

A
3.

FISK
C

O
O

L
IN

G
T

O
W

E
R

O
&

M
C

O
ST

E
ST

IM
A

T
E

S

T
he

operation
and

m
aintenance

cost
for

a
w

et/dry
(plum

e-abated)
cooling

tow
er

at
Fisk

includes
cooling

tow
er

fan
and

pum
p

pow
er

(46,831
M

W
h

at
$36.71/M

W
h),tow

er
m

aintenance
costs

such
as

gear
oilreplacem

ent,
and

chem
ical

costs
for

chlorination
and

anti-scaling
additives.

T
he

total
annual

O
&

M
cost

is
approxim

ately
$2,127,000.

A
detailed

breakdow
n

ofthese
O

&
M

costs
is

show
n

in
E

xhibit
J.

T
he

breakdow
n

of
the

costs
is

show
n

in
T

able
5-2.

T
ab

le
5-2

F
isk

O
&

M
C

o
sts

A
nnual

C
T

A
nnual

F
an

P
ow

er
A

nnual
P

um
p

M
aintenance

A
nnual

C
hem

ical
T

otal
A

nnual
U

nit
C

ost
(8)

P
ow

er
C

ost(S
)

C
ost

(8)
C

ost
(5)

O
&

M
C

ost

Fisk
19

$781,000
$938,000

$60,000
$348,000

$2,127,000

A
4.

FISK
D

E
R

A
T

IN
G

IM
PA

C
T

S
W

IT
H

C
L

O
SE

D
-C

Y
C

L
E

C
O

O
L

IN
G

T
O

W
E

R

T
able

5-3
below

sum
m

arizes
the

m
onth-by-m

onth
loss

ofplantcapacity
in

closed-cycle
operation

com
pared

to
open-cycle

operation
w

eather
and

w
ater

tem
perature

conditions.

T
ab

le
5-3

F
isk

19
M

eg
aw

att
L

oss
D

ue
to

C
lo

sed
v.

O
p
en

-C
y
cle

O
p
eratio

n

T
otal

M
W

C
ain/L

oss

P
eriod

O
pen-C

ycle
M

W
R

unning
C

losed
vs.

C
losed-C

ycle
M

W
L

oss
G

ain/L
oss

O
pen-C

ycle
January

-1.37
0.26

-1.63

F
ebruary

-1.75
0.35

-2.11

M
arch

1-15
-3.70

-0.15
-3.55

M
arch

16-31
-3.70

-0.15
-3.55

A
pril

1-15
-4.98

-0.75
-4.23

A
pril

16-30
-4.98

-1.00
-3.98

M
ay

1-15
-7.18

-2.68
-4.50

M
ay

16-31
-7.18

-3.34
-3.84

June
1-15

-8.75
-4.29

-4.46

June
16-30

-8.75
-10.56

1.81

July
1-15

-10.10
-10.56

0.46

July
16-31

-10.10
-10.56

0.46

A
ugust

1-15
-9.78

-10.56
0.78

A
ugust

16-31
-9.78

-10.56
0.78

Sep.
1-15

-8.02
-10.56

2.54

Sep.
16-30

-8.02
-5.39

-2.64

O
ctober

1-15
-5.18

-3.94
-1.24

O
ct.

16-31
-5.18

-2.80
-2.38
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C
A

W
S

and
L

ow
er

D
es

Plaines
R

iver
S&

L
ProjectN

o.
10683-130

G
enerating

U
nits

D
ate:

February
I,

2011
C

ooling
T

ow
er

C
ost

Study

T
otal

M
W

G
ain/L

oss

P
eriod

O
pen-C

ycle
M

W
R

unning
C

losed
vs.

C
losed-C

ycle
M

W
L

oss
G

ain/L
oss

O
pen-C

ycle
N

o
v

em
b

er
-3,70

-1.90
-1.80

D
ecem

b
er

-2.77
-0.59

-2.18

A
nnual

A
verage

-1.79

N
om

inal
plant

output:
348

M
W

gross
A

nnual-average
capacity

loss:
1.79

M
W

A
nnual

revenue
loss:

$432,000
(75%

capacity,
$36.7

1/M
W

h)

B
.

C
R

A
W

F
O

R
D

S
T

A
T

IO
N

T
E

C
H

N
O

L
O

G
Y

O
P

T
IO

N
S

A
N

D
C

O
S

T
E

S
T

IM
A

T
E

R
E

S
U

L
T

S

B
1.

C
R

A
W

FO
R

D
C

O
O

L
IN

G
T

O
W

E
R

A
R

R
A

N
G

E
M

E
N

T

E
xhibitA

2
show

s
the

layout
for

the
tw

o
C

raw
ford

cooling
tow

er
sections.

A
C

ornE
d

sw
itchyard

is
located

to
the

east
ofthe

southern
tow

er,
w

ith
potential

icing
concerns.

138
kV

transm
ission

line
crosses

the
tow

er
location,

and
w

ould
need

to
be

relocated,
and

a
345

kV
line

w
ould

need
to

be
raised

and
m

ore
insulators

added.
C

osts
for

relocation
and

insulation
ofC

ornE
d

transm
ission

lines
are

included
in

the
estim

ate,
but

because
the

lines
are

not
ow

ned
by

M
W

G
en,

it
is

notknow
n

w
hether

perm
ission

w
ill

be
granted

to
relocate

these
lines.

Ifperm
ission

to
relocate

the
C

ornE
d

transm
ission

lines
is

not
granted,

an
alternate

location
m

ay
notbe

available
or

feasible.
T

he
northern

tow
er

is
not

ideally
oriented

to
the

prevailing
w

inds
and

m
ay

be
subject

to
increased

recirculation.
T

he
northern

tow
er

location
requires

routing
of

10
ftdiam

eter
circulating

w
ater

lines
across

the
site.

See
E

xhibitB
2

for
the

closed
loop

cycle
diagram

at
C

raw
ford.

A
w

all
w

ith
a

gate
w

ould
be

constructed
across

the
existing

C
W

discharge
channel.

In
closed-cycle

operation,
this

gate
w

ould
be

closed
and

four
25%

cooling
tow

er
supply

pum
ps

w
ould

pum
p

the
w

ater
from

the
discharge

channel
upstream

ofthe
w

all
to

the
cooling

tow
ers.

T
he

cooled
w

ater
w

ould
be

pum
ped

by
tw

o
25%

cooling
tow

er
discharge

pum
ps

from
the

northern
tow

er
and

w
ould

flow
by

gravity
from

the
southern

tow
er

to
the

existing
C

W
intake

channel,
and

w
ould

be
discharged

there
to

re-enter
the

existing
crib

house
and

condenser.
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G
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U
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C

ooling
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C
ost

Study
D

ate:
Februar3’

1,2011

B
2.

C
R

A
W

FO
R

D
C

O
O

L
IN

G
T

O
W

E
R

C
A

PIT
A

L
C

O
ST

E
ST

IM
A

T
E

S

T
he

capital
costs

(including
the

quoted
pricing

from
M

arley)
for

the
w

et/dry
tow

ers
are

show
n

in
E

xhibit
12.

B
elow

in
T

able
5-4,

the
cost

for
the

100%
closed

loop
tow

er
is

broken
into

the
key

com
ponents.

For
the

w
et/dry

tow
er

option,
the

total
estim

ated
capital

cost
is

approxim
ately

$165
m

illion.
T

his
translates

to
a

norm
alized

capital
cost

of
about

$282
per

kilow
att

ofgenerating
capacity.

T
ab

le
5-4

C
raw

fo
rd

C
ap

ital
C

osts

M
arley

W
et/D

ry
C

T
B

O
P

C
ost

E
quipm

ent
w

/D
elivery

M
aterial

Indirect
C

ontingency
T

otal
C

ost
T

otal
C

ost
U

nit
(5)

C
ost

(5)
L

abor
(S)

C
osts

(5)
(S)

(S)
(SI

kW
)

C
raw

ford
7&

8
$24,900,000

S28,400,000
$61,300,000

$24,800,000
S25,800,000

$165,200,000
S282

B
3.

C
R

A
W

FO
R

D
C

O
O

L
IN

G
T

O
W

E
R

O
&

M
C

O
ST

E
ST

IM
A

T
E

S

T
he

operation
and

m
aintenance

cost
for

the
C

raw
ford

plum
e-abated

(w
et/dry)

cooling
tow

er
consists

of
cooling

tow
er

fan
and

pum
p

pow
er

(88,872
M

W
h

at
$36.7

1/M
W

h),
tow

er
m

aintenance
costs

such
as

gear
oil

replacem
ent,

and
chem

ical
costs

for
chlorination

and
anti-scaling

additives.
T

he
total

annual
O

&
M

costis
approxim

ately
$3,960,000.

A
detailed

breakdow
n

of these
O

&
M

costs
is

show
n

in
E

xhibit
J.

T
he

breakdow
n

ofthe
costs

is
show

n
in

T
able

5-5.

T
ab

le
5-5

C
raw

fo
rd

O
&

M
C

osts

A
nnual

C
T

A
nnual

F
an

P
ow

er
A

nnual
P

um
p

M
aintenance

A
nnual

C
hem

ical
T

otal
A

nnual
U

nit
C

ost
(5)

P
ow

er
C

ost
(5)

C
ost

(5)
C

ost(5)
O

&
M

C
ost

(5)

C
raw

ford
7&

8
$1,460,000

$1,800,000
$112,500

$585,000
$3,957,500
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S
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G
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U
nits

C
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T
ow

er
C

ost
Study

D
ate:

F
e
b

ru
a

1,
2011

B
4.

C
R

A
W

FO
R

D
D

E
R

A
T

IN
G

IM
PA

C
T

S
W

IT
H

C
L

O
SE

D
-C

Y
C

L
E

C
O

O
L

IN
G

T
O

W
E

R

T
ables

5-6
and

5-7
below

sum
m

arize
the

m
onth-by-m

onth
loss

ofplant
capacity

in
closed-cycle

operation
for

C
raw

ford
7

and
C

raw
ford

8,respectively,
com

pared
to

open-cycle
operation

w
eather

and
w

ater
tem

perature
conditions.

T
ab

le
5-6

C
raw

fo
rd

7
M

eg
aw

att
L

oss
D

ue
to

C
losed

v.
O

p
en

-C
y
cle

O
p

eratio
n

T
otal

M
W

G
ain/L

oss

P
eriod

O
pen-C

ycle
M

W
R

unning
C

losed
vs.

C
losed-C

ycle
M

W
L

oss
G

ain/L
oss

O
pen-C

ycle
January

-1.33
-0.24

-1.10

F
ebruary

-1.60
-0.18

-1.43

M
arch

1-15
-3.09

-0.51
-2.58

M
arch

16-31
-3.09

-0.51
-2.58

A
pril

1-15
-3.92

-0.92
-3.00

A
pril

16-30
-3.92

-1.09
-2.83

M
ay

1-15
-5.54

-2.28
-3.26

M
ay

16-3
1

-5.54
-2.75

-2.78

June
1-15

-6.71
-3.45

-3.26

June
16-30

-6.71
-8.11

1.40

July
1-15

-7.81
-8.11

0.30

July
16-31

-7.81
-8.11

0.30

A
ugust

1-15
-7.52

-8.11
0.58

A
ugust

16-31
-7.52

-8.11
0.58

Sep.
1-15

-6.12
-8.11

1.98

Sep.
16-30

-6.12
-4.25

-1.88

O
ctober

1-15
-3.98

-3.19
-0.79

O
ct.

16-3
1

-3.98
-2.36

-1.61

N
ovem

ber
-3.09

-1.72
-1.37

D
ecem

ber
-2.40

-0.81
-1.60

A
nnual

A
verage

-1.27

N
om

inal
unit

output:
237

M
W

gross
A

nnual-average
capacity

loss:
1.27

M
W

A
nnualrevenue

loss:
$306,000

(75%
capacity,

$36.7
1/M

W
h)

5-6

\snllc\datal’m
idw

estgen\1
0683-1

30\6.06\SL
-009359

Final
11O

2O
.doc



M
idw

est
G

eneration
E

M
E

,
L

L
C

SL
R

eport
N

o.
S

L
-009359

C
A

W
S

and
L

ow
er

D
es

P
laines

R
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P
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N
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10683-130
G

enerating
U

nits
S

n
u
-
g
r
it

L
r
i
d
y

£

C
ooling

T
ow

er
C

ost
S

tudy
-

D
ate:

F
e
b
ru

a
1,2011

T
able

5-7
C

raw
fo

rd
8

M
eg

aw
att

L
oss

D
ue

to
C

losed
v.

O
p

en
-C

y
cle

O
p
eratio

n

T
otal

M
W

G
ain/L

oss
P

eriod
C

losed-C
ycle

M
W

O
pen-C

ycle
M

W
R

unning
C

losed
vs.

L
oss

G
ain/L

oss
O

pen-C
ycle

January
-2.08

0.71
-2.79

F
ebruary

-2.66
0.89

-3.55

M
arch

1-15
-5.44

-0.07
-5.37

M
arch

16-31
-5.44

-0.07
-5.37

A
pril

1-15
-6.78

-1.13
-5.66

A
pril

16-30
-6.78

-1.53
-5.25

M
ay

1-15
-9.11

-4.01
-5.10

M
ay

16-31
-9.11

-4.87
-4.24

June
1-15

-10.61
-6.04

-4.58

June
16-30

-10.61
-12.27

1.66

July
1-15

-11.93
-12.27

0.34

July
16-31

-11.93
-12.27

0.34

A
ugust

1-15
-11.60

-12.27
0.68

A
ugust

16-31
-11.60

-12.27
0.68

Sep.
1-15

-9.87
-12.27

2.40

Sep.
16-30

-9.87
-7.28

-2.59

O
ctober

1-15
-6.87

-5.61
-1.26

O
ct.

16-31
-6.87

-4.16
-2.71

N
ovem

ber
-5.44

-2.91
-2.54

D
ecem

ber
-4.24

-0.85
-3.39

A
nnual

A
verage

-2.50

N
om

inal
unit

output:
348

M
W

gross
A

nnual-average
capacity

loss:
2.5

M
W

A
nnual

revenue
loss:

$603,000
(75%

capacity,
$36.71/M

W
h)
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R
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N
o.

10683-130
G

enerating
U

nits
D

ate:
February

1,2011
C

ooling
T

ow
er

C
ost

Study

C
.

W
IL

L
C

O
U

N
T

Y
S

T
A

T
IO

N
T

E
C

H
N

O
L

O
G

Y
O

P
T

IO
N

S
A

N
D

C
O

S
T

E
S

T
IM

A
T

E
R

E
S

U
L

T
S

C
l.

W
IL

L
C

O
U

N
T

Y
C

O
O

L
IN

G
T

O
W

E
R

A
R

R
A

N
G

E
M

E
N

T

E
xhibit

A
3

represents
the

arrangem
ent

draw
ing

for
the

W
ill

C
ounty

tow
ers.

T
w

o
transm

ission
lines

(including
tw

o
river

crossings)
run

parallel
w

ith
the

tow
ers

and
w

ould
need

to
be

relocated
to

prevent
icing

problem
s.

A
s

at
C

raw
ford

and
Fisk,

denial
ofa

request
to

C
ornE

d
to

relocate
these

transm
ission

lines
m

ay
not

leave
any

other
feasible

locations
open.

O
ne

pond
w

ould
need

to
be

partially
filled

under
the

area
w

here
tow

ers
w

ould
be

installed.
C

osts
for

these
site

m
odifications

are
included

in
the

estim
ate.

Som
e

interference
betw

een
the

tow
ers

is
likely

under
prevailing

w
ind

conditions.
Itproved

necessary
to

separate
the

tow
er

into
three

tow
er

sections
in

order
to

provide
the

num
ber

ofcells
required

to
accom

m
odate

the
com

bined
cooling

w
ater

flow
for

both
U

nit
3

and
U

nit
4.

T
here

is
not

enough
space

for
one

long
tow

er
due

to
the

roads
and

railroad
tracks

that
cross

the
tow

er
location.

See
E

xhibitB
3

for
the

closed
loop

diagram
at

W
ill

C
ounty.

A
w

all
w

ith
a

gate
w

ould
be

installed
in

the
existing

discharge
channel.

U
nder

closed-cycle
operation,

this
gate

w
ould

be
closed

and
four

25%
cooling

tow
er

supply
pum

ps
w

ould
pum

p
the

w
ater

from
the

channel
upstream

ofthe
w

all
to

the
cooling

tow
ers.

T
he

cooled
w

ater
w

ould
be

pum
ped

by
tw

o
20%

and
four

15%
cooling

tow
er

discharge
pum

ps
through

above
ground

steel-lined
concrete

piping
to

the
existing

screen
houses,

to
re-enter

the
C

W
pum

ps
and

condensers.

C
2.

W
IL

L
C

O
U

N
T

Y
C

O
O

L
IN

G
T

O
W

E
R

C
A

PIT
A

L
C

O
ST

E
ST

IM
A

T
E

S

T
he

capital
costs

(including
the

quoted
pricing

from
M

arley)
for

the
w

etldry
tow

er
are

show
n

in
E

xhibit
13.

B
elow

in
T

able
5-8,

the
cost

for
the

100%
closed

loop
tow

er
is

broken
into

the
key

com
ponents.

For
the

w
etldry

tow
er

option,
the

total
estim

ated
capital

cost
is

approxim
ately

$257
m

illion.
T

his
translates

to
a

norm
alized

capital
cost

of
$307

per
kilow

att.
T

able
5-8

W
ill

C
ounty

C
apital

C
osts

M
arley

W
et/D

ry
B

O
P

C
T

C
ost

E
q

u
ip

m
en

t
v
/D

eliv
ery

M
aterial

In
d

irect
C

ontingency
T

otal
C

ost
T

otal
C

ost
U

nit
($)

C
ost($)

L
ab

o
r($)

C
osts

($)
(S)

($)
($/kW

)
W

ill
C

ounty
3&

4
$33,200,000

$47,300,000
$108,300,000

$28,200,000
$40,100,000

$257,100,000
$309
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S&

L
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N
o.

10683-130
S

’
9
r
1
t

D
ate:

February
1,2011

G
enerating

U
nits

C
ooling

T
ow

er
C

ost
Study

7

B
elow

in
T

able
5-9,

the
cost

ofplum
e-abated

(w
et/dry)

tow
ers

is
com

pared
to

the
cost

for
a

w
et

tow
er

w
ith

and
w

ithoutthe
provisions

for
later

conversion
to

a
w

et/dry
configuration.

(See
Section

2
for

a
discussion

ofthe
provisions

required
for

a
w

et
convertible

to
w

et/dry
tow

er.)

T
ab

le
5-9

W
ill

C
o
u
n
ty

C
ap

ital
C

osts
fo

r
T

h
ree

T
o
w

er
S

tyles

W
et/D

ry
T

otal
W

etW
ith

D
ry

O
ption

W
et

W
ithout

D
ry

O
ption

U
nit

Installed
C

ost
(S)

T
otal

Installed
C

ost
($)

T
otal

Installed
C

ost
($)

W
ill

C
ounty

3&
4

$257,100,000
$230,200,000

S2
10,700,000

C
3.

W
IL

L
C

O
U

N
T

Y
C

O
O

L
IN

G
T

O
W

E
R

O
&

M
C

O
ST

E
ST

IM
A

T
E

S

T
he

operation
and

m
aintenance

costfor
the

W
ill

C
ounty

plum
e-abated

(w
et/dry)

cooling
tow

er
consists

of
cooling

tow
er

fan
and

pum
p

pow
er

(137,832
M

W
h

at
$36,71/M

W
h),

tow
er

m
aintenance

costs
such

as
gear

oil
replacem

ent,
and

chem
ical

costs
for

chlorination
and

anti-scaling
additives.

T
he

total
annual

O
&

M
cost

is
approxim

ately
$5,750,000.

A
detailed

breakdow
n

ofthese
O

&
M

costs
is

show
n

in
E

xhibit
J.

T
he

breakdow
n

ofthe
costs

is
show

n
in

T
able

5-10.

T
able

5-10
W

ill
C

o
u

n
ty

O
&

M
C

osts

A
nnual

C
T

A
nnual

F
an

P
ow

er
A

nnual
P

um
p

M
aintenance

A
nnual

C
hem

ical
T

otal
A

nnual
U

nit
C

ost
(S)

P
ow

er
C

ost
($)

C
ost

($)
C

ost
($)

O
&

M
C

ost
(8)

W
ill

C
ounty

3&
4

$1,950,000
$2,820,000

$150,000
$832,000

$5,752,000
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S

9
r
g
r
1
t

L
iirs

d
y

L
C

G
enerating

U
nits

D
ate:

February
1,201

1
C

ooling
T

ow
er

C
ost

Study

C
4.

W
IL

L
C

O
U

N
T

Y
D

E
R

A
T

IN
G

IM
PA

C
T

S
W

IT
H

C
L

O
SE

D
-C

Y
C

L
E

C
O

O
L

IN
G

T
O

W
E

R

T
ables

5
-li

and
5-12

below
sum

m
arize

the
m

onth-by-m
onth

loss
ofplant

capacity
in

closed-cycle
operation

for
W

ill
C

ounty
3

and
W

ill
C

ounty
4,

respectively,
com

pared
to

open-cycle
operation

w
eather

and
w

ater
tem

perature
conditions.

T
ab

le
5-11

W
ill

C
o

u
n

ty
3

M
eg

aw
att

L
oss

D
ue

to
C

losed
v.

O
p
en

-C
y
cle

O
p
eratio

n

N
om

inal
unit

output:
281

M
W

gross
A

nnual-average
capacity

loss:
2.18

M
W

A
nnual

revenue
loss:

$526,000
(75%

capacity,
$36.7

1/M
W

h)

5-10

T
otal

M
W

G
ain/L

oss

P
eriod

C
losed-C

ycle
M

W
O

pen-C
ycle

M
W

R
unning

C
losed

vs.
L

oss
G

ain/L
oss

O
pen-C

ycle
January

-1.37
0.41

-1.77

F
ebruary

-1.67
0.50

-2.17

M
arch

1-15
-4.64

-0.03
-4.61

M
arch

16-31
-4.64

-0.03
-4.61

A
pril

1-15
-6.26

-0.72
-5.54

A
pril

16-30
-6.26

-1
0

2
-5.24

M
ay

1-15
-9.49

-3.19
-6.30

M
ay

16-31
-9.49

-4.10
-5.39

June
1-15

-11.95
-5.44

-6.51

June
16-30

-11.95
-14.93

2.98

July
1-15

-14.32
-14.93

0.62

July
16-31

-14.32
-14.93

0.62

A
ugust

1-15
-13.72

-14.93
1.21

A
ugust

16-31
-13.72

-14.93
1.21

Sep.
1-15

-11.00
-14.93

3.93

Sep.
16-30

-11.0
-7.03

-3.97

O
ctober

1-15
-6.67

-4.93
-1.73

O
ct.

16-31
-6.67

-3.35
-3.32

N
ovem

ber
-4.60

-2.15
-2.45

D
ecem

ber
-1.93

-0.53
-1.40

A
nnual

A
verage

-2.18
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S

r
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C
ooling

T
ow

er
C

ost
Study

D
ate:

February
1,2011

T
ab

le
5-12

W
ill

C
o

u
n

ty
4

M
eg

aw
att

L
oss

D
ue

to
C

losed
v.

O
p
en

-C
y
cle

O
p

eratio
n

T
otal

M
W

G
ain

/L
o
ss

P
eriod

C
losed-C

ycle
M

W
O

pen-C
ycle

M
W

R
unning

C
losed

vs.
L

oss
G

ain/L
oss

O
pen-C

ycle

Jan
u
ary

-0.57
1.06

-1.63

F
eb

ru
ary

-0.85
1.14

-1.99

M
arch

1-15
-3.63

0.66
-4.29

M
arch

16-31
-3.63

0.66
-4.29

A
pril

1-15
-5.16

0.03
-5.19

A
pril

16-30
-5.16

-0.25
-4.91

M
ay

1-15
-8.25

-2.27
-5.98

M
ay

16-31
-8.25

-3.12
-5.14

June
1-15

-10.64
-4.38

-6.25
June

16-30
-10.64

-13.57
2.93

July
1-15

-12.96
-13.57

0.61
July

16-31
-12.96

-13.57
0.61

A
ugust

1-15
-12.37

-13.57
1.19

A
ugust

16-31
-12.37

-13.57
1.19

Sep.
1-15

-9.71
-13.57

3.85

Sep.
16-30

-9.71
-5.89

-3.82

O
ctober

1-15
-5.55

-3.91
-1.64

O
ct.

16-31
-5.55

-2.41
-3.13

N
ovem

ber
-3.59

-1.29
-2.29

D
ecem

ber
-1.09

0.20
-1.29

A
nnual

A
verage

-2.03

N
om

inal
unit

output:
551

M
W

gross
A

nnual-average
capacity

loss:
2.03

A
nnual

revenue
loss:

5490,000
(75%

capacity,
$36.7

1/M
W

h)
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N
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G
e
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e
ra

tin
g

U
n
its

S
r
g
i
t

L
L

II1
c
Iy

L
C

C
ooling

T
ow

er
C

ost
Study

y
D

ate:
F

e
b
ru

a
1,2011

D
.

JO
L

IE
T

6
S

T
A

T
IO

N
T

E
C

H
N

O
L

O
G

Y
O

P
T

IO
N

S
A

N
D

C
O

S
T

E
S

T
IM

A
T

E
R

E
S

U
L

T
S

D
l.

JO
L

IE
T

6
C

O
O

L
IN

G
T

O
W

E
R

A
R

R
A

N
G

E
M

E
N

T

E
xhibitA

4
represents

the
arrangem

ent
draw

ing
developed

for
the

Joliet
6

cooling
tow

er
sections.

T
he

arrangem
ent

of the
cooling

tow
ers

is
favorable,

considering
the

space
constraints.

T
he

tow
ers

are
oriented

to
m

inim
ize

recirculation
and

interference
under

prevailing
w

ind
conditions.

T
he

site
w

ould
need

to
be

filled
to

raise
the

elevation
suitably

above
the

canal.
T

here
is

a
m

icrow
ave

easem
entthat

crosses
the

tow
er

location.
It

is
assum

ed
for

purposes
ofthis

analysis
that

this
easem

ent
is

sufficiently
elevated

thatthe
tow

ers
do

not
interfere

w
ith

it.

E
xhibitB

4
is

the
closed

ioop
cycle

diagram
for

at Joliet
6.

A
w

all
w

ith
a

gate
w

ould
be

installed
across

the
existing

discharge
channel.

U
nder

closed-cycle
operation,this

gate
w

ould
be

closed
and

four
25%

cooling
tow

er
supply

pum
ps

w
ould

pum
p

the
w

ater
from

the
chaim

el
upstream

ofthe
w

all
to

the
cooling

tow
ers.

T
he

cooled
w

ater
w

ould
be

pum
ped

by
four

25%
cooling

tow
er

discharge
pum

ps
(tw

o
per

tow
er

section)
through

steel-lined
concrete

piping
to

the
intake

ofthe
existing

crib
house,

to
re-enter

the
C

W
pum

ps
and

condensers.
T

he
crib

house
intake

w
ould

be
enclosed

w
ith

gates
on

the
north

and
w

est
sides

to
prevent

the
circulating

w
ater

from
entering

the
canal.

D
2.

JO
L

IE
T

6
C

O
O

L
IN

G
T

O
W

E
R

C
A

PIT
A

L
C

O
ST

E
ST

IM
A

T
E

S
T

he
capital

costs
(including

the
quoted

pricing
from

M
arley)

for
the

w
etldry

tow
er

are
show

n
in

E
xhibit

14.
B

elow
in

T
able

5-13,
the

cost
for

the
100%

closed
loop

tow
er

is
broken

into
the

key
com

ponents.
For

the
w

et/dry
tow

er
option,

the
total

estim
ated

capital
cost

is
approxim

ately
$116

m
illion.

T
his

translates
to

a
norm

alized
capital

cost
of$339

per
kilow

att.
T

able
5-13

Joliet
6

C
apital

C
ost

Jo
liet

6
M

arley
•

W
et/D

ry
B

O
P

C
ap

ital
C

T
C

ost
E

quipm
ent

C
osts

v/D
eiivery

M
aterial

In
d

irect
C

ontingency
T

otal
C

ost
T

otal
C

ost
U

nit
($)

C
ost($)

L
abor

(S)
C

osts
(S)

(S)
($)

($IkW
)

Joliet
6

$14,900,000
S21,000,000

S42,600,000
S

19,l00,000
$18,100,000

S115,700,000
$339

B
elow

in
T

able
5-14,

the
cost

of plum
e-abated

(w
et/thy)

tow
ers

is
com

pared
to

the
cost

for
a

w
et

tow
er

w
ith

and
w

ithout
provisions

to
convert

to
w

et/dry.
(See

Section
2

for
a

discussion
of the

provisions
required

for
a

w
et

convertible
to

w
et/dry

tow
er.)
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C

A
W

S
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L
ow

er
D

es
P

laines
R

iver
S&

L
P

roject
N

o.
10683-130

a
g
r
1
t
&

“
‘
‘
“

D
ate:

F
ebruary

1,
2011

G
enerating

U
nits

C
ooling

T
ow

er
C

ost
S

tudy

T
able

5-14
Joliet

6
C

apital
C

osts
for

T
hree

T
ow

er
Styles

W
et

W
ithout

D
ry

W
et/D

ry
T

otal
W

et
W

ith
D

ry
O

ption
O

ption
T

otal
Installed

U
nit

Installed
C

ost
(S)

T
otal

In
stalled

C
ost($)

C
ost

(S)

Joliet
6

S115,700,000
$103,600,000

$93,400,000

D
3.

JU
L

IE
T

6
C

O
O

L
IN

G
T

O
W

E
R

O
&

M
C

O
S

T
E

S
T

IM
A

T
E

S

O
peration

and
m

aintenance
costs

for
plum

e-abated
(w

etldry)
cooling

tow
ers

at
Joliet

6
w

et/dry
consists

ofcooling
tow

er
fan

and
pum

p
pow

er
(65,350

M
W

h
at

$36.7
1/M

W
h),

tow
er

m
aintenance

costs
such

as
gear

oil
replacem

ent,
and

chem
ical

costs
for

chlorination
and

anti-scaling
additives.

T
he

total
annual

O
&

M
cost

is
approxim

ately
$2,660,000.

A
detailed

breakdow
n

o
f

these
O

&
M

costs
is

show
n

in
E

xhibit
J.

T
he

breakdow
n

of
the

costs
is

show
n

in
T

able
5-15.

D
4.

JU
L

IE
T

6
D

E
R

A
T

IN
G

IM
P

A
C

T
S

W
IT

H
C

L
O

S
E

D
-C

Y
C

L
E

C
O

O
L

IN
G

T
O

W
E

R

T
ab

le
5-16

Jo
liet

6
M

eg
aw

att
L

o
ss

D
u

e
to

C
lo

sed
v.

O
p
en

-C
y
cle

O
p
eratio

n

T
otal

M
W

G
ain/L

oss

P
eriod

O
pen-C

ycle
M

W
R

unning
C

losed
vs.

C
losed-C

ycle
M

W
L

oss
G

ain/L
oss

O
pen-C

ycle
January

-1.26
0.47

-1.73

F
ebruary

-1.71
0.58

-2.29

M
arch

1-15
-3.85

-0.04
-3.81

M
arch

16-31
-3.85

-0.04
-3.81

A
pril

1-15
-5.14

-0.76
-4.38

A
pril

16-30
-5.14

-1.05
-4.09

M
ay

1-15
-7.35

-2.94
-4.41

M
ay

16-3
1

-7.35
-3.64

-3.71

June
1-15

-9.08
-4.64

-4.43

June
16-30

-9.08
-9.82

0.75

July
1-15

-10.36
-9.82

-0.54

July
16-31

-10.36
-9.82

-0.54

A
ugust

1-15
-10.06

-9.82
-0.24

5-13

T
ab

le
5-15

Jo
liet

6
O

&
M

C
o
sts

A
nnual

C
T

F
an

P
ow

er
C

ost
($)

A
nnual

P
um

p
P

ow
er

C
ost($)

A
nnual

M
aintenance

A
nnual

C
hem

ical
T

otal
A

nnual
C

ost($)
C

ost($)
O

&
M

C
ost($)

$880,000
S1,370,000

S67,500
S341,000

S2,660.000
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C

A
W

S
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L
ow

er
D

es
Plaines

R
iver

S&
L

Project
N

o.
10683-130

G
enerating

U
nits

S
9

r
g

I
1

1
_
IJI-id

Y
D

ate:
February

1,2011
C

ooling
T

ow
er

C
ost

Study

T
otal

M
W

G
ain/L

oss

P
eriod

O
pen-C

ycle
M

W
R

unning
C

losed
vs.

C
losed-C

ycle
M

W
L

oss
G

ain/L
oss

O
pen-C

ycle
A

ugust
16-31

-10.06
-9.82

-0.24

S
ep.

1-15
-8.26

-9.82
1.56

Sep.
16-30

-8.26
-5.76

-2.50

O
ctober

1-15
-5.39

-4.27
-1.11

O
ct.

16-31
-5.39

-3.06
-2.32

N
ovem

ber
-3.85

-2.07
-1.77

D
ecem

ber
-2.88

-0.57
-2.30

A
nnual

A
verage

-2.08

N
om

inal
plant

output:
A

nnual-average
capacity

loss:
A

nnual
revenue

loss:

341
M

W
gross

2.08
$502,000

(75%
capacity,

$36.7
1/M

W
h)

B
.

JO
L

IE
T

7&
8

S
T

A
T

IO
N

T
E

C
H

N
O

L
O

G
Y

O
P

T
IO

N
S

A
N

D
C

O
S

T
E

S
T

IM
A

T
E

R
E

S
U

L
T

S

E
l.

JU
L

IE
T

7&
8

C
O

O
L

IN
G

T
O

W
E

R
A

R
R

A
N

G
E

M
E

N
T

E
xhibitA

4
represents

the
arrangem

ent
draw

ing
developed

for
the

Joliet
7&

8
tow

ers.
Interference

betw
een

the
tow

ers
is

likely
under

prevailing
w

ind
conditions,

as
the

spacing
betw

een
the

tow
ers

is
less

than
desired.

R
ecirculation

m
ay

also
be

a
problem

w
ith

w
esterly

w
inds.

See
E

xhibitB
5

for
the

closed
loop

diagram
corresponding

to
Joliet

7&
8

case.
A

dividing
w

all
w

ould
be

installed
dow

n
the

center
ofthe

existing
discharge

channel,
and

a
w

all
w

ith
a

gate
w

ould
be

installed
atthe

southw
estern

end
of

the
channel

form
ed

north
ofthis

w
all.

U
nder

closed-cycle
operation,

this
gate

w
ould

be
closed

and
six

17%
cooling

tow
er

supply
pum

ps
w

ould
pum

p
the

w
ater

from
this

channel
to

the
cooling

tow
ers.

T
he

cooled
w

ater
w

ould
be

pum
ped

by
six

cooling
tow

er
discharge

pum
ps

(tw
o

per
tow

er)
through

buried
steel-lined

concrete
piping

to
the

channel
south

ofthe
dividing

w
all.

T
his

channel
w

ould
be

isolated
from

the
canal

by
a

new
w

all
and

gate.
T

he
flow

in
the

southern
section

of
the

divided
discharge

channel
w

ould
be

reversed
and

a
new

flum
e

w
ith

a
gate

w
ould

connectthis
channel

w
ith

the
existing

inlet
channel.

From
the

inlet
channel,

the
circulating

w
ater

w
ould

re-enter
the

C
W

pum
ps

and
condensers.

E
2.

JO
L

IE
T

7&
8

C
O

O
L

iN
G

T
O

W
E

R
C

A
PIT

A
L

C
O

ST
E

ST
IM

A
T

E
S

T
he

capital
costs

(including
the

quoted
pricing

from
M

arley)
for

the
w

etldry
tow

er
are

show
n

in
E

xhibit
15.

B
elow

in
T

able
5-17,

the
cost

for
the

closed
loop

tow
er

is
broken

into
the

key
com

ponents.
For

the
w

et/dry
tow

er
option,

the
total

estim
ated

capital
cost

is
approxim

ately
$301

m
illion.

T
his

translates
to

a
norm

alized
capital

cost
of

$264
per

kilow
att.
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C
A

W
S
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L

ow
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D
es

Plaines
R

iver
S&

L
Project

N
o.

10683-130
.

S
2

r
g

r
i
t
.

L
.1

..Ir1
d

y
c

G
enerating

U
nits

D
ate:

February
1,2011

C
ooling

T
ow

er
C

ost
Study

9’

T
ab

le
5-17

Jo
liet

7&
8

C
ap

ital
C

osts

M
arley

W
et/D

ry
B

O
P

E
quipm

ent
C

T
C

ost
M

aterial
C

ost
Indirect

C
ontingency

T
otal

C
ost

T
otal

C
ost

U
nit

w
fD

elivery
($)

(S)
L

abor
($)

C
osts

($)
($)

($)
($/kW

)
Joliet

7&
8

$53,100,000
S58,800,000

5115,400,000
$26,600,000

$47,000,000
S

300,900,000
$264

T
able

5-18
presents

a
com

parison
of

the
costof plum

e-abated
(w

et/dry)
tow

ers
is

com
pared

to
the

cost
for

a
w

et
tow

er
w

ith
or

w
ithout

the
option

to
convert

to
w

et/dry.

T
able

5-18
Jo

liet
7&

8
T

o
w

er
C

ap
ital

C
o

st
fo

r
T

h
ree

T
o

w
er

S
tyles

W
et

W
ith

D
ry

O
ption

W
et W

ithout
D

ry
W

et/D
ry

T
otal

Installed
T

otal
Installed

C
ost

O
ption

T
otal

U
nit

C
ost

($)
($)

Installed
C

ost
($)

Joliet
7&

8
100%

$300,900,000
$257,900,000

$223,800,000

E3.
JO

L
IE

T
7&

8
C

O
O

L
IN

G
T

O
W

E
R

O
&

M
C

O
ST

E
ST

IM
A

T
E

S

T
he

operation
and

m
aintenance

cost
for

the
Joliet

7&
8

plum
s-abated

(w
et/dry)

cooling
tow

er
consists

of
cooling

tow
er

fan
and

pum
p

pow
er

(230,962
M

W
h

at
$36.71/M

W
h),

tow
er

m
aintenance

costs
such

as
gear

oilreplacem
ent,

and
chem

ical
costs

for
chlorination

and
anti-scaling

additives.
T

he
total

annual
O

&
M

cost
is

approxim
ately

$9,080,000.
A

detailed
breakdow

n
o

f
these

O
&

M
costs

is
show

n
in

E
xhibitJ.

T
he

breakdow
n

of the
costs

is
show

n
in

T
able

5-19.

T
ab

le
5-19

Jo
llet

7&
8

O
&

M
C

o
sts

A
nnual

A
nnual

A
nnual

C
T

F
an

A
nnual

P
um

p
M

aintenance
C

hem
ical

C
ost

T
otal

A
nnual

U
nit

P
ow

er
C

ost
(S)

P
ow

er
C

ost
($)

C
ost

(S)
($)

O
&

M
C

ost
($)

Joliet
7&

8
$3,100,000

S4,570,000
$240,000

S
l,138,000

$9,050,000

T
otal

O
&

M
costs

for
Joliet

7&
8

are
m

arkedly
higher

than
the

O
&

M
costs

for
other

M
W

G
en

station
units

for
tw

o
reasons:

1)
M

ostO
&

M
costs

are
related

to
plant

generating
capacity,

and
Joliet7&

8
is

the
largest

station
of the

five
stations

considered
in

this
study,

and
2)

Joliet7&
8

have
three

cooling
tow

er
sections,

w
hich

requires
one

additional
set

of
large

pum
ps

than
is

required
for

the
other

stations.
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L

ow
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D
es

P
laines

R
iver

S&
L

P
roject

N
o.

10683-130
r
g

r
R

t
&

D
ate:

F
ebm

ary
1,

2011
G

enerating
U

nits
C

ooling
T

ow
er

C
ost

S
tudy

)

E
4.

JO
L

IE
T

7&
8

D
E

R
A

T
IN

G
IM

P
A

C
T

S
W

IT
H

C
L

O
S

E
D

-C
Y

C
L

E
C

O
O

L
iN

G
T

O
W

E
R

T
able

5-20
Jo

liet
7&

8
M

eg
aw

att
L

o
ss

D
u

e
to

C
lo

sed
v.

O
p
en

-C
y
cle

O
p
eratio

n

T
otal

M
W

G
ain/L

oss
P

eriod
O

pen-C
ycle

M
W

R
unning

C
losed

vs.
C

losed-C
ycle

M
W

L
oss

G
ain/L

oss
O

pen-C
ycle

January
-2.19

-0.71
-1.48

F
ebruary

-2.91
-0.71

-2.20

M
arch

1-15
-7.31

-0.28
-7.02

M
arch

16-31
-7.31

-0.28
-7.02

A
pril

1-15
-9.53

-0.64
-8.89

A
pril

16-30
-9.53

-1.30
-8.23

M
ay

1-15
-13.36

-5.32
-8.04

M
ay

16-3
1

-13.36
-6.71

-6.64

June
1-15

-16.13
-8.61

-7.53

June
16-30

-16.13
-17.29

1.15

July
1-15

-18.20
-17.29

-0.91

July
16-3

1
-18.20

-17.29
-0.91

A
ugust

1-15
-17.65

-17.29
-0.36

A
ugust

16-31
-17.65

-17.29
-0.36

Sep.
1-15

-15.02
-17.29

2.27

Sep.
16-30

-15.02
-10.63

-4.38

O
ctober

1-15
-10.26

-7.92
-2.34

O
ct.

16-3
1

-10.26
-5.56

-4.70

N
ovem

ber
-7.24

-3.53
-3.71

D
ecem

ber
-5.50

-0.20
-5.30

A
nnual

A
verage

-3.72

N
om

inal
plant

output:
569

M
W

gross
(each

unit)
A

nnual-average
capacity

loss:
3.72

A
nnual

revenue
loss:

$897,000
(75%

capacity,
$36.71/M

W
h)
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L

ow
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D
es

Plaines
R

iver
S&

L
Project N

o.
10683-130

G
enerating

U
nits

a
r
-
g

e
r
t
.

D
ate:

February
1,2011

C
ooling

T
ow

er
C

ost
Study

F.
C

A
P

IT
A

L
C

O
S

T
S

A
S

S
O

C
IA

T
E

D
W

IT
H

O
P

E
N

-C
Y

C
L

E
C

A
P

A
B

IL
IT

Y

C
onversion

of
C

raw
ford

7/8,
Fisk,

Joliet
6, Joliet

7/8
and

W
ill

C
ounty

3/4
to

closed-cycle
cooling

requires
isolation

ofthe
existing

cooling
w

ater
intake

and
discharge

canals
from

the
river.

For
cost

estim
ating

purposes,
S&

L
assum

ed
this

isolation
w

ould
be

accom
plished

by
installing

a
com

bination
of

fixed
barrier

w
alls

w
ith

m
oveable

gates
at

the
points

ofisolation
from

the
river.

A
lthough

there
are

m
any

other
system

s
and

structures
required

to
convert

these
stations

to
closed-cycle

cooling,
conversion

does
notrequire

any
changes

to
existing

plant
equipm

ent
w

hich
w

ould
prevent

the
plant

from
operating

in
open-cycle

m
ode

ifaccess
to

the
river

w
ere

m
aintained.

T
hus,

the
oniy

additional
equipm

ent
included

in
the

capital
cost

estim
ates

to
allow

the
stations

to
m

aintain
their

current
open-cycle

capability
is

the
inclusion

of
m

oveable
gates

as
part

of
the

fixed
barrier

w
alls.

T
able

5-21
provides

a
com

parison
of the

capital
costs

ofconversion
from

open-cycle
to

closed-
cycle

cooling
w

ith
and

w
ithout

m
oveable

gates.
F

or
the

estim
ates

w
ithout

gates,
S&

L
substituted

continuous
fixed

barrier
w

alls
for

w
alls

w
ith

m
oveable

gates.

T
able

5-21
C

apital
C

osts
W

ith
and

W
ithout

M
oveable

G
ates

(2007
$)

C
raw

ford
F

isk
Joliet

6
Joliet

7/8
W

ill
C

ounty

O
pen-C

ycle
$

144,652,125
$119,952,645

$109,045,489
$296,100,668

$225,485,626
C

apability
C

osts

C
losed-C

ycle
$141,995,107

$118,832,840
$107,185,075

$292,252,428
$224,095,727

C
osts

D
ifference

$2,657,018
$1,119,805

$1,860,414
$3,846,240

$1,389,899

P
ercentage

1.9
0.9

1.7
1.3

0.6
D

ifference
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M
idw

est
G

eneration
E

M
E

,
L

L
C

4’
SL

R
eportN

o.
SL

-009359
C

A
W

S
and

L
ow

er
D

es
Plaines

R
iver

S&
L

Project N
o.

10683-130
S

r
g
r
i
t

L
.L

i
,d

v
D

ate:
February

1, 2011
G

enerating
U

nits
C

ooling
T

ow
er

C
ost

Study
P

6.
T

Y
P

IC
A

L
C

O
O

L
IN

G
T

O
W

E
R

P
R

O
JE

C
T

S
C

H
E

D
U

L
E

A
typical

schedule
for

the
design,

procurem
ent,

fabrication
and

erection
of

a
cooling

tow
er

and
other

closed-cycle
conversion

activities
for

a
single

station
is

show
n

in
Figure

6-1.
If

all
of

the
tow

ers
at

each
of

the
M

W
G

en
stations

had
to

be
installed

to
m

eet
a

single
com

pliance
deadline

and
therefore,

schedules
for

the
w

ork
to

install
the

cooling
tow

ers
w

ould
need

to
overlap,

the
overall

schedule
duration

w
ould

be
considerably

longer
than

that
show

n
for

a
single

station.

A
s

show
n

on
Figure

6-1,
S&

L
estim

ates
that

a
typical

single-station
installation

w
ill

require
about

29
m

onths
to

com
plete,

not
including

the
tim

e
needed

both
to

conduct necessary
design

studies
and

to
com

plete
critical

design
criteria.

T
he

29-m
onth

duration
is

applicable
to

Fisk,
C

raw
ford

and
Joliet

6;
the

overall
durations

for
closed-cycle

conversion
atW

ill
C

ounty
3/4

and
Joliet

7/8
are

estim
ated

to
be

31
m

onths
and

33
m

onths,
respectively.

T
he

overall
duration

for
a

m
ultiple

station
cooling

tow
er

installation
w

ill
require

over
tw

ice
as

m
uch

tim
e

as
a

single-station
installation.

From
a

design
standpoint,

m
uch

ofthe
required

effort
w

illbe
largely

repetitive.
For

exam
ple,

once
a

cooling
tow

er
specification

is
prepared

for
one

station,
itw

ill
take

considerably
less

tim
e

to
prepare

a
com

parable
specification

for
another

station.
H

ow
ever,

it
is

likely
that

M
W

G
en’s

ability
to

pursue
m

ultiple
cooling

tow
er

projects
in

parallel
w

illbe
lim

ited
by

the
tim

e
required

to
fabricate

and
deliver

the
cooling

tow
er

m
aterial

and
equipm

entand/or
by

the
tim

e
required

to
construct

the
tow

er
and

other
structures.

A
tpresent,there

are
few

utility-size
cooling

tow
er

projects
underw

ay
nationally

and
the

construction
labor

m
arket

is
favorable.

W
ith

such
conditions,

and
assum

ing
the

necessary
funds

are
available,

one
m

ight
be

able
to

execute
projects

atFisk
and

C
raw

ford
stations

in
parallel,

and
to

startprojects
at

the
next

stations
in

sequence
w

ith
a

12-
to

15-m
onth

lag.
A

ssum
ing

such
“best

case”
scenario

circum
stances,

after
the

tim
e

required
to

com
plete

the
final

design
criteria,

the
overall

tim
e

required
to

im
plem

ent
closed-cycle

cooling
at the

five
M

W
G

en
stations

is
estim

ated
to

be
a

m
inim

um
of

60
m

onths.
H

ow
ever,

as
the

econom
y

im
proves,

lead
tim

es
w

ill
lengthen

and
construction

labor
w

ill
becom

e
less

available.
T

herefore
itis

not possible
to

predict
accurately

the
overall

tim
e

required
to

design,
fabricate

and
install

cooling
tow

ers
atfive

pow
er

stations.
A

gain,
assum

ing
that

funding
can

be
obtained

w
hen

needed,
for

planning
purposes,

S&
L

recom
m

ends
that

at
least

72
m

onths
should

be
allow

ed
for

thatprocess.

T
here

are
several

perm
its

required
to

install
cooling

tow
ers

at
the

M
W

G
en

stations.
S&

L
believes

the
tim

e
fram

es
w

e
have

indicated
in

Figure
6-1

for
acquisition

of
those

perm
its

for
a

single
tow

er
installation

is
reasonable,

but
any

delay
in

preparation,
agency

review
or

agency
issue

of those
perm

its
w

illresult
in

a
com

m
ensurate

delay
in

the
overall

project
schedule.

Ifall
ofthe

tow
ers

ateach
of

the
M

W
G

en
stations

had
to

be
installed

to
m

eet
a

single
com

pliance
deadline

and
therefore,

m
ultiple

perm
it

applications
w

ere
subm

itted
to

the
A

gency
sim

ultaneously
or

close
in

tim
e,

itis
expected

that
the

tim
e

fram
es

indicated
in

Figure
6-1

for
agency

review
and

issuance
of perm

its
for

a
single

cooling
tow

er
installation

w
ould

increase
significantly

due
to

the
additionalperm

it
applications

review
burden

this
w

ould
place

on
the

A
gency.

T
he

extent
oftransm

ission
line

relocation
w

as
not

exam
ined

in
any

detail
during

this
study.

T
he

tim
e

required
to

obtain
perm

ission
for

line
relocation

and
to

actually
relocate

the
lines

has
not been

considered
in

the
schedule

discussion
above.

6-1
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/“Prepar. lestallatiOfl Spec

/‘Contraxtor Bid Period

7’7Evataate & Awad

LE-Controtor Mobilize

Activity
ID

Activity
Description

30

Days

(Th fl

40

to
20

=1

100 [Engineering Authorizotor’

110

ri_i 1 23

Site Visit / Gatbo Station Data

160

170

10

180

ISO

Prepare Cooling Tower Specification
- —-

Vendor Bid Period

Engineering Aathe,ization

tS7Sito Visit I Gather Station Data

Evaluate S Award

Fabricate and Deliver Cooling Tower

240

250

20

15

20

125

260

yEVPreparo Cboting Tower pocification

LVVVendbr Bid Period

L2a/EvaIaate S Award

A
Prepare Electrical Auxiliary Mod toot on Spec

Vendor Bid Period

to(i ta uI raj_ry_Lr_r r. ta .w p1 ax aa a - a. a,
- a. a. ta i m pa

fi(7Air Permitting
u...aa,e..e.!NPDES Permitting

and Deliver t’nnhine Tweer -

Evaluate S Award

20

15

280

300

310

290

L7Prepare Electrical Auxiliary Modification Spec -

/VVendor id Period

L\36l Evaluate & Award

/,:_

Prepare Cooling Tower Foundation

Piprrg Design

Electrical Dexign

Prepare Cicil I Intake I Disi

cate and Deliver Electrical Aax Pewer Equip

312 repare Installation Spec
313 Contractor Bid Period

314 Evaluate & Award

315 Contractor Mobilize

tirtt TdJr

320 Prepare Installation Spec

330 Contractor Bid Period

340 I

Structural
- 365 and Discharge Structures Modiricetiovu —

375 jtnstan Dicorlor Gaten

385 Install Dicision Walls

367 Install Cooling Tower Supply Pumps @ Diactrargo S

—

410 Connect lvtakelDischarge Picinos (Juliet 768)
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Vprepare Coot/ng Tower Foandation

/VPiping Design
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/3 VPropare Civil t tntakn I Discharge Design

-- Prepare tnstalta ion Spec
fir__VContr ctor Bid Period

/5 Enatuate & Award
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300 40
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___________________
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Activity Activity
tD Description

400 Install Cooling Tower Structure Pumps
Days .g •1

C5cWGVC000 - Erect Cooing Tower 65
405 - - lostat Chennoal Bldg

____________

3
C5CWGVCO16 Erect Coolrng Tower-FramIng 75
C5CWGVCOI7 Erect Coolrng Tcwar-Inntall Partition Wells 75
C5CWGVCO1O - rent Cooling Tower -lrrstall Wind Wells — 7
CSCWGVCOrS reot Cooling Tower -Inst Immediate Fill Sopyort 7
C5CWGVCO2O root C500ng Tower -Inst. Header end Let. Spptn 7

C5CWGVCS22 rent Cooling Tower -Set Distribution Systems 7
CSCWGVCO23 rent Cooing Tower -Receive arrd Stook Fil 7
C5CWGVCO24 rent Cooling Tower -tnstall Fill 7
C5CWGVCO25 red Coaling Tower -Lay Top Decking 7

CSCWGVCO26 rant Cooling Tower -Fiberglass Risen Fipes
C5CWGVCO27 rent Cooling Tower -Install Lateral ftpos —- — 7l
C5CWGVCO3O Erect Cooling Tower -Stand Stacks
C5CWGVCO3I Erect CoolIng lower -Install Drift Eliminators -

C5CWGVCO32 Erect Cooling Tower -Inst. Water Divert. & Seals
C5CWGVCS33 Erect Cooling Tower -Hang Siding
CSCWGVCO34 Erect Cooling Tower -Stand Stairway

C5CWGVCS35 Erect Cooling Tower -Hard Escape Ladder

____________

iC5CWGVCO3O Erect Coohng Tower-Install Lightning Protection 75 —

C5CWGVCO2S Erect Cooling Tower -Set Mech Fan Molers & Dms
C5CWGVCO29 Erect Cooling Twr-lrsti Hubs,Fan BladesSet Ptch —

C5CWPEWGOO mdvi CoriduioCable Tray Cooling Tower —

PletnalFtm Pro(.ctton . - - - - r . I
install Piping

Install Fire Pivioclion-Cocling Tower

Electrical Installation

Erect Cooling Tower Transtormers

Erect Cooling Tawar Eteotrioal BtdgsiPDCn

400 Install Conduct-PInt Pwr to Cooling Twr MCCo 30

400 ‘Pull Wimo & Cable - PInt Pwr to Coolmng Two MCC5 40’
470 Term Wire & Cable - Pint Pwn to Cooling Twr MCC5 10

. 475 IvOrall CondtlCbl Try - Cooing tour MCC5 to Fans .j20
I 480 Pull Wire & Cable - Cooling Tour MCCs to Fans J9

490 Irolall Cooling Tower Area Lighting L

total CondtlCbl Tray - Pen to DCS Cabinets
‘ull Wire & Cable-OCS Cabs to Mn GIrt Ram DCS

C5CWPEW020 Term Wire & Cable-DCS Cabs to Mn GIrl Rm DCS
545 nsIoll CondtlCbl Tray-DCS Cabinets to Fan MCCs

‘ull Wire & Cable - OCS Cabinets lv Fan MCC5
eon Wire & Cable - DCS Cebinsts to Fan MCC5

ned Cooling Tower Software - DCS

System Startup
Cooling Tower In-service

rn lEn. . rs as am aa aa Ca as I or ]ee as I to a, I Ca a, I
— /7tnstall Coating Tower Stractara Pan,ps

Erect Coaling Tower
,nc7zCvscfnstatl Chemical Bldg

‘Erect Ceding Tower-Framing
7l7-ntarera7Erect Ceeling Tower-tnstall Partition Walls

‘7Erect Cooling Tower -tnstall Wind Watts
L. /Erect Cooling Tower -Inst Immediate Fill Soppert

VErect Coating Tower -Inst. Header and Let. Sppts
L-ra-.m.s/Erect Coating Tower -Set Dintnibotion Systems

Coating Tower -Receive and Stock Fill
/TT09mSJErect Coaling Tower -Install Fill

Cnvling Tower -Lay Tap Decking
Lgacee———----------47ErectCooling Tower -Fiberglass Riser Pipes

__________________“Erect

CooliSa Tower -tnntell Lateral Pipes
Cooling Tower -Stand Stacks

L3— ‘Erect Cooling Tower -Install Drift Eliminators
JErect Cocting Tower -last Water Divert. & Seats

/M7Eraot Cooling Tower -Haag Siding
IS .n.mn.anIr.c.cW7Eraot Cooling Tower -Stasd Stairway

“-cm-.r.sax i.ervQik/Erect Caoling Tower -Hand Escape Ladder
A’OTi2W2fl050SSftJEreot Cooling Tower-Install Lightning Pratectien

- ‘Erect Cooling Tower -Set Mach Fan Motern & DOns

Coaling Twr-lnstl HobsFan BladesSet Ptoh
— Install Car,daitiCabie Trap Coating Tower

‘/Install Piping

IInstall Fire Pratection .Caaling Tnwer

iTLftJEteotnical Installation
/WrwOv’Erect Cooling rawer Transformers

7, -ol.n’_’ll7Erect Coaling Tower Electrical BldgslPDCn

/T-—Install Condait - PInt Pwr to Coating Twr MCC5
,am_.ra..mir/pall Wire & Cable - Pint Pan to Cooling Twr MCCs

fA/Tertn Wire & Cable - PInt Pwr to Caotisg Twr MCCs
/‘lf’lnstall CandtiCbl Try - Ceeling Twr MCC5 to Fans

/°°VPoll Wire & Cable - Coaling Twn MCC5 to Pen,
1cwoarsarraem7tnstall Cooling Tower Area Lighting
/7Tenn Wire & Cable - Ceding Twr MCCs to Fan.

W .er Vtnntrament S Control Installation
/ECO70TtoSnstall Instroments

/‘S05Srltnstali
- DCS Cabinets

/iVitnntall CandtlCbl Tray - Pwr to lOGS Cabinets
/YPall Wire & Cable-DCS Cabs to Mn Ctrl Rm OCS

LJTerm Wire & Cablo-OCS Cabs to Mn GIrl Rn, DCS
W/lnstall CondiJCbt Trvy-DCS Cabinets Ia Fan MCCn

1! Pull Wire & Cable - DCS Cabinets In Fan MCC5
/GCSi, Torn, Wire & Cable - DCS Cabiset to Fan MCCs

R5m7Load Cnaling Tower Software - DCS

$Checkcut - COOLING TOWER

Verify DCS Control Loops
L- .. J.JSyntem Startop

Caaling Tower In-service

(Th

20
1213L.

300

C5FPGVFO1O

Elact,lcat
420

405

450

495 eon Wire & Cable - Cooling Twr MCCc to Fans

495
C5CWPNDOIS

500

rstrumeol & Control Installation

505

510

lnlall lcstruments

stall - OCS Cabinets
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550

555

505

0514-820
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430

440
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EXHIBIT A

Cooling Tower Equipment Arrangements
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EXHIBIT B

Closed-Cycle Cooling Tower Flow Diagrams
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Cooling Tower Cost Study

EXBIBIT C

Cooling Tower Sizing and Specification Data
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Cooling Tower Design Data - Fisk Unit 19
Cooling Tower Design Data

Case Units WetlDry
Total Number of Tower Sections 2
Water Flow to be Cooled gpm 210,000 total

Ambient Wet Bulb Temperature °F 78

Ambient Dry Bulb Temperature “F 94

Cooling Tower Approach “F 7

Cooling Tower Range “F 12.72

Cooling Tower Drift % 0.0005
Cycles of Concentration 5

South Branch of Chicago
Makeup Source River

Makeup Total Suspended Solids* mg/i 17.1

Makeup Total Dissolved Solids* mg/i 736

Makeup BOD* mg/i 6
Cooling Tower Cell Arrangement Single Row

Cooling Tower Design Data - Crawford Units 7&8
Cooling Tower Design Data

Case Units WetlDry
Total Number of Tower Sections 2
Water Flow to be Cooled gpm 382,400 total

Ambient Wet Bulb Temperature “F 78

Ambient Dry Bulb Temperature “F 94

Cooling Tower Approach “F 7

Cooling Tower Range “F 12.61

Cooling Tower Drift % 0.0005
Cycles of Concentration 5

Chicago Sanitary and Ship
Makeup Source Canal

Makeup Total Suspended Solids* mg/i 17.1

Makeup Total Dissolved Solids* mg/i 736

Makeup BOD* mg/i 6
Cooling Tower Cell Arrangement Single Row

\snll c\datal\midwestgen\1 0683-1 30\6.06\SL-009359 Final 110201 .doc
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Cooling Tower Design Data - Will County Units 3&4
Cooling Tower Design Data

Case Units Wet/Dry
Total Number of Tower Sections 3
Water Flow to be Cooled gpm 600,000 total
Ambient Wet Bulb Temperature 78
Ambient Dry Bulb Temperature 94
Cooling Tower Approach 7
CoolingTowerRange 11.12
Cooling Tower Drift % 0.0005
Cycles of Concentration 5

Chicago Sanitary and Ship
Makeup Source Canal
Makeup Total Suspended Solids* mg/i 18.7
Makeup Total Dissolved Solids* mg/i 844
Makeup BOD* mg/i 6.4
Cooling Tower Cell Arrangement Single Row

Cooling Tower Design Data - Joliet Unit 6
Cooling Tower Design Data

Case Units Wet/Dry
Total Number of Tower Sections 2
Water Flow to be Cooled gpm 261,000 total

Ambient Wet Bulb Temperature 78

Ambient Dry Bulb Temperature 94

Cooling Tower Approach 7

Cooling Tower Range 10.69

Cooling Tower Drift % 0.0005
Cycles of Concentration 5
Makeup Source Lower Des Plaines River

Makeup Total Suspended Solids* mg/i 21.7

Makeup Total Dissolved Solids* mg/i 587

Makeup BOD* mg/i 3
Cooling Tower Cell Arrangement Single Row
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Cooling Tower Design Data - Joliet Units 7&8
Cooling Tower Design Data

Case Units Wet/Dry
Total Number of Tower Sections 3
Water Flow to be Cooled gpm 920,000 total

Ambient Wet Bulb Temperature 78

Ambient Dry Bulb Temperature 94

Cooling Tower Approach 7

Cooling Tower Range 12.44

Cooling Tower Drift % 0.0005
Cycles of Concentration 5
Makeup Source Lower Des Plaines River

Makeup Total Suspended Solids* mg/i 21.7

Makeup Total Dissolved Solids* mg/i 587

Makeup BOD* mg/i 3
Cooling Tower Cell Arrangement Single Row

* Total Suspended Solids, Total Dissolved Solids and BOD data are 90th percentile values for
locations adjacent to each station. Water quality information was obtained from the Metropolitan
Water Reclamation District. Refer to Exhibit F.
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EXHIBIT D

Design Basis for Cooling Tower Selection
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The following are unit specific design criteria that were used for developing the cooling tower options for each
station. All O&M and lost capacity costs were developed using an annual-average plant capacity factor of 75
percent.

A. Design Features for Fisk Station:

1) The cooling system design and cost estimate are for cooling towers for Fisk Unit 19. Tower design
data is shown in Exhibit C.

2) The heat rejection at the current unit gross rating of 348 MW was calculated to be 1,335 mmBtu/hr
based on condenser heat balance calculations using the original heat balance diagrams.

3) The CW flow rate through the condenser was assumed to be 210,000 gpm, the original design value.
This results in a calculated condenser temperature rise of 12.72°F. However, plant personnel
indicate that the temperature rise can be as high as 20°F. It is not known if this is due to deteriorated
CW pump performance or operation with a CW pump offline. The calculated rise and original flow
rate were used in the tower design and cost estimate, resulting in a larger tower and higher cost
estimate.

4) At the summer design wet bulb temperature, an 85°F condenser inlet temperature would occur under
closed-cycle operation. This is calculated to result in a turbine backpressure of 2.29 in HgA at a 70%
cleanliness factor.

5) Based on station data and Nietropolitan Water Reclamation District data provided by Midwest
Generation, the cooling tower was designed for river water makeup with a total suspended solids
level of 17.1 ppm, a total dissolved solids level of 736 ppm, and a BOD of 6 ppm. Based on the
relatively low total suspended solids levels in the make-up, Marley designed the cooling towers to
use anti-clog film fill.

6) The cooling system design includes two cooling towers of 8 cells each. Each cell is 48 ft x 48 ft and
has a 250 hp fan that is 30 ft in diameter.

B. Design Features for Crawford Station:

1) The cooling system design and cost estimate are for cooling towers shared by Crawford Units 7&8.
Tower design data is shown in Exhibit C.

2) The heat rejection for the cooling towers at the current unit gross rating was calculated based on
condenser heat balance calculations using the original heat balance diagrams. For Unit 7 the heat
rejection was calculated to be 992 mmBtu/hr at 237 MW. For Unit 8 the heat rejection was
calculated to be 1,417 mmBtulhr at 348 MW.

3) The combined CW flow rate through the Units 7 and 8 condensers was assumed to be 382,400 gpm,
the original design value. This results in a calculated combined Unit 7 and 8 CW temperature rise of
12.61°F. However, plant personnel indicate that the temperature rise can be as high as 16°F for Unit
7 and 15°F for Unit 8. It is not known if this is due to deteriorated CW pump performance or
operation with a CW pump offline. The calculated rise and original flow rate were used in the tower
design and cost estimate, resulting in a larger tower and higher cost estimate.
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Midwest Generation EME, LLC SL Report No. SL-009359
CAWS and Lower Des Plaines River S&L Project No. 10683-130

. . 9rgrt Lu,dy”Generating Units Date February 1, 2011
Cooling Tower Cost Study

4) At the summer design wet bulb temperature, an 85°F condenser inlet temperature would occur under
closed-cycle operation. This is calculated to result in turbine backpressure of 2.94 and 2.41 in HgA
the Units 7 and 8, respectively, at a 70% cleanliness factor.

5) Based on station data and Metropolitan Water Reclamation District data provided by Midwest
Generation, the cooling tower was designed for river water makeup with a total suspended solids
level of 17.1 ppm, a total dissolved solids level of 736 ppm, and a BOD of 6 ppm. Based on this
data, Marley designed the cooling towers to use anti-clog film fill.

6) The cooling system design includes two cooling tower sections with a total of 30 cells. Each cell is
48 ft x 48 ft and has a 250 hp fan that is 28 ft in diameter.

C. Design Features for Will County Station:

1) The cooling system design and cost estimate are for cooling towers shared by Will County Units 3
and 4. Tower design data is shown in Exhibit C.

2) The heat rejection for the cooling towers at the current unit gross rating was calculated based on
condenser heat balance calculations using the original heat balance diagrams. For Unit 3 the heat
rejection was calculated to be 1,099 mmBtulhr at 281 MW. For Unit 4 the heat rejection was
calculated to be 2,235 rnrnBtu/hr at 551 MW.

3) The combined CW flow rate through the Units 3 and 4 condensers was assumed to be 600,000 gpm,
the original design value. This results in a calculated combined Unit 3 and 4 CW temperature rise of
11.12°F.

4) At the summer design wet bulb temperature, an 85°F condenser inlet temperature would occur under
closed-cycle operation. This is calculated to result in turbine backpressures of 2.34 for Unit 3, and
2.17 HgA for Unit 4, at a 70% cleanliness factor.

5) Based on station data and Metropolitan Water Reclamation District data provided by Midwest
Generation, the cooling tower was designed for river water makeup with a total suspended solids
level of 18.7 ppm, a total dissolved solids level of 844 ppm, and a BOD of 6.4 ppm. Based on this
data, Marley designed the cooling towers to use anti-clog film fill.

6) The cooling system design includes three cooling tower sections with a total of 40 cells. Each cell is
48 ft long x 48 ft wide and has a 250 hp fan that is 28 ft in diameter.

D. Design features for Joliet Unit 6:

1) The cooling system design for the Joliet 6 cooling towers are shown in Exhibit C.

2) The heat rejection at the current unit gross rating of 341 MW was calculated to be 1,395 mmBtu!hr
based on condenser heat balance calculations using the original heat balance diagrams.

3) The CW flow rate through the Unit 6 condenser was assumed to be 261,000 gpm, the original design
value. This results in a calculated CW temperature rise of 10.69°F.

4) At the summer design wet bulb temperature, an 85°F condenser inlet temperature would occur under
closed-cycle operation. This results in a turbine backpressure of 2.30 in HgA at a 70% cleanliness
factor.
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5) Based on station data and Metropolitan Water Reclamation District data provided by Midwest
Generation, the cooling tower was designed for river water makeup with a total suspended solids
level of2l.7 ppm, a total dissolved solids level of 587 ppm, and a BUD of 3 ppm. Based on this
data, Marley designed the cooling towers to use anti-clog film fill.

6) The cooling system design includes two cooling towers with a total of 18 cells. Each cell is 48 ft
long x 48 ft wide and has a 240 hp fan that is 30 ft in diameter.

E. Design Features for Joliet Unit 7&8:

1) The cooling system design and cost estimate are for cooling towers shared by Joliet Units 7&8.
This is shown in Exhibit C.

2) The heat rejection at the current unit gross rating of 569 MW was calculated to be 2,861 mmBtu/hr
based on condenser heat balance calculations using the original heat balance diagrams.

3) The CW flow rate through the Units 7&8 condensers was assumed to be 920,000 gpm, the original
design value. This results in a calculated CW temperature rise of 12.44°F.

4) At the summer design wet bulb temperature, an 85°F condenser inlet temperature would occur under
closed-cycle operation. This results in a calculated turbine backpressure of 2.32 in HgA for Unit 7
or8.

5) Based on station data and Metropolitan Water Reclamation District data provided by Midwest
Generation, the cooling tower was designed for river water makeup with a total suspended solids
level of 21.7 ppm, a total dissolved solids level of 587 ppm, and a BUD of 3 ppm. Based on this
data, Marley designed the cooling towers to use anti-clog film fill.

6) The cooling system design includes three cooling tower sections with a total of 64 cells. Each cell is
48 ft long x 48 ft wide and has a 250 hp fan that is 30 ft in diameter.

7) The existing Psychometric System Inc (PSI) helper cooling tower was assumed to be abandoned in
place. The high drift rate of this tower would make permitting more difficult, and the tower would
be difficult to incorporate into a closed-cycle operating scenario.
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EXHIBIT E

Particulate Emissions Calculations
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EXHIBIT F

Metropolitan Water Reclamation District Water Quality Data
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

WATER QUALITY DATA FOR SELECTED PARAMETERS AND LOCATIONS
AT THE CHICAGO RIVER SYSTEM IN 2004

Location Location Date BOD5 TSS TDS
Code (mg/L)1 (mg/L)2 (mg/L)3

Fisk/Crawford Input:
40 Damen Avenue, Chicago Sanitary & Ship Canal 01/20/04 3.000 11.0 658
40 Damen Avenue, Chicago Sanitary & Ship Canal 02/17/04 3.000 24.0 756
40 Damen Avenue, Chicago Sanitary & Ship Canal 03/15/04 6.000 14.0 644
40 Damen Avenue, Chicago Sanitary & Ship Canal 04/19/04 7.000 13.0 620
40 Damen Avenue, Chicago Sanitary & Ship Canal 05/17/04 3.000 11.0 414
40 Damen Avenue, Chicago Sanitary & Ship Canal 06/21/04 0.000 18.0 340
40 Damen Avenue, Chicago Sanitary & Ship Canal 07/19/04 3.000 11.0 296
40 Damen Avenue, Chicago Sanitary & Ship Canal 08/16/04 0.000 9.0 262
40 Damen Avenue, Chicago Sanitary & Ship Canal 09/20/04 0.000 11.0 342
40 Damen Avenue, Chicago Sanitary & Ship Canal 10/18/04 0.000 23.0 344
40 Damen Avenue, Chicago Sanitary & Ship Canal 11/15/04 0.000 15.0 424
40 Damen Avenue, Chicago Sanitary & Ship Canal 12/20/04 4.000 15.0 566
41 Harlem Avenue, Chicago Sanitary & Ship Canal 01/20/04 5.000 6.0 776
41 Harlem Avenue, Chicago Sanitary & Ship Canal 02/17/04 6.000 9.0 750
41 Harlem Avenue, Chicago Sanitary & Ship Canal 03/15/04 4.000 8.0 704
41 Harlem Avenue, Chicago Sanitary & Ship Canal 04/19/04 9.000 12.0 662
41 Harlem Avenue, Chicago Sanitary & Ship Canal 05/17/04 3.000 5.0 512
41 Harlem Avenue, Chicago Sanitary & Ship Canal 06/21/04 0.000 12.0 442
41 Harlem Avenue, Chicago Sanitary & Ship Canal 07/19/04 3.000 7.0 404
41 Harlem Avenue, Chicago Sanitary & Ship Canal 08/16/04 5.000 12.0 360
41 Harlem Avenue, Chicago Sanitary & Ship Canal 09/20/04 0.000 8.0 420
41 Harlem Avenue, Chicago Sanitary & Ship Canal 10/18/04 0.000 13.0 418
41 Harlem Avenue, Chicago Sanitary & Ship Canal 11/15/04 0.000 10.0 434
41 Harlem Avenue, Chicago Sanitary & Ship Canal 12/20/04 3.000 0.0 610

Average Fisk/Crawford Values 2.792 11.5 507
Max Fisk/Crawford Values 9.000 24.0 776
Mm Fisk/Crawford Values 0.000 0.0 262
90% value 6.000 17.1 736
95% value 6.850 22.3 755

Will County Input:
42 Route 83, Chicago Sanitary & Ship Canal 01/20/04 4.000 7.0 1124
42 Route 83, Chicago Sanitary & Ship Canal 02/17/04 3.000 7.0 866
42 Route 83, Chicago Sanitary & Ship Canal 03/15/04 3.000 6.0 520
42 Route 83, Chicago Sanitary & Ship Canal 04/19/04 8.000 9.0 728
42 Route 83, Chicago Sanitary & Ship Canal 05/17/04 7.000 5.0 504
42 Route 83, Chicago Sanitary & Ship Canal 06/21/04 0.000 10.0 498
42 Route 83, Chicago Sanitary & Ship Canal 07/19/04 5.000 9.0 476
42 Route 83, Chicago Sanitary & Ship Canal 08/16/04 0.000 10.0 364
42 Route 83, Chicago Sanitary & Ship Canal 09/20/04 4.000 10.0 460
42 Route 83, Chicago Sanitary & Ship Canal 10/18/04 0.000 21.0 430
42 Route 83, Chicago Sanitary & Ship Canal 11/15/04 0.000 14.0 466
42 Route 83, Chicago Sanitary & Ship Canal 12/20/04 0.000 0.0 622



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

WATER QUALITY DATA FOR SELECTED PARAMETERS AND LOCATIONS
AT THE CHICAGO RIVER SYSTEM IN 2004

Location Location Date BOD5 TSS TDS
Code (mg/L)1 (mg/L)2 (mg/L)3

48 Stephen Street, Chicago Sanitary & Ship Canal 01/20/04 3.000 10.0 794
48 Stephen Street, Chicago Sanitary & Ship Canal 02/17/04 3.000 9.0 1094
48 Stephen Street, Chicago Sanitary & Ship Canal 03/15/04 3.000 16.0 754
48 Stephen Street, Chicago Sanitary & Ship Canal 04/19/04 10.000 12.0 758
48 Stephen Street, Chicago Sanitary & Ship Canal 05/17/04 0.000 15.0 508
48 Stephen Street, Chicago Sanitary & Ship Canal 06/21/04 0.000 14.0 516
48 Stephen Street, Chicago Sanitary & Ship Canal 07/19/04 0.000 10.0 492
48 Stephen Street, Chicago Sanitary & Ship Canal 08/16/04 0.000 18.0 386
48 Stephen Street, Chicago Sanitary & Ship Canal 09/20/04 0.000 10.0 384
48 Stephen Street, Chicago Sanitary & Ship Canal 10/18/04 0.000 19.0 450
48 Stephen Street, Chicago Sanitary & Ship Canal 11/15/04 0.000 41.0 530
48 Stephen Street, Chicago Sanitary & Ship Canal 12/20/04 3.000 15.0 428

Average Will County Values 2.333 12.4 590
Max Will County Values 10.000 41.0 1124
Mm Will County Values 0.000 0.0 364
90% value 6.400 18.7 844
95% value 7.850 20.7 1060

Joliet Input:
92 Lockport Forebay, Chicago Sanitary & Ship Canal 01/05/04 0.000 11.0 590
92 Lockport Forebay, Chicago Sanitary & Ship Canal 01/12/04 3.000 10.0 1320
92 Lockport Forebay, Chicago Sanitary & Ship Canal 01/20/04 0.000 11.0 840
92 Lockport Forebay, Chicago Sanitary & Ship Canal 0 1/26/04 6.000 7.0 684
92 Lockport Forebay, Chicago Sanitary & Ship Canal 02/02/04 0.000 7.0 1150
92 Lockport Forebay, Chicago Sanitary & Ship Canal 02/09/04 3.000 9.0 1458
92 Lockport Forebay, Chicago Sanitary & Ship Canal 02/17/04 4.000 10.0 1060
92 Lockport Forebay, Chicago Sanitary & Ship Canal 02/23/04 3.000 13.0 908
92 Lockport Forebay, Chicago Sanitary & Ship Canal 03/01/04 3.000 13.0 964
92 Lockport Forebay, Chicago Sanitary & Ship Canal 03/08/04 4.000 26.0 752
92 Lockport Forebay, Chicago Sanitary & Ship Canal 03/15/04 0.000 29.0 750
92 Lockport Forebay, Chicago Sanitary & Ship Canal 03/22/04 0.000 7.0 802
92 Lockport Forebay, Chicago Sanitary & Ship Canal 03/29/04 5.000 12.0 706
92 Lockport Forebay, Chicago Sanitary & Ship Canal 04/05/04 0.000 8.0 690
92 Lockport Forebay, Chicago Sanitary & Ship Canal 04/12/04 3.000 8.0 736
92 Lockport Forebay, Chicago Sanitary & Ship Canal 04/19/04 5.000 13.0 740
92 Lockport Forebay, Chicago Sanitary & Ship Canal 04/26/04 0.000 16.0 666
92 Lockport Forebay, Chicago Sanitary & Ship Canal 05/03/04 6.000 14.0 532
92 Lockport Forebay, Chicago Sanitary & Ship Canal 05/10/04 0.000 18.0 501
92 Lockport Forebay, Chicago Sanitary & Ship Canal 05/17/04 4.000 11.0 452
92 Lockport Forebay, Chicago Sanitary & Ship Canal 05/24/04 3.000 23.0 560
92 Lockport Forebay, Chicago Sanitary & Ship Canal 06/01/04 ND 24.0 419
92 Lockport Forebay, Chicago Sanitary & Ship Canal 06/07/04 0.000 30.0 654
92 Lockport Forebay, Chicago Sanitary & Ship Canal 06/14/04 4.000 30.0 377
92 Lockport Forebay, Chicago Sanitary & Ship Canal 06/21/04 0.000 13.0 518



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

WATER QUALITY DATA FOR SELECTED PARAMETERS AND LOCATIONS
AT THE CHICAGO RIVER SYSTEM IN 2004

Location Location Date BOD5 TSS TDS
Code (mgIL)’ (mg/L)2 (mg/L)3

92 Lockport Forebay, Chicago Sanitary & Ship Canal
92 Lockport Forebay, Chicago Sanitary & Ship Canal
92 Lockport Forebay, Chicago Sanitary & Ship Canal
92 Lockport Forebay, Chicago Sanitary & Ship Canal
92 Lockport Forebay, Chicago Sanitary & Ship Canal
92 Lockport Forebay, Chicago Sanitary & Ship Canal
92 Lockport Forebay, Chicago Sanitary & Ship Canal
92 Lockport Forebay, Chicago Sanitary & Ship Canal
92 Lockport Forebay, Chicago Sanitary & Ship Canal
92 Lockport Forebay, Chicago Sanitary & Ship Canal
92 Lockport Forebay, Chicago Sanitary & Ship Canal
92 Lockport Forebay, Chicago Sanitary & Ship Canal
92 Lockport Forebay, Chicago Sanitary & Ship Canal
92 Lockport Forebay, Chicago Sanitary & Ship Canal
92 Lockport Forebay, Chicago Sanitary & Ship Canal
92 Lockport Forebay, Chicago Sanitary & Ship Canal
92 Lockport Forebay, Chicago Sanitary & Ship Canal
92 Lockport Forebay, Chicago Sanitary & Ship Canal
92 Lockport Forebay, Chicago Sanitary & Ship Canal
92 Lockport Forebay, Chicago Sanitary & Ship Canal
92 Lockport Forebay, Chicago Sanitary & Ship Canal
92 Lockport Forebay, Chicago Sanitary & Ship Canal
92 Lockport Forebay, Chicago Sanitary & Ship Canal
92 Lockport Forebay, Chicago Sanitary & Ship Canal
92 Lockport Forebay, Chicago Sanitary & Ship Canal
92 Lockport Forebay, Chicago Sanitary & Ship Canal
92 Lockport Forebay, Chicago Sanitary & Ship Canal

Average Joliet Values

‘Biochemical Oxygen Demand

2Total Suspended Solids

3Total Dissolved Solids
ND = No Data

06/28/04 0.000 5.0
07/06/04 ND ND
07/12/04 0.000 13.0
07/19/04 0.000 5.0
07/26/04 3.000 17.0
08/02/04 0.000 18.0
08/09/04 3.000 13.0
08/16/04 0.000 22.0
08/23/04 0.000 10.0
08/30/04 3.000 18.0
09/07/04 0.000 10.0
09/13/04 0.000 14.0
09/20/04 0.000 10.0
09/27/04 0.000 13.0
10/04/04 0.000 19.0
10/11/04 0.000 21.0
10/18/04 0.000 22.0
10/25/04 0.000 23.0
11/01/04 0.000 15.0
11/08/04 3.000 12.0
11/15/04 0.000 16.0
11/22/04 0.000 9.0
11/29/04 0.000 10.0
12/06/04 0.000 15.0
12/13/04 4.000 14.0
12/20/04 3.000 7.0
12/27/04 0.000 20.0

1.500 14.6

0.000 5.0
3.000 21.7
3.000 22.0

476
348
416
504
382
442
418
370
458
308
496
480
376
446
472
517
466
468
496
399
526
610
603
442
552
404
602
602
1458
308
587
603

Mm Joliet Values
90% value
95% value

Max Joliet Values (Max TSS Used from USGS data. Not Available 6.000 30.0
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EXHIBIT G

Cooling Tower Blowdown, Evaporation and Make-Up Water Data
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Station
Fisk 19

Crawford 7&8
Will County

3&4
Joliet6

Joliet 7&8

Station
Fisk 19

Crawford 7&8
Will County

3&4
Joliet 6

Joliet 7&8

Station

Fisk 19

Crawford 7&8
Will County

3&4
Joliet6

Joliet 7&8

Average Summer Water Usage — Closed-Cycle
Evaporation Makeup Blowdown

(arm) (cum (cwm
2608 3261 652
4776 5972 1194

6834 8546 1709
3006 3759 752
11888 14865 2972

Average Winter Water Usage — Closed-Cycle
Evaporation Makeup Blowdown

(gpm) (gpm) (gpm)
1708 2136 427
3082 3855 771

4430 5541 1108
1914 2394 479

7788 9740 1947

Average Annual Makeup (Mgallyr) — Closed-Cycle

6466

Note: The total annual fresh water makeup (Mgallyr) is bounded by the winter
and summer values. Averaging the winter and summer values is a
reasonable approximation for annual average.

1418

2582

3702
1617

\snfl c\datai\midwestgen\i 0683-1 30\6.06\SL-009359 Final 110201 .doc
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EXHIBIT H

Cooling Tower Blowdown Temperature Data
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Midwest Generation EME, LLC SL Report No. SL-009359
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Generating Units
Sar-grt Liirdy

Date: February 1, 2011
Cooling Tower Cost Study

Fisk:

Based on the SPX/Marley wet/dry cooling tower design data tabulated in Exhibit C, the
temperature of the cooling tower blowdown from the Fisk 19 cooling system under summer
design conditions would be as shown in Table H-i:

Table H-i
Fisk 19 Cooling Tower Blowdown Temperatures at BID Flowrate = 652 gpm

Towers Designed for 7 F Approach at 78 F Wet Bulb

UAA Proposed
Average

1% Blowdown ALU B
Month WB Temp (F) Temperature (F) Temp Limits (F)
January 47.5 63.9 54.3

February 50.1 65.6 53.6
March 60.9 72.5 57.2
April 65.3 76 60.8/62.1
May 72.1 80.9 69.2/71.4
June 76.2 83.8 74.2/86.7
July 79.5 86 86.7

August 78.5 85.5 86.7
September 74.6 82.5 86.7/77

October 66.3 76.5 73.2/69.6
November 60.7 72.5 66.2
December 56.3 69.5 59.9
Maximum

Temperature,
Any Month 90.3

\snfl c\datal\rnidwestgen\l 0683-130\6.06\SL-009359 Final 110201 .doc
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Cooling Tower Cost Study

Crawford:

Based on the SPX/Marley wet/dry cooling tower design data tabulated in Exhibit C, the
temperature of the cooling tower blowdown from the Crawford 7&8 cooling system under
summer design conditions would be as shown in Table H-2:

Table 11-2
Crawford 7&8 Cooling Tower Blowdown Temperatures at BID Flowrate

1194 gpm
Towers Designed for 7 F Approach at 78 F Wet Bulb

UAA Proposed
Cooling Tower Average

1% Blowdown ALU B
Month WB Temp (F) Temperature (F) Temp Limits (F’)

January 47.5 63.8 54.3
February 50.1 65.5 53.6

March 60.9 72.8 57.2
April 65.3 75.9 60.8/62.1
May 72.1 80.8 69.2/71.4
June 76.2 83.7 74.2/86.7
July 79.5 86.1 86.7

August 78.5 85.5 86.7
September 74.6 82.3 86.7177

October 66.3 76.1 73.2/69.6
November 60.7 72.8 66.2
December 56.3 69.8 59.9
Maximum

Temperature,
Any Month 90.3

\snll c\datal\midwestgen\1 0683-1 30\6.06\SL-009359 Final 110201 .doc
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Cooling Tower Cost Study

Will County:

Based on the SPXJMarley wet/dry cooling tower design data tabulated in Exhibit C, the
temperature of the cooling tower blowdown from the Will County 3&4 cooling system under
summer design conditions would be as shown in Table H-3:

Table 11-3
Will County 3&4 Cooling Tower Blowdown Temperatures at BID Flowrate = 1709

gpm
Towers Designed for 7 F Approach at 78 F Wet Bulb

Cooling Tower UAA Proposed Average
1% Blowdown ALU B

Month WB Temp (F) Temperature (F) Temp Limits (F)
January 47.5 63.5 54.3

February 50.1 64.6 53.6
March 60.9 72.6 57.2
April 65.3 75.7 60.8/62.1
May 72.1 80.6 69.2/71.4
June 76.2 83.6 74.2/86.7
July 79.5 86.1 86.7

August 78.5 85.5 86.7
September 74.6 82.5 86.7/77

October 66.3 76.4 73.2/69.6
November 60.7 72.5 66.2
December 56.3 65.5 59.9
Maximum

Temperature,
Any Month 90.3

\snfl c\dataPmidwestgen\1O683-1 30\6.06\SL-009359 Final I 10201 .doc
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Generating Units &.
Date: February 1, 2011

Cooling Tower Cost Study

Joliet 6:

Based on the SPXJMarley wet/dry cooling tower design data tabulated in Exhibit C, the
temperature of the cooling tower blowdown from the Joliet 6 cooling system under summer
design conditions would be as shown in Table H-4:

Table 11-4
Joliet 6 Cooling Tower Blowdown Temperatures at BID Flowrate = 752 gpm

Towers Designed for 7 F Approach at 78 F Wet Bulb

Cooling Tower UAA Proposed
1% Blowdown UDIP Temp

Month WB Temp (F) Temperature (F) Limits (F)
January 47.5 63 54.3

February 50.1 64.8 53.6
March 60.9 72 57.2
April 65.3 75.5 60.8/62.1
May 72.1 80.5 69.2/71.4
June 76.2 83.8 74.2/86.7
July 79.5 86 85.1

August 78.5 85.5 85.1
September 74.6 82.3 85.1/77
October 66.3 76.1 73.2/69.6

November 60.7 72 66.2
December 56.3 69 59.9
Maximum

Temperature,
Any Month 88.7

\snll c\datal\midwestgen\1 0683-130\6.06\SL-009359 Final I 10201 .doc
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Joliet 7&8:

Based on the SPX/Marley wet/dry cooling tower design data tabulated in Exhibit C,
the temperature of the cooling tower blowdown from the Joliet 7&8 cooling system
under summer design conditions would be as shown in Table H-5:

Table H-5
Joliet 7&8 Cooling Tower Blowdown Temperatures at B/D Flowrate 2972 gpm

Towers Designed for 7 F Approach at 78 F Wet Bulb

Cooling Tower
1% Blowdown IEPA UDIP Temp

Month WB Temp (F) Temperature (F) Limits (F)
January 47.5 63.8 54.3

February 50.1 65.1 53.6
March 60.9 72.3 57.2
April 65.3 75.5 60.8/62.1
May 72.1 80.5 69.2/71.4
June 76.2 83.8 74.2/86.7
July 79.5 86.1 85.1

August 78.5 85.5 85.1
September 74.6 82.5 85.1/77

October 66.3 76.5 73.2/69.6
November 60.7 72.2 66.2
December 56.3 69.5 59.9
Maximum

Temperature,
Any Month 90.3

\snll c\daa1\midwestgen\1O683-l 30\6.06\SL-009359 Final 110201 .doc
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EXHIBIT I

Capital Cost Estimates
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Estimate No.: 21870D
Project No.: 10683-130
Issue Date: 1/14/11
Preparer: JMK
Reviewer: RK

Exhibit Ii
Fisk 19

Wet/Dry Cooling Towers
Conceptual Cost Estimate

Sargent Lundy

Item . . Equipment &Description
. Labor Cost Total CostNo. Matenal Cost

1 COOLING TOWER - WET / DRY 13,271040 6,082,560 19,353,600

2 COOLING TOWER SUPPLY PUMPS 1,613,520 541,200 2,154,720

3 COOLING TOWER DISCHARGE PUMPS 909060 204,180 1,113,240

4 YARD PIPING 2,166,000 2,642,640 4,808,640

5 0 0 0

6 BLOWDOWN PUMPS 0 0 NOT REQUIRED

7 BLOWDOWN PIPING 35,090 37,510 72,600

8 MAKEUP PUMPS 0 0 NOT REQUIRED

9 MAKEUP PIPING 0 0 NOTREQUIRED

10 WATER TREATMENT 1,614,600 2,127,840 3,742,440

11 OPEN 0 0 0

20 SITEWORK 0 764,750 764,750

21 CONSTRUCTABILITY ACTIVITIES 0 1,529,500 1,529,500

22 COOLING TOWER BASINS 750,070 1,965,540 2,715,610

23 CT SUPPLY PUMP STRUCTURE AND BASIN 797,040 2,122,130 2,919,170

24 CT DISCHARGE PUMP STRUCTURE AND BASIN 791,640 2,166,600 2,958,240

25 NEW GATE IN EXISTING CW DISCHARGE PIPE 663,000 774,700 1,437,700

26 TIE-IN CT DISCHARGE PIPING 19,720 103,600 123,320

27 MODIFY CRIBHOUSE FOR CT DISCHARGE PIPING 111,360 424,200 535,560

28 FOUNDATIONS FOR NEW CLARIFIERS AND MU WT PLANT 80,040 348,600 428,640

29 NEW MU WT BUILDING 1,173920 973,000 2,146,920

30 CW PIPE SLEEPERS 419,920 2,072,000 2,491,920

31 MISCELLANEOUS STRUCTURES AND FOUNDATIONS 208,800 715,400 924,200

32 DEMOLISH OLD OIL/WATER SEPARATOR BLDG 0 89,600 89,600

33 DEMOLISH OLD METAL CLEANING TANK 0 89,600 89,600

34 DEMOLISH EXISTING MUW FACILITY 0 361,200 361,200

41 AUXILIARY POWER SYSTEM FOR CT 3,417,120 3,408,790 6,825,910

42 DCS INTEGRATON 186,840 27,930 214,770

REPLACE ACTIVE EQUIPMENT IN DEMOLISHED OLD
000SWITCH-HOUSE NO. 1

2,484, 11,910,090 14,394,090

44 BOP INSTRUMENTATION 37,800 14,630 52,430

51 CLEANUP ALLOWANCE 0 305,900 305,900

52 WASTE DISPOSAL 0 152,950 152,950

53 MOBILIZE / DEMOBILIZE 524,458 2,097,832 2,622,290

H:\SL-009359 Exhjbft I - Revision 0 EsOmates (2011 $) (values).xls \ FISK1 9 WET DRY Page 1 of 2



Estimate No.: 21870D Exhibit Ii Sargent Lundy
Project No.: 10683-1 30 Fisk 19
Issue Date: 1/14/11

Wet/Dry Cooling TowersPreparer: JMK
Reviewer: RK Conceptual Cost Estimate

Item . . Equipment &Description . Labor Cost Total CostNo. Material Cost

54 EQUIPMENT RENTAL SUPPLEMENT, LARGE CRANES 0 1,101,362 1,101,362

Total Equipment, Material and Labor Costs 31,275,038 45,155,834 76,430,872

Consumables 156,375 0 156,375

Freight-ExWorks To Site 720,160 0 720,160

Taxes-Sales 0 0 0

Contractor’s General and Administration Expense 1563,752 2,257,792 3,821544

Contractor’s Profit 3,127,504 4,515,583 7,643,087

Total Direct Project Costs 36,842,829 51,929,209 88,772,038

Indirect Project Costs

Engineering 16,310,528

Construction Management/Field Engineering INCL. IN ENGR.

Permitting 0

Startup, testing 467,943

Owner’s cost 0

Spare parts 1,529,000

Subtotal 107,079,509

EPC Differential 8,566,000

Project Contingency 21,41 5,902

Total Construction Cost 137,061,411

H:\5L-009359 Exhibit i - Revision 0 Estimates (2011 $) (values).xls \ Fi5K1 9 WET DRY Page 2 of 2



Estimate No.: 21871D
Project No.: 10683-130
Issue Date: 1/14/11
Preparer: JMK
Reviewer: RK

41

42

Exhibit 12
Crawford 7 & 8

Wet/Dry Cooling Towers
Conceptual Cost Estimate

Sargent & Lundy

Item .
. Equipment &Description . Labor Cost Total CostNo. Material Cost

1 COOLING TOWER - WET / DRY 24,883200 11404,800 36,288,000

2 COOLING TOWER SUPPLY PUMPS 3,040,200 859,770 3,899,970

3 COOLING TOWER DISCHARGE PUMPS 674,710 157,440 832,150

4 YARD PIPING 4,652,400 5,740,240 10,392,640

5 0 0 0

6 BLOWDOWN PUMPS 0 0 NOT REQUIRED

7 BLOWDOWN PIPING 35,090 37,510 72,600

8 MAKEUP PUMPS 0 0 NOT REQUIRED

9 MAKEUP PIPING 0 0 NOT REQUIRED

10 WATER TREATMENT 322,920 303,800 626,720

11 WASTE WATERTREATMENT 0 0 NOTREQUIRED

19 SITEWORK 0 917,700 917,700

20 CONSTRUCTABILITY ACTIVITIES 0 1,529,500 1,529,500

21 OPEN 0 0 0

22 COOLING TOWER BASINS 1,647,800 4,575,450 6,223,250

23 CT SUPPLY PUMP STRUCTURE AND BASIN 221,400 1,075,450 1,296,850

24 CT DISCHARGE PUMP STRUCTURE AND BASIN 478,440 2,517,120 2,995,560

25
DISCHARGE STRUCTURE TO EXISTING CW DISCHARGE

32 860 105 820 38 680CHANNEL ,

, 1

26
NEW WALL AND GATE IN EXISTING CW DISCHARGE

614 900 419 100 1 034 000CHANNEL , ,

27
DISCHARGE STRUCTURE TO EXISTING CW INLET

38 280 109 200 147 480CHANNEL ,

28
NEW WALL AND GATE ACROSS MOUTH OF EXISTING

768 200 610 560 1 378 760INTAKE CHANNEL , ,

29 CWPIPEBRIDGEANDSLEEPERS 1,086,920 2,770,600 3,857,520

31 MISCELLANEOUS STRUCTURES AND FOUNDATIONS 208,800 715,400 924,200

32 DEMOLISH OLD SWITCHYARD STRUCTURE 0 180,600 180,600

33 DEMOLISH PEAKER UNITS 0 0 0

34 DEMOLISH LOCOMOTIVE MAINTENANCE BLDG 0 193,200 193,200

35 RELOCATE PART OF THE COAL PILE 0 89,600 89,600

36 TRANSMISSION LINE MODIFICATIONS 248,400 611,800 860,200

44 BOP INSTRUMENTATION 49,680 22,610 72,290

51 CLEANUP ALLOWANCE 0 305,900 305,900

52 WASTE DISPOSAL 0 152,950 152,950

AUXILIARY POWER SYSTEM FOR CT

DCS INTEGRATON

5,762,88C

1 85,76C

5,764,22C

29,260

11,527,100

215,020

H:\SL-009359 Exhibit i - Revision D Estimates (2011 $) (vaiues)xis \ CRAWFORD 78 WET DRY Page 1 of 2



Estimate No.: 218710
Project No.: 10683-130
Issue Date: 1/14/11
Preparer: JMK
Reviewer: RK

Exhibit 12
Crawford 7 & 8

Wet/Dry Cooling Towers
Conceptual Cost Estimate

Sargent & Lundy

Item . . Equipment &Description . Labor Cost Total CostNo. Material Cost

53 MOBILIZE / DEMOBILIZE 514,995 2,059,980 2,574,975

54 EQUIPMENT RENTAL SUPPLEMENT, LARGE CRANES 0 1081,490 1081,490

Total Equipment, Material and Labor Costs 45,467,835 44,341,070 89,808,905

Consumables 227,339 0 227,339

Freight-ExWorks To Site 823,385 0 823,385

Taxes-Sales 0 0 0

Contractor’s General and Administration Expense 2,273,392 2,217,053 4,490,445

Contractor’s Profit 4,546,784 4,434,107 8,980,890

Total Direct Project Costs 53,338,735 50,992,230 104,330,965

Indirect Project Costs

Engineering 22,497,280

Construction Management/Field Engineering INCL. IN ENGR.

Permitting 0

Startup, testing 467,943

Owner’s cost
0

Spare parts 1,796,000

Subtotal 129,092,188

EPC Differential 10,327,000

Project Contingency 25,818,438

Total Construction Cost 165,237,626

H:\SL-009359 Exhibit I - Revision 0 Estimates (2011$) (valxes).xis \ CRAWFORD 78 WET DRY Page 2 of 2



Estimate No.: 21873D
Project No.: 10683-130
Issue Date: 1/14/11
Preparer: JMK
Reviewer: RK

Exhibit 13
Will County 3 & 4

Wet/Dry Cooling Towers

Sargent & Lundy

Item . . Equipment &
Description . Labor Cost Total Cost

No. Material Cost

1 COOLINGTOWER-WET/DRY 33,177,600 15,206,400 48,384,000

2 COOLINGTOWERSUPPLYPUMPS 3,942,000 947,100 4,889,100

3 COOLING TOWER DISCHARGE PUMPS 2,027,400 319,800 2,347,200

4 YARD PIPING 9,240,000 11,253000 20,493,000

5 0 0 0

6 BLOWDOWN PUMPS 0 0 NOT REQUIRED

7 BLOWDOWN PIPING 35,090 37,510 72,600

8 MAKEUP PUMPS 0 0 NOT REQUIRED

9 MAKEUP PIPING 0 0 NOT REQUIRED

10 WATER TREATMENT 216,000 198,400 414,400

11 WASTE WATER TREATMENT 0 0 NOT REQUIRED

20 SITEWORK 0 3,059,000 3,059,000

21 CONSTRUCTABILITY ACTIVITIES 0 764,750 764,750

22 COOLING TOWER BASINS 3,413,300 6,316,800 9,730,100

23 CT SUPPLY PUMP STRUCTURE AND BASIN 259,200 1,109,700 1,368,900

24 CT DISCHARGE PUMP STRUCTURE AND BASIN 1,032,480 4,927,980 5,960,460

DISCHARGE STRUCTURE TO EXISTING CW DISCHARGE
165 360 391 820 557 18025

CHANNEL ,

26
NEW WALL AND GATE IN EXISTING CW DISCHARGE

614 900 628 650 1 243 550
CHANNEL , ,

27 MODIFY CRIB HOUSES 133,400 — 338,800 472,200

28 — FILL ABANDONED POND 0 292,600 292,600

29 BRIDGE SYSTEM FOR CW PIPING 1,708,680 3,936,800 5,645,480

30 CW PIPE SLEEPERS 1,202,920 5,924,800 7,127,720

31 MISCELLANEOUS STRUCTURES AND FOUNDATIONS 605,520 2,489,200 3,094,720

32 RELOCATE TRANSMISSION LINES 496,800 1,529,500 2,026,300

33 OPEN 0 0 0

34 OPEN 0 0 0

44 BOP INSTRUMENTATION 37,800 14,630 52,430

51 CLEANUP ALLOWANCE 0 305,900 305,900

52 WASTE DISPOSAL 0 152,950 152,950

53 MOBILIZE I DEMOBILIZE 931,077 3,724,308 4,655,384

54 EQUIPMENT RENTAL SUPPLEMENT, LARGE CRANES 0 1,955,261 1,955,261

41

42

AUXILIARY POWER SYSTEM FOR CT

DCS INTEGRATON

9,007,20C

1 85,76C

14,310,80C

29,26C

23,318,000

215,020

H:\ SL-009359 Exhibit i - Revision D Estimates (2011 S) (vaiues),xls \ WILL COUNTY 34 WET DRY Page 1 of 2



Estimate No.: 218730 Exhibit 13 Sargent & Lundy
Project No.: 10683-1 30 Will County 3 & 4
Issue Date: 1/14/11

Wet/Dry Cooling TowersPreparer: JMK
Reviewer: RK

Item . . Equipment &
Description . Labor Cost Total Cost

No. Material Cost

Total Equipment, Material and Labor Costs 68,432,487 80,165,719 148,598,206

Consumables 342,162 0 342,162

Freight-ExWorks To Site 1,410,195 0 1410,195

Taxes-Sales 0 0 0

Contractors General and Administration Expense 3,421,624 4,008,286 7,429,910

Contractors Profit 6,843,249 8,016,572 14,859,821

Total Direct Project Costs 80,449,718 92,190,577 172,640,295

Indirect Project Costs

Engineering 24,747,008

Construction Management/Field Engineering INCL. IN ENGR.

Permitting 0

Startup, testing 467,943

Owner’s cost 0

Spare parts 2,972,000

Subtotal 200,827,246

EPC Differential 16,066,000

Project Contingency 40,165,449

Total Construction Cost 257,058,695

H:\ SL-009359 Exhibit I - Revision 0 Estimates (2011 0) (values).xls \ WILL COUNTY 3 4 WET DRY Page 2 of 2



Estimate No.: 21874D
Project No.: 10683-130
Issue Date: 1/14/11
Preparer: JMK
Reviewer: RK

41

42

44

Exhibit i4
Joliet6

Wet/Dry Cooling Towers
Conceptual Cost Estimate

Sargent & Lundy

Item . . Equipment &
Description . Labor cost Total costNo. Material Cost

1 COOLING TOWER- WET/DRY 14,929,920 6,842,880 21,772,800

2 COOLINGTOWERSUPPLYPUMPS 2,705,400 751,530 3,456,930

3 COOLING TOWER DISCHARGE PUMPS 1,014,790 205,410 1,220,200

4 YARD PIPING 3,258000 3,798,190 7,056,190

5 0 0 0

6 BLOWDOWN PUMPS 0 0 NOT REQUIRED

7 BLOWDOWN PIPING 35,090 35,090 70,180

8 MAKEUP PUMPS 0 0 NOT REQUIRED

9 MAKEUP PIPING 0 0 NOT REQUIRED

10 WATER TREATMENT 0 0 NOT REQUIRED

11 WASTE WATERTREATMENT 0 0 NOT REQUIRED

20 SITEWORK INCL FLOOD PLAIN WORK 919,080 1,098,580 2,017,660

21 CONSTRUCTABILITY ACTIVITIES 0 764,750 764,750

22 COOLING TOWER BASINS 1,178,070 2,487,240 3,665,310

23 CT SUPPLY PUMP STRUCTURE AND BASIN 157,680 790,490 948,170

24 CT DISCHARGE PUMP STRUCTURE AND BASIN 333,720 1,489,020 1,822,740

25
DISCHARGE STRUCTURE TO EXISTING CW DISCHARGE

72 080 188 760 260 840CHANNEL ,

NEW WALL AND GATE IN EXISTING CW DISCHARGE
0 541 02026

CHANNEL
612,30 , 1,153,320

27
NEW WALL IN SANITARY CANAL AROUND EXISTING

550 450 689 110 1 239 560CRIBHOUSE WITH GATES , ,

28 BRIDGE SYSTEM FOR CW PIPE 40,600 226,800 267,400

29 CW PIPE SLEEPERS 440,800 1,050,000 1,490,800

31 MISCELLANEOUS STRUCTURES AND FOUNDATIONS 393,240 1,365,000 1,758,240

32 DEMOLISH 0 0 0

33 OPEN 0 0 0

51 CLEANUP ALLOWANCE 0 305,900 305,900

52 WASTE DISPOSAL 0 152,950 152,950

53 MOBILIZE / DEMOBILIZE 356,887 1,427,547 1,784,433

54 EQUIPMENT RENTAL SUPPLEMENT, LARGE CRANES 0 749,462 749,462

AUXILIARY POWER SYSTEM FOR CT

DCS INTEGRATON

BOP INSTRUMENTATION

3,321,000

186,840

5,724,320

29,260

9,045,320

37,800

216,100

14,630 52,430

H:\ 51-009359 Exhibit I - Revision 0 Estimates (2011 $) (values).xls \ JOLIET 6 WET DRY Page 1 of 2



Estimate No.: 21874D Exhibit 14 Sargent & Lundy
Project No.: 10683-130 Joliet 6
Issue Date: 1/14/11

Wet/Dry Cooling TowersPreparer: JMK
Reviewer: RK Conceptual Cost Estimate

Item . . Equipment &
Description . Labor Cost Total Cost

No. Material Cost

Total Equipment, Material and Labor Costs 30,543,747 30,727,938 61,271,685

Consumables 152,719 0 152,719

Freight-ExWorks To Site 624,553 0 624,553

Taxes - Sales
0 0 0

Contractor’s General and Administration Expense 1,527,187 1,536,397 3,063,584

Contractor’s Profit 3,054,375 3,072,794 6,127,169

Total Direct Project Costs 35,902,580 35,337,129 71,239,710

Indirect Project Costs

Engineering 17,435,392

Construction Management/Field Engineering INCL. IN ENGR.

Permitting 0

Startup, testing 467,943

Owner’s cost 0

Spare parts 1,225,000

Subtotal 90,368,045

EPC Differential 7,229,000

Project Contingency 18,073,609

Total Construction Cost 115,670,654

H:\ SL-009359 Exhibit I - Revision 0 Estimates (2011 $) (values).xis \ JOLiET 6 WET DRY Page 2 of 2



Estimate No.: 218750
Project No.: 10683-130
Issue Date: 1/14/11
Preparer: JMK
Reviewer: RK

41

42

Exhibit 15
Joliet7&8

Wet/Dry Cooling Towers
Conceptual Cost Estimate

Sargent & Lundy

Item . . Equipment &
Description . Labor Cost Total Cost

No. Material Cost

1 COOLINGTOWER-WET/DRY 53084,160 24,330,240 77,414,400

2 COOLING TOWER SUPPLY PUMPS 6,046,000 1293,000 7,339,000

3 COOLING TOWER DISCHARGE PUMPS 2,391,000 326,000 2,717,000

4 YARD PIPING 9,855,000 6,464,000 16,319,000

5 0 0 0

6 SLOWDOWN PUMPS 0 0 NOT REQUIRED

7 BLOWDOWN PIPING 35,000 35,000 70,000

8 MAKEUPPUMPS 0 0 NOTREQUIRED

9 MAKEUP PIPING 0 0 NOT REQUIRED

10 WATER TREATMENT 323,000 283,000 606,000

11 WASTE WATER TREATMENT 0 0 NOT REQUIRED

20 SITEWORK 0 3,059,000 3,059,000

21 CONSTRUCTABILITY ACTIVITIES 0 1,529,500 1,529,500

22 COOLING TOWER BASINS 4,292,000 9,019,000 13,311,000

23 CT SUPPLY PUMP STRUCTURE AND BASIN 357,000 1,341,000 1,698,000

24 CT DISCHARGE PUMP STRUCTURE AND BASIN 414,000 1,857,000 2,271,000

25
DISCHARGE STRUCTURE TO EXISTING DISCHARGE

220 000 392 000 612 000
TUNNEL ,

26
NEW WALL AND GATE IN EXISTING DISCHARGE

1 344 000 1 738 000 3 082 000
CHANNEL , , , ,

27
NEW CHANNEL AND GATE ACROSS MOUTH OF EXISTING

849 000 1 629 000 2 478 000
INLET AND DISCHARGE CHANNEL , , ,

28
NEW 2ND CHANNEL AND GATE ACROSS MOUTH OF

802 000 756 000 1 558 000
EXISTING INLET AND DISCHARGE CHANNEL , ,

29 CW PIPE EARTHWORK 0 492,100 492,100

31 MISCELLANEOUS STRUCTURES AND FOUNDATIONS 737,000 2,584,000 3,321,000

32 OPEN 0 0 0

33 OPEN 0 0 0

44 BOP INSTRUMENTATION 37,800 14,630 52,430

51 CLEANUP ALLOWANCE 0 305,900 305,900

52 WASTE DISPOSAL 152,950 152,950

53 MOBILIZE / DEMOBILIZE 975,609 3,902,437 4,878,046

54 EQUIPMENT RENTAL SUPPLEMENT, LARGE CRANES 0 2,048,779 2,048,779

AUXILIARY POWER SYSTEM FOR CT

DCS INTEGRATON

13,460,040

185,760

20,418,160

29,260

33,878,200

215,020
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Estimate No.: 21875D Exhibit 15 Sargent & Lundy
Project No.: 10683-1 30 Joliet 7 & 8
Issue Date: 1/14/11

Wet/Dry Cooling TowersPreparer: JMK
Reviewer: RK Conceptual Cost Estimate

Item . . Equipment &
Description . Labor Cost Total Cost

No. Material Cost

Total Equipment, Material and Labor Costs 95,408,369 83,999,956 179,408,326

Consumables 477,042 0 477,042

Freight-ExWorks To Site 1,692,968 0 1,692,968

Taxes - Sales 0 0 0

Contractor’s General and Administration Expense 4,770,418 4,199,998 8,970,416

Contractor’s Profit 9,540,837 8,399,996 17,940,833

Total Direct Project Costs 111,889,635 96,599,950 208,489,585

Indirect Project Costs

Engineering 22,497,280

Construction Management/Field Engineering INCL. IN ENGR.

Permitting 0

Startup, testing 467,943

Owner’s cost 0

Spare parts 3,588,000

Subtotal 235,042,808

EPC Differential 18,803,000

Project Contingency 47,009,000

Total Construction Cost 300,854,808
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Midwest Generation EME, LLC SL Report No. SL-009359
CAWS and Lower Des Plaines River S&L Project No. 10683-130

Generating Units
S9rgrt &. rdyt Date: February 1, 2011

Cooling Tower Cost Study

EXHIBIT J

Operation and Maintenance Cost Estimates
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