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R

A
Y

E
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H
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N
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I.
Introduction

and
W

itness
B

ackground

M
y

nam
e

is
R

ay
E.

H
enry.

I
am

em
ployed

as
a

Principal
C

onsultant
w

ith
Sargent

&
L

undy

L
L

C
.

I
have

been
em

ployed
w

ith
Sargent

&
L

undy
since

1971
and

have
over

39
years

of

experience
in

the
areas

of pow
er

plant
design,

perform
ance,

testing
and

evaluation.
I

am

testifying
today

on
behalf

of
M

idw
est

G
eneration

E
M

E
,

L
L

C
(“M

W
G

en”).

Sargent
&

L
undy

L
L

C
(S&

L
)

is
a

full-service
architect-engineering

firm
dedicated

to
the

electric

pow
er

industry.
S&

L
has

been
serving

electric
pow

er
clients

exclusively
since

its
founding

in

1891.
S&

L
is

one
of

the
oldest,

largest
and

m
ost

experienced
engineering

com
panies

in
the

U
nited

States.
S&

L
has

been
authorized

to
design

m
ore

than
885

electric
generating

units

representing
m

ore
than

129,500
m

egaw
atts

of
generating

capacity.
S&

L
designed

approxim
ately

80%
of

the
large

generating
units

in
the

State
of

Illinois,
including

m
ost

of
the

units
currently

ow
ned

and
operated

by
M

W
G

en,
w

hen
they

w
ere

first
built.

S&
L

has
designed

over
60

cooling

system
s

w
ith

cooling
tow

ers,
in

several
countries

over
the

past
40

years.
S&

L
’s

experience
also

includes
the

preparation
of

studies
and

designs
for

pow
er

plant
m

odifications,
including

the

addition
of

air
pollution

control
equipm

ent,
such

as
flue

gas
desulfurization

system
s,

m
ercury

rem
oval

system
s

and
N

O
x

reduction
system

s.

I
personally

have
w

orked
on

studies
and

evaluations
o
f

cooling
tow

ers
for

new
units

and
the

conversion
of

existing
once-through

cooling
system

s
to

cooling
tow

ers.
T

hese
studies

included

sizing,
perform

ance
and

cost
estim

ates.
S&

L
has

conducted
at

least
15

studies
for

the
addition

of

cooling
tow

ers
at

existing
plants

in
the

past
30

years.
M

ost
of

these
studies

involved
the

preparation
of

a
conceptual

design
and

accom
panying

cost
estim

ates
to

convert
an

existing

{00009889.D
O

C
}
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pow
er

plant’s
open-cycle

cooling
system

to
a

closed-cycle
cooling

system
.

In
all

cases,
the

prim
ary

reason
that

a
potential

conversion
to

closed-cycle
cooling

w
as

under
consideration

by

the
pow

er
plant

operator
w

as
to

evaluate
w

hat
options

w
ere

available
for

reducing
therm

al

discharges
to

proposed
or

actual
regulatory

therm
al

standards.
B

ased
on

both
m

y
personal

know
ledge

and
inform

ation
obtained

from
other

S&
L

personnel,
only

tw
o

of
these

projects

actually
w

ere
im

plem
ented.

O
ne

project
w

as
the

Q
uad

C
ites,

Illinois
N

uclear
Plant,

w
hich

w
as

converted
to

closed-cycle
cooling

(using
a

spray
canal

instead
of

cooling
tow

ers)
but

w
as

later

converted
back

to
once-through

cooling.
T

h
e

other
project

w
as

the
N

oblesville
repow

ering

project
in

Indiana,
w

here
as

part
of

the
conversion

to
a

com
bined

cycle
plant

the
cooling

system

w
as

converted
to

closed-cycle
cooling

using
m

echanical
draft

cooling
tow

ers.
T

he
N

oblesville

plant
has

tw
o

sm
all

steam
turbines

(approxim
ately

50
M

W
each),

w
hich

is
m

uch
sm

aller
than

any
of

the
M

W
G

en
units

in
this

study.
A

lso,
the

N
oblesville

site
had

m
ore

open
space

available

for
cooling

tow
er

installation
than

do
any

of
the

five
M

W
G

en
station

sites
that

are
the

subject
of

m
y

testim
ony.

I
have

a
B

achelor
of

Science
in

M
echanical

E
ngineering

from
Purdue

U
niversity.

I
am

a
m

em
ber

of
the

A
m

erican
S

ociety
o
f

M
echanical

E
ngineers

(A
SM

E
)

and
a

m
em

ber
of

the
A

SM
E

com
m

ittees
for

codes
and

standards
and

the
com

m
ittee

for
perform

ance
test

code
for

fans.
I

am
a

registered
P

rofessional
E

ngineer
in

the
states

of
Illinois

and
Indiana.

A
copy

of
m

y
curriculum

vitae
is

attached
as

E
xhibit

A
.

M
y

testim
ony

w
ill

focus
on

describing
and

explaining
the

study
perform

ed
by

Sargent
&

L
undy

(S&
L

)
for

M
W

G
en

w
hich

includes
the

follow
ing:

(1)
the

review
of

potential
options

for
the

subject
M

W
G

en
electric

generating
stations

to
achieve

and
m

aintain
com

pliance
w

ith
the

therm
al

w
ater

quality
standards

proposed
in

this
rule-m

aking
proceeding;

(2)
the

design
criteria

for
each

ofthe
M

W
G

en
stations

developed
by

Sargent
&

L
undy

for
use

as
a

basis
for

estim
ating

the
costs

of
achieving

and
m

aintaining
such

com
pliance;

and
(3)

the
estim

ated
capital

and
operation

and

m
aintenance

costs
and

estim
ated

pow
er

loss
revenues

associated
w

ith
the

additional
pow

er

dem
ands

associated
w

ith
achieving

and
m

aintaining
such

com
pliance.

A
copy

of
the

detailed

study
report

prepared
by

S&
L

is
attached

as
E

xhibit
B

.

II.
R

etention
by

M
W

G
en

and
P

ro
ject

S
cope

T
he

Illinois
E

nvironm
ental

P
rotection

A
gency

(“JE
PA

”)
has

proposed
a

re-designation
of

the

aquatic
life

use
of

the
areas

identified
in

its
rule-m

aking
petition

as
the

“U
pper

D
resden

Island

Pool”
in

the
L

ow
er

D
es

P
laines

R
iver

(the
“U

D
IP”)

and
the

C
hicago

A
rea

W
aterw

ays

(“C
A

W
S”).

and
the

IE
P

A
also

has
proposed

revisions
to

the
current

therm
al

w
ater

quality

standards
to

seasonal
period

average
and

daily
m

axim
um

standards
for

both
the

U
D

IP
and

the

C
A

W
S

(the
“P

roposed
U

A
A

T
herm

al
Standards”).

T
he

P
roposed

U
A

A
T

herm
al

Standards

w
ould

apply
to

receiving
w

aters
into

w
hich

the
follow

ing
five

M
W

G
en

stations
discharge

w
astew

ater:
Fisk,

C
raw

ford,
W

ill
C

ounty,
Joliet

6
(also

know
n

as
“Joliet

Station
9”)

and
Joliet

7&
8

(also
know

n
as

“Joliet
S

tation
29”).

M
W

G
en

requested
that

S&
L

evaluate
the

technologies

2



that
could

be
installed

at
these

stations
to

com
ply

w
ith

the
P

roposed
U

A
A

T
herm

al
Standards

and
the

estim
ated

costs
to

do
so.

U
nder

the
P

roposed
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

the
w

astew
ater

discharges
from

the
Fisk,

C
raw

ford,
and

W
ill

C
ounty

stations,
w

hile
the

U
pper

D
resden

Island
Pool

(“U
D

IP”)
standards

w
ould

apply
to

the
w

astew
ater

discharges
from

the
tw

o
Joliet

stations.
T

able
1

below
lists

the
Proposed

U
A

A
T

herm
al

Standards
for

A
L

U
B

and
the

U
D

IP.
C

urrently,
for

both
the

U
D

IP
and

the
C

A
W

S,
the

applicable
therm

al
w

ater

quality
standard

is
a

daily
m

axim
um

tem
perature

of
93°F

w
hich

is
not

to
be

exceeded
m

ore
than

5
percent

ofthe
tim

e
and

an
absolute

m
axim

um
of

100°F.
(IE

P
A

S
tatem

ent
of

R
easons,

pps.
11-

12).
T

he
proposed

therm
al

standards
for

the
U

D
IP

w
ould

reduce
the

daily
m

axim
um

tem
perature

to
88.7°F

w
hich

is
not

to
be

exceeded
m

ore
than

2
percent

of
the

tim
e

and
w

ould

establish
period

averages
ranging

from
85.1°F

during
m

ost
sum

m
er

periods
dow

n
to

53.6°F

during
the

m
onth

of
February.

(IE
PA

Statem
ent

of
R

easons,
p.

85)
T

he
proposed

therm
al

standards
for

the
A

L
U

B
w

aters
w

ould
reduce

the
daily

m
axim

um
to

90.3°F
w

hich
is

not
to

be

exceeded
m

ore
than

2
percent

o
f

the
tim

e
and

w
ould

establish
period

averages
ranging

from

86.7°F
during

m
ost

sum
m

er
periods

dow
n

to
53.6°F

period
average

during
the

m
onth

of

February.
(JE

PA
S

tatem
ent

of
R

easons,
pp.

84-5)
T

he
only

difference
in

the
proposed

period

average
standards

betw
een

the
U

D
IP

and
A

L
U

B
w

aters
is

during
the

sum
m

er
m

onths
of

July

and
A

ugust
w

hen
the

A
L

U
B

w
aters

allow
ed

m
axim

um
m

onthly
average

is
86.7°F

versus
85.1°F

for
the

U
D

IP.
F

or
both

the
U

D
IP

and
A

L
U

B
w

aters,
the

JE
PA

is
proposing

to
allow

excursions

up
to

3.6°F.
(IE

PA
S

tatem
ent

o
f

R
easons,

p.
86)

A
s

the
IE

PA
has

explained,
“[t]he

proposed

therm
al

w
ater

quality
standards

are
m

ore
stringent

than
the

G
eneral

U
se

standards
for

the
m

onths

A
pril

through
N

ovem
ber,

especially
w

hen
considering

the
period

average”
and

they
“are

m
ore

stringent
than

the
current A

djusted
W

ater
Q

uality
Standards

at
Interstate-55

for
all

of the
m

onths,

especially
w

hen
considering

the
period

average.”
(Id.)
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T
able

1

P
roposed

IE
P

A
W

ater
T

em
p

eratu
re

L
im

its

M
onth

Proposed
U

A
A

Proposed
U

A
A

Proposed
U

A
A

Period
Proposed

U
A

A

Period
A

verage
M

axim
um

C
A

W
s

A
verage

U
pper

M
axim

um
U

pper

C
A

W
s

A
quatic

L
ife

A
quatic

L
ife

U
se

B
D

resden
Island

Pool
D

resden
Island

Pool

U
se

B
T

herm
al

W
Q

S
T

herm
al

W
Q

S
T

herm
al

W
Q

S
T

herm
al

W
Q

S

Jan
1-31

54.3
90.3

54.3
88.7

Fab
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
57.2

90.3
57.2

88.7

A
pr

1-15
60.8

90.3
60.8

88.7

A
pr

16
30

62
1

90
3

62
1

88
7

M
ay

1-15
69.2

90.3
69.2

88.7

M
ay

16-31
71.4

90.3
71.4

88.7

Jun
1-15

74.2
90.3

74.2
88.7

Jun
16-30

86.7
90.3

85.1
88.7

Jul
1

15
867

903
851

887

Jul
16-31

86.7
90.3

85.1
88.7

A
ug

1-15
86.7

90.3
85.1

88.7

A
ug

16-31
86.7

90.3
85.1

88.7

Sep
1-15

86.7
90.3

85.1
88.7

Sep
16-30

77
90.3

77
88.7

O
ct

1-15
73.2

90.3
73.2

88.7

O
ct

16-31
69.6

90.3
69.6

88.7

N
ov

1-30
66.2

90.3
66.2

88.7

D
ec

1-31
59.9

90.3
59.9

88.7

A
ll

five
M

W
G

en
stations

are
currently

subject
to

an
adjusted

therm
al

standard
granted

by
the

Illinois
P

ollution
C

ontrol
B

oard
(D

ocket
A

S
96-10,

O
ctober

3,
1996),

referred
to

as
the

“1-55

A
djusted

Standards,”
w

hose
lim

its
m

ust
be

achieved
further

dow
nstream

in
the

L
ow

er
D

es

Plaines
R

iver
at

the
1-55

B
ridge.

T
he

1-55
B

ridge
is

approxim
ately

seven
m

iles
dow

nstream
of

the
Joliet

Stations.
T

he
N

ational
P

ollution
D

ischarge
E

lim
ination

System
(“N

PD
E

S”)
perm

its

for
the

five
M

W
G

en
stations

incorporate
the

1-55
A

djusted
T

herm
al

Standards.
T

he
S&

L
Study

assum
ed

thatthe
1-55

A
djusted

Standards
w

ill
rem

ain
in

effect.

III.
D

escription
of

S
argent

&
L

undy
(S

&
L

)
C

ost
E

stim
ates

S
tudy

A
.

B
ackground

R
egarding

S
team

E
lectric

G
enerating

S
tations

In
m

ost
pow

er
plants,

heat
from

coal,
natural

gas,
oil,

nuclear,
biom

ass
or

solar
energy

is
used

to

generate
steam

that
turns

a
steam

turbine
and

generator
to

generate
electricity.

Steam
electric

generating
stations,

like
the

five
M

W
G

en
stations

here,
all

operate
on

the
sam

e
principle:

w
ater

is
boiled

to
m

ake
steam

,
w

hich
drives

a
turbine,

w
hich

pow
ers

an
electric

generator.
A

ll
of

the

units
at

the
five

M
W

G
en

stations
are

“R
ankine

cycles.”
A

R
ankine

cycle
converts

heat
into

“w
ork”,

a
form

of
energy.

A
R

ankine
cycle

is
the

m
ost

com
m

on
m

ethod
of

generating

4



electricity.
. T

he
exhaust

steam
from

the
steam

turbine
m

ust
be

condensed
so

that
the

w
ater

can

be
returned

to
the

steam
generator.

C
ondensing

the
exhaust

steam
requires

a
cooling

source,

w
hich

is
usually

w
ater.

T
he

am
ount

of
heat

generated
from

condensing
the

turbine
exhaust

steam
is

greater
than

the

am
ount

of
electricity

generated.
For

exam
ple,

each
unit

at
Joliet

7&
8

has
a

rating
of

569

M
egaw

att
(M

W
)

gross
electrical

output,
and

the
design

cooling
system

heat
duty

for
each

unit
is

greater,
at

approxim
ately

830
M

W
(therm

al).
T

hus,
large

cooling
system

s
are

required
for

these

types
of

units.
T

he
five

M
W

G
en

stations
w

ere
not

designed
nor

w
ere

the
station

sites
selected

or

arranged
to

attain
therm

al
w

ater
quality

standards
as

strict
as

those
proposed

in
this

rule-m
aking.

A
ll

ofthe
electrical

generating
units

at
all

five
stations

w
ere

placed
in

service
in

1966
or

earlier.

T
he

am
ount

of
cooling

w
ater

w
ithdraw

n
from

a
w

aterbody
by

a
steam

electric
generating

station

depends
on

several
factors,

one
of

w
hich

is
the

type
of

condenser
cooling

system
.

T
here

are
tw

o

basic
types

of
“w

et”
condenser

cooling
system

s:
open-cycle

and
closed-cycle.

O
pen-cycle

system
s

pass
w

ater
through

the
condenser

only
once

before
returning

virtually
all

the
w

ater
to

its

source,
albeit

at
a

higher
tem

perature.
C

losed-cycle
system

s
recirculate

the
heated

w
ater

from

the
condenser

through
an

evaporative
cooling

structure
(typically

a
cooling

tow
er,

pond,
or

lake),

E
vaporation

of
som

e
of

the
w

ater
results

in
the

build-up
of

salts
in

the
w

ater
requires

the
system

to
“blow

dow
n”

(i.e.,
discharge).

C
losed-cycle

cooling
system

s
w

ithdraw
m

uch
less

w
ater

than

open-cycle
system

s,
but

they
evaporate

(i.e.,
consum

e)
m

ost
of

the
w

ater
w

ithdraw
n,

returning

very
little

to
its

source.

Joliet
7&

8
is

the
only

station
that

currently
has

any
cooling

tow
ers.

T
hese

supplem
ental

“helper”

cooling
tow

ers
w

ere
not

part
o
f

the
original

design
of

the
station.

T
hey

w
ere

installed
in

1999,

subsequent
to

the
issuance

o
f

the
1-55

B
ridge

A
djusted

Standards.
A

s
previously

explained
in

this
proceeding

in
the

testim
ony

of
Julia

W
ozniak

of
M

W
G

en,
the

Joliet
7&

8
tow

ers
are

used

prim
arily

to
m

aintain
com

pliance
w

ith
the

1-55
B

ridge
A

djusted
T

herm
al

Standards.
T

he
tow

ers

are
also

used
to

m
eet

the
existing

Secondary
C

ontact
therm

al
w

ater
quality

standards
during

critical
low

flow
periods

that
occur

in
the

D
resden

Pool.
T

he
use

of
the

tow
ers

is
necessary

during
the

sum
m

er
m

onths
and

also
at

tim
es

of
unseasonably

w
arm

spring
and

fall
periods

to

m
eet

the
existing

therm
al

w
ater

quality
standards.

T
he

existing
cooling

tow
ers

are
w

holly

insufficient
to

attain
and

m
aintain

com
pliance

w
ith

the
P

roposed
U

A
A

T
herm

al
Standards

for
the

U
pper

D
resden

Island
Pool.

T
hey

also
are

not
adequate

for
use

as
part

of
a

design
to

convert

Joliet
7&

8
to

a
closed-cycle

cooling
system

.
T

he
existing

cooling
tow

ers
do

not
have

plum
e

abatem
ent

and
hence,

plum
es

from
these

tow
ers

w
ould

cause
fogging

and
icing

if
used

during

cold
periods.

A
lso,

because
the

existing
cooling

tow
ers

are
not

“low
drift”

tow
ers,

they
w

ould

probably
exceed

particulate
m

atter
em

ission
standards

if
used

in
a

closed-cycle
operation.

For
all

of
these

reasons,
the

conceptual
design

and
cost

estim
ate

S&
L

prepared
is

not
based

on
reusing

the
existing

cooling
tow

ers.
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B
.

D
escription

of
T

echnologies
C

onsidered
by

S
&

L

S&
L

applied
the

follow
ing

criteria
to

evaluate
candidate

cooling
technologies

for
the

M
W

G
en

stations:

•
A

proven
technology

for
large

cooling
system

s
(proven

perform
ance

and
reliability);

•
A

design
that

w
ould

fit
w

ithin
existing

site
boundaries;

•
A

system
capable

of
operating

during
the

range
of

expected
w

eather
conditions;

•
A

technology
that

w
ould

produce
m

inim
al

ground
level

fog
or

icing;

•
A

cooling
system

that
w

ould
have

m
inim

al
im

pact
on

the
efficiency

and
the

net
electrical

output;

•
A

design
that

w
ould

m
inim

ize
construction

and
station

outage
tim

e;
and

•
A

technology
that

w
ould

m
inim

ize
capital

and
operating

cost.

W
hen

the
above

criteria
w

ere
applied

to
available

cooling
technologies,

it
becam

e
apparent

that

several
technologies

w
ere

not
feasible

for
the

M
W

G
en

stations
due

to
the

lack
of

sufficient
land

area
at the

stations
on

w
hich

to
construct

the
necessary

structures
or

equipm
ent

associated
w

ith
a

given
technology.

For
exam

ple,
tw

o
established

cooling
technologies

are
m

an-m
ade

cooling

lakes
and

cooling
ponds

w
ith

sprays.
H

ow
ever,

both
of

these
technologies

require
a

significant

am
ount

of land
area

to
construct.

T
hese

technologies
are

not technically
feasible

for
the

M
W

G
en

stations
because

of their
site

area
lim

itations.

A
n

open-cycle
cooling

system
w

ith
“helper”

tow
ers

w
ould

not
be

able
to

m
eet

the
proposed

tem
perature

lim
its

during
all

w
eather

conditions.
T

here
are

tim
es,

especially
during

the
m

onths

of A
pril,

M
ay

and
June,

w
hen

the
difference

betw
een

the
P

roposed
U

A
A

T
herm

al
Standards

and

the
w

et
bulb

tem
perature

is
too

sm
all

to
allow

any
practical

size
of

cooling
tow

er
to

m
eet

these

proposed
standards.

D
uring

these
periods,

the
tow

ers
sized

for
closed-cycle

operation
w

ould
not

be
large

enough
to

cool
the

effluent
discharge

to
tem

peratures
that

com
ply

w
ith

the
Proposed

U
A

A
T

herm
al

Standards
ifthey

w
ere

operated
as

“helper”
tow

ers.
B

ecause
open-cycle

cooling
is

m
ore

efficient
than

closed-cycle
cooling,

the
conceptual

design
for

each
M

W
G

en
station

includes
provisions

to
operate

open-cycle
w

hen
the

actual
river

w
ater

tem
perature

is
low

enough

to
allow

open-cycle
operation

and
still

m
eet the

P
roposed

U
A

A
T

herm
al

Standards.

A
s

part
of

its
study,

S&
L

also
considered

several
alternative

types
o
f

closed
ioop

cooling

technologies,
including

w
et

and
w

et/dry
m

echanical
draft

cooling
tow

ers,
radiator

type
tow

ers

(external
w

ater
required),

air
cooled

condensers
(new

condenser
is

located
external

to
the

turbine

room
),

and
hyperbolic

cooling.
W

ith
the

exception
of

the
w

et
and

w
et/dry

m
echanical

draft

cooling
tow

ers,
the

rem
aining

closed
loop

cooling
technologies

considered
have

either
not

been

6



proven
on

such
large

scale
installations

as
the

M
W

G
en

stations
or

are
considerably

m
ore

expensive
than

the
w

et
and

w
et/dry

m
echanical

cooling
tow

er
technologies.

A
ccordingly,

these

technologies
w

ere
elim

inated
from

further
consideration.

M
echanical

draft
cooling

tow
ers

(either
w

et
or

dry)
are

the
m

ost
com

m
on

type
of

cooling
system

for
use

in
a

closed-cycle
system

for
a

large
heat

load.
M

echanical
draft

cooling
tow

ers
have

the

advantages
of

being
a

proven
design,

are
usually

the
low

est
cost

cooling
option

and
require

the

sm
allest

land
area

to
construct.

A
m

echanical
draft

tow
er

is
typically

40
to

60
feet

tall
and

anyw
here

from
40

to
several

hundred
feet

long,
depending

on
how

m
uch

circulating
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,

concrete
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)

a
section

of
“fill”

that
enhances

the
contact

betw
een

the
air

and
w

ater;
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

of
the

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.
A

m
ore

detailed
description

of
m

echanical
draft

cooling

tow
ers

is
provided

in
S

ection
2.B

of the
attached

S&
L

report
(E

xhibit B
).

W
et

cooling
tow

ers
dissipate

heat
to

the
atm

osphere
prim

arily
by

evaporating
som

e
of

the

cooling
w

ater.
T

he
tem

perature
of

the
cooling

w
ater

that
is

not
evaporated

is
reduced.

T
he

extent
of

the
reduction

in
the

tem
perature

of
the

cooling
w

ater
is

lim
ited

by
w

hat
is

called
the

“inlet
air

w
et

bulb
tem

perature.”
T

he
am

ount
of

hum
idity

in
the

atm
osphere

air
determ

ines
the

w
et

bulb
tem

perature,
w

hich,
in

turn
influences

the
effectiveness

of
a

cooling
tow

er
in

rem
oving

heat
from

the
circulating

w
ater.

T
he

w
et bulb

tem
perature

changes
continually

(i.e.,
hour

to
hour

and
day

to
day)

as
the

w
eather

changes.
H

igher
hum

idity
levels

result
in

higher
w

et
bulb

tem
peratures,

and
low

er
hum

idity
levels

result
in

low
er

w
et

bulb
tem

peratures.
In

general,
the

low
er

the
w

et
bulb

tem
perature,

the
low

er
the

cold
w

ater
tem

perature
—

the
tem

perature
of

the

circulating
cooling

w
ater

after
it

has
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.
T

herefore,
tow

er

design
for

cooling
perform

ance
and

the
ability

to
m

eet
therm

al
discharge

lim
its

involves

consideration
ofm

eteorology
probabilities.

T
he

difference
betw

een
the

cold
w

ater
tem

perature
leaving

the
cooling

tow
er

and
the

inlet
air

w
et

bulb
tem

perature
is

called
the

“approach.”
T

he
approach

is
a

m
easure

of
the

effectiveness
of

the
cooling

tow
er.

A
low

er
approach

results
in

a
low

er
w

ater
tem

perature
but

requires
a

larger

and
m

ore
expensive

cooling
tow

er.
A

larger
tow

er
w

ill
provide

greater
contact tim

e
betw

een
the

circulating
w

ater
and

the
airflow

,
w

hich
increases

heat
rem

oval
and

low
ers

the
circulating

w
ater

tem
perature

prior
to

its
discharge.

A
larger

tow
er

is
m

ore
expensive

for
a

given
circulating

w
ater

7



flow
rate,

but
it

w
ill

increase
the

likelihood
that

the
generating

station
can

rem
ain

running
at

its

capacity
during

hot
and

hum
id

days,
w

hen
cooling

tow
er

efficiency
is

reduced.

A
lthough

not
nearly

as
w

idely
used

as
w

et
cooling

tow
ers,

another
alternative

m
eans

of
cooling

the
steam

generated
at

pow
er

plants
is

to
use

“dry
cooling”

tow
ers.

U
nlike

a
w

et
cooling

tow
er,

a
dry

cooling
tow

er
has

no
direct

contact
betw

een
the

circulating
w

ater
and

air
and

no

evaporation.
T

he
heat

transfer
is

all
“sensible

heat”
(i.e.,

the
w

ater
tem

perature
decreases

and
the

air
dry

bulb
tem

perature
increases).

A
dry

cooling
tow

er
uses

natural
or

m
echanical

air
drafts

to

rem
ove

heat
and

requires
little

or
no

w
ater.

H
ow

ever,
dry

cooling
is

less
effective

than
w

et

cooling.
A

lso,
a

dry
cooling

tow
er

is
m

uch
larger

and
results

in
higher

discharge
w

ater

tem
peratures

than
does

a
w

et
tow

er.
D

ry
cooling

tow
ers

are
costly,

reduce
w

ater
intake

only

m
inim

ally
com

pared
to

closed-cycle
w

et
tow

er
cooling

and
have

other
disadvantages.

O
ne

advantage
of

a
dry

tow
er

is
that

it
does

not
produce

a
vapor

plum
e

(as
does

a
w

et
tow

er)
because

it
does

not
evaporate

the
cooling

w
ater.

A
w

et/dry
tow

er
is,

as
it

sounds,
a

com
bination

of
both

w
et

and
dry

cooling
tow

er
technology.

A
s

its
nam

e
im

plies,
a

w
et/dry

tow
er

has
both

a
w

et
section

and
a

dry
section.

T
he

w
et

section

achieves
a

low
cooling

w
ater

tem
perature

and
effective

cooling
through

evaporation.
T

he
dry

section
in

turn
reheats

the
air

leaving
the

w
et

section
and

thereby
reduces

the
w

ater
vapor

plum
e

exiting
the

tow
er.

T
he

S&
L

study
concluded

that
m

echanical
draft

w
et/dry

cooling
tow

ers
w

ere

the
m

ost
cost

effective
type

of
cooling

for
all

five
M

W
G

en
stations.

T
he

use
of

“helper”
cooling

tow
ers

also
w

as
considered

for
the

M
W

G
en

stations.
“H

elper”

cooling
tow

ers
are

used
to

reduce
the

tem
perature

of
the

cooling
w

ater
from

the
station

before
it

is
discharged

back
to

the
river.

H
ow

ever,
applying

the
P

roposed
U

A
A

T
herm

al
Standards,

under

certain
reasonably

expected
w

eather
conditions,

such
as

w
hen

the
w

et
bulb

tem
perature

is
close

to
the

applicable
therm

al
standard,

it
w

ould
not

be
possible

to
achieve

and
m

aintain
com

pliance,

regardless
of

cooling
tow

er
size.

For
this

reason,
the

cooling
tow

ers
have

to
be

sized
for

the
full

circulating
w

ater
flow

rate
and

heat
load

and
m

ust
be

operated
in

a
closed-cycle

m
ode

during

certain
w

eather
conditions.

C
.

D
escription

of
C

losed-C
ycle

C
ooling

O
ptions

for
M

W
G

en
S

tations

T
he

m
echanical

draft
w

et/dry
cooling

tow
ers

system
s

selected
for

the
M

W
G

en
stations

w
ere

sized
for

closed-cycle
operation

for
the

expected
range

of
w

eather
conditions

throughout
the

year.
T

he
condition

that
determ

ines
the

size
of

the
cooling

tow
er

is
the

m
axim

um
w

et
bulb

tem
perature.

T
he

specified
design

point
is

a
78°F

w
et

bulb,
w

hich
corresponds

to
the

1%

occurrence
in

the
sum

m
er.

(
,

F
acility

D
esign

and
P

lanning
E

ngineering
W

eather
D

ata,

D
epartm

ents
of

the
A

ir
Force

(U
SA

F),
the

A
rm

y,
and

the
N

avy,
A

FM
88-29,

T
M

5-785,

N
A

V
F

A
C

P-89,
W

ashington
D

.C
.,

1978).
T

his
ensures

that
the

cold
w

ater
tem

perature
from

the

cooling
tow

er
to

the
plant

w
ill

be
equal

to
or

less
than

the
design

tem
perature

of
85°F

(7°F

approach),
except

for
1%

of
the

tim
e

in
the

sum
m

er.
T

he
use

of
the

1%
sum

m
er

w
et

bulb

8



tem
perature

is
the

standard
industry

practice
for

specifying
the

cooling
tow

er
design

point.

D
uring

periods
w

hen
the

w
et

bulb
tem

perature
is

greater
than

78°F,
the

generating
units

w
ill

be

able
to

operate
but

som
e

load
reduction

m
ay

be
required.

G
ates,

piping
and

pum
ps

to
m

aintain
the

flexibility
to

operate
in

an
open-cycle

m
ode

and
to

operate
in

a
closed-cycle

m
ode

w
ere

included
in

the
design.

T
his

allow
s

the
stations

both
to

achieve
com

pliance
w

ith
the

P
roposed

U
A

A
T

herm
al

Standards
and

to
achieve

higher
operating

efficiency
(and

hence,
low

er
O

&
M

costs
for

tow
er

operation)
by

using
once-through

cooling

w
hen

the
river

and
am

bient
air

tem
peratures

are
favorable.

C
onverting

a
once-through

cooling
system

at
a

pow
er

plant
into

a
closed-cycle

system
,

as
w

ould

be
necessary

for
each

of
the

five
M

W
G

en
stations,

is
a

m
ajor

undertaking
for

m
any

reasons.

First,
it

is
difficult

because
of

the
size

of
the

cooling
system

that
is

needed.
For

exam
ple,

the

design
cooling

w
ater

flow
rate

at
Joliet

7&
8

is
920,000

gallons
per

m
inute.

For
this

cooling

w
ater

flow
rate,

three
cooling

tow
er

sections,
tw

o
21-cell,

1008
feet

long
and

one
22-cell,

1056

feet
long,

48
feet

w
ide

and
58

feet
high,

w
ould

be
required.

T
he

cooling
tow

ers
have

64
fans

that

are
250

horsepow
er

each.
T

he
length

of
these

cooling
tow

er
sections

is
approxim

ately
the

equivalent
of

slightly
over

3.5
football

fields
laid

end
to

end
and

reaching
approxim

ately
6

stories
high

across
the

length
of

that
expanse.

T
he

circulating
w

ater
pipes

w
ould

be
up

to
14

feet

in
diam

eter,
over

tw
ice

the
height

of
the

average
person.

A
lso,

for
a

pow
er

plant
such

as
the

M
W

G
en

Joliet
7&

8,
the

cooling
system

w
ould

require
at

least
tw

o
new

sets
of

large
circulating

w
ater

pum
ps

in
addition

to
the

existing
set

of
pum

ps
in

place
at

the
station.

O
perating

the
new

pum
ps

w
ill

require
over

18M
W

of pow
er.

T
he

installation
of

the
closed-cycle

cooling
system

at
an

existing
station

requires
that

a
m

ajor

construction
project

be
com

pleted.
T

he
construction

of the
closed-cycle

cooling
system

requires

not
only

large
excavations

and
foundation

w
ork

w
hich

m
ay

need
to

be
conducted

in
a

relatively

confined
area

but
also

requires
w

ork
to

interface
the

new
cooling

system
w

ith
other

existing

plant
system

s,
including

the
auxiliary

pow
er

system
,

fire
protection

system
,

auxiliary
cooling

system
and

controls,
in

addition
to

the
m

ain
cooling

system
.

A
s

noted
above,

although
there

have
been

several
studies

of
existing

plants
w

ith
once-through

cooling
system

s
to

evaluate
retrofitting

them
to

once-through
cooling,

few
have

actually

converted
to

once-through
cooling

because
of

the
high

capital
cost,

im
pact

on
plant

perform
ance

and
the

com
plexity

of
converting

an
operating

station
from

once-through
to

closed-cycle
cooling.

Plants
that

have
closed-cycle

cooling
system

s
w

ere
typically

designed
as

closed-cycle
stations.

W
hen

a
new

plant
is

designed,
the

cooling
system

is
a

m
ajor

factor
in

both
the

site
selection

and

the
overall

site
arrangem

ent.

D
.

K
ey

D
esign

P
aram

eters
for

E
stim

ating
C

losed-C
ycle

C
ooling

S
ystem

C
osts

In
order

to
calculate

the
estim

ated
costs

for
installing

closed-cycle
cooling

system
s

at
the

five

M
W

G
en

stations,
the

key
elem

ents
of

the
system

conceptual
design

needed
to

be
identified.

For
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closed-cycle
cooling

system
s,

the
key

design
elem

ents
include:

circulating
w

ater
design

flow

rate;
design

w
et

bulb
tem

perature
and

circulating
w

ater
pum

p
size.

H
ow

ever,
a

com
plete,

detailed
design

of
the

cooling
system

w
as

beyond
the

scope
of

the
S&

L
Study.

A
ccordingly,

there
are

likely
item

s
that

are
not

included
in

the
S&

L
design

concept
that

w
ould

becom
e

necessary
to

include
in

an
actual

design
of

a
closed-cycle

cooling
system

for
each

of the
stations.

T
he

costs
of

such
additional

item
s

are
not

included
in

the
cost

estim
ates

prepared
by

S&
L

for
this

study.

T
he

closed-cycle
cooling

system
conceptual

design
includes

redundancy
that

is
consistent

w
ith

norm
al

industry
practice.

T
he

cooling
tow

ers
have

m
ultiple

cells,
each

w
ith

a
fan,

and
the

failure

of
one

fan
or

cell
w

ill
only

slightly
reduce

cooling
that

should
not

require
a

generating
unit

shutdow
n

or
derating.

T
he

cooling
system

w
ill

have
m

ultiple
pum

ps,
but

the
design

is
based

on

all
pum

ps
operating

(i.e.,
there

is
no

spare
pum

p).
If

a
pum

p
fails,

the
load

m
ay

need
to

be

reduced
through

derating
at

the
station,

depending
on

the
w

eather
conditions,

but
it

should
not

require
a

generating
unit

to
be

shut
dow

n.
M

ultiple
pum

p
losses

and/or
fan

failures
can

put
the

affected
station

at
greater

risk
ofhaving

to
derate

to
m

aintain
therm

al
com

pliance.

A
s

noted
above,

the
closed-cycle-cooling

system
for

each
M

W
G

en
station

w
as

sized
for

100%
of

the
circulating

w
ater

design
flow

rate.
T

he
cooling

tow
er

size
is

determ
ined

by
the

1%
sum

m
er

w
et

bulb
tem

perature.

In
addition

to
cooling

tow
ers,

a
closed-cycle

cooling
system

requires
large

pum
ps

and
piping

to

supply
the

circulating
w

ater
to

the
cooling

tow
ers

and
to

return
the

w
ater

to
the

existing

circulating
w

ater
pum

ps.
P

relim
inary

sizes
w

ere
determ

ined
for

the
pum

ps
and

piping
to

use
in

the
S&

L
cost

estim
ates.

T
he

quantities
of

concrete
and

steel
required

for
the

cooling
tow

er
basin

and
pum

p
and

cooling
tow

er
supports

w
ere

estim
ated

along
w

ith
other

com
m

odities,
such

as
a

rack
system

for
supporting

pipe
and

conduit.

T
he

prelim
inary

cooling
tow

er
design

used
to

estim
ate

costs
is

based
on

tow
ers

w
ith

a
low

drift

design
to

m
inim

ize
em

issions
of particulate

m
atter.

B
ased

on
a

prelim
inary

review
of

applicable

air
regulations,

the
installation

of
cooling

tow
ers

atthe
M

W
G

en
stations

m
ay

triggerN
ew

Source

R
eview

under
the

C
lean

A
ir

A
ct

that
w

ould
require

m
odeling

w
ork

to
be

perform
ed

and

perm
itting

issues
to

be
addressed.

T
he

estim
ated

costs
included

in
the

S&
L

Study
did

not

include
the

additional
costs

that
w

ould
be

associated
w

ith
N

ew
Source

R
eview

requirem
ents.

B
ased

on
a

review
of

receiving
w

aters
tem

perature
data

for
the

past
several

years,
and

due
to

the

w
ide

variability
and

uncertainties
of

flow
and

tem
perature

in
the

C
SSC

and
L

ow
er

D
es

Plaines

R
iver,

a
credit

for
a

m
ixing

zone
w

as
not

utilized
in

the
cooling

tow
er

sizing
for

once-through

operation.
For

each
of

the
M

W
G

en
stations,

there
are

m
any

days
(over

100
days

per
year

in

recent
years

for
som

e
o
f

the
stations)

w
here

the
upstream

river
tem

perature
exceeds

the
Proposed

U
A

A
T

herm
al

Standards.
D

uring
these

periods,
m

ixing
of

the
stations’

respective
discharges

w
ith

the
receiving

w
ater

w
ould

not
reduce

the
outlet

w
ater

tem
perature

to
below

the
proposed

10



standards.
H

ow
ever,

it
w

as
beyond

the
scope

of
the

S&
L

Study
to

try
to

identify
a

w
ay

to
predict

the
various

receiving
w

ater
conditions

and
any

resulting,
available

m
ixing

zone
based

on

those
conditions,

that
m

ight
allow

the
stations

to
operate

at
lim

ited
tim

es
during

the
year

in
a

once-through
m

ode
bef

ore
sw

itching
back

to
closed-cycle

operation.
Further,

even
w

ith
a

closed-cycle
cooling

system
,

there
is

a
sm

all
(-65O

to
-3O

O
O

gpm
)

cooling
tow

er
blow

dow
n

flow

generated.
A

lthough
this

cooling
tow

er
blow

dow
n

flow
w

ill
not

contribute
to

any
significant

w
ater

tem
perature

rise
w

ithin
the

receiving
stream

,
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
bient

river
tem

peratures
w

hich
are

higher
than

the
P

roposed
U

A
A

T
herm

al
Standards.

If
a

sm
all

m
ixing

zone
is

needed
but

not
available,

an
additional

cooling
m

echanism
(likely

a
chiller

at
an

approxim
ate

cost
of

$3
m

illion
per

station)
m

ay
be

required
to

ensure
com

pliance
under

all

operating
and

receiving
w

ater
scenarios.

H
ow

ever,
for

purposes
of

S&
L

’s
study,

supplem
ental

cooling
of

the
condenser

blow
dow

n
discharge

for
the

M
W

G
en

stations
w

as
not

included
in

the

study
cost

estim
ates.

E
.

G
eneral

D
escription

of D
esign

C
oncept

for
E

ach
M

W
G

en
S

tation

A
fter

identifying
the

basic
design

elem
ents

com
m

on
to

each
of

the
M

W
G

en
stations,

S&
L

then

proceeded
to

evaluate
the

prelim
inary

design
criteria

further
based

on
relevant

site-specific

conditions
for

each
ofthe

stations.
D

uring
this

“station-specific”
phase

ofthe
prelim

inary
design

developm
ent

for
cost

estim
ating

purposes,
the

design
criteria

w
ere

refined
as

appropriate
to

address
the

relevant
conditions

and
issues

presented
by

each
of

the
M

W
G

en
stations.

T
o

a

significant
extent,

the
relevant

characteristics
of

the
M

W
G

en
stations

w
ere

sim
ilar

enough
that

the
prelim

inary
design

criteria
rem

ained
relatively

the
sam

e
for

m
ost

of
the

stations.
E

xhibits
A

and
B

in
the

attached
S&

L
R

eport
include

arrangem
ent

draw
ings

and
flow

diagram
s

that

illustrate
how

the
cooling

system
s

w
ould

be
m

odified
for

each
station.

T
he

results
ofthis

phase

ofthe
S&

L
costs

study
are

further
explained

below
.

1.
F

isk,
C

raw
ford

and
Joliet

6
S

tations

For
closed-cycle

cooling
system

design
purposes,

the
Fisk,

C
raw

ford
and

Joliet
6

Stations

presented
sim

ilar
conditions.

H
ence,

the
prelim

inary
design

criteria
w

as
substantially

the
sam

e

for
these

stations.
T

w
o

cooling
tow

er
sections

w
ere

included
in

the
prelim

inary
design

to

provide
adequate

cooling
and

to
fit

w
ithin

the
site

boundaries.
T

he
existing

intake
and

discharge

canals
w

ould
be

blocked
w

ith
diversion

w
alls

and
gates.

T
he

diversion
gates

could
be

opened

during
favorable

w
eather

and
receiving

stream
conditions

to
allow

once-through
cooling

w
ater

operation.
T

he
existing

circulating
w

ater
pum

ps
w

ould
pum

p
w

ater
from

the
intake

through
the

condenser
to

the
discharge,

sim
ilar

to
current

operation.
A

new
pum

p
house

and
pum

ps
w

ould
be

installed
in

the
discharge

bay
to

pum
p

the
w

ater
to

the
new

cooling
tow

ers.
W

ater
from

the

cooling
tow

ers
w

ould
be

pum
ped

by
new

pum
ps,

located
in

the
cooling

tow
er

basin,
to

the

existing
intake

area.
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M
akeup

w
ater

for
the

cooling
system

w
ill

com
e

from
the

existing
intake

bay.
T

he
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.

B
low

dow
n

from
the

system
w

ill
be

taken
from

the
discharge

of
the

pum
ps

located
in

the
cooling

tow
er

basin,
w

hich
w

ill
be

the
coldest

w
ater

in
the

cooling
system

.

2.
W

ill
C

ounty
U

nits
3

and
4

T
he

design
ofthe

closed-cycle
cooling

system
at

W
ill

C
ounty

S
tation

for
U

nits
3

and
4

generally
w

ould
be

sim
ilar

to
the

arrangem
ent

at
Fisk

and
C

raw
ford.

H
ow

ever,
due

to
the

larger
capacity

ofthe
W

ill
C

ounty
S

tation
as

com
pared

to
either

Fisk
or

C
raw

ford,
the

size
of

the
cooling

tow
er

w
ould

need
to

be
larger

to
provide

the
cooling

necessary
for

com
pliant

operations.
For

W
ill

C
ounty,

the
design

criteria
include

three
cooling

tow
er

sections
instead

of
the

tw
o

sections
specified

for
the

F
isk

and
C

raw
ford

cooling
tow

ers.

3.
Joliet

7&
8

A
s

is
the

case
for

W
ill

C
ounty

U
nits

3
and

4,
three

cooling
tow

er
sections

w
ould

be
necessary

at
Joliet

7&
8

to
supply

adequate
cooling.

T
he

existing
intake

and
discharge

canals
w

ould
be

blocked
w

ith
diversion

gates.
T

he
existing

circulating
w

ater
pum

ps
w

ould
pum

p
w

ater
from

the
intake

through
the

condenser
to

the
discharge,

sim
ilar

to
current

operation.
A

division
w

all
w

ould
be

installed
in

the
discharge

bay
to

divide
the

bay
into

tw
o

sections.
A

new
pum

p
house

and
pum

ps
w

ould
be

installed
in

one
section

of
the

discharge
bay

and
w

ould
be

isolated
from

the
other

section
by

a
m

ovable
gate.

Pum
ps

in
the

new
pum

p
house

w
ould

pum
p

the
w

ater
to

the
new

cooling
tow

ers.
W

ater
from

the
cooling

tow
ers

w
ould

be
pum

ped
by

new
pum

ps,
located

in
the

cooling
tow

er
basin,

to
the

existing
intake

area.

W
hile

the
prelim

inary
design

for
all

ofthe
M

W
G

en
stations

includes
the

ability
to

operate
in

tw
o

possible
m

odes
ofoperation,

closed
and

open-cycle,
Joliet

7&
8

w
ould

have
three

possible
m

odes
of

operation.
Joliet

7&
8

could
operate

in
closed-cycle

or
open-cycle

m
ode

sim
ilar

to
the

other
stations

but
could

also
operate

in
open-cycle

m
ode

using
the

new
cooling

tow
ers

as
helper

tow
ers.

T
his

w
ould

provide
m

ore
operating

tim
e

in
open-cycle

m
ode,

w
hich

w
ould

reduce
operating

costs.
B

ecause
of

the
site

layout
and

existing
intake

and
discharge

arrangem
ent,

this
is

only
practical

for
Joliet

7&
8.

F.
C

ooling
S

ystem
D

esign
C

hallenges
and

C
onstraints

T
he

new
cooling

system
at

all
five

M
W

G
en

stations
requires

installing
large

equipm
ent

in
relatively

sm
all

areas.
T

he
space

constraints
presented

by
each

of
the

M
W

G
en

station
properties

affected
the

design
of

the
cooling

tow
er

arrangem
ents,

m
aking

it
less

than
an

optim
al

design
if

space
w

ere
not

lim
ited.

M
ore

specifically,
the

cooling
tow

er
arrangem

ents
included

in
the

prelim
inary

design
are

less
than

ideal
w

ith
respect

to
preventing

recirculation
of

air
betw

een
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cooling
tow

ers.
R

ecirculation
of

air
betw

een
cooling

tow
ers

is
typically

som
ething

that
is

prevented
or

m
inim

ized
in

designing
cooling

tow
ers

because
any

such
recirculation

w
ill

reduce
tow

er
perform

ance.
R

educed
tow

er
perform

ance
results

in
higher

operating
costs.

In
addition

to
space

lim
itations

at
the

M
W

G
en

stations,
additional

design
issues

arise
from

existing
structures

and
equipm

ent
at

the
stations

that
interfere

w
ith

retrofitting
them

to
closed-

cycle
operations.

A
t

Fisk,
C

raw
ford

and
W

ill
C

ounty
Stations,

the
available

area
for

locating
the

cooling
tow

ers
is

also
the

location
of

existing
high

voltage
transm

ission
lines

ow
ned

by
C

om
m

onw
ealth

E
dison

(“C
om

E
d”).

T
herefore,

the
prelim

inary
design

for
each

of
these

stations
includes

having
to

m
ove

and
relocate

these
high

voltage
transm

ission
lines.

H
ow

ever,
S&

L
does

not
know

w
hether

an
evaluation

by
C

om
E

d
w

ould
determ

ine
that

the
relocation

of
its

transm
ission

lines
is

feasible
or,

if
feasible,

w
hat

conditions
or

costs
C

ornE
d

w
ould

require
in

return
for

its
agreem

entto
m

ove
and

relocate
these

lines.

A
nother

design
consideration

w
as

the
noise

that
is

generated
from

the
operation

of
cooling

tow
ers.

S&
L

’s
review

concluded
that

noise
em

issions
from

the
cooling

tow
ers

are
expected

to
be

below
the

regulatory
lim

its
for

all
ofthe

units
except

for
Joliet

7&
8

due
to

the
proxim

ity
of

an
existing

office
building

w
est

of
the

proposed
Joliet

7&
8

cooling
tow

er
location.

H
ow

ever,

because
of

the
prelim

inary
scope

of
the

design
w

ork
com

pleted
for

this
study,

the
cost

of
noise

abatem
entw

as
not

included
in

the
Joliet

7&
8

capital
cost

estim
ates

prepared
by

S&
L

.

D
ue

to
the

nature
of

the
prelim

inary
design

concept
w

ork
conducted

by
S&

L
,

certain
assum

ptions
needed

to
be

m
ade

to
com

plete
the

cost
estim

ates.
T

his
w

as
prim

arily
the

case
in

the
area

of
perm

itting.
T

he
design

concept
and

cost
estim

ates
are

based
on

the
assum

ption
that

state
and

federal
perm

itting
authorities,

e.g.,
Illinois

E
PA

and
the

U
.S.

A
rm

y
C

orps
of

E
ngineers,

w
ill

grant
all

of
the

necessary
perm

its
for

the
construction

and
operation

of
the

cooling
tow

er
system

at
each

of
the

M
W

G
en

stations.
Such

perm
its

w
ould

include
the

required
construction

perm
it(s)

for
the

tow
ers

and
the

m
odifications

to
intake

and
discharge

canals
as

included
in

the
design

concept,
as

w
ell

as
any

related
environm

ental
operating

perm
its,

such
as

for
particulate

m
atter

em
issions

from
the

tow
ers.

D
ue

to
the

relatively
high

level
of

uncertainty
associated

w
ith

the
extent

ofthe
effort

necessary
to

com
plete

the
perm

itting
process

for
each

ofthe
stations,

S&
L

did
not

include
a

cost
estim

ate
line

item
for

perm
itting

in
the

capital
and

O
&

M
estim

ated
costs

presented
in

its
study.

S&
L

also
assum

ed
that

the
perm

its
could

be
obtained

w
ithin

the
estim

ated
project

schedule
itprepared

as
part

of its
report.

IV
.

E
stim

ated
E

conom
ic

C
osts

of
C

om
pliance

w
ith

P
roposed

U
A

A
T

h
erm

al
S

tan
d

ard
s

B
ased

on
the’prelim

inary
design

criteria
S&

L
identified

for
each

of
the

five
M

W
G

en
stations,

S&
L

then
developed

estim
ates

for
the

costs
that

are
involved

in
im

plem
enting

the
retrofitting

of
each

of the
five

M
W

G
en

stations
to

closed-cycle
cooling.

T
hese

estim
ated

costs
included

capital

and
O

&
M

cost
estim

ates
and

estim
ated

pow
er

loss
revenues

associated
w

ith
the

additional
pow

er
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required
to

operate
the

cooling
tow

ers.
T

he
cost

estim
ates

for
each

of
the

M
W

G
en

stations,
and

how
they

w
ere

prepared
for

each
ofthe

cost
categories,

is
explained

further
below

.

A
.

C
apital

C
ost

E
stim

ates

T
he

estim
ated

capital
costs

for
each

M
W

G
en

station
to

convert
to

closed-cycle
cooling

system
s

are
listed

in
T

able
2

below
,

and
are

explained
in

m
ore

detail
in

S
ection

5
of

the
S&

L
report

(E
xhibit

B
).

T
he

estim
ated

capital
costs

range
from

$115
m

illion
for

Joliet
6

to
$300

m
illion

for
Joliet

7&
8,

for
a

total
capital

cost
of nearly

$1
billion

for
all

five
ofthe

M
W

G
en

stations.

T
able

2

C
apital

C
ost

E
stim

ates
for

C
onversion

of
M

W
G

en
S

tations
to

C
losed-C

ycle
C

ooling

U
N

IT
S

T
A

T
IO

N
C

A
P

IT
A

L
C

O
S

T
W

E
T

/D
R

Y
C

A
P

IT
A

L
T

O
T

A
L

W
E

T
/D

R
Y

T
O

W
E

R
($)

C
O

S
T

($)
P

E
R

K
W

G
R

O
S

S
M

W

FISK
19

348
$137,100,000

$394

C
R

A
W

FO
R

D
7&

8
585

$165,200,000
$282

W
IL

L
C

O
U

N
T

Y
3&

4
832

$257,100,000
$309

JO
L

IE
T

6
341

$115,700,000
$339

JO
L

IE
T

7&
8

1,138
$300,900,000

$264

T
O

T
A

L
S

3,244
$976,000,000

$301

(A
V

E
R

A
G

E
)

S&
L

generated
the

capital
cost

estim
ates

based
on

a
com

bination
of

budgetary
equipm

ent
quotes,

engineering
m

aterial
quantity

estim
ates

and
the

use
of

S&
L

’s
cost

estim
ating

database.
T

he

largest
cost

com
ponent

is
the

physical
cooling

tow
er

itself,
w

hich
is

approxim
ately

15%
to

25%

of
the

total
capital

cost,
depending

on
the

station.
B

udgetary
quotes

w
ere

obtained
from

SPX
!M

arley,
a

m
ajor

cooling
tow

er
supplier.

T
he

cost
for

pum
ps,

piping,
electrical

equipm
ent

and
labor

w
ere

obtained
both

from
S&

L
’s

estim
ating

database,
w

hich
includes

data
from

budget

quotes
and

contracts
from

past
S&

L
projects,

and
from

published
rates

for
labor

and

productivity.

T
he

cost
estim

ates
provided

are
“order

of
m

agnitude”
—

m
eaning

that
the

accuracy
is

lim
ited

to
-

30%
/+50%

.
T

hese
are

reasonable
cost

estim
ates

in
the

context
that

they
are

based
on

conceptual
designs,

physical
layouts

and
contain

a
fair

level
of

detail
in

all
the

m
ajor

account
categories.
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H
ow

ever,
detailed

engineering
and

detailed
design

have
not been

perform
ed.

D
uring

the
detailed

design
and

engineering
phase

of
installing

a
new

system
into

an
existing

plant,
it

is
com

m
on

to

encounter
unforeseen

problem
s

that
increase

the
cost.

T
hus,

the
+

50%
is

m
ore

likely
than

the
-

30%
.

T
he

design
param

eters
used

for
the

cost
estim

ates
are

based
on

assum
ption

of
the

scope

and
design

basis.
T

here
are

several
unknow

ns
that

could,
and

likely
w

ill,
lead

to
changes

in
the

cost
estim

ates.
G

enerally,
these

unknow
ns

are
item

s
that

w
ould

increase
the

estim
ated

costs,
as

further
explained

below
.

B
.

C
losed-C

ycle
C

ooling
S

ystem
s

E
stim

ated
O

&
M

C
osts

for
M

W
G

en
S

tations

In
addition

to
the

capital
costs,

the
closed-cycle

cooling
system

s
w

ill
also

require
annual

expenditures
to

operate
and

m
aintain

the
system

(the
“O

&
M

costs”).
T

he
principal

elem
ents

of

O
&

M
costs

for
closed-cycle

cooling
system

s
are

a)
cooling

tow
er

fan
and

circulating
w

ater

system
pum

p
pow

er
costs,

b)
preventative

m
aintenance

and
repair

of
cooling

tow
er

fan
and

circulating
w

ater
pum

p
system

s,
and

3)
chem

icals
for

control
of

corrosion
and

biological
grow

th.

T
he

estim
ated

annual
O

&
M

costs,
including

the
costs

for
the

auxiliary
pow

er
consum

ptions
are

listed
in

T
able

3.

T
able

3

E
stim

ated
A

nnual
O

perating
and

M
aintenance

C
osts

for
C

onversion
of

M
W

G
en

S
tations

to
C

losed-C
ycle

C
ooling

U
nit

S
tation

T
otal

G
ross

M
W

W
et/D

ry
T

ow
ers

Fisk
19

348
$2,127,000

C
raw

ford
7&

8
585

$3,960,000
W

ill
C

ounty
3&

4
832

$5,750,000
Joliet

6
341

$2,660,000
Joliet

7&
8

1,138
$9,080,000

T
otals

3,244
$23,577,000

In
addition

to
the

auxiliary
pow

er
consum

ption
(as

discussed
further

below
)

and
the

O
&

M
costs

associated
w

ith
closed-cycle

cooling,
the

cooling
w

ater
tem

perature
to

the
condensers

w
ill

be

higher
than

w
ith

once-through
cooling.

T
his

w
ill

result
in

a
loss

in
gross

electrical
output

and

plant
efficiency.

T
he

loss
w

ill
vary

w
ith

am
bient

tem
perature,

but
is

expected
to

be

approxim
ately

1%
.

C
.

A
uxiliary

P
ow

er
U

se
A

ssociated
w

ith
C

onversion
to

C
losed-C

ycle
C

ooling

T
he

operation
of

cooling
tow

ers
requires

a
pow

er
supply.

T
he

pow
er

dem
and

of
the

cooling

tow
ers

results
in

additional
pow

er
that

w
ould

have
to

be
supplied

by
each

M
W

G
en

station
on

an

ongoing
basis.

T
his

additional
pow

er
w

ould
be

supplied
by

the
electricity

generated
by

each
of

the
stations.

T
his

additional
pow

er
dem

and,
referred

to
here

as
the

“auxiliary
pow

er
use,”

results
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in
a

loss
of

revenue
to

M
W

G
en

because
it

can
no

longer
be

sold
on

the
open

m
arket.

It
instead

m
ust

be
used

to
operate

the
new

cooling
tow

ers.
It

also
m

eans
that

other
electrical

generating
station

units
m

ust
produce

m
ore

pow
er

to
supply

to
the

electric
grid

to
m

ake
up

for
the

pow
er

consum
ed

by
the

cooling
tow

ers.
T

he
cooling

tow
er

fans
and

new
pum

ps
w

ill
consum

e
2

to
3%

of
the

gross
electrical

output
of

the
stations.

For
Joliet

7&
8,

the
cooling

system
w

ill
require

over
35M

W
ofpow

er.
T

he
auxiliary

pow
er

consum
ption

for
the

closed-cycle
cooling

system
for

each
M

W
G

en
station

is
listed

below
in

T
able

4.

T
able

4

C
ooling

T
ow

er
A

nnual
A

uxiliary
P

ow
er

U
se

(M
W

)
for

M
W

G
en

S
tations

W
ill

C
ounty

F
isk

C
raw

ford
3&

4
Joliet

6
Joliet

7&
8

348M
W

585M
W

832M
W

3
4
1
M

W
1,138M

W

C
ooling

T
ow

er
Fan

P
ow

er
3.24

6.08
9.32

4.28
16.20

Supply
Pum

p
P

ow
er

3.89
6.48

9.72
4.78

17.01

D
ischargeP

um
pP

ow
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
ercentage

ofM
W

O
u

tp
u

t
2.2

2.3
2.4

2.9
3.1

D
.

L
oss

of
P

lan
t

G
enerating

C
apacity

T
he

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
of

the
circulating

w
ater

system
to

the
tem

perature
of

the
body

of
w

ater
previously

used
for

open-cycle
cooling.

T
his

higher
condenser

inlet
tem

perature
reduces

turbine-generator
efficiency

and
results

in
a

loss
of plant

generating
capacity,

and
a

corresponding
loss

of
revenue

from
electricity

sales.
T

he
estim

ated
annual

loss
in

revenue
for

all
five

stations
is

approxim
ately

$3,800,000.

E
.

P
otential

A
dditional

C
osts

A
lthough

the
w

ork
required

in
preparing

the
above

cost
estim

ates
involved

an
extensive

effort,
there

are
still

several
unknow

ns
in

the
design

basis
that

could
lead

to
changes

in
the

cost
estim

ates,
prim

arily
changes

w
hich

w
ould

increase
the

cost
estim

ates
provided

here.
T

hese
item

s
including

the
follow

ing:

•
N

oise
abatem

ent
for

the
cooling

tow
ers

is
not

included
in

the
cost

estim
ates.

N
oise

abatem
ent

could
cost

up
to

$12.6
m

illion
at

Joliet
7&

8.
A

lthough
noise

abatem
ent

is
not

expected
to

be
required

at
the

other
stations,

if
it

does
becom

e
an

issue
during

perm
itting,

itw
ould

increase
the

S&
L

estim
ated

costs.
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•
B

low
dow

n
from

the
cooling

tow
ers

w
ill

be
higher

than
the

allow
able

discharge
tem

perature
during

som
e

w
eather

conditions.
Since

the
blow

dow
n

flow
rate

w
ill

be
sm

all

com
pared

to
the

total
flow

rate,
S&

L
assum

ed
additional

cooling
of

the
blow

dow
n

w
ill

not
be

required
based

on
the

assum
ption

that
a

m
ixing

zone
m

ay
be

available
to

allow
for

com
pliance

at
the

edge
of

the
m

ixing
zone

and
not

at
the

end-of-pipe
outfall.

Ifhow
ever

sufficient
m

ixing
is

not
available

for
one

or
m

ore
of

the
stations’

discharges
of

cooling

tow
er

blow
dow

n,
then

additional
cooling

of
the

blow
dow

n
w

ill
be

required.
T

he
capital

cost
per

station
for

this
additional

cooling,
through

the
add-on

installation
and

operation

of
a

chiller,
w

ill
be

approxim
ately

an
additional

$3
m

illion
per

station.

•
C

hanges
in

the
cooling

tow
er

location
due

to
transm

ission
line

issues
w

ould
increase

the

cost.
S&

L
assum

ed
that

any
interference

w
ith

the
siting

of
the

cooling
tow

ers
caused

by
third-party

ow
ned,

existing
transm

ission
lines

could
be

addressed
through

relocating
of

the
transm

ission
lines.

Itis
not

know
n

w
hether

this
is

a
correct

assum
ption.

•
A

change
in

cooling
tow

er
type,

such
as

dry
cooling,

w
ould

increase
cost.

•
A

dditional
w

ork
resulting

from
requirem

ents
im

posed
by

the
Illinois

E
PA

,
U

.S.
E

PA

A
rm

y
C

orp
of

E
ngineers

or
city

or
county

governm
ents

during
perm

itting
review

s
could

increase
costs.

A
s

an
exam

ple,
if

the
cooling

tow
ers

are
required

to
be

relocated,the
cost

w
ould

increase.

•
Interference

from
underground

utilities
could

require
design

changes
and

im
pact

cost.

A
ll

of
these

generating
units

are
on

old
sites

and
there

m
ay

be
abandoned,

below
-ground

utilities
discovered

during
the

construction
phase

of
the

w
ork

that
have

to
be

rem
oved.

N
o

costs
for

such
unknow

n
conditions

w
ere

included
in

the
S&

L
cost

estim
ates.

•
A

constructability
review

by
a

general
contractor

could
either

identify
cost

savings
or

extra
costs

not
included

in
the

estim
ates.

For
exam

ple,
a

construction
contractor

m
ay

find

that
the

lack
of

on-site
construction

storage
area

m
ay

increase
the

construction
costs.

V
.

C
onclusion

S&
L

’s
study

of
the

applicable
technology

and
estim

ated
com

pliance
costs

relating
to

the

Proposed
U

A
A

T
herm

al
Standards

involved
an

extensive
am

ount
of

effort
by

several
of

its

experienced
and

qualified
personnel,

as
w

ell
as

cost
inform

ation
generated

by
an

outside
cooling

tow
er

m
anufacturer.

B
ased

on
the

significant
level

of
effort

devoted
to

this
study,

it
is

clear
that

the
IE

PA
’s

proposed
re-designation

of
the

aquatic
life

use
ofthe

U
pper

D
resden

Island
Pool

and

the
C

A
W

S
and

the
accom

panying
P

roposed
U

A
A

T
herm

al
Standards

w
ould

require
new

clo
sed

cycle
cooling

system
s

for
all

five
M

W
G

en
stations

that
have

used
these

w
aterw

ays
for

o
n
ce

through
cooling

since
they

began
operating.

W
hen

the
M

W
G

en
stations

w
ere

designed
several

decades
ago,

they
w

ere
not

designed
nor

w
ere

their
respective

sites
selected

or
arranged

to
attain

therm
al

w
ater

quality
standards

as
strict

as
those

proposed
in

this
rule-m

aking.
D

ue
to

the
lack

17



of
sufficient

land
area

at
the

M
W

G
en

stations
on

w
hich

to
construct

the
necessary

structures
or

equipm
ent

associated
w

ith
cooling

lakes
and

cooling
ponds

w
ith

sprays,
these

technologies
are

not technically
feasible

for
the

M
W

G
en

stations.
Further,

there
are

reasonably
expected

w
eather

conditions
in

the
vicinity

of the
M

W
G

en
stations

w
hich

m
ake

the
use

of
“helper”

tow
ers

another

option
w

hich
is

not
technically

feasible
for

these
stations

to
em

ploy
to

achieve
com

pliance
w

ith

the
Proposed

U
A

A
T

hennal
Standards.

T
hus,

the
new

cooling
system

required
for

each
of

the

M
W

G
en

stations
m

ust be
designed

for
closed-cycle

operation.

B
ased

on
the

results
of

S&
L

’s
study, plum

e
abated

(w
et/dry)

m
echanical

draft
cooling

tow
ers

are

the
low

est
cost

alternative
for

closed-cycle
cooling

that
w

ill
achieve

and
m

aintain
com

pliance

w
ith

the
Proposed

U
A

A
T

herm
al

Standards.
For

all
five

M
W

G
en

stations,
converting

them
to

closed-cycle
cooling

system
s

w
ould

require
an

estim
ated

total
capital

investm
ent

of
nearly

$1

billion,
and

w
ould

result
in

over
$23,000,000

per
year

in
operating

and
m

aintenance
costs.

In

addition,
the

net
electrical

output
and

efficiency
of all

five
stations

w
ould

be
reduced.

H
ow

ever,

as
discussed

above,
because

certain
assum

ptions
w

ere
m

ade
in

the
course

of the
S&

L
Study

that

m
ay

not be
achieved

in
an

actual
im

plem
entation

of the
conceptual

design,
such

as
the

relocation

of high
voltage

transm
ission

lines,
as

w
ell

as
the

existence
of very

few
actual

cases
of converting

open-cycle
generating

stations
to

closed-cycle
operation

w
ith

w
hich

to
com

pare
these

estim
ated

costs,
the

im
plem

entation
of

the
conceptual

design
on

w
hich

these
cost

estim
ates

are
based

at

each
of the

M
W

G
en

stations
is

not
a

technical
certainty

and
is

likely
to

resultin
actual

costs
that

exceed
these

estim
ates.

R
espectfully

subm
itted,

ayE
.H

enry
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E
X

H
IB

IT
A

T
O

T
H

E
W

R
IT

T
E

N
T

E
S

T
IM

O
N

Y
O

F
R

A
Y

E
.

H
E

N
R

Y

C
u
rricu

lu
m

V
itae

of
R

ay
E

.
H

en
ry



R
A

Y
E

.
H

E
N

R
Y

P
rin

cip
al

C
o

n
su

ltan
t

S
arg

en
t

&
L

u
n
d
y

C
o

n
su

ltin
g

E
D

U
C

A
T

IO
N

P
urdue

U
niversity

-
B

.S
.

M
echanical

E
ngineering

-
1971

R
E

G
IS

T
R

A
T

IO
N

S

P
rofessional

E
ngineer—

Illinois,
Indiana

P
R

O
F

IC
IE

N
C

IE
S

M
echanical

engineering

P
roject

M
an

ag
em

en
t

P
ow

er
plant

design

S
team

turbine
design

review

B
oiler

design
review

C
ycle

optim
ization

F
an

specialist

P
lant

betterm
ent

C
ondition

assessm
en

t
and

rehabilitation
stu

d
ies

R
eliability

and
availability

P
lant

perform
ance

C
ooling

S
y
stem

s

C
ycling

conversion

T
raining

and
technology

tran
sfer

R
E

S
P

O
N

S
IB

IL
IT

IE
S

M
r.

H
enry

is
a

principal
consultant.

A
s

a
technical

co
n
su

ltan
t,

M
r.

H
enry

provides
technical

support
to

the
various

proj
ect

team
s

w
ithin

S
argent

&
L

undy.
H

is
specialties

include,
sy

stem
design,

plant
condition

assessm
en

t,
perform

ance
testing,

h
eat

balance
stu

d
ies,

plant
optim

ization
studies,

plant
configuration,

alternate
technology

assessm
en

t,
cycling

conversion,
fuel

sw
itching,

cooling
sy

stem
optim

ization,
etc.

M
r.

H
enry

also
serv

es
as

a
project

m
an

ag
er

for
ow

ner’s
engineer/consultant

proj
ects.

T
he

scope
of

th
ese

projects
usually

co
n
sists

of
conceptual

design
stu

d
ies,

feasibility
studies

and
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R
A

Y
E

.
H

E
N

R
Y

P
rin

cip
al

C
o
n
su

ltan
t

S
arg

en
t

&
L

u
n
d
y

C
o

n
su

ltin
g

econom
ic

evaluations,
preparation

of
engineering,

procurem
ent,

and
construction

(E
P

C
)

specifications,
evaluation

of
E

P
C

bids,
design

review
and

construction
tech

n
ical

support.

M
r.

H
enry

is
also

S
arg

en
t

&
L

undy’s
specialist

for
pow

er
plant

fans,
co

n
d

en
sers,

and
cooling

tow
ers.

E
X

P
E

R
IE

N
C

E

M
r.

H
enry

h
as

m
ore

than
35

y
ears

of
experience

in
the

m
echanical

engineering,
design,

and
analysis

of
m

ajor
steam

-electric
generating

stations.
M

r.
H

enry
h
as

participated
in

construction
overview

s,
serving

as
the

project
lender’s

engineer.

M
r.

H
enry

serv
es

as
a

technical
consultant

on
m

any
of

the
com

bined
cycle

plants
designed

by
S&

L.

M
r.

H
enry

is
a

m
em

ber
of

the
A

m
erican

S
ociety

of
M

echanical
E

ngineers
(A

S
M

E)
P

erform
ance

T
est

C
ode

C
om

m
ittee

for
fans,

P
T

C
II.

H
e

has
participated

in
field

tests
and

has
provided

perform
ance

ev
alu

atio
n
s

of
boilers,

turbines,
co

n
d
en

sers,
pum

ps,
fans,

steam
generators,

and
feedw

ater
h
eaters.

H
e

h
as

participated
in

perf
orm

ance
test

for
conventional

and
corn

bined
cycle

plants,
including

preparation
of

test
procedures,

field
testing,

evaluation
of

test
results

and
due

diligence
review

of
tests

and
test

reports.

M
r.

H
enry

is
a

m
em

ber
of

the
A

m
erican

S
ociety

of
M

echanical
E

ngineers
(A

S
M

E)
P

erform
ance

T
est

C
odes

S
tan

d
ard

s
C

om
m

ittee.

M
r.

H
enry

currently
serv

es
as

S
arg

en
t

&
L

undy’s
and

fan
specialist

and
one

of
several

boiler
and

turbine
sp

ecialists.
H

e
h
as

been
involved

in
fan

evaluations
and

the
developm

ent
of

specifications
for

rep
lacem

en
t

of
fans.

M
r.

H
enry

has
also

been
involved

in
the

prepara
tion

of
and

review
of

E
P

C
and

equipm
ent

specifications
for

unit
sizes

of
12

M
W

to
1000

M
W

.
H

e
has

participated
in

E
P

C
and

equipm
ent

bid
evaluations,

design
review

s,
perform

ance
tests,

unit
assessm

en
ts,

and
perform

ance
im

provem
ents.

M
r.

H
enry

recently
served

as
a

technical
consultant

to
the

International
F

inance
C

orporation
unit

of
the

W
orld

B
ank

regarding
its

update,
published

in
D

ecem
b

er
2008,

of
E

nvironm
ental,

H
ealth,

and
S

afety
G

uidelines
for

T
herm

al
P

ow
er

P
lants.

T
hat

is
a

key
reference

d
o
cu

m
en

t
for

environm
ental

evaluations
of

therm
al

pow
er

facilities
w

orldw
ide.

M
r.

H
enry

developed
S

arg
en

t
&

L
undy’s

H
T

B
A

L
program

to
m

odel
various

steam
turbine

cycles.

B
efore

assum
ing

his
position

as
co

n
su

ltan
t

and
project

m
anger,

M
r.

H
enry

w
as

the
m

anager
of

S
argent

&
L

undy’s
P

ow
er

S
y
stem

E
ngineering

D
ivision,

consisting
of

consultants,
technical

specialists,
senior

en
g
in

eers,
and

en
g
in

eers
w

ho
an

aly
ze

units
in

design
as

w
ell

as
units

that
are

operating.
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R
A

Y
E

.
H

E
N

R
Y

P
rin

cip
al

C
o

n
su

ltan
t

S
arg

en
t

&
L

u
n
d
y

C
o

n
su

ltin
g

Prior
to

his
position

as
a

division
m

an
ag

er,
M

r.
H

enry
w

as
a

senior
m

echanical
project

engineer.
H

e
perform

ed
prelim

inary
design

studies
to

d
eterm

in
e

general
plant

layout;
sized

and
specified

equipm
ent;

analyzed
econom

ic
factors;

prepared
flow

diagram
s;

and
sized

piping,
w

hich
included

analyzing
flexibility

and
support

sy
stem

s.
H

e
m

aintained
client

contact
and

incorporated
operating

philosophi
es

w
ithin

design
p
aram

eters.
H

e
also

interfaced
w

ith
suppliers

in
selecting

equipm
ent,

m
aterials,

and
labor

p
ack

ag
es;

evaluated
proposals;

and
recom

m
ended

p
u
rch

ases.

M
r.

H
enry’s

specific
ex

p
erien

ce
includes

the
follow

ing:

IN
D

E
P

E
N

D
E

N
T

E
N

G
IN

E
E

R
I

O
W

N
E

R
’S

E
N

G
IN

E
E

R
!

C
O

N
S

U
L

T
A

N
T

•
B

an
co

ItaU
B

B
A

S
.A

.
M

PX
E

n
erg

ia
(B

razil)
-

P
ecém

II,
1x365

M
W

coal-fired.
(2009

to
present)

•
F

ujian
E

lectric
P

o
w

er
S

u
rv

ey
&

D
esig

n
In

stitu
te!H

eb
ei

E
lectric

P
o
w

er
D

esig
n

&
R

esearch
In

stitu
te/In

n
er-M

o
n

g
o

lia
P

o
w

er
E

x
p
lo

ratio
n

&
D

esig
n

In
stitu

te
(C

hina)
-

C
onsulting

serv
ices

for
design

of
1000M

W
supercritical

coal
units

(2008
to

p
resen

t)

•
O

ffice
N

atio
n
al

d
e

I’E
lectricité

(M
o
ro

cco
)

-
S

afi
2x660

M
W

coal
fired

plant
(2008

to
present)

•
P

hu
M

y
3

B
O

T
C

o
m

p
an

y
(V

ietnam
)

-
P

hu
M

y
3

2x2x1
natural

g
as

com
bined

cycle,
700

M
W

(2007-2008)

•
A

E
S

(C
hile)

—
N

ueva
V

en
tan

as,
260

M
W

coal-fired.
(2006

to
2007)

—
G

uacolda,
150

M
W

coal-fired.
(2006

to
2007)

•
In

ter-A
m

erican
D

ev
elo

p
m

en
t

B
ankIM

P
X

E
n
erg

ia/E
n
erg

ias
d
o

B
rasil

(B
razil)

—
P

ecém
I,

2x360
M

W
coal-fired.

(2008
to

present)
—

Itaqui,
1x360

M
W

coal-fired
(2008

to
2009)

•
P

.T
.

T
an

ju
n
g

Jati
P

o
w

er
C

o
m

p
an

y
(In

d
o
n
esia)

—
T

anjung
Jati

“A
”,

2x600
M

W
coal-fired.

(2005
to

2007)

•
S

in
g
ap

o
re

P
o
w

er
In

tern
atio

n
al

(K
orea)

—
A

nyang
and

B
uchon

C
H

P
,

2x475
M

W
L

N
G

.
(2000)

—
B

ugok
C

C
,

1x538
M

W
L

N
G

-fired.
(2000)
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R
A

Y
E

.
H

E
N

R
Y

P
rin

cip
al

C
o
n
su

ltan
t

L
i
r
i
i
y

”

S
arg

en
t

&
L

u
n
d
y

C
o

n
su

ltin
g

•
T

o
talF

in
a/T

racteb
el

(A
bu

D
habi)

-
800

M
W

g
as

fired
com

bined
cycle

P
roject

M
anager

(1999-2000)

•
S

h
an

g
h
ai

M
unicipal

E
lectric

P
o

w
er

C
o
m

p
an

y
(C

hina)
—

W
aigaoqiao

P
h
ase

II,
supercritical

coal,
900

M
W

to
1000

M
W

.
P

roject
M

anager.
(1996-2002)

•
W

ing
G

ro
u

p
(C

hina)
—

D
engfeng,

2x300
M

W
coal-fired.

(1995
to

1998)

•
S

ith
e

C
h
in

a
L

im
ited

(C
hina)

—
Puqi,

2
x300

M
W

coal
fired,

IP
P

.
(1997

to
1998)

•
Y

ellow
S

ea
C

o
m

p
an

y
(C

hina)
—

Jinhua,
2x30

M
W

coal-fired
cogeneration.

(1995
to

1998)

•
Illinova

(C
hina)

—
Z

huzhou,
2x12

M
W

coal-fired
cogeneration.

(1996
to

1997)

•
E

lectric
P

o
w

er
of

H
en

an
(C

hina)
—

Q
inbei,

2x600
M

W
coal-fired.

(1995
to

1997)

C
O

N
C

E
P

T
U

A
L

D
E

S
IG

N
S

T
U

D
IE

S

•
O

ffice
N

atio
n
al

d
e

l’E
lectricité

(M
o
ro

cco
)

-
Jorf

L
asfer,

C
onceptual

study
for

new
coal

fired
generation,

includi
ng

site
layout,

evaluation
of

unit
size

and
design,

perform
ance

estim
ates

and
capital

and
O

&
M

cost
estim

ates.
(2005

to
2007)

•
S

h
an

g
h
ai

M
u
n
icip

al
E

lectric
P

o
w

er
C

o
m

p
an

y
(C

hina)
—

W
aigaoqiao,

supercritical
coal,

900
M

W
to

1000
M

W
.

P
roject

M
anager.

P
h

ase
II

site
evaluation

for
the

potential
addition

of
four

supercritical
coal-fired

units.
S

tag
e

1
of

the
project,

co
n

sists
of

conceptual
d
esig

n
and

bid
d
o
cu

m
en

t
review

and
S

tag
e

2
co

n
sists

of
interface.

(1996
to

2002)

S
ite

study
for

extension
units.

(1993)

•
C

entral
&

S
o
u
th

W
est

S
erv

ices,
Inc.

—
T

echnology
assessm

en
t

of
new

generation.
(1993

to
1994)
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R
A

Y
E

.
H

E
N

R
Y

P
rin

cip
al

C
o

n
su

ltan
t

&

S
arg

en
t

&
L

u
n
d
y

C
o

n
su

ltin
g

PL
A

N
T

D
E

S
IG

N

•
H

u
an

en
g

In
tern

atio
n
al

P
o

w
er

D
ev

elo
p

m
en

t
C

o
rp

o
ratio

n
—

S
hidongkou

I
and

2,
coal,

600
M

W
,

supercritical.
P

erform
ed

pipe
sizing

and
p
rep

ared
heat

balances.
(1988)

•
P

S
I

E
n
erg

y
—

G
ibson

5,
coal,

618
M

W
,

supercritical.
P

erform
ed

prelim
inary

design
studies

for
plant

layout;
optim

ized
cycle

configuration;
sized

and
specified

equipm
ent,

including
auxiliary

boiler;
an

aly
zed

econom
ic

factors;
prepared

flow
diagram

s;
procured

equipm
ent

and
m

aterials;
and

p
rep

ared
labor

p
ack

ag
es,

provided
technical

su
p
p
o
rt

for
construction.

(1979
to

1983)

For
the

follow
ing

projects,
M

r.
H

enry
su

p
erv

ised
equipm

ent
sizing,

optim
ization

of
sy

stem
s

and
com

ponents,
perform

ance
evaluation

of
equipm

ent
from

various
m

anufacturers,
and

feasibility
studies.

•
C

en
tral

P
o

w
er

&
L

ight
C

o
m

p
an

y
—

C
oleto

C
reek

1,
coal,

570
M

W
.

(1974
to

1977)

•
C

o
m

m
o
n
w

ealth
E

d
iso

n
C

o
m

p
an

y
—

B
yron

1
and

2/B
raidw

ood
I

and
2,

nuclear,
1175

M
W

each
.

(1974
to

1977)

•
N

o
rth

ern
In

d
ian

a
P

u
b
lic

S
erv

ice
C

o
m

p
an

y
—

S
ch

ah
fer

14
an

d
15,

coal,
550

M
W

each.
(1971

to
1973,

1974
to

1977)

•
Illinois

P
o
w

er
—

C
linton

1,
nuclear,

985
M

W
;

—
H

avana
6,

coal,
439

M
W

.
(1973

to
1977)

•
A

m
erican

E
lectric

P
o
w

er
S

erv
ice

C
o
rp

o
ratio

n
lB

u
ck

ey
e

P
o
w

er,
Inc.

—
C

ardinal
3,

coal,
615

M
W

,
supercritical.

(1973
to

1974)

B
O

IL
E

R
S

•
M

itsui
—

P
oint

A
coni,

185
M

W
C

F
B

.
B

oiler
efficiency

and
plant

heat
rate

tests.
(1994

to
1995)
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R
A

Y
E

.
H

E
N

R
Y

P
rin

cip
al

C
o
n
su

ltan
t

S
arg

en
t

&
L

undy
C

o
n
su

ltin
g

•
N

ational
P

o
w

er
—

Jiaxing
660

M
W

coal.
D

esign
review

of
boiler

proposal.
(1995)

•
P

S
I

E
n
erg

y
—

G
ibson

3,
668

M
W

,
coal.

T
echnical

support
for

test
burn

of
P

R
B

coal.
(1993

to
1995)

•
C

aro
lin

a
P

o
w

er
&

L
ight

C
o

m
p

an
y

—
A

sheville
U

nit
2,

coal
200

M
W

.
B

oiler
capacity

and
H

U
T

tests.
(1995)

•
C

aro
lin

a
P

o
w

er
&

L
ight

C
o
m

p
an

y
—

R
oxboro

U
nit

2,
600

M
W

coal.
R

etrofit
of

new
pulverizers

and
coal

pipe.
(1995)

C
O

O
L

IN
G

S
Y

S
T

E
M

•
P

S
I

E
n

erg
y

—
C

ayuga
I

and
2,

coal,
531

M
W

each.
S

tudy
to

convert
to

closed
cycle

cooling.
(1993)

•
P

S
E

G
N

u
clear

—
S

alem
1

and
2,

nuclear
E

valuation
of

cooling
tow

er
retrofit

(1994)

•
G

en
esis

E
n

erg
y

-
H

untly
P

ow
er

S
tation

U
nits

I
to

4
S

pecification
and

evaluation
of

helper
cooling

tow
er

(2004)
E

valuation
of

alternative
cooling

sy
stem

s
(2010)

•
E

nviro
P

o
w

er
—

V
arious

sites
C

ooling
tow

er
evaporation

rates
(2001)

•
V

attenfall
—

M
oorburg

U
nits

1
and

2,
coal,

840
M

W
each.

S
tudy

of
cooling

sy
stem

(2009)

P
R

E
C

IP
IT

A
T

O
R

U
P

G
R

A
D

E
S

•
In

d
ian

ap
o
lis

P
o
w

er
&

L
ig

h
t

C
o

m
p

an
y
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R
A

Y
E

.
H

E
N

R
Y

P
rin

cip
al

C
o
n
su

ltan
t

S
arg

en
t

&
L

undy
C

o
n

su
ltin

g

—
P

ritchard
6,

coal,
69

M
W

.
F

an
testing,

m
odel

flow
testing,

and
precipitator

procurem
ent.

(1992
to

1993)

C
O

N
D

IT
IO

N
A

S
S

E
S

S
M

E
N

T

•
A

T
C

O
P

o
w

er

-
B

attle
R

iver
U

nits
3

and
4

E
valuated

condition
of

steam
turbine,

boiler
and

other
m

ajor
equipm

ent.
(2006)

•
A

E
S

-
E

kibastuz
units

1-5

R
eview

of
steam

turbine,
boiler

and
other

m
ajor

equipm
ent

(2007)

•
T

he
C

in
cin

n
ati

G
as

&
E

lectric
C

o
m

p
an

y
—

M
iam

i
Fort

5,
coal,

80
M

W
.

E
valuated

condition
of

fans,
fluid

drives,
and

condenser.
(1987)

•
PSI

E
n

erg
y

—
G

allagher
4,

coal,
150

M
W

.
E

valuated
condition

of
fans,

condenser,
and

feed
w

ater
heater.

(1
986)

•
N

o
rth

ern
In

d
ian

a
P

u
b
lic

S
erv

ice
C

o
m

p
an

y
—

M
itchell

4,
coal,

138
M

W
.

E
valuated

condition
of

fans,
co

n
d

en
ser

boiler
feed

pum
ps,

fluid
drives,

and
feed

w
ater

heaters.
(1985)

•
B

o
sto

n
E

d
iso

n
C

o
m

p
an

y
/E

lectric
P

o
w

er
R

esearch
In

stitu
te

—
M

ystic,
oil,

565
M

W
.

D
eveloped

guidelines
for

fans
and

heat
rate.

(1984)

M
IS

C
E

L
L

A
N

E
O

U
S

•
A

rizona
P

u
b

lic
S

erv
ice

C
o

m
p

an
y

—
V

arious
stations.

D
eveloped

turbine
cycle

and
heat

rate
sem

m
ar

for
p
resen

tatio
n

to
client’s

personnel.
(1987)

•
N

o
rth

ern
In

d
ian

a
P

u
b
lic

S
erv

ice
C

o
m

p
an

y
—

P
rovided

engineering
serv

ices
to

in
crease

unit
capacity.

(1984)
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R
A

Y
E

.
H

E
N

R
Y

P
rin

cip
al

C
o
n
su

ltan
t

L
r
*

c
y

S
arg

en
t

&
L

undy
C

o
n
su

ltin
g

•
M

itsu
ilT

o
sh

ib
a

—
P

erform
ed

survey
of

m
oisture

sep
arato

r
reh

eaters.
(1983

to
1984)

•
U

n
iv

ersity
of

W
isco

n
sin

—
P

erform
ed

balance-of-plant
conceptual

d
esig

n
for

a
fusion

reactor.
(1973

to
1974)

PL
A

N
T

P
E

R
F

O
R

M
A

N
C

E

•
TU

E
lectric

—
M

echanical
P

roject
E

ngineer.
S

ubcontractor
on

E
P

RI
heat

rate
im

provem
ent

guideline
project

(R
P

2181).
(1987

to
1989)

•
S

E
G

S
V

III
an

d
IX

—
P

lant
perform

ance
im

provem
ent

study.
(1994)

•
W

isco
n
sin

E
lectric

—
P

leasan
t

P
rairie,

coal,
570

M
W

.
D

eterm
ined

so
u
rces

from
plant

to
supply

energy
to

industrial
park.

Identified
so

u
rces

and
determ

ined
heat

rate
and

pow
er

generation
degradation

cau
sed

by
source.

A
lso

evaluated
ad

v
an

tag
es

and
d
isad

v
an

tag
es

and
balance-of-plant

im
pact.

(1987)

•
W

isco
n

sin
P

o
w

er
&

L
ight

C
o

m
p

an
y

—
R

ock
R

iver
2,

coal,
75

M
W

.
C

onducted
unit

p
erfo

rm
an

ce
evaluation

and
developed

a
p
erfo

rm
an

ce
evaluation

m
anual.

(1987)

•
B

o
sto

n
E

d
iso

n
C

o
m

p
an

y
—

M
ystic

4-7,
oil,

1086
M

W
total;

—
N

ew
B

oston
I

and
2,

oil,
738

M
W

total.
P

erform
ed

unit
availability

study.
(1985)

•
In

terstate
P

o
w

er
C

o
m

p
an

y
—

L
ansing

4,
coal,

252
M

W
.

P
erform

ed
unit

perform
ance

evaluation.
(1984)

•
C

entral
Illinois

P
u
b
lic

S
erv

ice
C

o
m

p
an

y
—

G
rand

T
ow

er
4,

coal,
100

M
W

;
—

N
ew

ton
2,

coal,
567

M
W

.
P

erform
ed

unit
perform

ance
evaluation.

(1983)
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R
A

Y
E

.
H

E
N

R
Y

P
rin

cip
al

C
o

n
su

ltan
t

S
arg

en
t

&
L

undy
C

o
n

su
ltin

g

C
Y

C
L

IN
G

C
O

N
V

E
R

S
IO

N

•
H

o
u
sto

n
L

ig
h
tin

g
&

P
o
w

er
C

o
m

p
an

y
—

S
am

B
ertron

I
and

2
/D

eep
w

ater
71W

.
A

.
P

arish
I

and
2;

gas;
156

M
W

each.
D

evelopm
ent

of
sy

stem
design

for
cycling

m
odifications

and
determ

ination
of

startup
tim

es
for

w
arm

starts.
(1986)

C
L

E
A

N
A

IR
A

C
T

A
M

E
N

D
M

E
N

T

•
P

S
I

E
n
erg

y
—

A
ll

stations.
P

rogram
M

anager.
D

esign,
procurem

ent,
and

installation
d
esig

n
of

continuous
em

ission
m

onitors.
(1991

to
1992)

P
rogram

M
anager.

P
h
ase

IC
lean

A
ir

A
ct

A
m

endm
ent

com
pliance

study.
(1991)

T
R

A
IN

IN
G

A
N

D
T

E
C

H
N

O
L

O
G

Y
T

R
A

N
S

F
E

R

•
K

orea
E

lectric
P

o
w

er
C

o
rp

o
ratio

n
lk

o
rea

P
o

w
er

E
n

g
in

eerin
g

C
o
m

p
an

y
-

Y
onggw

ang
3

and
4,

nuclear,
950

M
W

each.
C

onducted
six-m

onth
tran

sfer
of

technology
course

on
heat

ex
ch

an
g
ers.

(1987
to

1988)

•
A

rizo
n
a

P
u

b
lic

S
erv

ice
C

o
m

p
an

y
—

C
onducted

tw
o-day

co
u
rse

on
heat

balances.
(1986)

•
S

arg
en

t&
L

u
n
d
y

—
Instructor

of
a

co
u
rse

in
fan

s
for

S
argent

&
L

undy’s
P

ow
er

P
lant

F
u
n
d

am
en

tals
program

.

FA
N

S

•
C

o
m

m
o
n
w

ealth
E

d
iso

n
C

o
m

p
an

y
—

K
incaid

I
and

2,
coal,

1160
M

W
total.

S
tudy

for
upgrading

induced
d
raft

(ID
)

fans
for

the
addition

of
an

FG
D

system
.

(1991
to

1992)

P
rovided

engineering
serv

ices
for

rep
lacem

en
t

of
g

as
recirculation

fan
w

heels.
(1988)

—
W

aukegan
8,

coal
and

g
as,

355
M

W
.

P
rovided

engineering
serv

ices
for

replacem
ent

of
ID

fan
w

heel.
(1988)

—
Joliet

7
and

8,
coal

and
g
as,

580
M

W
each.

P
erform

ed
engineering

serv
ices

in
co

n
n
ectio

n
w

ith
ID

fan
w

heel
and

fan
rotor

replacem
ent.

(1987)
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R
A

Y
E

.
H

E
N

R
Y

P
rin

cip
al

C
o
n
su

ltan
t

L
ir*

c
ty

”

S
arg

en
t

&
L

u
n
d
y

C
o
n
su

ltin
g

—
P

ow
erton

5
and

6,
coal,

828
M

W
each.

P
rovided

engineering
serv

ices
for

rep
lacem

en
t

of
forced

draft
(E

D
)

fan
w

heel.
(1987)

—
W

ill
C

ounty
I

and
2,

coal,
280

M
W

total.
P

rovided
engineering

serv
ices

for
ID

fan
hub

rep
lacem

en
t

and
p
rep

ared
specifications

for
rep

lacem
en

t
of

FD
fan

w
heel.

(1987)

•
E

lectric
P

o
w

er
R

esearch
In

stitu
te

—
S

tudy
m

an
ag

er
for

developing
operating

and
m

ain
ten

an
ce

guidelines
(R

P
2504-7)

for
draft

fans.
(1988

to
1992)

•
P

S
I

E
n
erg

y
—

G
ibson

4,
coal,

668
M

W
.

S
tudy

for
upgrading

ID
fan

s
for

the
addition

of
a

flue
g
as

desulfurization
system

.
(1991)

—
C

ayuga
I

and
2,

coal,
1062

M
W

total.
P

rovided
engineering

serv
ice

for
rep

lacem
en

t
of

ED
and

ID
fan

w
heels.

(1988)

—
W

ab
ash

R
iver

6,
coal,

365
M

W
.

P
rovided

engineering
serv

ices
for

rep
lacem

en
t

of
ID

fan
w

heels.
(1988)

•
F

lo
rid

a
P

o
w

er
&

L
ig

h
t

C
o

m
p

an
y

—
V

arious
stations.

P
repared

generic
FD

fan
specifications

for
several

400
M

W
units.

(1987)

M
E

M
B

E
R

S
H

IP
S

A
m

erican
S

ociety
of

M
echanical

E
ngineers

•
P

erform
ance

T
est

C
o
d
es

S
tan

d
ard

s
C

om
m

ittee
•

C
om

m
ittee

PT
C

-1
1,

E
ans

P
U

B
L

IC
A

T
IO

N
S

“E
m

ission
L

im
its

and
C

ontrols
for

C
oal

E
ired

P
lants

in
the

U
nited

S
tates”

(coauthor),
P

resen
ted

at
the

International
S

em
in

ar
on

E
nergy

S
avings

and
E

nvironm
ental

P
rotection

in
L

arge
S

cale
T

herm
al

P
ow

er
C

om
panies,

S
h

an
g

h
ai,

2007

“U
ncertainty

A
nalysis

in
E

an
T

esting”
(coauthor),

A
SM

E
P

O
W

E
R

2007,
S

an
A

ntonio,
T

exas,
July

2007.

“U
sing

T
echnology

to
R

esolve
P

ow
er

P
lant

D
esign

and
C

onstruction
D

isputes”
(coauthor),

A
SM

E
Joint

International
P

ow
er

G
eneration

C
onference,

P
hoenix,

A
rizona,

O
ctober

1994
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R
A

Y
E

.
H

E
N

R
Y

P
rin

cip
al

C
o
n
su

ltan
t

L
.L

4
rC

1
Y

”

S
arg

en
t

&
L

undy
C

o
n
su

ltin
g

“E
conom

ic
and

O
perational

B
enefits

from
R

etrofitting
V

ariable-S
peed

D
rives”

(coauthor),
A

m
erican

P
ow

er
C

onference,
C

hicago,
Illinois,

A
pril

1994

“Fan
Instability

A
ssociated

w
ith

V
ariable-F

requency
D

rives”
(coauthor),

A
m

erican
P

ow
er

C
onference,

C
hicago,

Illinois,
A

pril
1994

“M
eeting

C
A

A
D

em
ands

on
C

E
M

S
ystem

s”
(coauthor),

P
ow

er
E

ngineering,
D

ecem
ber

1992

“H
eat

R
ate

S
tudy

for
the

B
ase

C
ase

P
C

S
tate-of-the-A

rt
P

ow
er

P
lant

C
onceptual

D
esign”

(coauthor),
E

PR
I

C
o
n
feren

ce
on

H
eat

R
ate

Im
provem

ent,
B

irm
ingham

,
A

labam
a,

O
ctober

1992

“H
elping

O
p
erato

rs
Im

prove
P

lant
P

erform
ance

H
E

A
T

X
PR

T
:

A
n

O
n-L

ine
E

xpert
S

ystem
”

(coauthor),
E

P
R

I’s
H

eat
R

ate
Im

provem
ent

C
onference,

S
cottsdale,

A
rizona,

M
ay

1991

“B
enefit

from
L

esso
n
s

L
earned

in
R

eplacing
C

entrifugal
F

ans,”
P

ow
er,

January
1991

“Fan
R

ep
lacem

en
t

-
L

esso
n

s
L

earned,”
A

m
erican

P
ow

er
C

onference,
C

hicago,
Illinois,

A
pril

1990

“D
evelopm

ent
of

an
O

n-L
ine

E
xpert

S
ystem

,”
H

E
A

T
X

PR
T

”
(coauthor),

E
P

R
I

C
onference

on
A

dvanced
C

om
puter

T
echnology

for
the

P
ow

er
Industry,

S
cottsdale,

A
rizona,

D
ecem

ber
1989

“O
perating

and
M

aintenance
G

uidelines
for

D
raft

F
ans,”

E
P

R
I

P
lant

M
aintenance

T
echnology

C
onference,

H
ouston,

T
ex

as,
N

ovem
ber

1989

“H
eat

R
ate

Im
provem

ent
at

T
U

E
lectric’s

N
orth

L
ake

U
nit

2,”
E

P
R

I
H

eat
R

ate
Im

provem
ent

C
onference,

K
noxville,

T
en

n
essee,

S
ep

tem
b
er

1989

“D
evelopm

ent
of

an
O

n-L
ine

E
xpert

S
y
stem

:
H

eat
R

ate
D

egradation
E

xpert
S

y
stem

A
dvisor”

(coauthor),
E

P
R

I
C

o
n
feren

ce
on

E
xpert

S
y
stem

s
A

pplications
for

the
E

lectric
P

ow
er

Industry,
O

rlando,
Florida,

Ju
n
e

1989

“P
erform

ance
M

onitoring
S

y
stem

s”
(coauthor),

Instrum
ent

S
ociety

of
A

m
erica’s

P
ow

er
Industry

D
ivision

C
onference,

P
hoenix,

A
rizona,

M
ay

1989

“E
ffective

U
se

of
A

vailability
D

ata,”
(coauthor),

S
arg

en
t

&
L

undy
G

eneral
E

ngineering
C

onference,
C

hicago,
Illinois,

S
pring

1988

“F
ossil-F

ired
S

tation
H

eat
R

ate
Im

provem
ent,”

S
arg

en
t

&
L

undy
G

eneral
E

ngineering
C

onference,
C

hicago,
Illinois,

S
pring

1987

“P
erform

ance-R
elated

M
onitoring

and
D
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