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E
X

E
C

U
T

IV
E

SU
M

M
A

R
Y

T
his

report
docum

ents
an

assessm
entof

habitat
im

provem
entpotential

in
the

C
hicago

A
rea

W
aterw

ay
S

ystem
(C

A
W

S)
and

is
the

second
of

tw
o

m
ain

reports
for

the
C

A
W

S
H

abitat
E

valuation
and

Im
provem

ent
Study

(the
Study).

T
he

Study
w

as
undertaken,

in
part,

to
better

understand
the

current
state

of
aquatic

habitat
in

the
C

A
W

S
and

to
identify

key
habitat

im
pairm

ents,
particularly

w
ith

respect
to

fish.
T

he
habitat

im
provem

ent
part

of
the

Study
w

as
intended

to
m

eet the
follow

ing
objectives:

•
G

iven
the

habitat
im

pairm
ents

identified
in

the
Study,

determ
ine

w
hat

physical
habitat

im
provem

ents,
if

any,
can

feasibly
be

im
plem

ented
in

the
C

A
W

S.

•
D

eterm
ine,

to
the

extent
possible

w
ith

existing
inform

ation,
w

hat
the

potential
benefit

of
habitat

im
provem

ent
in

the
C

A
W

S
w

ould
be

to
fish.

•
E

stim
ate

the
potential

cost
of

habitat
im

provem
ent.

T
hese

objectives
have

been
addressed

in
this

report
and

the
assessm

ent
presented

in
the

report
support

the
follow

ing
findings:

•
O

nly
a

lim
ited

num
ber

of
the

prim
ary

habitat
im

pairm
ents

in
the

C
A

W
S,

identified
in

this
Study,

have
im

provem
entpotential.

•
R

each-w
ide

im
provem

ent
of

the
prim

ary
habitat

im
pairm

ents
that

can
be

im
proved

w
ould

result
in

habitat
index

score
increases

betw
een

0
and

13
points

(from
zero

to
38%

increase).

•
T

hese
potential

im
provem

ents
do

not
significantly

alter
the

relative
habitat

index
scoring

of
the

C
A

W
S

reaches.

•
T

here
are

indications
that

it
m

ay
be

difficult
to

m
easure

significant
im

provem
ents

in
fisheries

as
a

result
of

the
habitat

im
provem

ents,
even

if
they

can
be

im
plem

ented.

•
T

he
estim

ated
cost

of
the

habitat
im

provem
ents

described
in

this
report

is
m

ore
than

$460
m

illion
system

-w
ide

and
this

estim
ate

is
likely

low
as

it
does

not
include

costs
for

land
acquisition,

dem
olition

of
existing

structures,
rem

oval
or

relocation
of

utilities
and

infrastructure,
or

potential
environm

ental
cleanup

costs
associated

w
ith

excavation
next

to
the

C
A

W
S.

It
should

be
noted

that
som

e
potential

habitat
im

provem
ent

m
easures

discussed
in

this
report

m
ay

be
infeasible,

but
for

purposes
of

identifying
im

provem
entpotential,

they
w

ere
carried

through
the

discussion.
A

s
discussed

in
Section

4.1,
a

prim
ary

exam
ple

of
this

is
the

rem
oval

of
vertical-w

alled
banks.

Itis
technically

possible
that

portions
of

vertical-w
alled

banks
m

ight
be

rem
oved

and
replaced

w
ith

naturalized
banks,

but
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the
cost

of
doing

this
over

long
reaches

w
ould

likely
be

im
practical

and
unaffordable.

T
herefore,

discussion
of

this
and

sim
ilar

m
easures

in
this

report
should

not
be

construed
as

a
recom

m
endation

or
endorsem

ent
of

those
actions.
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1.
IN

T
R

O
D

U
C

T
IO

N

T
his

is
the

second
of

tw
o

reports
docum

enting
a

study
of

aquatic
habitat

in
the

C
hicago

A
rea

W
aterw

ay
S

ystem
.

T
he

C
hicago

A
rea

W
aterw

ay
S

ystem
H

abitat
E

valuation
and

Im
provem

ent
S

tudy
(the

S
tudy)

w
as

conducted
by

L
im

noT
ech

under
contract

to
the

M
etropolitan

W
ater

R
eclam

ation
D

istrict
of

G
reater

C
hicago

(the
D

istrict).
T

his
report

docum
ents

the
habitat

im
provem

ent
portion

of
the

S
tudy.

A
separate

report
docum

ents
the

habitat
evaluation

portion
of

the
S

tudy.

1.1
R

E
P

O
R

T
S

T
R

U
C

T
U

R
E

T
his

report
is

structured
as

follow
s:

•
S

ection
1:

Introduction
—

T
his

section
presents

the
objectives

of
the

habitat
im

provem
ent

part
of

this
S

tudy.

•
S

ection
2:

S
um

m
ary

of
H

abitat
Im

pairm
ents

—
B

ased
on

the
findings

of
the

habitat
evaluation

part
of

the
S

tudy,
this

section
sum

m
arizes

the
physical

habitat
im

pairm
ents

in
the

C
A

W
S

.

•
S

ection
3:

P
otential

H
abitat

Im
provem

ent
T

echniques
for

the
C

A
W

S
—

T
his

section
provides

a
sum

m
ary

description
of

potential
habitat

im
provem

ent
techniques

based
on

the
im

pairm
ents

described
in

S
ection

2
and

the
goals

described
in

S
ection

1.

•
S

ection
4:

C
onceptual

D
esigns

and
C

osts
for

H
abitat

Im
provem

ent
—

Section
4

describes
conceptual

designs
for

exam
ple

sites
in

the
C

A
W

S
and

discusses
the

costs
associated

w
ith

im
plem

entation
of

these
designs.

•
S

ection
5:

C
A

W
S

H
abitat

Im
provem

ent
P

otential
—

Section
5

discusses
the

potential
for

habitat
im

provem
ent

in
the

C
A

W
S

on
a

reach
by

reach
basis.

•
S

ection
6:

S
um

m
ary

of
F

indings
—

S
ection

6
sum

m
arizes

the
m

ajor
findings

of
this

part
of

the
S

tudy.

1.2
O

B
JE

C
T

IV
E

S

T
he

S
tudy

w
as

undertaken,
in

part,
to

better
understand

the
current

state
of

aquatic
habitat

in
the

C
A

W
S

and
to

identify
key

habitat
im

pairm
ents,

particularly
w

ith
respect

to
fish.

T
he

habitat
im

provem
entpart

of
the

S
tudy

w
as

intended
to

m
eet

the
follow

ing
objectives:

•
G

iven
the

habitat
im

pairm
ents

identified
in

the
S

tudy,
determ

ine
w

hat
physical

habitat
im

provem
ents,

if
any,

can
feasibly

be
im

plem
ented

in
the

C
A

W
S

.
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•
D

eterm
ine,

to
the

extentpossible
w

ith
existing

inform
ation,

w
hatthe

potential
benefit

of
habitat

im
provem

entin
the

C
A

W
S

w
ould

be
to

fish.

•
E

stim
ate

the
potential

cost
of

habitat
im

provem
ent.

T
he

overall
em

phasis
of

the
Study

is
on

aquatic
habitat

for
fish

and,
as

such,
the

discussion
of

habitat
im

pairm
ents

and
im

provem
entpotential

in
this

report
focuses

on
fish

habitat.
A

m
ap

show
ing

the
C

A
W

S
study

area
is

show
n

in
Figure

1-1.

L
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F
igure

1-1:
T

he
C

hicago
A

rea
W

aterw
ay

S
ystem

H
ab

itat
E

valuation
and

Im
provem

ent
S

tudy
A

rea

C
hicago

A
rea

W
aterw

ay
SystemW

at
edaatxn

p
(it

P
urrsta)on
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T
his

page
is

b
lan

k
to

facilitate
double

sided
p
rin

tin
g

L
im

noT
ech

Page
4

Electronic Filing - Received, Clerk's Office, January 6,. 2010 
     * * * * * * PC # 284 * * * * *



C
hicago

A
rea

W
aterw

ay
System

H
abitatEvaluation

and
Im

provem
entStudy

H
abitatIm

provem
entR

eport
January

4,2010

2.
H

A
B

ITA
T

IM
PA

IR
M

E
N

T
S

IN
T

H
E

C
A

W
S

T
he

C
hicago

A
rea

W
aterw

ay
System

(C
A

W
S)

is
a

system
of

78
m

iles
of

w
aterw

ay
s

in
and

around
C

hicago,
Illinois

(Figure
2-1).

A
pproxim

ately
75%

of
these

w
aterw

ays,
by

length,
are

m
anm

ade
specifically

for
conveyance

of
treated

m
unicipal

w
astew

ater,
com

m
ercial

navigation,
and

flood
control.

T
he

portions
of

the
C

A
W

S
that

w
ere

form
erly

natural
stream

s
have

been,
alm

ost
w

ithout
exception,

dredged,
straightened,

w
idened,

andlor
realigned.

A
brief

synopsis
of

the
history

of
the

various
reaches

of
the

C
A

W
S

w
as

provided
in

the
H

abitat
E

valuation
R

eport,
produced

as
part

of
this

Study
(L

im
noT

ech,
2009).

T
his

history
is

sum
m

arized
in

T
able

2-1.

T
able

2-1:
C

onstruction
and

M
odification

H
istory

of
the

C
A

W
S

(G
reenburg,

2002;
H

ill,
2000;

S
olzm

an,
2006)

W
aterw

ay
L

ength
(m

i)
C

onstruction
H

istory

N
orth

S
hore

C
hannel

7.7
C

om
pletely

m
anm

ade;
excavated

1907-1910

N
orth

B
ranch

C
hicago

7.8
S

traightened,
w

idened,
d
eep

en
ed

;
1904

R
iver

onw
ard

N
orth

B
ranch

C
anal

1.1
C

om
pletely

m
anm

ade;
excavated

1850s

C
hicago

R
iver

1.6
M

outh
m

odifications;
w

idened,
d
eep

en
ed

;
focus

of
d
ev

elo
p
m

en
t

since
tim

e
of

first
settlem

en
t;

flow
reversed;

m
odifications

1816-1939

S
outh

B
ranch

C
hicago

4.6
S

traightened,
w

idened,
d
eep

en
ed

;
flow

R
iver

reversed;
m

ajor
straightening

in
1928-29;

W
est

Fork
com

pletely
filled

in
1920-1930s

B
ubbly

C
reek

1.5
S

traightened,
w

idened,
d

eep
en

ed
,

rerouted,
trib

u
taries

filled;
1860s-1920s

C
hicago

S
anitary

and
31.3

C
om

pletely
m

anm
ade;

excavated
1892-1900

Ship
C

anal

C
alum

et-S
ag

C
hannel

16.1
C

om
pletely

m
anm

ade;
excavated

1911-1922;
w

idened
in

1960s

L
ittle

C
alum

et
R

iver
6.1

S
traightened,

w
idened,

d
eep

en
ed

;
flow

reversed;
m

odifications
started

in
the

1870s

O
f

the
25%

of
the

C
A

W
S

that
w

as
originally

natural
rivers,

none
have

been
left

unaffected
by

significant
hum

an
activity.

A
s

show
n

in
T

able
2-1,

these
“natural”

riv
ers

have
been

dredged,
w

idened,
straightened,reconfigured,

rerouted,
and

or
otherw

ise
m

odified
so

they
bear

little
structuralresem

blance
to

their
original

form
s.

T
hese

m
odifications

have
been

im
plem

ented
to

support
uses

that
are

ongoing
today,

L
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including
effluent

disposal,
com

m
ercial

navigation,
and

flood
control,

so
there

is
little

realistic
opportunity

to
undo

them
w

ithout
m

ajor
social

and
econom

ic
im

pacts.

c
_

w
*

I
‘

I.a4D
4
W

i

_
_
_
i

F
igure

2-1:
C

onstruction
and

M
odification

H
istory

of
the

C
A

W
S

..A
F

A
Y

rT
l’U

C
A

W
S

W
aterw

ays:
C

onstruction
&

M
odification

Sui,m
ary

Cf m
an-m

ade
w

te
r?

y
si.ic

tn
aM

straani m
odifiebôn

t
2

3

N
o

ih
S

creC
ian

rcI
C

om
peteI

m
-m

aie
co

ô
sru

c
19)7-1910

L
ak9

C
0m

pkle4ym
•m

aO
e

E
icavaedn

1850s1

C
k
in

e
t-S

g
C

h
rn

eI
C

ornpeeIf
rnJ-m

ade
C

oisT
udeJ

1911-1972

•1

-

-:1

L
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A
lthough

it
m

ay
be

infeasible
to

reverse
the

m
ajor

w
aterw

ay
m

odifications
that

have
occurred

in
the

C
A

W
S,

it m
ay

be
possible

to
im

prove
habitat

attributes
and

functions
in

the
system

,
how

ever
the

resultant
im

provem
ents,

if
any,

m
ay

be
difficult

to
m

easure.
B

y
understanding

the
nature

of
habitatim

pairm
ents

and
their

relationship
to

fisheries,
it

is
possible

to
conceive

of
engineered

techniques
to

m
itigate

adverse
im

pacts
of

habitat
im

pairm
ents

and
im

prove
habitat

functions.
In

this
Study,

the
term

“habitat
im

pairm
ent”

refers
to

a
physical

condition
or

use
that

appears
to

be
related

to
fisheries

condition
in

the
C

A
W

S,
based

on
the

habitatevaluation
conducted

as
part

of
this

Study.

For
purposes

of
evaluating

C
A

W
S

habitat
im

provem
ent

potential
in

this
report,

habitat
im

pairm
ents

have
been

grouped
into

tw
o

categories.
First,

there
are

the
habitat

im
pairm

ents
that

have
been

show
n

in
this

study
to

be
m

ost
strongly

correlated
w

ith
fish

data
in

the
C

A
W

S;
these

are
referred

to
as

prim
ary

habitat
im

pairm
ents.

In
addition,

there
are

other
observed

habitat
im

pairm
ents

that
do

not
show

a
strong

statistical
relationship

to
fish

data,
but

are
apparent

in
the

system
and

w
ould

be
recognized

by
m

ostenvironm
ental

professionals
as

im
pairm

ents
to

aquatic
habitat.

T
hese

are
referred

to
as

secondary
habitat

im
pairm

ents
in

this
study.

T
he

use
of

the
term

s
“prim

ary”
and

“secondary”
in

this
study

should
not

be
construed

to
necessarily

reflect
im

portance.
T

he
distinction

is
m

ade
here

solely
to

differentiate
the

habitat
im

pairm
ents

that
w

ere
m

ost
strongly

correlated
w

ith
fish

from
those

that
w

ere
not.

2.1
C

A
T

E
G

O
R

IZ
A

T
IO

N
O

F
C

A
W

S
H

A
B

IT
A

T
IM

PA
IR

M
E

N
T

S

T
he

habitat
evaluation

identified
the

follow
ing

types
of

habitat
im

pairm
ent

in
the

C
A

W
S

as
being

m
ost

statistically
related

to
fisheries

condition:

•
M

axim
um

channel
depth

—
T

he
m

axim
um

channel
depth

w
as

negatively
correlated

w
ith

fish
m

etrics
in

the
C

A
W

S.

•
O

ff-channel
bays

—
T

he
presence

of
larger

areas
of

refuge
available

to
fish

that
function

like
off-channel

bays
w

as
positively

correlated
w

ith
fish

data.

•
P

ercent
of

vertical
w

all
banks

in
reach

—
T

he
quantity

of
vertical

w
alled

banks,
constructed

from
steel

sheet-piling,
concrete,

or
other

m
aterials

w
as

negatively
correlated

w
ith

fish
in

the
C

A
W

S.

•
P

ercent
of

riprap
banks

in
reach

—
T

he
percent

of
banks

in
a

study
reach

covered
by

riprap
w

as
negatively

correlated
w

ith
fish

in
the

m
ultiple

linear
regression.

•
M

anm
ade

structures
—

T
he

presence
of

m
anm

ade
structures

in
the

channel
(bridge

abutm
ents,

dolphins,
piers)

in
the

channel
w

as
found

to
be

an
im

portant
habitat

variable,
in

a
negative

sense.
A

n
exam

ple
of

these
structures

is
show

n
in

Figure
2-2.

It
is

not
clear

w
hy

these
structures

are
negatively

associated
w

ith
fisheries

in
the

C
A

W
S,

but
itis

likely
that

it
is

the

L
im
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anthropogenic
uses

associated
w

ith
the

structures,
rather

than
the

structures
them

selves,
that

cause
harm

.

F
igure

2-2:
E

xam
ples

of
D

olphin
S

tru
ctu

res
on

the
C

hicago
S

anitary
and

S
hip

C
anal

n
ear

A
W

Q
M

41.

•
P

ercent
m

acrophyte
cover

in
reach

—
T

he
percent

of
m

acrophyte
cover

in
sam

pling
reaches

of
the

C
A

W
S

w
as

found
to

be
significantly

correlated
w

ith
fish

data
in

the
C

A
W

S.

T
he

six
habitat

attributes
identified

above
w

ere
found

to
be

the
m

ost
strongly

correlated
w

ith
fish

data
in

the
C

A
W

S,
using

m
ultiple

linear
regression.

In
addition

to
these

six
attributes,

four
additional

habitat
attributes

w
ere

included
in

a
habitat

index
for

the
C

A
W

S
to

increase
the

ability
of

the
index

to
differentiate

betw
een

reaches
and

to
provide

a
m

ore
robust

tool
for

future
evaluation

of
habitat

in
the

C
A

W
S.

T
hese

additional
habitat

attributes
are:

•
P

ercent
overhanging

vegetative
cover

in
reach

—
T

his
attribute

refers
to

the
percentage

of
each

reach
covered

by
overhanging

riparian
vegetation.

•
Q

uantity
of

sm
all

pocket
areas

—
T

he
quantity

of
sm

all
pocket

areas
on

banks
that

can
provide

refuge
for

fish
w

as
identified

as
an

im
portant

habitat
variable.

L
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•
L

arge
deep

substrate
—

T
he

percentage
of

large
substrate

(gravel,
cobbles,

and
boulders)

w
as

also
identified

as
an

im
portant,

and
lim

ited,
habitat

attribute
in

the
C

A
W

S.
T

his
attribute

w
as

characterized
by

tw
o

variables
in

the
index,

one
representing

the
deep

part
of

the
channel

and
one

representing
the

shallow
part.

•
O

rganic
sludge

—
T

he
percentage

of
organic

sludge
on

the
channel

bed
represents

a
general

substrate
condition

in
som

e
of

the
C

A
W

S
reaches

that
indicates

very
fine

sedim
ent

w
ith

residual
im

pacts
of

industrial
chem

icals.

T
hese

ten
habitat

attributes
are

referred
to

in
this

report
as

prim
ary

habitat
im

pairm
ents

and
are

discussed
further

in
Section

2.2.
A

s
discussed

above,
these

are
not

necessarily
the

only
habitat

im
pairm

ents
in

the
C

A
W

S.
T

hey
represent

the
im

pairm
ents

that
w

ere
identified

through
statistical

analysis
w

ith
fish

data
and

developm
ent

of
a

habitat
index,

using
fish

data
collected

betw
een

2001
and

2008.
W

hen
data

for
these

attributes
w

ere
used

to
develop

a
habitat

index
for

the
C

A
W

S
and

the
calculated

index
values

w
ere

com
pared

to
fish

data
using

linear
regression,

the
index

explained
48%

of
the

variability
in

fish
data

collected
in

the
C

A
W

S
from

2001
—

2008.
B

ecause
of

their
strong

relationship
w

ith
fisheries

condition
and

the
fact

that
they

apply
to

large
parts

of
the

C
A

W
S

,
these

im
pairm

ents
are

categorized
as

prim
ary

im
pairm

ents
in

this
Study.

In
addition

to
these

prim
ary

habitat
im

pairm
ents,

there
are

other
habitat

im
pairm

ents
evident

in
the

C
A

W
S

that,
w

hile
perhaps

not
as

strongly
correlated

to
fish

on
a

system
-w

ide
basis,

are
nonetheless

apparent
from

study
of

the
system

.
T

hese
are

referred
to

as
secondary

habitat
im

pairm
ents,

not
because

they
are

less
im

portant,
but

because
they

w
ere

not part
of

the
statistical

correlation
w

ith
fish

data.
T

hese
secondary

habitat
im

pairm
ents

are
discussed

in
Section

2.3
and

include
the

follow
ing,

w
hich

are
either

very
lim

ited
in

the
C

A
W

S
or

are
absent

altogether:

•
C

hannel
com

plexity
(heterogeneity)

—
V

ariation
in

the
physical

form
of

w
ater

bodies.

•
S

inuosity
—

channel
plan

form
characterized

by
curves,

as
opposed

to
straight

channels.

•
G

radient
—

C
hannel

bed
slope.

•
S

easonal
hydrologic

pattern
—

S
easonal

variations
in

hydrology,
m

anifested
as

seasonal
variations

in
w

ater
depth

and
flow

.

•
F

loodplain
connectivity

—
C

onnection
of

w
aterw

ays
to

their
riparian

floodplains.

•
T

ributary
access

—
R

elatively
unim

peded
w

ater
access

from
m

ain
channel

to
tributary

w
aters.
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•
S

ubm
erged

structure
—

Structure
below

the
w

ater
surface

such
as

large
w

oody
debris.

•
L

ittoral
zones

—
Shallow

,
nearshore

areas
of

w
aterw

ays.

•
P

resence
of

com
m

ercial
navigation

T
he

m
ajority

of
the

C
A

W
S

is
used

for
com

m
ercial

navigation
and

the
presence

of
this

com
m

ercial
boat

traffic
can

have
a

num
ber

of
negative

effects
on

fisheries.

•
R

educed
w

ater
clarity

—
H

igh
turbidity

is
prevalent

throughout
m

ost
of

the
C

A
W

S
and

can
be

detrim
ental

to
fish,

particularly
sight-feeding

species.

W
hile

the
relevance

of
these

secondary
im

pairm
ents

has
notbeen

quantified
in

the
C

A
W

S,
itshould,

nonetheless,
be

recognized.

2.2
PR

IM
A

R
Y

H
A

B
IT

A
T

IM
PA

IR
M

E
N

T
S

A
s

discussed
above,

ten
habitat

attributes
w

ere
found

in
this

Study
to

be
the

m
ost

significant
w

ith
respect

to
C

A
W

S
fisheries

condition.
T

his
does

not
necessarily

m
ean

that
these

are
the

only
im

portant
habitat

im
pairm

ents
in

the
system

,
butrather

they
are

the
im

pairm
ents

w
hose

im
pact

on
fisheries

in
the

C
A

W
S

can
be

best
quantified

using
available

data.
O

ther
im

pairm
ents,

such
as

those
discussed

in
Section

2.3,
m

ay
be

equally
im

portant
but

their
im

pact
cannot

be
m

easured
w

ith
available

data.
For

exam
ple,

a
given

im
pairm

ent
m

ay
be

so
extensive

in
the

C
A

W
S

that
there

is
not

sufficient
differentiation

from
one

location
in

the
C

A
W

S
to

another
to

support
a

strong
statistical

correlation
w

ith
fish

data,
such

as
is

the
case

for
sinuosity

and
gradient

in
the

C
A

W
S.

2.2.1
M

axim
um

C
h

an
n

el
D

epth

M
axim

um
channel

depth
w

as
found

to
be

negatively
correlated

w
ith

fisheries
condition

in
the

C
A

W
S.

In
other

w
ords,

poorer
fish

com
m

unities
w

ere
generally

observed
in

deeper
reaches.

W
hile

w
ater

depth
itself

is
not

necessarily
detrim

ental
to

fish,
it

is
likely

indicative
of

a
range

of
other

factors
including

the
lack

of
littoral

zone
and

the
accom

panying
presence

of
m

acrophyte
cover,

disconnection
from

riparian
areas,

and
the

presence
of

com
m

ercial
navigation

to
nam

e
a

few
.

D
eep

w
ater

reaches
in

the
C

A
W

S
can

be
greater

than
20

feet
deep

to
m

aintain
adequate

depth
for

com
m

ercial
ship

traffic
(Figure

2-3)
and

to
m

aintain
storage

volum
e

for
flood

flow
s.

T
hese

depths
are

m
aintained

in
m

any
parts

of
the

C
A

W
S

through
dredging

by
the

U
.S.

A
rm

y
C

orps
of

E
ngineers.
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T
he

potential
to

im
prove

this
habitat

attribute
is

virtually
non-existent.

C
hanging

the
depth

of
the

C
A

W
S

reaches
w

ould
require

partial
filling,

w
hich

w
ould

interfere
w

ith
the

prim
ary

uses
of

the
w

aterw
ays,

w
hich

include
effluent

disposal,
com

m
ercial

navigation,
and

flood
control.

2.2.2
O

ff-C
hannel

B
ays

N
atural

w
aterw

ays
provide

areas
off

of,
but

connected
to,

the
m

ain
channel,

w
hich

provide
a

variety
of

value
to

fish.
T

hese
areas

include
riparian

w
etlands,

sloughs,
and

em
baym

ents
that

create
diverse

habitats
for

a
w

ide
range

of
fish

species
and

age
classes

(F
igure

2-4).
T

hey
also

provide
spaw

ning
areas

for
m

any
species,

that
are

protected
from

the
higher

velocities
and

shear
stresses

found
in

the
m

ain
channel.

T
hey

are
often

the
prim

ary
reproduction

area
in

natural
rivers

(A
llan,

1995).
T

hese
areas

provide
refuge

for
prey

and
forage

for
predatory

species.
In

the
C

A
W

S,
w

here
the

channels
are

either
m

anm
ade

or
significantly

m
odified,

these
off-channel

refuge
areas

are
nearly

non-existent.
H

ow
ever,

there
are

scattered
areas

of
shelter

along
the

w
aterw

ays,
w

ithin
the

m
ain

channels,
that

appear
to

provide
the

sam
e

function,
albeit

on
a

sm
aller

scale.

F
igure

2-3:
B

arge
and

T
ug

on
the

C
hicago

S
anitary

and
S

hip
C

anal.
M

any
C

A
W

S
R

eaches
are

D
eep

D
raft

W
aters

(photo
taken

near
A

W
Q

M
41,

2008).
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In
term

s
of

habitat
im

provem
ent

potential,
itm

ay
be

possible
to

construct
artificial

off-channel
areas

in
the

C
A

W
S

to
provide

som
e

of
the

function
that

these
areas

provide
in

natural
system

s.
T

his
m

ay
require

land
acquisition

and
itw

ould
require

careful
planning

to
integrate

these
areas

w
ith

existing
developm

ent
in

m
ore

urbanized
parts

of
the

system
.

T
he

presence
of

infrastructure
m

ay
also

present
an

obstacle.
N

onetheless,
this

im
pairm

ent
does

have
som

e
potential

for
im

provem
ent.

2.2.3
P

resen
ce

of
V

ertical
W

alled
B

an
k

s

T
he

C
A

W
S

reaches
evaluated

in
this

Study
have

approxim
ately

65
m

iles
of

vertical
w

alled
banks,

w
hich

is
about

42%
of

the
banks

in
the

Study
area.

T
hese

vertical
w

alls
consist

of
steel

sheet
piling

(Figure
2-5),

stone,
and

in
som

e
cases,

w
ooden

w
alls.

T
he

condition
reflects

the
constructed

nature
of

the
C

A
W

S
and

the
prim

ary
functions

of
the

system
for

support
of

effluent
disposal,

com
m

ercial
navigation,

and
flood

control.
It

goes
w

ithout
saying

that
these

vertical
w

all
banks

do
notresem

ble
natural

banks.
T

hey
reflect

the
general

absence
of

a
littoral

zone,
disconnection

from
riparian

areas,
deep

w
ater,

reduced
in-stream

aquatic
vegetation

and,
in

m
any

cases,
riparian

developm
ent

right
to

the
w

ater’s
edge.

F
igure

2-4:
E

xam
ple

of
O

ff
C

hannel
R

efuge
F

ound
in

N
atural

R
ivers,

absent
from

the
C

A
W

S
(photo

taken
in

L
ake

P
epin,on

the
M

ississippi
R

iver,
2007).
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N
aturalization

of
banks

in
the

C
A

W
S

m
ay

be
technically

possible
in

som
e

areas,
but

w
ould

be
very

costly.
Such

naturalization
w

ould
require

rem
oval

of
existing

arm
oring

(sheet
piling,

riprap,
etc.),

regrading
of

the
banks

to
stable

angles
of

repose,
planting

of
the

riparian
areas,

and
stabilization

to
prevent

bank
erosion.

T
he

feasibility
of

doing
this

in
a

given
location

w
ould

depend
on

a
num

ber
of

factors
including

existing
use

and
ow

nership
of

the
land

adjacent
to

the
w

aterw
ay,

current
use

of
the

bank,
and

project
cost.

In
theory,

how
ever,

this
attribute

has
im

provem
entpotential.

T
he

cost
of

this
type

of
habitat

im
provem

ent
is

discussed
later

in
this

report,
but

itis
theoretically

possible.

2.2.4
P

resen
ce

of
R

iprap
B

an
k
s

R
iprap

is
graded

stone
of

relatively
large

size,
used

to
stabilize

banks
and

prevent
erosion.

A
lm

ost
20%

of
the

banks
in

the
C

A
W

S
are

covered
w

ith
riprap,

based
on

m
easurem

ents
collected

during
the

Study.
O

n
a

reach-by--reach
basis

in
the

C
A

W
S,

the
presence

of
riprap

banks
(Figure

2-6)
varies

considerably.
Itis

com
pletely

absent
in

the
C

hicago
R

iver
(w

here
the

banks
consist

entirely
of

vertical
w

alls)
and

the
upper

N
orth

Shore
C

hannel.
In

the
C

al-Sag
C

hannel
and

the
U

pper
N

orth
B

ranch
C

hicago
R

iver,
m

ore
than

half
of

the
banks

are
riprap.

F
igure

2-5:
V

ertical
W

all
B

anks
are

found
th

ro
u

g
h
o

u
t

the
C

A
W

S
(photo

taken
in

S
outh

B
ranch

C
hicago

R
iver,

n
ear

A
W

Q
M

40,2008).
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T
he

U
.S.

A
rm

y
C

orps
of

E
ngineers

(U
SA

C
E

)
E

ngineer
R

esearch
and

D
evelopm

ent
C

enter
(E

R
D

C
)

has
conducted

research
on

the
im

pacts
of

riprap
to

aquatic
ecosystem

s
(Fischenich,

2003).
T

his
study

included
a

review
of

103
technical

publications
on

the
subject,

m
ost

of
w

hich
addressed

the
im

pacts
ofriprap

on
fish

species.
T

his
literature

review
concluded

that
“there

is
no

consensus
on

the
im

pacts
of

riprap
upon

habitat
for

fish
and

other
aquatic

organism
s,

and
the

existing
publications

present
conflicting

evidence
of

the
nature

and
degree

of
im

pacts”
(Fischenich,

2003).
T

his
lack

of
clarity

w
ith

respect
to

the
im

pact
of

riprap
m

akes
assessm

ent
of

the
role

ofriprap
in

the
C

A
W

S
m

ore
difficult.

Itis
not

clear
w

hat
the

negative
im

pact
of

the
riprap

is,
or

if
the

negative
response

of
fish

in
reaches

w
ith

riprap
is

due
to

som
e

other
factor

associated
w

ith
those

reaches
and

not
the

riprap
itself.

T
he

C
orps

report
does

state
that

“In
m

ost
of

the
w

arm
w

ater
system

s
studied,

coarse
hard

substrate
w

as
very

lim
ited,

so
the

addition
of

riprap
provided

a
habitat

niche
that

w
as

rapidly
exploited

by
a

num
ber

of
species”

(Fischenich,
2003).

T
his

w
ould

suggest
that,

in
a

relatively
w

arm
w

ater
system

like
the

C
A

W
S

w
here

coarse
substrate

is
lacking,

the
riprap

w
ould

provide
som

e
cover

for
fish,particularly

juveniles.
B

ut
the

report
also

points
out

a
num

ber
of

inconsistencies
in

the
literature,

m
aking

definitive
interpretation

im
possible.

L
acking

such
reference

inform
ation,

the
C

A
W

S
data

are
taken

at
face

value
and

riprap
is

considered
in

this
study

to
be

a
habitat

im
pairm

ent.

F
igure

2-6:
R

ip
rap

B
anks

in
the

N
orth

B
ranch

C
hicago

R
iver

(photo
taken

near
A

W
Q

M
73,

2008).
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In
general,

it
m

ay
be

technically
possible

to
im

prove
the

habitat
value

of
riprap

banks
in

the
C

A
W

S
.

A
lternatives

include
incorporating

vegetation
directly

into
the

riprap
or

replacing
the

riprap
w

ith
bioengineering

techniques
that

use
a

com
bination

of
stabilized

earthen
structures

and
vegetation.

T
he

im
provem

ent
potential

of
any

given
reach

in
the

C
A

W
S

w
ould

depend
on

the
ability

of
the

bank
m

odification
to

provide
the

stabilization
and

erosion
protection

necessary
at

that
location.

2.2.5
M

anm
ade

S
tru

ctu
res

M
anm

ade
in-channel

structures
w

ere
identified

in
this

S
tudy

as
being

negatively
correlated

w
ith

fish
in

the
C

A
W

S
.

T
hese

structures
include

bridge
abutm

ents
and

piers,
docks,

dolphins,
and

other
structure

that
extend

into
the

channel
(F

igure
2-7).

A
s

w
ith

riprap,
it

is
not

clear
from

the
available

data
w

hy
these

structures
are

negatively
correlated

w
ith

fish
or

w
hether

it
is

the
structures

them
selves

or
som

e
other

aspect
of

the
w

aterw
ays

at
these

locations
that

is
affecting

fish.
O

ne
possible

explanation
is

that
these

structures
sim

ply
do

not
offer

sufficiently
high

structural
quality

or
diversity

for
fish.

In
term

s
of

im
provem

ent
potential,

m
ost

of
the

identified
m

anm
ade

structures
in

the
S

tudy
are

associated
w

ith
som

e
function,

although
som

e
w

ere
abandoned

and
apparently

no
longer

in
use.

In
addition,

m
ost

are
ow

ned
by

parties
other

than
the

D
istrict,

w
hich

poses
som

e
challenge.

T
hese

tw
o

qualities
m

ake
it

unlikely
that

m
any,

if
not

m
ost,

of
the

structures
can

be
rem

oved.
F

urtherm
ore,

w
ithout

know
ing

the
specific

m
echanism

of
im

pact
to

fish
that

is
associated

w
ith

the
structures,

there
can

be
no

certainty
that

their
rem

oval
w

ould
have

a
benefit

to
fish.

F
or

these
reasons,

m
anm

ade
structures

are
not

considered
an

im
provable

habitat
attribute.
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2.2.6
M

acro
p
h
y
te

C
o
v
er

M
acrophyte

cover
refers

to
the

m
easurable

presence
of

subm
erged

or
em

ergent
aquatic

plants,
usually

found
in

shallow
er

w
ater

near
the

banks
of

w
aterw

ays.
M

acrophytes
provide

cover
for

fish,
habitatfor

m
acroinvertebrates,

w
hich

in
turn

can
provide

food
for

fish,
and

a
source

or
organic

m
atter

to
the

system
.

M
acrophytes

are
generally

recognized
as

a
desirable

aquatic
habitat

attribute.

T
he

presence
of

rooted
m

acrophytes
is

an
indication

that
lightpenetrates

to
the

bed
of

the
channel

and
m

eans
that

these
plants

are
generally

found
in

shallow
er

w
ater.

T
his

m
ay

explain
w

hy
m

acrophyte
cover

in
the

C
A

W
S

is
so

lim
ited,

since
the

depths
of

m
ost

of
the

reaches
exceed

the
depth

to
w

hich
light

can
penetrate.

D
uring

the
2008

sam
pling,

m
easureable

m
acrophyte

cover
w

as
only

found
in

the
N

orth
Shore

C
hannel

(Figure
2-8),

a
few

stations
in

the
C

hicago
Sanitary

and
Ship

C
anal,

the
L

ittle
C

alum
et,

and
at

a
m

arina
in

the
L

ake
Shore

D
rive

sam
pling

reach
of

the
C

hicago
R

iver.
R

ooted
m

acrophytes
have

also
been

historically
observed

in
the

N
orth

B
ranch

of
the

C
hicago

R
iver.

F
igure

2-7:
M

anm
ade

S
tru

ctu
re

S
uch

as
S

how
n

H
ere

W
ere

N
egatively

C
orrelated

w
ith

F
ish

in
the

C
A

W
S

(photo
taken

in
S

outh
B

ranch
C

hicago
R

iver
at

A
W

Q
M

40,
2008).
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T
he

feasibility
of

im
proving

m
acrophyte

cover
in

the
C

A
W

S
in

questionable.
T

o
a

large
extent,

this
w

ould
require

increasing
the

am
ount

of
shallow

w
ater,

littoral
areas

along
the

w
aterw

ays.
T

his
is

discussed
later

in
this

report,
in

the
context

of
the

feasibility
of

rem
oving

vertical
w

all
banks.

A
side

from
this,

how
ever,

there
is

likely
little

opportunity
to

practically
increase

m
acrophyte

cover
on

a
sufficiently

significant
scale

to
benefit

fisheries.

2.2.7
L

ack
of

O
v
erh

an
g
in

g
V

eg
etativ

e
C

o
v
er

O
verhanging

vegetative
cover

w
as

found
to

be
one

of
the

habitat
variables

m
ost

strongly
correlated

w
ith

fish
in

the
C

A
W

S
,

but
it

is
very

lim
ited

in
m

ost
of

the
C

A
W

S
w

aterw
ays.

T
his

variable
w

as
m

easured
in

the
S

tudy
as

the
percent

of
the

channel
reach

area
covered

by
overhanging

riparian
vegetation,

based
on

actual
field

m
easurem

ents.
O

verhanging
vegetation

provides
shade

and
is

a
direct

source
of

organic
m

atter
and

insects
to

the
w

ater.
T

he
N

orth
S

hore
C

hannel
(F

igure
2-9)

has
the

highest
percentage

of
overhanging

vegetation
in

the
C

A
W

S
,

w
ith

m
ore

than
30%

of
the

channel
covered

by
overhanging

vegetation
in

som
e

areas.

F
igure

2-8:
N

ear-S
hore

M
acrophyte

C
over

in
the

N
orth

S
hore

C
hannel

(photo
taken

near
A

W
Q

M
35,

2008)
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F
igure

2-9:
R

elatively
H

igh
O

verhanging
V

egetative
C

over
in

the
N

orth
S

hore
C

hannel
(photo

taken
upstream

of
A

W
Q

M
102,2008).

+

F
igure

2-10:
L

ow
O

verhanging
V

egetative
C

over
in

the
L

ow
er

C
al-S

ag
C

hannel
(photo

taken
n
ear

A
W

Q
M

48,2008)
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P
arts

of
the

upper
N

orth
B

ranch
C

hicago
R

iver
have

sim
ilar

overhanging
vegetative

cover,
but

in
the

rest
of

the
C

A
W

S
the

num
bers

are
generally

10%
or

less,
w

ith
som

e
reaches

having
no

overhanging
vegetative

cover.

T
he

potential
for

im
provem

ent
of

overhanging
vegetation

depends
on

the
w

idth
of

the
channel,

the
degree

of
overhanging

vegetation
already

present,
and

the
availability

of
riparian

land
to

support
overhanging

vegetation.
In

the
N

orth
S

hore
C

hannel,
w

here
overhanging

vegetation
is

already
abundant,

there
m

ay
be

little
opportunity

for
im

provem
ent.

In
the

C
al-S

ag
C

hannel
(F

igure
2-10),

w
here

there
is

little
existing

overhanging
vegetation,

there
m

ay
be

m
ore

opportunity,
but

the
upper

bound
of

channel
area

that
can

be
covered

m
ay

not
be

as
high

as
in

N
orth

S
hore

C
hannel,

because
the

C
al-S

ag
is

about
2½

tim
e

w
ider

than
the

N
orth

S
hore

C
hannel.

O
n

the
w

hole,
how

ever,
overhanging

vegetative
cover

is
a

habitat
attribute

that
can

potentially
be

im
proved

in
the

C
A

W
S

,
w

ith
som

e
lim

itations.

2.2.8
S

m
all

P
o

ck
et

A
reas

in
B

an
k
s

T
his

habitat
variable

deals
w

ith
the

relative
quantity

of
sm

all
pockets

w
ithin

bank
m

aterials
that

can
provide

refuge
for

fish,
as

m
easured

by
actual

count
in

the
field.

In
this

S
tudy,

bank
pocket

areas
w

ere
defined

as
sm

all
(but

greater
than

I
square

m
eter),

sem
i-protected

areas
that

m
ay

serve
as

refuge
from

turbulence
or

as
protective

cover
from

predators.
T

hese
sm

all
areas

of
protection

m
ay

be
available

to
the

transient
fishes

w
ithin

reaches
of

lim
ited

habitat
structure.

E
xam

ples
are

show
n

in
F

igures
2-1

1
and

2-12.

B
ank

pocket
areas

represent
a

potentially
im

provable
habitat

attribute
because

they
are

located
in

bank
areas

and
unlikely

to
interfere

w
ith

prim
ary

uses
of

the
C

A
W

S
(effluent

disposal,
com

m
ercial

navigation,
and

flood
control).

In
general,

habitat
attributes

associated
w

ith
bank

areas
in

the
C

A
W

S
have

m
ore

potential
for

im
provem

ent
for

this
reason

than
do

attributes
that

are
associated

w
ith

the
central

parts
of

the
channels

or
w

ith
channel

beds.
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4F
igure

2-11:
B

ank
P

ocketA
reas

(indicated
by

w
hite

arrow
s)

C
reated

by
a

D
ecaying

W
ooden

S
eaw

all
on

the
S

outh
B

ranch
C

hicago
R

iver
(photo

taken
dow

nstream
of

A
W

Q
M

39,
2008).

F
igure

2-12:
B

ank
P

ocket
A

reas
(indicated

by
w

hite
arrow

s)
C

reated
by

a
G

aps
in

L
im

estone
W

alls
on

the
C

hicago
S

anitary
and

S
hip

C
anal

(photo
taken

dow
nstream

of
A

W
Q

M
41,2008).
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2.2.9
L

arge
S

u
b

strate

In
this

Study,
large

substrate
is

characterized
as

bed
m

aterial
that

consists
of

gravel
or

larger
m

aterials,
including

cobbles
and

boulders
(Figure

2-13).
L

arge
substrate

is
im

portant
to

fish
because

coarse-m
ixed

substrate
system

s
tend

to
contain

highly
diverse

biota,
w

ith
strong

associations
betw

een
m

acroinvertebrate
and

substrate
diversity.

A
lthough

m
acroinvertebrate

diversity
is

m
ore

strongly
associated

w
ith

coarse
substrate

than
fishes,

fishes
can

greatly
benefit

from
the

prey
base

form
ed

by
diverse

coarse
substrate

m
aterials.

L
arge

substrate
is

generally
lacking

in
the

C
A

W
S,

w
here

m
ost

sedim
ent

input
is

very
fine

and
results

in
m

uddy
beds.

T
he

quantity
of

large
substrate

w
as

identified
as

a
habitat

attribute
positively

associated
w

ith
fish

and
w

as
included

in
the

C
A

W
S

habitat
index,

so
the

overall
shortage

of
such

substrate
is

considered
a

habitat
im

pairm
ent.

T
he

L
ittle

C
alum

et
R

iver
had

the
highest

m
easured

values
of

large
substrate,

w
ith

sam
ples

there
containing

approxim
ately

25%
gravel,

cobbles,
and

boulders
on

average.

T
he

feasibility
of

increasing
large

substrate
depends

on
a

num
ber

of
factors

and
m

ust
likely

be
determ

ined
on

a
location-specific

basis.
In

reaches
that

are
dredged

to

F
igure

2-13:
L

arge
S

ubstrate,
C

onsisting
of

G
ravel,

C
obbles,

and
B

oulders,is
relatively

U
ncom

m
on

in
the

C
A

W
S

(photo
taken

in
C

S
S

C
,

dow
nstream

of
A

W
Q

M
41,

2008).
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m
aintain

depth
for

navigation,
addition

of
large

substrate
is

not
feasible,

as
the

m
aterial

w
ould

be
rem

oved
during

dredging,
if

dredged
m

echanically,
or

w
ould

likely
interfere

w
ith

dredging
if

dredging
w

as
perform

ed
hydraulically.

In
areas

that
are

not
dredged,

such
as

the
N

orth
Shore

C
hannel,

it
m

ay
be

feasible
to

add
large

substrate.

2.2.10
O

rg
an

ic
S

lu
d

g
e

In
this

Study,
the

term
“organic

sludge”
refers

to
a

general
substrate

condition
characterized

by
very

fine
sedim

ent
w

ith
residual

apparent
or

m
easured

im
pacts

of
industrial

chem
icals.

T
his

type
of

substrate
has

been
historically

observed
so

frequently,
that

its
m

easurem
ent

is
included

in
the

D
istrict’s

routine
habitat

assessm
ent procedure.

O
rganic

sludge
in

the
C

A
W

S
(Figure

2-14)
is

found
w

here
chem

ical
im

pacts
to

sedim
ent

have
been

m
easured

and
sedim

ent often
has

a
petroleum

or
chem

ical
odor.

O
rganic

sludge
has

been
found

m
ost

com
m

only
in

B
ubbly

C
reek,

w
here

itm
akes

up
nearly

half
of

sedim
ent

sam
ples

collected.
Itis

also
found

in
the

C
hicago

Sanitary
and

Ship
C

anal,
the

C
al-Sag

C
hannel,

and
elsew

here.
Itis

not
clear

that
organic

sludge
sedim

ents
are

directly
harm

ful
to

fish,
but

they
are

likely
of

direct
harm

to
m

acroinvertebrates.
In

addition
to

the
potential

for
chem

ical
toxicity

effects,
the

F
igure

2-14:
O

rganic
S

ludge
is

P
resent

in
a

N
um

ber
of

C
A

W
S

R
eaches,

S
uch

as
in

T
his

P
icture

from
B

ubbly
C

reek
(photo

taken
at

A
W

Q
M

99,2008).
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sedim
ents

m
ay

exhibit
high

sedim
ent

oxygen
dem

and,
leading

to
higher

than
usual

oxygen
depletion

in
the

low
er

parts
of

the
w

ater
colum

n.

Im
proving

this
habitat

attribute
w

ould
require

rem
oval

of
the

organic
sludge

sedim
ents

or
im

plem
entation

of
som

e
other

sedim
entrem

ediation
m

ethod.
T

he
cost

of
doing

this
type

of
w

aterw
ay

im
provem

ent
is

technically
difficult

and
usually

very
expensive.

Furtherm
ore,

the
overall

extent
of

these
sedim

ents
in

the
C

A
W

S
is

not
know

n
and

w
ould

require
extensive

sam
pling.

B
ecause

of
the

uncertain
benefitto

fish
and

the
technical

challenges,
im

proving
this

habitat
attribute

is
considered

infeasible
for

purposes
of

this
Study.

P
relim

inary
results

of
the

m
odeling

of
sedim

ent
m

ovem
ent

in
B

ubbly
C

reek
being

done
by

the
U

niversity
of

Illinois
have

indicated
that

dow
nstream

sections
of

B
ubbly

C
reek

experience
net

deposition
after

C
SO

events.
T

hus,
if

the
organic

sedim
ents

in
this

reach
w

ere
im

m
obilized

by
capping

or
rem

oved
by

dredging,
the

organic
sedim

entdeposits
w

ould
begin

building
up

again
w

ith
the

first
use

of
the

R
acine

A
venue

P
um

ping
Station.

2.3
S

E
C

O
N

D
A

R
Y

H
A

B
IT

A
T

IM
PA

IR
M

E
N

T
S

A
s

previously
discussed,

in
addition

to
the

prim
ary

habitat
im

pairm
ents

discussed
in

Section
2.2,

there
are

a
num

ber
of

apparent
habitat

im
pairm

ents
that

are
not

necessarily
indicated

by
statistical

correlation
w

ith
fish

data,
but

that
m

ost
professionals

w
ould

likely
agree

are
im

pairm
ents

to
aquatic

habitat.
T

hese
are

described
in

this
section.

2.3.1
C

h
an

n
el

C
o

m
p

lex
ity

V
ariation

in
the

physical
form

of
w

ater
bodies

is
im

portant
for

aquatic
life.

N
atural

w
ater

bodies
exhibit

variability
in

channel
shape,

w
ater

depth
(longitudinally

and
laterally),

sinuosity,
and

bank
condition.

T
he

C
A

W
S

w
aterw

ays,
on

the
other

hand,
have

been
built

to
m

axim
ize

hom
ogeneity

w
hich

is
detrim

ental
to

fish.
B

ecause
channel

hom
ogeneity

is
integral

to
the

prim
ary

functions
of

the
C

A
W

S,
especially

effluent
disposal,

com
m

ercial
navigation,

and
flood

control,
there

is
little

opportunity
for

im
proving

this
habitat

im
pairm

ent.

2.3.2
S

easo
n

al
H

ydrologic
P

attern

Seasonal
variations

in
hydrology,

m
anifested

as
seasonal

variations
in

w
ater

depth
and

flow
,

provide
natural

triggers
for

grow
th

and
reproduction

cycles
of

aquatic
plant

and
anim

al
com

m
unities.

T
here

is
virtually

no
seasonal

hydrologic
pattern

in
the

C
A

W
S

because
hydrology

in
the

C
A

W
S

is
alm

ostcom
pletely

controlled
to

support
effluent

disposal,
com

m
ercial

navigation,
and

flood
control.

For
this

reason,
there

is
no

potential
for

im
proving

this
habitat

im
pairm

ent.
O

n
a

long-term
,

annual
average

basis,
m

ost
flow

is
from

w
astew

ater
treatm

ent
plant

effluent,
w

hich
is

relatively
steady,

and
only

a
sm

all
portion

of
the

overall
volum

e
of

flow
is

from
storm

w
ater

L
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drainage
and

com
bined

sew
er

overflow
s

in
response

to
storm

events.
B

ecause
the

hydrology
of

the
C

A
W

S
is

alm
ost

entirely
m

anipulated
to

support
its

prim
ary

functions
of

effluent
disposal,

com
m

ercial
navigation,

and
flood

control,
the

potential
for

achieving
a

seasonal
hydrologic

pattern
sim

ilar
to

a
natural

system
is

nonexistent.

2.3.3
F

lo
o
d
p
lain

C
o

n
n

ectiv
ity

C
onnection

of
natural

w
aterw

ays
to

their
floodplains

is
im

portant
in

the
life

history
of

riverine
fishes

because
it

offers
a

seasonal
diversity

of
habitat,

as
w

ell
as

an
annual

input
of

fine
and

coarse
organic

and
inorganic

m
aterial

for
trophic

function.
R

esearch
has

show
n

that
disconnection

of
natural

rivers
from

their
floodplains

can
lead

to
low

er
fish

diversity
(R

eyjol
et

al.
2008).

F
or

this
reason,

floodplain
reconnection

is
often

cited
as

a
goal

in
stream

and
river

restoration.

F
loodplains

never
existed

for
the

75%
of

the
C

A
W

S
that

w
ere

excavated
w

here
channels

did
not

previously
exist

(F
igure

2
-1

5
),

such
as

in
the

C
al-S

ag
C

hannel
and

the
C

hicago
S

anitary
and

S
hip

C
anal.

In
the

C
A

W
S

reaches
that

w
ere

once
natural

w
aterw

ays,
or

partially
so,

channelization
has

elim
inated

floodplain
connectivity

alm
ost

entirely.
In

addition
to

the
absence

of
floodplains

and
floodplain

connectivity,
the

entire
system

is
actively

m
anaged

to
prevent

flooding.
F

or
these

reasons,
there

is
no

potential
for

im
proving

this
habitat

im
pairm

ent.

F
igure

2-15:
M

ost
of

the
C

A
W

S
W

aterw
ays

W
ere

C
onstructed

W
ithout

F
loodplains,L

ike
T

his
M

iddle
P

ortion
of

the
C

hicago
S

anitary
and

S
hip

C
anal

(photo
taken

dow
nstream

of
A

W
Q

M
41,

2008).
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2.3.4
T

rib
u

tary
A

ccess

T
ributary

access
in

natural
system

s
is

im
portant

to
fish

because
tributaries

typically
offer

an
added

range
of

habitatconditions
not

available
in

the
m

ain
channel.

T
hese

varied
habitat

conditions
are

im
portant

for
foraging

and
avoidance

of
predators.

R
ecent

research
has

show
n

that
the

habitatvariation
provided

by
tributaries

can
significantly

influence
system

-w
ide

fish
assem

blages
(R

eyjol
et

al.
2008).

In
m

odified
system

s,
tributaries

can
offer

spaw
ning

habitats
and

conditions
not

found
in

m
ain

channel
(S

heehan
and

R
assm

usen,
1998).

A
few

tributaries
are

connected
to

the
C

A
W

S,
but in

m
any

cases,
structures

have
been

built
across

tributary
m

ouths
(Figure

2-16).
T

hese
structures

can
effectively

block
fish

passage.

W
here

the
structures

constructed
across

tributary
m

ouths
serve

an
ongoing

function
such

as
flood

control
or

sedim
ent

m
anagem

ent,
itis

unlikely
that

they
can

be
rem

oved.
In

som
e

cases,
rem

oval
of

the
structures

m
ay

be
possible

w
here

they
no

longer
serve

a
useful

function.
Itm

ay
also

be
possible

to
retrofit

som
e

structures.
For

exam
ple,

the
D

istrict
plans

to
retrofit

the
dam

at
the

confluence
of

the
U

pper
N

orth
B

ranch
of

the
C

hicago
R

iver
and

the
N

orth
Shore

C
hannel

w
ith

a
canoe

chute
and

fish
passage.

In
light

of
this,

som
e

potential
for

im
provem

ent
of

this
habitat

im
pairm

ent
is

possible,
but

it
notpossible

to
determ

ine
quantitatively

w
hat

the
benefits

to
fisheries

m
ight

be.

F
igure

2-16:
T

rib
u
tary

A
ccess

B
locked

by
a

C
oncrete

S
tru

ctu
re

at
the

M
outh

of
T

inley
C

reek
on

the
C

al-S
ag

C
hannel

(photo
taken

2008).
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2.3.5
S

u
b

m
erg

ed
S

tru
ctu

re

S
ubm

erged
structure

refers
to

the
presence

of
structural

objects
below

the
w

ater
surface

w
ithin

the
m

ain
channel,

such
as

w
oody

debris,
large

rock,
and

m
anm

ade
m

aterials.
T

his
structure

provides
a

variety
of

functions
including

refuge
from

predators,
sheltered

areas
w

ith
low

er
velocities,

protection
from

w
aves

and
boat

w
akes,

and
forage

base
for

insectivores.
T

he
im

portance
of

subm
erged

structure
is

w
ell

recognized
in

natural
system

s
and

installation
of

subm
erged

structure
like

large
w

oody
debris

is
com

m
on

in
restoration

of
stream

s
and

rivers.

In
the

C
A

W
S

,
the

presence
of

subm
erged

structure
is

counter
to

the
prim

ary
uses

of
the

system
(effluent

disposal,
com

m
ercial

navigation,
and

flood
control).

T
he

operation
and

m
aintenance

of
the

C
A

W
S

includes
efforts

to
rem

ove
large

objects
like

fallen
trees

from
parts

of
the

w
aterw

ays
in

support
of

these
uses.

D
uring

the
habitat

evaluation
part

of
this

S
tudy,

pilot
testing

of
side

scan
sonar

w
as

conducted
to

exam
ine

conditions
below

the
w

ater
surface

w
here

visual
inspection

is
not

possible
due

to
low

w
ater

clarity
(F

igure
2-17).

W
hile

not
conclusive,

this
effort

appeared
to

reveal
the

presence
of

som
e

subm
erged

structure
such

as
autom

obiles,
logs,

and
rubble.

F
ull

characterization
of

the
system

w
as

not
conducted,

nor
w

as
g
ro

u
n

d
truthing

to
verify

the
interpretation

of
the

sonar
im

ages,
how

ever
it

is
apparent

that
som

e
subm

erged
structure

exists.
W

ithout
com

plete
characterization,

it
w

as
not

possible
to

quantify
the

relative
im

portance
of

this
habitat

attribute.
It

is
probable,

because
of

operation
and

m
aintenance

activities
in

the
C

A
W

S
such

as
dredging

and
rem

oval
of

fallen
trees,

that
in-channel

structure
is

lim
ited

and
thus

is
considered

a
habitat

im
pairm

ent.
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W
hether

this
habitat

im
pairm

ent
can

be
im

proved
is

uncertain.
T

he
potential

for
im

provem
ent

w
ould

likely
depend

on
the

location
w

ithin
the

system
.

T
he

potential
for

im
provem

ent
w

ould
be

higher
in

reaches
that

are
not

used
for

com
m

ercial
navigation,

such
as

the
N

orth
Shore

C
hannel.

Itm
ay

be,
how

ever,
that

sufficient
structure

already
exists

there.
In

other
parts

of
the

system
,

such
as

the
C

hicago
Sanitary

and
Ship

C
anal

and
the

C
al-S

ag
C

hannel,
the

potential
to

add
structure

m
ay

be
lim

ited
due

to
the

need
to

m
aintain

clear
passage

for
shipping.

2.3.6
L

ittoral
Z

o
n
es

W
ell-distributed

littoral
zones,

the
relatively

shallow
,

nearshore,
areas

of
w

aterw
ays

and
w

ater
bodies,

are
im

portant
attributes

of
the

aquatic
habitat

for
several

reasons.
L

ittoral
zones

tend
to

provide
greatest

floral
and

faunal
diversity

of
all

zones
w

ithin
w

ater
bodies.

T
he

com
plexity

and
extent

of
this

zone
is

valuable
for

productivity
because

the
zone

experiences
daily

and
seasonal

fluctuations
in

physical
and

chem
ical

conditions
that

support
system

-w
ide

biotic
diversity.

In
the

C
A

W
S

,
large

portions
of

the
system

w
ere

constructed
w

ithout
littoral

zones,
such

as
the

C
hicago

Sanitary
and

Ship
C

anal,
m

ost
of

w
hich

w
as

excavated
into

bedrock
w

ith
vertical

sides
(Figure

2-18).
O

ther
reaches

in
the

C
A

W
S

have
had

their
littoral

zones
replaced

w
ith

vertical
sheet

pile
w

alls
or

other
vertical

revetm
ents.

T
his

is
the

case
in

the
entire

C
hicago

R
iver,

as
w

ell
as

portions
of

the
N

orth
and

South
B

ranches
of

the
C

hicago
R

iver,
and

B
ubbly

C
reek.

In
total,

approxim
ately

65
m

iles
of

F
igure

2-17:
L

im
ited

In-C
hannel

S
tru

ctu
re

E
xists

in
the

C
A

W
S

,
S

uch
as

the
A

p
p
aren

t
T

ree
T

ru
n
k

V
isible

on
the

L
eft

S
ide

of
T

his
Side

S
can

S
onar

Im
age

(w
hite

arrow
)

from
the

C
al-S

ag
C

hannel
(near

A
W

Q
M

59,
2008).
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banks
in

the
C

A
W

S
consist

of
vertical

w
alls

m
ade

of
steel,

stone,
concrete,

and
w

ood,
w

hich
is

roughly
42%

of
all

banks
in

the
system

.

A
rtificial

construction
of

littoral
zones

in
som

e
parts

of
the

C
A

W
S

m
ay

be
feasible

on
a

sm
all

scale,
at

a
few

locations,
by

adding
rock

and
soil

to
the

nearshore
parts

of
the

channels
or

by
w

idening
the

channels
and

sloping
the

banks.
H

ow
ever,

itis
unlikely

that
this

could
be

done
on

a
large

scale
in

the
system

due
to

potential
interference

w
ith

prim
ary

w
aterw

ay
uses

(effluentdisposal,
com

m
ercial

navigation,
and

flood
control),

interference
w

ith
current

land
uses,

and
the

high
cost

of
earthw

ork
on

such
a

large
scale.

In
general,

for
these

reasons,
the

potential
to

im
prove

this
habitat

im
pairm

ent
is

lim
ited.

H
ow

ever,
the

potential
for

replacem
entof

vertical
w

all
banks

in
the

C
A

W
S

w
ith

sloping,
vegetated

banks
is

evaluated
later

in
this

report,
w

hich
w

ould
im

prove
this

attribute.

2.3.7
C

o
m

m
ercial

N
avigation

W
hile

not
a

physical
habitat

attribute
in

the
strictest

sense,
the

presence
of

com
m

ercial
navigation

in
the

C
A

W
S

is,
nonetheless,

a
m

ajor
aspect

of
the

physical
environm

ent
in

the
C

A
W

S
that

m
ust

be
considered

in
the

habitat
discussion.

N
o

new
m

easurem
ents

of
navigation

traffic
w

ere
collected

in
this

Study.
Instead,

navigation
data

collected
by

the
U

.S.
A

rm
y

C
orps

of
E

ngineers
(U

SA
C

E
)

W
aterborne

C
om

m
erce

S
tatistics

C
enter

and
subsequently

processed
for

a
study

by
the

G
reat

L
akes

F
ishery

C
om

m
ission

(G
L

FC
)

w
ere

used.
T

hese
data

consisted
of

total
tonnage

passing
through

locks
in

the
C

A
W

S
and

the
G

L
FC

processed
these

data
to

yield
a

F
igure

2-18:
M

any
of

the
C

A
W

S
R

eaches
C

om
pletely

L
ack

L
ittoral

Z
ones

by
D

esign,
S

uch
as

S
een

H
ere

in
the

C
hicago

S
anitary

and
S

hip
C

anal
(photo

taken
dow

nstream
of

A
W

Q
M

48,2008).
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record
of

com
m

ercial
tonnage

passing
through

each
reach

annually
from

2001
to

2004.

N
avigation

can
be

detrim
ental

to
fish

in
a

num
ber

of
w

ays
and

there
is

insufficient
data

at
present

to
understand

the
specific

w
ays

in
w

hich
fish

are
adversely

affected
by

com
m

ercial
navigation

in
the

C
A

W
S.

E
ffects

from
navigation

can
be

indirect
and

direct.
Indirect

effects
can

include
channel

m
odification

(dredging,
bank

arm
oring,

etc.)
to

support
navigation,

resuspension
of

fine
sedim

ents,
and

subsequent
burial

of
coarse

substrate
by

fine
sedim

ents.
D

irect
effects

can
include

injury
of

fish
by

ship
propellers

and
adverse

im
pacts

from
w

ave
forces

due
to

w
akes.

T
his

habitat
im

pairm
entresults

from
a

prim
ary

use
of

the
C

A
W

S,
w

hich
is

to
support

com
m

ercial
shipping.

M
illions

of
tons

of
cargo

pass
through

certain
reaches

of
the

C
A

W
S

every
year,

supporting
the

local
and

regional
econom

y.
A

s
such,

it
is

unlikely
that

the
use

of
the

C
A

W
S

for
com

m
ercial

shipping
is

going
to

cease
in

the
future.

It
m

ay
be

possible
to

engineer
channel

im
provem

ents
to

m
itigate

the
adverse

effects
of

com
m

ercial
shipping

traffic,
but

this
w

ould
require

data
on

the
specific

nature
of

the
im

pacts
of

shipping
on

fish,
w

hich
is

not
currently

available.
B

ecause
of

this,
at

present,
it

is
concluded

that
there

is
no

potential
for

im
provem

ent
of

this
habitat

im
pairm

ent,
although

this
conclusion

m
ight

potentially
change

in
the

future
if

the
specific

m
echanism

of
im

pact
to

fish
is

identified
through

additional
study.

2.3.8
R

ed
u
ced

W
ater

C
larity

W
ater

clarity,
as

m
easured

by
Secchi

depth,
is

generally
poor

throughout
the

C
A

W
S

(Figure
2-19).

Som
e

reaches,particularly
those

closest
to

L
ake

M
ichigan,

have
generally

better
w

ater
clarity,

likely
due

to
the

inflow
of

clearer
w

ater
from

the
lake.

T
his

effect
is

particularly
noticeable

in
the

C
hicago

R
iver,

w
hich

has
the

highest
w

ater
clarity

by
far.

It
is

noticeable
to

a
m

uch
lesser

degree
in

the
upper

N
orth

Shore
C

hannel,
w

hich
receives

pum
ped

w
ater

from
L

ake
M

ichigan.
T

hroughout
the

rest
of

the
system

,
w

ater
clarity

is
alm

ost
uniform

ly
poor.
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F
igure

2-19:
R

educed
W

ater
C

larity
in

the
N

orth
S

hore
C

hannel
(photo

taken
n

ear
A

W
Q

M
102,2008)

T
he

poor
w

ater
clarity

in
m

ost
of

the
C

A
W

S
is

likely
a

function
of

the
nature

of
sedim

ent
loads

into
the

system
and

the
use

of
the

system
.

M
ost

of
the

flow
into

the
system

is
treated

effluent
from

w
astew

ater
treatm

ent
plants

and
contains

relatively
little

suspended
solid

m
aterial.

M
ost

of
the

sedim
ent

load
entering

the
C

A
W

S
com

es
from

storm
w

ater
and

com
bined

sew
er

discharges
during

w
et

w
eather

events.
Storm

w
ater,

draining
directly

to
the

C
A

W
S

or
to

com
bined

sew
ers,

picks
up

fine
sedim

ent
from

the
urban

environm
ent,

w
hile

sanitary
flow

s
in

com
bined

sew
er

discharges
m

ay
contain

fine
suspended

sedim
ent

from
w

aste
m

aterials.
T

hese
sedim

ents
enter

the
C

A
W

S,
w

here
a

portion
rem

ains
in

suspension
and

the
rest

settle.
T

he
portion

that
settles

is
easily

resuspended
by

passing
boat

and
barge

traffic.

G
iven

the
nature

and
sources

of
the

fine
suspended

solids
that

contribute
to

reduced
w

ater
clarity

in
the

C
A

W
S,

there
is

no
practical

w
ay

to
im

prove
this

habitat
im

pairm
ent

in
the

near
term

.

2.4
SU

M
M

A
R

Y
O

F
IM

PA
IR

M
E

N
T

S
A

N
D

IM
PR

O
V

E
M

E
N

T
PO

T
E

N
T

IA
L

T
he

preceding
discussion

described
several

habitat
im

pairm
ents,

som
e

of
w

hich
have

potential
for

im
provem

ent
in

the
C

A
W

S,
and

som
e

of
w

hich
do

not.
T

hese
are

sum
m

arized
in

T
able

2-2.

L
im

noT
ech

Page
30

Electronic Filing - Received, Clerk's Office, January 6,. 2010 
     * * * * * * PC # 284 * * * * *



C
hicago

A
rea

W
aterw

ay
System

H
abitatEvaluation

and
Im

provem
entStudy

H
abitat Im

provem
entR

eport
January

4,2010

T
able

2-2:
S

um
m

ary
of

H
ab

itat
Im

pairm
ents

in
the

C
A

W
S

Im
p

ro
v
em

en
t

P
o
ten

tial
H

ab
itat

Im
p
airm

en
t

B
asis

in
C

A
W

S

M
axim

um
channel

d
ep

th
co

rrelated
w

ith
fish

N
ot

im
provable

L
ack

of
off-channel

refuge
co

rrelated
w

ith
fish

S
om

e
p
o
ten

tial

V
ertical

w
all

banks
co

rrelated
w

ith
fish

S
om

e
p

o
ten

tial

R
iprap

banks
co

rrelated
w

ith
fish

S
om

e
p

o
ten

tial

M
anm

ade
stru

ctu
res

correlated
w

ith
fish

N
ot

im
provable

L
ack

of
m

acro
p

h
y

te
cover

co
rrelated

w
ith

fish
S

om
e

p
o
ten

tial

L
im

ited
o
v
erh

an
g
in

g
v

eg
etatio

n
co

rrelated
w

ith
fish

S
om

e
p

o
ten

tial

L
im

ited
bank

p
o
ck

et
areas

co
rrelated

w
ith

fish
S

om
e

p
o
ten

tial

Lack
of

large
su

b
strate

co
rrelated

w
ith

fish
N

ot
im

provable

O
rganic

sludge
co

rrelated
w

ith
fish

N
ot

im
provable

L
ack

of
channel

com
plexity

observed
N

ot
im

provable

Lack
of

seasonal
hydrologic

p
attern

observed
N

ot
im

provable

L
ack

of
floodplain

connectivity
observed

N
ot

im
provable

L
im

ited
trib

u
tary

access
observed

S
om

e
potential

Lack
of

subm
erged

structure
observed

S
om

e
potential

Lack
of

littoral
zones

observed
S

om
e

potential

H
igh

com
m

ercial
navigation

observed
N

ot
im

provable

Low
w

ater
clarity

observed
N

ot
im

provable
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A
s

show
n

in
T

able
2-2,

the
habitat

attributes
that

can
potentially

be
im

proved
in

the
C

A
W

S
include

off-channel
refuge,

vertical
w

all
banks,

riprap
banks,

overhanging
vegetation,

bank
pocket

areas,
tributary

access,
in-stream

structure,
and

lack
of

littoral
zones.

T
he

first
six

of
these

are
prim

ary
im

pairm
ents

and
are

the
focus

of
the

potential
habitat

im
provem

ent
m

ethods
presented

in
the

next
section.
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3.
PO

T
E

N
T

IA
L

H
A

B
ITA

T
IM

PR
O

V
E

M
E

N
T

M
E

A
SU

R
E

S

A
s

stated
in

Section
1

of
this

report,
one

of
the

key
objectives

of
this

phase
of

the
Study

w
as:

•
G

iven
the

habitat
im

pairm
ents

identified
in

the
Study,

determ
ine

w
hat

physical
habitat

im
provem

ents,
if

any,
can

feasibly
be

im
plem

ented
in

the
C

A
W

S
.

Identification
of

potential
habitat

im
provem

ent
m

easures
w

as
based

on
review

of
habitat conditions

in
the

C
A

W
S,

discussion
of

habitat
im

pairm
ents

in
the

preceding
section,

review
of

aquatic
habitat

im
provem

ent
projects

elsew
here

in
the

C
hicago

area,
and

a
review

of
the

technical
literature.

D
iscussion

of
these

last
tw

o
sources

of
inform

ation
is

provided
in

the
subsections

below
,

follow
ed

by
a

description
of

potential
habitat

im
provem

ent
m

easures.
C

onceptual
designs

for
selected

sites
w

ithin
the

C
A

W
S

w
ere

prepared
to

provide
the

basis
for

cost
estim

ation
and

planning-level
cost

estim
ates

w
ere

prepared,
as

described
in

the
final

part
of

this
section.

3.1
R

E
V

IE
W

O
F

H
A

B
IT

A
T

IM
PR

O
V

E
M

E
N

T
P

R
O

JE
C

T
S

IN
T

H
E

C
H

IC
A

G
O

A
R

E
A

T
o

inform
the

identification
of

potential
habitat

im
provem

ent
m

easures
for

the
C

A
W

S
a

review
of

relevant
habitat

im
provem

ent
projects

elsew
here

in
the

C
hicago

m
etropolitan

area
w

as
conducted,

to
identify

useful
data

w
here

possible.
Inform

ation
w

as
obtained

from
several

local
organizations

including
the

follow
ing:

•
C

ity
of

C
hicago

•
C

hicago
P

ark
D

istrict

•
Friends

of
the

C
hicago

R
iver

•
C

hicago
D

istrict
C

orps
of

E
ngineers

A
lthough

a
num

ber
of

projects
w

ere
identified,

m
ost

w
ere

recreational
im

provem
ents

or
bank

stabilization
projects

and
nottrue

habitat
im

provem
ent

projects.
N

o
projects

w
ere

identified
in

the
C

hicago
area

in
w

hich
biotic

data
had

been
collected

to
assess

the
im

pact
of

the
project.

T
w

o
planned

projects
w

ere
identified

that
have

habitat
im

provem
ent

as
a

com
ponent:

•
D

uS
able

Park
(C

hicago
Park

D
istrict)

—
U

nspecified
“subm

erged
habitat”

is
planned

along
w

ith
a

canoe
landing.

•
C

hicago
R

iver
W

alk
(C

ity
of

C
hicago)

—
U

nspecified
“constructed

habitat”
is

planned
as

part
of

a
green

space/recreational
w

aterfront
developm

ent.
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Several
C

orps
of

E
ngineers

bank
stabilization

projects
w

ere
identified

in
the

N
orth

Shore
C

hannel
and

the
N

orth
and

South
B

ranches
of

the
C

hicago
R

iver
that

involved
the

use
of

bioengineering
m

ethods
for

bank
stabilization.

T
he

W
eed

Street
project,

com
pleted

on
the

N
orth

B
ranch

and
the

C
ueono

Pass
project

com
pleted

on
the

South
B

ranch,
both

in
2003,

reportedly
included

construction
of

lunker
boxes

along
the

shore
to

provide
habitat.

N
o

m
onitoring

is
know

n
to

have
been

perform
ed

to
assess

the
benefit

of
these

structures.

T
he

friends
of

the
C

hicago
R

iver
have

im
plem

ented
a

habitat
im

provem
ent

project
on

the
C

hicago
R

iver
that

they
refer

to
as

the
“fish

hotel”,
a

floating
island

design
that

is
intended

to
provide

shelter,
forage,

and
reproduction

habitat
for

fish.
A

sim
ilar

structure
w

as
observed

on
the

South
B

ranch
C

hicago
R

iver
during

field
surveys

in
2008

(Figure
3-1).

B
ased

on
a

telephone
inquiry

to
the

Friends
of

the
C

hicago
R

iver,
it

is
know

n
that

one
fish

hotel
structure

is
currently

deployed
in

the
C

hicago
R

iver
and

although
periodic

visual
observations

are
m

ade
to

identify
fish,

no
biotic

sam
pling

has
been

conducted
to

quantify
the

benefit
of

the
structure.

A
s

a
result

of
inquiries

m
ade

as
part

of
this

Study,
no

aquatic
habitat

im
provem

ent
projects

w
ere

identified
on

the
C

A
W

S
that

included
m

onitoring
data

to
m

easure
effectiveness;

therefore
the

identified
projects

offer
little

to
inform

the
assessm

ent
of

habitat
im

provem
ent

potential
on

the
C

A
W

S.

.1!F
igure

3-1:
F

ish
H

otel,
S

outh
B

ranch
C

hicago
R

iver,2008
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3.2
L

IT
E

R
A

T
U

R
E

R
E

V
IE

W
O

F
H

A
B

IT
A

T
IM

PR
O

V
E

M
E

N
T

P
R

O
JE

C
T

S
O

U
T

S
ID

E
O

F
T

H
E

C
A

W
S

A
n

extensive
review

of
the

relevant
literature

w
as

conducted
by

the
B

ioengineering
G

roup
(B

ioengineering),
under

contract
to

L
im

noT
ech,

to
identify

case
studies,

research,
or

other
docum

entation
of

successful
habitat

im
provem

entprojects
in

highly
constructed

urban
w

aterw
ays.

T
he

bibliography
of

literature
review

ed
is

included
as

A
ppendix

A
.

A
s

a
result

of
this

literature
review

,
very

little
inform

ation
w

as
identified

on
the

assessm
ent

or
im

provem
ent

of
aquatic

habitat
in

constructed
channels

and
highly

m
odified

w
aterw

ays
sim

ilar
to

those
in

the
C

A
W

S.
Som

e
literature

addresses
habitat

in
canals

in
E

urope
(B

oedeltje
et

al.
2001;

G
oulder,

2007)
but

they
deal

w
ith

aquatic
vegetation

and
not

directly
w

ith
fish

habitat.
W

ork
is

planned
along

channelized
sections

of
the

T
ham

es
R

iver
in

L
ondon

(Francis
et

al.
2008)

but
the

w
ork

has
not

been
conducted

so
no

data
are

available.
M

any
studies

of
the

im
pacts

of
urbanization

on
urban

stream
s

have
been

published,
but

these
deal

w
ith

the
effects

on
natural

rivers
and

stream
s,

and
not

on
constructed

channels
or

w
aterw

ays
that

have
been

m
odified

to
the

extent
that

the
C

A
W

S
reaches

have
been

m
odified.

A
lthough

the
published

literature
contains

a
w

ealth
of

inform
ation,

it
is

of
lim

ited
utility

in
assessing

or
planning

habitat
im

provem
entin

the
C

A
W

S,
particularly

if
decisions

are
to

be
based

on
quantitative

benefits
to

fisheries.

3.3
PO

T
E

N
T

IA
L

T
E

C
H

N
IQ

U
E

S
FO

R
H

A
B

IT
A

T
IM

PR
O

V
E

M
E

N
T

B
ased

inform
ation

referenced
in

the
literature

review
,

the
nature

of
identified

habitat
im

pairm
ents

in
the

C
A

W
S,

and
experience

in
other

system
s,

B
ioengineering

com
piled

a
set

of
potential

techniques
for

im
proving

aquatic
habitat

in
the

C
A

W
S.

T
hese

techniques
are

described
briefly

below
:

•
R

em
oval

of
vertical

w
all

banks
—

T
his

is
not

so
m

uch
a

technique
as

a
project

type,
in

w
hich

vertical
w

alls
are

rem
oved

and
the

earth
behind

the
vertical

w
alls

is
regraded

to
a

stable
slope.

T
his

results
in

a
littoral

zone
of

varying
w

ater
depth

and
presents

an
opportunity

to
introduce

bank
and

riparian
vegetation.

T
he

reduction
of

near
shore

w
ater

depth
m

ay
facilitate

the
grow

th
of

m
acrophytes

as
w

ell.

•
V

egetated
R

evetm
ent

—
T

hese
are

designed
like

gabion
m

attresses,
but

the
spaces

betw
een

the
larger

stones
are

filled
w

ith
crushed

stone,
stabilized

w
ith

geotextile
and

planted
w

ith
em

ergent
aquatic

plants.
T

his
is

a
bioengineering

technique
that

provides
vegetation

above
and

below
the

w
aterline

as
an

alternative
to

standard
riprap.

•
C

ham
ber

R
evetm

ent
—

C
ham

ber
revetm

ents
are

sim
ilar

to
blanket

gabions
and

as
such

are
also

sim
ilar

to
the

vegetated
revetm

ent
described

above,
but

L
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w
ithout

the
plants.

T
hey

are
an

alternative
to

riprap
that

can
be

installed
w

ithout
extending

the
revetm

ent
to

the
toe

of
the

bank
slope,

w
hich

creates
a

space
below

the
revetm

ent
for

cover.

•
Sunken

Structure
—

T
his

is
a

general
category

of
natural

or
artificial

structural
m

aterials
that

are
placed

underw
ater

to
provide

shelter
for

fish.
T

hey
are

either
anchored

to
the

bed
or

held
in

place
under

their
ow

n
w

eight.

•
Floating

V
egetation

—
Floating

vegetation
refers

to
an

artificial
island

designed
to

support plant
life,

sim
ilar

to
the

“fish
hotel”

concept
used

in
the

C
hicago

R
iver.

T
he

floating
vegetation

provides
shade,

shelter,
forage

opportunities,
and

a
source

of
organic

m
aterial.

•
A

rtificial
Seaw

eed
—

A
rtificial

seaw
eed

is
a

com
m

ercially-produced
synthetic

product
that

m
im

ics
the

physical
function

of
m

acrophytes
by

m
itigating

w
ave

and
w

ake
energy

and
providing

shelter
for

sm
all

fish.

•
L

inear
Shallow

s
—

T
hese

are
constructed

areas
along

w
aterw

ays,
som

etim
es

constructed
behind

existing
revetm

ent,
to

provide
off-channel

habitat.

Illustrated
fact

sheets
describing

each
of

these
techniques

in
greater

detail
are

included
as

A
ppendix

B
.

T
able

3-1:
H

ab
itat

Im
pairm

ents
A

ddressed
by

H
ab

itat
Im

provem
ent

T
echniques

H
abitat

Im
provem

ent
T

echnique
H

abitat
Im

pairm
ents

P
otentially

A
ddressed

R
em

oval
of

vertical
w

all
banks

vertical
w

all
banks,

lack
of

m
acrophyte

cover,
lim

ited
overhanging

vegetation,
lim

ited
bank

pocket
areas,

lack
of

littoral
zones

V
egetated

R
evetm

ent
lim

ited
bank

pocket
areas,

riprap
banks

C
ham

ber
R

evetm
ent

lim
ited

bank
pocket

areas,
riprap

banks

S
unken

S
tructure

lack
of

subm
erged

structure

Floating
V

egetation
lim

ited
overhanging

vegetation

A
rtificial

S
eaw

eed
lack

of
subm

erged
structure,

lack
of

m
acrophyte

cover

L
inear

Shallow
s

lack
of

off-channel
refuge
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In
addition

to
the

techniques
described

above,
rem

oval
or

m
odification

of
structures

at
the

m
ouths

of
tributaries

m
ay

be
feasible

to
address

the
lack

of
tributary

access,
but

this
approach

is
lim

ited
to

the
locations

w
here

tributaries
currently

exist
and

m
ustbe

evaluated
on

a
case

by
case

basis.

3.4
C

O
N

C
E

PT
U

A
L

D
E

S
IG

N
S

A
N

D
U

N
IT

C
O

S
T

S
FO

R
H

A
B

IT
A

T
IM

PR
O

V
E

M
E

N
T

T
hree

approaches
w

ere
taken

to
further

evaluate
habitat

im
provem

entpotential
in

the
C

A
W

S.
First,

based
on

the
sum

m
ary

in
T

able
3-1,

rem
oval

of
vertical

w
alls

has
the

potential
to

counter
the

greatest
num

ber
of

habitat
im

pairm
ents,

so
a

conceptual
design

and
unit

cost
w

as
developed

for
a

typical
project

to
rem

ove
vertical

w
all

banks
in

the
C

A
W

S.
T

his
is

discussed
in

Section
3.4.1.

Second,
to

evaluate
the

other
potential

habitat
im

provem
ent

m
easures

discussed
above,

test
sites

w
ere

selected
and

conceptual
habitat

im
provem

ent
designs

w
ere

developed
for

them
.

T
his

is
presented

in
Section

3.4.2.
Finally,

conceptual
unit

costs
w

ere
estim

ated
for

construction
of

bank
pocket

areas
to

address
this

habitat
im

pairm
ent,

as
described

in
Section

3.4.3.

3.4.1
C

o
n

cep
tu

al
D

esig
n

for
R

em
oval

of
V

ertical
W

all
B

an
k

s

R
em

oval
of

vertical
w

alls
has

the
potential

to
counter

the
greatest

num
ber

of
habitat

im
pairm

ents
identified

in
the

C
A

W
S;

therefore
a

conceptual
design

w
as

developed
specifically

to
exam

ine
this

approach
to

habitat
im

provem
ent.

T
he

design
is

illustrated
in

Figure
3-2

and
w

ould
involve

the
follow

ing
m

ajor
elem

ents:

•
S

tabilization
of

the
existing

w
all

and
excavation

of
earth

and
rock

from
behind

the
w

all
to

create
a

sloped
bank.

•
Installation

of
bioengineering

bank
stabilization

around
the

w
aterline

to
prevent

future
erosion.

•
R

em
oval

of
the

existing
vertical

w
all,

dow
n

to
the

bed
of

the
channel.

•
Planting

of
riparian

vegetation
atthe

top
of

the
new

bank.

A
lthough

this
project

concept
is

relatively
sim

ple
and

is
possible

from
an

engineering
perspective,

there
are

a
num

ber
of

com
plicating

factors
that

should
be

recognized
up

front.
T

hese
include

the
follow

ing:

•
T

he
project

w
ould

involve
the

w
idening

of
the

channel,
w

hich
w

ould
require

acquisition
or

riparian
land

along
the

w
aterw

ays.
M

uch
of

this
land

is
currently

ow
ned

by
parties

other
than

the
D

istrict
and

m
ay

currently
be

in
use

by
the

ow
ners

or
not

available
for

acquisition.
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•
T

here
are

likely
utilities

and
infrastructure

present
along

parts
of

the
C

A
W

S
that

w
ould

interfere
w

ith
this

type
of

project.
T

hese
w

ould
have

to
be

relocated.

•
Som

e
of

the
riparian

land
that

w
ould

be
taken

by
this

type
ofproject

m
ay

have
structure

built
on

it,
w

hich
w

ould
require

dem
olition.

•
M

uch
of

the
C

A
W

S
exists

in
areas

that
have

been
urbanized

for
over

a
century.

It
is

possible
that

som
e

of
the

land
along

the
C

A
W

S
has

been
contam

inated
by

release
of

petroleum
and

industrial
chem

icals
in

the
past.

T
his

contam
ination

m
ight

be
exposed

by
a

project
of

this
type,

w
hich

w
ould

com
plicate

the
project.

T
here

are
other

potential
com

plicating
factors

associated
w

ith
this

type
of

project,
but

these
are

the
m

ajor
ones.

E
ach

w
ould

have
to

be
addressed

before
this

type
of

project
could

be
im

plem
ented.

B
ecause

the
costs

for
these

item
s

w
ould

be
driven

by
location-

specific
conditions,

they
cannot

be
accurately

estim
ated

w
ith

available
inform

ation
as

part
of

this
analysis.

F
igure

3-2:
C

onceptual
D

esign
(P

rofile)
for

R
em

oval
of

V
ertical

W
all

B
anks
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A
construction

cost
estim

ate
w

as
prepared

for
this

conceptual
design,

including
the

project
elem

ents
outlined

above.
T

hese
estim

ates
are

not
intended

to
include

all
project

elem
ents

and
should

be
view

ed
as

prelim
inary,

planning
level estim

ates
that

m
ay

reflect
the

low
er

bound
of

project
costs.

A
lso,

because
the

project
cost

is
a

function
of

the
channel

depth
(i.e.

the
deeper

the
channel,

the
further

aw
ay

from
the

vertical
w

all
the

excavation
m

ust
extend)

and
the

C
A

W
S

channels
vary

in
depth,

conceptual
cost

estim
ates

w
ere

prepared
for

a
range

of
typical

depths.
C

osts
w

ere
estim

ated
on

the
basis

of
a

project
involving

500
linear

feet
of

bank.
T

hese
w

ere
then

used
to

develop
a

lum
ped

unit
cost

per
linear

foot
ofbank.

T
he

estim
ates

are
sum

m
arized

in
T

able
3-2.

T
able

3-2:
C

onceptual
U

nit
C

ost
E

stim
ates

(per
linear

foot
of

bank)
for

R
em

oval
of

V
ertical

W
all

B
anks

in
the

C
A

W
S

P
roject

E
lem

ent
C

hannel
D

epth

15’
20’

25’

M
obilization!

$84
$112

$142

D
em

obilization

Earthw
ork’

$743
$1,170

$1,685

B
ioengineered

B
ank

$35
$35

$35

S
tabilization

R
iparian

V
egetation

$56
$56

$56

S
heet

Pile
E

xtraction’
$860

$968
$1,075

D
esign,/O

versight!
$710

$834
$900

C
ontingencies

T
otal

$2,488
$3,175

$3,893

T
he

estim
ates

presented
in

T
able

3-2
suggest that

the
cost

of
rem

oving
vertical

w
all

banks
in

the
C

A
W

S,
w

hich
w

ould
im

prove
several

habitat
im

pairm
ents,

w
ould

be
betw

een
$2,500

and
$4,000

per
linear

foot
of

bank,
not

including
costs

for
land

acquisition,
dem

olition
of

structures,
relocation

of
utilities

and/or
infrastructure,

and
environm

ental
rem

ediation,
if

needed.
It

is
conceivable

that
these

other
factors

could
easily

double
the

project
costs.

Im
plem

entation
of

this
project

concept
is

discussed
further

in
Section

4.

C
ost

estim
ates

assum
e

soil
excavation;

cost
for

excavation
of

rock
w

ill
be

higher.
2

C
osts

w
ere

estim
ated

for
rem

oval
of

steel
sheet

pile
w

alls;
cost

for
other

m
aterials

w
ill

vary.
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3.4.2
C

o
n
cep

tu
al

D
esig

n
S

ites

T
o

illustrate
the

other
potential

habitat
im

provem
ent

techniques
described

above
and

to
provide

the
basis

for
developing

planning
level

cost
estim

ates,
four

sites
w

ere
chosen

to
develop

conceptual
designs

for
habitat

im
provem

ent
in

the
C

A
W

S.
E

ach
of

the
four

chosen
sites

exhibits
a

num
ber

of
the

habitat
im

pairm
ents

identified
in

the
C

A
W

S
.

L
ocations

w
ere

chosen
w

here
D

istrict
m

onitoring
has

historically
been

conducted
to

provide
a

baseline
of

existing
physical

and
biotic

conditions
in

case
the

decision
is

m
ade

to
pilot

test
any

of
these

techniques
or

conceptual
designs.

T
he

sites
are

sum
m

arized
in

T
able

3-3.

T
able

3-3:
S

um
m

ary
of

S
ite

H
abitat

Im
provem

ent
T

echniques

S
ite

D
escription

H
ab

itat
Im

p
airm

en
ts

at
S

ite
H

ab
itat

Im
p
airm

en
ts

A
d
d
ressed

by
C

onceptual
D

esign

C
al-Sag

C
hannel

at
R

oute
lim

ited
bank

pocket
areas,

lim
ited

lim
ited

bank
pocket

areas,
83

(A
W

Q
M

43)
“natural”

banks,
riprap

banks,
lack

riprap
banks,

lack
of

in-
of

in-channel
structure,

lim
ited

channel
structure,

lack
of

overhanging
vegetation,

lack
of

off-channel
refuge

off-channel
refuge

N
orth

B
ranch

C
hicago

lim
ited

bank
pocket

areas,
lim

ited
lack

of
in-channel

structure,
R

iver
at

G
rand

A
venue

“natural”
banks,

lack
of

in-channel
lim

ited
overhanging

(A
W

Q
M

46)
structure,

lim
ited

overhanging
vegetation

vegetation,
lack

of
off-channel

refuge

C
al-Sag

C
hannel

at
lim

ited
bank

pocket
areas,

lim
ited

lack
of

subm
erged

structure,
C

icero
A

venue
(A

W
U

M
“natural”

banks,
riprap

banks,
lack

lack
of

off-channel
refuge

59)
of

in-channel
structure,

lim
ited

overhanging
vegetation,

lack
of

off-channel
refuge

B
ubbly

C
reek

at
A

rcher
lim

ited
bank

pocket
areas,

lack
of

lim
ited

bank
pocket

areas,
A

venue
(A

W
U

M
99)

in-channel
structure,

lack
of

off-
lack

of
subm

erged
structure

channel
refuge

A
m

ap
of

these
sites

is
presented

in
Figure

3-3.
D

etailed
descriptions

of
the

conceptual
design

and
concept

plan
view

draw
ings

are
included

in
A

ppendix
C

.
It

should
be

noted
that

these
designs

are
provided

to
illustrate

how
the

potential
habitat

L
im

n
o
T
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Page

40

Electronic Filing - Received, Clerk's Office, January 6,. 2010 
     * * * * * * PC # 284 * * * * *



C
hicago

A
rea

W
aterw

ay
System

H
abitatEvaluation

and
Im

provem
entStudy

H
abitat Im

provem
entR

eport
January

4, 2010

im
provem

ent
techniques

can
be

used
in

the
C

A
W

S.
T

he
scale

of
im

plem
entation

and
quantity

of
these

techniques
can

vary
substantially.

N
orth

-

S
h
o
r.C

*
arm

d

j
9

P
T

Y

a

N
—

_
_

_
_

_
_

_
_

_

-:
:
-

C
hicago

-

_
_
_

-
-

C
C

G
O

A
E

A
N

T
E

R
V

.S
Y

SY
ST

E
M

Potential
CA

W
S

H
abitat

E
nhancem

entSites

.
P

e
n

ti
ha1a

nhlicem
T

1
.Te

W
aTerreclam

aTioe
pTaslt

‘
PM

rrp
staborr

•
AeraTic*i

etaTon

0
1
2
3

Tn

0

L
ake

M
u
T

h
iQ

.n

jj
L

im
noT

ech

I-—
-

W
r

-.i
’
-

-
t

P
th

a
.L

.e
k

I

F
igure

3-3:
L

ocations
of

H
ab

itat
R

estoration
C

onceptual
D

esign
Sites

R
s
w

t’
.::
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P
lanning-level

cost
estim

ates
w

ere
also

prepared
for

the
conceptual

designs
by

B
ioengineering.

T
hese

estim
ates

yielded
unitcosts,

sum
m

arized
in

T
able

3-4.

T
able

3-4:
P

lanning-L
evel

U
nit

C
osts

for
H

abitat
Im

provem
ent

T
echniques

H
abitat

Im
p

ro
v

em
en

t
T

echnique
P

lanning
L

evel
U

nit
C

ost
E

stim
ate

V
egetated

R
evetm

ent
$58/s.f.

C
ham

ber
R

evetm
ent

$94/s.f.

S
unken

S
tructure

$122.50/s.f.

F
loating

V
egetation

$150/s.f.

A
rtificial

S
eaw

eed
$31/s.f.

L
inear

S
hallow

s
$119/c.y.

M
ore

detailed
cost

breakdow
ns

are
provided

in
A

ppendix
D

.
Som

e
of

these
unit

costs
w

ere
translated

into
alternate

unit
costs

(T
able

3-5),
to

allow
for

estim
ation

of
total

potential
habitat

im
provem

ent
cost

later
in

this
report.

T
able

3-5:
M

odified
P

lanning-L
evel

U
nit

C
osts

for
H

ab
itat

Im
provem

ent
T

echniques

H
abitat

Im
p

ro
v

em
en

t
T

echnique
P

lanning
L

evel
U

nit
C

ost
E

stim
ate

V
egetated

R
ev

etm
en

t
3

$1,160/l.f.

C
ham

ber
R

ev
etm

en
t

4
$1,880/l.f.

L
inear

S
h
allo

w
s

5
$
5
3
,0

0
0
/ea.

B
ecause

they
do

not
directly

address
prim

ary
habitat

im
pairm

ents,
m

odified
unit

costs
for

the
other

techniques
described

w
ere

not
prepared.

E
stim

ate
assum

es
20

vertical
feet

of
bank

face
—

5
feet

above
w

ater
line

and
15

feetbelow
.

E
stim

ate
assum

es
20

vertical
feet

of
bank

face
—

5
feet

above
w

ater
line

and
15

feet below
.

E
stim

ate
assum

es
that

linear
shallow

is
approxim

ately
12’

w
ide,

10’
deep,

and
100’

long.

L
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3.4.3
Im

p
ro

v
em

en
t

of
B

ank
P

o
ck

et
A

reas

N
one

of
the

conceptual
habitat

im
provem

ent
design

described
above

w
ill

directly
address

the
bank

pocket
area

attribute.
It

w
as

assum
ed

that
this

im
pairm

ent
can

be
addressed

by
excavation

of
sm

all
areas

(approxim
ately

in
the

shoreline,
stabilizing

the
banks

using
bioengineering

techniques
and

the
revegetating

the
riparian

area
near

them
.

T
he

estim
ated

unit
cost

for
this

technique
is

sum
m

arized
in

T
able

3-6.

T
able

3-6:
C

onceptual
U

nit
C

ost
E

stim
ate

for
C

reating
B

ank
P

ocket
A

reas

P
roject

E
lem

ent

M
obilization!

$500
D

em
obilization

E
arth

w
o

rk
6

$222

B
ioengineered

B
ank

$700
S

tabilization

R
iparian

V
egetation

$1,120

D
esign/O

versight!
$500

C
ontingencies

T
otal

$
3

,0
4

2
/ea.

It
should

be
noted

that
these

cost
w

ill
vary

significantly
depending

on
a

range
of

factors
including

the
location,

existing
bank

condition
and

m
aterials,

and
the

total
num

ber
of

bank
pocket

areas
to

be
constructed.

T
his

estim
ate

should
suffice,

how
ever,

for
feasibility-level

planning.

6
C

ost
estim

ates
assum

e
that

bank
pocket

dim
ensions

w
ill

be
20’

long,
3’

w
ide

and
2’

deep.

L
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T
his

page
is

b
lan

k
to

facilitate
double

sided
p
rin

tin
g
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4.
C

A
W

S
H

A
B

ITA
T

IM
PR

O
V

E
M

E
N

T
PO

T
E

N
T

IA
L

O
ne

of
the

m
ajor

objectives
of

the
habitat

im
provem

ent
partof

this
Study

w
as

to
determ

ine,
to

the
extent

possible,
w

hat
the

habitat
im

provem
entpotential

of
the

various
C

A
W

S
reaches

is.
In

pursuing
this

objective,
there

are
tw

o
questions

that
m

ust
be

addressed:

1.
C

an
the

physical
conditions

in
the

reach
be

altered
to

im
prove

habitat
for

fish?
T

his
question

relates
to

the
potential

for
physical

conditions,
determ

ined
by

this
Study

to
be

m
ost

significantly
related

to
fisheries

condition,
to

be
altered

in
a

w
ay

that
should

benefit
fish

in
keeping

w
ith

the
findings

of
the

Study
(i.e.

enhancem
ent/augm

entation
of

positive
conditions

or
reduction

of
negative

factors).

2.
If

the
physical

conditions
can

be
altered

in
a

w
ay

that
should

benefit
fish,

is
there

an
expectation

that
fisheries

w
ill

be
im

proved
in

the
reach?

In
other

w
ords,

if
m

odifications
to

physical
habitat

are
im

plem
ented,

w
hat

w
ill

be
the

expected
outcom

e
w

ith
respect

to
fisheries

quality?

T
hese

questions
are

addressed
in

this
section,

for
each

of
the

C
A

W
S

reaches
evaluated

in
this

Study.

It
should

be
noted

that
the

discussion
below

is
focused

on
the

physical
habitat

attributes
that

w
ere

identified
as

m
ost

statistically
significant

to
fish

in
the

C
A

W
S

in
this

Study.
B

ecause
this

Study
focused

on
attributes

that
w

ere
identified

for
the

entire
system

as
a

w
hole

or
for

m
ajor

groupings
of

reaches,
habitat

im
pairm

ents
categorized

in
Section

2
as

“secondary”
or

other
factors

that
m

ay
be

significant
in

individual
reaches

are
not

accounted
for.

A
s

an
exam

ple
of

the
latter,

sudden,
very

high
C

SO
discharges

in
B

ubbly
C

reek
m

ay
severely

lim
it

habitat
potential

there,
but

this
local

condition
w

as
not

captured
in

the
system

-w
ide

analysis.
W

ith
respect

to
the

“secondary”
habitat

im
pairm

ents
noted

in
Section

2,
itis

not possible
to

quantify
the

potential
benefit

of
im

proving
those

attributes
because

they
w

ere
not

included
in

the
habitat

index.
It

should
also

be
noted

that,
because

the
Study

relied
on

the
statistical

com
parison

of
habitat

data
w

ith
fish

data
using

m
ultiple

linear
regression

to
identify

the
habitat

variables
m

ost
significantly

related
to

fisheries
condition,

habitat
attributes

that
do

notexhibit
significant

variation
w

ere
notidentified.

T
his

does
not

m
ean

that
a

ubiquitous
negative

condition
(e.g.

lack
of

floodplain
connectivity)

is
not

bad
for

fish.
A

s
a

result,
som

e
negative

attributes
w

ere
not

accounted
for

in
index,

so
the

index
likely

represents
an

underestim
ate

of
habitat

im
pairm

ent.
If

these
attributes

w
ere

som
ehow

included
in

the
index,

the
habitat

index
scores

w
ould

likely
be

low
er.

4.1
A

S
S

U
M

P
T

IO
N

S
F

O
R

A
S

S
E

S
S

M
E

N
T

O
F

H
A

B
IT

A
T

IM
PR

O
V

E
M

E
N

T

W
ithout

the
benefit

of
actually

testing
the

benefit
ofpotential

habitat
im

provem
ent

m
easures,

the
assessm

ent
of

habitat
im

provem
ent

potential
m

ustinclude
som

e

L
im
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professionaljudgm
ent.

T
he

rationale
for

determ
ining

w
hether

a
particular

attribute
can

be
altered

requires
a

qualitative
assessm

ent.
A

s
such,

the
follow

ing
assum

ptions
w

ere
applied

in
assessing

habitatim
provem

ent
potential

of
the

C
A

W
S

reaches:

•
B

ecause
the

C
A

W
S

habitat
index

w
as

developed
w

ith
the

upper
end

reflecting
the

best
existing

conditions
in

the
C

A
W

S,
it

w
as

assum
ed

that
a

given
habitat

attribute
in

a
given

reach
can

only
be

im
proved

to
best

condition
that

currently
exists

elsew
here

in
the

C
A

W
S.

•
C

ertain
habitat

im
pairm

ents
w

ere
deem

ed
to

be
not

im
provable

in
the

C
A

W
S,

including
m

axim
um

channel
depth,

m
anm

ade
structures,

lack
of

large
substrate,

and
presence

of
organic

sludge,
as

described
in

Section
2

of
this

report.

•
S

om
e

potential
habitat

im
provem

ent
m

easures
m

ay
be

infeasible,
but for

purposes
of

identifying
im

provem
ent

potential,
it w

as
assum

ed
that

they
m

ight
be

im
plem

ented.
A

prim
ary

exam
ple

of
this

is
the

rem
oval

of
vertical-w

alled
banks.

It
is

technically
possible

thatportions
of

vertical-w
alled

banks
m

ight
be

rem
oved

and
replaced

w
ith

naturalized
banks,but

the
cost

of
doing

this
over

long
reaches

w
ould

likely
be

im
practical

and
unaffordable.

T
herefore,

discussion
of

this
and

sim
ilar

m
easures

in
this

report
should

not
be

construed
as

a
recom

m
endation

or
endorsem

ent
of

those
actions.

•
In

evaluating
habitat

attributes
that

can
potentially

be
altered

in
a

reach,
the

existing
index

scores
for

each
attribute

in
the

reach
w

ere
review

ed.
Som

e
judgm

ent
w

as
applied

as
to

w
hether

it
is

feasible
to

im
plem

ent
change

in
the

habitat
attribute

to
a

degree
sufficient

to
alter

the
index

score
for

that
attribute.

E
ach

reach
assessm

ent
is

presented
in

the
follow

ing
section

4.2
R

E
A

C
H

-S
P

E
C

IF
IC

H
A

B
IT

A
T

IM
PR

O
V

E
M

E
N

T
A

S
S

E
S

S
M

E
N

T

T
he

habitat
im

provem
ent

potential
of

each
of

the
C

A
W

S
reaches

is
assessed

in
the

follow
ing

subsections,
using

the
C

A
W

S
habitat

index
developed

in
this

Study
and

presented
in

the
H

abitat
E

valuation
R

eport.
T

his
assessm

ent
involves

only
those

prim
ary

habitat
im

pairm
ents

that
w

ere
identified

as
having

som
e

potential
for

im
provem

ent
in

Section
2

of
this

report:

•
L

ack
of

off-channel
refuge

•
V

ertical
w

all
banks

•
R

iprap
banks

•
L

ack
of

m
acrophyte

cover

L
im

noT
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•
L

im
ited

overhanging
vegetation

•
L

im
ited

bank
pocket

areas

T
he

focus
on

these
prim

ary
habitat

im
pairm

ents
deem

ed
to

have
som

e
potential

for
im

provem
ent

is
intended

to
allow

quantification
of

the
benefits

of
potential

habitat
im

provem
ents

through
recalculation

of
habitat

index
scores

for
each

reach.

4.2.1
N

orth
S

h
o
re

C
h
an

n
el

Study
findings

indicate
that

the
N

orth
Shore

C
hannel

has
the

highest
habitat

quality
for

fish
in

the
C

A
W

S
and

that
there

is
relatively

little
difference

betw
een

the
upper

and
low

er
portions

of
the

channel,
w

ith
respect

to
the

prim
ary

physical
habitat

attributes
identified

in
the

Study.
T

he
prim

ary
physical

habitat
attributes

for
the

C
A

W
S,

as
identified

in
the

habitat
evaluation

part
of

this
Study,

are
assessed

as
follow

s:

•
L

ack
of

off-channel
refuge

—
T

he
N

orth
Shore

C
hannel

had
a

relatively
low

score
for

off-channel
refuge,

so
this

habitat
attribute

represents
im

provem
ent

potential
in

this
reach.

It
is

possible
that

construction
of

off-channel
refuge

could
be

accom
plished

to
increase

the
score

for
this

attribute
in

the
N

orth
Shore

C
hannel

from
2

to
8

(the
m

axim
um

score
elsew

here
in

the
C

A
W

S).

•
V

ertical
w

all
banks

—
T

he
N

orth
Shore

C
hannel

currently
has

very
little

vertical
w

all
banks,

so
this

attribute
cannot

be
significantly

im
proved

in
this

reach.

•
R

iprap-arm
ored

banks
—

T
he

N
orth

Shore
C

hannel
has

relatively
little

riprap
(7%

by
bank

length).
T

heoretically,
riprap

could
be

elim
inated

in
the

N
orth

Shore
C

hannel
(1.1

m
iles),

w
hich

w
ould

slightly
im

prove
the

index
score

for
this

attribute.
It

should
be

noted
that,

because
riprap

is
placed

to
prevent

bank
erosion,

it
m

ay
be

difficult
to

convince
riparian

land
ow

ners
to

replace
riprap

w
ith

bioengineering
erosion

control
m

easures
that

m
ight

offer
m

ore
naturalized

banks
and

im
proved

habitat
quality.

•
L

ack
of

m
acrophyte

cover
—

T
he

N
orth

Shore
C

hannel
has

the
highest

m
acrophyte

cover
in

the
C

A
W

S
and,

therefore,
represents

the
upper

end
of

the
habitat

index
range

for
this

attribute.
A

s
such,

this
attribute

cannot
be

im
proved

in
this

reach.

•
O

verhanging
vegetation

—
T

he
N

orth
Shore

C
hannel

has
the

highest
percentage

of
overhanging

riparian
vegetation

(31%
)

in
the

C
A

W
S.

W
hile

there
m

ay
be

opportunities
to

im
prove

overhanging
vegetation

on
a

local
basis,

there
is

no
data

to
gage

w
hether

increases
in

this
habitat

attribute
w

ould
have

an
effect

on
fisheries

in
the

reach.
Increasing

the
am

ount
of

overhanging
vegetation

w
ould

not
increase

the
reach’s

index
score.
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•
B

ank
pocket

areas
7

—
T

he
num

ber
of

bank
“pocket

areas”
could

potentially
be

im
proved

in
the

N
orth

S
hore

C
hannel.

If
bank

pocket
areas

w
ere

increased
to

raise
the

reach
score

to
20,

representing
the

highest
score

anyw
here

in
the

C
A

W
S

for
this

attribute,
it

w
ould

increase
the

index
score

for
this

reach.

B
ased

on
this

review
of

prim
ary

physical
habitat

attributes
in

the
reach,

it
appears

that
the

only
habitat

attributes
that

could
feasibly

be
altered

and
that

w
ould

result
in

a
change

in
the

habitat
index

for
the

reach
are

off-channel
refuge,

riprap
and

bank
pocket

areas.
A

lteration
of

these
attributes

in
the

U
pper

N
orth

S
hore

C
hannel

could
increase

the
habitat

index
score

from
75

to
80

(7%
increase).

In
the

L
ow

er
N

orth
S

hore
C

hannel,
the

index
could

potentially
increase

from
60

to
71(18%

increase).
T

his
change

is
still

w
ithin

the
range

of
scores

for
the

individual
stations

in
the

reach,
suggesting

that
the

changes
w

ould
not

likely
have

a
significant

im
pact

on
fisheries

quality.

4.2.2
N

orth
B

ran
ch

C
h
icag

o
R

iver

T
he

findings
of

the
S

tudy
indicate

that,
although

the
U

pper
and

L
ow

er
reaches

of
the

N
orth

B
ranch

C
hicago

R
iv

er
8

achieved
sim

ilar
habitat

index
scores,

they
differ

w
ith

respect
to

som
e

of
the

individual
attributes.

T
he

prim
ary

physical
habitat

attributes
in

the
N

orth
B

ranch
C

hicago
R

iver
are

assessed
as

follow
s:

•
L

ack
of

off-channel
refuge

—
T

he
N

orth
B

ranch
C

hicago
R

iver
had

a
relatively

low
score

for
off-channel

refuge
(2

for
the

U
pper

reach
and

5
for

the
L

ow
er

reach),
so

there
is

som
e

potential
to

im
prove

this
habitat

attribute.
If

additional
off-channel

refuge
could

be
constructed,

the
scores

for
this

attribute
could

theoretically
be

increased
to

8
(the

m
axim

um
score

elsew
here

in
the

C
A

W
S

).

•
V

ertical
w

all
banks

—
O

verall,
slightly

m
ore

than
half

of
the

banks
in

the
N

orth
B

ranch
C

hicago
R

iver
consist

of
vertical

w
alls,

w
ith

m
ost

of
this

in
the

L
ow

er
reach.

T
herefore,

it
is

assum
ed

that
rem

oval
effort

w
ould

focus
on

the
L

ow
er

reach
and

it
is

further
assum

ed
that

up
to

half
of

the
vertical

w
all

banks
could

be
rem

oved
(about

4
m

iles)
w

hich
w

ould
im

prove
the

index
score

for
this

attribute.

•
R

iprap-arm
ored

banks
—

O
verall,

the
N

orth
B

ranch
C

hicago
R

iver
has

33%
riprap

banks
by

length,
the

highest
percentage

of
riprap

in
the

C
A

W
S

,
outside

of
the

C
al-S

ag
C

h
an

n
el

9.
It

m
ay

be
possible

to
convert

riprap
bank

protection
to

bioengineering
erosion

control
m

easures
w

hich
w

ould
reduce

the
percentage

of
riprap.

G
iven

lim
itations

to
this

effort,
it

is
reasonable

to
assum

e

T
his

represents
the

num
ber

of
bank

variations
greater

than
1

square
m

eter
that

can
serve

as
refuge

from
the

m
ain

channel,
per

400
m

reach.
8

T
he

U
pper

N
orth

B
ranch

C
hicago

R
iver

is
defined

as
the

portion
north

of
A

ddison
and

the
L

ow
er

N
orth

B
ranch

C
hicago

R
iver

is
the

portion
south

of
A

ddison.
It

should
be

noted
that

the
upper

N
orth

B
ranch

C
hicago

R
iver

has
a

higher
percentage

(53%
)

of
riprap

than
the

low
er

N
orth

B
ranch

C
hicago

R
iver

(18%
).
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that
no

m
ore

than
half

of
the

existing
riprap

(2.6
m

iles)
could

be
im

proved,
w

hich
w

ould
yield

a
change

in
index

score.

•
L

ack
of

m
acrophyte

cover
—

T
he

N
orth

B
ranch

C
hicago

R
iver

currently
has

a
score

of
zero

for
m

acrophyte
cover.

If
m

acrophyte
cover

can
be

im
proved

in
conjunction

w
ith

rem
oval

of
vertical

w
all

banks,
the

habitat
index

score
for

this
attribute

could
be

increased.
Itis

notpossible
to

estim
ate

w
hat

the
increase

in
m

acrophyte
cover

m
ight

be,
but

since
half

of
the

reach
w

ould
be

affected
by

the
rem

oval
of

vertical
w

all
banks,

it
is

assum
ed

that
the

new
score

could
potentially

be
increased

from
zero

to
som

ething
in

the
m

id-range
of

potential
scores,

approxim
ately

5.

•
O

verhanging
vegetation

—
O

verhanging
riparian

vegetation
varies

from
25%

in
the

U
pper

N
orth

B
ranch

C
hicago

R
iver

to
5%

in
the

L
ow

er
N

orth
B

ranch
C

hicago
R

iver.
T

here
m

ay
be

opportunities
to

im
prove

overhanging
vegetation

on
a

local
basis.

T
he

U
pper

N
orth

B
ranch

C
hicago

R
iver

already
achieves

a
relatively

high
score

for
this

attribute.
H

ow
ever,

overhanging
riparian

vegetation
in

the
L

ow
er

N
orth

B
ranch

C
hicago

R
iver

could
be

im
proved

in
conjunction

w
ith

vertical
bank

w
all

rem
oval.

T
his

w
ould

affect
about

half
of

the
banks

in
the

reach
and

it
is

assum
ed

that
this

could
double

the
index

score
for

the
L

ow
er

reach
from

5
to

10.

•
B

ank
pocket

areas
—

T
he

num
ber

of
bank

“pocket
areas”

is
relatively

high
in

the
U

pper
N

orth
B

ranch
C

hicago
R

iver,
but

low
in

the
L

ow
er

N
orth

B
ranch

C
hicago

R
iver.

It
is

assum
ed

that
this

attribute
could

be
im

proved
to

increase
the

index
score

for
the

U
pper

reach
from

15
to

17
and

for
the

L
ow

er
reach

by
from

6
to

10.

B
ased

on
the

review
presented

above,
all

six
of

the
prim

ary
habitat

attributes
discussed

could
potentially

be
im

proved
in

the
N

orth
B

ranch
C

hicago
R

iver.
Im

plem
enting

these
im

provem
ents

as
described

w
ould

increase
the

habitat
index

score
for

the
U

pper
N

orth
B

ranch
C

hicago
R

iver
from

49
to

58
(18%

increase).
Sim

ilarly,
im

plem
enting

these
im

provem
ents

in
the

L
ow

er
N

orth
B

ranch
C

hicago
R

iver
w

ould
increase

the
habitat

index
score

from
47

to
56

(19%
increase).

4.2.3
C

h
icag

o
R

iver

T
he

C
hicago

R
iver

exists
in

the
m

idst
of

dow
ntow

n
C

hicago
and,

therefore,
has

m
ore

severe
lim

itations
for

habitat
im

provem
ent

than
other

reaches.
For

exam
ple,

because
of

the
developed

urban
nature

of
the

riparian
land

of
the

C
hicago

R
iver,

it
is

assum
ed

that
any

m
easure

requiring
significantuse

of
that

riparian
land

for
habitat

im
provem

ent
w

ould
be

infeasible.
T

his
has

a
significant

im
pact

on
habitat

im
provem

ent
potential,

as
described

below
:

•
L

ack
of

off-channelrefuge
—

T
he

C
hicago

R
iver

actually
scores

quite
high

for
this

attribute,
due

to
the

high
num

ber
of

artificial
areas

of
refuge

in
the

reach.
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A
s

such,
it

is
assum

ed
that

this
attribute

cannot
be

im
proved

in
the

C
hicago

R
iver.

•
V

ertical
w

all
banks

—
M

ost
of

the
banks

in
the

C
hicago

R
iver

consist
of

vertical
w

alls
(97%

),
but

rem
oval

w
ould

require
significant

use
of

existing
riparian

land
w

hich
is

infeasible
in

the
C

hicago
R

iver.
T

herefore,
this

attribute
cannot

be
im

proved
in

this
reach.

•
R

iprap-arm
ored

banks
—

T
he

C
hicago

R
iver

has
alm

ost
no

riprap,
so

there
is

no
significant

potential
to

im
prove

this
habitat

attribute.

•
L

ack
of

m
acrophyte

cover
—

In
this

assessm
ent,

im
provem

ent
of

m
acrophyte

cover
is

strictly
lim

ited
to

those
areas

w
here

it
can

potentially
be

accom
plished

in
conjunction

w
ith

rem
oval

of
vertical

w
all

banks.
If

it
is

infeasible
to

rem
ove

vertical
w

all
banks,

there
is

no
significant

potential
to

im
prove

m
acrophyte

cover,
so

this
attribute

cannot
be

significantly
im

proved
in

the
C

hicago
R

iver.

•
O

verhanging
vegetation

—
T

he
C

hicago
R

iver
has

no
overhanging

riparian
vegetation.

G
iven

the
nature

of
the

channel
and

riparian
land

uses,
it

is
infeasible

to
im

plem
ent

a
significant

am
ount

of
overhanging

vegetation
in

the
reach.

•
B

ank
pocket

areas
—

T
here

are
no

bank
“pocket

areas”
in

the
C

hicago
R

iver
and

given
that

nearly
all

of
the

banks
consist

of
vertical

w
alls,

the
opportunity

to
provide

this
attribute

is
nearly

non-existent.

T
he

discussion
of

the
prim

ary
physical

habitat
attributes

in
the

C
hicago

R
iver

presented
above

indicates
that

there
is

no
feasible

potential
for

significant
habitat

im
provem

ents
to

be
im

plem
ented

in
the

C
hicago

R
iver.

4.2.4
S

o
u

th
B

ran
ch

C
h
icag

o
R

iver

T
he

S
outh

B
ranch

C
hicago

R
iver

received
sim

ilar
habitat

index
scores

to
the

C
hicago

S
anitary

and
S

hip
C

anal
and

the
C

al-S
ag

C
hannel.

T
he

prim
ary

physical
habitat

attributes
in

the
S

outh
B

ranch
C

hicago
R

iver
are

assessed
as

follow
s:

•
L

ack
of

off-channel
refuge

—
T

he
S

outh
B

ranch
C

hicago
R

iver
had

a
relatively

high
score

for
off-channel

refuge,
so

the
potential

for
im

provem
ent

of
this

attribute
is

lim
ited.

If
additional

off-channel
refuge

could
be

constructed,
the

score
for

this
attribute

in
the

S
outh

B
ranch

w
ould

be
increased

to
8.

•
V

ertical
w

all
banks

—
M

ost
(90%

)
of

the
banks

in
the

S
outh

B
ranch

C
hicago

R
iver

consist
of

vertical
w

alls.
A

ssum
ing

that
up

to
half

of
the

vertical
w

all
banks

could
be

rem
oved

(about
4

m
iles),

the
index

score
for

this
attribute

w
ould

be
im

proved.
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•
R

iprap-arm
ored

banks
—

T
he

S
outh

B
ranch

C
hicago

R
iver

has
relatively

little
riprap

(4%
),

so
even

com
plete

elim
ination

of
riprap

w
ould

have
relatively

little
effect

on
the

habitat
index

score
for

this
reach.

•
L

ack
of

m
acrophyte

cover
—

T
he

S
outh

B
ranch

C
hicago

R
iver

currently
has

a
score

of
zero

for
m

acrophyte
cover.

If
m

acrophyte
cover

can
be

im
proved

in
conjunction

w
ith

rem
oval

of
vertical

w
all

banks,
the

habitat
index

score
for

this
attribute

could
be

increased.
It

is
not

possible
to

estim
ate

w
hat

the
increase

in
m

acrophyte
cover

m
ight

be,
but

since
half

of
the

reach
w

ould
be

affected
by

the
rem

oval
of

vertical
w

all
banks,

it
is

assum
ed

that
the

index
score

could
potentially

be
increased

from
zero

to
som

ething
in

the
m

id-range
of

potential
scores,

approxim
ately

5.

•
O

verhanging
vegetation

—
T

he
S

outh
B

ranch
C

hicago
R

iver
has

nearly
n
o

n
existent

overhanging
riparian

vegetation
and

currently
scores

a
zero

in
the

habitat
index

for
this

attribute.
It

m
ay

be
feasible

to
im

prove
overhanging

vegetation
in

conjunction
w

ith
vertical

bank
w

all
rem

oval.
It

is
not

possible
to

estim
ate

w
hat

the
m

axim
um

im
provem

ent
potential

is
for

this
attribute

in
the

S
outh

B
ranch,

but
for

purposes
of

this
assessm

ent
it

is
assum

ed
that

the
index

score
w

ould
be

im
proved

from
zero

to
10.

•
B

ank
pocket

areas
—

T
he

num
ber

of
bank

“pocket
areas”

in
the

S
outh

B
ranch

C
hicago

R
iver

is
relatively

low
(index

score
of

5),
suggesting

som
e

room
for

im
provem

ent.
H

ow
ever,

the
m

axim
um

increase
in

habitat
index

score
that

can
be

achieved
is

4.
S

im
ilar

to
the

L
ow

er
N

orth
B

ranch
C

hicago
R

iver,
it

is
assum

ed
that

this
attribute

score
could

theoretically
be

increased
to

10.

T
he

review
above

indicates
som

e
potential

for
im

provem
ent

of
these

prim
ary

habitat
attributes

in
the

S
outh

B
ranch

C
hicago

R
iver.

If
the

im
provem

ents
described

above
w

ere
to

be
im

plem
ented,

the
habitat

index
score

for
the

S
outh

B
ranch

w
ould

be
increased

from
34

to
47

(38%
increase).

4
2
5

B
ubbly

C
reek

B
ubbly

C
reek

achieved
a

relatively
low

habitat
index

score,
sim

ilar
to

the
C

al-S
ag

C
hannel.

It
should

be
noted

that,
because

fish
are

only
sam

pled
at

one
station

in
B

ubbly
C

reek
and

only
three

fish
sam

pling
events

w
ere

available
from

B
ubbly

C
reek

for
use

in
the

S
tudy,

the
results

of
the

overall
habitat

evaluation
m

ay
not

be
com

pletely
representative

of
habitat

lim
itations

in
B

ubbly
C

reek.
T

he
prim

ary
physical

habitat
attributes

in
B

ubbly
C

reek,
based

on
the

data
collected

in
this

S
tudy,

are
described

below
:

•
L

ack
of

off-channel
refuge

—
B

ubbly
C

reek
had

a
relatively

low
score

for
o
ff

channel
refuge

(1),
5

0
there

is
som

e
im

provem
ent

potential
for

this
attribute.

T
he

m
axim

um
possible

index
score

for
off-channel

refuge
is

8,
but

it
is

noted
that

there
is

substantial
developm

ent
along

the
banks

of
B

ubbly
C

reek,
w

hich

L
im

noT
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m
ight

lim
it

the
im

provem
ent

potential
for

this
attribute.

T
herefore,

a
m

axim
um

im
proved

score
of

4
is

assum
ed.

•
V

ertical
w

all
banks

—
B

ubbly
C

reek
has

a
significant

quantity
(35%

)
of

vertical
w

all
banks.

E
xisting

developm
ent

w
ould

likely
lim

it
the

am
ount

of
riparian

land
that

can
be

used
for

rem
oval

of
vertical

w
all

banks,
but

for
purposes

of
this

assessm
ent

it
is

assum
ed

that
up

to
half

of
the

vertical
w

all
banks

could
be

rem
oved

(about
0.5

m
iles),

w
hich

w
ould

im
prove

the
index

score
for

this
attribute

som
ew

hat.

•
R

iprap-arm
ored

banks
—

A
s

w
ith

the
S

outh
B

ranch
C

hicago
R

iver,
B

ubbly
C

reek
has

relatively
little

riprap
(3%

),
so

even
com

plete
elim

ination
of

riprap
w

ould
have

relatively
effect

on
the

habitat
index

score
for

this
reach.

•
L

ack
of

m
acrophyte

cover
—

N
o

significant
m

acrophyte
cover

has
been

noted
in

B
ubbly

C
reek

and
it

w
as

given
an

index
score

of
zero

for
this

attribute.
If

m
acrophyte

cover
can

be
im

proved
in

conjunction
w

ith
rem

oval
of

vertical
w

all
banks,

the
habitat

index
score

for
this

attribute
could

be
increased.

It
is

not
possible

to
estim

ate
w

hat
the

increase
in

m
acrophyte

cover
m

ight
be,

but
for

this
assessm

ent
it

is
assum

ed
that

the
new

score
could

potentially
be

increased
from

zero
to

som
ething

proportional
to

the
change

in
vertical

w
all

banks,
approxim

ately
3.

•
O

verhanging
vegetation

—
B

ubbly
C

reek
scored

an
8

for
this

attribute.
A

ssum
ing

that
additional

riparian
vegetation

is
part

of
the

rem
oval

vertical
w

all
banks,

it
is

assum
ed

that
this

score
could

be
doubled,

to
16.

•
B

ank
pocket

areas
—

B
ubbly

C
reek

has
reasonably

good
score

for
bank

“pocket
areas”

(9).
It

m
ay

be
feasible

to
im

prove
this

num
ber

and,
for

purposes
of

this
assessm

ent,
it

is
assum

ed
that

an
im

proved
index

score
of

12
could

be
achieved.

If
the

habitat
im

provem
ents

noted
above

w
ere

im
plem

ented
in

B
ubbly

C
reek,

the
habitat

index
score

for
that

reach
w

ould
increase

from
37

to
48,

about
a

30%
increase.

4.2.6
C

hicago
S

an
itary

and
S

hip
C

anal

T
he

C
hicago

S
anitary

and
S

hip
C

anal
is

the
longest

reach
in

the
C

A
W

S
and

scored
am

ong
the

low
est

ratings
using

the
habitat

index
developed

in
this

S
tudy

(reach-w
ide

average
score

=
34).

T
he

prim
ary

physical
habitat

attributes
in

the
C

hicago
S

anitary
and

S
hip

C
anal,

as
identified

in
the

habitat
evaluation

part
of

this
S

tudy,
are

assessed
as

follow
s:

•
L

ack
of

off-channel
refuge

—
T

he
C

hicago
S

anitary
and

Ship
C

anal
scored

in
the

m
iddle

of
the

range
for

off-channel
refuge

(4).
F

or
purposes

of
this

L
im
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assessm
ent,

if
additional

off-channel
refuge

could
be

constructed,
the

score
for

this
attribute

w
ould

be
increased

to
8.

•
V

ertical
w

all
banks

—
T

he
C

hicago
Sanitary

and
Ship

C
anal

has
a

relatively
high

percentage
(59%

)
of

vertical
w

alls,
but

approxim
ately

78%
of

these
vertical

w
all

banks
are

the
result

of
excavating

the
canal

into
the

lim
estone

bedrock.
It

is
unreasonable

to
think

that
the

vertical
w

all
condition

could
be

altered
in

these
reaches,

therefore
only

13%
of

the
banks

in
the

C
SSC

can
theoretically

be
converted

vertical
to

sloping.
A

ssum
ing

that
up

to
half

of
these

vertical
banks

could
be

rem
oved

(about
2

m
iles),

this
attribute

w
ould

be
slightly

im
proved

from
59%

to
52.5%

,
w

hich
accounts

for
0.3

point
of

the
total

change
in

index
score.

•
R

iprap-arm
ored

banks
—

T
here

is
relatively

little
riprap

(5%
)

in
the

C
hicago

Sanitary
and

Ship
C

anal,
so

even
com

plete
elim

ination
of

riprap
w

ould
have

relatively
little

effect
on

the
habitat

index
score

for
this

reach.

•
L

ack
of

m
acrophyte

cover
—

A
lthough

the
C

hicago
Sanitary

and
Ship

C
anal

scored
only

1%
for

m
acrophyte

cover
on

a
reach-w

ide
basis,

there
are

local
areas

w
ith

higher
percentages.

A
s

in
other

reaches
assessed

here,
if

m
acrophyte

cover
can

be
im

proved
in

conjunction
w

ith
rem

oval
of

vertical
w

all
banks,

the
habitat

index
score

for
this

attribute
could

potentially
be

increased
proportionately.

A
s

w
ith

other
reaches,

it
is

notpossible
to

estim
ate

w
hat

the
increase

in
m

acrophyte
cover

m
ight

be,
but

since
the

rem
oval

of
vertical

w
alls

w
ould

affect
about

30%
of

this
reach,

it
is

assum
ed

that
the

index
score

for
m

acrophyte
cover

w
ould

be
im

proved
to

about
the

3
0

t
h

percentile
of

the
index

range
for

this
attribute,

approxim
ately

3.

•
O

verhanging
vegetation

—
T

he
C

hicago
Sanitary

and
Ship

C
anal

has
relatively

little
overhanging

riparian
vegetation

(5%
).

T
he

sam
e

approach
is

taken
for

this
attribute

as
for

m
acrophyte

cover,
assum

ing
that

the
overhanging

vegetation
can

be
im

proved
to

about
the

percentile
of

the
index

range
for

this
attribute,

for
an

im
proved

score
of

10.

•
B

ank
pocket

areas
—

T
he

C
hicago

Sanitary
and

Ship
C

anal
already

scores
relatively

high
for

bank
pocket

areas
(12).

A
ssum

ing
this

attribute
can

be
im

proved
to

the
m

axim
um

am
ount,

the
index

score
w

ould
increase

to
17.

B
ased

on
this

review
of

prim
ary

physical
habitat

attributes
in

the
C

hicago
Sanitary

and
Ship

C
anal,

im
plem

entation
of

the
habitat

im
provem

ents
noted

above
w

ould
increase

the
habitat

index
score

for
the

reach
from

34
to

43
(26%

increase).
T

his
change

is
still

w
ithin

the
range

of
scores

for
the

individual
stations

in
the

reach,
suggesting

that
the

changes
w

ould
not

likely
have

a
significantim

pact
on

fisheries
quality.
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4.2.7
C

al-S
ag

C
hannel

T
he

C
al-S

ag
C

hannel
scored

am
ong

the
low

est
ratings

in
the

C
A

W
S

using
the

habitat
index

developed
in

this
S

tudy
(reach-w

ide
average

score
=

37).
T

he
prim

ary
physical

habitat
attributes

in
the

C
al-S

ag
C

hannel,
as

identified
in

the
habitat

evaluation
part

of
this

S
tudy,

are
assessed

as
follow

s:

•
L

ack
of

off-channel
refuge

—
T

he
C

al-S
ag

C
hannel

scored
at

the
low

end
of

the
range

for
off-channel

refuge
(2).

F
or

purposes
of

this
assessm

ent,
if

additional
off-channel

refuge
could

be
constructed,

the
score

for
this

attribute
could

potentially
be

increased
to

8.

•
V

ertical
w

all
banks

—
T

he
C

al-S
ag

C
hannel

has
a

som
ew

hat
low

er
percentage

(19%
)

of
vertical

w
alls,

but
approxim

ately
20%

of
these

vertical
w

all
banks

are
the

result
of

excavating
the

channel
into

the
lim

estone
bedrock.

It
is

unreasonable
to

think
that

the
vertical

w
all

condition
could

be
altered

in
these

reaches,
therefore

only
15%

of
the

banks
in

the
C

S
S

C
can

theoretically
be

converted
vertical

to
sloping.

A
ssum

ing
that

up
to

half
of

the
vertical

w
all

banks
could

be
rem

oved
(about

1.2
m

iles),
the

index
score

for
this

attribute
w

ould
be

slightly
im

proved.

•
R

iprap-arm
ored

banks
—

T
he

C
al-S

ag
C

hannel
has

a
relatively

high
percentage

of
riprap

banks
(53%

),
about

the
sam

e
percentage

as
the

U
pper

N
orth

B
ranch

C
hicago

R
iver.

It
m

ay
be

feasible
to

reduce
this

quantity,
but

given
the

lim
itations

of
such

an
effort,

it
w

as
assum

ed
that

no
m

ore
than

half
of

the
riprap

in
the

C
al-S

ag
could

feasibly
be

rem
oved,

reducing
the

percentage
to

26.5,
w

hich
accounts

for
1.8

points
of

the
total

change
in

index
score

for
this

reach.

•
L

ack
of

m
acrophyte

cover
—

T
he

C
al-S

ag
C

hannel
scored

a
zero

for
m

acrophyte
cover

on
a

reach-w
ide

basis,
although

there
m

ay
be

local
areas

w
ith

m
acrophyte

cover.
A

s
in

other
reaches

assessed
here,

if
m

acrophyte
cover

can
be

im
proved

in
conjunction

w
ith

rem
oval

of
vertical

w
all

banks,
the

habitat
index

score
for

this
attribute

could
potentially

be
increased

proportionately.
G

iven
the

lim
itations

on
estim

ating
the

increase
in

m
acrophyte

cover,
the

consistent
assum

ption
w

as
m

ade
the

increase
w

ould
be

com
m

ensurate
w

ith
the

rem
oval

of
vertical

bank
w

alls.
S

ince
the

rem
oval

of
vertical

w
alls

w
ould

affect
about

10%
of

this
reach,

it
is

assum
ed

that
the

index
score

for
m

acrophyte
cover

w
ould

be
im

proved
to

about
the

1
0

t
h

percentile
of

the
index

range
for

this
attribute,

approxim
ately

1.

•
O

verhanging
vegetation

—
T

he
C

al-S
ag

C
hannel

has
the

sam
e

overhanging
vegetation

percentage
as

the
C

hicago
S

anitary
and

S
hip

C
anal

(5%
).

A
s

w
ith

the
C

hicago
S

anitary
and

S
hip

C
anal,

it
is

assum
ed

that
the

overhanging
vegetation

can
be

im
proved

to
about

the
3

0
t
h

percentile
of

the
index

range
for

this
attribute,

for
an

im
proved

score
of

10.
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•
B

ank
pocket

areas
—

A
s

w
ith

the
C

hicago
S

anitary
and

S
hip

C
anal,

the
index

score
for

bank
“pocket

areas”
is

relatively
high

in
the

C
al-S

ag
C

hannel
(12).

Im
proving

this
value

to
the

m
axim

um
of

17
w

ould
increase

the
habitat

index
score

som
ew

hat.

B
ased

on
this

review
of

prim
ary

physical
habitat

attributes
in

the
C

al-S
ag

C
hannel,

im
provem

ents
to

the
prim

ary
habitat

attributes
that

could
feasibly

be
altered

w
ould

increase
the

habitat
index

score
from

37
to

44
(19%

increase).
T

his
change

is
still

w
ithin

the
range

of
scores

for
the

individual
stations

in
the

reach,
suggesting

that
the

changes
w

ould
not

likely
have

a
significant

im
pact

on
fisheries

quality.

4.2.8
L

ittle
C

alu
m

et
R

iver

T
he

L
ittle

C
alum

et
R

iver
received

a
habitat

index
score

of
52,

w
hich

w
as

third
only

to
the

upper
and

low
er

N
orth

S
hore

C
hannel.

T
he

prim
ary

physical
habitat

attributes
in

the
L

ittle
C

alum
et

R
iver

are
assessed

as
follow

s:

•
L

ack
of

off-channel
refuge

—
T

he
L

ittle
C

alum
et

R
iver

had
a

relatively
high

score
for

off-channel
refuge

(6).
F

or
purposes

of
this

assessm
ent,

if
additional

off-channel
refuge

could
be

constructed,
the

score
for

this
attribute

could
potentially

be
increased

to
8.

•
V

ertical
w

all
banks

—
T

he
L

ittle
C

alum
et

R
iver

has
the

low
est

percentage
of

vertical
w

all
banks

(5%
)

outside
of

the
N

orth
B

ranch
C

hicago
R

iver.
F

or
purposes

of
this

assessm
ent,

given
the

low
quantity

of
this

attribute,
it

w
as

assum
ed

that
all

vertical
w

all
banks

(0.6
m

ile)
could

be
rem

oved
to

reduce
the

index
score

to
zero.

•
R

iprap-arm
ored

banks
—

T
he

L
ittle

C
alum

et
R

iver
has

a
percentage

of
riprap

banks
(17%

),
sim

ilar
to

the
L

ow
er

reach
of

the
N

orth
B

ranch
C

hicago
R

iver.
It

m
ay

be
feasible

to
reduce

this
quantity,

but
given

the
lim

itations
of

such
an

effort,
it

w
as

assum
ed

that
no

m
ore

than
half

of
the

riprap
in

the
L

ittle
C

alum
et

R
iver

could
feasibly

be
rem

oved,
reducing

the
percentage

to
8.5,

w
hich

accounts
for

1.7
points

of
the

total
change

in
index

score
for

this
reach.

•
L

ack
of

m
acrophyte

cover
—

T
he

L
ittle

C
alum

et
R

iver
scored

low
(1)

for
m

acrophyte
cover

on
a

reach-w
ide

basis,
although

there
m

ay
be

local
areas

w
ith

higher
percentages

of
m

acrophyte
cover.

A
s

in
other

reaches
assessed

here,
the

consistent
assum

ption
w

as
m

ade
that

the
increase

w
ould

be
com

m
ensurate

w
ith

the
rem

oval
of

vertical
bank

w
alls.

S
ince

the
rem

oval
of

vertical
w

alls
w

ould
affect

about
5%

of
this

reach,
it

is
assum

ed
that

the
index

score
for

m
acrophyte

cover
w

ould
be

im
proved

only
slightly,

to
2.

•
O

verhanging
vegetation

—
T

he
L

ittle
C

alum
et

R
iver

scored
6%

for
overhanging

vegetation.
A

ssum
ing

that
increased

riparian
vegetation

w
ould

occur
in

conjunction
w

ith
rem

oval
of

vertical
w

all
banks

and
other

projects,
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consistent
w

ith
other

reaches,
itis

assum
ed

that
itis

feasible
to

increase
overhanging

vegetation
to

about
the

3
0

t
h

percentile
of

the
index

range
for

this
attribute,

for
an

im
proved

score
of

10.

•
B

ank
pocket

areas
—

T
he

L
ittle

C
alum

et
R

iver
scored

the
highestfor

this
attribute,

so
it

w
as

assum
ed

thatthere
is

no
potential

for
im

provem
ent.

M
aking

the
habitat

im
provem

ents
described

above
for

the
L

ittle
C

alum
et

R
iver

w
ould

increase
the

habitat
index

score
from

52
to

57
(about

a
10%

increase).
T

his
change

is
still

w
ithin

the
range

of
scores

for
the

individual
stations

in
the

reach,
suggesting

that
the

changes
w

ould
not

likely
have

a
significant

im
pact

on
fisheries

quality.

4.3
PO

T
E

N
T

IA
L

B
E

N
E

F
IT

O
F

H
A

B
IT

A
T

IM
PR

O
V

E
M

E
N

T
T

O
FISH

E
ach

C
A

W
S

reach
w

as
evaluated

w
ith

respect
to

the
six

key
habitat

variables
identified

in
the

C
A

W
S

H
abitat

E
valuation

R
eport.

H
abitat

variables
that

could
potentially

be
im

proved
w

ere
identified

in
each

reach
and

the
extent

of
feasible

im
provem

ent
w

as
estim

ated
based

on
conditions

m
easured

in
system

.
T

he
C

A
W

S
habitat

index
presented

in
the

C
A

W
S

H
abitat

E
valuation

R
eport

w
as

used
to

estim
ate

w
hateffect

the
habitat

im
provem

ent
w

ould
have

on
the

habitat
index

score
for

each
reach

and
a

new
potential

habitatindex
score

w
as

calculated
based

on
these

estim
ates.

T
he

results
of

this
are

presented
in

T
able

4-1.

T
able

4-1:
P

otential
for

H
ab

itat
Im

provem
ent

U
sing

C
A

W
S

H
abitat

Index
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H
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pro vem
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eport
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4, 2010

C
A

W
S

P
o
ten

tial
H

abitat
Index

S
core

P
ercen

t
Index

A
fter

H
abitat

C
hange

in
R

each
S

core
Im

p
ro

v
em

en
t

Index
S

core

U
pper

N
orth

S
hore

C
hannel

75
80

7%

L
ow

er
N

orth
S

hore
C

hannel
60

71
18%

U
pper

N
orth

B
ranch

C
hicago

R
iver

49
58

18%

L
ow

er
N

orth
B

ranch
C

hicago
R

iver
47

56
19%

C
hicago

R
iver

45
45

-

S
outh

B
ranch

C
hicago

R
iver

34
47

38%

B
ubbly

C
reek

37
48

30%

C
hicago

S
anitary

and
Ship

C
anal

34
43

26%

C
al-Sag

C
hannel

37
44

19%

L
ittle

C
alum

et
R

iver
52

57
10%

A
s

indicated
by

the
values

in
T

able
4-1,

the
potential

for
habitat

im
provem

ent
varies

w
idely

from
reach

to
reach.

In
the

C
hicago

R
iver,

there
is

no
potential

for
feasibly

im
plem

enting
significant

habitat
im

provem
ent.

O
utside

of
the

C
hicago

R
iver,

the
reaches

that
currently

have
the

highest
index

scores
have

the
low

est
potential

for
habitat

im
provem

ent
on

a
percent

basis
and

vice
versa.

T
he

inform
ation

in
the

table
above

m
ay

be
useful

in
prioritizing

the
C

A
W

S
reaches

for
habitat

im
provem

ent,
but

it
does

not
provide

inform
ation

about
the

potential
benefits

of
the

habitat
im

provem
ents

to
the

biological
com

m
unity.

N
o

clear
and

reliable
w

ay
to

define
the

potential
biological

benefit
of

habitat
im

provem
ent

w
as

identified
so,

as
an

alternative,
the

question
w

as
approached

by
evaluating

w
hether

the
potential

benefit
to

the
biological

com
m

unity
w

ould
be

m
easurable.

A
nalysis

of
fish

data
from

the
C

A
W

S
,

reported
in

the
C

A
W

S
H

abitat
E

valuation
R

eport,
show

s
that

fish
data

are
extrem

ely
variable,

w
ith

significantly
different

m
etrics

being
calculated

from
fish

data
collected

at
the

sam
e

stations
during

different
sam

pling
events.

If
it

is
assum

ed
that

the
potential

change
in

biological
com

m
unity

w
ill

be
reflected

in
the

fish
data,

then
the

potential
change

m
ust

be
larger

than
the

natural
variability

of
the

data
in

order
for

it
to

be
m

easureable.
If

the
potential

change
in

fish
m

etrics
resulting

from
habitat

im
provem

ent
is

less
than

the
norm

al
variability

of
the

fish
data,

there
is

little
potential

for
a

m
easureable

im
provem

ent
in

fisheries.
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H
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F
igure

4-1:
V

ariability
in

C
A

W
S

F
ish

D
ata

by
R

each
as

Indicated
by

the
“C

om
bined

F
ish

M
etric”

(2001-2008)

T
he

“w
hiskers”

is
F

igure
4-1

represent
the

m
inim

um
and

m
axim

um
values

of
the

com
bined

fish
m

etric
calculated

in
each

reach
and

illustrate
the

full
range

of
values

for
each

reach.
T

he
coefficient

of
variation

w
as

calculated
from

these
data

and
is

expressed
as

a
percentage

in
T

able
4-2,

along
w

ith
the

potential
percent

change
in

habitat
index

scores.

C
om

parison
of

the
last

tw
o

colum
ns

in
T

able
4-2

show
s

that
the

coefficient
of

variation
of

the
fish

data
in

each
reach,

expressed
as

a
percentage,

significantly
exceeds

the
potential

change
in

habitat
index

score
in

every
reach.

W
hile

the
percent

change
in

habitat
index

score
is

not
a

direct
reflection

of
the

potential
change

in
the

fish
com

m
unity,

it
is

a
reasonable

approxim
ation

for
com

parison
purposes.

In
m

ost
cases,

the
coefficient

of
variation

is
an

order
of

m
agnitude

greater
than

the
percent

change
in

habitat
index

score,
suggesting

that
the

natural
variability

of
the

fish
data

w
ill

overshadow
any

potential
change

in
fisheries.

F
urtherm

ore,
the

coefficients
of

variation
in

T
able

4-2
represent

the
variability

w
ithin

a
range

of
one

standard
deviation

of
the

m
ean

of
the

data
and

the
actual

data
vary

m
ore

w
idely

than
that.

252015

.1
0

LI.E01
)-15

-10

B
ubbly

C
al-S

ag
C

hicago
C

hicago
Little

L
ow

er
N

orth
L

ow
er

N
orth

N
orth

N
orth

C
reek

C
hannel

R
iver

S
anitary

and
C

alsm
et

S
hore

S
hore

B
ranch

B
ranch

Ship
C

anal
R

iver
C

hannel
C

hannel
C

hicago
C

hicago
(N

orth
of

(S
outh

of
R

iver
N

orth
R

iver
S

outh
N

orth
S

ide
N

orth
S

ide
of

A
ddison

of
A

ddison
W

R
P)

W
R

P)

S
outh

B
ranch

C
hicago
R

iver

U
pper

N
orth

S
hore

C
hannel

(N
orth

of
N

orth
S

ide
W

R
P(
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T
able

4-2:
P

otential
C

hanges
in

“C
om

bined
F

ish
M

etric”
R

esulting
from

C
hanges

in
C

A
W

S
H

abitat
Index

R
each

P
ercen

t
C

hange
in

C
oefficient

of
Index

S
core

A
fter

V
ariation

of
Fish

H
ab

itat
D

ata
as

a
Im

p
ro

v
em

en
t

P
ercen

tag
e

U
pper

N
orth

S
hore

C
hannel

7%
181%

L
ow

er
N

orth
S

hore
C

hannel
18%

170%

U
pper

N
orth

B
ranch

C
hicago

18%
235%

R
iver

Low
er

N
orth

B
ranch

C
hicago

19%
238%

R
iver

C
hicago

R
iver

-
81%

S
outh

B
ranch

C
hicago

R
iver

38%
534%

B
ubbly

C
reek

30%
175%

C
hicago

S
anitary

and
Ship

26%
280%

C
anal

C
al-Sag

C
hannel

19%
87%

L
ittle

C
alum

et
R

iver
10%

79%

T
he

p
reced

in
g

discussion
supports

the
follow

ing
findings:

•
T

he
habitat

im
provem

ent
potential

of
C

A
W

S
reaches,

as
m

easured
by

potential
to

feasibly
im

prove
significant

habitat
attributes

in
each

reach,
varies

significantly
across

the
C

A
W

S,
from

zero
in

the
C

hicago
R

iver
to

38%
in

the
South

B
ranch

C
hicago

R
iver.

•
Som

e
habitat

attributes
that

w
ere

found
to

be
statistically

significant
w

ith
respect

to
fish

data
are

not
feasibly

alterable,
such

as
m

axim
um

depth,
the

presence
of

m
anm

ade
structures,

large
substrate,

and
presence

of
organic

sludge.

•
T

he
reaches

w
ith

the
highestpotential

for
habitat

im
provem

ent,
based

on
potential

increases
in

habitat
index

scores,
are

the
South

B
ranch

C
hicago

R
iver

and
B

ubbly
C

reek.
H

ow
ever,

even
after

the
potential

im
provem

ents,
the

resulting
index

scores
indicate

that
habitat

w
ould

rem
ain

relatively
poor.

•
C

om
parison

ofpotential
habitat

index
score

changes
and

the
natural

variability
of

fish
data

in
the

C
A

W
S

,
indicate

that
im

provem
ents

in
fisheries
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that
m

ay
potentially

resultfrom
habitat

im
provem

entm
ay

be
difficult

to
m

easure.

4.4
E

ST
IM

A
T

E
D

C
O

S
T

O
F

H
A

B
IT

A
T

IM
P

R
O

V
E

M
E

N
T

S

O
ne

objective
of

this
Study

w
as

to
estim

ate
the

cost
of

potentially
feasible

habitat
im

provem
ents

in
the

C
A

W
S.

T
his

w
as

accom
plished

using
the

unit
costs

for
conceptual

habitat
im

provem
ent

techniques
described

in
Section

3.4,
in

conjunction
w

ith
estim

ated
quantities

for
the

prim
ary

im
provem

ents
outlined

in
Section

4.2.
T

he
prim

ary
habitat

im
pairm

ents
w

ere
assum

ed
to

be
addressed

by
the

conceptual
habitat

im
provem

ent
designs

as
follow

s:

•
L

ack
of

off-channel
refuge

—
T

he
lack

of
off-channel

refuge
is

assum
ed

to
be

addressed
by

the
construction

of
linear

shallow
s,

each
approxim

ately
12’

w
ide

and
200’

long.
B

ecause
the

index
score

for
this

attribute
w

as
based

on
the

num
ber

of
refuges

per
400

m
eter

reach,
the

num
ber

of
linear

shallow
s

required
for

the
im

provem
ent

in
each

C
A

W
S

reach
w

as
assum

ed
equal

to
the

increase
in

index
score

m
ultiplied

by
the

total
reach

length
divided

by
400

m
eters.

•
V

ertical
w

all
banks

—
V

ertical
w

all
banks

w
ere

assum
ed

to
be

im
proved

by
rem

oval
as

described
in

Section
3.4.

T
he

project
cost

w
as

estim
ated

as
a

direct
calculation

by
linear

foot
of

vertical
w

all
bank

to
be

rem
oved,

applying
the

unit
cost

for
the

20’
deep

channel.

•
R

iprap-arm
ored

banks
—

Itw
as

assum
ed

thatriprap
banks

w
ould

be
addressed

by
replacem

ent
w

ith
vegetated

revetm
ent.

•
L

ack
of

m
acrophyte

cover
—

It
w

as
assum

ed
that

m
acrophyte

cover
w

ould
be

addressed
by

rem
oval

of
vertical

w
all

banks.

•
O

verhanging
vegetation

—
Itw

as
assum

ed
that

overhanging
vegetation

w
ould

be
im

proved
by

rem
oval

of
vertical

w
all

banks.

•
B

ank
pocket

areas
—

It
w

as
assum

ed
that

this
im

pairm
ent

w
ould

be
addressed

by
the

conceptual
approach

described
in

Section
3.4.

B
ecause

the
index

score
for

this
attribute

w
as

based
on

the
num

ber
of

bank
pocket

areas
per

400
m

eter
reach,

the
num

ber
of

constructed
bank

pocket
areas

required
for

the
im

provem
ent

in
each

C
A

W
S

reach
w

as
assum

ed
equal

to
the

increase
in

index
score

m
ultiplied

by
the

total
reach

length
divided

by
400

m
eters.

U
sing

the
approach

outlined
here,

the
total

costper
reach

of
the

potential
habitat

im
provem

ents
w

as
calculated.

T
his

is
presented

in
A

ppendix
E

and
sum

m
arized

in
T

able
4-3.
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