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T
able

4-3:
E

stim
ated

C
osts

to
Im

plem
ent

P
otential

H
abitat

Im
provem

ents

R
each

C
o
n
stru

ctio
n

R
em

oval
of

R
iprap

C
onstruction

T
otal

of
O

ff-
V

ertical
W

all
R

ep
lacem

en
t

of
bank

C
hannel

B
ays

B
anks

P
ocket

A
reas

N
orth

S
hore

$19,698,987
$0

$6,737,280
$3,486,163

$29,922,430

N
orth

B
ranch

$14,966,114
$67,056,000

$15,924,480
$572,666

$98,519,259
C

hicago
R

iver

C
hicago

$0
$0

$0
R

iver

S
outh

B
ranch

$1,961,371
$67,056,000

$2,449,920
$562,876

$72,030,167
C

hicago
R

iver

B
ubbly

$1,918,733
$8,382,000

$612,480
$110,128

$11,023,341
C

reek

C
hicago

S
anitary

and
$53,383,402

$301,752,000
$20,211,840

$3,830,007
$110,953,249

Ship
C

anal
C

al-Sag
$41,188,791

$100,584,000
$52,673,280

$1,970,068
$115,948,939

C
hannel

L
ittle

C
alum

et
$5,201,897

$10,058,400
$6,737,280

$0
$21,997,577

R
iver

B
ased

on
these

reach-by-reach
estim

ates,
the

total
estim

ated
cost

for
all

of
the

potential
habitat

im
provem

ents,
system

-w
ide,

is
m

ore
than

$460
m

illion.
It

should
be

reiterated
that

this
total

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.

T
hese

item
s

could
increase

costs
substantially,

For
exam

ple,
the

rem
oval

of
33

m
iles

of
vertical

w
all

banks
included

in
the

estim
ate

above
w

ould
require

acquisition
of

approxim
ately

80
acres

of
land

along
the

C
A

W
S.

4.5
L

IM
IT

A
T

IO
N

S
O

F
T

H
IS

E
V

A
L

U
A

T
IO

N

It
should

be
noted

that
the

assessm
ent

of
habitat

im
provem

ent
potential

described
above

has
a

num
ber

of
inherent

lim
itations.

T
he

m
ost

significant
of

these
are

described
below

:
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•
T

he
evaluation

of
habitat

im
provem

entpotential
is

based
on

application
of

the
C

A
W

S
habitat

index
developed

in
this

study,
w

hich
is

based
on

analysis
of

the
statistical

relationship
of

habitat
attributes

w
ith

fish
m

etrics.

•
A

num
ber

of
apparent

habitat
attributes

w
ere

described
in

Section
2

of
this

report,
w

hich
are

either
so

lacking
in

the
C

A
W

S
that

they
do

notregister
a

statistical
relationship

w
ith

the
fish

data
(such

as
off-channel

refuge),
or

they
have

not
been

adequately
m

easured
(such

as
in-channel

structure).
T

he
relative

im
portance

of
these

habitat
attributes

has
not

been
quantitatively

accounted
for

in
this

assessm
ent

and
som

e
of

them
m

ay
be

im
provable.

O
n

the
other

hand,
m

ore
im

portantly,
if

they
had

been
accounted

for,
the

level
of

im
pairm

ent
w

ould
have

been
even

greater.

•
T

he
assessm

ent presented
above

treats
habitat

attributes
independently.

H
ow

ever,
synergies

m
ay

exist
betw

een
attributes

that
m

ake
their

im
provem

ent
together

greater
than

their
individual

sum
s.

B
ut

there
is

no
w

ay
to

assess
this

possible
effect

at
this

tim
e.
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5.
SU

M
M

A
R

Y
O

F
FIN

D
IN

G
S

A
s

stated
in

the
introduction,

this
part

of
the

C
A

W
S

H
abitat

E
valuation

and

Im
provem

ent
Study

w
as

undertaken
to

identify
w

hich
prim

ary
habitat

im
pairm

ents

can
potentially

be
im

proved.
T

he
follow

ing
objectives

w
ere

identified:

•
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
six

of
the

prim
ary

habitat
im

pairm
ents

identified
in

this
Study

have
im

provem
entpotential.

•
R

each-w
ide

im
provem

ent
of

the
prim

ary
habitat

im
pairm

ents
thatcan

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

he
percent

change
in

habitat
index

scores
for

the
C

A
W

S
reaches

is
less

than

the
variability

in
fish

data,
m

eaning
that

itm
ay

be
difficult

to
m

easure
significant

im
provem

ents
in

fisheries
as

a
result

of
the

habitat
im

provem
ents.

•
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.

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.
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A
llan,

J.D
.

1995.
Stream

E
cology:

S
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and
F

unction
ofR

unning
W

aters.
D

ordrecht,
T

he
N

etherlands:
K

iuw
er

A
cadem

ic
P

ublishers.
1995.

B
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0
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S
m
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A

.
J.

P.,
R

oelefs,
J.

G
.

M
.,

and
van

G
roenendael,

I.
M

.
2001.

“C
onstructed

S
hallow

Z
ones

A
long

N
avigation

C
anals:

V
egetation

E
stablishm

ent
and

C
hange

in
R

elation
to

E
nvironm

ental
C

haracteristics,”
A
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C

onservation:
M

arine
and

F
reshw

ater
E

cosystem
s,

V
ol.

11,
pp.

453-
471.

F
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J.
C

raig,
2003.

E
ffects

o
fR

iprap
on

R
iverine

and
R

iparian
E

cosystem
s.

W
ashington,

D
C

,
U

.S.
A

rm
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C
orps

of
E

ngineers.

F
rancis,

R
.A

.,
H

oggart,
S

.P
.G

.,
G

urnell,
A

.M
.,

and
C

oode,
C

.,
2008.

“M
eeting

the
C

hallenges
of

U
rban

R
iver

H
abitat

R
estoration:

D
eveloping

a
M

ethodology
for

the
R

iver
T

ham
es

T
hrough

C
entral

L
ondon

E
nvironm

ental
M

onitoring
and

A
ssessm

ent
A

rea”,
T

he
Journal

o
f

the
R

oyal
G

eographical
Society,

V
ol.

40,

pp.
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G
oulder,

R
.,

2008.
“C

onservation
of

A
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P
lants

in
A
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W

atercourses:
A

re
M

ain
D

rains
a

S
ubstitute

for
V

ulnerable
N

avigation
C

anals?,”
A

quatic
C

onservation:
M

arine
and

F
reshw

ater
E

cosystem
s,

V
ol.

18,
pp.

163-174.

G
reenberg,

J.,
2002.

A
N

atural
H

istory
o

fthe
C

hicago
R

egion.
T

he
U

niversity
of

C
hicago

P
ress.

H
ill,

L
ibby.

2000.
T

he
C

hicago
R

iver:
A

N
atu

ral
and

U
nnatural

H
istory.

C
hicago:

L
ake

C
larem

ont
Press.

2000.

R
eyjol,

Y
.,

M
.A

.
R

odriguez,
N

.
D

ubuc,
P.

M
agnan,

and
R

.
F

ortin,
2008.

“A
m

ong-
and

W
ithin-T

ributary
R

esponses
of

R
iverine

F
ish

A
ssem

blages
to

H
abitat

F
eatures”.

C
an.

J.
Fish.

A
quat.

Sci.
V

ol.
65,

N
o.

7,
pp

1379-1392.

S
heehan,

R
.

J.,
and

R
asm

ussen,
J.

L
.,

1999.
“L

arge
R
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F
isheries

M
anagem

ent
in

N
orth

A
m

erica.
C

hristopher
C

.K
ohler,

and
W

ayne
A

.H
ubert,

eds.,
A

m
erican

F
isheries

S
ociety,

B
ethesda,

M
aryland.

S
olzm

an,
D

.M
.
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T
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C

hicago
R

iver:
A

n
Illustrated

H
istory

and
G

uide
to
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R

iver
an

d
its

W
aterw

ays,
2nd

edition.
C

hicago:
U

niversity
of

C
hicago
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A
PPE

N
D

IX
A

:

B
IB

L
IO

G
R

A
PH

Y
O

F
L

IT
E

R
A

T
U

R
E

R
E

V
IE

W
E

D
FO

R
IN

FO
R

M
A

T
IO

N
O

F
H

A
B

ITA
T

IM
PR

O
V

E
M

E
N

T
IN

A
R

T
IFIC

IA
L

A
N

D
H

IG
H

LY
M

O
D

IFIE
D

W
A

T
E

R
W

A
Y

S

(B
IO

E
N

G
IN

E
E

R
IN

G
G

R
O

U
P,
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B
IB

L
IO

G
R

A
PH

Y
:

•
A

arts,
B

.G
.W

.
&

N
ienhuis,

P.H
.

“Fish
Z

onations
and

G
uilds

as
th

e
B

asis
for

A
ssessm

ent
of

E
cological

Integrity
of

L
arge

R
ivers.

H
ydrobiologia

500
(2003):157-

178.

•
A

m
isah,

S.,C
ow

x
I.G

.
“R

esponse
of

the
F

ish
P

opulations
ofthe

R
iver

D
on

in
S

outh
Y

orkshire
to

W
ater

Q
uality

and
H

abitat
Im

provem
ents”

E
nvironm

ental
P

ollution
108

(2000)
: 191-199.

•
A

rlinghaus,
R.,

M
ehner,T.,C

ow
x,

I.G
.“R

econciling
T

raditional
Inland

F
isheries

M
anagem

entan
d

S
ustainability

in
In

d
u
strialized

C
ountries

w
ith

E
m

phasis
on

E
urope”

F
ish

and
F

isheries
3

(2002)
:261-3

16.

•
A

u,
D

.W
.T

.,P
ollino,

C
A

.,W
u,

R
.S.S.,

Shin,
S.T.F.,

L
au,

S.T.F.,T
ang,J.Y

.M
.

“C
hronic

E
ffects

of
S

uspended
S

olids
on

G
ill

S
tructure,

O
sm

oregulation,
G

row
th,

and
T

riio
d
o
th

y
ro

n
in

e
in

Juvenile
G

reeg
G

rouper
E

pinephelus
coioides”

M
arine

E
cology

P
rogress

S
eries

266
(2004):

255-264.
C

entre
fo

r
C

oastal
P

o
llu

tio
n

and
C

onservation,
C

ity
U

niversity
o

fH
ong

K
ong,

T
at

C
hee

A
venue,

K
ow

loon,
H

ong
K

ong
SA

R
,

C
hina

•
B

ash,J., B
erm

an,
C., “E

ffects
of

T
urbidity

and
S

uspended
S

olids
on

S
alm

onids”
W

ashington
S

tate
T

ransportation
C

enter
R

esearch
P

roject
T

I
803,

T
ask

42,
N

ovem
ber

2001.

•
B

entrup,
G.“C

onservation
B

uffers:
design

guidelines
for

buffers,
corridors,

and
greenw

ays.”
G

en.
T

ech.
R

ep.
SR

S-109.A
sheville,

N
C

:
D

ep
artm

en
t

of A
griculture,

F
o
rest

S
ervice,

S
outhern

R
esearch

S
tation.

(2008)
:110.

•
B

estm
ann,

L. “S
chw

im
m

kam
pen”

W
asser

und
B

oden
32.4

(1980):
174-178.

•
B

ieberstein,A
., W

orsching,
H

.,“M
astix-S

tone
R

evetm
ent

for
O

verflow
S

ections
of

D
am

s
and

L
evees”

In
stitu

te
of

Soil
M

echanics
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R
ock

M
echanics,

G
erm

any,
B

A
W

-W
orkshop:

B
oden-

und
S

ohl-S
tabilitãt

—
B

etrach
tu

n
g
en

an
d
er

S
chnittstelL

e
zw

ischen
G

eotechnik
und

W
asserb

au

•
B

oedeltje,
G.

A
.J.P. S

m
olders,J.G

.M
.

R
oelofs

an
d

van
G

roenendael
J.M

.
“C

onstructed
S

hallow
Z

ones
along

N
avigational

C
anals:

V
egetation

E
stab

lish
m

en
t

and
C

hange
in

R
elation

to
E

nvironm
ental

C
haracteristics.”

A
quatic

C
onservation:

M
arine

and
F

resh
w

ater
E

cosystem
s

11
(2001):

453-471.

•
B

lue
W

ing
E

nvironm
ental.

B
ioH

aven
F

loating
Island

B
rochure

(2
0
0

9
).

•
C

aulk,A
.D
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G
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S
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,
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J.H

.
H
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B
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t
P

ractices

L
im

noT
ech

A
-i

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
ent R

eport
January

4,2010

•
C

ollier,
D

.,C
ieniaw

ski,
S. “O

ctober
2000

and
A

ugust
2002

S
urvey

of
S

edim
ent

C
ontam

ination
in

the
C

hicago
R

iver,
C

hicago
Illinois”

U
.S.

E
nvironm

ental
P

ro
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n
A

gency
June

2003.

•
C

ollares-P
ereira,

M
.J.,

“
T

he
R

ole
of

C
atchm

entScale
E

nvironm
ental

M
anagem

ent
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F
resh

w
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F
ish

C
onservation”

F
isheries

M
angem

entand
E

cology
(2004)

11:
303-312,

C
entro
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B
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A

m
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F
aculdade

de
C
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U

niversidade
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L
isboa,

L
isboa,

P
o
rtu

g
al

•
C

ow
x,

I.G
.“P
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Im

pact
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G
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echnology.
V

ol.
5

3:10,
(2006)

:247-
253.

•
W

ill,
G

ary
C.,

C
raw

ford,
G

urney
I. “E

levated
and

Floating
N

est
S

tructures
for

C
anada

G
eese”

Journal
of

W
ildlife

M
anagem

ent
34

.3
(1970):

583-586.
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C
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A
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W
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H
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provem
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H
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•
W

illiam
son,

K
.L. and

P.C
.N

elson.
1985.

H
abitat su

itab
ility

index
m

odels
and

in-
stream

flow
suitability

curves:
G

izzard
S

had.
W

estern
E

nergy
and

L
and

U
se

T
eam

,
U

S
Fish

and
W

ildlife
S

ervice, W
ashington,

D
C.

33pp.

•
Y

ang,
H

.,S
hen,

Z.,Z
hu,

S.,W
ang, W

. “V
ertical

and
T

em
poral

D
istribution

of
N

itrogen
and

P
h
o
sp

h
o
ru

s
and

R
elationship

w
ith

T
heir

Influencing
F

actors
in

A
q
u
atic-terrestrial

E
cotone:

a
case

study
in

T
aihu

L
ake,

C
hina”

Journal
of

E
nvironm

ental
S

ciences
19

(2007):
689-695.
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H

N
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U
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T
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L
inear

S
hallow

s
-
-
.
.
-
-
‘
.
-
-
-
_
;
_

D
E

M
O

N
S

T
R

A
T

E
D

U
S

E
S

E
T

T
IN

G
S

:

•
C

anals/R
ivers

•
L

akes

M
E

A
S

U
R

E
H

IG
H

L
IG

H
T

S
:

•
S

heltered
shallow

zo
n
es

connected
to

areas
w

ith
high

w
ave

energy
im

pacts
and

lacking
variability

in
depth

•
C

an
be

built
w

ith
or

w
ithout

vegetation

•
B

uilt
from

standard
construction

m
aterials

•
L

ocated
either

outside
or

w
ithin

existing
channel

•
A

llow
s

variations
in

w
ater

depth
and/or

saturated
soils

B
E

N
E

F
IT

S
P

R
O

V
ID

E
D

:

•
S

hallow
refugia

for
fish

•
S

paw
ning,

N
esting

H
abitat

for
m

ultiple
sp

ecies

•
H

erptile
habitat

•
H

abitat
for

rooted
aquatic

and
em

ergent
m

acrophytes

•
P

hysical
habitat

for
low

-
energy

plants
and

anim
als

M
eth

o
d

D
escrip

tio
n

—
L

inear
shallow

s
are

used
to

introduce
variation

in
form

,
vegetation,

and
habitat

conditions
into

otherw
ise

uniform
,

harsh,
and

barren
channel

settings.
B

y
creating

protected
yet

connecting
areas

o
f

shallow
w

ater
underlain

by
hydric

soils
parallel

to
the

active
canal,

this
m

easure
allow

s
the

introduction
o
f

riparian
w

etland
habitat,

nesting,
and

spaw
ning

grounds,
and

off-channel
refugia

for
fish.

L
inear

shallow
s

have
been

constructed
along

artificial
canals

using
tw

o
m

ethods.
O

ne
m

ethod
requires

driving
sheetpiles

w
ithin

the
cross

section
o

f
an

earth
em

bankm
ent

canal.
A

nother
m

ethod
em

ploys
the

construction
o

f
a

sheet
pile

w
all

or
riprapped

berm
running

parallel
along

the
lateral

landw
ard

edge
o
f

the
canal.

T
he

w
aterw

ard
edge

o
f

the
barrier

m
ay

slope
quite

steeply
to

the
canal,

and
the

landw
ard

zone
is

then
filled

w
ith

suitable
substrate

to
allow

shallow
w

ater
depth.

Shallow
zones

m
ay

either
been

m
aintained

at
depth

or
allow

ed
to

silt-in
enough

to
develop

rooted
aquatic

and
em

ergent
m

acrophytes
as

w
ell

as
helophytes.

B
esides

providing
protection

from
w

ave
action

for
all

life
stages

o
f

fish,
shallow

s
provided

m
uch-needed

shallow
w

ater
habitat

for
fish

spaw
ning

and
rearing.

Shallow
s

m
ust

interm
ittently

open
to

the
m

ain
canal

to
enable

connectivity
of

the
habitats

and
for

fish
to

escape
from

navigational
traffic

to
the

calm
er

w
aters.

In
order

to
allow

w
ater

and
habitat

circulation
w

ithout
exposing

the
linear

shallow
s

to
excess

w
ave

energy,
baffle

type
openings

are
typically

used.
T

his
m

easure
has

been
utilized

and
studies

w
aterw

ays
such

as
the

T
w

entekanaal
and

Z
uid-W

illem
svaart

canal
in

the
N

etherlands
w

hich
are

sim
ilar

to
m

any
E

uropean
canals

due
to

general
absence

o
f

aquatic
vegetation,

little
to

no
functional

tiparian
zone,

and
flow

dynam
ics

are
severely

im
pacted,

along
w

ith
reduced

hydrologic
connectivity

to
floodplains

or
spaw

ning/nursery
areas.

A
dditionally

this
m

easure
has

been
used

and
reported

on
at

L
ake

H
avel

in
G

erm
any

w
here

navigational
and

recreational
traffic

create
suspended

sedim
ent

im
pacts,

and
high

nutrient
loading

and
poor

w
ater

quality
caused

further
stress

to
aquatic

life.
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B
tO

engineering

H
ab

itat
E

n
h

an
cem

en
t

V
alu

es
—

N
atural

w
aterbodies

depend
on

diverse
slopes,

substrates,
and

plant
com

m
unities

in
riparian

areas
to

provide
an

array
o

f
habitat

niches,
and

com
binations

th
ereo

f
that

support
and

foster
various

phases
o
f

the
life

cycles
o
f

m
any

fish,
birds,

herptiles,
and

invertebrates.
C

anal
construction

rem
oves

variability
in

the
m

icrohabitats
o
f

w
ater

bodies
and

creates
lim

iting
factors

for
num

erous
organism

s.
A

rtificial
canals

feature
sim

ple
cross

sections,
highly

uniform
profiles,

and
harsh

w
ave

energy
levels

leading
to

an
absence

an
d

/o
r

im
poverishm

ent
o
f

riparian
habitats.

N
avigational

traffic
is

high,
w

ith
high

w
ave

energy
in

otherw
ise

lim
netic

zones.
L

inear
shallow

s
provide

an
arrangem

ent
w

herein
a

w
ide

range
o

f
w

ater
depths,

soil
types,

and
plant

com
m

unities
m

ay
be

established
according

to
targeted

habitat
objectives.

T
ypical

linear
shallow

s
include

a
continuum

o
f

unvegetated
deep

to
shaliow

habitats
as

w
ell

as
em

ergent
and

T
R

A
D

IT
IO

N
A

L
B

A
N

K
N

A
T

U
R

E
-FR

IE
N

D
L

Y
B

A
N

K
subm

erged
m

acrophvdc
vegetation.

S
ubstrate

m
ay

be
fine

+
$

to
c
o

a
rs

e
,

but
is

protected
from

resuspension
due

to
the

(iflttl
sheltered

location.
F

ish
species

adapted
to

low
energy

zones
generally

use
shallow

aquatic
vegetated

zones
for

spaw
ning

and
n
u
r
s
e
r
y

habitat.
W

ading
birds

use
shallow

open
w

ater
habitats

for
feeding.

H
erptiles

and
sm

all
m

am
m

als
use

soft
soil

em
bankm

ents
for

nesting
and

hibernation.
T

he
variation

in
w

ater
depths

and
vegetation

provides
conditions

for
m

ultiple
invertebrates

w
hich

in
turn

provide
food

for
other

organism
s.

T
his

m
easure

corrects
for

the
lack

o
f

diverse
aquatic

com
m

unities
in

canals
im

palred
by

absence
o
f

aquatic
m

acrophytes,
lack

o
f

exposed
coarse

sedim
ents,

uniform
depths,

little
or

no
functional

tiparian
zone,

lotic
habitat

has
been

im
pacted

or
elim

inated,
little

to
no

vegetation
or

structural
shading

and
shallow

refugia
along

banks,
poor

connection
to

floodplains
or

off-channel
ponds,

and
hard

im
penetrable

banks.
T

he
alm

o
f

the
D

utch
study

o
f

linear
shallow

s
effectiveness

w
as

to
exam

ine
the

relationships
betw

een
the

aquatic
plant

com
m

unity
established

after
construction

w
ith

the
physical

and
chem

ical
characteristics

o
f

the
w

ater
body.

T
he

system
w

as
em

ployed
in

tw
o

navigation
canals

w
hich

experienced
about

15,000
boats

in
1999,

m
ostly

com
m

ercial.
N

o
t

included
in

prior
study,

but
for

possible
evaluation

w
ould

be
the

use
o
f

gravel-
like

substrates
on

the
landw

ard
side

o
f

the
berm

s/sheet
piles

to
allow

for
varying

o
f

w
ater

depths,
developm

ent/establishm
ent

o
f

fish
breeding

zones
and

fish
refugia,

and
expedited

functioning
o
f

the
habitat

enhancem
ent

m
ethod.

A
rtificial

islands
of

floating
vegetation

w
ithin

the
protected

shallow
zones

m
ay

also
enhance

the
m

ethod
and

speed
o
f

functionality.

Im
p
lem

en
tatio

n
F

acto
rs

—
L

inear
shallow

s
are

m
ost

appropriately
located

w
here

w
ave

action
from

navigational
traffic

is
high,

and
there

is
sufficient

w
idth

o
f

the
canal

and
its

tight-of-w
ay

to
provide

habitat
zones

approxim
ately

15
to

40
feet

in
w

idth.
L

ength
o
f

linear
shallow

s
m

ay
vary

according
to

land
availability,

and
one

long
connected

shallow
m

ay
be

created,
or

a
series

o
f

separate
appendages

m
ay

be
configured.

In
any

case
the

pile
or

berm
used

to
separate

the
linear

shallow
s

from
the

canal
should

equal
the

typical
m

axim
um

w
ake

height,
and

should
have

breaks
at

least
every

300
linear

feet
to

allow
w

ater
circulation

(less
if

fine
textured

substrate
is

desired
w

ithin
the

shallow
s).

W
hen

w
ake

overtops
the

structure
it

m
ust

reenter
the

canal
through

the
periodic

openings.
T

he
openings

them
selves

m
ust

be
configured

w
ith

baffled
overlaps

to
m

inim
ize

w
ave

im
pact,

and
the

shallow
s

and
openings

m
ust

be
engineered

to
w

ithstand
scour

during
various

w
ater

level
and

w
ave

conditions.
T

his
m

easure
can

be
built

using
standard

equipm
ent

and
products

fam
iliar

to
the

construction
and

navigation
industries,

though
the

arrangem
ent

and
positioning

departs
from

typical
m

arine
engineering

applications.
C

onstruction
m

ay
be

perform
ed

by
barge

or
land

access
depending

on
cost

and
other

variables.
H

igh
sedim

ent
loads

m
ay

silt-in
the

areas
over

tim
e,

necessitating
periodic

rem
oval

o
f

fine
sedim

ents.
T

his
m

ay
set

back
the

natural
developm

ent
o
f

the
vegetated

shallow
s

com
m

unity,
but

also
affords

an
opportunity

for
nutrient

rem
oval

from
the

canal.
It

m
ay

be
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B
ioeng

g
—

useful
to

oversee
the

natural
succession

o
f

the
areas

and
rem

ove
vegetative

m
aterial

that
develops

overly
thick

root
system

s
that

could
lim

it
access

to
the

areas
by

fish,
ifw

ake
scour

does
n
o
t

adequately
provide

self-clearing.
T

he
location

o
f

the
shallow

areas
should

be
closely

m
onitored

and
in

accessible
areas

to
allow

for
observation

o
f

sedim
ent

accum
ulation

or
floatables

blocking
the

openings
or

dom
inating

the
structure

w
ithin

the
shallow

refuge
area

in
order

to
m

aintain
m

axim
um

habitat
productivity

as
w

ell
as

visual
appeal.

It
is

best
to

construct
this

m
easure

in
locations

w
here

storm
w

ater
inputs

and
other

landw
ard

im
pacts

w
ill

not
affect

the
stability

and
function

o
f

the
linear

shallow
s.
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P
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n
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W
ater

L
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S
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•
R

ivers/canals

•
L

akes/reservoirs

•
W

ater
treatm

en
t

lagoons

M
E

A
S

U
R

E
H

IG
H

L
IG

H
T

S
:

•
V

egetation
supported

by
buoyant

structures

•
P

rovides
habitat

above
w

ater
for

birds,
m

am
m

als,
reptiles,

etc.

•
P

rovides
underw

ater
root

zone
habitat

forfish
and

invertebrates

•
S

calable
by

attaching
individual

units
together

•
A

djust
to

fluctuating
w

ater
levels

B
E

N
E

F
IT

S
P

R
O

V
ID

E
D

:

•
P

rovides
fish

habitat:
o

C
over

o
S

h
ad

e
o

F
ood

so
u
rce

o
O

xygen

•
R

ed
u
ces

w
ave

en
erg

ies

•
Im

proves
w

ater
quality

•
P

rovides
bird

habitat

•
C

an
be

p
u
rch

ased
ready

for
installation,

or
“h

o
m

e
m

ade”

•
W

ater
colum

n
fish

refugia

•
B

ird
nesting

habitat

•
H

erptile
(turtle)

habitat

•
H

abitat
for

rooted
aquatic

and
em

erg
en

t
m

acrophytes

•
P

rotection
from

w
ave

energy

M
eth

o
d

D
escrip

tio
n

—
F

loating
vegetation

generically
describes

the
construction

and
installation

o
f

floating
elem

ents
that

support
living

w
etland

plant
com

m
unities.

T
hese

system
s

m
im

ic
naturally

occurring
floating

m
asses

o
f

w
etland

vegetation
typical

in
various

regions,
although

they
are

engineered
and

contain
artificial

buoyant
m

aterials.
W

hile
the

specific
construction

m
aterials

and
techniques

o
f

the
floating

elem
ent

itself
m

ay
vary,

the
concept

involves
constructing

a
platform

that
floats

w
hile

supporting
a

m
attress

o
f

m
ature,

self-
m

aintaining
w

etland
vegetation.

T
hese

elem
ents

are
often

referred
to

as
F

loating
Islands.

T
he

technique
w

as
introduced

decades
ago

in
G

erm
any

and
there

are
m

any
projects

w
orld-w

ide
that

have
successfully

deployed
floating

vegetation.

A
com

m
on

and
tested

m
ethod

com
prises

o
f

a
structural

fram
ew

ork
o
f

durable,
sealed

tubing
that

provides
floatation

and
supports

a
geofabric

reinforced
platform

o
f

vegetation.
T

he
entire

unit
is

typically
triangular

in
design

in
order

to
resist

high
physical

forces
present

due
to

ice
form

ation,
though

other
shapes

are
com

m
on

in
ice-free

locations.
T

he
triangular

design
also

reduces
the

likelihood
that

the
elem

ent
can

capsize
from

large
w

ave
energies.

F
or

sim
pler

applications
w

here
space

is
at

a
prem

ium
,

sim
ple

tubular
m

odules
o
f

coir
encased

in
synthetic

m
esh

attached
to

buoyant
pipes

m
ay

create
linear

floating
vegetation

system
s.

A
dditionally

an
array

o
f

round
or

free-form
system

s
has

been
created

for
specific

applications.

T
he

tubular
floatation

elem
ents

are
constructed

o
f

various
plastics,

such
as

H
D

P
E

and
PV

C
,

or
m

etal,
such

as
stainless

steel
filled

w
ith

closed
cell

foam
.

T
he

tubing
elem

ents
are

joined
at

the
corners

using
a

variety
o
f

techniques,
all

o
fw

hich
allow

for
flexibility

and
m

ovem
ent

o
f

the
individual

elem
ents.

T
his

allow
s

the
overall

floating
platform

to
flex

w
ith

the
w

aves,
and

allow
s

for
a

significant
function

o
f

w
ave

energy
dissipation.

T
he

vegetated
platform

varies
am

ong
individual

designs,
but

is
sim

ilar
in

that
the

platform
is

suspended
betw

een
the

floating
tubular

elem
ents.

T
he

vegetation
is

often
grow

n
w

ithin
a

nursery
setting,w

ithin
a

grow
th

m
edium

such
as

a
coir

(coconut
fiber)

m
attress,

or
a

synthetic
geotextile,

or
a

com
bination.

It
is

recom
m

ended
that

the
vegetation

m
at

be
w

ell
established

prior
to

installation
and

exposure
to

high
energy

sites.
T

he
floating

elem
ents

support
the

m
attress

such
that

the
green,

leafy
portions

o
f

the
vegetation

grow
above

w
aterline,

w
hile

the
roots

dangle
below

the
m

attress
into

the
w

ater
colum

n.

H
ab

itat
E

n
h

an
cem

en
t

V
alu

es
—

F
loating

vegetation
units

provide
both

terrestrial
(island)

habitats
for

birds,
m

am
m

als,
reptiles,

etc,
by

providing
resting,

basking
breeding

and
nesting,

and
grazing

habitat.
T

hey
also

provide
cover

and
are

ideal
for

protection
from

predators
and

from
disturbance

by
m

an
w

hich
typically

occurs
via

land.
F

loating
vegetation

S
E

T
T

IN
G

S
:
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also
provides

unusual
and

excellent
h
ab

itat
below

the
w

aterline
for

fish.
T

he
roots

o
f

the
vegetation

extend
dow

n,
dangling

into
the

w
aterbody

w
here

they
provide

physical
cover

for
depths

o
f

up
to

six
feet.

S
im

ple
linear

system
s

create
conditions

sim
ilar

to
riverine

undercut
banks,

w
hile

large
system

s
create

expanded
areas

o
f

floating
vegetative

cover
as

occurs
in

som
e

natural
m

arsh
system

s.
F

loating
vegetation

shades
and

reduces
w

ater
tem

perature
w

hile
generating

locally
elevated

oxygen
levels

released
into

the
ro

o
t

zone
through

photosynthesis,
especially

during
m

id-day
periods

w
hen

urban
w

aterw
ays

often
experience

depleted
oxygen

levels,
thus

providing
a

tem
poral

refuge
for

fish.
T

he
physiological

activities
o

f
the

plants
and

associated
m

icrobes
provide

additional
dissolved

oxygen
to

the
w

ater
colum

n
and

through
associated

chem
ical

activity
can

contribute
to

an
im

p
ro

v
em

en
t

in
w

ater
quality.

A
dditionally,

the
dangling

underw
ater

ro
o
t

system
reduces

current
and

w
ave

energies
so

suspended
sedim

ent
begins

to
settle

directly
beneath

the
structure.

T
here

are
instances

w
here

floating
vegetation

has
been

observed
to

ro
o
t

into
sedim

ent
collected

beneath
them

and
over

tim
e,

and
the

vegetation
anchored

and
becam

e
indistinguishable

from
natural

islands.

Im
p

lem
en

tatio
n

F
acto

rs
—

F
loating

vegetation
is

an
ideal

alternative
w

hen
banks

are
too

steep
for

natural
vegetation

or
w

hen
tram

pling
by

anim
als

or
hum

ans
occurs

(as
in

urban
parks).

T
hey

are
used

w
ithin

the
channel

environm
ent,

in
w

ater
o

f
any

depth,
hence

requiring
no

land
acquisition

and
offering

a
very

high
degree

o
f

flexibility
concerning

siting.
T

he
single

largest
consideration

for
the

use
o
f

floating
vegetation

is
the

location.
W

hen
used

in
a

publicly
view

able
area,

they
can

provide
highly

aesthetic
greening,

im
proving

the
appearance

and
function

o
f

otherw
ise

barren
steep

an
d
/o

r
solid

em
bankm

ents
or

w
alls

unsuited
for

vegetation.
U

nlike
other

habitat
im

p
ro

v
em

en
t

elem
ents

that
m

ay
function

underw
ater

or
through

the
establishm

ent
o
f

subtle
changes

in
channel

form
or

surface
m

aterial,
floating

vegetation
offers

function
com

bined
w

ith
recognizable

strong
visual

appeal.
W

hen
anchored

w
ithin

__________________________

—
a

navigation
channel,

the
requirem

ents
o
f

b
o
at

traffic
can

be
addressed

to
allow

passage
o

f
boats

w
ith

o
u

t
obstructing

traffic
m

ovem
ent.

A
dditionally,

it
is

im
p
o
rtan

t
th

at
the

floating
m

aterials
n
o
t

be
struck

and
dam

aged
by

passing
boats.

W
ave

height
is

also
a

consideration
as

the
floating

units
are

susceptible
to

capsizing
if

affected
by

very
large

w
aves.

C
losely

related
to

this
is

the
anchoring

requirem
ent.

T
he

floating
elem

ents
can

be
anchored

to
the

channel
w

all
or

shoreline
if

placed
in

close
enough

proxim
ity,

or
can

be
anchored

to
the

channel
b
o
tto

m
.

A
n
ch

o
rin

g
is

achieved
by

various
m

eans
and

should
be

carefully
considered

at
the

design
stage

B
uffer

system
s

such
as

springs,
pulleys

1
or

buoys
help

reduce
strain

and
im

pact
o
n

anchors
and

lines
used

to
secure

islands
in

high
energy

locations.
,

s
F

loating
vegetation

m
ay

be
rem

oved
from

the
w

aterbody
(()

in
autum

n
in

order
to

prune
roots

and
foliage

(for
nutrient

rem
oval

via
disposal

or
com

postingi,
and

to
avoid

exposure
to

ice
im

pacts;
how

ever
this

level
o

f
m

aintenance
is

optional
if

system
s

are
designed

for
y
ear

round
deploym

ent.

Im
age

S
ource:

B
estm

ann
G

reen
System

s
B

rochure
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•
R

ivers/canals

•
L

akes

•
M

arine
environm

ents

M
E

A
S

U
R

E
H

IG
H

L
IG

H
T

S
:

•
S

table
m

ats
w

ith
buoyant

flexible
fronds

of
synthetic

polym
er

that
m

im
ics

seaw
eed

•
S

uited
for

w
ater

quality
and

d
ep

th
s

not
tolerated

by
living

vegetation

•
U

sed
in

aquaculture
and

natural
settings

to
im

prove
habitat

•
V

aried
size

and
m

ounting
options

•
P

refabricated
and

easily
ordered

•
Solid

perform
ance

record

B
E

N
E

F
IT

S
P

R
O

V
ID

E
D

:

•
A

ttenuates
w

ave
energy

•
R

ed
u
ces

su
sp

en
d

ed
solids

•
C

onsolidates
sedim

ent
by

frond
vibration

•
F

ronds
are

colonized
by

algae
and

m
icrobes

•
P

rovides
refugia

for
fish

w
ithin

and
leew

ard
of

fronds

•
P

rotection
from

w
ave

energy

M
eth

o
d

D
escrip

tio
n

—
Seaw

eed
and

other
form

s
o

f
subm

erged
aquatic

vegetation
play

im
portant

roles
in

retaining
sedim

ent
in

high
energy

w
aterbodies.

H
ow

ever,
living

plants
do

not
w

ithstand
turbid

w
ater

w
hich

blocks
sunlight,

high
sedim

ent
loads

w
hich

chronically
abrade

foliage,
or

intense
energy

levels
causing

ongoing
scour.

A
s

a
functional

alternative
based

on
biom

im
icry

principles,
synthetic

m
aterials

m
ay

be
use

in
lieu

o
f

vegetation.
A

rtificial
seaw

eed
consists

o
f

prefabricated
m

ats
o
f

high
tensile

strength
w

oven
w

ebbing
supporting

buoyant
fronds.

F
ronds

are
m

ade
o
f

proprietary
polym

ers
designed

to
w

ithstand
high

energies
in

m
arine

engineering
applications

for
a

long
design

life.
T

o
ensure

stability
w

hen
placed,

m
ats

are
either

fastened
to

the
ground

w
ith

anchors
or

bolts,
or

attached
to

interconnected
concrete

block
m

attresses
w

hich
provide

m
ass.

C
om

m
ercially

available
units

typically
have

options
for

frond
lengths

o
f

2
to

4
feet.

Foliage
elem

ents
cause

viscous
drag,

reducing
shear

stresses
exerted

by
m

oving
w

ater.
R

esearch
has

show
n

that
kelp

beds
provide

significant
sinks

for
fluid

energy
and

m
om

entum
due

to
elastic

deform
ation

o
f

fronds
and

artificial
seaw

eed
w

orks
sim

ilarly.
W

ith
reduction

o
f

energy
in

the
w

ater
colum

n,
suspended

sedim
ents

settle.
A

s
sedim

ent
builds

up,
exposed

frond
length

is
reduced,

the
m

at
creates

less
viscous

drag,
and

the
rate

o
f

sedim
entation

slow
s

until
a

steady
state

is
reached.

F
ronds

prom
ote

form
ation

of
gently

sloping
banks

w
hich

m
ay

extend
six

feet
beyond

the
m

at.

SSC
S

FRO
N

D
ED

CO
N

CRETE
M

A
TTRESS

O
V

ER
SIM

ULATED
PIPELIN

E
-

B
efote

attachm
ent

ofthe
Safe

Net.(150m
m

B
ase

B
locks)

H
ab

itat
E

n
h
an

cem
en

t
V

alu
es

—
A

rtificial
seaw

eed
enhances

aquatic
habitat

by
creating

low
energy

zones
to

shelter
fish

protected
from

w
ave

energy
and

flow
velocity.

R
efugia

are
created

both
w

ithin
the

fronds,
and

leew
ard

o
f

them
.

A
dditionally,

fronds
prom

ote
form

ation
o
f

sedim
ent

deposits
w

ith
valuable

physical
properties

for
a

range
o
f

m
acroinvertebrates

and
other

organism
s.

T
he

sedim
ent

bank
created

is
considerably

m
ore

stable
and

dense
than

surrounding
unprotected

sedim
ents

due
to

consolidation
by

the
vibratory

m
ovem

ent
o

f
fronds

w
hich

prom
ote

packing
and

reinforcem
ent.

T
he

creation
o
f

varied
sedim

ent
texture

and
density

alone
increases

habitat
value

due
to

suitability
for

a
w

ide
range

o
f

organism
s,

and
dense

sedim
ents

provide
needed

conditions
for

burrow
ing

invertebrates.
A

rtificial
seaw

eed
has

been
adapted

for
use

in
aquacuiture

as
a

m
eans

to
reduce

aggressive

B
ioengi-

“an
g

D
E

M
O

N
S

T
R

A
T

E
D

U
S

E
S

E
T

T
IN

G
S

:

“
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B
ioengineering

interactions
and

density-related
stress

due
to

its
high

effectiveness
in

providing
resting

and
hiding

areas.
A

lso
in

aquaculture
settings

it
has

succeeded
to

increase
the

surface
area

for
the

grow
th

o
f

algae
and

periphyton
com

m
unities

upon
w

hich
fish

graze.
A

rtificial
seaw

eed
m

ay
be

deployed
to

dissipate
energy

in
highly

reflective
environm

ents
w

here
w

aves
reflect

o
ff

hard
banks

(echoing)
and

cause
ongoing

resuspension
o
f

sedim
ent

in
order

to
create

conditions
fish

can
tolerate

for
survival.

O
r

the
system

s
can

be
deployed

in
low

er
energy

settings
or

in
com

bination
w

ith
other

m
easures

in
order

to
create

conditions
w

here
a

w
ide

range
o

f
fish

species
can

succeed
in

grow
th

and
reproduction

as
w

ell.

Im
p
lem

en
tatio

n
F

acto
rs

—
A

rtificial
seaw

eed
is

very
effective

at
contributing

to
habitat

enhancem
ent

w
here

canal
em

bankm
ents

are
tall,

steep,
and

or
sm

ooth
and

w
ave

energy
is

poorly
dissipated.

F
ronds

w
ill

offer
significant

energy
reduction,

yet
w

ill
tolerate

high
periodic

im
pacts.

Installation
techniques

depend
on

bottom
substrate

and
navigational

traffic
patterns.

If
the

w
oven

m
at

and
anchor

system
is

appropriate
then

shipping
and

handling
logistics

are
sim

ple,
though

com
m

ercial
divers

w
ill

be
needed

for
im

plem
entation.

If
the

substrate
dem

ands
concrete

m
attress

for
m

ass,
crane

barges
are

needed
to

bring
heavy

loads
to

site.
L

onger
frond

length
delivers

better
perform

ance,
how

ever
propellers

m
ust

not
becom

e
entangled.

F
ronds

reduce
current

velocity
and

related
turbulence

in
the

location
being

protected
and

offer
significant

reduction
in

sedim
ent

resuspension.
A

rtificial
seaw

eed
m

ay
be

used
to

control
sedim

ent
transport

patterns
in

order
to

prom
ote

or
discourage

deposition
around

other
m

easures.
M

ats
m

ust
be

effectively
anchored

so
that

only
fronds

m
ove

w
ith

w
ave

energy
and

m
ats

rem
ain

stable.
P

erform
ance

trials
dem

onstrate
fronds

perform
best

in
continuous

row
s,

and
m

ultiple
row

s
provide

substantial
overlap

o
f

fronds,
hence

im
proved

function.

(a)
z

(b)
<

u
>

(
z
)

ifll•IC
cti(

I?.
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•
C

anals/R
ivers

•
P

orts/H
arbors

•
L

akes

M
E

A
S

U
R

E
H

IG
H

L
IG

H
T

S
:

•
R

ock
filled

m
esh

cham
bers

applied
to

banks
of

varied
slo

p
es

•
S

uitable
for

high
energy

levels
and

navigation
traffic

•
R

equires
no

additional
right-of-w

ay
and

d
o
es

not
encroach

on
shipping

channel

B
E

N
E

F
IT

S
P

R
O

V
ID

E
D

:

•
C

reates
overhanging

cover
for

fish

•
In

creases
oxygen

levels

•
P

rovides
w

ave
energy

dissipation

•
Interstitial

sp
ace

created
for

m
icroorganism

s

M
eth

o
d

D
escrip

tio
n

—
C

ham
ber

revetm
ents

are
rock-filled

units
o
f

various
shapes,

encased
in

m
esh

o
f

various
m

aterials
and

strengths.
T

ypical
form

s
include

tubular
shapes

know
n

as
sack

gabions,
or

lam
inar

shapes
know

n
as

m
arine

m
attresses.

M
esh

is
m

ade
o
f

w
oven

w
ire,

perforated
extruded

polym
er

sheets
o
f

high
density

polyethylene
(FID

PE
)

or
polypropylene

(PP),
as

w
ell

as
knotted

or
interbraided

m
esh

o
f

high
strength

synthetic
yarns.

U
nits

m
ay

be
constructed

w
ith

any
dim

ension,
but

are
typically

15
ft long,

6-12
inches

thick,
and

various
w

idths.
L

arger
form

at
units

typically
include

interior
cham

bers
as

w
ell,in

order
to

resist
loss

o
f

load
capacity

and
deform

ation
over

tim
e.

U
nits

rem
ain

highly
flexible

and
are

able
to

conform
to

changes
in

slope
angle

and
irregular

bank
slopes.

C
ham

ber
revetm

ents
function

as
consolidated

m
asses

o
f

relatively
sm

all
rock

w
here

size
and

w
eight

o
f

the
unit,

not
the

individual
stones

provide
stability,

often
incorporating

graded
riprap

5
to

8
inches

in
diam

eter,
allow

ing
stable

yet
highly

porous
coverage

o
f

banks
in

high
energy

settings.
C

avities
betw

een
stones

can
be

filled
w

ith
crushed

porous
stone

or
other

kinds
o
f

rock.
T

he
porosity

and
inclusion

o
f

in-filled
sm

all
rock

functions
in

a
variety

o
f

w
ays,

breaking
the

organization
o
f

a
w

ave
and

attenuating
w

ave
energy;

providing
capillary

and
w

ater
retention

and
w

icking
capacity

such
as

w
ith

scoria,
thereby

creating
conditions

that
perm

it
colonization

by
m

icroorganism
s

w
ithin

voids;
and

filtering
action

to
protect

substrate
below

.
T

ypical
cham

ber
revetm

ents
w

eigh
at

least
100

pounds
per

f
t

2.

Im
age

C
ourtesy

o
f

T
rito

n
T

T
ensar

E
arth

T
echnologies,

Inc.

H
a
b
ita

t
E

n
h
a
n
c
e
m

e
n
t

V
alu

es
—

C
ham

ber
revetm

ent
functions

chiefly
to

provide
energy

dissipation
and

interstitial
voids

for
invertebrate

and
bacterial

populations,
both

o
f

w
hich

indirectly
im

prove
fish

habitat.
B

y
positioning

the
units

near
the

norm
al

w
aterline,

both
functions

can
be

optim
ized.

In
order

to
create

habitat
for

fish,
as

w
ell

as
the

invertebrates
that

are
part

o
f

the
food

w
eb,

itis
critical

to
provide

w
ave

attenuation
in

heavily
trafficked

channels.
M

ost
aquatic

organism
s

are
adapted

for
exposure

to
interm

ittent
and

low
levels

of
suspended

sedim
ent

and
w

ave
im

pact.
H

ow
ever,

w
ithin

navigation
canals

there
is

chronic
exposure

to
sedim

ent
abrasion

and
w

ave
energy

and
m

any
studies

dem
onstrate

that
chronic

turbidity
causes

physiological
stress

and
that

fish
w

ill
m

igrate
to

seek
clearer

w
ater.

Studies
m

easuring
grow

th
rate

show
that

suspended
solids

also
inhibit

ability
to

feed,
and

young
fish

grow
m

ore
slow

ly
in

turbid
w

aters
as

particles
adhere

to
and

abrade
gill

surfaces.
C

ham
ber

revetm
ents

can
provide

physical
habitat

near
the

w
aterline

for
fish

and
m

icro-
and

m
acro-organism

s
w

hich

D
E

M
O

N
S

T
R

A
T

E
D

U
S

E
S

E
T

T
IN

G
S

:
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B
ioengineering

develop
w

ithin
the

rock,
especially

porous
scoria,w

hich
provides

a
com

plex
o
f

interstices
that

can
provide

breeding
habitat

and
cover

for
sm

all
organism

s.
E

ven
sm

all
sack

gabion
ty

p
e

structures
provide

undercut
bank

type
conditions

to
shelter

fish.
A

dditionally
they

introduce
a

com
pact

and
cost-effective

zone
o
f

porous
m

aterial
for

w
ave

m
itigation

and
m

icroorganism
colonization.

L
arger

m
arine

m
attress

type
system

s
contribute

m
ore

to
dissipate

w
ave

energy,
providing

reduced
sedim

ent
resuspension

affecting
fish.

U
nlike

coarse
riprap

w
hich

does
not

perm
it

significant
colonization

by
organism

s,
cham

ber
revetm

ent
uses

m
esh

to
encase

sm
aller

and
even

porous
rocks

above
and

below
the

w
aterline

in
order

to
provide

abundant
interstitial

space.
W

ave
im

pacts
can

serve
to

prevent
sedim

entation
w

hich
blocks

and
fills

void
spaces,

hence
allow

ing
the

surface
to

continue
perform

ing
ongoing

functions
that

m
im

ic
coarse

sedim
ent

beds
in

term
s

o
f

m
acro

and
m

icroorganism
habitat.

.
W

ave
im

pact
also

can
prom

ote
alternate

w
etting

and
drying

cycles
w

ithin
interstitial

voids
that

can
develop

w
ater

quality
functions

sim
ilar

to
those

utilized
in

trickling
m

edia
type

w
astew

ater
system

s.
M

anagem
ent

o
f

w
ater

quality,
in

particular
dissolved

oxygen
level,is

critical
to

allow
fish

survival,
and

even
fish

passage
through

severely
im

paired
areas,

hence
linking

physical
and

biochem
ical

processes
w

ith
fish

habitat
productivity.

Im
p
lem

en
tatio

n
F

acto
rs

—
C

ham
ber

revetm
ents

arc
typically

installed
on

the
bank

below
and

above
the

w
aterline

on
banks

o
f

virtually
any

slope.
T

hey
add

value
m

ost
w

hen
deployed

on
sm

ooth
bank

surfaces
w

hich
are

devoid
o
f

interstitial
spaces

found
in

soil
and

even
riprap

bank
cover.

B
ecause

cham
ber

revetm
ents

protrude
no

m
ore

then
10-12

inches
from

the
channel

bank
they

do
not

interfere
w

ith
shipping

traffic
and

hence
are

suitable
for

narrow
canal

areas,
as

w
ell

heavy
traffic

areas.
M

any
exterior

m
esh

m
aterials

used
in

cham
ber

revetm
ent

construction
have

been
applied

extensively
in

m
arine

engineering
applications

including
w

ithin
shipping

lanes
w

here
im

pact
by

boats,
as

w
ell

as
high

intensity
and

frequency
o
f

w
aves

are
com

m
on.

S
om

e
m

aterials,
especially

the
H

D
P

E
types,

are
highly

resistant
to

im
pact

and
abrasion

under
extrem

e
stress

levels.
C

ham
ber

revetm
ent

is
highly

stable
in

the
face

o
f

ice,
under

fluctuating
w

ater
levels,

and
in

settings
w

here
foot

traffic
is

heavy,
though

they
can

be
susceptible

to
vandalism

.
C

om
pared

to
other

m
easures,

they
are

the
m

ost
highly

suited
for

sites
w

ith
heavy

navigation
traffic

and
other

physical
im

pacts
to

the
bank

zone.
H

ow
ever,

they
lack

the
benefits

provided
due

to
the

presence
o
f

living
vegetation,

and
also

due
to

w
ave

energy
dissipation

or
refuge

creation
deeper

in
the

w
ater

colum
n.

T
heir

im
pact

is
largely

focused
on

im
proving

physical
conditions

through
energy

dissipation,
and

though
targeted

habitat
features

close
to

the
w

aterline.
C

ham
ber

revetm
ents

are
typically

assem
bled

off-site
and

transported
ready

for
placem

ent.
H

ow
ever,

their
high

m
ass

requires
a

crane
barge

for
placem

ent
and

depending
on

the
site

conditions
can

require
extensive

anchoring,
O

n
steeper

the
bank

slope,
m

ore
anchoring

is
required.

Im
age

C
ourtesy

T
,.ito

n
T

M
,

T
ensar

E
arth

T
echnologies,

Inc.
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B
ioenginecring

M
eth

o
d

D
escrip

tio
n

—
V

egetated
revetm

ent
is

an
effective

w
ay

to
protect

banks
from

erosion
from

w
ave

energy.
T

raditional
and

tested
form

s
o
f

riprap
revetm

ent
achieve

their
prim

ary
purpose

by
w

eight
and

the
w

edging
action

o
f

stones
lying

beside
and

on
top

o
f

one
another.

G
enerally,

the
heavier

and
rougher

the
stones

and
the

thicker
the

riprap
layer,

the
m

ore
effectively

it
w

ill
protect

the
bank.

H
ow

ever,
standard

riprap
is

not
satisfactory

from
an

ecological
standpoint

in
m

any
applications.

V
egetative

revetm
ent

not
only

protects
banks

from
erosion

and
attenuates

w
ave

energy,
but

it
also

provides
a

biologically
rich

habitat
above

and
below

the
w

aterline.
V

egetated
revetm

ent
consists

o
f

m
attress

shaped
m

odules
that

can
be

constructed
in

any
dim

ension,
but

are
typically

15
ft

long,
6

ft

w
ide,

and
6-8

inches
thick

and
are

laid
on

the
bank

at
the

w
aterline.

T
he

size
and

w
eight

o
f

the
unit,

not
the

individual
stones,

serves
to

provide
stability.

T
hey

contain
a

fill
o
f

graded
rip

rap
ranging

in
particle

size
from

3
to

6
inches

in
diam

eter.
T

he
cavities

betw
een

the
stones

are
filled

w
ith

crushed
porous

stone
or

other
kinds

o
f

rock.
T

he
capillary

and
w

ater
retention

capacity
o
f

porous
rock

such
as

scotia
ensures

that
w

ater
is

stored
and

available
above

the
w

ater
level,

thereby
creating

conditions
that

perm
it

colonization
by

plants
and

also
providing

voids
for

population
by

invertebrates
and

m
icrobes.

T
he

gradation
o
f

the
riprap

and
the

use
o
f

various
fine

m
aterials

to
fillthe

cavities
provide

suitable
conditions

for
root

developm
ent

and
optim

al
filtering

action
to

protect
the

substrate
below

.
T

ypically,
the

revetm
ent

w
eighs

about
80

p
o
u
n
d
s

p
er

ft2
in

clu
d

in
g

vegetation.

T
he

external
reinforcem

ent
of

each
m

odule
consists

o
f

high-
strength

coarse
durable

synthetic
fiber

net
w

hich
allow

s
handling

and
transport

w
ithout

difficulty
and

also
ensures

shape
is

retained.
T

extile
layers

are
added

to
the

standard-type
revetm

ent
that

stabilize
the

fine

7
,

V
eg

etated
R

ev
etm

en
t

D
E

M
O

N
S

T
R

A
T

E
D

U
S

E
S

E
T

T
IN

G
S

•
C

anals/rivers

•
L

akes/reservoirs

M
E

A
S

U
R

E
H

IG
H

L
IG

H
T

S
:

•
S

horeline
vegetation

•
P

rovides
habitat

above
w

ater
for

birds,
m

am
m

als,
reptiles,

etc.

•
C

an
be

purchased
ready

for
installation,

or
“h

o
m

e
m

ade”

•
P

rovides
below

w
aterline

habitat
fish

•
S

calable
by

attaching
individual

units
to

g
eth

er

•
Im

m
ediate

protection
and

revegetation
of

the
am

phibic
bank

zone

•
D

efines
and

form
s

w
ater’s

edge
in

urban
areas

•
E

ffective
solutions

in
locations

w
here

grazing
by

w
aterfow

l
can

be
a

problem

B
E

N
E

F
IT

S
P

R
O

V
ID

E
D

:

•
P

rovides
F

ish
H

abitat
o

C
over

o
S

h
ad

e
o

F
ood

source
o

O
xygen

•
Im

proves
W

ater
Q

uality

•
P

rovides
B

ird
H

abitat

•
B

ird
N

esting
H

abitat

•
H

abitat
for

R
ooted

A
quatic

and
E

m
ergent

M
acrophytes

•
P

rotection
From

W
ave

E
nergy

P
lacem

entof individualvegetated
revetm

entm
odules

is
easily

accom
plished

w
hen

using
a

crane
and

requires
little

m
anuallabor.
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B
iocnginccring

m
aterials

and
serve

as
filters

to
prevent

m
igration

o
f

bank
m

aterial.
V

egetated
revetm

ent
rem

ains
perm

anently
perm

eable
and

no
w

ater
pressure

can
build

up
beneath

it
due

to
root

action.
V

egetated
revetm

ents
are

planted
w

ith
facultative

and
w

etland
em

ergent
plant

species
depending

on
position

on
the

bank.
B

ecause
the

w
ave

energies
are

often
hostile

to
plant

establishm
ent,

though
tolerable

to
m

ature
stands

o
f

plants,
it is

recom
m

ended
to

use
a

one
or

tw
o

season
grow

th
period

in
a

nursery
prior

to
installation.

T
he

protected
establishm

ent
period

allow
s

the
roots

and
rhizom

es
to

penetrate
the

substrate
layers,

grow
around

the
various

particles
and

intertw
ine

w
ith

one
another.

O
nce

on
site,

the
established

plants
w

ill
contm

ue
to

grow
outw

ard
from

providing
shade

over
the

w
ater

and
the

roots
w

herever
possible

w
ill

attached
to

the
substrate

or
dangle

in
the

w
ater.

In
this

w
ay,

the
revetm

ent
becom

es
perm

anently
integrated

into
the

landscape,
form

ing
a

strong
visually

attractive
and

som
ew

hat
natural-looking

bank
that

offers
m

any
habitat

functions
in

addition
to

reliable
arm

or.

H
ab

itat
E

n
h

an
cem

en
t

V
alues

—
V

egetated
revetm

ent
provides

both
terrestrial

habitat
for

birds,
m

am
m

als,
reptiles,

etc,
by

providing
resting,

basking
breeding

and
nesting,

and
grazing

habitat.
It

also
provides

excellent
physical

habitat
below

the
w

aterline
for

fish
and

m
icro-

and
m

acro-organism
s.

E
m

ergent
vegetation

grow
s

w
ithin

the
rock,

porous
scoria,

and
fabric

m
atrix.

T
he

roots
as

w
ell

as
the

m
atrix

itself
provide

a
com

plex
o
f

interstices
that

can
provide

breeding
habitat

and
cover.

T
he

overhanging
vegetation

provides
shade

for
fish

and
reduces

w
ater

tem
perature.

W
ave

energy
is

dissipated,
providing

zones
of

reduced
sedim

ent
resuspension

and
turbulence

affecting
fish.

T
he

physiological
activities

o
f

the
plants

and
associated

m
icrobes

provides
additional

dissolved
oxygen

to
the

w
ater

colum
n

and
through

associated
chem

ical
activity

can
contribute

to
an

im
provem

ent
in

w
ater

quality
and

fish
survival

during
periods

o
f

oxygen
depletion.

R
ather

than
rough,

large-size
riprap

w
hich

does
not

perm
it

spontaneous
colonization

by
plants,

this
m

easure
uses

m
esh

and
fabric

w
rapped

around
sm

aller
rocks

w
ith

integrated
w

etland
an

d
/o

r
upland

plants
already

established
prior

to
placem

ent.
T

he
roots

and
rhizom

es
extend

into
the

substrate
below

after
placem

ent,
thus

ensuring
that

the
revetm

ent
is

securely
anchored

in
the

subsoil,
and

other
anchors

m
ay

be
used

on
steep

banks.
D

ue
to

the
perm

eability
o
f

the
revetm

ent
layers

and
the

drainage
characteristics

o
f

the
roots

and
rhizom

es
form

ed
by

the
vegetation,

vegetated
revetm

ents
m

aintain
their

filtering
ability

and
can

be
colonized

by
plants

and
anim

als
above

and
below

w
aterline.

Im
p
lem

en
tatio

n
F

acto
rs

—
V

egetated
revetm

ents
are

designed
for

erosion-
prone

sites
due

to
w

ave
energies

and
fluctuating

w
ater

levels
such

as
canals,

lakeshores,
and

in
tidal

situations
such

as
tidal

rivers
or

ocean
front.

T
he

revetm
ent

structure
perm

its
them

to
retain

m
oisture

for
long

periods
o

f
tim

e
and

thus
provides

an
environm

ent
conducive

for
plants

to
grow

even
if

the
w

ater
level

has
dropped

due
to

low
tide

or
canal

m
anagem

ent.
C

onversely,
short

periods
o
f

high
w

ater
inundation

are
typically

not
a

problem
for

the
plants

and
associated

structural
m

aterials.
T

he
vegetation

selected
for

the
revetm

ent
depends

on
an

analysis
o

f
the

site
conditions

and
the

intent
o
f

the
project.

P
reference

is
typically

given
to

hardy,
native

species
that

can
quickly

becom
e

established
and

can
w

ithstand
difficult

site
conditions

including
w

ave
energies,

floating
organics

and
other

debris,
variable

w
ater

quality,
etc.

T
he

m
ost

appropriate
form

o
f

transport
o
f

the
m

odules
is

by
barge.

M
odules

can
be

tem
porarily

stacked
for

transport,
but

should
be

im
m

ediately
installed

upon
arrival

to
the

site.
D

ue
to

the
slab-like

construction,
the

large,
relatively

heavy
m

odules
are

m
ost

often
placed

by
m

eans
o
f

hoisting
gear.

T
he

angle
o

f
the

slope
on

w
hich

they
are

placed
should

be
reduced

as
m

uch
as

perm
itted

by
local

conditions
to

m
inim

ize
slippage,

or
suitable

anchors
m

ust
be

used.
T

he
design

and
selection

o
f

underlaym
ent

is
governed

by
the

sam
e

accepted
geotechnical

principles
as

are
used

for
conventional

revetm
ent.

W
hen

installed
on

riverbanks
and

canals,
transportand

installation
is

often
tim

es
bestaccom

plished
through

the
use

o
fa

barged
equipped

w
ith

a
crane.
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‘B
io

c
n
g
in

c
c
rin

g

E
xperience

gained
during

the
engineering

w
orks

on
the

R
hine

R
iver

in
G

erm
any

led
to

the
developm

ent
o
f

standard
m

odules
for

highly
im

pacted
banks.

T
he

prim
ary

application
o
f

vegetated
revetm

entw
as

for
application

on
com

m
ercially

navigable
canals

and
natural

w
aterw

ays
in

G
erm

any.
T

he
highest

loads
are

generated
by

single
vessels

proceeding
along

one
side

o
f

the
canal

causing
secondary

w
aves

up
to

1.2
m

eters
high.

A
significant

w
ave

height
o
f

70
cm

w
as

assum
ed

for
design

purposes.
C

ollected
data

suggests
that

vegetated
revetm

ent’s
stability

against
area

loads
is

three
tim

es
greater

than
the

stability
o

f
loose

riprap
and

unlike
riprap,

significantly
attenuates

w
ave

reflection
due

to
the

elastic
deform

ation
o

f
plant

stem
s.
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4
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P
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V
E

G
E

T
A

T
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D
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E
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M
E

N
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—
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—
V

egetated

S
ection
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B
io

e
n
g
in

e
e
rin

g

S
unken

S
tru

ctu
re

f
r
•
t

D
E

M
O

N
S

T
R

A
T

E
D

U
S

E
S

E
T

T
IN

G
S

:

•
N

avigable
w

aterw
ays

•
R

ivers

•
M

arine
environm

ents

M
E

A
S

U
R

E
H

IG
H

L
IG

H
T

S
:

•
A

rtificial
m

aterials
resting

on
w

aterbody
bottom

to
m

im
ic

large
w

oody
debris,

undercut
banks,

boulderfields,
and

other
natural

in-stream
habitat

features

•
A

bility
to

engineer
location,

stability,
and

perform
ance

of
physical

habitat
niches,

unlike
w

ith
natural

m
aterials

•
M

any
sh

ap
es

and
m

aterials

•
T

argeted
Fish

H
abitat

E
nhancem

ent
T

echnique

•
P

otential
for

S
alvage

and
R

eu
se

of
R

ecycled
M

aterials

•
P

lacem
ent

E
quipm

ent
A

ccess
by

barge
or

L
and

B
E

N
E

F
IT

S
P

R
O

V
ID

E
D

:

•
P

rom
otes

sorting
of

sedim
ent

and
variety

of
su

b
strate

for
m

acroinvertebrates

•
P

rotection
from

w
av

es
and

su
sp

en
d
ed

sedim
ents

•
P

rovides
refugia,

am
bush

points
and

resting
p
laces

for
fish

•
U

se
byfish

and
m

icroorganism
s,

and
subm

erged
aquatic

plants

•
Incorporates

green
building

principles
of

adaptive
reu

se
of

m
aterials

M
eth

o
d

D
escrip

tio
n

—
S

unken
structure

describes
a

broad
category

o
f

solid,
dense

m
aterials

placed
into

w
aterw

ays
for

the
purpose

o
f

enhancing
physical

habitat
diversity

and
type.

In
aquatic

environm
ents,

variation
o
f

physical
form

o
f

bed,
banks,

and
naturally

occurring
debris

has
long

been
understood

to
provide

essential
physical

habitat
niches

for
fish

and
other

organism
s.

In
recent

decades,
artificial

structures
have

been
used

to
create

physical
habitat

purposefully,
as

w
ith

sinking
ships

to
form

artificial
reefs

in
shallow

seas.
A

dditionally,
structures

placed
for

bank
and

shore
stabilization

or
other

purposes,
as

w
ell

as
accidentally

placed
objects,

have
been

observed
to

provide
effective

habitat,
often

increasing
fish

populations
by

as
m

uch
as

400
percent

or
m

ore
w

hen
lack

o
f

physical
habitat

w
as

a
key

lim
iting

factor
influencing

ecosystem
productivity.

C
anals

and
other

artificial
and

heavily
m

anaged
w

aterw
ays

lack
diversity

o
f

form
and

benefit
from

increased
physical

structure
for

habitat,
and

m
any

types
o

f
sunken

structure
have

been
used

w
ith

success.
B

oats,
barges,

bridges,
and

cars
have

all
been

used
for

this
purpose,

but
are

not
recom

m
ended

due
to

the
high

cost
of

addressing
environm

ental
issues

due
to

contam
inants

found
in

paint,
fuel,

fluids,
and

other
elem

ents
com

bined
w

ith
the

appearance
o
f

illicit
dum

ping;
how

ever
they

are
effective

and
affordable.

S
tructure

m
ust

be
com

plex
in

shape
to

provide
a

high
num

ber
o

f
holes

and
hiding

places
and

be
heavy

enough
to

prevent
shifting

or
m

ovem
ent.

A
dditionally,

the
m

aterials
should

be
chem

ically
and

biologically
inert,

w
ith

know
n

m
ass,

dim
ensions,

and
lifespan

in
order

to
allow

responsible
and

rigorous
design.

T
he

—

concept
o

f
structure

to
enhance

aquatic
habitat

is
w

ell
understood

and
there

are
m

any
proprietary

structures
available,

as
w

ell
as

standard
non-

proprietary
designs

that
have

been
adopted

by
public

agencies.
E

xam
ples

o
f

these
system

s
include

precast
concrete

units
such

as
jack-

shaped
elem

ents
w

hich
perform

like
large

w
oody

debris;
perforated

hem
ispheres

ideally
suited

to
shellfish

colonization;
and

box
culverts

w
hich

m
im

ic
deep

hiding
cavity

conditions
found

at
undercut

banks
near

pools
in

rivers
(often

referred
to

as
L

U
N

K
E

R
structures).

A
dditionally,

recent
approaches

have
sought

to
divert

construction
and

dem
olition

w
aste

from
landfills

and
repurpose

m
aterials

for
sunken

aquatic
structure

at
very

low
cost.

Such
m

aterials
include

bathtubs,
toilets,

sinks,
concrete

pieces,
catch

basins,
precast

stairs,
and

clay,
m

etal,
or

concrete
pipes.
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B
ioengineering

(‘K
(it

P

H
a
b

ita
t

E
n
h
an

cem
en

t
V

alu
es

—
E

lem
ents

are
typically

clustered,
stacked,

and
w

here
practical

connected
together

to
create

com
plex

structures.
R

egardless
o

f
m

aterial
used,

research
indicates

that
lines

or
closely

spaced
nodes

o
f

sunken
structure

are
m

ore
effective

than
single

structures
for

attracting
fish.

W
hile

sunken
structure

generally
offers

a
sim

ilar
range

o
f

habitat
functions,

the
actual

perform
ance

for
fish

habitat
enhancem

ent
depends

on
w

here
they

are
placed,

how
they

are
configured,

and
other

variables
o

f
the

site
including

m
ost

notably
w

ater
quality.

H
ow

ever,
there

are
distinct

differences
based

on
the

type
o

f
m

easure
deployed.

H
igh

stability
concrete

jack
units

are
designed

to
interlock

into
a

flexible,
highly

perm
eable

m
atrix.

T
hey

can
be

installed
either

random
ly

or
in

a
uniform

pattern,
and

the
interstices

form
ed

provide
approxim

ately
4O

%
void

space
in

a
uniform

placem
ent

pattern.
T

he
voids

provide
habitat

for
fish

and
other

organism
s

and
prom

ote
sedim

ent
collection,

sorting,
and

stabilization
w

hich
fosters

further
habitat

enhancem
ent,

offeting
habitat

im
provem

ents
closely

analogous
to

large
w

oody
debris

present
in

natural
tivers

as
jam

s
or

random
pieces.

P
recast

perforated
hem

ispheres
provide

refugia
and

resting
places

for
sm

aller
fish

species
and

age
classes

and
offer

m
axim

um
attachm

ent
surface

for
bivalves

and
subm

erged
aquatic

vegetation.
B

ox
culvert

type
m

aterials,
including

broken
or

off-spec
item

s,
m

ay
be

placed
directiy

on
the

w
aterw

ay
bottom

or
on

a
bedding

layer
o
f

tiprap
in

order
to

control
their

depth
in

relation
to

w
ater

surface
and

sedim
ent

active
on

the
bed

(either
suspended

sedim
ents

or
loose

flocculated
m

aterials).
D

epending
on

position
w

ithin
the

w
ater

colum
n,

the
L

U
N

K
E

R
type

structures
w

ill
attract

different
fish

species
for

use
as

refugia
or

am
bush

points.
A

dditionally
coarse

sand
or

gravel
m

ay
be

applied
atop

a
box

culvert
structure

to
establish

suitable
spaw

ning
nest

m
aterial

above
the

zone
w

here
sedim

entation
occurs.

V
arious

sunken
structure

system
s

m
ade

o
f

recycled
and

salvaged
building

m
aterials

can
be

configured
to

achieve
form

s
and

functions
sim

ilar
to

those
m

entioned
above,

based
on

how
they

are
assem

bled.
T

he
structures

generally
provide

refugia
from

w
ake

im
pacts,

hiding
and

resting
places

for
fish

in
various

life
stages,

and
predatory

am
bush

points
for

piscivores.
It

is
possible

and
ecologically

sound
to

provide
caves

and
cover

for
fish

by
using

alm
ost

any
large

heavy
structure.

Im
p
lem

en
tatio

n
F

acto
rs

—
S

unken
structure

is
valuable

in
locations

w
here

channel
form

is
devoid

o
f

physical
variation.

W
here

w
ater

depth
is

adequate
to

provide
clearance

beneath
shipping

traffic,
structures

m
ay

be
deployed

anyw
here

w
ithin

the
channel.

In
shallow

w
ater

depths
sunken

structure
ofren

offers
llttie

value
and

can
create

navigational
hazards,

and
hence

is
not

recom
m

ended.
In

interm
ediate

depths,
structure

can
be

successfully
deployed

at
channel

m
argins

or
selected

nodes
that

are
clearly

m
arked.

N
avigational

perm
its

m
ay

be
required

at
local

an
d

/o
r

federal
levels

although
precedent

exists
for

m
ost

structures
w

ithin
navigable

w
aterw

ays.
T

he
structure

m
ust

be
placed

along
the

bottom
o
f

the
banks

to
avoid

conflict
w

ith
shipping

traffic.
C

oncrete,
porcelain,

and
m

etal
typically

do
not

incorporate
hazardous

or
toxic

com
pounds

and
their

physical
and

chem
ical

properties
and

structural
lifespan

are
w

ell
characterized,lending

them
to

engineered
applications.

U
nlike

m
any

natural
structural

elem
ents,

m
ost

notably
large

w
oody

debris,
these

m
aterials

have
no

tendency
to

float
or

biodegrade,
and

exhibit
predictable

behavior
w

hich
allow

s
rigorous

and
responsible

engineering
procedures

called
for

in
urban

w
aterw

ays
w

here
public

safety
and

navigational
risks

dom
inate.

R
egardiess

o
f

w
hat

m
aterial

is
used,

it
can

be
m

oved
by

a
crane

barge
and

low
ered

intentionally
into

place.
P

recast
concrete

hollow
m

ounds
w

ith
different

diam
eter

and
shape

holes
and

are
intended

to
siton

the
bottom

o
f

a
w

aterbody
to

create
habitat.

T
hey

can
be

constructed
in

m
any

different
sizes,

off-
or

on-site
w

ith
an

easy-to-use,
portable,

fiberglass
m

old
either

by
a

certified
distributor

or
by

volunteers
(after

training).
T

hey
can

be
easily

m
odified

w
ith

concrete
footers

added
to

increase
w

eight,
decrease

subsidence
on

soft
bottom

s,
and

accom
m

odate
anchoring

system
s

if
required.

R
ecycled

m
aterialw

ill
require

advanced
planning

o
f

logistics
to

find
and

deliver
w

hen
required,

or
coordination

w
ith

an
existing

debris
recycling

program
.
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R
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l3oIJn,g
S

r.,
b
I

C
on

olon
on

on
Enologinol

Fonndonh,n

‘B
ioengineering

G
R

O
U

P

E
xecutive

S
um

m
ary:

B
ioengineering

G
roup

w
as

tasked
w

ith
the

identification
of

six
m

easures
for

enhancing
the

physical
condition

of
fish

habitat
on

the
C

hicago
A

rea
W

aterw
ay

S
ystem

(C
A

W
S).

For
m

uch
of

its
history

the
C

A
W

S
has

experienced
heavy

com
m

ercial
vessel

traffic
producing

high
energy

w
ater

m
ovem

ents,
a

hard/non-living
and

vertical
bank,

an
unconsolidated

sedim
ent

bottom
,

storm
w

ater
discharges,

sluggish
flow

s
and

other
w

ater
quality

and
ecological

challenges.
It

is

believed
th

at
establishm

ent
of

structures
w

ithin
and

near
th

e
banks

to
m

ore
closely

replicate

the
physical

form
of

a
natural

river
w

ill
im

prove
the

possibility
of

fish
using

and
reproducing

w
ithin

the
system

.

P
resented

below
are

four
sites

and
six

innovative
fish

en
h
an

cem
en

t
techniques

to
achieve

a

m
ore

“natural”
and

functional
habitat

for
fish

w
ithin

the
C

A
W

S.
T

he
A

ppendices
attach

ed
to

this
report

provide
fu

rth
er

developm
ent

of
proposed

en
h
an

cem
en

t
m

ethods,
th

e
application

locations
w

ithin
th

e
C

A
W

S,
and

a
detailed

B
ibliography

to
directly

and
indirectly

support
th

e

m
ethods’

reported
successes.

Finally,the
last

A
ppendix

includes
a

cost
estim

ate
for

com
parison

purposes.

1
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B
ioengineering

G
R

O
U

P

S
am

ple
S

ite
43

H
ab

itat
E

n
h
an

cem
en

t
C

onstraints
and

O
p
p
o
rtu

n
ities

T
he

area
for

enhancem
ent

is
located

along
a

reach
dow

nstream
of

Sam
pling

Site
43.

T
he

heavily
navigated

but
m

ostly
undeveloped

location
provides

an
opportunity

to
im

prove
aquatic

habitat
w

ithin

the
w

aterw
ay

and
to

create
additional

w
ater

areas
for

fish
and

their
food

sources
adjacent

to
the

w
aterw

ay.
M

W
R

D
G

C
ow

ns
significant

portions
of

land
adjacent

to
this

reach.
F

orested
lands,

as
w

ell
as

vegetated
and

unvegetated
shallow

and
deep

w
ater

habitats,
currently

exist
alongside

the
banks,

both

on
and

off
M

W
R

D
C

property.
T

hese
areas

offer
proxim

al
variety

and
diversity

of
habitats,

although
linkage

and
connectivity

is
currently

poor
betw

een
the

w
aterw

ay
and

uplands,
especially

along
the

north
bank.

Land
surrounding

the
im

m
ediate

project
site

has
been

used
intensively

for
quarrying,

industrial,

residential,
and

storage
stockpiling.

B
arge

traffic
levels

are
high

and
few

opportunities
exist

for
public

view
ing.

R
estricted

access
and

lim
ited

visibility
allow

for
m

easures
th

at
m

ight
otherw

ise
be

susceptible
to

vandalism
in

m
ore

accessible
locations.

R
outine

dredging
m

aintains
navigable

depths
and

passage

and
the

m
ooring

of
large

barges
occurs

often
w

ithin
this

reach.
H

abitat
enhancem

ent
m

easures
m

ust
avoid

encroaching
into

navigational
channels,

and
m

ust
be

highly
resistant

to
intensive

boat
w

ake
and

potential
collision.

S
ite

C
onditions

T
his

reach
of

the
w

aterw
ay

is
characterized

by
vertical

concrete
w

alls
in

deteriorating
conditions

on
the

N
orth

bank,
w

ith
gently

sloping
vegetated

banks,
underlain

by
outcropping

lim
estone,

on
the

South

bank.
A

sm
all

building
w

ith
access

stairs
exists

along
the

N
orth

bank
quite

near
the

location
of

a
pond

set
back

roughly
70

feet
from

the
canal.

B
athym

etric
data

show
s

w
ater

depths
up

to
20

feet
near

the

N
orth

bank,
w

ith
a

sloping
bottom

tapering
up

to
the

S
outh

bank.
A

w
ide

zone
of

shallow
w

ater
insufficientfor

boat
traffic

exists
along

the
south

bank.
T

his
cross

section
rem

ains
fairly

constant

throughout
the

reach.
B

oat
traffic

has
been

described
as

heavy
and

w
ith

frequent
barge

access
and

barge
docking,

m
aking

the
reach

one
of

the
m

ost
trafficked

segm
ents

of
the

w
aterw

ays
system

.
D

ense

bank
vegetation

exists
on

both
sides

of
the

river,
w

ith
w

ide
areas

of
forested

land
adjacent

to
banks.

T
he

south
bank

features
a

relatively
uniform

condition
of

shallow
w

ater
w

ith
overhanging

vegetation

and
unconsolidated

sedim
ents.

T
he

w
ater’s

edge
features

som
e

rough
broken

stone,
som

e
areas

of
active

bank
erosion,

and
som

e
exposed

lim
estone

bedrock.
T

he
north

bank
features

a
concrete

w
all

roughly
10

feet
high

from
the

norm
al

w
ater

line,
w

ith
a

soil
em

bankm
ent

rising
an

additional
height,

up
to

15
feet

in
som

e
areas.

M
any

portions
of

the
bank

are
w

ell
vegetated,

but
som

e
portions

show
active

bank
erosion.

D
ue

to
the

height
of

the
bank

and
the

south-facing
exposure,

little
shade

is
provided

and
the

only
overhanging

bank
conditions

are
created

by
gaps

in
the

deteriorating
concrete

w
all.

B
ased

on
existing

inform
ation,

lim
iting

factors
are

recognized
as

frequent
very

high
energy

im
pacts

due
to

navigational
barge

traffic,
riparian

vegetation
disconnected

from
north

bank,
unconsolidated

and
undifferentiated

sedim
ents,

poor
overhanging

bank
and

shade
conditions,

and
lack

of
aquatic

structure
for

shelter
and

other
functions.
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d
o
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E
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C
oncept

H
abitat

E
n

h
an

cem
en

t
E

lem
ents

R
ecom

m
ended

enhancem
ent

m
easures

include
those

th
at

w
ould

cause
sedim

ent
stabilization

and
consolidation

as
w

ell
as

dissipation
of

w
ave/w

ake
energy.

A
rtificial

S
eaw

eed
along

the
south

bank
w

ith
L

inear
Shallow

s
and

C
ham

ber
R

evetm
ent

along
the

north
bank

have
been

show
n

to
provide

th
ese

functions.
T

he
m

ats
for

seaw
eed

w
ill

be
placed

along
the

existing
6’

contour
elevation,

parallel
to

the
south

bank
approxim

ately
50

feet
from

the
bank

w
aterline.

In
this

m
anner

the
units

should
be

set
back

from
future

dredging
and

navigational
activity,

w
hile

form
ing

a
w

ide
protected

zone
behind

them
.

A
330-foot-long

reach
of

sheltered
shallow

shoreline
w

ill
be

created
due

to
the

energy
dissipation

effect
of

the
seaw

eed.
S

edim
ent

consolidation,
stabilization,

and
sorting

w
ill

result,
and

the
overall

energy
level

w
ithin

the
reach

w
ill

be
reduced

by
placing

this
elem

ent
near

the
m

iddle
zone

of
the

channel
w

here
it

can
reduce

w
ave

reflection
and

prom
ote

rapid
stilling

of
w

ake
after

boats
pass

by.

O
ther

enhancem
ent

m
easures

w
ould

include
the

provision
of

refugia
and

shallow
w

ater
zones

for
fish

fry
and

possible
fish

and
herptile

reproduction
areas.

L
inear

Shallow
s

w
ill

be
excavated

in
one

location
at

the
north

bank
in

proxim
ity

to
an

existing
pond,

approxim
ately

200
feet

long
and

40
feet

w
ide

at
the

norm
al

w
ater

elevation.
T

he
targ

et
depth

of
the

L
inear

Shallow
s

is
a

range
from

3
to

8
feet

in
order

to
prom

ote
cool

heavily
shaded

low
w

ave
energy

w
ater

conditions
w

ith
soft,

but
consolidated,

soils
and

increase
particulate

organic
carbon

sources
in

the
form

of
forest

detritus.
D

ue
to

the
high

presence
of

forest
vegetation

and
canopy

producing
shade,

prim
ary

producing
vegetation

is
not

prioritized,
though

it
m

ay
colonize

spontaneously.
T

he
intent

is
to

protect
existing

trees
adjacent

to
the

concrete
w

all
to

conserve
canopy

cover
especially

from
the

southern
sun

exposure.
O

ne
w

ater
opening

w
ith

a
baffle

structure
to

lim
it

w
ave

im
pact

w
ill

be
created

by
rem

oval
and

m
odification

of
concrete

w
all

m
aterial.

T
his

approach
w

ill
provide

access
for

fish,
herptiles,

and
invertebrates

betw
een

the
w

aterw
ay,

the
L

inear
Shallow

s,
and/or

the
nearby

pond
and

forest
area.

U
pstream

and
dow

nstream
of

the
opening

to
the

L
inear

Shallow
s,

C
ham

ber
R

evetm
ent

containing
scoria

type
rock

w
ill

be
attach

ed
by

bolting
to

the
existing

concrete
w

alls
in

tw
o

segm
ents,

each
approxim

ately
100

linear
feet

and
18”

in
diam

eter
encased

in
vinyl

coated
galvanized

w
ire

m
esh.

T
he

purpose
of

the
sack

gabion
type

C
ham

ber
R

evetm
ent

is
to

add
a

biologically
active

porous
stone

m
edium

in
the

form
of

an
overhanging

bank,
at

and
slightly

above
the

typical
sum

m
er

w
ater

elevation,
but

w
ithin

the
w

ake
splash

zone.
Signage

or
buoys

m
ay

be
used

to
indicate

the
position

of
A

rtificial
S

eaw
eed

and
C

ham
ber

R
evetm

ent
elem

ents
to

navigational
users

in
order

to
avoid

dam
age

to
enhancem

ent
m

easures
and

interference
w

ith
boat

operation.

H
abitat

E
n
h
an

cem
en

t
O

u
tco

m
es

S
elected

m
easures

w
ill

create
reduced

energy
level

zones
for

fish
and

related
organism

s
to

use
as

sheltered
habitat

for
various

life
stages.

M
easures

are
located

in
parallel

position
in

order
to

attain
a

protected
zone

w
ith

a
high

level
of

boat
w

ake
energy

reduction,
w

ithin
an

active,
navigable

w
aterw

ay
w

ith
harsh

w
ave

conditions.
T

he
key

m
easures

com
plem

ent
each

other
by

providing
diverse

shallow
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w
ater

and
deeper,

sheltered
w

ater
conditions

th
at

are
accessibly

linked
for

use
by

not
only

fish
and

related
aquatic

species,
but

also
am

phibious
and

terrestrial
anim

als
in

order
to

foster
a

m
ore

com
plete

food
w

eb.
T

he
m

ain
objective

is
to

establish
suitable

physical
conditions

in
term

s
of

sedim
ent

suited
for

diverse
benthic

organism
s,

surface
area

for
algae,

m
icrobes,

and
invertebrates,

and
sheltered

w
ater

conditions
for

varied
fish

life
stages

and
species.

E
xisting

high
levels

of
allochthonous

m
aterial

from
adjacent

forest
leaf

litter
w

ill
then

becom
e

available
for

use
by

a
w

eb
of

aquatic
organism

s
that

previously
lacked

physical
habitat.

T
he

bank
area

partially
protected

by
A

rtificial
S

eaw
eed

is
expected

to
spontaneously

generate
som

e
aquatic

em
ergent

and/or
subm

erged
vegetation

due
to

w
ave

attenuation,
w

hich
w

ill
in

turn
prom

ote
juvenile

fish
populations

and
provide

w
ell

oxygenated
daytim

e
refugia

for
fish

during
hot

w
eather.

In
addition,

foraging
of

th
ese

artificial
seaw

eed
beds

by
C

arp
w

ill
less

of
an

issue
as

w
ould

be
a

living,
rooted

subm
erged

aquatic
plant

bed.
M

easures
are

concentrated
w

ithin
one

continuously
treated

reach
330

feet
in

length.
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H
abitat

E
n
h
an

cem
en

t
C

o
n
strain

ts
and

O
p
p
o
rtu

n
ities

T
he

urbanized,
dow

ntow
n

location
of

Sam
ple

Site
46

provides
opportunity

to
im

prove
fish

habitat
w

hile
also

prom
oting

local
recognition

and
understanding

for
future

potential
fish

habitat
m

easures
and

outcom
es

throughout
the

system
.

T
he

presence
of

publicly
accessible

park
areas,

residential
neighborhoods

w
ith

focal
point

w
ater

access,
and

high
vehicle

traffic
on

bridges
all

foster
view

ing
opportunities

for
visible

and
appealing

im
provem

ents
as

w
ell

as
fish

habitat
enhancem

ent
m

easures.
C

om
bined

w
ith

signage
to

explain
and

docum
ent

fish
habitat

elem
ents,

these
im

provem
ent

m
easures

have
the

ability
to

not
only

upgrade
the

habitat
productivity

of
the

channel
reach,

but
also

to
build

support
and

appreciation
for

doing
so.

This
level

of
public

involvem
ent

often
correlates

strongly
w

ith
im

proved
land

use
m

anagem
ent,

w
hich

in
turn

contributes
to

w
ater

quality
im

provem
ents

as
people

becom
e

m
ore

conscious
of

personal
activities

such
as

car
w

ashing,
law

n
fertilizing,

oil
dum

ping,
and

also
larger

actions
such

as
conversion

of
industrial

sites
to

residential
or

park
uses.

S
ite

C
onditions

T
his

reach
of

the
w

aterw
ay

is
upstream

of
the

actual
sam

pling
station.

T
he

banks
of

this
reach

are
characterized

by
steel

sheet
pile

w
alls

interrupted
by

short
segm

ents
of

concrete
or

tim
ber

bank

structures
related

to
existing

bridges
or

past
structures

and
uses.

S
torm

w
ater

discharge
pipes

occur
at

frequent
intervals.

A
lthough

no
detailed

bathym
etry

has
been

provided,
depths

are
understood

to
be

typically
17

feet
throughout

the
reach.

B
oat

traffic
has

been
described

as
recreational

boating,
w

ith

m
inor

barge
access

and
no

barge
docking.

T
his

m
akes

the
reach

one
of

the
least

trafficked
segm

ents
of

the
w

aterw
ays

system
,

though
occasionally

used
by

larger
vessels

and
therefore

subject
to

associated

greater
w

ave
energies.

Som
e

bank
vegetation

exists
in

narrow
strips

characterized
by

opportunistic
trees,

shrubs,
and

herbs.
T

he
resulting

plant
com

m
unity

is
lim

ited
in

a
real

extent,
lacks

structure,
and

is
physically

hom
ogeneous

providing
only

sm
all

areas
of

poor
quality

habitat.
T

he
w

ater
surface

is
highly

exposed
to

solar
radiation

as
there

is
little

overhanging
vegetation,

w
ith

bridge
decks

providing
the

only
significant

shade.
B

ased
on

existing
inform

ation,
lim

iting
habitat

factors
are

recognized
as

little
riparian

vegetation
of

poor

quality,
lim

ited
shade,

lack
of

structure
for

shelter
of

various
types,

unconsolidated
and

undifferentiated
sedim

ents,
and

infrequent,
but

high
energy,

im
pacts

due
to

boat
traffic.

C
oncept

H
abitat

E
n
h
an

cem
en

t
E

lem
ents

R
ecom

m
ended

enhancem
ent

m
easures

include
Floating

V
egetation

and
Sunken

S
tructure

adjacent
to

both
banks.

E
lem

ents
w

ill
be

positioned
near

bridge
abutm

ents
and

w
ithin

coves,
w

hich
w

ill
serve

to
provide

shelter
from

boat
traffic

and
w

hich
w

ill
not

im
pinge

on
currently

observed
traffic

patterns.
Floating

V
egetation

is
to

be
established

using
triangular,

fabricated
m

odules
designed

to
be

highly

5
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resistant
to

ice,
boat

w
ake,

vandalism
,

and
other

im
pacts

expected
w

ithin
the

reach.
A

nchor
system

s
w

ill
be

designed
to

address
site

specific
conditions.

Specific
site

conditions,
and

resulting
design

requirem
ents,

w
ill

be
m

ore
fully

investigated
and

docum
ented

during
the

final
design

project
phase.

Floating
V

egetation
treatm

ents
w

ill
be

assem
bled

in
lengths

from
18

to
36

feet,
positioned

in
close

proxim
ity

to
the

bank,
w

ell
secured

to
the

bank
and

bed
using

tension
relief

system
s

such
as

buoys
to

m
inim

ize
stress

at
anchors.

V
egetation

shall
feature

low
m

aintenance
species

th
at

are
tolerant

of
saturated

hydrology
and

hydroponic
type

grow
ing

conditions,
and

th
at

create
significant

underw
ater

root
system

s
for

fish
shelter,

as
w

ell
as

attractive
foliage

and
flow

ers
to

enhance
public

acceptance.
T

he
key

plant
species

typically
incorporated

are
Iris

versicolor
(blue

flag
iris),S

cirpus
validus

(soft
stem

bulrush),
and

Juncus
effusus

(soft
rush).

S
unken

S
tructure

w
ill

be
established

at
the

toe
of

the
sheet

pile
w

all,
in

areas
betw

een
floating

vegetation
zones.

R
ather

than
using

salvaged
m

aterials
that

m
ay

easily
be

m
isinterpreted

by
the

public
as

trash
and

debris
(and

hence
potentially

prom
ote

illicit
dum

ping),
S

unken
S

tructure
w

ill
consist

of
concrete

box
culvert

type
units

resting
on

an
apron

of
riprap

to
liftthem

above
the

depths
of

unconsolidated
sedim

ent.
T

he
top

of
the

concrete
structure

w
ill

be
positioned

to
allow

a
m

inim
um

9-
foot

clearance
for

boat
traffic.

Signage
or

buoys
m

ay
be

used
to

indicate
the

location
of

structures
to

boaters.
T

he
concrete

units
m

ay
be

off-spec
or

dam
aged

m
aterials,

m
aking

them
m

ore
affordable,

w
ith

sizes
varying

w
ithin

the
range

of
2’x3’x4’

to
6’x6’xlO

’
according

to
availability

and
location.

Sunken
S

tructure
need

not
be

placed
precisely

in
order

to
function

by
providing

large
shaded

and
sheltered

cavities
for

fish.
A

dditionally,
coarse

gravel
m

ay
be

placed
on

top
to

offer
benthic

substrate
and/or

spaw
ning

substrate
elevated

above
the

zone
of

flocculated
m

aterials
and

bedload
sedim

ents.

H
abitat

E
nhancem

ent
O

utcom
es

T
he

recom
m

ended
m

easures
w

ill
com

plem
ent

each
other

by
providing

a
diversity

of
shallow

w
ater

and
d
eep

er
w

ater
structural

conditions
to

be
used

by
a

variety
of

organism
s.

T
he

floating
vegetation

w
ill

also
provide

additional
shade

offered
by

the
floating

elem
ents

them
selves

as
w

ell
as

the
overhanging

vegetation.
Physical

and
biological

conditions
w

ill
be

im
proved

for
a

variety
of

fish
species

at
various

life
stages,

as
w

ell
as

for
the

benthic
invertebrates

they
depend

on
as

a
food

source.
T

he
presence

of
underw

ater
root

zone
shelter

and
daytim

e
oxygenation

w
ill

significantly
enhance

conditions
necessary

for
survival

and
developm

ent
of

juvenile
fish.

Itis
expected

th
at

this
enhanced

reach
w

ill
also

attract
m

ature
fish

as
it

becom
es

a
refuge

during
poor

w
ater

quality
and

high
boat

traffic
periods

in
other

reaches.
T

his
w

ill
thereby

help
to

im
prove

survival
and

hence
quantity

and
diversity

of
fish

in
the

w
aterw

ay
system

,
in

general.
By

treating
roughly

a
third

of
both

banks,
a

high
degree

of
habitat

diversity
and

productivity
w

ill
be

established,
w

hile
boat

m
ooring

spaces
and

existing
infrastructure

w
ill

be
accom

m
odated.

A
visually

attractive
pattern

of
Floating

V
egetation

w
ill

be
established

using
m

aterials
th

at
are

com
patible

w
ith

boat
traffic.

Sunken
S

tructure
w

ill
be

largely
hidden,

due
to

poor
w

ater
clarity.

A
proposed

1000
linear

feet
of

both
banks

w
ill

be
treated

,
using

roughly
300

linear
feet

of
treatm

en
t

elem
ents

on
each

bank.
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B
ioengineering

G
R
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S
am

ple
S

ite
59

H
ab

itat
E

n
h
an

cem
en

t
C

o
n
strain

ts
an

d
O

p
p

o
rtu

n
ities

T
he

heavily
navigated,

m
ixed

industrial
and

residential
area

near
Sam

ple
Site

59
w

ith
M

W
R

D
G

C
ow

ned
adjacent

land
provides

for
an

opportunity
to

im
prove

fish
habitat

both
w

ithin
and

alongside
the

w
aterw

ay.
B

arge
traffic

levels
are

high
and

som
e

visibility
exists

from
bridge

and
roadw

ays
near

the
site.

A
pipe

w
ith

evidence
of

a
steady

base
flow

discharges
im

m
ediately

w
est

of
the

bridge-crossing
on

the
south

bank,
providing

som
e

potential
for

capturing
cool

base
flow

w
ater

for
use

in
w

ater
tem

p
eratu

re
m

itigation.
D

ue
to

its
restricted

access
and

visibility,the
site

offers
the

potential
for

m
easures

th
at

m
ight

otherw
ise

be
susceptible

to
vandalism

if
located

in
a

m
ore

central
location.

D
redging

occurs
routinely

to
m

aintain
navigable

depths
and

com
m

ercial
vessel

traffic
is

heavy.
E

nhancem
ent

m
easures

m
ust

avoid
encroaching

into
navigational

channels,
and

m
ust

be
highly

resistant
to

intensive
boat

w
ake

and
potential

collision.
M

uch
forested

land
exists

alongside
both

banks,
both

on
and

off
M

W
R

D
C

property.
T

hese
areas

offer
proxim

al
variety

and
diversity

of
habitats,

although
linkage

and
connectivity

is
currently

poor
betw

een
the

w
aterw

ay
and

especially
the

south
bank,

w
hich

has
steep

vertical
banks

in
m

any
locations.

S
ite

C
onditions

N
ear

the
sam

ple
site,

the
w

aterw
ay

features
w

ell
vegetated

conditions
on

the
north

bank,
w

ith
relatively

stable
shoreline

conditions
in

m
ost

areas.
H

eavy
navigational

traffic
is

concentrated
near

the
north

bank
w

here
w

ater
depths

average
roughly

20
feet

in
the

m
ain

channel.
B

athym
etric

data
show

s
w

ater
depths

up
to

20
feet

near
th

e
north

bank,
w

ith
a

sloping
bottom

tapering
up

to
the

south
bank.

A
w

ide
zone

of
shallow

w
ater

insufficient
for

boat
traffic

exists
along

the
south

bank.
T

his
cross

section
is

typical
throughout

the
reach.

O
n

th
e

south
bank,

conditions
are

m
arked

as
concrete,

but
appear

in
im

ages
to

be
natural

lim
estone

of
relatively

low
height,

ranging
up

to
5

feet,
w

ith
a

w
ide

shallow
zone

sloping
tow

ard
the

m
ain

navigation
channel.

A
long

the
south

bank
riparian

vegetation
occupies

a
narrow

strip,
behind

w
hich

poor
soil

conditions
support

a
sparse

grow
th

of
grass

and
w

eeds.
H

ow
ever,

som
e

em
ergent

w
etlands

exist
in

patches
near

the
w

aterline.
In

som
e

areas,
cavities

that
form

ed
in

the
lim

estone
banks

appear
to

provide
sm

all
lunker-type

cavities
and

overhangs
on

the
south

bank.
T

he
bottom

conditions
throughout

th
e

reach
consist

of
poorly

consolidated
sedim

ents
and

flocculated
m

aterials
frequently

disturbed
by

boat
traffic.

T
he

w
ater

surface
is

highly
exposed

to
solar

radiation
w

ith
sparse

overhanging
vegetation.

B
ased

on
existing

inform
ation,

lim
iting

factors
are

recognized
as

frequent
very

high
energy

im
pacts

due
to

navigational
barge

traffic,
unconsolidated

and
undifferentiated

sedim
ents,

m
inim

al
overhanging

bank
and

shade
conditions,

and
lack

of
structure

for
shelter

and
other

functions.
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C
oncept

E
n
h
an

cem
en

t
E

lem
ents

R
ecom

m
ended

enhancem
ent

m
easures

include
Sunken

S
tructure,

A
rtificial

S
eaw

eed,
and

L
inear

Shallow
s

enhanced
by

a
storm

w
ater

m
anagem

ent
w

etland
designed

to
intercept

and
utilize

base
flow

and
treat

the
first

flush
of

storm
w

ater,
plus

added
riparian

reforestation.
Sunken

S
tructure

can
be

created
in

at
least

th
ree

possible
w

ays,
and

the
exact

m
ethod

w
ill

require
further

site
investigation

and

assessm
ent

of
other

issues
tied

to
w

ater
usage

and
m

aintenance
patterns,

as
w

ell
as

ow
ner

preferences.

O
ne

m
ethod

w
ould

involve
im

proving
existing

bank
cavities

o
rto

create
new

ones.
T

his
could

be

accom
plished

by
divers,

possibly
in

conjunction
w

ith
a

barge,
to

access
the

subm
erged

portions
of

the

south
bank.

Im
provem

ent
of

existing
cavities

can
be

accom
plished

by
enlarging

them
w

ith
various

tools

and
potentially

reinforcing
and

stabilizing
them

w
ith

underw
ater

grout.
N

ew
additional

cavities
could

be

created
by

using
a

jackham
m

er
to

carve
cavities

into
the

bank
m

aterial
in

new
locations.

Existing
banks

of
lim

estone
exhibit

hard
properties

capable
of

holding
cavity

form
s

for
long

periods.
A

second
m

ethod

is
to

create
aprons

of
riprap

to
elevate

structures
above

the
zone

of
unconsolidated

sedim
ent

and
to

apply
reclaim

ed
m

aterial
such

as
toilet

bow
ls

and
tanks

atop
the

apron
to

serve
as

a
cluster

of
cavities

for
fish

shelter.
G

iven
the

poor
public

visibility
of

the
site,

this
m

easure
w

ould
not

be
likely

to
instigate

any
illicitdum

ping
and

could
represent

an
inexpensive

and
resourceful

solution.
A

third
m

ethod
is

to

apply
concrete

box
culverts

or
pipes

atop
riprap

aprons
to

create
lunker

structures
along

the
steepest

and
d
eep

est
sections

of
the

south
bank,

or
alternately

positioned
a

short
distance

from
shore

w
ithin

the

w
ide

shallow
zone.

O
n

the
south

bank
at

both
sides

of
bridge,

aw
ay

from
the

storm
w

ater
outfalls,

A
rtificial

S
eaw

eed
w

ill
be

applied
on

a
total

of
330

linear
feet

of
bank.

T
he

m
ats

for
seaw

eed
w

ill
be

placed
along

the
existing

6’

contour
elevation

parallel
to

the
south

bank
approxim

ately
50

feet
from

the
bank

w
aterline.

In
this

m
anner

the
units

should
be

set
back

from
future

dredging
and

navigational
activity,

w
hile

form
ing

a

w
ide

protected
zone

behind
them

.
T

w
o

reaches
totaling

330
feet

in
length

of
sheltered

shallow

shoreline
w

ill
be

created
due

to
the

energy
dissipation

effect
of

the
seaw

eed.
Placing

A
rtificial

S
eaw

eed

elem
ents

near
the

m
iddle

zone
of

the
channel

w
here

they
serve

to
reduce

w
ave

reflection
and

prom
ote

rapid
stilling

of
a

w
ake

after
boats

pass
by

w
ill

initiate
additional

sedim
ent

consolidation,
stabilization,

and
sorting.

O
verall

energy
levels

w
ithin

the
reach

w
ill

be
reduced.

L
inear

Shallow
s

and
a

constructed
w

etland
w

ill
provide

shallow
aquatic

habitat
and

enhance
physical

characteristics
of

incom
ing

storm
w

ater.
L

inear
Shallow

s
w

ill
be

excavated
in

one
location

at
the

south

bank
in

proxim
ity

to
a

storm
w

ater
outfall

th
at

exhibits
base

flow
,

presum
ably

from
groundw

ater

discharge
along

a
culverted

stream
-course.

A
storm

w
ater

m
anagem

ent
basin

w
ill

be
constructed

in

order
to

m
anage

floatables
and

sedim
ent

th
at

are
typically

carried
by

urban
stream

s,
and

also
to

capitalize
on

a
source

of
base

flow
to

provide
m

oisture
to

support
hydric

soil
conditions

and
percolating

flow
to

the
L

inear
Shallow

s.
T

he
existing

culverted
stream

w
ill

be
outfitted

w
ith

a
box

forebay
equipped

w
ith

a
trash

screen
and

a
baffle

th
at

diverts
low

flow
s

through
an

excavated
basin

planted
w

ith
w

etland

species.
H

igh
flow

s
w

ill
continue

dow
n

the
culvert

and
w

ill
discharge

to
the

w
aterw

ay
using

the
existing

apron
at

the
outfall.

T
he

constructed
w

etland
w

ill
be

sized
and

planted
to

provide
first

flush
treatm

en
t

and
to

infiltrate
a

significant
portion

of
the

base
flow

th
at

enters
it.

It
is

highly
likely

th
at

the
infiltrated
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w
ater

is
significantly

cleaner
than

the
w

aterw
ay,

and
itw

ill
serve

to
flush

and
m

aintain
cool

tem
p
eratu

res
w

ithin
the

L
inear

Shallow
s.

T
he

area
betw

een
the

storm
w

ater
m

anagem
ent

w
etland

and
the

L
inear

Shallow
s

w
ill

be
planted

densely
w

ith
riparian

trees
to

prom
ote

shade
for

m
aintaining

cool
w

ater
tem

perature.
T

he
linear

shallow
s

w
ill

be
approxim

ately
100

feet
long

and
40

feet
w

ide
at

the
norm

al
w

ater
elevation.

T
he

target
depth

of
the

L
inear

Shallow
s

is
a

range
from

3
to

4
feet

in
order

to
prom

ote
cool

heavily
shaded

low
w

ave
energy

w
ater

conditions
w

ith
soft

but
consolidated,

organism
appropriate

soils.
T

he
intent

is
to

create
a

cool
w

ater
sheltered

refuge
w

ith
access

for
fish,

herptiles,
and

invertebrates.
A

t
one

end,
a

w
ater

opening
w

ith
a

baffle
structure

to
lim

it
w

ave
im

pact
w

ill
be

created
by

rem
oval

and
m

odification
of

bank
edge

m
aterial.

T
he

opening
to

the
L

inear
Shallow

s
w

ill
be

sheltered
by

artificial
seaw

eed
to

further
buffer

w
ave

im
pacts

to
achieve

low
energy

levels.
Signage

or
buoys

m
ay

be
used

to
indicate

the
position

of
A

rtificial
S

eaw
eed

and
Sunken

S
tructure

elem
ents

to
navigational

users
in

order
to

avoid
dam

age
to

enhancem
ent

m
easures

and
interference

w
ith

boat
operation.

H
abitat

E
n
h
an

cem
en

t
O

u
tco

m
es

M
easures

are
selected

to
create

reduced
energy

level
zones

for
fish

and
related

organism
s

to
use

as
sheltered

habitat
for

various
life

stages.
M

easures
are

positioned
in

order
to

m
inim

ize
im

pacts
to

navigation
and

to
establish

quiet
w

ater
zones

w
ithin

an
active

navigable
w

aterw
ay

w
ith

harsh
environm

ental
conditions.

T
he

m
ain

objective
is

to
establish

productive
physical

conditions
in

term
s

of
littoral

sedim
ent

suited
for

diverse
benthic

organism
s,

surface
area

for
algae,

m
icrobes,

and
invertebrates,

and
sheltered

w
ater

conditions
and

varied
fish

life
stages

and
species.

R
edirecting

and
infiltrating

w
ater

flow
ing

through
the

storm
w

ater
culvert

w
ill

m
aintain

w
ater

flow
and

tem
perature

regim
es

w
ithin

the
L

inear
Shallow

s
and

w
ill

allow
the

establishm
ent

of
up

to
five

acres
of

m
oist

soils,
w

hich
in

turn
hosts

an
array

of
flora

and
fauna

uncom
m

on
along

the
w

aterw
ays

system
.

G
ood

existing
levels

of
allochthonous

m
aterial

from
existing

and
new

adjacent
forest

leaf
litter

w
ill

then
becom

e
available

for
use

by
a

w
eb

of
aquatic

organism
s

th
at

previously
lacked

physical
habitat.

T
he

bank
area

partially
protected

by
A

rtificial
S

eaw
eed

is
expected

to
spontaneously

generate
som

e
aquatic

em
ergent

and/or
subm

erged
vegetation

due
to

w
ave

attenuation,
w

hich
in

turn
w

ill
prom

ote
juvenile

fish
populations

and
provide

w
ell

oxygenated
daytim

e
refugia

for
fish

during
hot

w
eather.

Sunken
S

tructure
w

ill
increase

diversity
and

quantity
of

physical
fish

habitat
for

m
ultiple

purposes
depending

on
design.

M
easures

are
dispersed

w
ithin

a
reach

approxim
ately

1000
feet

in
length

at
locations

th
at

are
best

adapted
to

their
installation

and
ongoing

perform
ance.
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S
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S

ite
99

B
ubbly

C
reek

H
abitat

E
n
h
an

cem
en

t
C

onstraints
and

O
p
p
o
rtu

n
ities

S
am

ple
Site

99
is

located
w

ithin
a

densely
urbanized,

partially
accessible,

and
som

ew
hat

visible
area

of
the

city
w

hich
is

undergoing
renew

al
and

redevelopm
ent.

T
here

is
an

increased
aw

areness
and

appreciation
of

the
w

aterw
ay,

w
hich

w
as

form
erly

used
for

the
disposal

of
slaughterhouse

w
astew

ater
and

other
problem

atic
discharges.

T
he

site
offers

opportunity
for

fish
habitat

im
provem

ent
w

hile
also

contributing
to

local
recognition

and
understanding

for
future

potential
fish

habitat
m

easures
and

outcom
es

elsew
here

in
the

system
.

W
ith

publicly
accessible

w
aterfront

areas
near

old
and

new
industrial

and
residential

areas,
com

bined
w

ith
very

high
vehicle

traffic
on

bridges,
the

site
provides

view
ing

opportunities
for

visible
and

appealing
fish

habitat
enhancem

ent
m

easures.
Signage

can
be

used
to

explain
and

docum
ent

fish
habitat

elem
ents,

thereby
not

only
upgrading

local
habitat

productivity,
but

also
generating

support
and

catalyzing
further

w
aterw

ay
stew

ardship
in

tandem
w

ith
ongoing

developm
ent.

B
ubbly

C
reek

is
understood

to
have

high
nutrient

loading
due

to
its

historic
use,

but
is

free
from

com
m

ercial
navigation

ow
ing

to
its

relatively
shallow

depth.
R

ecreational
boat

use
appears

to
be

on
the

rise
as

the
area

becom
es

valued
as

a
public

w
aterw

ay.

S
ite

C
onditions

T
he

reach
of

the
w

aterw
ay

near
the

sam
ple

site
features

vertical
banks

of
different

m
aterials

and
in

various
states

of
repair.

T
he

banks
typically

have
little

or
no

vegetation
above

the
w

all
structures.

T
here

are
lim

ited
portions

of
the

bank
th

at
support

vegetation,
w

hich
is

sparse
due

to
erosion

at
and

below
the

w
aterline,

and
these

are
narrow

strips
betw

een
the

w
aterline

and
buildings

or
paved

areas.
Som

e
new

ly
redeveloped

areas
of

the
bank

appear
to

be
shallow

sloped
soil

grassy
em

bankm
ents

w
ith

riprap
toe

treatm
en

t
at

the
w

aterline.
C

onditions
below

the
w

aterline
are

unknow
n.

S
torm

w
ater

discharge
pipes

are
located

at
frequent

intervals.
L

im
ited

bathym
etry

data
has

been
provided

that
indicated

th
at

depths
near

the
center

of
the

channel
are

betw
een

9
and

13
feet.

A
reas

along
the

banks
range

from
6

to
9

feet.
B

oattraffic
is

exclusively
recreational

and
the

reach
is

perhaps
the

least
trafficked

segm
ent

of
the

w
aterw

ays
system

studied.
A

quatic
habitat

exhibits
poor

physical
diversity

and
poor

productivity.
T

he
w

ater
surface

is
highly

exposed
to

solar
radiation

w
ith

little
overhanging

vegetation,
and

as
w

ith
other

w
aterw

ays
w

ithin
the

system
,

bridge
decks

are
the

m
ain

features
that

provide
shade.

B
ased

on
existing

inform
ation,

lim
iting

factors
are

recognized
as

poor
riparian

vegetation,
poor

shade,
lack

of
structure

for
shelter

of
various

types,
unconsolidated

and
undifferentiated

sedim
ents,

and
infrequent

and
low

-energy
im

pacts
from

sm
all

boats.

C
oncept

E
n
h
an

cem
en

t
E

lem
ents

R
ecom

m
ended

enhancem
ent

m
easures

include
Floating

V
egetation,

A
rtificial

S
eaw

eed,
C

ham
ber

R
evetm

ent,
and

V
egetated

R
evetm

ent
strategically

placed
to

take
advantage

of
existing

structures
and

adjacent
land

use.
To

capitalize
on

existing
potentially

positive
features

habitat
elem

ents
w

ill
be
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position
near

bridge
abutm

ents
and

w
ithin

coves,
w

hich
serve

to
provide

shelter
from

boat
traffic

and
w

hich
w

ill
not

conflict
w

ith
existing

or
likely

future
boating

activities.

Floating
V

egetation
is

to
be

established
using

tw
o

m
ethods,

each
suited

to
the

specific
location

w
here

it
w

ill
be

deployed,
in

order
to

m
inim

ize
cost

w
hile

m
axim

izing
useful

life.
In

areas
sheltered

from
direct

ice
or

boat
im

pact,
inexpensive,

structurally
m

inim
al

Floating
V

egetation
w

ill
be

assem
bled

from
geofabric

layers
w

ith
attached

sealed
foam

filled
pipes

for
buoyancy.

In
locations

along
the

creek
banks,

triangular
fabricated

m
odules

designed
to

be
highly

resistant
to

ice,
boat

w
ake,

and
vandalism

w
ill

be

used.
A

nchor
system

s
w

ill
be

designed
to

address
site

specific
conditions.

Floating
V

egetation
treatm

en
ts

w
ill

be
assem

bled
in

lengths
from

18
to

36
feet,

positioned
adjacent

to
the

bank,
and

w
ell

secured
to

the
bank

and
bed

using
tension

relief
system

s
such

as
buoys

to
m

inim
ize

stress
at

anchors.

V
egetation

shall
feature

low
m

aintenance
species

th
at

are
tolerant

of
saturated

hydrology
and

hydroponic
type

grow
ing

conditions,
and

th
at

produce
significant

underw
ater

root
system

s
for

fish

shelter,
as

w
ell

as
attractive

foliage
and

flow
ers

to
enhance

public
acceptance.

T
he

key
plant

species

used
are

expected
to

be
Iris

versicolor
(blue

flag
iris),

S
cirpus

validus
(soft

stem
bulrush),

and
Juncus

effusus
(soft

rush),
w

ith
shade-tolerant

S
parganium

and
C

arex
species

added
in

the
m

ost
shady

locations.
A

rtificial
S

eaw
eed

w
ill

be
placed

betw
een

existing
bridge

piers
in

order
to

create
sheltered

shallow
zones

passable
to

fish,
but

w
ith

m
inim

al
w

ater
circulation

shared
w

ith
the

m
ain

channel.
A

visually
appealing

scattering
of

Floating
V

egetation
w

ill
be

established
using

m
aterials

that
are

consistent
w

ith
boat

traffic
and

park
access

and
usage,

including
fishing.

Floating
V

egetation
geofabric

elem
ents

as
described

above
w

ill
be

added
to

prom
ote

aeration,
biological

filtration,
and

physical
habitat

from
the

underw
ater

root
zone

w
ithin

the
sheltered

zones.
V

egetated

R
evetm

ent
w

ill
be

applied
to

the
eroding

banks
w

ith
good

sun
access

in
the

vicinity
of

the
bridge

decks.

Plant
species

w
ill

include
C

arex
crinita

(fringed
sedge),

Iris
versicolor

(blue
flag

iris),Juncus
effusus

(soft
rush),

and
C

arex
stricta

(tussock
sedge),

and
L

eersia
oryzoides

(rice
cutgrass)

C
ham

ber
R

evetm
ent

w
ill

be
used

to
treat

the
shorter

eroding
bank

areas
m

ost
affected

by
shade

from
the

bridge
decks.

B
oth

types
of

revetm
ent

w
ill

include
polym

er
m

esh
cham

bers
rather

than
w

ire
m

aterials,
and

w
ill

be
filled

w
ith

a
rock

m
ix

featuring
a

m
ajority

of
scoria

to
m

axim
ize

porosity
because

high
density

rock
is

not

required
.

To
supplem

ent
coverage

by
both

types
of

revetm
ent,

riprap
toe

protection
w

ill
be

applied
for

bank
protection

of
surfaces

deeper
than

2
feet

below
norm

al
sum

m
er

w
ater

elevation.
A

dditionally
a

sm
all

scale
m

echanical
aeration

system
,

potentially
pow

ered
by

photovoltaic
cells

m
ounted

on
bridge

structures
w

ould
com

plem
ent

the
proposed

bank
and

in-stream
elem

ents
in

order
to

provide
a

consistent
level

of
oxygen

in
the

underbridge
areas

w
ith

high
oxygen

retention
capacity

due
to

high

shade,
w

hich
attracts

fish
and

provides
for

cooler
w

ater
tem

peratures.

H
abitat

E
n
h
an

cem
en

t
O

u
tco

m
es

H
abitat

elem
ent

selection
and

placem
ent

for
this

reach
of

w
aterw

ay
have

been
tailored

to
take

advantage
of

the
unique

shaded
and

sheltered
refuge

area
under

the
bridge

decks,
w

hich
appears

to
support

greater
potential

for
m

aintaining
cool

sum
m

er
w

ater
tem

p
eratu

res
com

pared
to

other
studied

reaches
w

ithin
the

system
.

W
ith

or
w

ithout
m

echanical
oxygenation,

the
proposed

m
easures

w
ill

help

11
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create
and

m
aintain

shaded,
cool

w
ater

refugia
w

ith
oxygen

levels
greater

than
in

surrounding
w

aters.
A

dditional
habitat

elem
ents

have
been

identified
to

be
placed

at
intervals

on
both

banks
of

the
creek

at
dispersed

locations
in

order
to

prom
ote

shelter
and

physical
diversity

w
ithin

the
channel

upstream
of

the
bridges,

and
dow

nstream
tow

ards
the

confluence
in

order
to

prom
ote

m
igration

and
access

for
fish

during
the

various
seasons

and
even

throughout
the

various
tim

es
of

the
day.

S
elected

m
easures

serve
com

plem
entary

functions
in

order
to

enhance
biological

and
physical

diversity
for

fish
and

benthic
organism

s.
W

ithin
the

Floating
V

egetation
underw

ater
root

zones,
shelter

and
oxygenation

from
photosynthesizing

plants
greatly

enhances
survival

and
developm

ent
ofjuvenile

fish.
T

he
enhancem

ent
elem

ents
w

ithin
the

reach
are

also
expected

to
attract

m
ature

fish
as

a
refuge

during
poor

w
ater

quality
and

high
tem

p
eratu

re
periods,

potentially
serving

as
a

crucial
resource

for
fish

survival,
thereby

im
proving

quantity
and

diversity
of

fish
species.

A
n

estim
ated

200
linear

feet
of

bank
in

total
w

ill
receive

Floating
V

egetation
elem

ents
of

one
type

or
another,

approxim
ately

100
linear

feet
of

C
ham

ber
R

evetm
ent

and
200

linear
feet

of
V

egetated
R

evetm
ent

w
ill

be
applied

on
the

left
bank,

and
an

estim
ated

330
linear

feet
of

A
rtificial

S
eaw

eed
w

ill
be

placed,
in

a
pattern

th
at

accom
m

odates
boat

m
ooring

spaces
and

existing
infrastructure.
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Chicago River Waterways Study (CAWS)
4/2009 Cosicept Level Habitat Enhaucecnent Measures Cost
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Sampit Silo Si.otpte Site 59

Sample Silo 46 43oad) Samiple SIte 99 (road)

Linear Shallow Total Coot ilte $103,325 $51,620
119 t?cy

Floating Vcaotstloa Total Coot site $53,095 $62,594
130 1,sI

AflIflc(*lS.awind TotatCootsi1c 5301)99 $103,999 $101,999
SI S/sf

Cbamboa Revotmoat Total Ceot tile $37,494 $18,747
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18
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SITE TOTALS

$112,415 *243.136 $247,061
$32,090 $3S.0 545.600 $41,660

$291,641

3144,495 5353,311 3393,099 3341,549

°This cost estimate was developed using available but
limitad cite information, current costS for lebor,
equipment, and materials, and concept level design of
habitat enhancement measures. The development of a
more detailed cost estimate based on complete
surface/subsurface survey and detailed site analysis
and design will represent a wore complete and
thorough evaluation of total sroject cost.”
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