
CHICAGO AREA WATERWAY SYSTEM HABITAT EVALUATION
AND IMPROVEMENT STUDY:

HABITAT EVALUATION REPORT

Prepared for:
The Metropolitan Water Reclamation District of Greater Chicago

January 4, 2010

jJJ
LimnoTth______________________________

J WaterjEnvironmentjScientistsl Engineers Ann Arbor, Michigan
www.limno.com

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



I I I I I

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



CHICAGO AREA WATERWAY SYSTEM HABITAT
EVALUATION AND IMPROVEMENT STUDY: HABITAT

EVALUATION REPORT

January 4, 2010

Prepared for the Metropolitan Water Reclamation District of Greater Chicago

Prepared by LimnoTech

In conjunction with:

Baetis, Inc.

Ecological Specialists, Inc.

With technical review by:

Dr. David Wahi

Professor University ofIllinois

Illinois Natural History Survey, Sectionfor Aquatic Ecology and Conservation

and

Dr. Kelly Wessell,

Assistant Professor, Tompkins Cortland Community College, New York

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



I I a
d I I I

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



Chicago Area Waterway System Habitat Evaluation and Improvement Study
Habitat Evaluation Report January 4, 2010

TABLE OF CONTENTS

1. Introduction 1

1.1 Report Structure 1
1.2 Study Objectives 2
1.3 Chicago Area Waterway System Overview 2

2. Habitat Evaluation Approach 17

2.1 Bioassessment Overview 17
2.2 Importance of Habitat Assessment 19
2.3 Available Approaches for Habitat Assessment 22
2.4 Review and Screening of Existing Indices 23
2.5 Methodology Used in This Study 28

3. Data Summary 35

3.1 Physical Habitat Data 35
3.2 Biotic Data 50
3.3 Water Quality Data 54

4. Assessment of Habitat Conditions in the CAWS 59

4.1 Summary of Physical Habitat Conditions 59
4.2 Navigation Impacts in the CAWS 88
4.3 Contrast Between CAWS and Natural Rivers 93

5. Description of Aquatic Biota in the CAWS 95

5.1 Fish 95
5.2 Macroinvertebrates 100

6. Habitat Data Analysis 103

6.1 Identification and Screening of Habitat Variables 103
6.2 Analysis of the Relationship Between Fish and Physical Habitat in the

CAWS 105
6.3 System-wide Comparison of Habitat with Fish 110
6.4 Relative Iniportance of Physical Habitat in the CAWS 120

7. Development of a CAWS Habitat Index 127

7.1 Objectives for the CAWS Habitat Index 127
7.2 Use of the CAWS Habitat Regression Equation 128
7.3 CAWS Habitat Index Development 129
7.4 Application of Habitat Index by Reach 135
7.5 Potential Limitations of the CAWS Habitat Index 139

LimnoTech Page I

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



Chicago Area Waterway System Habitat Evaluation and Improvement Study
Habitat Evaluation Report January 4, 2010

8. Summary of CAWS Habitat Evaluation 141

8.1 Major Conclusions 141
8.2 Summary of Key Habitat Variables 142
8.3 Relative Importance of Physical Habitat in the CAWS 143
8.4 Other Relevant Habitat Considerations 143

9. References 145

LimnoTech Page ii

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



Chicago Area Waterway System Habitat Evaluation and Improvement Study
Habitat Evaluation Report January 4, 2010

USTOFFOGURES

Figure 1-1: The Chicago Area Waterway System Habitat Evaluation and
Improvement Study Area 3

Figure 1-2: North Shore Channel Construction, 1910 (Chicago Daily News) 5
Figure 1-3: North Shore Channel, 2008 6
Figure 1-4: Northern Segment of North Branch Chicago River, 2008 6
Figure 1-5: Southern Segment of North Branch Chicago River, 2008 7
Figure 1-6: Chicago River, 1929 8
Figure 1-7: The Chicago River, 2008 8
Figure 1-8: The South Branch Chicago River, 2008 9
Figure 1-9: Bubbly Creek, 1902 (University of Illinois at Chicago) 10
Figure 1-10: Bubbly Creek, 2008 10
Figure 1-11: The Chicago Sanitary and Ship Canal under Construction, Santa Fe

Railroad Bridge at Lemont, October 18, 1899 11
Figure 1-12: The Chicago Sanitary and Ship Canal in 2008 12
Figure 1-13: The Cal-Sag Channel under Construction, 1914 13
Figure 1-14: The Cal-Sag Channel in 2008 13
Figure 1-15: The Little Calumet River in 2008 14
Figure 1-16: Construction and Modification History of the CAWS 15
Figure 2-1: Key Factors Related to Health of Aquatic Systems (from Karr and Yoder,

2004) 18
Figure 2-2: Relationship of Biological Response to Increasing Condition Stressors

(from EPA, 2005) 19
Figure 2-3: CAWS Habitat Index Development Process 30
Figure 3-1: Habitat and Biota Sampling Stations in the CAWS 37
Figure 3-2: Example of Aerial Photography Used in the CAWS Habitat Evaluation

and Improvement Study (Note: This figure shows the Webster Avenue
Aeration Station in operation) 40

Figure 3-3: Example of Side Scan Sonar Imagery from the CAWS, Overlain on
Aerial Imagery (Imagery Collected in Upper North Branch of the
Chicago River) 43

Figure 3-4: Bathymetric Data Used in the CAWS Habitat Evaluation and
Improvement Study 44

Figure 3-5: Example of CAWS Bathymetric Data in GIS 45
Figure 3-6: Examples of Manmade Structures (Dolphins) on the Chicago Sanitary and

Ship Canal Near AWQM 41 50
Figure 3-7: Annual Water Quality Monitoring (AWQM) Stations and Continuous

Dissolved Oxygen Monitoring (CDOM) Stations in the CAWS 55
Figure 4-1: Dominant Deep Substrate (DOM_D) at CAWS Sampling Stations 62

LimnoTech Page iii

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



Chicago Area Waterway System Habitat Evaluation and Improvement Study
Habitat Evaluation Report January 4, 2010

Figure 4-2: Dominant Shallow Substrate (DOM_S) at CAWS Sampling Stations 63
Figure 4-3: Submerged Aquatic Macrophyte Cover (%) in CAWS, 2008 67
Figure 4-4: Overhanging Cover (%) in CAWS, 2008 67
Figure 4-5: Channel Cross-Sectional Area at CAWS Sampling Stations 72
Figure 4-6: Maximum Channel Depth at CAWS Sampling Stations 73
Figure 4-7: Major Hydrologic Structures and Flow Sources on the CAWS 76
Figure 4-8: Average Flow Rate at CAWS Sampling Stations 79
Figure 4-9: Average Velocity at CAWS Sampling Stations 79
Figure 4-10: Percent Riparian Vegetation at CAWS Sampling Stations 84
Figure 4-11: Bank Pocket Areas in CAWS Sampling Reaches 85
Figure 4-12: “Off-Channel Bays” in CAWS Sampling Reaches 85
Figure 4-13: Commercial Navigation Through the CAWS, as Indicated by Tonnage.89
Figure 4-14: Commercial Navigation Through the CAWS 90
Figure 5-1: Non-Hybrid Fish Observations in CAWS Study Area, 2001-2007 97
Figure 5-2: Total Number of Individuals (Non-Hybrids) Observed in CAWS Study

Area, 2001-2007. (NOTE: the left-hand axis corresponds to the black
bars and the right-hand axis corresponds to the blue bars) 98

Figure 6-1: Process Used to Reduce the Set of Habitat Variables for Analysis with
Fish Data 104

Figure 6-2: Comparison of 2008 Secchi Measurements with 2008 Turbidity
Measurements 109

Figure 6-3: Plot of CAWS Six-Variable Habitat Regression Model with 200 1-2007
Fish Data 116

Figure 6-4: Normal Probability Plot of Regression Residuals for the Selected Six-
Variable CAWS Habitat Regression with Fish Data 117

Figure 6-5: Scatter Plot of Regression Residuals vs. Fitted Values for the Six-
Variable CAWS Habitat Regression 118

Figure 6-6: Comparison of the CAWS Habitat Regression Model with 2008 Fish
Data 119

Figure 6-7: Comparison of the CAWS Habitat Regression Model with Averaged Fish
Data (2001 — 2008) 120

Figure 6-8: Comparison of Regression Residuals with Variation in Metrics Calculated
Using Fish Data from 2001-2007 and 2008 121

Figure 6-9: Comparison of Regression Residuals with Percent of Time Dissolved
Oxygen Less Than 5 mg/L 123

Figure 7-1: CAWS Habitat Index Compared to Average (200 1-2008) Combined Fish
Metric for Each Sampling Station 134

Figure 7-2: Results of CAWS Habitat Index Scoring for Major CAWS Reaches. ...138

LimnoTech Page iv

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



Chicago Area Waterway System Habitat Evaluation and Improvement Study
Habitat Evaluation Report January 4, 2010

UST OF TABLES

Table 1-1: Construction and Modification History of the CAWS (Greenberg, 2002;
Hill, 2000; Ramey, 1953; Solzman, 2006) 4

Table 2-1: Essential Habitat Assessment Index Components (Rankin, 1995) 20
Table 2-2: Summary of Major Large River Habitat Assessment Protocols

(Flotemersch et al., 2006) 23
Table 2-3: Comparative Summary of Major Large River Habitat Assessment

Protocols (Flotemersch et al., 2006) 25
Table 2-4: Summary of Existing Habitat Protocol Review 27
Table 2-5: Fish Metrics Used in This Study 33
Table 3-1: CAWS Fish Sampling Events Used in This Study 52
Table 3-2: CAWS Macroinvertebrate Sampling Events Used in This Study 53
Table 4-1: Comparison of Rankin Habitat Assessment Components to

CAWS Habitat Description 60
Table 4-2: Habitat Limitations in the CAWS Related to Sediment and Substrate 65
Table 4-3: Habitat Limitations in the CAWS Related to In-Stream and

Overhanging Cover 69
Table 4-4: Summary of Reach Sinuosity in the CAWS 71
Table 4-5: Habitat Limitations in the CAWS Related to Geomorphology 74
Table 4-6: Summary of Major Flows Into and Out of the CAWS 78
Table 4-7: Habitat Limitations in the CAWS Related to Hydrology (after Bunn and

Arthington, 2002) 81
Table 4-8: Bank Modification in the CAWS, by Reach 83
Table 4-9: Habitat Limitations in the CAWS Related to Bank and Riparian

Condition 87
Table 5-1: CAWS Fish Sampling Events, 2001 — 2008 (the numbers in the table

represent species richness and total number of individuals in
parentheses) 96

Table 5-2: Selected CAWS Fish Metrics 100
Table 6-1: Final Set of Habitat Variables for Regression with Fish Data 105
Table 6-2: Selected CAWS Fish Metrics 107
Table 6-3: Final Habitat Variables Used in Multiple Linear Regression with

Fish Data 113
Table 6-4: Summary of Regression Models for System-Wide Comparison of Fish

and Habitat Data for 2001 — 2007 114
Table 6-5: Standard Deviation of the Combined Fish Metric at District Sampling

Stations 122
Table 7-1: Habitat Variables and Coefficients Used in CAWS Habitat Index 131
Table 7-2: Values of Habitat Variables Assigned to CAWS Stations for Index

Development 132

LimnoTech Page v

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



Chicago Area Waterway System Habitat Evaluation and Improvement Study
Habitat Evaluation Report January 4, 2010

Table 7-3: Comparison of Regression Coefficient Used in CAWS Habitat Index
Development with Other Habitat Indices 134

Table 7-4: Basis for Determining Reach-Wide Values of Key Habitat Variables. ... 135
Table 7-5: Values of Key Habitat Variables Assigned to Major CAWS Reaches. ...136
Table 7-6: Worst Case and Best Case Values Assigned to Habitat Variables for

Normalization of CAWS Habitat Index 137
Table 7-7: CAWS Habitat Index Scores for Major Reaches 139

LimnoTech Page vi

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



Chicago Area Waterway System Habitat Evaluation and Improvement Study
Habitat Evaluation Report January 4, 2010

LUST OF APPENDICES

Appendix A: Report on the Selection of Fish Metrics for the CAWS Habitat
Evaluation and Improvement Study

Appendix B: Technical Memoranda Describing Macroinvertebrate Data (Baetis,
Inc.)

Appendix C: Analysis of the Relationship between Fish and Water Quality in the
CAWS

Appendix D: Analysis and Screening of Habitat Data

Appendix E: Habitat Variable Tables and Screening Rationale

LimnoTech Page vii

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



Chicago Area Waterway System Habitat Evaluation and Improvement Study
Habitat Evaluation Report January 4, 2010

LimnoTech Page viii

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



Chicago Area Waterway System Habitat Evaluation and Improvement Study
Habitat Evaluation Report January 4, 2010

EXECUTPIE SUMMARY

This report documents a study of aquatic habitat in the Chicago Area Waterway
System. The Chicago Area Waterway System Habitat Evaluation and Improvement
Study (the Study) was conducted by LimnoTech under contract to the Metropolitan
Water Reclamation District of Greater Chicago. The Study objectives addressed in
this report are as follows:

Determine physical habitat characteristics for all reaches of the CAWS, using
applicable physical habitat metrics and data collected from the CAWS.

• Use a multi-metric habitat index to evaluate physical habitat conditions in the
CAWS.

o Use physical habitat data and the above multi-metric index to assess the
relative importance of physical habitat to fish in the CAWS.

• Determine, to the extent possible with the data and analysis developed in this
Study, a system of classifying or categorizing reaches within the CAWS
according to their physical habitat.

Detailed physical habitat data were collected and the entire CAWS Study area was
characterized. A number of physical habitat impairments were identified and have
been described in this report. The major conclusions drawn from the habitat
evaluation and data analysis conducted in this study are:

o Aquatic habitat is inherently limited in the CAWS by the system’s form and
function. Habitat in the CAWS is significantly limited by the design of the
CAWS, most of which is manmade. The manmade reaches of the CAWS were
built to support wastewater effluent conveyance and commercial navigation.
The reaches that were once natural streams have been heavily modified to
serve these purposes and the changes are unlikely to be reversed as long as the
CAWS needs to serve these functions. The form and uses of the CAWS
impose severe limitations on physical habitat in the system.

• Physical habitat is more important to fish in the CAWS than dissolved
oxygen. When key physical habitat variables and dissolved oxygen metrics
are statistically compared to fish data collected between 2001 and 2008 in the
CAWS, it is apparent that habitat is much more important to fish than
dissolved oxygen. Multiple linear regression shows that the dominant habitat
variables identified in this study had an r-squared of 0.48 with fish, indicating
that these habitat variables explain as much as 48%, or about half, of the
variability in the fish data.

• The ability of physical habitat to explain about half of the variability in fish
data is excellent, considering the natural variability in the fish data itself. As
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stated above, about half of the variability in fish data in the CAWS is
explained by physical habitat, in particular certain key habitat variables
identified in this study. Of the half of fish data variability not explained by the
key habitat variables, most is explainable by natural variation in the fish data
from one sampling event to another at each location. In other words, fish
samples exhibit large temporal variability at any given location in the CAWS
and when the portion of fish data variability not explained by habitat is
statistically analyzed, it is most related to the variation at sampling locations
over time, independent of habitat changes.

Dissolved oxygen is relatively poor at explaining variability in fish data in the
CAWS. Dissolved oxygen does not, for the most part, have a statistically
significant relationship with fish in the CAWS. Various measures of dissolved
oxygen were tested, including compliance with existing and proposed water
quality standards, average and minimum DO, and percent of time below
various DO concentration thresholds. The strongest relationship identified
between any of these metrics and the combined fish metric had an r-squared
value of 0.27, which is about half as good as the key habitat variables
identified in this study. The other four DO measures tested had r-squared
values ranging from 0.02 to 0.08. This indicates that physical habitat, not
water quality, is the most limiting factor for fish in the CAWS today.

Six key habitat variables were identified through a process of sequentially reducing
the habitat variables and ultimately through multiple linear regression with CAWS
fish data. This process identified the following key physical habitat attributes as being
critically important to fish in the CAWS:

Maximum depth of channel

° Off-channel bays

• Percent of vertical wall banks in reach

• Percent of riprap banks in reach

• Manmade structures in reach

• Percent macrophyte cover in reach

Statistical analysis of habitat data with fish data from the CAWS showed that 48% of
the variability of fish data collected from 2001 — 2007 can be explained by these key
habitat variables. DO alone can only explain between 2% and 27% of the variability
in the same fish data set.

LimnoTech Page ES-2
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The relative importance of physical habitat to fish in the CAWS was determined
through statistical analysis of habitat, fish, and water quality data. Addition of a key
water quality metric (percent of time dissolved oxygen is less than 5 mg/L) in the
multiple linear regression with the key habitat variables only increased the
explanatory power of the regression by only 4%.

A CAWS-specific habitat index was created using the six key habitat variables
identified in this Study along with other important variables. The CAWS—specific
habitat index was used to score individual sampling stations as well as the major
reaches in the CAWS, in order to determine whether the findings of this Study can
help classify the reaches according to the physical habitat variables that are most
important to fish in the CAWS. When applied to fish data averages over the period of
2001 — 2008, the CAWS habitat index compared well (r2 = 0.48), indicating that the
index is good indicator of habitat suitability for fish in the CAWS.
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1. INTRODUCTIION

This report documents a study of aquatic habitat in the Chicago Area Waterway
System. The Chicago Area Waterway System Habitat Evaluation Study (the Study)
was conducted by LimnoTech under contract to the Metropolitan Water Reclamation
District of Greater Chicago (the District).

1.1 REPORT STRUCTURE

This report is structured to present the Study in a logical, explanatory manner and to
facilitate its use by readers with a range of technical backgrounds. The major sections
of the report are as follows:

Section 1: Introduction — This section presents the Study objectives and an
introduction to the CAWS.

o Section 2: Habitat Evaluation Approach — This section provides an overview
of the approach used in this Study and the scientific rationale for that
approach.

• Section 3: Data Summary — Section 3 describes the types, sources, and
quantities of data used in this Study.

• Section 4: Description of Habitat Conditions in the CAWS — This section
provides a summary description of the physical conditions in the CAWS that
are relevant to physical habitat evaluation, based on observations and the data
described in Section 3.

• Section 5: Description of Aquatic Biota in the CAWS — This Section
summarizes existing aquatic life in the CAWS, based on the data used in this
Study, focusing on fish and macroinvertebrates.

• Section 6: Habitat Data Analysis — Section 6 discusses the process used to
identify key habitat variables in the CAWS, through a systematic review and
reduction of potential variables. It also presents the analysis of fish and habitat
data from the CAWS, to identify the most significant habitat variables to
fisheries and to understand the relative importance of physical habitat, as
compared to other factors such as water quality.

o Section 7: Development of a CAWS Habitat Index — Section 7 presents the
development of a system-specific habitat index for the CAWS, based on the
results of the analysis presented in Section 6.

o Section 8: CAWS Habitat Evaluation Summary — Section 8 presents a
summary of the key findings of habitat evaluation conducted in this Study.

LimnoTech Page 1
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1.2 STUDY OBJECTIVES

This Study was undertaken, in part, to better understand the current state of aquatic
habitat in the CAWS and to identify key habitat impairments, particularly with
respect to fish. The key objectives of the habitat evaluation portion of the Study are as
follows:

o Determine physical habitat characteristics for all reaches of the CAWS, using
applicable physical habitat metrics and data collected from the CAWS.

• Use a multi-metric habitat index to evaluate physical habitat conditions in the
CAWS.

• Use physical habitat data and the above multi-metric index to assess the
relative importance of physical habitat to fish in the CAWS.

o Determine, to the extent possible with the data and analysis developed in this
Study, a system of classifying or categorizing reaches within the CAWS
according to their physical habitat.

1.3 CHICAGO AREA WATERWAY SYSTEM OVERVIEW

As the name implies, the Chicago Area Waterway System (CAWS) is a system of
waterways in the vicinity of the Chicago metropolitan area (Figure 1-1), used
primarily for conveyance of treated municipal wastewater, commercial navigation,
and flood control. The overall length of the CAWS is approximately 78 miles, of
which about 75 percent are manmade canals (District, 2008). The rest are formerly
natural streams that have been dredged, straightened, widened, realigned, and
otherwise modified to facilitate the uses listed above. The construction and
modification history of the reaches of the CAWS are summarized in Table 1-1.

LimnoTech Page 2
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Table 1-1: Construction and Modification History of the CAWS (Greenberg,
2002; Hill, 2000; Ramey, 1953; Solzman, 2006)

Waterway Length (mi) Construction History

North Shore Channel 7.7 Completely manmade; excavated 1907-1 910

North Branch Chicago 7.8 Straightened, widened, deepened; 1904
River onward

North Branch Canal 1.1 Completely manmade; excavated 1 850s

Chicago River 1.6 Mouth modifications; widened, deepened;
focus of development since time of first
settlement; flow reversed; modifications 1816-
1939

South Branch Chicago 4.6 Straightened, widened, deepened; flow
River reversed; major straightening in 1928-29;

West Fork completely filled in 1920-1930s

Bubbly Creek 1.5 Straightened, widened, deepened, rerouted,
tributaries filled; 1 860s-1 920s

Chicago Sanitary and 31.3 Completely manmade; excavated 1892-1900
Ship Canal

Calumet-Sag Channel 16.1 Completely manmade; excavated 1911-1922;
widened in 1960s

Little Calumet River 6.1 Straightened, widened, deepened; flow
reversed; modifications started in the 1870s

Just as the origin of natural rivers is important to understanding their physical habitat,
it is equally important to understand the origin of the CAWS. As stated previously,
most of the CAWS are excavated channels for conveyance of wastewater effluent and
navigation, and these continue to be the primary purposes for which the CAWS are
maintained today. The reaches that were originally natural streams or rivers have
been so extensively altered that they bear little or no resemblance to their original
condition. Brief summaries of each of the major reaches of the CAWS are provided
below.

1.3.1 North Shore Channel

The northernmost segment of the CAWS is the North Shore Channel, which extends
from Lake Michigan at Wilmette Harbor in Wilmette to the confluence with the
North Branch Chicago River near Foster Avenue in Chicago and was constructed
between 1907 and 1910 (see Figure 1-2). The North Shore Channel was designed to
increase flow for dilution and flushing of wastewater in the North Branch Chicago
River by connecting it to Lake Michigan. The Channel consists of relatively straight
segments (see Figure 1-3) and is approximately 7.7 miles long, 90 feet wide, and 5 to
10 feet deep. Pumps at the Wilmette Pumping Station convey water from Lake
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travel
tim

e
up

the
river.

T
he

land
isolated

by
the

construction
of

the
canal

is
now

know
n

as
G

oose
Island.

T
he

N
orth

B
ranch

C
anal

is
80

to
120

feet
w

ide
and

4
to

8
feet

deep.

1.3.4
C

h
icag

o
R

iver

T
he

I .6-m
ile

C
hicago

R
iver

extends
from

L
ake

M
ichigan

w
est

to
the

confluence
of

the
N

orth
B

ranch
C

hicago
R

iver
and

the
South

B
ranch

C
hicago

R
iver

(Figures
1-6

and
1-7).

T
he

m
outh

of
the

C
hicago

R
iver

w
as

m
odified

as
early

as
1816

(H
ill,

2000)
and

river
redesign

continued
through

the
1
9

t
t
i

century
as

w
astew

ater
and

drainage
flow

s
increased.

M
odifications

included
deepening,

straightening,
w

idening,
and

channelization.
T

he
C

hicago
R

iver
originally

flow
ed

into
L

ake
M

ichigan,but
w

ith
the

com
pletion

of
the

C
hicago

Sanitary
and

Ship
C

anal
in

1900
(see

below
),

flow
w

as
reversed.

T
he

C
hicago

R
iver

L
ock

&
C

ontrolling
W

orks
began

operating
in

1939
to

control
the

flow
of

L
ake

M
ichigan

w
ater

into
the

C
hicago

R
iver.

T
he

C
hicago

R
iver

is
200

to
400

feet
w

ide
w

ith
m

ostly
vertical

w
alled

sides
and

is
20

to
26

feet
deep.

L
im

noT
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F
igure

1-6:
C

hicago
R

iver,
1929.

F
igure

1-7:
T

he
C

hicago
R

iver,
2008.
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1.3.5
S

o
u

th
B

ran
ch

C
h

icag
o

R
iver

T
he

S
outh

B
ranch

C
hicago

R
iver

(F
igure

1-8)
is

approxim
ately

4.6
m

iles
long

and
flow

s
w

est-southw
est

from
the

confluence
of

the
C

hicago
R

iver
and

the
N

orth
B

ranch
C

hicago
R

iver.
A

lthough
it

generally
follow

s
its

original
course,

m
ajor

straightening
and

channelization
of

the
S

outh
B

ranch
to

facilitate
navigation

occurred
betw

een
1928

and
1930.

L
ike

the
C

hicago
R

iver,
the

S
outh

B
ranch

originally
flow

ed
tow

ard
L

ake
M

ichigan
but

its
flow

w
as

reversed
w

ith
the

com
pletion

of
the

C
hicago

S
anitary

and
S

hip
C

anal.
T

he
W

est
F

ork
of

the
S

outh
B

ranch
w

as
com

pletely
filled

in
the

1920s
and

1930s
(H

ill,
2000).

T
he

S
outh

F
ork

of
the

S
outh

B
ranch

exists
today

and
is

described
below

.
T

he
S

outh
B

ranch
is

generally
betw

een
200

and
250

feet
w

ide
and

its
depth

ranges
from

15
to

20
feet.

1.3.6
S

o
u
th

F
ork

of
th

e
S

o
u

th
B

ran
ch

C
h
icag

o
R

iver
(B

ubbly
C

reek)

T
he

S
outh

F
ork

of
the

S
outh

B
ranch

C
hicago

R
iver

(F
igures

1-9
and

1-10)
is

a
tributary

to
the

S
outh

B
ranch

and
is

approxim
ately

1.5
m

iles
long.

T
he

S
outh

F
ork

has
been

know
n

as
B

ubbly
C

reek
for

m
ore

than
a

century
because

it
received

w
astes

from
the

C
hicago

stockyards
starting

in
the

second
half

of
the

l9
century

and
the

decom
posing

organic
w

aste
on

the
bed

of
the

creek
created

gases
that

bubbled
to

the
surface.

In
1866

the
U

nion
S

tock
Y

ards
w

ere
located

on
the

S
outh

F
ork

to
centralize

disposal
of

slaughterhouse
w

astes
as

a
public

health
m

easure.
B

ubbles
from

gas
production

in
the

sedim
ents

are
still

visible
today.

P
ortions

of
B

ubbly
C

reek
have

been
straightened

and
channelized

over
tim

e
and

the
arm

s
of

B
ubbly

C
reek

w
ere

filled
in

the
1910s

and
1920s.

B
ubbly

C
reek

originally
drained

w
etlands

south
of

the
C

ity,
but

the
only

flow
s

it
receives

today
are

urban
storm

w
ater

and
occasional

F
igure

1-8:
T

he
S

outh
B

ranch
C

hicago
R

iver,
2008.
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com
bined

sew
er

overflow
from

the
R

acine
A

venue
Pum

ping
Station.

Itis
betw

een
100

and
200

feet
w

ide,
w

ith
an

average
depth

of
10

feet.

F
igure

1-9:
B

ubbly
C

reek,
1902

(U
niversity

of
Illinois

at
C

hicago).

F
igure

1-10:
B

ubbly
C

reek,
2008.
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1.3.7
C

hicago
S

anitary
and

S
hip

C
anal

T
he

C
hicago

Sanitary
and

Ship
C

anal
(C

SSC
)

w
as

constructed
betw

een
1892

and
1900

w
ith

the
specific

intention
of

reversing
flow

from
the

C
hicago

R
iver

system
.

W
astew

ater
discharges

and
urban

drainage
from

C
hicago

flow
ed

into
L

ake
M

ichigan
prior

to
that

tim
e

and
had

grow
n

to
threaten

the
C

ity’s
drinking

w
ater

intakes
in

the
L

ake.
T

he
31.3

m
ile

C
SSC

w
as

constructed
to

drain
the

C
hicago

R
iver

system
and

the
C

ity’s
effluent

w
estw

ard,
aw

ay
from

L
ake

M
ichigan

to
the

D
es

Plains
R

iver.
T

he
C

S
S

C
com

pletes
a

com
m

ercial
navigational

w
aterw

ay
connecting

L
ake

M
ichigan

to
the

M
ississippi

R
iver.

N
ear

the
southern

term
inus

of
the

C
SSC

is
the

L
ockport

P
ow

erhouse
and

L
ock,just

upstream
of

the
confluence

of
the

C
SSC

w
ith

the
D

es
P

laines
R

iver.
T

he
C

SSC
is

a
generally

straight
canal

w
ith

a
few

m
ajor

bends.
Its

w
idth

varies
betw

een
160

and
300

feet
and

its
depth

varies
betw

een
20

and
27

feet
over

m
ost

of
its

length.
Portions

of
the

C
SSC

w
ere

excavated
into

bedrock
(see

Figures
1-11

and
1-12).

F
igure

1-11:
T

he
C

hicago
S

anitary
and

S
hip

C
anal

u
n

d
er

C
onstruction,

S
anta

Fe
R

ailroad
B

ridge
at

L
em

ont,
O

ctober
18,

1899

(C
hicago

H
istorical

S
ociety, T

he
E

lectronic
E

ncyclopedia
of

C
hicago,2005).
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1.3.8
C

alum
et-S

ag
C

hannel

T
he

16.1
m

ile
C

alum
et-S

ag
(C

al-S
ag)

C
hannel

(C
S

C
)

is
a

m
anm

ade
canal

constructed
betw

een
1911

and
1922

to
reverse

the
flow

of
the

C
alum

et
R

iver
aw

ay
from

L
ake

M
ichigan,

w
estw

ard
to

the
D

es
P

laines
R

iver
(F

igures
1-13

and
1-14).

T
he

C
S

C
w

as
excavated

through
lim

estone
and

bedrock
(H

ill,
2000).

U
pon

com
pletion,

the
C

S
C

connected
the

L
ittle

C
alum

et
R

iver
to

the
C

S
S

C
.

It
w

as
w

idened
in

the
I960s

to
im

prove
navigation.

T
oday,

the
C

S
C

is
approxim

ately
225

feet
w

ide
and

10
feet

deep.

F
igure

1-12:
T

he
C

hicago
S

anitary
and

S
hip

C
anal

in
2008.
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.‘-
_
_
_
_
)

/.—
.,.

w
—

,
—

1

!.•
-—-

7..

F
igure

1-13:
T

he
C

al-S
ag

C
hannel

under
C

onstruction,
1914

(C
hicago

H
istorical

S
ociety,T

he
E

lectronic
E

ncyclopedia
of

C
hicago,

2005).

i
•

•
•

-
•

F
igure

1-14:
T

he
C

al-S
ag

C
hannel

in
2008.
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1.3.9
L

ittle
C

alu
m

et
R

iver

O
riginally

a
reach

of
the

G
rand

C
alum

et
R

iver,
the

6.1
m

ile
L

ittle
C

alum
et

R
iver

(Figure
1-15)

underw
ent

m
ajor

hydrologic
m

odifications
beginning

in
the

1870s.
Flow

from
the

G
rand

C
alum

et
R

iver
w

as
diverted

into
the

w
idened,

straightened,
and

deepened
L

ittle
C

alum
et

R
iver.

W
ith

the
com

pletion
of

the
C

alum
et-Sag

C
hannel

and
the

B
lue

Island
C

ontrolling
W

orks
(operational

from
1922

to
1965)

the
flow

of
the

L
ittle

C
alum

etR
iver

w
as

reversed
to

flow
w

estw
ard

into
the

C
alum

et-Sag
C

hannel.
T

he
L

ittle
C

alum
et

R
iver

is
betw

een
250

and
350

feet
w

ide
and

is
approxim

ately
12

feet
deep.

T
he

construction
and

m
odification

of
the

C
A

W
S

is
sum

m
arized

in
Figure

1-16.

F
igure

1-15:
T

he
L

ittle
C

alum
et

R
iver

in
2008.
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-

CA
W

S
W

aterw
ays:

-::
C

onstruction
&

M
odification

-
-

4
N

odhS
ho

C
h
n
n

el
k

Sum
m

ary
ofm

an-m
ade

man-
m

acte
w

atefw
ayconstrucbon

-

C
onstnicted

1907-1910
and

stream
m

odification
.

L
L

ake
M

ichigan

o
1

2
3

_
_
_
_
_

I
V

V

jj
U

innoT
ech

-
-
-

B
ranch

Com
pletely

m
anm

ade

_
_

_
_

_
_

_
_

V

C
hicagoR

iver
Excavated

in
I80s

-
S

aightened,w
dened

_
_
_
_
_
_
_
_

V
.

anddeepened

—

V

V
C

hicago
V

V
.

_
_
_
_
_
_
_
_

‘
-

C
hicago

R
iver

I
V

-
-

t
H

eaw
ly

m
odified.

(
V

.
V

V

V
•

reversed
flow

V
,
V

V

V

V

1
4

.G
’*

,i
1/

e
n
d

;
i

S
vaghtened,

C
hicago

Sarnt:ry
and

Ship
C

anal
B

ubbly
C

reek
reversed

flow

_
_

_

/
vi..—

-—
.

•
—

V

+
:
V

V
’

/
C

alum
et-Sag

C
ham

iel
V

-
-

1
Com

pletely
m

an-m
ade

.
.

c
L

._
-

—
.
—

.
-
-
-
—

-
—

-
—

-i
C

onstructed
1911-1922

V

-

_4j

-

V

v
%

q

-p

R
eroutedV

reversedflow

-

.
_—4’

-

—
-

—
-

—

L
_

J.

F
igure

1-16:
C

onstruction
and

M
odification

H
istory

of
the

C
A

W
S

.
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2. HABKTAT EVALUATION APPROACH

Because the objectives of this Study focused on understanding the importance of
physical habitat to aquatic life in the CAWS and on identifying which particular
habitat factors are relatively more important than others, it was logical to use
bioassessment as the basis for the study. As stated in recent technical guidance
published by the United States Environmental Protection Agency (USEPA):

“The aquatic life of streams and rivers (fish, insects, plants, shellfish, amphibians,
etc.) integrates the cumulative effects of multiple stressors generated by both
point source and non-point source (NPS) pollution. Bioassessments, consisting of
surveys and other direct measures of aquatic life, are the most effective way to
measure the aggregate impact of these stressors of waterbodies. Bioassessments
allow evaluation of the biological integrity of a waterbody...” (Flotemersch et al.,
2006)

This approach was especially relevant in light of current proposals for modification of
the water quality standards for the CAWS and the designated aquatic life uses that are
part of those proposed standards. This section provides a brief background on the
history, use, and applicability of bioassessments in ecological evaluation of surface
waters and describes the general methodology used in this study.

2.1 BIOASSESSMENT OVERVIEW

Bioassessments are used by water quality management agencies in their establishment
of water quality standards, assessment of designated use attainment, evaluation of the
effectiveness of mitigation and restoration activities and as a contributor to the Total
Maximum Daily Load (TMDL) process (Flotemersch et al., 2006). Bioassessments
more accurately detect and identify water quality conditions and sources of
impairment, however it appears that the designation of impairment through many
regulatory programs do not necessarily identify the pollutant or stressor causing the
impairment (D’Ambrosio et al., 2009).

Although surface water body regulation often focuses on water quality, there are
other key factors that must be considered when evaluating the health of aquatic
ecosystems. These key factors combine to form the biological integrity and ecological
health of a system (Karr, 1995; Rankin, 1995; Karr and Yoder, 2004) and are at the
interface of anthropogenic stressors and aquatic biota (Figure 2-1).
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Human activity: Altered water
the drivers” resource features

Biological
endpoint

Figure 2-1: Key Factors Related to Health of Aquatic Systems (from Karr and
Yoder, 2004).

Monitoring programs across the country are applying a range of approaches for
assessing aquatic system conditions. Given the anthropogenic alterations imposed on
most large rivers, programs could improve their assessment of biotic conditions by
evaluating patterns of variation against anthropogenic stressors rather than attempting
to evaluate conditions against natural sources (Emery et a!., 2003). This seems to hold
particularly true for a large system like the CAWS where the constructed and
regulated conditions are the foundation around which the biotic conditions have
developed.

Within urban systems, bioassessment approaches are challenged by the definition of
appropriate benchmarks for target conditions under the complex range of
modifications and multiple stressors that limit aquatic potential (Barbour et a!., 2007).
There is an expanding base of literature evaluating the stressors imposed on large
urban stream systems (Coles et al., 2004; Brown et al., 2005; Flotemersch et a!.,
2006; Wilhelm, 2002; Lyons et al., 2001). Studies that have evaluated large urban
systems have identified a large number of confounding impacts that include riparian
and in-stream habitat loss, landscape fragmentation, impervious surface expansion,
reductions in water quantity and quality, and numerous other effects that result in a
degraded aquatic community (Booth et al., 2002; Kennen et al., 2005; Wilhelm,
2002). Reash (1999) states that the confounding impacts for urban systems described
above are further blurred by establishment of lentic habitats created by damming.

Finally, bioassessment approaches can further support the interpretation of biological
response to cumulatively increasing levels of stressors across a biological condition

Stressor(s)
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gradient (BCG), such as that depicted in Figure 2-2 (USEPA, 2005). The BCG
(Figure 2-2) provides an example of how some key attributes of aquatic systems
change in response to anthropogenic stressors regardless of assessment methods or
geography (USEPA, 2005). The development of an appropriate, interpretable
bioassessment program for the CAWS will allow for an evaluation of the many
unique stressors within the system that have formed the limited biotic gradient of
conditions across the system.
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LOW Level of Stressors HIGH

Figure 2-2: Relationship of Biological Response to Increasing Condition
Stressors (from EPA, 2005).

2.2 IMPORTANCE OF HABITAT ASSESSMENT

As depicted in Figure 2-1 (Karr and Yoder, 2004), aquatic habitat is one of the five
key components forming biological integrity and ecological health of aquatic
systems. Although these factors are collectively important, habitat can be the factor
most limiting aquatic community potential, and the existing conditions are usually the
result of both hydrogeomorphic features and anthropogenic alterations (Rankin,
1995). Habitat assessments are a critical component of the bioassessment toolkit
because they can explain much of the variation in biological diversity within a
system, aid in the classification of reaches, identify disturbance gradients and effect,
and can be used as a basis for restoration activities (Flotemersch et al., 2006).
Habitats in large rivers tend to have long histories of physical degradation that
provide a limited gradient of impacted conditions that illustrate the importance of
characterizing habitats in these unique environments (Flotemersch et al., 2006).
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Rankin (1995) identifies seven essential components of any habitat assessment index
and Table 2-1 expands on functional applicability of these identified components as
they apply to the CAWS.

Table 2-1: Essential Habitat Assessment Index Components (Rankin, 1995)

Habitat Component Summary of Functional Value to Biota CAWS Relevance
(Rankin, 1995)

Substrate Type and The type and composition of substrate determines The bed of much of
Quality the quality of spawning habitat and cover for many the CAWS is cut

fish species as well as influences benthic through solid rock
macroinvertebrate composition and production (most of the CSSC
(McMahon et al., 1996). Fine substrates resulting and Calumet-Sag
from sedimentation are generally considered an Channel) or dug
important source of degradation of aquatic through consolidated
communities (Rankin, 1995). Waters (1995) silt and clay deposits
recognizes the relationship between sedimentation which have lower
and reduced macroinvertebrate availability for fish pore space and
production, but states that research on the direct link interstices compared
between poor substrate quality and fish production is to natural silt beds.
lacking. However, Waters (1 995) states that the On top of this,
general relationship between benthic inflows of storm
macroinvertebrates and fish production is well runoff deposits fine
established, sediment from the

urban drainage area.
Thus, the substrate
in the CAWS is less
ecologically
functional than
similar substrate in
natural systems.

In-stream Physical The in-stream physical structure has a significant The constructed
Structure and Cover influence on aquatic organisms and its importance is nature of the CAWS

well documented for both fishes and (for navigation and
macroinvertebrates (Rankin, 1995; McMahon et al., effluent conveyance)
1996). McMahon et al. (1996) describe numerous has eliminated much
examples of structure and cover types and state that of the cover within
cover preferences should be identified based on the the system. High
species under study. turbidity prevents

direct observation of
cover in the system.

Channel Structure! Modifications of channels alter stream flow, aquatic Most of the CAWS
Stability/Modification biota and many habitat characteristics (Rankin, have been

1995). Such changes have resulted in biotic effects to constructed for
fisheries recruitment and trophic assemblages navigation and
(Rankin, 1995). Aquatic organisms have been effluent conveyance.
dramatically affected by channel alterations This has resulted in
associated with navigational construction and generally uniformly
maintenance (Wolter and Arlinghaus, 2003). The shaped channels
degree of channel alteration should be used as a that are long and
measure of influence on the biotic expectations straight.
(Flotemersch et al., 2006; Reash, 1999).
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Table 2-1 (continued): Essential Habitat Assessment Index Components
(Rankin, 1995)

Typically, riparian areas play an important role in
defining channel morphology, controlling stream
temperature and creating and maintaining fish habitat
(McMahon et al., 1996). The scale of riparian
influence on rivers is associated with the river size,
that is, smaller rivers are more influenced by the
effects of riparian vegetation than larger rivers (Giller
and Malmquist, 1998). Riparian disturbance effects
appear to be better predictors of adverse biotic affect
as their scale increases, rather than immediately
adjacent to disturbed sites (Rankin, 1995). Common
benefits of well developed riparian vegetation include
buffering of surface generated nutrients, stabilization
of stream banks and decreased sedimentation,
provision of organic inputs, shading of water, and
woody material recruitment (Rankin, 1995; Giller and
Malmquist, 1998).

Riparian Width/Quality The width and quality
of riparian areas
across the CAWS has
had no role in
channel development.
The maintenance of
the channel for
conveyance and
navigation results in
the removal of debris
typically considered
to be important to
riparian habitat.

Bank Erosion Bank erosion tends to be associated with riparian Bank erosion within
vegetation disturbance and erosion can contribute to the CAWS is
sedimentation (Rankin, 1995; McMahon et al., 1996). generally limited
Navigation generated sheer stress and wave action because of the
can increase bank erosion where bank stabilizing armoring and
features are absent (Weigel et al., 2006). The constructed nature of
adverse effects to biota from bank erosion are similar the system.
to those described for substrate and riparian
conditions previously.

Flow/ Stream Gradient Stream flow characteristics influence many aquatic The flow and
habitat attributes (Rankin, 1995). Hill (Rankin, 1995), hydraulic gradient
described four flow regimes that maintain physical within the CAWS is
and biological resources in stream systems: 1) flood controlled and
flows, 2) overbank flows, 3) in channel flows for regulated by the
physical habitat function, and 4) in channel flows to Lockport Powerhouse
meet biota requirements. Flows that are altered by and Lock. The
anthropogenic means have been shown to strongly average hydraulic
influence fish assemblages (Rankin, 1995). Systems residence time within
regulated by locks and dams for navigation flows the CAWS is over 8
create impounded conditions that can favor lentic days, suggesting very
species (Sheehan and Rasmussen, 1999). low flow conditions.

Riffle-Run/ Pool-Glide Geomorphic channel units (riffles, runs, pools, etc.) The constructed
Quality/ Characteristics are fluvial habitat types that describe scouring, nature of the CAWS

channel shape and overall habitat patterns in rivers precludes the
and streams (Flotemersch et al., 2006). Lobb and development of these
Orth (Rankin, 1995) identified five guilds associated fluvial habitat types.
with large stream pool-riffle habitats that included 1)
edge pool, 2) middle pool, 3) edge channel, 4) riffle,
and 5) generalists. They suggest that the degradation
of these habitats can eliminate or reduce the
abundance of species within these guilds.
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The CAWS study area is entirely composed of nonwadeable (also called boatable)
waters. Many management programs have avoided evaluating nonwadeable waters
because of the logistical difficulties in monitoring large bodies of water. Numerous
programs attempt to apply wadeable approaches to nonwadeable systems, and other
programs eliminate certain quantitative measures in lieu of qualitative assessments
(Flotemersch et al., 2006).

2.3 AVAILABLE APPROACHES FOR HABITAT ASSESSMENT

Most of the waterways in the CAWS are not rivers per se; they are large,
nonwadeable, lotic waters. Because they are wide, deep channels conveying flowing
water, they resemble large rivers. However, it is important to note that, most of the
time, water moves through the CAWS at extremely low velocities, making them
substantially different than natural rivers. However, the nearest analogies for studying
such waters come from the study of large rivers and the scientific literature on the
study of large rivers was reviewed for this study.

Several approaches are available for large river habitat assessment. The selection of
an appropriate approach depends on the principle objective of the study, which is
often either to conduct a thorough characterization of the physical habitat as a
primary indicator of ecological condition or, when combined with biological surveys
(as in this Study), to characterize those physical elements most likely contributing to
the capacity of the system to support the survival and reproduction of biota
(Flotemersch et al., 2006).

Most large rivers in North America have been modified to meet a range of
anthropogenic uses and no single habitat evaluation approach is suitable for all large
rivers because each is unique and heavily modified rivers contain a range of habitats
not found in natural systems (Sheehan and Rasmussen, 1999). Flotemersch et al.
(2006) provides a review of the major non-wadeable habitat assessment approaches in
current use; these are summarized in Table 2-2. Screening of these approaches for use
in this Study is discussed in the next section.
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Table 2-2: Summary of Major Large River Habitat Assessment Protocols
(Flotemersch et al., 2006)

Program Protocol Citation

Primary objective: characterizing long-term spatial and temporal patterns in habitat
condition as its own independent indicator of ecosystem condition

USEPA EMAP-Surface Waters National and regional program for characterizing Kaufmann, 2000
status and trends on ecological condition.
Characterize seven general physical habitat
attributes: channel dimensions, channel gradient,
channel substrate size and type, habitat complexity
and cover, riparian vegetation cover and structure,
anthropogenic alterations, and channel-riparian
interaction. Primarily quantitative measures.

USGS NAWQA National program to characterize water quality Fitzpatrick et al.,
condition and develop an understanding of factors 1998
influencing quality. Quantitative measures taken to
characterize habitat at 4 hierarchical scales: basin,
segment, reach, and microhabitat

Primary objective: evaluating habitat to understand biological condition

Large River Bioassessment Characterize 6 of 7 EMAP attributes: channel Blocksom and
Protocol dimensions, channel substrate size and type, Flotemersch, 2005;

habitat complexity and cover, riparian vegetation Flotemersch and
cover and structure, anthropogenic alterations, and Blocksom, 2005
channel-riparian interaction. Reach length set to
correspond to biotic assemblages being sampled.
Semi-quantitative measures from six transects

Non-Wadeable Stream Habitat A multi-metric index developed for characterizing Merritt et al., 2005;
Index (NWHI) habitat in Michigan non-wadeable streams and Wilhelm et al., 2005

rivers. Features used in index include: riparian
width, large woody debris, aquatic vegetation
cover, sediment deposition, bank stability,
substrate size, and off-channel habitat. Primarily
quantitative measures.

Qualitative Habitat Evaluation A multi-metric index developed for characterizing Rankin, 1989
Index (QHEI) habitat in Ohio streams. Composed of six

variables: substrate, in-stream cover, channel
morphology, riparian zone and bank erosion,
pool/glide and riffle/run quality, and gradient.
Primarily qualitative scoring of metrics

24 REVIEW AND SCREENING OF EXISTING INDICES

Relatively few habitat indices for large river systems have been developed due to the
complex nature and sampling difficulties associated with the development and
application of such indices (Wilhelm et al., 2005). The programs for which existing
habitat indices were developed may have different objectives than the study at hand,
resulting in an index that may not fit a particular application. When selecting an index
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for a particular purpose, there are several factors that should be taken into
consideration. Some of these are identified below.

Statistical basis for variable selection — Indices are developed by statistically
referencing habitat variables against another variable set, such as biota. This is
done to identify key habitat variables and to validate the index. The statistical
basis for the index should be considered in determining whether its use is
appropriate. For example, if the intent is to use the index to measure physical
habitat to better manage fish, a habitat index that was developed by
referencing fish data might be preferred.

System basis for index development — Many indices are developed for a range
of river types, from relatively unimpacted rivers to rivers that are heavily
impacted by human activity. Many use indices rely on the relatively
unimpacted rivers as reference reaches, which represent some desired
condition.

o Variables included in the index — The variables included in a particular index
should be examined to determine whether they are likely to provide an
accurate measure of conditions within the system. If an index includes
variables that are not appropriate for the system to be studied, the index may
have limited utility in measuring variation throughout the system or over time.

o Quantitative vs. Qualitative Indices — Application of some indices relies on
measured data, while some indices use more qualitative, subjective
observations for scoring. Some use a mixture of measured data and
observations. Because of the precision associated with measured data, it may
be preferential to use a more quantitative index if field information is to be
collected by many people and repeated over time for a system.

Using these considerations, each of the indices identified in the preceding section
were reviewed to assess their applicability to the CAWS. A summary of the key
qualities of these major large river habitat protocols was provided by Flotemersch et
al. (2006) and is reproduced here as Table 2-3.
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Table 2-3: Comparative Summary of Major Large River Habitat Assessment
Protocols (Flotemersch et al., 2006)

Protocol

Category Variable USEPA Large River Ml Non- QHEI USGS
EMAP Bioassessment Wadeable NAWQA

Protocol (LR- Habitat
BP) Index

Quantitative

Semi- Quantitative

Qualitative

Anthropogenic Features

Bank and Riparian

Bankangle 0 0

Bank height 0 0

Riparian cond. 0 0

Geomorphology/Hydrology

Dimension 0 0

Sinuosity 0

Gradient 0 0

Mean annual flow

50% exc. flow 0 0

Flow variability 0

Off-channel habitat 0

Overhanging/in-stream cover 0 0 0

Aquatic vegetation 0 0

Riparian cover 0 0 0

Sediment and substrate 0 0 0

Sediment and substrate Size 0

Embeddedness 0

Large woody debris 0 0 0

Water quality 0 0

Temperature 0

After reviewing these habitat protocols, it was apparent that none of them were well.-
suited to the CAWS, for the reasons discussed in the following subsections.

2.4.1 Biotic Basis of Existing Protocols

Because one of the objectives of this Study was to determine what modifications to
physical habitat in the CAWS would be required to improve aquatic habitat, use of a
habitat evaluation protocol that was developed and validated for aquatic biota was
important. Although all of the protocols reviewed here implicitly intend to evaluate
habitat for aquatic biota, only the Ohio EPA Qualitative Habitat Evaluation Index
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(Rankin, 2004) was found to explicitly reference fish in its development
documentation (Rankin, 1989). No specific reference was found in the documentation
of the USEPA EMAP (Kaufmann, 2000) or USGS NAWQA (Fitzpatrick et al., 1998)
protocols. The large river bioassessment protocol (LR-BP) documentation (Blocksom
and Flotemersch, 2005) references macroinvertebrates as the biotic basis, but not fish.
The non-wadeable habitat index (NWHI) developed for Michigan (Wilhelm et al.,
2005) was developed for fish but was statistically referenced to disturbance gradients
in the selection of habitat variables and in validation.

2.4.2 System Basis of Existing Protocols

All of the habitat protocols reviewed for this Study were developed for rivers, using
data from natural rivers. Although the documentation for some of the protocols
discusses the fact that some of the systems used were modified by human activity, no
reference was found to the inclusion of completely manmade channels, such as those
that comprise approximately 75% of the CAWS. Rankin (1995) stated that indices
need to be regionally calibrated, suggesting the importance of including local
conditions in the selection or development of index protocols.

2.4.3 Variables Included in Existing Protocols

Many of the variables used in the existing protocols, including some of those listed in
Table 2-3, are simply not applicable to a system like the CAWS, which was
constructed largely for effluent conveyance and navigation and will continue to be
operated for those purposes. Examples of the variables used in the existing protocols
that are not useful in characterizing habitat in the CAWS include the following:

Sinuosity is included in both the QHEI and the USGS NAWQA protocol, but
sinuosity has either been intentionally removed from CAWS reaches or was
never there to begin with, by design, to facilitate navigation and improve
efficiency of effluent conveyance.

• Gradient is considered in all five of the protocols reviewed, but hydraulic
gradient is controlled by downstream control works to maintain navigation
and prepare the system for influxes of urban stormwater inputs, rather than by
the centerline slope of the channel bed.

o Large woody debris is included in all five of the protocols reviewed, but it is
deliberately removed from many areas in the CAWS to eliminate navigation
hazards and provide unimpeded flows for effluent discharges.

• Embeddedness is included in the NWHI, LR-BP, and QHEI, but it is not
applicable in the CAWS because the channels of the CAWS are not gravel
bed streams. Furthermore, the only major input of sediment to the system is
relatively fine suspended sediment carried by storm water, which results in a
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substrate environment dominated by fine sediments deposited on bedrock or
cohesive clay (glacial till).

All of the protocols reviewed include more than one key variable that is not useful in
measuring habitat variation in the CAWS, because of the near complete absence of
those variables. Because this relied on the statistical comparison of habitat data with
fish data using multiple linear regression to identify the habitat variables most
significantly related to fisheries condition, habitat attributes that do not exhibit
significant variation were not useful. This is a significant consideration in the use of
these protocols on the CAWS. However, it is important to note that the near complete
absence of habitat qualities like sinuosity or large woody debris is a significant
habitat limitation in the CAWS.

2.4.4 Qualitative Nature of Existing Protocols

In general, a quantitative protocol was desired for this Study because of the desire to
use the protocol to measure differences in a system that may not exhibit as much
variation as a natural system and to distinguish potential change after habitat
improvement projects. Furthermore, a quantitative protocol would be more
consistently applied by multiple personnel over multiple time periods and would be
less likely to be criticized for subjectivity. Of the protocols reviewed, one is
qualitative (QHEI) and two have both qualitative and quantitative elements (USEPA
EMAP and LR-BP). NWHI and USGS NAWQA protocols are quantitative.

2.4.5 Summary of Existing Habitat Protocol Review

The protocol review factors discussed in the preceding sections are summarized in
Table 2-4.

Table 2-4: Summary of Existing Habitat Protocol Review

Protocol

Review Factor USEPA EMAP LR-BP Ml NWHI QHEI USGS
NAWQA

Developed using Unknown No No Yes Unknown
fish data?

Developed for No No No No No
manmade
systems?

Include variables Yes Yes Yes Yes Yes
that are nearly
constant in
CAWS?

Quantitative Yes Semi Yes No Yes
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Based on this review, all five of the large river habitat protocols have qualities that
argue against their use in the CAWS. While three of the five are quantitative, all of
them include multiple variables that are not useful in quantifying habitat quality and
variability in the CAWS. None of the protocols reviewed were reported to include
manmade systems in their development. Only one of them, the QHEI, was reported to
be referenced to fish data in its development. To date, the only habitat index known to
have been applied to the CAWS is the QHEI (Rankin, 2004). However, the
applicability of this index to the CAWS is poorly suited for the reasons outlined
above.

Recent guidance from USEPA (Flotemersch et al., 2006) suggests that, although there
is a lack of consensus of a single most suitable habitat approach for nonwadeable
systems, the selected protocol should:

1. thoroughly characterize the physical habitat as the primary indicator of
ecological condition;

2. characterize physical elements that most likely contribute to the capacity of a
system to support survival and reproduction of its biota; or

3. present a compromise between the two.

As described previously, biotic assessments provide a direct measure of the biological
condition relative to integrity and integrate effects of multiple stressors in space and
time. The linkage between habitat, biota and other aquatic components are already
well established in the literature.

For these reasons, a system-specific approach to evaluating habitat that includes biota
in the CAWS as part of the analysis was developed and is described below.

2.5 METHODOLOGY USED IN THIS STUDY

One of the stated objectives of this Study was to evaluate physical habitat conditions
in the CAWS using a multi-metric index. Review of existing protocols for large
flowing waters revealed significant limitations of existing protocols for use in the
CAWS. Therefore the decision was made to develop a system-specific index for
physical habitat in the CAWS. While none of the existing indices reviewed were well
suited to use on the CAWS, it was noted that the procedures used in development of
the Michigan NWHI (Wilhelm et al., 2005) could be readily adapted to the CAWS,
with some modification. The process is outlined below.

The NWHI process used a logical, stepwise methodology to systematically reduce the
field of potential habitat variables, similar to the process used in other studies
(Blocksom and Flotemersch, 2005; Fitzpatrick et al., 1998; Hall et al., 1999). This
variable reduction and screening process involves the following major steps:
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Screening of variables using professional judgment, as well as knowledge of
the system under study and the objectives of the Study. This judgment-based
process can be used to weed out variables that might not be applicable due to
system conditions or that may be inappropriate in light of study objectives.

Correlation analysis to identify and eliminate variables that are statistically
redundant with other variables, based on the available data. This step involves
use of a statistical comparison of the data, typically using Pearson’s
correlation test or Spearman’s rho. Spearman’s is sometimes preferred for
ecological data because it is non-parametric and does not depend on the
distribution of the habitat data.

o Once redundant habitat variables are eliminated using correlation analysis,
principal components analysis is used to identify which of the remaining
variables explain most of the variance of the data from the system.

The variable reduction process results in a reduced set of habitat variables that
explain most of the variability in the habitat data and are relatively independent from
each other. This process does not necessarily indicate whether the retained variables
are most closely related to dependent biotic variables such as fish metrics or a fish
index of biological integrity.

Once the final list of habitat variables is determined, the data for these variables are
compared to biotic data to determine which habitat variables explain most of the
variation in the biotic data. In this Study, multiple linear regression was used to
compare the habitat data to fish metrics derived from system data. For the multiple
linear regression in this Study, data from 2001 to 2007 were used. Various
permutations of physical habitat data were compared to fish data using this approach
to answer specific questions and to provide as clear an understanding as possible
about the importance of physical habitat in the CAWS. Using this approach, one or
more of the regression equations derived from the multiple linear regression can then
be compared to an independent dataset to validate the regression model. 2008 fish
data were used for this purpose.

The equation derived from the multiple linear regression can be used directly as a
habitat index tool or it can be used as the basis of a habitat index and amended by
supplemental data analyses and professional judgment. Inclusion of habitat variables
in a habitat index that are not included in the original regression equation has been
done (Wilhelm et al., 2005) based on professional judgment and correlation to biotic
data. This is an important aspect of the index development process, which allows for
application of specific knowledge of the system. The process outlined above is
depicted schematically in Figure 2-3 and discussed in detail in Section 6 of this
report.
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2.5.1 Se’ection of Fish over Macroinvertebrates

Both fish and macroinvertebrate data have been collected by the District in the
CAWS as part of the District’s routine monitoring program. Each data set was
evaluated to determine which dataset would provide the best response to habitat
variables.

Flotemersch et al. (2006) states that the inclusion of macroinvertebrates into large
river assessment programs is limited because of the general belief that
macroinvertebrate assemblages are less diverse and more pollution tolerant in
nonwadeable systems, primarily as a result of the dominance of fine sediments.
Several other obstacles are cited including:

1. obtaining standardized and representative samples;

2. establishing a scale-appropriate and cost effective monitoring program;

3. identifying a reference condition given system alterations;

4. identifying specific stressors under the array of disturbances; and

5. the difficulty of sampling in navigable waterways.

An evaluation of the CAWS macroinvertebrate data was conducted to assess the
structural and functional variation within the CAWS. The evaluations of the
macroinvertebrate data collected by method (Hester-Dendy or ponar grab sampler),
within stations, among stations, by reach or at a system level found similar results: a
macroinvertebrate community dominated by pollution-tolerant taxa, represented by a
few opportunistic Diperia (chironomidae) and non-insect taxa (oligochaetes) (Pott,
2009). These findings seem to support Blocksom and Flotemersch (2008) in that deep
water habitats (>4 m) often have fewer sensitive taxa. Pott (2009) also suggests that
legacy sediment contaminants may be affecting both sampling method results,
although the Hester-Dendy samplers to a lesser degree are influenced by the high
proportion of fine and resuspended sediments within the CAWS.

For the 2001-2007 analysis periods, the quantity and distribution of fish sampling
events are approximately the same as macroinvertebrate sampling events. However,
evaluation of the CAWS fish data found that this dataset varies more than the
macroinvertebrate data, both spatially and temporally across the CAWS (Appendix
A) and would likely provide a better indicator of habitat condition and response than
the macroinvertebrates within the CAWS.

Fish assemblages are more commonly used in large river bioassessment programs
than macroinvertebrates (Flotemersch et al., 2006). Data produced using appropriate
fish sampling protocols can be used to assess use attainment, develop biological
criteria, prioritize sample stations, provide impact assessments, and in status and trend
analysis (Flotemersch et al., 2006). An assessment of the CAWS fish data (Appendix
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A) finds a dataset with highly varied fish species and structure, which suggests that
the CAWS fish dataset would be a better predictor of habitat responses than the
macroinvertebrate data set. Based on this assessment, it was decided that the CAWS
fish data would be used to assess the habitat index.

2.5.2 Development of Fish Metrics

Because the process for development of a system-specific habitat index for the
CAWS required comparison to fish data, as described above, it was necessary to
determine which metrics of fish would be appropriate for this purpose. While there is
an Illinois index of biological integrity (IBI) for fish, it has some of the same
limitations as the habitat indices reviewed for this Study, namely that it was
developed for wadeable systems and may include metrics that are not applicable to
the CAWS. So instead of using an existing fish IBI, CAWS fish data were used to
identify the most representative fish metrics for the system.

The process of reviewing and screening the fish metrics followed the process used in
development of many fish IBIs. Fish data collected by the District between 2001 and
2007 were used. These data were collected from 23 stations in the CAWS and
represented 113 separate sampling events. The process involved review of fish
metrics starting with an initial list of 46 fish metrics, identified from existing fish IBIs
and published literature. CAWS fish data were reviewed to identify any CAWS
specific metrics that should be included. The metrics were then sequentially reduced
as follows:

o Elimination of metrics that had no data (zero values);

• Elimination of metrics with very low ranges (2 or fewer species identified for
the metric);

• Elimination of redundant metrics (using Pearson correlation tests); and

• Selection of metrics exhibiting greater variation in the CAWS.

This process reduced the number of fish metrics from 46 to 12, as summarized in
Table 2-5.
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Table 2-5: Fish Metrics Used in This Study

Fish Metric Metric Name Ecological Function Category

%DELT_(n) % Diseased or with eroded tins, Abundance and condition metric (ACM)
lesions, or tumors

CPUE catch per unit effort Abundance and condition metric (ACM)

%LTHPL_(n) % lithophilic spawners by count Reproductive function metric (RFM)

%INSCT_(n) % insectivores by count Trophic tunction metric (TFM)

%TC_(wt) % top carnivores by weight Trophic function metric (TFM)

PRTOL proportion of Illinois tolerant species Indicator species metric (ISM)

LITOT IL ratio of non tolerant large-substrate Reproductive function metric (RFM)
spawners

NMIN number of IL native minnow species Species richness and composition metric
(SRC)

NSUN number of IL native sunfish species Species richness and composition metric
(SRC)

GEN IL ratio of generalist feeders Trophic function metric (TFM)

%INT_(n) % intolerant species by count Indicator species metric (ISM)

%MOD_(wt) % moderately intolerant species by Indicator species metric (ISM)
weight

A report was prepared to document the process of fish metric review and selection for
this Study and is included as Appendix A of this report.
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3. DATA SUMMARY

Several types of data from multiple sources were used in this Study. These data
included biotic data, water quality data, and physical habitat data. The nature and
sources of these data are described in this section.

3.1 PHYSICAL HABITAT DATA

Efforts were made to acquire existing data where they were available. In many cases,
existing data were incomplete or required field verification. Some new habitat
variables had not been previously measured in the CAWS. To supplement existing
data and address the data needs of this Study, crews were mobilized to the CAWS in
the summer of 2008 for purposes of data acquisition. These efforts included:

° Between April 27 and May 21, boat-mounted crews from LimnoTech spent a
total of eight days completing a visual inspection of the entire CAWS Study
area, approximately 78 miles of waterways. This effort included a continuous
digital video survey of all bank and riparian areas in the CAWS. This
provided digital documentation of the banks within the entire Study area for
use and reference throughout the Study.

o Between July 15 and August 15, LimnoTech field crews spent a total of ten
days collecting field observations and measurements of physical habitat
conditions at 28 400-meter stations in the CAWS Study area. Descriptions of
the data collected during this effort are included in the discussion below.
During this period supplemental bathymetric surveying was also completed
using acoustic Doppler current profiling (ADCP) equipment in the North
Shore Channel and North Branch Chicago River, where existing bathymetric
data were unavailable.

In total, LimnoTech crews spent 18 days on the CAWS collecting physical habitat
data for this Study. Supplemental data were acquired from a variety of sources
including the District, the U.S. Army Corps of Engineers Rock Island and Chicago
Districts, the Illinois State Geological Survey, the United States Geological Survey,
and the Northeastern Illinois Planning Commission. Physical habitat sampling
stations are depicted in Figure 3-1.

Several types of physical habitat data from the CAWS were collected for use in this
Study, falling into the following general categories:

o Bank and riparian condition

o In-Stream and Overhanging Cover

o Channel bed condition
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o Hydrology

o Anthropogenic Factors

Each of these data categories is discussed in greater detail below.

3.1.1 Bank & Riparian Conditions

Data on bank and riparian condition in the CAWS were obtained mainly from five
sources for this Study: District physical habitat assessment forms; geographic land
use data; aerial photography; visual inspection from the water; and detailed stations
surveys. Each of these is described in more detail below.

District Physical Habitat Assessments

District personnel routinely perform physical habitat assessments (PHA5) during
water quality and biota sampling on the CAWS. These data are typically recorded on
a form and kept on file. For this Study, the PHA data forms from 2001 to 2007 were
reviewed and transcribed into electronic format for inclusion in the electronic project
database. Bank and riparian information available from the PHA forms included
canopy cover, shore cover, and riparian land use.

Geographic Land Use Data

Riparian land use data for the CAWS was obtained from the Northeastern Illinois
Planning Commissionts1:24,000-Scale 2001 Land Use Inventory for Northeastern
Illinois. Analysis of this data set involved using geographic information system (GIS)
software to create a 50 meter buffer on either side of the CAWS and classifying 30
adjacent land use types as industrial, urban, open space, or water as described below:

o Industrial land use included manufacturing, warehousing, industrial parks, and
infrastructure such as freeways and waste facilities.

o Urban land use included residential areas and light commercial such as retail
centers and office buildings.

• Open space included golf courses, nature preserves, and similar open
grassland or forested areas.

• Water category was included only to describe when a station’s edge met open
water such as a ship slip or tributary.

The land use category with the greatest area within the buffer was then identified as
the dominant land use and assigned a categorical number.
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Aerial Photography

Digital aerial photography (2005) was obtained from the Illinois Natural Resources
Geospatial Data Clearinghouse of the Illinois State Geological Survey for the entire
Study area. The digital aerial photography was imported into the project GIS and
orthorectified with other spatial data. The aerial imagery was then visually inspected
to provide supplemental information on riparian land use, riparian buffers, and open
space. Percent of riparian vegetation was calculated in GIS by creating a 50 ft buffer
adjacent to each station and expressing vegetated area as a percent of total area within
the buffer. Aerial photography from 2005 was used to identify these vegetated areas.
An example of the aerial photography used in this Study is provided in Figure 3-2.

Detailed Station Surveys

Detailed field surveys of 28 400 meter long sampling reaches were conducted during
the 2008 field season to observe and quantify a range of bank and riparian conditions
including the following:

Riparian vegetation — The extent of riparian vegetation data for each of the 28
sampling stations was collected by measuring the length of vegetation on both
banks of each 400 meter station reach. The types of riparian vegetation were
not noted in the survey, but a continuous digital video record of both banks
was recorded during the 2008 field season, which can be used to review the
general vegetation types present along the CAWS.

• Bank condition and angle — Bank condition was recorded by type (earth,
riprap, sheet pile, etc.) and the estimated bank angle was determined for each
side of the reach (banks flatter than 45 degrees were assigned a value of one
and banks steeper than 45 degrees were assigned a value of 2).

o Overhanging vegetation — Overhanging vegetation was determined at each
station by measuring the length of the vegetated bank and the depth of
overhang. The area of overhanging vegetation was calculated as the product of
these measurements and expressed as a percentage of the total area of the
station reach.

• Bank pocket areas — The number of small pocket areas in the banks that could
provide refuge for fish was counted in each reach. This attribute represents
concave, semi-sheltered portions of the bank with an overall face area (height
x width) of at least one square meter, but less than five square meters, and a
depth greater than a few inches.

• Off-channel bays — Very few true off-channel bays exist in the CAWS, but
there are areas that are partially or fully secluded from the main channel that
can perform the same function as off-channel bays by providing refuge for
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fish. These areas were counted in each sampling reach if they were greater
than five square meters in plan area.

Some of these habitat attributes were supplemented by system-wide review as
described below.

Visual Inspection ofBank and Riparian Conditions

As mentioned previously, a digital video survey of the entire CAWS Study area was
conducted in 2008. Map-based viewing software was developed to facilitate use of
the video. The video was subsequently inspected to classify and quantify bank
conditions throughout the system. The entire length of both banks of the waterways
was classified using 8 categories: steel sheet pile, concrete wall, stone block or
bedrock wall, wooden walls, riprap, “natural” bank (earth bank with vegetation),
marina (open marina or boat dock), and water (turning basin or tributary confluence).

A GIS shapefile of bank condition for the entire system was created from this visual
record. Measurements in each category were expressed as a percentage of the total
bank length at each station.
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and

percent
hardpan-shallow

variables
for

each
station.

Sand
and

clay
param

eters
w

ere
added

together
and

averaged
to

create
percent

sand
and

fines-deep
and

percent
sand

and
fines-shallow

variables.
G

ravel,
cobble,

and
boulder

param
eters

w
ere

added
together

and
averaged

over
assessm

ent
sites

and
tim

e
to

create
deep

and
shallow

variables
representing

large
substrate.

3.1.4
H

y
d
ro

lo
g
y

Flow
data

in
the

C
A

W
S

is
recorded

by
U

SG
S

gaging
stations

located
dow

nstream
from

each
of

the
three

m
ajor

diversion
control

structures.
T

he
N

orth
Shore

C
hannel

station
atW

ilm
ette

m
onitored

daily
discharge

from
1996

to
2003.

T
he

C
hicago

R
iver

station
at

C
olum

bus
D

rive
provided

periodic
discharge

data
w

ith
a

continuous
daily

period
of

record
in

w
ater

year
2006.

T
he

C
alum

et
R

iver
station

dow
nstream

of
the

O
’B

rien
L

ock
m

onitored
daily

discharge
from

1996
to

2003.
Flow

w
as

also
m

onitored
atthe

dow
nstream

end
of

the
system

at
R

om
eoville

R
oad,

upstream
of

the
L

ockport
C

ontrolling
W

orks.
T

his
location

provided
flow

data
from

1984
to

2005
but

has
been

replaced
by

a
station

near
L

em
ont,

IL.
T

he
L

em
ont

gage
is

currently
the

m
ain

data
source

for
m

onitoring
the

L
ake

M
ichigan

diversion,
w

ith
daily

discharge
data

available
from

2004
to

the
present.

G
aging

stations
also

exist
on

several
m

ajor
tributaries

to
the

C
A

W
S.

T
he

gage
data

are
useful

for
describing

hydrologic
conditions

at
a

few
locations,

but
cannotprovide

detail
for

individual
A

W
Q

M
stations.

T
he

U
SG

S
gages

operated
at various

locations
in

the
C

A
W

S
w

ere
not

w
ell-located

to
provide

hydrologic
data

at
the

habitat
and

biota
sam

pling
stations

used
in

this
Study,

nor
w

ere
they

operated
concurrently

w
ith

all
the

years
of

data
used

in
this

Study
(200

1-2008).
A

s
an

alternative
for

attributing
flow

and
velocity

variables
to

individual
A

W
Q

M
stations

in
this

Study,
output

from
a

calibrated
hydraulic

m
odel

w
as

used.
In

2000,
the

D
istrict

entered
into

an
agreem

ent
w

ith
M

arquette
U

niversity
to

develop
a

hydraulics
and

w
ater-quality

sim
ulation

m
odel

to
the

C
A

W
S.

T
he

m
odel,

called
D

U
F

L
O

W
,

has
been

used
to

investigate
the

effects
of

differentm
anagem

ent
options

in
the

C
A

W
S.

T
he

m
odel

w
as

calibrated
and

validated
by

the
Institute

for
U

rban
E

nvironm
ental

R
isk

M
anagem

ent,
M

arquette
U

niversity
in

2003.
H

ourly
stage

m
easurem

ents
at

the
U

SG
S

R
om

eoville
gage

as
w

ell
as

the
D

istricthourly
stage

gages
at

Sag
Junction,

W
illow

Springs
R

oad,
and

W
estern

A
venue

w
ere

used
for

hydraulic/
hydrologic

calibration
of

the
m

odel.
M

odel
inflow

is
obtained

from
m

any
different

sources
including

U
SG

S
gage

data
at the

three
m

ajor
inlets

from
L

ake
M

ichigan,
as

w
ell

as
m

ajor
tributaries.

O
perating

records
from

w
ater

reclam
ation

plants,
pum

p
stations

and
industrial

sources
w

ere
also

used
to

calibrate
the

m
odel.

A
dditional

ungaged
tributaries

and
C

SO
sources

w
ere

estim
ated.

T
he

D
U

F
L

O
W

m
odel

divided
the

C
A

W
S

into
291

discrete
segm

ents.
T

he
segm

ent
nearest

each
A

W
Q

M
station

w
as

selected
to

represent
hourly

flow
and

velocity
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output.
U

nsteady
flow

outputfrom
M

ay
1,2002

to
Septem

ber
23,

2002
w

as
obtained

and
analyzed

in
order

to
develop

variables
w

hich
could

capture
spatial

variability
in

flow
and

velocity.
Six

hydrologic
variables

w
ere

initially
com

puted
for

the
A

W
Q

M
stations

in
the

C
A

W
S.

Flow
and

velocity
variables

included:

•
50%

exceedance
flow

•
m

ean
annual

discharge

•
flashiness

index
(ratio

of
10%

exceedance
flow

to
90%

exceedance
flow

)

•
average

velocity

•
m

axim
um

velocity

•
m

ean
velocity

to
m

ean
depth

ratio.

T
he

intent
of

both
the

flow
and

velocity
variables

w
as

to
m

easure
m

agnitude
regardless

of
flow

direction.
A

s
the

conditions
in

the
C

A
W

S
cause

occasional
flow

reversals,
the

m
odel

outputfor
flow

and
velocity

w
as

handled
using

absolute
values

to
prevent

negative
velocities

from
affecting

the
intent

of
the

variables.

It
should

be
noted

that
hydrologic

param
eters

such
as

those
listed

above
cannot

be
reliably

estim
ated

from
a

five-m
onth

m
odeling

sim
ulation.

Such
param

eters
usually

require
decades

of
data

to
quantify

accurately.
H

ow
ever,

such
data

are
not

available
for

every
m

onitoring
location

in
the

C
A

W
S

and
the

alternative
to

relying
on

the
five-

m
onth

m
odeling

sim
ulation

w
as

to
exclude

hydrologic
variables

altogether.
For

purposes
of

this
study,

it
w

as
deem

ed
m

ore
useful

to
use

approxim
ations

based
on

the
m

odel
output

than
to

m
ove

forw
ard

w
ith

the
habitat

analysis
w

ithout
any

flow
variables.

3.1.5
A

n
th

ro
p
o
g
en

ic
F

acto
rs

A
lthough

not
true

physical
habitat

variables
in

the
traditional

sense,
a

num
ber

of
anthropogenic

factors
w

ere
considered

in
this

Study.
T

his
w

as
deem

ed
appropriate

because
of

the
constructed

nature
of

the
C

A
W

S
and

the
factthat

the
prim

ary
uses

of
the

system
(effluent

conveyance,
navigation,

flood
control)

are
anthropocentric.

Som
e

of
these

m
ajor

anthropogenic
factors

are
discussed

below
.

3. 1.5.a
N

av
ig

atio
n

N
avigation

data
for

the
C

A
W

S
is

m
aintained

by
the

U
.S.

A
rm

y
C

orps
of

E
ngineers

(U
SA

C
E

)
W

aterbom
e

C
om

m
erce

Statistics
C

enter.
V

essel
m

ovem
ents

and
com

m
odity

tonnages
are

reported
by

vessel
operators

to
the

U
SA

C
E

.
W

ithin
the

m
anaged

portion
of

the
C

A
W

S,
vessel

m
ovem

ents
are

sum
m

arized
for

each
of

4
reaches:
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•
C

hicago
R

iver
&

N
orth

B
ranch

C
hicago

R
iver

(South
of

the
N

orth
B

ranch
T

urning
B

asin)

•
South

B
ranch

C
hicago

R
iver

•
C

hicago
Sanitary

&
Ship

C
anal

•
C

alum
et-S

ag
C

hannel
&

L
ittle

C
alum

etR
iver

N
orth

D
etailed

m
ovem

ents
w

ithin
these

reaches
are

not
available.

T
he

available
data

w
ere

com
piled

and
analyzed

by
the

G
reat

L
akes

Fishery
C

om
m

ission
(G

L
FC

)
as

part
of

a
recent

study
on

ecological
separation

of
the

M
ississippi

R
iver

and
the

G
reat

L
akes

(B
ram

m
eier

et
a!.,

2008).
Several

navigation
m

etrics
w

ere
obtained

but
for

purposes
of

this
Study

it
w

as
decided

to
use

tw
o

variables:
through-upbound

tonnage
and

through-dow
nbound

tonnage.
T

hese
variables

w
ere

reported
in

annual
tonnages

for
2001

through
2004.

B
ecause

the
goal

w
as

to
have

a
relative

m
easure

of
com

m
ercial

navigation
traffic,

the
variables

w
ere

sum
m

ed
and

assigned
as

a
single

variable
in

the
database.

A
ll

reaches
w

ithin
the

m
anaged

portion
of

the
C

A
W

S
w

ithout
vessel

tonnages
reported

w
ere

assum
ed

to
be

free
of

heavy
com

m
ercial

traffic.

3. 1.5.b
S

ed
im

en
t

C
hem

istry

O
rganic

and
inorganic

sedim
ent

chem
istry

data
on

the
C

A
W

S
have

been
collected

by
the

D
istrict

since
2002,

w
ith

the
exception

of
2004.

T
hese

data
are

for
surface

grab
sam

ples
collected

using
a

petite
ponar

dredge
atthe

center
and

side
of

the
21

A
W

Q
M

stations.
S

am
ples

are
typically

analyzed
for

over
130

organic
and

inorganic
param

eters.

Sedim
ent

chem
istry

data
on

the
C

A
W

S
w

ere
also

obtained
from

the
G

reat
L

akes
N

ational
P

rogram
O

ffice
(G

L
N

PO
)

and
the

U
.S.

A
rm

y
C

orps
of

E
ngineers.

G
L

N
PO

took
sedim

ent
cores

and
grab

sam
ples

at
about

10
locations

on
the

C
hicago

R
iver,

South
B

ranch
C

hicago
R

iver,
N

orth
B

ranch
C

hicago
R

iver,
and

South
Fork

in
2000.

Sam
ples

w
ere

analyzed
for

about
60

param
eters.

U
S

A
C

E
data

covered
about

18
locations

on
the

South
Fork

in
2004

w
ith

sedim
ent

cores
and

grab
sam

ples.
Sam

ples
w

ere
analyzed

for
about

165
param

eters.

3. 1.5.c
M

anm
ade

S
tru

ctu
res

M
anm

ade
structures

(bridge
abutm

ents,
dolphins,

piers)
can

have
both

positive
and

negative
im

pacts
on

aquatic
life

(D
uffy-A

nderson,
et

al.
2003).

In
som

e
cases,

these
structures

can
provide

shelter
for

fish
or

organism
s

on
w

hich
fish

feed.
H

ow
ever,

m
anm

ade
structures

are
not

usually
built

to
serve

the
purpose

of
providing

habitat
and

som
e

other
aquatic

use
is

usually
associated

w
ith

them
,

such
as

navigation,
transportation,

and
com

m
erce.

T
hese

other
uses

m
ay

have
detrim

ental
im

pact
on

aquatic
life

and
if

these
im

pacts
outw

eigh
the

benefits
of

the
structures,

the
structures
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becom
e

an
undesirable

habitat
attribute.

T
he

presence
of

m
anm

ade
structures

(Figure
3-6)

in
the

channel
in

the
channel

w
as

recorded
ateach

sam
pling

station
in

this
study.

3.2
B

IO
T

IC
D

A
T

A

B
iotic

data
used

in
this

study
included

fish
and

m
acroinvertebrate

data
collected

by
the

D
istrict

betw
een

2001
and

2008,
as

w
ell

as
supplem

ental
fish

and
m

acroinvertebrate
data

collected
specifically

for
this

Study
in

2008.
T

hese
data

and
their

uses
are

discussed
below

.
Sam

pling
stations

for
biota

are
show

n
in

Figure
3-1.

3.2.1
F

ish
D

ata

Fish
data

collected
w

ithin
the

m
anaged

portion
of

the
C

A
W

S
w

ere
collected

using
boat

electrofishing
procedures,

because
the

system
is

alm
ost

entirely
nonw

adeable.
Field

procedures
follow

ed
standard

electrofishing
protocol,

using
direct

current
shocking

only,
and

only
tw

o
netters

collecting
stunned

fishes.
Station

sam
ple

lengths
are

400
m

eters
and

include
sam

pling
prim

arily
along

the
banks.

C
ollected

fishes
are

generally
identified

to
species

in
the

field,
m

easured
for

length,
and

w
eighed.

E
ach

F
igure

3-6:
E

xam
ples

of
M

anm
ade

S
tru

ctu
res

(D
olphins)

on
the

C
hicago

S
anitary

and
S

hip
C

anal
N

ear
A

W
Q

M
41.
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collected
fish

is
also

exam
ined

for
disease,

parasites
or

other
anom

alies
and

recorded
w

here
observed.

A
ll

field
identified

fishes
are

then
returned

live
to

the
w

aters.
M

innow
s

and
other

fishes
that

are
not

clearly
identified

in
the

field
are

preserved
in

10
percent

form
alin

and
identified,

w
eighed

and
m

easured
in

the
lab.

T
he

num
ber

of
fish

sam
ple

stations
w

ithin
the

C
A

W
S

has
varied

by
year

for
the

2001-2008
period.

T
able

3-I
describes

fish
sam

ple
locations,

by
date,

w
ithin

the
C

A
W

S
.

T
w

enty
eight

stations
are

included
in

the
D

istrict
sam

pling
program

,
w

ithin
the

m
anaged

portion
of

the
C

A
W

S
.

In
2008,

five
supplem

ental
stations

w
ere

added
to

attem
pt

to
capture

additional
habitat

variation
in

the
system

that
m

ay
not

be
captured

by
the

existing
sam

ple
stations.

T
he

total
num

ber
of

sam
ple

station
events

during
the

2001-2008
sam

ple
period

totaled
101.

T
he

2001-2007
fish

dataset
w

as
used

to
build

and
assess

the
habitat

index
against

(that
is,

to
calibrate

the
index),

w
hile

the
2008

dataset
w

as
used

as
the

validation
dataset.
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T
able

3-1:
C

A
W

S
F

ish
S

am
pling

E
vents

U
sed

in
T

his
S

tudy

S
tatio

n
D

escrip
tio

n
2

A
W

O
M

2001
2002

2003
2004

2005
2006

2007
2008

N
o.

N
SC

at
C

entral
S

treet
35

9/24/0
1

7
/2

0
/0

5
7/25/08

N
SC

at
T

o
u
h
y

A
v
en

u
e

36
9/26/01

7
/3

1
/0

2
7

/2
4
/0

3
9
/2

9
/0

4
7

/2
1
/0

5
7/10/06

7/12107
1

1/6/08

N
SC

at
Foster

A
venue

101
9/27/01

9/8/05
7/25/08

N
SC

at
O

akton
S

treet
102

9/25/0
1

7
/2

0
/0

5

N
B

C
R

at
W

ilson
A

ve
37

10/1/01
9
/7

/0
5

N
B

C
R

at
D

iversey
Pkw

y
73

10/3/0
1

9
/6

/0
5

7/25/08

N
B

C
R

at
G

rand
A

venue
46

10/2/01
8/1/02

7
/2

3
/0

3
8

/2
7
/0

4
7
/1

8
/0

5
7

/1
1

/0
6

7
/1

1
/0

7
11/5/08

LC
R

at
Indiana

A
venue

56
9
/2

9
/0

3
7

/3
0
/0

7
7/26/08

LC
R

at
H

alsted
S

treet
76

9/12101
9
/1

6
/0

2
9
/2

9
/0

3
9
/3

0
/0

4
9
/2

7
/0

5
7

/2
1
/0

6
7/31/07

10/28/08

C
SC

at
R

oute
83

43
7
/3

0
/0

3
9
/1

4
/0

7

C
SC

atA
shland

A
venue

58
9/5/03

8/1/07

C
SC

at
C

icero
A

venue
59

9/14/01
9
/1

7
/0

2
7
/3

1
/0

3
8

/3
1
/0

4
9

/2
9
/0

5
7

/2
4

/0
6

8/2/07
10/17/08

C
R

at
L

ake
Shore

D
rive

74
8/2/02

7/26/06

C
R

at W
ells

S
treet

100
8
/2

1
/0

2
7/27/06

7/24/08

SB
C

R
at

M
adison

St
39

8
/2

7
/0

2
7/28/06

C
SSC

at
D

am
en

A
ve

40
8
/1

9
/0

2
8
/3

0
/0

6
7/24/08

BC
at

A
rcher

A
venue

99
8
/2

0
/0

2
9/5/06

7/24/08

SB
C

R
at

L
oom

is
S

treet
108

8
/2

6
/0

2
9
/1

2
/0

6

C
SSC

at
H

arlem
A

ve
41

9/7/01
9
/3

/0
2

7
/2

1
/0

3
8
/2

4
/0

4
8
/2

6
/0

5
8

/2
1
/0

6
7

/1
6
/0

7
10/29/08

C
SSC

at
R

oute
83

42
8
/2

8
/0

2
8
/3

1
/0

6

C
SSC

at
S

tephen
S

treet
48

9
/1

0
/0

2
8
/2

8
/0

6
7/23/08

C
SSC

at
C

icero
A

ve
75

9/4/0
1

8
/2

9
/0

2
7
/1

8
/0

3
8
/2

3
/0

4
8

/2
2
/0

5
8/29/06

7
/1

7
/0

7
10/29/08

C
S

S
C

at
L

ockport
(16th

St)
92

9/4/0
1

9
/1

1
/0

2
7
/2

9
/0

3
8
/3

0
/0

4
9
/1

5
/0

5
7/25/06

7
/1

0
/0

7
10/9/08

C
SSC

at
B

edford
Park

-
7/23/08

C
SSC

at W
illow

S
prings

-
7/23/08

C
SC

at
Palos

H
ills

-
7/17/08

C
SC

at
W

orth
&

P
alos

H
ts

-
7/22/08

C
SC

atA
lsip

-
7/26/08

3.2.2
M

acro
in

v
erteb

rate
D

ata

M
acroinvertebrate

data
collected

w
ithin

the
C

A
W

S
w

ere
collected

using
tw

o
m

ethods:
artificial

substrate
sam

plers
(H

ester
D

endys
or

H
D

s)
and

Ponar
grab

sam
plers.

H
D

s
w

ere
deployed

at
each

station
betw

een
M

ay
and

June.
E

ach
station

contains
three

side
channel

and
three

m
id-

channel
H

D
s

that
are

cabled
to

river
anchors.

H
D

s
are

deployed
betw

een
7

and
14

w
eeks.

R
etrieved

H
D

s
are

collected
using

250-m
icron

m
esh

nets
and

H
D

s
are

stored
in

10
percent

form
alin

solution
for

2N
S

C
=

N
orth

S
hore

C
hannel;

N
B

C
R

N
orth

B
ranch

C
hicago

R
iver;

SB
C

R
=

South
B

ranch
C

hicago
R

iver;
C

SSC
C

hicago
S

anitary
and

Ship
C

anal;
C

SC
=

C
al-S

ag
C

hannel;
C

R
C

hicago
R

iver;
B

C
=

B
ubbly

C
reek;

L
C

R
=

L
ittle

C
alum

et
R

iver
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processing.
Ponar

sam
ples

w
ere

collected
in

triplicate
at

side
and

center
locations

at
each

station.
Field

sam
ples

are
filtered

through
250-m

icrom
eter

sieve
buckets

and
stored

in
10

percent
form

alin
solution

for
processing.A

sum
m

ary
of

the
m

acroinvertebrate
sam

pling
events

is
presented

in
T

able
3-2.

T
able

3-2:
C

A
W

S
M

acroinvertebrate
S

am
pling

E
vents

U
sed

in
T

his
S

tudy

Station
N

um
ber

Station
D

escription
2001

2002
2003

2004
2005

2006
2007

99
Bubbly

Creek
atA

rcherA
venue

X
X

58
C

alum
et-Sag

C
hannelatA

shland
A

venue
X

X

59
C

alum
et-Sag

C
hannelatCicero

A
venue

X
X

X
X

X
X

X

43
C

alum
et-Sag

C
hannelatRoute

83
X

X

74
Chicago

RiveratLake
Shore

D
rive

X
X

100
Chicago

RiveratW
ells

Street
X

X

75
Chicago

Sanitary
and

Ship
C

analatCicero
A

venue
X

X
X

X
X

X
X

40
Chicago

Sanitary
and

Ship
C

analatD
am

en
A

venue
X

X

41
Chicago

Sanitary
and

Ship
C

analatH
arlem

A
venue

X
X

X
X

X
X

X

92
Chicago

Sanitary
and

Ship
Canal

atLockport(16th
St)

X
X

X
X

X
X

X

42
Chicago

Sanitary
and

Ship
C

anal
atRoute

83
X

X

48
Chicago

Sanitary
and

Ship
C

anal
atStephen

Street
X

76
Little

Calum
etRiveratH

alsted
Street

X
X

X
X

X
X

X

56
Little

Calum
etRiveratIndiana

A
venue

X
X

73
North

Branch
Chicago

RiveratD
iversey

Parkw
ay

X
X

North
Branch

Chicago
RiveratFullerton

A
venue

X
X

46
North

Branch
C

hicago
RiveratG

rand
A

venue
X

X
X

X
X

X
X

37
North

Branch
C

hicago
Riverat W

ilson
A

venue
X

X

35
North

Shore
C

hannelat CentralStreet
X

X

101
North

Shore
C

hannelatFosterA
venue

X
X

102
North

Shore
C

hannelatO
akton

Street
X

X

36
North

Shore
C

hannelatT
ouhyA

venue
X

X
X

X
X

X
X

108
South

Branch
C

hicago
River

atLoom
is

Street
X

X

39
South

Branch
C

hicago
RiveratM

adison
Street

X
X

Processing
of

m
acroinvertebrates

in
the

laboratory
varies

by
collection

m
ethod.

H
D

s
are

disassem
bled,

cleaned
and

sieved
through

a
250-m

icrom
eter

sieve.
Side

sam
ples

are
com

bined
as

a
single

sam
ple

and
m

id-channel
sam

ples
are

com
bined

as
a

single
sam

ple
so

each
station

is
represented

by
a

side
and

m
id-channel

H
D

sam
ple.

Ponar
sam

ples
are

further
rinsed

and
screened

in
the

laboratory
using

a
250-m

icrom
eter

sieve,
T

he
triplicate

sam
ples

are
com

bined
into

a
single

side
sam

ple
and

a
single

m
id

channel
sam

ple.
A

ll
species

identifications
are

m
ade

to
the

low
estpractical

taxonom
ic
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classification.
R

epresentative
sam

ples
of

chironom
id

head
capsule

deform
ities

are
determ

ined
as

part
of

the
standard

procedures
for

the
datasets.

P
rocessed

m
acroinvertebrate

data
w

ere
analyzed

by
B

aetis,
Inc.,

under
subcontract

to
L

im
noT

ech,
and

w
ere

used
to

select
appropriate

m
acroinvertebrate

m
etrics

for
the

C
A

W
S

,
com

pare
collection

m
ethods,

and
evaluate

deform
ities

as
related

to
w

ater
quality

and
contam

inated
sedim

ent
(A

ppendix
B

).

3
3

W
A

T
E

R
Q

U
A

L
IT

Y
D

A
T

A

T
he

w
ater

quality
data

used
in

this
S

tudy
consisted

of
data

collected
by

the
D

istrict
betw

een
2001

and
2007.

T
he

D
istrict’s

w
ater

quality
data

collection
program

in
the

C
A

W
S

includes
continuous

m
onitoring

of
certain

param
eters

from
several

locations
in

the
C

A
W

S
,

as
w

ell
as

discrete
sam

pling
of

w
ater

quality
as

part
of

their
annual

w
ater

quality
m

onitoring
program

.
T

hese
data

collection
program

s
are

sum
m

arized
below

.

3.3.1
C

o
n
tin

u
o
u
s

M
onitoring

D
ata

T
he

D
istrict

currently
deploys

continuous
dissolved

oxygen
(D

O
)

m
onitors

at
33

locations
in

the
C

A
W

S
.

T
hese

m
onitors

collect
hourly

data
and

are
serviced

on
a

w
eekly

schedule.
A

detailed
discussion

of
the

continuous
D

O
m

onitoring
(C

D
O

M
)

program
is

presented
in

M
inarik

et
a!.

(2008).
T

he
D

O
data

are
collected

throughout
the

C
A

W
S

by
the

D
istrict

using
autom

ated
data

collection
m

onitors
m

anufactured
by

Y
S

I
Incorporated

(Y
S

I)
of

Y
ellow

S
prings,

O
hio.

D
O

is
m

easured
hourly

using
the

Y
S

I
M

odel
6920

or
M

odel
6600

m
onitor.

F
or

this
S

tudy,
C

D
O

M
data

from
23

stations
in

the
C

A
W

S
,

collected
betw

een
2001

and
2007

w
ere

used.
T

he
locations

of
these

C
D

O
M

stations
are

show
n

in
F

igure
3-7.

In
addition

to
D

O
data,

the
D

istrict’s
C

D
O

M
program

also
collects

continuous
data

on
specific

conductance,
pH

,
and

tem
perature.
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C
C

A
3

O
A

E
A

M
?E

R
W

*Y
Y

5
T

E
M

CA
W

S
Sam

pling
Sites:

AW
QM

and
CDOM

F
igure

3-7:
A

nnual
W

ater
Q

uality
M

onitoring
(A

W
Q

M
)

S
tations

and
C

ontinuous
D

issolved
O

xygen
M

onitoring
(C

D
O

M
)

S
tations

in
the

C
A

W
S

.
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3.3.2
A

nnual
W

ater
Q

uality
M

onitoring

In
addition

to
their

C
D

O
M

program
,

the
D

istrict
also

conducts
an

am
bient

w
ater

quality
m

onitoring
(A

W
Q

M
)

program
.

T
here

are
26

A
W

Q
M

stations
in

the
C

A
W

S,
as

depicted
in

Figure
3-1.

W
ater

quality
is

regularly
sam

pled
at

these
stations

in
accordance

w
ith

the
A

W
Q

M
Q

uality
A

ssurance
Project

Plan
(D

istrict,
2007).

S
am

pling
is

conducted
on

a
m

onthly
basis

for
m

ostparam
eters.

T
he

w
ater

quality
param

eters
sam

pled
for

the
A

W
Q

M
program

include:

•
F

ield-m
easured

param
eters

(tem
perature,

pH
);

•
D

O

•
T

urbidity

•
T

otal
phosphorus

and
nitrogen

com
pounds

(nitrate/nitrite,
am

m
onia

nitrogen,
total

K
jeldahl

nitrogen);

•
Sulfate;

•
T

otal
dissolved

solids,
suspended

solids,
and

volatile
suspended

solids;

•
A

lkalinity,
chloride,

and
fluoride;

•
T

otal
organic

carbon;

•
Phenol;

•
C

yanide;

•
Indicator

bacteria
(fecal

coliform
and

E.
coli);

•
C

hlorophyll;

•
T

otal
and

soluble
m

etals
(arsenic,

barium
,

boron,
cadm

ium
,

calcium
,

chrom
ium

,
iron,

lead,
m

agnesium
,

m
anganese,

m
ercury,

nickel,
selenium

,
silver,

and
zinc);

and

•
V

olatile
organic

com
pounds

(benzene,
toluene,

ethylbenzene,
xylenes).

3.3.3
U

se
of

W
ater

Q
uality

D
ata

in
th

is
S

tu
d
y

W
ater

quality
data

w
ere

used
to

evaluate
the

relationship
betw

een
w

ater
quality

and
fish

in
the

C
A

W
S,

separate
from

physical
habitat.

T
he

report
describing

the
analysis

of
fish

and
w

ater
quality

in
the

C
A

W
S

is
included

as
A

ppendix
C

.
D

O
data

w
ere

also
used

in
conjunction

w
ith

key
physical

habitat
variables

identified
from

m
ultiple

linear
regression

analysis
of

habitat
data,

to
evaluate

the
degree

to
w

hich
w

ater
quality

data
helped

explain
variability

in
fish

data
over

physical
habitat

data
alone.

T
hese

analyses
are

discussed
in

S
ection

6
of

this
report.

T
he

findings
of

the
analysis

of
fish

and
w

ater
quality

in
the

C
A

W
S

are
presented

below
and

described
in

m
ore

detail
in

A
ppendix

C
.
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•
F

ish
m

etrics
are

positively
correlated

to
dissolved

oxygen,
butdissolved

oxygen
is

a
poorpredictor

offish
m

etrics.
A

few
fish

m
etrics

show
ed

statistically
significant

correlation
to

observed
dissolved

oxygen
concentration,

w
ith

higher
dissolved

oxygen
concentrations

resulting
in

slightly
better

m
etrics.

T
his

result
does

not
necessarily

indicate
that

oxygen
concentrations

are
the

prim
ary

factor
controlling

fish
health.

T
he

statistical
m

axim
“C

orrelation
does

not
im

ply
causation”

applies
here.

Furtherm
ore,

the
r-squared

values
betw

een
fish

m
etrics

and
dissolved

oxygen
concentration

are
relatively

low
for

the
m

ost
part

(i.e.
generally

less
than

0.2).
It

should
be

noted
that

this
finding

does
not

necessarily
indicate

that
oxygen

concentrations
are

an
unim

portant
predictor

of
fish

health.
T

he
dissolved

oxygen
concentrations

used
in

these
regressions

do
not

fully
represent

the
historical

exposure
of

the
sam

pled
fish

to
oxygen.

Fish
are

m
obile,

and
m

ay
be

exposed
to

dissolved
oxygen

concentrations
significantly

different
that

the
ones

reflected
at

the
oxygen

m
onitoring

location
during

the
tim

e
of

fish
collection.

•
In

term
s

of ability
to

explain
fish

data
in

the
C

A
W

S,
com

pliance
w

ith
new

standards
is

sim
ilar

to
com

pliance
w

ith
existing

standards.
Fish

m
etrics

from
observations

w
here

standards
w

ere
being

attained
w

ere
generally

better
than

fish
m

etrics
w

here
standards

w
ere

not
in

attainm
ent,

but
m

ost
differences

w
ere

not
statistically

significant.
In

addition,
fish

m
etrics

show
ed

a
positive

correlation
to

the
percent

of
tim

e
that

standards
w

ere
attained

at
a

station.
T

hese
findings

hold
for

both
the

current
and

proposed
standards,

although
the

current
standards

show
ed

a
higher

num
ber

of
significant

differences
than

do
the

proposed
standards.

T
his

m
ay

im
ply

that
com

pliance
w

ith
new

standards
m

ay
not

be
as

good
a

predictor
of

fish
health

as
com

pliance
w

ith
existing

standards.

•
Som

efish
m

etrics
are

positively
correlated

to
tem

perature,
butm

ore
poorly

than
w

ith
dissolved

oxygen.
R

elatively
few

fish
m

etrics
show

ed
statistically

significant
correlation

to
observed

tem
perature

data.
A

pplying
the

proposed
w

ater
quality

standards
for

tem
perature

to
the

2001
—

2007
C

D
O

M
data

set
does

not
suggest

that
attainm

ent
of

these
proposed

standards
is

a
good

indicator
of

fish
health.

W
hile

no
definitive

statem
ent

can
be

m
ade

about
causation

from
regression

analysis,
the

w
eak

correlations
betw

een
fish

m
etrics

and
dissolved

oxygen
indicate

that
increm

ental
im

provem
ents

in
w

ater
quality

alone
m

ay
have,

at best,
a

sm
all

benefit
to

fish
if

all
other

conditions
affecting

fish
in

the
system

rem
ain

unchanged.
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T
his

page
is

b
lan

k
to

facilitate
double

sided
p
rin

tin
g
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4.
A

S
S

E
S

S
M

E
N

T
O

F
H

A
B

IT
A

T
C

O
N

D
IT

IO
N

S
IN

T
H

E
C

A
W

S

T
he

physical
habitat

data
used

in
this

Study,
described

in
Section

3,
w

ere
evaluated

to
develop

an
understanding

of
conditions

in
the

C
A

W
S.

T
his

section
provides

a
sum

m
ary

description
of

the
physical

conditions
in

the
C

A
W

S
that

are
relevant

to
the

physical
habitat

evaluation
of

the
C

A
W

S,
based

on
observations

and
the

data
described

in
Section

3.
T

his
section

consists
of

three
m

ain
subsections:

•
Section

4.1
discusses

physical
habitat

conditions
in

the
C

A
W

S
from

the
perspective

of
traditional

physical
habitat

variables.

•
Section

4.2
describes

navigation
in

the
C

A
W

s
as

a
functional

com
ponent

of
the

system
,

its
im

pacton
aquatic

life
in

general,
and

its
critical

role
in

im
pacting

aquatic
biota

and
habitat

in
the

C
A

W
S.

•
Section

4.3
contrasts

habitat
conditions

in
the

C
A

W
S

w
ith

natural
rivers.

4.1
SU

M
M

A
R

Y
O

F
P

H
Y

S
IC

A
L

H
A

B
IT

A
T

C
O

N
D

IT
IO

N
S

T
he

discussion
generally

follow
s

the
essential

habitat
assessm

ent
index

com
ponents

suggested
by

R
ankin

(1
9

9
5

)
and

described
in

Section
2-2,

w
ith

som
e

m
odifications

for
the

C
A

W
S,

as
described

in
T

able
4-1.

It
should

be
noted

that
som

e
of

the
habitat

attributes
described

in
T

able
4-1,

such
as

bank
erosion

and
riffle-run/pool-glide

sequences,
are

im
portant

to
habitat

assessm
ent

in
natural

system
s,

but
they

not
im

portant
to

developing
a

habitat
index

for
the

C
A

W
S

because
they

are
nearly

constant
or

are
entirely

absent.
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T
able

4-1:
C

om
parison

of
R

ankin
H

abitat
A

ssessm
ent

C
om

ponents
to

C
A

W
S

H
ab

itat
D

escription

E
ssential

H
abitat

A
ssessm

en
t

U
tility

in
C

A
W

S
H

abitat
A

ssessm
en

t
C

om
ponent

Identified
by

R
ankin

S
ubstrate

type
and

quantity
Im

portant
in

C
A

W
S,

discussed
in

S
ection

4.1;
physical

asp
ects

of
substrate

are
im

portant
in

the
C

A
W

S,
but

chem
ical

aspects
are

also
im

portant

In-stream
physical

structure
and

cover
Im

portant
in

C
A

W
S,

discussed
in

S
ection

4.2

C
hannel

structure/stability/m
odification

Im
portant

in
C

A
W

S,
discussed

in
S

ection
4.3

as
C

hannel
M

orphology;
stability

is
not

im
portant

as
m

ost
of

the
C

A
W

S
are

constructed
and

channelized,
designed

and
m

aintained
for

stability

R
iparian

w
idth/quality

R
iparian

condition
is

im
portant

in
the

C
A

W
S,

discussed
in

S
ection

4.4;
w

idth
not

as
im

portant
due

to
heavy

riparian
developm

ent
in

m
any

parts
of

the
system

B
ank

E
rosion

N
ot

prevalent
in

the
C

A
W

S
b

ecau
se

flow
s

are
low

and
the

system
is

m
anaged

to
m

aintain
stable

channels,
m

ostly
through

bank
arm

oring,
therefore

not
a

useful
differentiator

w
ithin

the
C

A
W

S.

F
low

/stream
gradient

H
ydrology

is
considered,

discussed
in

S
ection

4.5;
due

to
the

heavily
regulated

nature
of

flow
s

in
the

C
A

W
S

this
is

less
im

portant
than

in
a

natural
system

,
therefore

not
a

useful
differentiator

w
ithin

the
C

A
W

S.

R
iffle-run/pool-glide

quality/characteristics
C

om
pletely

absent
from

the
C

A
W

S,
w

hich
consists

m
ainly

of
canals

and
straightened

channels,
therefore

not
a

useful
differentiator

w
ithin

the
C

A
W

S.

T
he

relevant
aspects

ofphysical
habitat

in
the

C
A

W
S

are
discussed

in
the

follow
ing

sections.

4.1.1
S

u
b

strate
T

ype
an

d
Q

uality

B
ed

condition,
as

m
easured

by
substrate

type
and

quality,
is

a
valuable

com
ponent

of
aquatic

habitatbecause
of

its
role

in
providing

cover
and

spaw
ning

habitat.
Its

im
portance

to
aquatic

life
and

a
discussion

of
substrate

conditions
in

the
C

A
W

S
are

presented
below

.

4.1.l.a
Im

p
o

rtan
ce

o
f

S
u
b
strate

to
A

q
u

atic
L

ife

S
ubstrate

is
a

relatively
com

plex
aspect

of
the

aquatic
environm

ent,
including

both
m

ineral
and

organic
m

aterials
fonning

the
bottom

of
a

w
ater

body
(A

llan,
1995;

A
rm

antrout,
1998).

It essentially
includes

everything
on

the
bottom

or
sides

or
projecting

into
a

body
of

w
ater,

including
hum

an
artifacts

and
debris

(A
llan,

1995).

S
ubstrate

is
of

critical
im

portance
both

directly
and

indirectly
to

aquatic
biota.

T
he

surface
layer

of
substrate

is
often

rich
in

organic
m

atter
and

can
provide

an
im

portant
source

of
nutrients

for
organism

s
at

the
base

of
the

food
chain

(G
ordon

et
a!.,

2004).
It provides

habitat
for

m
ost

species
at

som
e

pointin
their

life
history

for
activities
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such
as

resting
and

m
ovem

ent,
reproduction

and
refuge

as
w

ell
as

direct
and

indirect
food

availability
(G

iller
and

M
alm

quist,
1998).

Species
differ

in
their

substrate
association

and
preference

requirem
ents

and
the

distribution
and

com
position

of
sedim

ent
is

an
im

portantphysical
factor

influencing
the

distribution
of

organism
s

w
ithin

aquatic
system

s
(G

ordon
et

al.,
2004).

Substrate
can

be
a

repository
for

chem
icals

introduced
into

aquatic
system

s
as

a
result

of
agriculture,

industry,
and

other
hum

an
activity.

A
lthough

not
typically

considered
a

physical
habitat

attribute
in

natural
system

s,
anthropogenic

contam
ination

of
sedim

ents
can

have
a

significant
im

pacton
aquatic

life.
C

ontam
inants

of
concern

in
aquatic

sedim
ents

range
from

heavy
m

etals
to

organic
chem

icals.
A

lthough
these

contam
inants

m
ay

only
be

found
at

low
concentrations

in
w

ater,
they

often
accum

ulate
atelevated

levels
in

sedim
ents

(M
acD

onald
and

Ingersol,
2002).

B
oth

the
physical

and
chem

ical
characteristics

of
substrate

are
im

portant.
A

quatic
organism

s
can

be
exposed

to
contam

inated
sedim

ents
throughout

their
lifecycles

and
through

m
ultiple

pathw
ays.

B
enthic

m
acroinvertebrates

live
in

the
sedim

ents
and

are
directly

exposed
to

contam
inants

(U
SE

PA
,

2008),
usually

through
ingestion

or
absorption.

L
arger

species
m

ay
consum

e
the

contam
inated

benthic
organism

s.
T

his
allow

s
the

contam
inant

to
m

ove
through

the
food

w
eb

and
upper

trophic
levels

(B
urton

and
L

andrum
,

2003).
Fish

can
be

exposed
directly

to
sedim

ents
during

nesting
or

foraging
or

they
m

ay
consum

e
m

acroinvertebrates
and

sm
aller

fish
that

have
been

previously
exposed

to
contam

inants.
A

dditionally,
resuspension

of
contam

inated
sedim

ents
in

the
w

ater
colum

n
can

occur
after

disturbances
such

as
storm

s
or

boat
propellers

(U
SE

PA
,

2008).

D
epending

on
the

contam
inant,

a
series

of
negative

effects
m

ay
occur.

Som
e

contam
inants,

if
present

at
sufficiently

high
concentrations,

can
result

in
acute

toxicity,
w

here
toxic

levels
are

reached
w

ith
only

one
exposure.

A
quatic

life
can

also
experience

chronic
toxicity

after
prolonged

exposures.
B

ecause
direct

exposure
of

m
acroinvertebrates

is
m

ore
com

m
on

than
direct

exposure
of

fish,
changes

in
m

acroinvertebrate
populations

m
ay

be
observed

due
to

sedim
ent

contam
ination.

M
ost

obvious
effects

are
seen

in
benthic

com
m

unity
structure

changes
(B

urton
and

L
andrum

,
2003;

M
acD

onald
and

Ingersol,
2002).

D
eform

ities,
lesion,

and
tum

ors
in

fish
have

been
observed

to
have

higher
incidences

in
areas

w
ith

contam
inated

sedim
ents

(U
SE

PA
,

2008).

4.1.1.b
S

u
m

m
ary

D
escription

o
f

B
ed

C
ondition

in
the

C
A

W
S

S
ubstrate

in
the

C
A

W
S

is
dom

inated
by

fine
sedim

ents.
In

the
deep

parts
of

sam
pling

stations,
usually

near
the

center
of

the
reach,

inorganic
silt

w
as

recorded
as

the
dom

inant
substrate

type
in

16
out

of
28

sam
pling

stations
(Figure

4
-1

).
O

nly
five

stations
(three

in
the

N
orth

Shore
C

hannel,
one

on
the

L
ittle

C
alum

et
R

iver,
and

the

T
he

bar
charts

show
ing

habitat
variables

in
this

section
use

colors
to

differentiate
m

ajor
reaches

of
the

C
A

W
S

.
T

he
num

bers
at

the
bottom

of
the

charts
denote

the
sam

pling
station

identification
num

bers.
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H
arlem

A
venue

station
of

the
C

SSC
)

had
sand

as
the

dom
inantdeep

substrate,
w

hile
tw

o
had

organic
sludge.

T
he

rem
aining

five
stations

w
ere

found
to

be
exposed

to
bedrock

in
the

deep
part

of
the

reaches.

F
igure

4-1:
D

om
inant

D
eep

S
ubstrate

(D
O

M
_D

)
at

C
A

W
S

S
am

pling
S

tations

(T
he

y-axis
co

rresp
o
n
d
s

to
the

variable:
1

=
p
lan

t
debris;

2
=

clay;
3

=
inorganic

silt;
4

=
organic

sludge;
5

=
san

d
;

6
=

gravel;
7

=
cobble;

8
=

boulder;
9

=
bedrock

o
r

h
ard

p
an

;
10

=
other)

Substrates
in

the
shallow

er
parts

of
the

sam
pling

reaches,
nearer

the
sides

of
the

channels,
w

ere
slightly

m
ore

varied
but

14
sam

pling
stations

w
ere

found
to

be
dom

inated
by

inorganic
silts

or
organic

sludge
(Figure

4-2).
Four

stations
had

sand
as

the
dom

inant
shallow

substrate,
tw

o
had

gravel,
tw

o
had

cobbles,
and

tw
o

had
boulders.

T
he

rem
aining

stations
had

bedrock
or

other
hardpan

beds.
W

here
cobbles

and
boulders

w
ere

encountered,
they

appeared
to

be
rem

nants
of

failed
riprap

or
stone

w
alls

that
had

collapsed
into

the
channel.

10
b
I
y

titti.

8

D
O

M
_D

,categ
o
rical

C
N

g
m

itr
N

o
.th

T
h

o
t, C

h
n

n
.t

N
0
1
h

B
rn

th
S

o
o
tttb

n
th

C
Iito

S
t.ry

n
d
S

Iip
C

n
I

ri
r

x.2t7

t

42-

jlj
C.5

4-5z

S4.5

S-CS2

S‘CS=

08t=

99
56

0
—

—

0
—

=

8

5

2

40
75

41
51

92
42

48
92

76
38

59
55

54
53

43
74

100
35

105
36

101
37

73
46

39
108
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(T
he

y-axis
corresponds

to
the

variable:
1

=
p

lan
t

debris;
2

=
clay;

3
=

inorganic
silt;

4
=

organic
sludge;

5
=

sand;
6

=
gravel;

7
=

cobble;
8

=
boulder;

9
=

bedrock
o
r

h
ard

p
an

;
10

=
other)

Sedim
ent

chem
ical

data
from

the
C

A
W

S
show

s
the

presence
of

a
w

ide
range

of
chem

icals
throughout

the
system

including
pesticides,

polychiorinated
biphenyls

(PC
B

s),
and

heavy
m

etals.
Itw

as
beyond

the
scope

of
this

Study
to

com
prehensively

evaluate
sedim

ent
chem

istry
in

the
C

A
W

S
,

but
the

available
sedim

ent
chem

ical
data

w
ere

com
pared

to
m

acroinvertebrate
data

collected
from

the
C

A
W

S.
T

his
com

parison
show

ed
that

m
any

chem
icals

w
ere

significantly
correlated

w
ith

m
acroinvertebrate

m
etrics(p<O.O5)

including
the

follow
ing:

•
Several

chem
icals

w
ere

inversely
correlated

w
ith

taxa
richness

in
ponar

sam
ples

including
m

ercury
(r

=
-0.597),

cadm
ium

(r
=

-0.608),
chrom

ium
(r

=

-0.548),
copper

(r
=

-0.565),
nickel

(r
=

-0.559),
lead

(r
=

-0.530),
zinc

(r
=

-
0.524),

sim
ultaneously

extracted
m

etals
(SE

M
,

r
=

-0.630),
total

PC
B

s
(r

=
-

0.643),
and

total
sem

i-volatile
organic

com
pounds

(SV
O

C
s,

r
=

-0.548).

•
C

adm
ium

(r
=

-0.587)
and

copper
(r

=
-0.530)

w
ere

correlated
w

ith
Shannon

diversity
index

in
ponar

sam
ples.

•
C

adm
ium

(r
=

-0.5
12),

SE
M

(r
=

-0.565),
and

total
PC

B
s

(r
=

-0.570)
w

ere
correlated

w
ith

D
iptera

richness
in

ponar
sam

ples.

12
Ib

b
4
y

U
tti.

C
r..k

C
.Io

n
.t

D
O

M
_S,categorical

C
h

n
n

.I
C

h
i.(

P
dw

r
N

orth
$
h
o
.
(h

n
n

.I
N

orth
B

nnrh
o

o
th

&
n

o
h

106

I

C
N

c
S

.o
t

rrd
Ship

C

1

[L
4
<

4
<

5
—

—
.

0
2

-

2
-

-6
-

I
h

•

i
:I itiJ

i
:Ii•

.1
-
[

-
—

H

I

.

z
=

r

.
I

-
—

:
-

I

•
.1’—’

‘-‘
‘

‘-,

2

Iz

9
0

5
6

7
6

5
8

5
9

5
5

5
4

S
3
4
3

7
4

1
0

0
35

102
3
6
1
0
1
3

7
7
3
4
6

3
9
1

0
8
4
0
7

5
4
1

3
1
3
2
4

2
4
5

9
2

F
igure

4-2:
D

om
inant

S
hallow

S
u
b
strate

(D
O

M
_S

)
at

C
A

W
S

S
am

pling
S

tations
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•
Several

chem
icals

w
ere

positively
correlated

w
ith

the
percentage

of
O

ligochaeta
in

artificial
substrate

sam
ples

including
cadm

ium
(r

=
0.593),

chrom
ium

(r
=

0.560),
copper

(r
=

0.580),
and

nickel
(r

=
0.618).

•
T

he
percent

of
collector

gatherers
in

artificial
substrate

sam
ples

w
as

positively
correlated

w
ith

cadm
ium

(r
=

0.509),
copper

(r
=

0.572),
and

nickel
(r

=

0.528).

•
F

unctional
feeding

group
diversity

in
ponar

sam
ples

w
as

inversely
correlated

w
ith

several
chem

icals
including

cadm
ium

(r
=

-0.589),
chrom

ium
(r

=
-

0
.5

3
7
),

copper
(r

=
-0.541),

nickel
(r

=
-0.527),

lead
(r

=
-0

.5
3
5
),

zinc
(r

=
-

0
.5

3
0

),
sim

ultaneously
extracted

m
etals

(SE
M

,
r

=
-0.655),

total
PC

B
s

(r
=

-

0.624),
and

total
sem

i-volatile
organic

com
pounds

(SV
O

C
s,

r
=

-0.519).

D
ata

also
show

that
m

ercury
w

as
significantly

(r
=

0.659;
p

<
0.05)

correlated
w

ith
head

capsule
deform

ities
in

m
acroinvertebrates

collected
using

ponar
sam

plers.
T

hese
observations

suggest
that

anthropogenic
chem

icals
in

C
A

W
S

sedim
ents

are
affecting

m
acroinvertebrate

populations
directly

and
suggest

an
indirect

effect
on

fish
as

w
ell.

B
ased

on
these

correlation
analyses,

three
sedim

ent
chem

ical
param

eters
w

ere
chosen

for
use

in
the

habitat
evaluation:

cadm
ium

concentration,
total

PC
B

concentration,
and

concentration
of

sim
ultaneously

extracted
m

etals,
w

hich
is

a
m

easure
of

the
bioavailability

of
heavy

m
etals

in
sedim

ents.

4.1.1.c
S

ed
im

en
t
an

d
S

u
b

strate
L

im
itatio

n
s

in
th

e
C

A
W

S

A
s

described
in

Section
4.1

.1,
sedim

ent
and

substrate
is

of
critical

im
portance

both
directly

and
indirectly

to
aquatic

biota
in

natural
system

s.
T

he
sedim

ent
and

substrate
w

ithin
the

C
A

W
S

are
generally

dom
inated

by
exposed

bedrock
or

fine
m

aterials.
T

he
fine

m
aterials

include
consolidated

native
soils

into
w

hich
som

e
the

channel
w

ere
dug

or
fine

sedim
ent

deposited
in

the
system

by
urban

runoff.
T

he
latter

can
be

easily
resuspended

and
redistributed.

T
able

4-2
describes

som
e

key
habitat

lim
itations

in
the

C
A

W
S,

w
ith

respect
to

sedim
ent

and
substrate,

w
hich

likely
lim

it
the

biotic
potential

of
the

fishery
w

ithin
the

system
.
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T
able

4-2:
H

ab
itat

L
im

itations
in

the
C

A
W

S
R

elated
to

S
edim

ent
and

S
ubstrate.

S
ed

im
en

t
F

eatu
re

C
A

W
S

h
ab

itat
an

d
F

ish
eries

R
esp

o
n
se

S
u
sp

en
d
ed

sedim
ent

T
he

C
A

W
S

is
dom

inated
by

su
sp

en
d

ed
sedim

ents
that

result
from

a
com

bination
of

urban
surface

runoff
discharges,

C
S

O
s,

treated
discharges,

and
navigation

resuspension.
S

h
eeh

an
and

R
asm

u
ssen

(1999)
state

that
su

sp
en

d
ed

solids
have

had
a

greater
ad

v
erse

influence
on

fish
diversity

and
ab

u
n
d
an

ce
in

the
M

idw
est

than
any

other
factor.

S
edim

ent
deposition

T
he

channelized
and

flow
regulated

system
h
as

resulted
in

the
settling

and
resu

sp
en

sio
n

of
fine

sedim
ents

and
su

b
seq

u
en

t
deposition

on
surface

m
aterials.

T
his

has
created

a
relatively

hom
ogenous

condition
that

d
ecreases

habitat,
favoring

species
ad

ap
ted

to
a

fine
sedim

ent
environm

ent
(W

esche
and

Isaak,
1999).

S
u
b
strate

F
eatu

re
C

A
W

S
h

ab
itat

an
d

F
ish

eries
R

esp
o
n

se

C
om

position
S

ubstrate
in

m
any

parts
of

the
C

A
W

S
consists

of
native

hardpan
or

bedrock.
T

he
depositional

environm
ent

created
by

the
controlled

flow
s

h
as

further
resulted

in
surface

layers
w

ithin
the

system
s

that
are

dom
inated

by
fine

sedim
ents

such
as

silt,
clays

and
fine

sands.
S

ubstrate
is

an
im

portant
habitat

feature
for

benthic
organism

s
and

those
that

rely
on

the
benthos

and
the

dom
inance

of
fine

sedim
ents

acro
ss

the
system

favors
non-specialized

om
nivore

sp
ecies

(F
lotem

ersch
et

al.,
2006;

R
abeni

and
Jaco

b
so

n
,

1999).

W
here

large
substrate

(gravel,
cobbles,

boulders)
are

presentin
the

C
A

W
S,

they
appear

to
be

im
portant

to
fish.

Future
w

ork
in

the
C

A
W

S
should

include
collection

of
m

ore
data

on
large

substrate
and

its
im

portance
to

fish.

4.1.2
In-S

tream
and

O
verhanging

C
over

C
over

can
be

defined
as

structural
m

aterial
(e.g.,

boulders
and

w
oody

debris),
channel

features
(e.g.

bank
pockets,

in-stream
and

overhead
vegetation),

w
ater

features
(e.g.,

turbulence
and

depth),
that

provide
protection

for
aquatic

species
from

biotic
and

abiotic
threats

(A
rm

antrout,
1998;

O
rth

and
W

hite,
1999).

Itis
an

im
portant

aspectof
physical

habitat
for

aquatic
fauna,

particularly
for

fish.

4.1.2.a
Im

p
o

rtan
ce

o
f

In
-S

tream
an

d
O

v
erh

an
g
in

g
C

o
v

er
to

A
q
u
atic

L
ife

T
he

availability
of

cover
is

im
portant

for
m

aintaining
species

and
their

various
life

stage
com

ponents
in

inland
w

aters.
C

over
significantly

influences
the

com
position,

size,
life

stage
and

distribution
of

species
w

ithin
w

ater
bodies,

although
the

com
m

unity
relationships

are
often

com
plex

(B
ain

and
Stevenson,

1999).
T

he
m

ost
com

m
only

used
categories

of
cover

include
overhead

bank
cover,

w
ater

depth,
in

stream
objects,

and
hydraulic

features
(O

rth
and

W
hite,

1999).
O

verhead
cover

includes
stream

bank
and

shoreline
cover

features
such

as
riparian

vegetation
and

w
oody

debris
w

hich
generally

provide
shallow

w
ater

protective
environm

ents
from

predators
and

velocity
as

w
ell

as
shading

for
therm

al
refuge.

D
eep

w
aters

can
provide
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refuge
for

prey
species

from
sight

feeding
fishes,

therm
al

refuge
during

sum
m

er
tem

perature
peaks,

and
flow

refuge
for

low
velocity

sw
im

m
ers.

In-stream
cover

includes
course

substrates,
w

oody
debris,

em
ergent

and
subm

ergent
vegetation,

and
provides

hiding
cover,

sources
of

food
and

reproductive
features

for
a

variety
of

species.
H

ydraulic
features

such
as

turbulent
areas

and
off

channel
habitat

can
provide

refuge
from

m
ain

channel
velocities

as
w

ell
as

serve
as

a
source

of
protection

from
open

w
ater

predators
and

reproductive
protection

from
m

ain
channel

flow
dynam

ics.

4.1.2.b
S

u
m

m
ary

D
escrip

tio
n

o
f

In
-S

tream
an

d
O

v
erh

an
g
in

g
C

o
v
er

in
th

e
C

A
W

S

T
ypes

of
cover

quantitatively
evaluated

in
this

Study
include

in-stream
vegetation

and
overhanging

riparian
vegetation.

A
s

discussed
in

Section
3.1.2,

in-stream
subm

erged
structure,

other
than

m
acrophytes,

w
as

not
m

easured
in

the
C

A
W

S
because

turbidity
lim

ited
direct

observation
of

subm
erged

conditions.
Side

scan
sonar

w
as

attem
pted

and
show

ed
som

e
prom

ise,
but

the
Study

schedule
did

not
allow

for
full

characterization
using

this
technology.

In
addition,

qualitative
notes

on
the

presence
and

types
of

in-stream
cover

(w
oody

debris,
boulders,

etc.)
w

ere
available

from
D

istrict
assessm

ent
form

s.
T

hese
observations

w
ere

not
quantified.

In-stream
vegetation

is
lim

ited
in

the
C

A
W

S;
subm

erged
aquatic

m
acrophyte

cover
w

as
non-existent

at
19

of
the

28
sam

pling
stations

surveyed
in

2008.
In

fact,
significant

subm
erged

aquatic
m

acrophyte
cover

w
as

only
recorded

in
the

N
orth

Shore
C

hannel,
four

stations
in

the
C

SSC
(Figure

4-3),
the

L
ittle

C
alum

et
R

iver,
and

one
station

in
the

C
hicago

R
iver,

near
a

m
arina.

E
m

ergent
aquatic

m
acrophytes

w
ere

also
m

easured
by

recording
the

num
ber

of
different

types
in

each
station.

T
hese

show
ed

greater
variety

across
the

C
A

W
S,

but
w

ere
not extensive

in
any

areas
and

w
ere

lim
ited

to
near-shore

areas.

Percent
overhanging

canopy
w

as
also

lim
ited

in
the

C
A

W
S,

although
m

ost
reaches,

w
ith

the
exception

of
the

C
hicago

R
iver,

had
som

e
overhanging

canopy
(Figure

4-4).
Far

m
ore

overhanging
canopy

w
as

observed
in

the
N

orth
Shore

C
hannel

than
anyw

here
else

and
because

this
reach

is
the

narrow
est

of
the

C
A

W
S

reaches,
the

percent
of

cover
w

as
m

uch
higher

than
any

other
reach.

L
im

noT
ech

Page
66

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



—a

.

C

0

Bubbly Creek at ArcherAoenv.

Litti. C intel River at ndiana Avenue

LotleCaluntet eratoaisted Street

Calunvet-Sag Chairnel at Ashland Avenue

2 Calurnet-SaS Channel at Cicero Avenue

Calvinet-Sag channel at Alsip

Calurnet-Sag Channel at Worth and Palos Heigirts

Caluinet-Sag Channel at Pablo Hills

Calunvet-Sag Channel at Rout. B3

I

Chicago River at Lake Shore Drive

g Chicago River at Wells Street

North Shore Channel at Central Street

North Shore Channel at Oakton Street

North Shore Channel at Touhy Avenue
-

North Shore Channel at Foster Avenue

North Branch Chicago Rant at Wilson Avenue

North Branoh Choagv Ricer at DioerseFarkwao

North R,anch Chicago River at Grand Avenue

2 South Branch Chicago Ricer at Madison Street

South Branch Chicago River at Loorrat Street

Chicago Sanitary and Ship Card at Dainten Avenue

S Choago Sarstary and Ship Canal at CiceroAtanu.

0

H
0 ‘

Cc)

CD

0-

a)

:3

:3
0

CD
:3

I-

3
0
-I
CD
0

-a

CD
0)
-.1

Btddviy (oath at Archer Avnoncn

UttieCaltl.oei RIver at leishasra Avenocr

Little Calnttttet Rivet at iialsted Sttent

Caha,tet-RagChattctd atAsldaird Ac’rnccn

Calo.ovnt-Sag(haoot-4 at (itreo Ainoor

Cahcotnt-SegLhacttvd attlinip

Cdratnnt-SagChan.cel atWnnttr and Pales iinigitt-t

Cabonet-SagCha.toei at Panic tlilit

Caicetr.t-SapCha.ore4at Rortte8l

(Idvago ith’tn attiobe%hovntvtlve

Chicago Phi., at Wells Stt,et

North Rhor, Citeoteal atCnttral StrrnR

tiottit ShoreChanniel ,tOaktott Srrc.et

North SlictnCicatvcel atTordiy hictitte

Nortlc Siiote(iiaavt.i at Foster Airticte

N,rtltgoanviiCbivagupiurr atWiinctthinatr

North B,atoh Chivago River at Dicesuno Packtvay

NarthBoa.avh Chicago Rivat at GtatitIAstast

SovtthlcaivtitChlsago Rivin at hiadisoic Stront

Sooth Itattoh (SAvage Bloat atkcottdv ticros

Chicago Ravitley and Grip Canal at Oavvechv-etccre
-

- CldoaoSatdracy anti Sldp Cacal at Cicero Avetoto

Chicago Sanitacy and Slap Caoal at Hatlrttrtli-tinv,

Chicago Sactitaty and Slip Canal atgedtcrdpatk

Chicago Satcitacy and Ship Canal at Whew Spcblgs

(locago Satdtas-v and SlAp Canal at RucitigS

_______________

Chivagu Sanitary and Ship Canal at Stephen Sttont

Chicago Sanitary and t)tlpCa.taiatLovkpv,t (1651 Street)

dl:

S
m

I
1fl

[ I>

z

-ç

L
z

C

-

C

0

0

ii•

C>

rt
>

I
I

I
I

I

Chioago Sanitary and Ship CanA at Ftarl.nr Avenue

ChkagvlanitaryandShipCaoiatt.diordP.rk III I
Chioago Sanitary and Ship Canal at Willow Springs

I

p
A

I
Chicago Sanitary and Ship Canal at Rout. RI

Chicago Sanitary and Ship Canal at Stephen Street

Chicago Sanitary and Ship Canal at Lookpvrt (16th Street) J

C

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



C
hicago

A
rea

W
atenvay

System
H

abitatEvaluation
and

Im
provem

entStudy
H

abitatEvaluation
R

eport
January

4,2010

T
he

lim
ited

in-stream
and

overhanging
cover

in
the

C
A

W
S

presents
a

challenge
and

an
opportunity.

T
he

shortage
of

data
poses

a
challenge

for
statistical

analysis
of

physical
habitat

in
the

C
A

W
S,

but
cover

m
ay

be
an

attribute
that

can
be

im
proved

in
the

C
A

W
S.

4. 1.2.c
In

-S
tream

an
d

O
v

erh
an

g
in

g
C

o
v

er
L

im
itatio

n
s

in
th

e
C

A
W

S

In-stream
and

overhanging
cover

is
im

portantfor
m

aintaining
species

and
their

various
life

stage
com

ponents
in

inland
w

aters.
A

s
discussed

in
Section

4.2.1,
cover

significantly
influences

the
com

position,
size,

life
stage

and
distribution

of
species

w
ithin

surface
w

aters,
although

the
com

m
unity

relationships
are

often
com

plex
(B

ain
and

Stevenson,
1999).

T
he

design
and

m
aintenance

of
the

C
A

W
S

for
conveyance

and
navigation

uses
results

in
the

m
anagem

ent
of

the
system

for
efficientflow

transport
and

hazard
free

shipping
traffic

by
rem

oving
obstructions

of
in-channel

features.
T

able
4-3

describes
som

e
key

habitat
lim

itations
in

the
C

A
W

S
w

ith
respect

to
cover.
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T
able

4-3:
H

ab
itat

L
im

itations
in

the
C

A
W

S
R

elated
to

In-S
tream

and
O

verhanging
C

over.

In
-stream

F
eatu

res
C

A
W

S
H

abitat
an

d
F

ish
eries

R
esp

o
n

se

O
verhead

cover
T

he
available

overhead
cover

w
ithin

the
C

A
W

S
is

generally
in

the
form

of
vegetation

that
h
as

naturally
developed

along
riparian

areas.
S

o
m

e
areas

have
large,

w
ell

established
portions

of
overhanging

trees
(e.g.

N
orth

S
hore

C
hannel

and
the

low
er

C
al-S

ag).
G

enerally,
th

ese
features

can
provide

sh
ad

e
from

therm
al

inputs,
habitat

structure,
and

organic
inputs

for
the

fishery
(F

lotem
ersch

et
al.,

2006).

In-stream
vegetation

In-stream
cover

includes
near-shore

subm
erged

and
em

ergent
aquatic

vegetation
that

can
provide

essential
littoral

habitat.
W

ithin
the

C
A

W
S

,
this

form
of

in-stream
cover

is
generally

lim
ited

spatially
b
ecau

se
of

the
dom

inance
of

deep
w

ater
(bank

to
bank)

seg
m

en
ts.

W
ater

depth
W

ater
depth

is
a

direct
result

of
the

purposeful
construction

for
either

navigation
(i.e.,

shallow
draft

or
deep

draft)
or

conveyance
of

effluent
and

flow
controls

w
ithin

the
system

.
T

he
system

is
entirely

non-w
adeable.

T
he

depth,
as

a
function

of
total

volum
e,

likely
allow

s
a

dom
inance

of
fishes

adapted
to

lentic
w

ater
habitats

and
ab

u
n
d

an
ces

greater
than

in
rivers

of
greater

channel
diversity

(S
heehan

and
R

asm
u
ssen

,
1999).

In-stream
structure

In-stream
structure

is
lim

ited
in

the
C

A
W

S.
T

h
ese

features
are

generally
considered

obstructions
to

efficient
flow

conveyance
or

potential
h
azard

s
to

navigation
traffic

and
are

rem
oved

as
part

of
channel

m
aintenance

procedures
in

large
portions

of
the

system
.

T
he

ab
sen

ce
of

th
ese

in-channel
features

(e.g.,
root

w
ads,

sn
ag

s,
trees,

etc.)
likely

affects
the

production
potential

for
both

m
acroinvertebrates

and
fish

(F
lotem

ersch
et

•
al.,

2006)
and

results
in

a
predom

inance
of

pelagic
and

transient
sp

ecies.

H
ydraulic

features
S

om
e

m
anm

ade
features

in
the

C
A

W
S,

such
as

S
E

P
A

s
or

pum
ped

aeration
stations

m
ay

contribute
to

turbidity.
O

ff
channel

habitats
are

rare
and

exist
in

the
form

of
constructed

d
ead

-en
d

can
als

(e.g.,
barge

storage
areas),

areas
w

ithin
the

few
turning

basins,
and

the
lim

ited
num

ber
of

fish
p
assab

le
tributaries

w
ithin

the
system

.
T

he
general

lack
of

th
ese

features
acro

ss
the

sy
stem

s
likely

favors
pelagic

and
transient

sp
ecies

and
lim

its
refuge

to
support

a
m

ore
diverse

fish
com

m
unity.

4.1.3
C

h
an

n
el

M
o

rp
h

o
lo

g
y

C
hannel

m
orphology

refers
to

the
physical

structure
and

shape
of

a
w

aterw
ay

at
a

range
of

scales.
In

natural
rivers,

these
qualities

are
referred

to
as

fluvial
geom

orphology,
but

this
term

is
not

applicable
in

the
C

A
W

S
because

of
its

constructed
and

m
odified

condition.
C

hannel
m

orphology
in

the
C

A
W

S
differs

dram
atically

from
natural

w
aterw

ays.
N

either
the

cross-sectional
shape

of
C

A
W

S

L
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channels
nor

their
plan

fonns
are

sim
ilar

to
natural

stream
s

and
rivers.

T
his

can
have

significant
im

pacts
on

aquatic
life,

as
discussed

below
.

4.1.3.a
Im

p
o

rtan
ce

o
f

C
h
an

n
el

M
o
rp

h
o
lo

g
y

to
A

q
u
atic

L
ife

T
he

im
portance

of
channel

m
orphology

to
aquatic

life
has

been
recognized

by
ecological

and
fisheries

professionals
for

decades
(E

dw
ards

et
al.,

1984;
R

esh
et

al.,
1988;

O
rth

and
W

hite,
1999).

N
atural

rivers
and

stream
s

have
sinuous

plan
form

s
that

have
evolved,

and
continue

to
evolve,

through
a

balance
of

the
sedim

ent m
obilization

and
transport capabilities

of
the

flow
ing

w
ater

and
the

geological
m

aterials
that

form
their

bed
and

banks.
S

traightening
of

natural
channels

reduces
longitudinal

and
lateral

variations
in

velocity
w

ithin
the

channel,
w

hich
reduces

the
variability

of
sedim

ent
erosion

and
deposition

patterns.
T

his
variability

is
im

portant
as

different
aquatic

fauna
require

variations
in

substrate
for

breeding,
foraging,

and
refuge.

A
s

stated
in

O
rth

and
W

hite
(1999):

“C
hannelization

creates
unfavorable

stream
habitat.

.
.stream

straightening
results

in
loss

of
im

portant
fish

habitatfeatures
associated

w
ith

natural
m

eandering
and

pool-riffle
patterns...A

s
a

consequence,
habitat

diversity
is

reduced...A
bundance

of
sport

fish
can

be
8

—
10

tim
es

greater
in

natural
channels

than
in

channelized
parts

of
the

sam
e

stream
.”

L
arge

sections
of

the
C

A
W

S
w

ere
intentionally

constructed
w

ith
straight,

uniform
channels

and
other

sections
w

ere
intentionally

straightened
and

dredged.
In

light
of

the
above

discussion,
the

relevance
of

this
aspect

of
the

C
A

W
S

w
ith

respect
to

fisheries
is

apparent.

4.1.3.b
S

u
m

m
ary

D
escrip

tio
n

o
f

C
h
an

n
el

M
o

rp
h

o
lo

g
y

in
th

e
C

A
W

S

C
hannelization,

involving
straightening,

w
idening,

deepening,
and

arm
oring

or
w

alling
of

banks,
is

the
m

ajor
factor

affecting
channel

m
orphology

in
the

C
A

W
S.

In
the

C
A

W
S,

channels
are

very
straight.

T
he

calculated
sinuosity

of
the

m
ajor

C
A

W
S

reaches
are

sum
m

arized
in

T
able

4-4.

L
im

noT
ech

Page
70

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



C
hicago

A
rea

W
aterw

ay
System

H
abitatEvaluation

and
Im

provem
entStudy

H
abitat Evaluation

R
eport

January
4,2010

T
able

4-4:
S

um
m

ary
of

R
each

S
inuosity

in
the

C
A

W
S

R
each

L
ength

(m
i)

S
inuosity

N
orth

S
hore

C
hannel

7.7
1.08

N
orth

B
ranch

C
hicago

R
iver

7.8
1.13

C
hicago

R
iver

1.6
1.03

S
outh

B
ranch

C
hicago

R
iver

4.6
1.25

B
ubbly

C
reek

1.5
1.06

C
hicago

S
anitary

and
Ship

C
anal

31.1
1.08

C
al-S

ag
C

hannel
16.1

1.02

Little
C

alum
et

R
iver

6.0
1.29

T
o

put
these

values
in

perspective,
a

perfectly
straight

channel
has

a
sinuosity

of
1.0.

In
natural

rivers,
sinuosity

of
1.2

or
less

is
considered

low
,

w
hereas

1.5
or

m
ore

is
considered

high
(R

osgen,
1996).

T
he

lack
of

sinuosity
in

the
C

A
W

S
is

by
design

and
not

only
has

an
im

pact
on

habitat,
but

has
im

plications
for

selection
of

a
habitat

assessm
entprotocol

as
discussed

in
Section

2.4.

A
t

a
sm

aller
scale,

channel
cross-sectional

geom
etry

is
another

im
portant

aspect
of

channel
m

orphology.
V

ariations
in

depth
along

and
across

river
channels

are
the

natural
result

of
the

local
soils,

riparian
condition,

and
system

hydrology.
T

hese
variations

support
the

developm
ent

of
local

habitat
variations.

In
the

C
A

W
S,

w
hich

consists
of

canals
and

m
odified

channels,
m

ost
reaches

tend
to

be
uniform

and
m

any
reaches

are
dredged

to
m

aintain
depth

for
navigation.

T
he

design
and

m
aintenance

of
the

channels
in

the
C

A
W

S,
along

w
ith

the
lack

of
a

natural
sedim

ent
load

from
the

w
atershed,

help
to

m
aintain

channel
uniform

ity.
T

his
is

illustrated
by

the
channel

cross-sectional
area

m
easurem

ents
collected

at the
C

A
W

S
sam

pling
stations

for
this

Study,
depicted

graphically
in

Figure
4
-5

.
T

his
figure

show
s

that,
for

m
ost

of
the

reaches,
cross-sectional

area
is

relatively
uniform

along
the

length
of

the
channel.

N
otable

exceptions
are:

•
O

n
the

C
hicago

R
iver,

the
station

atL
ake

Shore
D

rive
has

a
significantly

larger
cross-sectional

area
than

that
at W

ells
Street

because
itis

actually
w

ithin
the

C
hicago

harbor
area.

•
T

he
cross-sectional

area
at

L
oom

is
S

treet
on

the
South

B
ranch

C
hicago

R
iver

is
significantly

larger
than

at
M

adison
S

treet
because

the
w

est
end

of
the

L
oom

is
Street

station
includes

a
large

slip.
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•
T

he
C

hicago
S

anitary
and

Ship
C

anal
at

L
ockport

(1
6
t1

Street)
has

significantly
larger

cross-section
than

other
stations

on
the

C
SSC

because
this

area
is

a
w

ider
part

of
the

canal,
used

for
staging

barges.

A
side

from
these

exceptions,
the

data
show

fairly
uniform

cross-sections
over

long
reaches.

For
exam

ple,
the

C
al-S

ag
C

hannel
cross-section

rem
ains

alm
ostthe

sam
e

over
approxim

ately
16

m
iles

of
length.

T
he

C
A

W
S

channels
are

also
generally

deep
by

design
to

support
the

prim
ary

functions
of

effluent
conveyance,

com
m

ercial
navigation,

and
flood

control.
Figure

4-
6

depicts
the

m
axim

um
channel

depth
atC

A
W

S
sam

pling
stations

used
in

this
Study.

F
igure

4-5:
C

hannel
C

ross-S
ectional

A
rea

at
C

A
W

S
S

am
pling

S
tations
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F
igure

4-6:
M

axim
um

C
hannel

D
epth

at
C

A
W

S
S

am
pling

S
tatio

n
s

4.

4
.1

.3
.c

C
h

an
n

el
M

o
rp

h
o

lo
g

y
L

im
itatio

n
s

in
th

e
C

A
W

S

T
raditional

geom
orphology

aim
s

to
understand

landform
features

created
by

the
dynam

ic
processes

of
surface

flow
ing

w
aters

(G
ordon

et
al.,

2004).
G

eom
orphic

features
are

used
in

biotic
evaluations

under
the

assum
ption

that
the

physical
characteristics

help
define

the
potential

biotic
characteristics

(G
ordon

et
al.,

2004).

W
ithin

the
C

A
W

S,
vague

rem
nants

of
natural

channels
m

ake
up

a
relatively

sm
all

com
ponent

of
the

system
,

w
hile

the
rem

ainder
of

the
system

has
been

constructed
through

native
soils

and
bedrock,

w
here

no
channel

existed
previously.

T
he

plan
and

profile
of

the
constructed

channels
in

the
C

A
W

S
offer

relatively
little

variation
com

pared
to

the
characteristics

offered
in

large,
naturally

form
ed,

river
system

s.
Som

e
of

the
habitat

lim
itations

that
these

conditions
im

pose
are

sum
m

arized
in

T
able

4
-5

.

It
should

be
noted

that
the

m
axim

um
depth

at
station

74
(C

hicago
R

iver
at L

ake
Shore

D
rive)

represents
the

depth
in

the
m

arina
on

the
south

side
of

the
sam

pling
station

w
here,

according
to

D
istrict

personnel
“m

ost of
the

fish
com

e
from

this
area

around
the

docks”
(M

inarik,
2009).

B
ecause

the
habitat

data
w

ere
com

pared
to

concurrent,
collocated

fish
data

in
this

study,
it

w
as

im
portant

to
characterize

habitat
at

the
location

thatbest
represented

the
fish

sam
ple.

T
he

actual
m

axim
um

depth
of

the
m

ain
channel

of
the

C
hicago

R
iver

at
this

station
is

23
feet.

8
y

Litde
C

,e.6
C

h
n
,t

25

M
A

X
_D

E
P,ft

C
.I

t-
S

.g
,.,.,.l

C
b

Z
o
R

i
N

th
51,0.,

o
n

.1
N

o.91,8
0
.n

d
,

5
0

0
*
1

,
B

0.0’O
h

cN
o
.g

o
S

.o
.t.ry

.n
d

S14p
C

n
.I

0510

EiHH
a:

a

0
—

a

9aa‘S

9
9

56
76

[
I

*1
*1

a
[
:

001
37

73

*
*1

6

—
—

43

°
!

5
1
5
2

42
53

-
a

a

‘S

48
92

1
0

2
:

36
74

1
0
0
:

35
46

39
108

40
75

41
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T
able

4-5:
H

ab
itat

L
im

itations
in

the
C

A
W

S
R

elated
to

G
eom

orphology.

G
eo

m
o
rp

h
ic

F
e
a
tu

re
s

1
C

A
W

S
H

abitat
an

d
F

ish
eries

R
esp

o
n
se

E
ntrenchm

ent
C

onstructed
channels

m
ake

up
m

ost
of

the
C

A
W

S
and

no
recognizable

floodplain
connection

exists.
Little

or
no

off-
channel

refuge,
developed

littoral
zone

or
shallow

bank
areas

exist
for

various
life

stag
e

n
eed

s
of

fish.
F

ishes
adapted

to
lentic

w
ater

habitats
dom

inate
(S

heehan
and

R
asm

ussen,
1999).

W
idth-D

epth
C

hannels
in

the
C

A
W

S
offer

relatively
little

w
idth-depth

variation.
F

ishes
ad

ap
ted

to
lentic

w
ater

habitats
are

dom
inant

and
their

ab
u

n
d
an

ces
are

greater
than

in
rivers

of
greater

habitat
diversity

(S
h
eeh

an
and

R
asm

ussen,
1999).

D
om

inant
channel

m
aterials

Fine
sedim

ent-
and

silt-dom
inated

channel
beds

w
ith

interm
ittent

reach
es

of
bedrock

are
the

m
ost

com
m

on
bed

condition.
R

esuspension
from

navigation
m

aintains
dom

inance
of

fine
sedim

ent
surface

m
aterials.

L
im

ited
channel

m
aterial

variation
lim

its
substrate

u
ses

to
th

o
se

sp
ecies

adapted
to

fine
sed

im
en

ts
and

resuspension
conditions.

S
lope

S
lope

in
the

system
is

low
and

is
m

anaged
and

flow
is

controlled
by

the
dow

nstream
control

w
orks

at
L

ockport.
S

ystem
m

aintenance
favors

lentic
species.

B
ed

features
M

any
of

the
C

A
W

S
channels

are
dredged

for
navigation

and
efficient

conveyance
and

bed
variation

is
lim

ited.
L

im
ited

features
favor

transient
and

open
w

ater
sp

ecies.

S
inuosity

S
inuosity

generally
rem

oved
from

the
system

for
the

purpose
of

navigation
p

assag
e

and
efficient

conveyance.
L

im
ited

features
favor

transient
and

open
w

ater
sp

ecies.

1R
o
sg

en
(G

ordon
et

al.,
2004).

4.1.4
H

ydrology

H
ydrology

is
an

im
portant

aspect
of

aquatic
ecology

in
natural

system
s,

but
in

highly
regulated

system
s

like
the

C
A

W
S,

its
im

portance
is

less
clear.

T
his

subject
is

discussed
below

.

4.1.4.a
Im

p
o
rtan

ce
o
f

H
y

d
ro

lo
g

y
to

A
q
u
atic

L
ife

Flow
ing

w
ater

serves
m

any
functions

for
aquatic

biota
including

delivery
of

nutrients
and

food,
and

the
rem

oval
of

w
astes

(A
llan,

1995).
F

aster
flow

ing,
m

ore
turbulent

w
aterw

ays
are

typically
better

aerated
and

contain
higher

levels
of

D
O

,
essential

for
aquatic

life.
T

he
velocity

of
flow

in
a

channel
is

also
im

portant
in

determ
ining

sedim
enterosion

and
deposition.

C
hannel

m
odifications

that
cause

significantly
reduced

velocities
(such

as
im

poundm
ent

by
locks

or
dam

s)
can

result
in

increased
deposition

of
fine

sedim
ents.

M
any

aquatic
organism

s
prefer

either
fast

or
slow

m
oving

w
ater,

but
are

less
tolerant

of
experiencing

both
(A

llan,
1995).
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4.1
4
.b

S
u

m
m

ary
D

escrip
tio

n
o
f

H
y

d
ro

lo
g

y
in

th
e

C
A

W
S

T
he

hydrology
of

the
C

A
W

S
is

notlike
that

of
a

natural
system

.
H

ydrologic
inputs

to
the

system
are

nearly
all

regulated
and

affected
by

hum
an

activity.
Figure

4-7
depicts

the
locations

of
the

m
ajor

controlling
structures

and
sources

of
flow

into
the

C
A

W
S.

D
iversion

of
w

ater
from

L
ake

M
ichigan

into
the

C
A

W
S

is
regulated

by
U

.S.
Suprem

e
C

ourt
decree

and
by

Federal
regulations

for
the

C
hicago

R
iver

(33
C

FR
207.420,

C
hicago

R
iver

Ill.;
S

anitary
D

istrictcontrolling
w

orks,
and

the
use,

adm
inistration,

and
navigation

ofthe
lock

at
the

m
outh

ofriver,
C

hicago
H

arbor)
w

hich
state,

in
part,

that:

“T
he

controlling
w

orks
shall

be
so

operated
that

the
w

ater
level

in
the

C
hicago

R
iver

w
ill

be
m

aintained
ata

level
low

er
than

that
of

the
lake,

except
in

tim
es

of
excessive

storm
run-off

into
the

river
or

w
hen

the
level

of
the

lake
is

below
m

inus
2

feet,
C

hicago
C

ity
D

atum
.”

Federal
regulations

also
require

control
of

the
C

alum
et

R
iver

(33
C

FR
207.425,

C
alum

etR
iver,

Ill.;
T

hom
as

.1.
O

’B
rien

L
ock

and
C

ontrolling
W

orks
and

the
use,

adm
inistration

and
navigation

ofthe
lock)

w
hich

states,
in

part,
that:

“T
he

controlling
w

orks
shall

be
so

operated
that

the
w

ater
level

at
the

dow
nstream

end
of

the
lock

w
ill

be
m

aintained
at

a
level

low
er

than
that

of
L

ake
M

ichigan,
except

in
tim

es
of

excessive
storm

run-off
into

the
Illinois

W
aterw

ay,
or

w
hen

the
lake

level
is

below
m

inus
2

feet,
C

hicago
C

ity
D

atum
.”

T
he

U
.S.

A
rm

y
C

orps
of

E
ngineers

operates
the

locks
referred

to
above,

as
w

ell
as

the
lock

at
L

ockport,
located

at
the

southern
end

of
the

C
A

W
S,

w
hich

is
the

only
hydrologic

outlet
from

the
system

.
T

hese
and

other
m

ajor
hydrologic

structures
and

sources
on

the
C

A
W

S
are

depicted
in

Figure
4-7.

M
ajor

flow
s

into
the

C
A

W
S

include
the

C
hicago

R
iver

C
ontrolling

W
orks

and
the

O
’B

rien
L

ock
and

C
ontrolling

W
orks,

referenced
above,

as
w

ell
as

the
W

ilm
ette

P
um

ping
Station

located
at

the
northern

end
of

the
N

orth
Shore

C
hannel,

w
hich

pum
ps

w
ater

from
L

ake
M

ichigan
into

the
N

orth
Shore

C
hannel.

Flow
s

from
the

upper
N

orth
B

ranch
C

hicago
R

iver
are

regulated
by

the
N

orth
B

ranch
D

am
before

entering
the

C
A

W
S.

T
he

D
istrict

operates
the

W
ilm

ette
Pum

ping
Station

at
the

N
orth

end
of

the
N

orth
Shore

C
hannel,

the
sluice

gates
atthe

C
hicago

R
iver

C
ontrolling

W
orks,

and
the

L
ockportPow

erhouse
and

C
ontrolling

W
orks

atthe
south

end
of

the
C

hicago
Sanitary

and
Ship

C
anal.

T
o

m
anage

storm
flow

s
and

w
ater

levels
in

the
C

A
W

S,
the

D
istrict

m
ustlow

er
the

w
ater

level
in

the
C

A
W

S,
som

etim
es

by
feet,

in
anticipation

of
significant

storm
events

by
reducing

flow
from

L
ake

M
ichigan

atW
ilm

ette
and

the
C

hicago
R

iver
C

ontrolling
W

orks
and

by
diverting

m
ore

w
ater

through
the

L
ockport

pow
erhouse.
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F
igure

4-7:
M

ajo
r

H
ydrologic

S
tructures

and
F

low
S

ources
on

the
C

A
W

S
.
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A
s

show
n

in
F

igure
4-7,

the
D

istrict
operates

four
w

ater
reclam

ation
plants

(W
R

P
s)

on
the

C
A

W
S

:

•
T

he
N

orthside
W

R
P

discharges
to

the
N

orth
S

hore
C

hannel.

•
T

he
S

tickney
W

R
P

discharges
to

the
C

hicago
S

anitary
and

S
hip

C
anal.

•
T

he
L

em
ont

W
R

P
discharges

to
the

C
hicago

S
anitary

and
S

hip
C

anal
below

the
confluence

w
ith

the
C

al-S
ag

C
hannel.

•
T

he
C

alum
et

W
R

P
discharges

to
the

L
ittle

C
alum

et
R

iver.

T
ogether,

these
four

W
R

P
s

discharge
approxim

ately
459

billion
gallons

of
treated

w
astew

ater
effluent

to
the

C
A

W
S

an
n

u
ally

5.
A

hydrologic
balance

using
typical

flow
rates

from
various

sources
is

sum
m

arized
in

T
able

4-6.
R

eview
of

these
figures

indicates
that,

on
an

annual
average

basis,
70%

of
the

flow
into

the
C

A
W

S
is

effluent
from

these
four

W
R

P
s.

It
is

reported
that

during
dry

w
eather,

m
ainly

in
w

inter
m

onths,
approxim

ately
100%

of
flow

into
the

C
A

W
S

is
W

R
P

effluent
and

that
in

w
et

w
eather,

m
ainly

during
sum

m
er

m
onths,

W
R

P
effluent

accounts
for

approxim
ately

50%
of

flow
into

the
C

A
W

S
.

F
low

is
not

m
easured

in
all

reaches
of

the
C

A
W

S
.

In
lieu

of
these

data,
flow

s
and

velocities
calculated

by
a

hydraulic
m

odel
of

the
C

A
W

S
w

ere
used

in
this

Study.
T

his
m

odel,
called

D
U

F
L

O
W

,
w

as
developed

by
D

r.
C

harles
M

elching
at

M
arquette

U
niversity

for
sim

ulation
of

w
ater

quality
under

unsteady
flow

conditions
in

the
C

A
W

S
(A

lp
and

M
eiching,

2008).
T

he
average

flow
s

and
velocities

predicted
at

the
D

istrict’s
A

W
Q

M
stations

are
depicted

graphically
in

F
igures

4-8
and

4-9,
respectively.

T
his

total
is

based
on

reported
average

annual
flow

s
totaling

1,258
m

illion
gallons

per
day

(D
istrict,

2008)
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T
able

4-6:
S

um
m

ary
of

M
ajo

r
F

low
s

Into
and

O
ut

ofthe
C

A
W

S

F
low

s
Into

C
A

W
S

F
low

(cfs)
N

otes
W

ater
R

eclam
atio

n
P

lan
ts

N
orth

S
ide

W
ater

R
eclam

ation
P

lant
377

1

C
alum

et
W

ater
R

eclam
ation

Plant
438

1

L
em

ont
W

ater
R

eclam
ation

Plant
4

1
S

tickney
W

ater
R

eclam
ation

Plant
1,128

1
W

ilm
ette

P
um

ping
S

tation
40.4

1
L

o
ck

s
an

d
C

ontrolling
W

orks

C
hicago

R
iver

L
ock

&
C

ontrolling
W

orks
127.5

O
’B

rien
L

ock
&

C
ontrolling

W
orks

83.5
1

W
P

S
L

eakage
1.3

1
C

R
C

W
N

avigation
27.4

1
C

R
C

W
L

ockage
13.8

1
C

R
C

W
L

eakage
14

1

O
L&

D
N

avigation
8.7

1

O
L

&
D

L
ockage

19.1
1

O
L&

D
L

eakage
8.9

1
P

u
m

p
in

g
S

tatio
n
s

N
orth

B
ranch

P
S

27.7
2

R
acine

A
venue

P
S

59.7
2

95th
S

treet
P

S
-

122nd
S

treet
P

S
-

5

125th
S

treet
PS

10.9
2

T
rib

u
taries

G
rand

C
alum

et
R

iver
14

6

N
orth

B
ranch

C
hicago

R
iver

at
A

lbany
A

venue
246

6
Little

C
alum

et
R

iver
195

7

T
inley

C
reek

17.8
6

M
idlothian

C
reek

18.7
6

M
ill

C
reek

+
S

toney
C

reek
(W

)
30.7

8
N

arajo
C

reek
+

C
alum

et-S
ag

B
asin

7.2
8

S
to

n
ey

C
reek

(E
)

21.9
8

C
alum

et-S
ag

E
nd

W
atershed

18.6
8

L
ow

er
D

es
P

laines
basin

13.2
8

C
alum

et
U

nion
D

itch
21.9

8
T

otal
A

verage
F

low
Into

C
A

W
S

3,000
F

low
s

O
ut

of
C

A
W

S
F

low
(cfs)

N
otes

L
ockport

C
ontrolling

W
orks

(L
C

W
)

/L
ockport

P
ow

erhouse
&

L
ock

(L
PL

)
2582

4

T
otal

A
verage

F
low

O
ut

of
C

A
W

S
2582

1.
R

eported
as

average
annual

flow
for

calendar
year

2006
(D

istrict,
2008)

2.
D

ata
reported

as
average

daily
flow

s
from

July
12

to
N

ovem
ber

9,
2001

(A
lp

and
M

elching,
2008)

3.
A

verage
annual

flow
for

2005,
m

easured
by

U
S

G
S

at
R

om
eoville

R
oad

(D
istrict,

2008).
4.

A
verage

annual
flow

for
calendar

year
2005,

m
easured

by
U

S
G

S
at

R
om

eoville
R

oad
(U

S
G

S
).

5.
U

nknow
n.

6.
R

iver
D

ata
reported

as
average

daily
flow

s
from

July
12

to
N

ovem
ber

9,
2001

(A
lp

and
M

elching,
2008)

7.
A

verage
discharge

at
U

S
G

S
gage

at
S

outh
H

olland,
2001

—
2008.

8.
R

iver
D

ata
m

arked
as

estim
ated

flow
s

and
reported

as
average

daily
flow

s
from

July
12

to
N

ovem
ber

9,
2001

(A
lp

and
M

elching,
2008)
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T
he

D
U

F
L

O
W

m
odel

indicates
that

m
any

parts
of

the
C

A
W

S
experience

very
low

flow
s,

particularly
B

ubbly
C

reek
and

the
N

orth
Shore

C
hannel.

Flow
conditions

in
B

ubbly
C

reek
are

typically
stagnant;

flow
only

occurs
w

hen
the

R
acine

A
venue

Pum
ping

Station
discharges

com
bined

sew
er

overflow
.

T
he

N
orth

Shore
C

hannel
upstream

of
the

N
orth

Side
W

R
P

typically
experiences

little
flow

.
E

xceptions
occur

during
w

et
w

eather
events,

w
hen

flow
from

the
11

large
gravity

C
SO

outfalls
upstream

from
the

N
orth

Side
W

R
P

exceed
the

dry
w

eather
flow

s
in

the
N

orth
Shore

C
hannel.

T
he

C
A

W
S

w
as

specifically
designed

to
convey

effluent
and

provide
navigation

passage
and

requires
hydraulic

controls
both

upstream
and

dow
nstream

to
m

eet
its

designed
uses.

T
hese

controls
have

been
described

previously
and

have
resulted

in
a

system
that

functions
sim

ilar
to

a
reservoir.

T
he

C
A

W
S

is
m

odeled
to

have
a

hydraulic
residence

period
of

over
8

days,
although

this
varies

depending
on

w
et

w
eather

m
anagem

ent
needs

for
the

system
.

T
he

constructed
nature

of
the

C
A

W
S

and
the

operation
of

the
flow

s
w

ithin
the

system
are

likely
adversely

influencing
the

com
position

and
distribution

potential
of

the
biota

w
ithin

the
system

.
O

rth
and

W
hite

(1999)
describe

that
artificial

flow
m

anipulations
in

system
s

are
w

ell
docum

ented
to

adversely
affect

fishes,
although

the
specific

effects
on

the
biota

w
ithin

the
C

A
W

S
rem

ain
unknow

n.
H

ayes
et

al.
(1998)

suggests
that

reservoir
system

s
contain

a
relatively

sim
ple

trophic
structure

that
is

particularly
vulnerable

to
the

flow
operation

of
the

system
s.

T
his

is
significant

because
of

the
reservoir-like

operation
of

the
C

A
W

S.

4.1.4.c
H

y
d
ro

lo
g
y

L
im

itatio
n

s
in

th
e

C
A

W
S

H
ydrology

is
regarded

as
a

key
driver

of
river

and
floodplain

ecosystem
s

and
has

been
called

the
“m

aster
variable”

of
aquatic

integrity
(G

ordon
et

al.,
2004).

In
natural

system
s,

the
flow

regim
e

affects
the

structure
and

function
of

in-stream
habitats

as
w

ell
as

biotic
factors

such
as

distribution,
abundance

and
com

petition
(Flotem

ersch
et

al.,
2006).

A
s

discussed
in

Section
4.5,

the
C

A
W

S
functions

entirely
under

a
regulated

and
m

anaged
system

of
controls

for
the

purpose
of

conveyance
and

navigation
stage

m
aintenance.

T
he

hydraulic
residence

tim
e

in
the

C
A

W
S

(>
8

days)
suggests

that
the

system
m

ay
function

m
ore

like
a

lake
or

reservoir
than

a
river

system
and

its
biota

m
ay

be
responding

as
such.

T
able

4-7
describes

habitat
lim

itations
in

the
C

A
W

S
related

to
hydrology.
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T
able

4-7:
H

abitat
L

im
itations

in
the

C
A

W
S

R
elated

to
H

ydrology
(after

B
unn

and
A

rthington,2002)

H
ydrology

F
eature

C
A

W
S

habitat
and

F
ish

eries
R

esp
o

n
se

Flow
Flow

is
regulated

w
ithin

the
C

A
W

S
for

navigation,
effluent

conveyance
and

storm
w

ater
m

anagem
ent.

B
unn

and
A

rthington
(2002)

cite
flow

as
the

m
ajor

determ
inant

of
physical

habitat
and

biotic
com

position
in

river
eco

sy
stem

s.
T

he
artificial

nature
of

the
physical

habitat
and

regulation
of

flow
su

g
g
ests

that
the

C
A

W
S

biota
w

ould
be

unlike
that

of
system

s
form

ed
by

under
the

influence
of

flow
.

F
urther,

flow
asso

ciated
w

ith
the

navigation
lockage

allow
s

interm
ittent

p
assag

e
of

fishes,
w

hile
the

dow
nstream

portion
of

the
system

contains
an

electric
barrier

that
prevents

upstream
or

dow
nstream

p
assag

e
p
ast

the
barrier.

Flow
regim

e
A

s
described

previously,
the

flow
is

regulated
w

ithin
the

C
A

W
S.

T
he

resem
b
lan

ce
of

a
natural

flow
regim

e
w

ithin
the

system
h
as

also
been

rem
oved.

B
unn

and
A

rthington
(2002)

state
that

sp
ecies

w
hose

life
history

strateg
ies

have
evolved

w
ith

defined
flow

regim
es

m
ay

experience
recruitm

ent
failure

in
m

anaged
sy

stem
s.

T
h
ese

altered
sy

stem
s

prom
ote

the
establishm

ent,
sp

read
and

p
ersisten

ce
of

exotic
and

introduced
sp

ecies
(B

unn
and

A
rthington,

2002).

L
ongitudinal

and
T

he
C

A
W

S
is

m
aintained

w
ithin

a
narrow

stag
e

range
for

specific
uses.

lateral
connectivity

D
eep

channels
are

m
aintained

acro
ss

the
system

.
L

aterally
varied

habitats
are

rare
due

to
the

constructed
nature

of
the

system
.

T
he

lim
ited

lateral
connectivity

m
ay

lead
to

recruitm
ent

failure
(B

unn
and

A
rthington,

2002)
or

a
general

d
ecrease

in
the

ab
u

n
d

an
ce

and
diversity

of
juvenile

fishes
(W

esche
and

lsaak,
1999).

4.1.5
B

ank
&

R
iparian

C
o

n
d

itio
n

s

B
ank

and
riparian

conditions
are

im
portantin

any
system

,
but

becom
e

particularly
im

portant
in

urban
w

aterw
ays

w
here

extrem
e

m
odification

of
banks

can
occur

and
w

here
urban

land
uses

typically
im

pinge
closely

on
w

aterw
ays

to
provide

access
to

the
w

ater
or

sim
ply

to
m

axim
ize

available
land

area.

4.1.5.a
Im

p
o
rtan

ce
o
f

B
an

k
an

d
R

ip
arian

C
o
n
d
itio

n
s

to
A

q
u
atic

L
ife

A
s

the
transitional

zone
betw

een
a

w
atercourse

and
the

surrounding
land,

bank
and

riparian
areas

have
a

direct
effect

on
aquatic

life.
T

he
shape

and
m

aterial
of

banks
affects

the
ability

of
aquatic

organism
s

to
utilize

the
bank

for
cover

and
spaw

ning.
A

vertical
w

alled
channel

w
ill

offer
very

differentphysical
habitat

from
a

natural
sloped

bank.
M

aterials
such

as
rip-rap

can
offer

a
habitat

for
w

arm
w

ater
fishes

that
is

often
beneficial

(Fischenich,
2003).

B
anks

w
hich

lack
cover

expose
eggs

and
nests

to
higher

flow
velocities

and
w

ave-induced
turbulence.

R
iparian

vegetation
can

m
oderate

w
ater

tem
perature

by
shading

and
slow

ing
heat

loss
(K

ohler
and

H
ubert,

1999).
V

egetation
also

reduces
nonpoint

source
pollution

by
filtering

overland
flow

and
reducing

sedim
ent

and
nutrient

loads.
In

natural
system

s,
riparian

vegetation
provides

bank
stabilization

and
leaf

litter
energy

inputs
(K

ohier
and

H
ubert,

1999).
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R
iparian

land
use

affects
the

volum
e

and
com

position
of

w
ater

entering
a

w
atercourse.

A
ctivities

on
adjacent

land
can

disturb
biota

through
directrunoff

of
sedim

ent
and

contam
inants.

Proper
characterization

of
aquatic

habitat
involves

consideration
of

bank
and

riparian
condition.

4.1.5.b
S

u
m

m
ary

D
escription

o
f

B
an

k
an

d
R

iparian
C

ondition
in

the
C

A
W

S

A
bout

seventy-five
percent

of
the

C
A

W
S

w
aterw

ays
are

m
anm

ade
and

located
w

here
no

previous
w

aterw
ay

existed.
L

ong
stretches

of
banks

consist
of

near-vertical
w

alls
designed

to
prevent

erosion
and

to
provide

access
for

com
m

ercial
and

industrial
activities.

T
hese

urban
channels

provide
efficient

storm
w

ater
conveyance

and
flood

control.

B
ank

and
riparian

conditions
vary

w
idely

in
the

C
A

W
S.

T
he

N
orth

Shore
C

hannel
has

m
ore

riparian
vegetation

than
m

ost
of

the
C

A
W

S,
w

ith
open

space
being

a
com

m
on

riparian
land

use.
A

long
the

N
orth

Shore
C

hannel,
banks

have
a

natural
appearance,

w
ith

little
structural

reinforcem
ent.

In
w

aterw
ays

nearer
to

dow
ntow

n
C

hicago
such

as
the

C
hicago

R
iver,

the
N

orth
and

South
B

ranches,
and

the
South

Fork,
com

m
ercial

and
industrial

land
uses

dom
inate

and
riparian

vegetation
is

largely
absent.

B
anks

are
typically

w
alled

concrete
or

steel,
offering

little
shelter

for
aquatic

life.
T

he
C

hicago
Sanitary

and
Ship

C
anal

has
interspersed

riparian
vegetation

and
riparian

land
use

changes
from

industrial
in

the
east

to
m

ore
open

space
tow

ard
the

w
est.

T
he

banks
are

a
m

ix
of

bedrock,
steel

sheetpiling
and

m
ore

natural-looking
banks.

T
he

L
ittle

C
alum

et
R

iver
and

the
C

alum
et-S

ag
C

hannel
have

m
ore

riparian
vegetation

than
the

C
SSC

,
w

ith
open

space
being

com
m

on
due

to
the

Palos-Sag
Forest

Preserves
(C

D
M

,
2007).

L
ike

the
C

SSC
,

the
banks

are
a

m
ix

of
stone

blocks,
steel

sheet
piling

and
earthen

banks
w

ith
vegetation.

R
iprap

banks
are

com
m

on
throughout

the
C

A
W

S.
T

able
4-8

sum
m

arizes
the

lengths
of

riprap
and

vertical-
w

alled
banks

(including
bedrock,

stone
block,

steel
sheet

pile,
w

ooden
bulkhead,

and
concrete)

in
the

C
A

W
S,

by
reach.

T
hese

m
easurem

ents
w

ere
obtained

through
visual

inspection
of

the
entire

C
A

W
S,

using
the

digital
video

survey
collected

for
this

study.

A
s

show
n

in
T

able
4-8,

nearly
95

m
iles

of
the

approxim
ately

156
m

iles
of

banks
in

the
C

A
W

S
(61%

)
are

riprap
or

vertical
w

alls,
im

posing
potentially

significant
lim

itations
on

aquatic
habitat.

B
ank

revetm
ents,

intended
to

stabilize
bank

and
prevent

erosion,
can

im
pact

aquatic
life

by
disconnecting

the
channel

from
the

riparian
zone

and
lim

iting
shallow

littoral
zones.

Shallow
bank

areas
that

can
provide

refuge
for

fish
are

virtually
elim

inated.
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T
able

4-8:
B

ank
M

odification
in

the
C

A
W

S
,

by
R

each

T
otal

L
ength

of
T

otal
L

ength
of

R
each

R
iprap

B
anks

(m
i)

V
ertical

W
alled

B
an

k
s

(m
i)

N
orth

S
hore

C
hannel

1.1
0.4

N
orth

B
ranch

C
hicago

R
iver

5.2
8.0

N
orth

B
ranch

C
anal

0.5
1.5

C
hicago

R
iver

0.0
3.1

South
B

ranch
C

hicago
R

iver
0.4

8.0

B
ubbly

C
reek

0.1
1.3

C
hicago

Sanitary
and

Ship
C

anal
3.3

35.5

C
al-S

ag
C

hannel
17.2

6.1

Little
C

alum
et

R
iver

2.2
0.6

T
otal

30
64.5

R
iparian

vegetation
is

com
m

on
in

som
e

parts
of

the
C

A
W

S,
particularly

in
the

N
orth

Shore
C

hannel
and

parts
of

the
C

SSC
and

C
al-Sag

(Figure
4-10).

R
iparian

vegetation
w

as
not

catalogued
in

detail,
butranges

from
low

shrubs
to

larger
overhanging

trees.
It

should
be

noted
that,

because
of

extensive
bank

m
odifications

in
m

uch
of

the
C

A
W

S,
the

presence
of

riparian
vegetation

has
lim

ited
im

pact
on

aquatic
habitat.

T
he

vertical
w

alls
or

riprap
em

bankm
ents

act
as

a
physical

separation
betw

een
the

aquatic
environm

ent
and

the
riparian

environm
ent

in
m

any
cases.

W
here

riparian
vegetation

overhangs
the

w
ater,

there
is

a
benefit

from
partial

shading
and

deposition
of

organic
m

aterial,but
the

benefit
is

not
as

full
as

it
w

ould
be

in
the

absence
of

this
physical

separation.
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$
q
<

h
.4

C
h
.,,.I

b
h

F
igure

4-10:
P

ercent
R

iparian
V

egetation
at

C
A

W
S

S
am

pling
S

tations.

A
nother

im
portant

aspect
of

bank
condition

in
the

C
A

W
S

is
the

presence
of

sm
all

and
large

areas
that

can
provide

fish
refuge.

Sm
all

areas
of

refuge
in

the
banks

w
ere

m
easured

in
this

Study
and

are
prevalent,

as
show

n
in

Figure
4-11.

T
hese

bank
pocket

areas
w

ere
defined

as
sm

all
protection

areas
(greater

than
1

square
m

eter),
visible

to
field

crew
s,

that
m

ay
serve

as
refuge.

In
addition

to
sm

all
pocket

in
the

banks,
there

are
som

e
larger

areas
of

refuge
in

certain
parts

of
the

C
A

W
S.

T
hese

w
ere

quantified
and

the
results

are
depicted

graphically
in

Figure
4-12.
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.
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I
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0
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0
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Chicago Sanitary and Ship Canal at Route B3
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4.1.5.c
B

an
k

an
d

R
iparian

C
o
n
d
itio

n
L

im
itatio

n
s

in
th

e
C

A
W

S

B
ank

and
riparian

areas
have

a
direct

effect
on

aquatic
life,

as
the

shape
and

m
aterial

of
banks

affects
the

ability
of

aquatic
organism

s
to

utilize
the

bank
for

cover
and

spaw
ning.

In
addition,

activities
on

riparian
land

can
disturb

biota
through

direct
runoff

of
sedim

ent
and

contam
inants.

M
ost

of
the

entire
length

of
the

C
A

W
S

has
m

odified
or

constructed
banks

and/or
urban

riparian
conditions.

T
hese

conditions
range

from
long

segm
ents

of
sheet-piled,

industrial
loading

facilities
to

natural
banked

reaches
w

ith
dense

riparian
vegetation.

T
able

4-9
describes

som
e

bank
and

riparian
condition

lim
itations

in
the

C
A

W
S.
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T
able

4-9:
H

ab
itat

L
im

itations
in

the
C

A
W

S
R

elated
to

B
ank

and
R

iparian
C

ondition

B
ank

an
d

R
ip

arian
C

A
W

S
H

abitat
an

d
F

ish
eries

R
esp

o
n
se

F
eatu

res

R
iparian

L
and

U
se

R
iparian

land
u
se

w
ithin

the
C

A
W

S
includes

a
m

ix
of

u
ses

from
protected

forest
p
reserv

es
in

the
low

er
C

al-S
ag,

to
heavy

industrial
u

ses
on

the
C

S
S

C
.

T
he

constructed
and

urban
developed

nature
of

the
C

A
W

S
has

created
a

unique
system

w
here

typical
w

atersh
ed

runoff
conditions

do
not

apply.
S

urface
flow

s
acro

ss
the

system
do

not
generally

drain
tow

ards
channels

b
ecau

se
the

channels
w

ere
constructed

w
here

none
existed

previously.
S

lopes
tow

ards
the

channels
exist

only
im

m
ediately

ad
jacen

t
to

the
channel,

and
tend

to
be

flat
or

even
sloping

aw
ay

from
the

channel
outside

the
channel.

T
hus,

w
ithin

the
C

A
W

S,
riparian

land
use

effects
are

generally
lim

ited
to

im
m

ediately
ad

jacen
t

to
the

channel.
N

um
erous

authors
have

linked
riparian

alteration
to

degraded
aquatic

conditions
(F

lotem
ersch

et
al.,

2006),
and

the
effect

on
the

fisheries
are

likely
sim

ilar
to

th
o
se

described
previously

for
the

overhead
bank

cover.

B
ank

A
ngle

B
ank

angle
w

ithin
the

C
A

W
S

is
a

direct
result

of
the

construction.
M

uch
of

the
system

(over
60

percent)
h

as
som

e
form

of
arm

ored
banks

and
m

uch
of

that
portion

h
as

reinforced
vertical

w
alls.

B
ank

angle
w

ithin
typical

rivers
is

a
descriptor

of
stability

under
various

flow
regim

es
and

w
atershed

influences,
and

a
dom

inance
of

steep
en

ed
banks

are
com

m
on

in
m

odified
system

s.
T

h
ese

m
odified

shorelines
are

com
m

only
asso

ciated
w

ith
poor

fish
habitats

(F
lotem

ersch
et

al.,
2006).

W
ithin

the
C

A
W

S,
bank

angle
ten

d
s

to
be

sim
ilar

above
the

w
ater

line
as

below
,

so
a

vertical
w

all
above

the
w

aterline
typically

d
escrib

es
a

d
eep

sh
o
re

condition.
B

ank
angles

of
less

than
90

d
eg

rees
su

g
g
est

som
e

form
of

littoral
zone

that
m

ay
be

used
by

fishes
for

feeding
or

refuge.

B
ank

T
ype

(M
aterial)

B
ank

types
w

ithin
the

C
A

W
S

tend
to

consist
of

vertical
w

alls
(e.g.,

w
ood,

sh
eet

pile,
concrete,

stone
block),

boulder
rip-rap,

or
natural

v
eg

etated
banks.

M
uch

of
the

system
h
as

reinforced
banks

(i.e.,
w

alls
or

rip-rap)
w

hile
the

rem
ainder

co
n
sists

of
earthen

constructed
banks.

M
odified

banks
and

shorelines
are

com
m

only
asso

ciated
w

ith
poor

fish
habitats

(F
lotem

ersch
et

al.,
2006).

T
he

v
eg

etated
banks

tend
to

be
occupied

by
trees

or
large

shrubs
that

serv
e

a
sim

ilar
purpose

to
fishes

as
overhanging

bank
cover.

R
iparian

V
egetation

R
iparian

vegetation
w

ithin
the

C
A

W
S,

w
here

present,
consists

of
m

ature
stan

d
s

of
trees

and
shrubs

adjacent
to

the
channel

up
to

several
m

eters
aw

ay
from

the
channel.

M
uch

of
the

benefit
to

the
C

A
W

S
channels

com
e

from
the

vegetation
im

m
ediately

ad
jacen

t
to

the
channel

b
ecau

se
the

ch
an

n
els

do
not

have
naturally

sloping
banks.

T
he

riparian
vegetation,

w
here

present,
serv

es
a

sim
ilar

purpose
to

fishes
as

overhanging
bank

cover
although

in
natural

sy
stem

s
the

extent,
connectivity

and
quality

of
riparian

vegetation
is

often
linked

to
ecological

condition
(F

lotem
ersch

et
al.,

2006).
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4.2
N

A
V

IG
A

T
IO

N
IM

PA
C

T
S

IN
T

H
E

C
A

W
S

A
m

ajority
of

the
C

A
W

S
w

as
constructed,

w
here

no
channel

previously
existed

and
is

m
anaged

specifically
for

urban
uses

such
as

treated
effluent

conveyance,
but

m
uch

of
the

system
w

as
also

designed
to

support
com

m
ercial

navigation.
N

avigation
is

not
a

true
physical

habitat
attribute,

but
itrepresents

a
functional

attribute
of

the
system

that
has

direct
and

indirect
relevance

to
fish

and
their

habitat.
A

ny
evaluation

of
habitat

in
the

C
A

W
S

w
ould

be
incom

plete
w

ithout
consideration

of
navigation

through
the

system
.

T
he

im
pact

of
navigation

on
aquatic

biota
and

habitat
in

the
C

A
W

S
is

discussed
below

.

4.2.1
S

u
m

m
ary

D
escrip

tio
n

of
N

avigation
in

th
e

C
A

W
S

T
he

C
hicago

S
anitary

and
S

hip
C

anal,
the

C
al-S

ag
C

hannel,
the

S
outh

B
ranch

C
hicago

R
iver,

C
hicago

R
iver,

and
the

L
ittle

C
alum

et
R

iver
are

all
used

for
com

m
ercial

navigation.
N

o
new

m
easurem

ents
of

navigation
traffic

w
ere

collected
in

this
S

tudy,
but

as
described

in
S

ection
3.3.5,

navigation
data

collected
by

the
U

.S.
A

rm
y

C
orps

of
E

ngineers
(U

S
A

C
E

)
W

aterborne
C

om
m

erce
S

tatistics
C

enter
and

subsequently
processed

for
a

study
by

the
G

reat
L

akes
F

ishery
C

om
m

ission
w

ere
obtained

to
better

understand
com

m
ercial

navigation
patterns

in
the

C
A

W
S

.
T

hese
data

w
ere

reported
in

term
s

of
com

m
odity

tonnages
(F

igure
4-13)

and
the

data
used

covered
the

period
of

2001
through

2004.

A
s

expected,
the

C
hicago

S
anitary

and
S

hip
C

anal,
the

C
al-S

ag
C

hannel,
and

the
L

ittle
C

alum
et

R
iver

are
the

m
ost

heavily
used

reaches
for

com
m

ercial
navigation,

w
ith

each
passing

m
ore

than
25

m
illion

tons
of

com
m

ercial
cargo

betw
een

2001
and

2004.
In

the
sam

e
period,

the
S

outh
B

ranch
C

hicago
R

iver
passed

a
little

m
ore

than
5

m
illion

tons
and

the
C

hicago
R

iver
passed

less
than

I
m

illion
tons.

A
s

stated
earlier

in
this

report,
data

on
detailed

m
ovem

ents
w

ithin
these

reaches
are

not
available

(B
ram

m
eier

et
al.,

2008).
H

ow
ever

the
data

verify
the

heavy
usage

of
certain

reaches
for

com
m

ercial
navigation

and
allow

for
characterization

of
the

reaches,
com

pared
to

reaches
that

experience
relatively

light
recreational

navigation.
A

m
ap

show
ing

the
distribution

of
com

m
ercial

navigation
traffic

in
the

C
A

W
S

is
show

n
in

F
igure

4-14.
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F
igure

4-14:
C

om
m

ercial
N

avigation
T

hrough
the

C
A

W
S

.
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4.2.2
Im

p
acts

of
N

avigation
to

A
quatic

L
ife

T
he

im
pacts

of
navigation

on
aquatic

habitat
and

biota
are

num
erous

and
w

ell-
docum

ented
in

the
scientific

literature.
T

hese
im

pacts
are

sum
m

arized
below

:

4.2.2.a
C

h
an

n
el

M
odification

for
N

avigation

W
olter

and
A

rlinghaus
(2003)

provide
a

sum
m

ary
of

the
m

ulti-use
nature

of
navigation

system
s,

describing
the

additive
im

pacts
resulting

from
straightened

channels,
dredging,

shoreline
stabilization

and
flow

regulation.
T

hese
authors

also
state

that
the

cause
and

effect
relationship

is
alw

ays
sim

ilar:
habitat

fragm
entation,

habitat
sim

plification,
habitat

loss
(especially

spaw
ning

and
nursery

habitats
for

m
igratory

species),
and

the
adverse

hydraulic
forces

that
directly

affect
aquatic

species.
C

hannel
m

odification
to

support
navigation

has
the

follow
ing

im
pacts:

•
S

traightening
—

S
traighter

channels
are

m
ore

efficientfor
navigation

because
they

are
easier

to
navigate

and
provide

a
shorter

distance
betw

een
points.

S
traightened

navigation
channels

lack
sinuosity

and
have

less
flow

variability.

•
D

eepening
—

C
om

m
ercial

navigation
vessels

have
deeper

drafts
than

n
o
n

com
m

ercial
vessels,

requiring
deeper

channels.
D

redging
provides

that
depth

and
deepening

often
includes

deepening
from

bank
to

bank,particularly
in

areas
w

here
barges

and
other

vessels
m

ust
dock.

T
his

results
in

lack
of

depth
variability

and
loss

of
shallow

areas
w

hich
m

any
species

require.

•
B

ank
m

odification
—

W
akes

from
vessels

can
cause

bank
erosion

and
traditional

m
ethods

of
erosion

prevention
include

hard
revetm

ents
such

as
riprap

or
sheet

piling.
V

ertical
sheetpiling

and
bulkheads

are
also

used
for

bank
protection

in
docking

areas.
T

hese
m

odifications
effectively

disconnect
the

w
ater

from
riparian

areas
and

further
reduce

shallow
w

ater
areas.

•
Floodplain

disconnection
—

C
hannelization

(the
com

bination
of

the
three

factors
above)

often
result

in
disconnection

of
the

floodplain
from

the
channel.

•
Substrate

rem
oval

—
N

avigation
channels,

like
the

C
A

W
S,

require
m

aintenance
dredging

w
hich

rem
oves

substrate
and

com
pletely

disrupts
the

benthic
zone.

T
his

has
a

direct
negative

im
pact

on
benthic

biota.

•
H

ydrologic
regulation

-
L

ock
and

dam
structures

are
often

required
to

control
w

ater
levels,

as
is

the
case

on
the

C
A

W
S.

H
istorically,the

engineering
of

rivers
to

m
eet

these
requirem

ents
has

lead
to

w
aterw

ays
w

hich
lack

natural
or

diverse
habitat.

R
esearch

has
show

n
that

there
is

a
clear

relationship
betw

een
the

lack
of

habitat
and

aquatic
life

assem
blages

in
navigable

w
aterw

ays
(W

olter,
2001;

W
olter

and
A

rlinghaus,
2003).

T
he

controlling
of

w
ater

levels
can

also
lead

to
the

loss
of

spaw
ning

areas
and

negatively
affect

stock
recruitm

ent
(B

arlaup
et

al.,
2008,

Schram
m

et
al.,

2008).
Sheehan

and
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R
asm

ussen
(1999)

suggest
that

the
lock

and
dam

system
s

developed
and

operated
for

navigation
creates

a
lentic

environm
ent

favoring
lentic

aquatic
species.

A
ll

of
these

im
pacts

are
apparent

in
the

C
A

W
S.

T
he

C
A

W
S

consists
m

ostly
(about

75%
)

of
m

anm
ade

w
aterw

ays
that

w
ere

designed
to

be
straight

and
deep,

w
here

no
floodplain

originally
existed

and
w

here
the

substrate
is

largely
the

native
earth

into
w

hich
the

channels
w

ere
first

dug.
T

he
rest

has
been

m
odified

and
m

uch
of

itexhibits
the

characteristics
described

above.
T

hese
characteristics

im
pose

severe
lim

itations
on

aquatic
habitat

and
the

biota
that

depend
on

it.

4.2.2.b
D

irect
Im

p
acts

o
n

F
ish

In
addition

to
the

effects
resulting

from
channel

m
odification

described
above,

navigation
traffic

also
directly

im
pacts

aquatic
life.

A
s

a
ship

travels
through

restricted
w

aterw
ays

a
series

of
forces

are
exerted

including
propeller

w
ash,

bank-
directed

current,
return

current
opposite

to
the

direction
of

the
m

oving
vessel,

and
draw

dow
n

(W
olter

et
al.,

2004).
T

hese
forces

cause
negative

effects
w

hich
can

be
divided

into
direct

and
indirect

categories.
D

irect
effects

of
navigation

are
a

resultof
physical

forces
on

aquatic
life

caused
by

m
oving

vessels
(W

olter
and

A
rlinghaus,

2003).
Indirect

effects
are

associated
w

ith
vessel

induced
disturbances

w
hich

prevent
norm

al
aquatic

life
behaviors

(W
olter

and
A

rlinghaus,
2003).

M
any

different levels
of

aquatic
biota

are
negatively

affected
by

these
forces.

•
P

ropeller
im

pacts
—

T
he

m
ost

direct
w

ay
that

navigation
can

affect
fish

is
by

propeller
im

pact.
M

oving
ship

propellers
can

injure
or

kill
fish

by
direct

im
pact,

but
injuries

to
fish

in
proxim

ity
to

propellers
can

also
occur

due
to

shear
stress

or
pressure

changes
(G

utreuter
et

al.,
2003).

•
Increased

shear
stress

—
M

oving
vessels

create
m

oving
w

ater,
w

hich
can

increase
shear

stress
on

substrate,
banks,

and
organism

s
them

selves.
It has

been
docum

ented
that

navigation
in

channelized
w

aterw
ays

can
kill

fish
eggs

and
larvae

by
causing

rotation
or

deform
ation

(M
organ

et
al.,

1976).

•
Increased

velocities
—

In
addition

to
shear

stress,
w

ater
velocities

caused
by

navigation
m

ay
be

too
fast

for
sm

all juvenile
fish

and
force

w
ashing

out,
injury,

or
displacem

ent
(W

olter
et

al.,
2004;

A
rlinghaus

et
al.,

2002).

•
D

ew
atering

—
D

ew
atering

can
also

cause
direct

effects
on

aquatic
life.

Passing
vessels

displace
w

ater
w

hich
is

pushed
to

the
sides

of
the

channel,
resulting

in
tem

porarily
increased

w
ater

levels,
but

in
the

w
ake

of
the

vessel’s
passage,

the
w

ater
quickly

m
oves

back
into

the
channel

and
can

dew
ater

nearshore
sedim

ents
due

to
tem

porary
w

ater
level

draw
dow

n.
D

raw
dow

n
forces

at
intervals

associated
w

ith
navigation

traffic
have

been
show

n
to

significantly
increase

m
ortality

for
w

alleye
and

northern
pike

eggs
(H

olland,
1987).
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•
W

ake
im

pacts
—

Indirect
im

pacts
of

navigation
on

aquatic
life,

although
not

im
m

ediately
lethal,

can
pose

a
serious

threat
to

certain
species.

A
s

ships
m

ove
through

restricted
w

aterw
ays,

their
w

aves
can

disturb
benthic

invertebrate
assem

blages
colonizing

littoral
zones

and
force

detachm
ent

from
bottom

substrates
(G

abel
et

al.,
2008).

•
N

oise
—

N
avigation

traffic
also

results
in

noise
of

high
am

plitude
and

frequency.
T

his
noise

has
been

show
n

to
increase

the
levels

of
cortisol

secretion
and

indicate
elevated

levels
of

stress
in

fish
(W

ysocki
et

al.,
2006).

H
eavy

boat
traffic

has
also

been
show

n
to

decrease
the

food
conversion

efficiency
of

fish
w

hen
com

pared
to

sim
ilar

species
from

other
habitats

(Penczak
et

al.,
2002).

•
Suspended

sedim
ent

—
A

s
described

above,
passing

vessels
can

increase
shear

stress
on

substrate,
causing

resuspension
of

unconsolidated
fine

sedim
ents.

T
his

increase
turbidity

in
the

w
ater

colum
n

w
hich

can
have

harm
ful

effects
on

fish
gills

and,
particularly

in
urban

w
aterw

ays
like

the
C

A
W

S,
it

can
introduce

potentially
toxic

anthropogenic
chem

icals
from

the
sedim

ents
to

the
w

ater
colum

n.
T

he
repeated

suspension
and

redepositon
of

fine
sedim

ents
from

vessel
passage

can
spread

sedim
ent-bound

contam
inants

and
clog

coarser
substrate

m
aterials.

A
lthough

there
are

insufficient
data

at present
to

quantify
these

effects
on

biota
specifically

in
the

C
A

W
S,

the
im

pacts
alm

ost
certainly

are
occurring

and
cannot

be
ignored.

Further
research

w
ould

be
required

to
docum

ent
and

quantify
navigation-

related
im

pacts
to

aquatic
biota

in
the

C
A

W
S,

but
navigation

clearly
presents

significant
lim

itations
to

aquatic
biota

in
the

C
A

W
S.

Furtherm
ore,

the
channel

designlm
odification

to
support

navigation
presents

significant
lim

itations
to

the
habitat

im
provem

entpotential
in

the
C

A
W

S.

4.3
C

O
N

T
R

A
S

T
B

E
T

W
E

E
N

C
A

W
S

A
N

D
N

A
T

U
R

A
L

R
IV

E
R

S

T
he

assessm
ent

of
habitat

in
the

C
A

W
S

cannotignore
tw

o
key

aspects
of

the
system

:

•
M

ost o
fthe

system
is

m
anm

ade.
Seventy-five

percent
of

the
C

A
W

S
is

not
natural,

having
been

excavated
to

provide
conveyance

of
treated

w
astew

ater
and

urban
drainage

aw
ay

from
L

ake
M

ichigan
and

support
com

m
ercial

navigation.
T

he
design

of
the

m
anm

ade
channels

of
the

C
A

W
S,

particularly
the

C
hicago

S
anitary

and
Ship

C
anal

and
the

C
al-Sag

C
hannel,

incorporates
qualities

to
support

their
function

w
hich

are
at

odds
w

ith
habitat

qualities
found

in
natural

system
s.

T
he

rest
of

the
system

has
been

so
m

odified
that

it
bears

little
resem

blance
to

its
original

form
.

T
hese

facts
should

notbe
overlooked

and
m

ust
be

considered
w

hen
evaluating

the
habitatof

the
C

A
W

S.

•
T

he
p
rim

ary
uses

o
fthe

C
A

W
S

today
are

effluentconveyance,
navigation,

and
flood

controL
N

ot
only

w
as

the
system

designed
and

built
for

these
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purposes,
but

it
continues

to
function

prim
arily

to
serve

these
purposes

today.
A

ccess
to

the
C

A
W

S
is

structurally
controlled

by
locks,

dam
s,

and
pum

ping
stations

and
every

connection
point

to
external

w
ater

system
s.

M
ost

of
the

flow
in

the
C

A
W

S
at

any
given

tim
e

is
treated

effluent
from

w
ater

reclam
ation

plants,
not

natural
flow

from
a

w
atershed.

T
he

hydrology
of

the
C

A
W

S
is

com
pletely

m
anipulated

to
supportthese

uses.

T
he

constructed
and

heavily
m

odified
conditions

w
ithin

the
C

A
W

S,
com

bined
w

ith
the

m
anagem

ent of
the

system
for

its
intended

uses
of

w
astew

ater
conveyance

and
navigation,

have
lim

ited
the

structural
and

functional
conditions

for
aquatic

habitat.
T

hese
lim

ited
habitat

features
have

resulted
in

a
biotic

com
m

unity
(as

m
easured

by
fish)

that
is

tolerant
of

the
m

odified
conditions.

T
hese

conditions
also

im
pose

a
significant

lim
itation

on
the

potential
of

the
C

A
W

S
to

support
fish

com
m

unities
different

than
w

hatpresently
exist

there.
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5.
D

E
SC

R
IPT

IO
N

O
F

A
Q

U
A

T
IC

B
IO

T
A

IN
T

H
E

C
A

W
S

A
s

stated
elsew

here
in

this
report,

the
D

istricthas
collected

fish
and

m
acroinvertebrate

data
in

the
C

A
W

S
for

several
years.

For
purposes

of
this

Study,
data

collected
since

2001
w

ere
used,

in
order

to
reflect

current
conditions.

T
hese

data
are

briefly
described

in
this

section.

5.1
FISH

T
he

D
istrict

has
been

collecting
fish

data
annually

since
1974

(w
ith

the
exception

of
1981

and
1982)

w
ithin

the
Study

area.
H

ow
ever,

to
focus

this
Study

on
current

conditions,
the

fish
data

analysis
is

lim
ited

to
the

data
collected

betw
een

2001
and

2008.
Fish

data
collected

from
200

1-2007
w

ere
used

to
analyze

physical
habitat

data
and

develop
a

draftphysical
habitat

index
for

the
C

A
W

S,
w

hile
the

2008
fish

data
w

ere
used

as
the

validation
dataset.

5.1.1
S

o
u
rces

of
D

ata

B
etw

een
2001

and
2008,

the
D

istrict
collected

fish
data

at
34

stations
w

ithin
the

C
A

W
S

(Figure
3-1)

on
a

routine
basis.

T
w

enty-three
of

these
36

stations
are

part
of

the
D

istrict’s
A

m
bientW

ater
Q

uality
M

onitoring
(A

W
Q

M
)

program
and

those
stations

w
ere

used
in

the
developm

ent
of

the
habitat

index
for

the
2001-2007

sam
ple

period.
In

2008,
five

supplem
ental

stations
w

ithin
the

m
anaged

portion
of

the
system

w
ere

included
in

the
fish

sam
pling

regim
e

in
an

attem
ptto

capture
system

habitat
variation

that
m

ay
not

have
been

included
previously.

T
he

2008
fish

sam
pling

included
a

total
of

20
fish

sam
pling

stations
w

ithin
the

Study
A

rea.
In

total,
38

stations
have

been
sam

pled
for

fishes
w

ithin
the

Study
A

rea
during

the
200

1-2008
period

(T
able

5
-1

).
T

he
sam

ple
collections

and
processing

follow
the

protocol
described

in
Section

3.3.1.
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T
able

5-1:
C

A
W

S
F

ish
S

am
pling

E
vents,

2001
—

2008
(the

num
bers

in
the

tab
le

rep
resen

t
species

richness
and

total
num

ber
of

individuals
in

parentheses).

Stn.
ID

Station
D

escription
2001

2002
2003

2004
2005

2006
2007

2008
35

N
orth

Shore
C

hannelatCentral
Street

12
(132)

11
(139)

8
(48)

36
North

Shore
C

hannelatTouhy
A

venue
11

(596)
12

(147)
14

(335)
11

(249)
9

(276)
16

(496)
14

(387)
14

(68)

37
N

orth
Branch

C
hicago

RiveratW
ilson

A
venue

9
(75)

11
(122)

39
South

Branch
C

hicago
RiveratM

adison
Street

10
(138)

6
(99)

40
C

hicago
Sanitary

and
Ship

CanalatD
am

en
A

venue
10(148)

12
(164)

19
(277)

41
C

hicago
Sanitary

and
Ship

CanalatH
adem

A
venue

9(88)
11

(188)
10

(225)
13

(193)
14(758)

15
(388)

12
(282)

12(186)

42
C

hicago
Sanitary

and
Ship

Canal
atRoute

83
5

(32)
5(10)

43
C

alum
et-Sag

C
hannelatRoute

83
7

(43)
9

(261)

46
N

orth
Branch

C
hicago

RiveratG
rand

A
venue

12
(53)

7
(28)

8(67)
9

(88)
5

(77)
10(158)

13(117)
6

(59)

48
C

hicago
Sanitary

and
Ship

CanalatStephen
Street

4
(24)

5
(24)

4
(9)

56
Little

C
alum

etRiveratIndiana
A

venue
17

(452)
18

(322)
13

(81)

58
C

alum
et-Sag

C
hannelatA

shland
A

venue
13

(95)
12

(131)

59
C

alum
et-Sag

C
hannelatCicero

A
venue

10
(127)

13
(174)

12(56)
10(147)

10
(453)

15(214)
12

(297)
4

(66)

73
N

orth
Branch

C
hicago

RiveratD
iversey

Parkw
ay

7(58)
13(164)

10
(36)

74
C

hicago
RiveratLake

Shore
Drive

8
(22)

7(83)

75
C

hicago
Sanitaryand

ShipC
anal

atC
iceroA

venue
10

(118)
10

(136)
9(138)

13
(191)

7
(184)

11
(205)

13(286)
11

(58)

76
Little

C
alum

etRiveratH
alsted

Street
16

(210)
17

(163)
13

(219)
17

(207)
19

(913)
22

(405)
21

(281)
12

(45)

92
C

hicago
Sanitary

and
Ship

Canal/Lockport(16th
St)

2(77)
6

(67)
7

(67)
4(22)

9
(179)

8
(64)

6
(64)

10
(171)

99
B

ubblyC
reekatA

rcherA
venue

5(21)
13(156)

5(8)

99.1
Bubbly

C
reek

at1-55
6

(31)
10

(60)
5(31)

99.2
Bubbly

C
reek

at35th
St.

5(39)
8

(27)
5

(26)

99.3
Bubbly

C
reek

atRA
PS

7
(151)

10
(97)

5
(62)

100
Chicago

RiveratW
ells

Street
11

(136)
10

(250)
9

(27)

101
N

orth
Shore

C
hannelatFosterA

venue
15

(179)
17

(273)
14

(115)

102
North

Sho(e
C

hannelat O
akton

Street
2

(2)
17

(151)

108
South

Branch
C

hicago
RiveratLoom

is
Street

10(76)
13

(142)

SupI.
C

slum
et-Sag

C
hannelat104th

Street
10

(92)

SupI.
C

alurnet-Sag
C

hannelatK
edzie

A
venue

8
(87)

SupI.
C

alum
et-Sag

C
hannel

atSouthw
estH

ighw
ay

13
(127)

S
i

C
hicago

Sanitary
and

Ship
CanalatBedford

Park
16(118)

S2
C

hicago
Sanitary

and
Ship

Canalat W
illow

Spnngs
2

(7)

S3
C

slum
et-Sag

C
hannelatPalos

Hills
9

(53)

S4
C

alurnet-Sag
C

hannelatW
orth

and
Palos

H
eights

7
(50)

S5
C

alunret-Sag
C

hannel
atA

lsip
10(74)

SE
PA

2
Little

C
alum

etRiveratSEPA
2

16(29)
12

(218)

SE
PA

3
C

alum
et-Sag

C
hannel

atSEPA
3

13
(148)

16
(253)

14
(407)

SE
PA

4
C

alum
et-Sag

C
hannel

atSEPA
4

11
(93)

11
(82)

14
(663)

9(79)
15

(417)

SE
PA

5
C

alurnet-Sag
C

hannel
atSEPA

5
12(232)

7(41)
16

(443)
7

(37)
17

(216)

SE
PA

5
C

SS
C

Chicago
Sanitary

and
Ship

CanalatSEPA
5

5
(18)

8(53)
6

(306)
8

(34)
9)178)
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5.1.2
S

u
m

m
ary

D
escrip

tio
n

Fifty-tw
o

(52)
species,

including
five

hybrids,
of

fish
w

ere
identified

atthe
34

C
A

W
S

m
onitoring

stations
betw

een
2001

and
2007

(sam
ple

period).
For

the
2001-2007

sam
ple

period,
the

num
ber

of
non-hybrid

species
collected

across
the

C
A

W
S

stations
ranged

from
27

atA
W

Q
M

Station
76

(L
ittle

C
alum

etR
iver

at
H

aisted
Street)

to
only

five
at

Stephen
Street

(C
hicago

Sanitary
Shipping

C
anal;

C
SSC

).
T

he
m

ostfrequently
observed

species
across

all
stations

included
gizzard

shad
(D

orosom
a

cepedianum
),

com
m

on
carp

(C
yprinus

carpio),
and

largem
outh

bass
(M

icropterus
salm

oides),
respectively

(Figure
5
-1

).
T

he
m

ost
num

erous
observed

species
w

ithin
the

C
A

W
S

included
gizzard

shad
(n=

6906),
em

erald
shiner

(N
otropis

atherinoides;
n=

2082)
and

com
m

on
carp

(n=
2055),

respectively
(Figure

5-2).
E

leven
species

are
represented

by
only

a
single

observation
for

the
200

1-2007
period.

Finally,
gizzard

shad,
com

m
on

carp,
and

largem
outh

bass
have

been
observed

at
all

stations
during

the
sam

ple
period.

140

120

100806040

o
20

0wUw

0

c
c
E

.E
.E

E
E

0

,
.

0
N

E
E
.

0

F
igure

5-1:
N

on-H
ybrid

F
ish

O
bservations

in
C

A
W

S
S

tudy
A

rea,2001-2007.
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T
oI

n
.,,,b

.,
of

ooflt.d
.
o
,

.11
.t.tio

n
.

.n
d

.,.n
t

(E
oo.pt

G
..n

d
C

.Io
n

,.(
R

io
.)

7050
5
0

316

6000
00

5000
241

250
216

ThIM
n

,.n
b
.,o

f
in

W
,id

o
.I,

(non.l,00.id)
.0

0
0
..

197
.0

C
A

W
S

,t.U
o
n

.
..d

noog
.o

.rO
.

4050
200

164163

3000
150

1111111
I

1
2
6

25
20

18
1

9
9
9

1
!

1
!

I
I

I
I

I
1’

F
igure

5-2:
T

otal
N

um
ber

of
Individuals

(N
on-H

ybrids)
O

bserved
in

C
A

W
S

S
tudy

A
rea,

2001-2007.
(N

O
T

E
:

the
left-hand

axis
corresponds

to
the

black
bars

and
the

right-hand
axis

corresponds
to

the
blue

bars).

T
he

distribution
and

abundance
of

gizzard
shad

in
the

C
A

W
S

is
not

unusual
for

large
w

ater
system

s
and

Sim
on

and
Sanders

(1999)
suggest

not
including

this
species

in
com

m
unity

structure
com

parisons
as

a
potential

source
of

bias
in

analysis.
E

m
erald

shiner
is

com
m

only
found

in
large

rivers
and

appears
to

thrive
in

reservoir
system

s
(B

ecker,
1983),

so
their

num
bers

and
distribution

w
ithin

the
C

A
W

S
is

not
unexpected.

C
om

m
on

carp
are

found
in

turbid,
w

arm
,

large
river

system
s

of
the

M
idw

est
(B

ecker,
1983)

and
their

distribution
and

abundance
in

the
C

A
W

S
is

also
not

surprising.
L

argem
outh

bass
are

also
abundant

in
large

rivers
of

the
M

idw
est

(B
ecker,

1983),
w

ith
a

presence
expected

in
the

C
A

W
S

and
serve

as
a

popular
recreation

target
species

w
ithin

the
system

(Personal
com

m
unication,

B
radley,

2008).
P

um
pkinseed

also
appears

to
thrive

in
im

pounded
system

s
(B

ecker,
1983)

so
their

num
bers

and
distributions

are
also

not
unexpected.

In
2008,

43
species

w
ere

identified
at

the
20

stations
sam

pled
w

ithin
the

Study
A

rea.
E

leven
of

those
species

w
ere

identified
as

hybrids
and

the
new

ly
identified

species
included

steelcolor
shiner

(C
yprinella

w
hipplei),

notpreviously
identified

w
ithin

the
Study

A
rea.

T
he

2008
fish

data
included

up
to

19
species

at
the

D
am

en
A

venue
station

on
the

C
SSC

and
as

few
as

2
species

at
Supplem

ental
Station

2
(W

illow
Springs)

on
the

C
SSC

.
T

he
m

ost
num

erous
species

w
ere

gizzard
shad,

com
m

on
carp,

bluntnose
m

innow
and

pum
pkinseed.
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5.1.3
S

u
m

m
ary

of
M

etric
S

electio
n

F
ish

m
etric

selection
and

calculation
is

a
com

m
on

form
of

fish
data

analysis
(F

lotem
ersch

et
a!.

2006).
T

he
general

approach
for

screening
fish

m
etrics

to
determ

ine
useful

and
appropriate

m
easures

for
the

C
A

W
S

follow
ed

m
ethods

applied
in

developm
ent

of
fish

IB
Is,

as
docum

ented
in

peer-review
ed

scientific
literature.

T
he

objective
of

this
process

w
as

not
to

develop
a

new
IB

I
for

the
C

A
W

S
,

but
the

process
of

m
etric

developm
ent

involves
review

,
analysis,

and
reduction

of
fish

m
etrics,

so
the

m
ethods

used
in

the
literature

to
develop

IB
Is

provided
a

sound
basis

for
screening

of
m

etrics
as

appropriate
descriptions

of
the

fisheries
data

for
the

C
A

W
S

.

T
he

fish
dataset

used
in

the
m

etric
selection

included
C

A
W

S
fisheries

data
collected

by
the

D
istrict

betw
een

2001
and

2007.
T

he
general

procedures
for

selecting
an

appropriate
set

of
fish

m
etrics

included
the

selection
of

a
set

of
candidate

m
etrics,

the
screening

of
candidate

m
etrics

and
the

final
selection

of
representative

fish
m

etrics
that

are
sensitive

and
respond

to
both

physical
and

w
ater

quality
changes.

In
sum

m
ary,

a
starting

list
of

46
m

etrics
w

as
established

from
previous

studies
(L

yons
et

al.,
2001;

ID
N

R
,

2000;
O

E
P

A
,

1989;
K

arr,
1981).

T
hese

46
m

etrics
w

ere
then

screened
through

various
procedures

for
m

etric
rem

oval
(e.g.,

those
lacking

data,
tests

for
m

etric
redundancy

and
tests

of
variance

sensitivity),
resulting

in
a

final
list

of
tw

elve
m

etrics
(T

able
5
-2

).
T

he
retained

m
etrics

are
representative

of
each

of
the

five
ecological

function
categories

as
recom

m
ended

by
S

im
on

and
L

yons
(1

9
9
5
),

L
yons

et
al.

(2001),
R

oset
et

a!.
(2007):

species
richness

and
com

position
(S

R
C

),
indicator

species
(IS

M
),

trophic
function

(T
F

M
),

reproductive
function

(R
F

M
),

and
individual

abundance
and

condition
(A

C
M

).
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T
able

5-2:
S

elected
C

A
W

S
F

ish
M

etrics.

F
ish

M
etric

E
cological

F
unction

C
ateg

o
ry

6

%
D

iseased
or

w
ith

eroded
fins,

lesions,
or

abundance
and

condition
m

etric
(A

C
M

)
tum

ors

catch
per

unit
effort

abundance
and

condition
m

etric
(A

C
M

)

%
lithophilic

spaw
ners

by
count

reproductive
function

m
etric

(R
FM

)

%
insectivores

by
count

trophic
function

m
etric

(TFM
)

%
top

carnivores
by

w
eight

trophic
function

m
etric

(TFM
)

proportion
of

Illinois
tolerant

species
indicator

species
m

etric
(ISM

)

IL
ratio

of
non

tolerant
coarse-m

ineral-
reproductive

function
m

etric
(R

FM
)

substrate
spaw

ners

num
ber

of
IL

native
m

innow
species

species
richness

and
com

position
m

etric
(SR

C
)

num
ber

of
IL

native
sunfish

species
species

richness
and

com
position

m
etric

(SR
C

)

IL
ratio

of
generalist

feeders
trophic

function
m

etric
(TFM

)

%
intolerant

species
by

count
indicator

species
m

etric
(ISM

)

%
m

oderately
intolerant

species
by

w
eight

indicator
species

m
etric

(ISM
)

5.2
M

A
C

R
O

IN
V

E
R

T
E

B
R

A
T

E
S

T
he

M
etropolitan

W
ater

R
eclam

ation
D

istrict
of

G
reater

C
hicago

(D
istrict)

has
been

collecting
m

acroinvertebrate
data

annually
since

2001
w

ithin
the

Study
A

rea.
G

iven
that

the
focus

of
this

Study
is

on
current

conditions,
the

m
acroinvertebrate

data
analysis

is
lim

ited
to

the
data

collected
betw

een
2001

and
2007.

T
his

data
set,

as
m

entioned
in

Section
3.1.2

w
as

used
to

select
C

A
W

S
appropriate

m
acroinvertebrate

m
etrics,

com
pare

collection
m

ethods
using

the
selected

m
etrics,

and
evaluate

deform
ities

as
related

to
w

ater
quality

and
contam

inated
sedim

ent.

5.2.1
S

o
u
rces

of
D

ata

A
ll

m
acroinvertebrate

data
com

es
from

D
istrict

collected
sam

ples
from

the
200

1-
2007

sam
ple

period.
For

the
sam

ple
period,

the
Study

area
includes

data
from

22
sam

ple
stations

using
H

ester
D

endy
collected

data
and

24
stations

w
ere

included
using

Ponar
grab

sam
pler

data.

6
A

C
M

=
abundance

and
condition

m
etric;

R
FM

=
reproductive

function
m

etric;
T

F
M

=
trophic

function
m

etric;
ISM

=
indicator

species
m

etric;
SR

C
=

species
richness

and
condition

m
etric.
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