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Executive Summary

This report presents the development of total maximum daily loads (TMDLs) for the East
Branch of the DuPage River (“East Branch”) in DuPage and Will Counties, Illinois. The East
Branch flows together with the Des Plains River in urban Chicago, Illinois. The 1998 303(d)
List identified the East Branch as impaired for nutrients, siltation, salinity/TDS/chlorides,
suspended solids, low dissolved oxygen, habitat alterations and noxious aquatic plants. The
2000 305(b) Report updated these potential causes of impairment to be nutrients, siltation,
salinity / TDS/ chlorides, suspended solids, habitat alterations, flow alterations, excessive algal
growth/chlorophyll-a and low dissolved oxygen. The Illinois Environmental Protection
Agency (“the Agency”) has adopted a policy of developing TMDLs only on potential causes
of impairment that have a water quality standard, which in this case, were chlorides and low
dissolved oxygen (DO). This document describes and presents the methods and procedures
used to develop a chloride and DO TMDLfor the East Branch. The East Branch watershed
covers about 79.3 square miles of northeastern Illinois. The watershed is located in the Des
Plains hydrologic unit code (HUC 07120004). Approximately 40 percent of the land use in
the watershed is residential. Approximately 16 percent of the total watershed area is
impervious surfaces. There are eight wastewater treatment plants in the watershed.

The U.S. Environmental Protection Agency’s (USEPA’s) Hydrologic Simulation Program
Fortran (HSPF) watershed model, the Better Assessment Science Integrating Point and
Nonpoint Sources (BASINS) analysis system, and the in-stream water quality model
QUALZE were used to characterize the watershed and evaluate TMDL allocations. Spatial
data (land use and cover, hydrographic and topographic data), monitoring data (water
quality, flow, and weather information), and pollutant source data were used to develop
input parameters for the watershed models.

The watershed models were calibrated using information from two U.S. Geological Survey
(USGS) gauges, one at Downers Grove (USGS Gauge ID 05540160) and one at Bolingbrook
(USGS Gauge ID 05540250), which were located inside the watershed.

TMDLs are sums of the individual waste allocations (WLAs) for point sources, load
allocations (LAs) for both nonpoint sources and natural background, and a margin of safety
(MOS). This definition is denoted by the following equation:

TMDL =X WLAs + £ LAs + MOS

Each TMDL developed for the East Branch watershed was developed to achieve full
compliance with Illinois water quality standards for each pollutant.

The chloride TMDL will require a 33 percent reduction in overall chloride application to the
East Branch watershed. Table E-1 summarizes the chloride TMDL.
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EXECUTIVE SUMMARY

TABLE E-1
Chloride TMDL for the Mouth of East Branch DuPage River

WLA? MS4 WLA® MOS TMDL
Chloride (Ib/yr) 6.83E+07 1.05E+07 Implicit 7.88E+07

aWLA based on permitted design flow and concentration of 400 mg/L
bRepresents a 33% Reduction in NPS Load

Three allocation scenarios were developed for the DO TMDL. In the first scenario, point
sources will have to reduce their permitted load of CBODs and ammonia nitrogen. The
scenario is based on achieving CBOD:s limits of 8 mg/L and ammonia limits of 1 mg/L. In
the second allocation scenario, point sources remain at their current monthly average permit
limits, but either the dam in Reach 3 must be removed or the water behind the dam in Reach
3 must be artificially reaerated in order to achieve the water quality target. Table E-2
summarizes the DO TMDL.

TABLE E-2
Summary of East Branch DO TMDL

Percent
. Reduction
Load Wasteload Margin Observed Needed from
Allocation  Allocation of TMDL Load Observed
Pollutant (Ib/day) (Ib/day) Safety  (b/day) (Ib/day)? Load
Allocation Scenario 1
5-day NA 2384 Implicit 2384 268 0
carbon.
biochemical
oxygen
demand
Ammonia NA 208 Implicit 298 273 0
nitrogen
Allocation Scenario 2
5-day NA 2980 Implicit 2980 268 0
carbon.
biochemical
oxygen
demand
Ammonia NA 447 Implicit 447 273 0
nitrogen

a Current observed loads based on effluent data from June 24-25, 1997 IEPA dataset
WLA based only on Bloomingdale, Glendale Heights, Glenbard, and Downers Grove facilities as remaining facilities
discharge downstream of the impaired segment

There were no Confined Animal Feeding Operations (CAFOs) identified in this watershed.
CAFOs were not identified as contributors of chloride or low dissolved oxygen, the
pollutants for which this TMDL was developed, and will not be addressed in this TMDL.
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1 Introduction

1.1 Background

Section 303(d) of the Federal Clean Water Act (CWA) and the U.S. Environmental Protection
Agency’s (USEPA’s) Water Quality Planning and Management Regulations (40 CFR Part
130) require states to identify water bodies that do not meet water quality standards (WQSs)
applicable to their designated use classifications and to develop total maximum daily loads
(TMDLs) for these water bodies. The TMDL process establishes the allowable pollutant
loads or other quantifiable parameters for a water body based on the relationship between
pollutant sources and in-stream conditions. By following the TMDL process, states can
establish water quality-based controls to reduce pollution from point and nonpoint sources
and restore and maintain the water quality (USEPA, 1991).

Located in DuPage and Will Counties, Illinois, the East Branch of the DuPage River (“East
Branch”) and its tributaries were placed on the Illinois 303(d) list (1998) of impaired waters for
several pollutants, including conductivity, chloride, and dissolved oxygen (DO). TMDLs for all
pollutants causing applicable WQS violation were established for each identified water body.

This document presents the TMDLs and describes the methods and procedures used to
develop the TMDLs for impaired segments in the East Branch watershed.

1.2 Organization of the Report

This report is organized to provide a structured description of TMDL endpoints, watershed
characterization and source assessment, the assessment of water quality and TMDL
approach, a summary of modeling approach and assumptions, and a summary of all
recommended allocation scenarios. It builds upon a series of technical memoranda that has
been submitted throughout the East Branch TMDL development process. Comments on the
technical memoranda have been incorporated into this report.
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2 Target Identification/Determination of TMDL
Endpoints

The 1998 Illinois Section 303(d) List identified the East Branch of the DuPage River as
impaired for nutrients, siltation, salinity/ TDS/ chlorides, suspended solids, low dissolved
oxygen, habitat alterations and noxious aquatic plants. The 2000 305(b) Report updated these
potential causes of impairment to be nutrients, siltation, salinity/TDS/chlorides, suspended
solids, habitat alterations, flow alterations, excessive algal growth/chlorophyll-a and low
dissolved oxygen.

In developing the 2002 Illinois Section 303(d) List, the Illinois EPA revised its prioritization
method that accounts for severity of pollution and the uses to be made of such waters.
Prioritization was done on a watershed basis. For a detailed explanation refer to the Illinois
2002 Section 303(d) list, available at:

http:/ /www.epa.state.il.us/ water/watershed /reports /303d-report/index.html. Under this
new prioritization process, emphasis is given to those parameters with numeric WQS. These
are identified in Table 2-1 and Figure 2-1. As a result of prioritization, this study focused on
chloride and dissolved oxygen, which have a numeric WQS.

The IEPA is aware of the other parameters previously listed and those parameters will be
given attention through methods other than a TMDL and hence no further discussion of
those will be provided in this document. Pending development of appropriate water quality
standards as may be proposed by the Agency and adopted by the Pollution Control Board,
Illinois EPA will continue to work toward improving water quality throughout the state by
promoting and administering existing programs and working to innovate and create new
methods of treating potential causes of impairment.

According to Illinois waterbody use classifications, the East Branch is designated for general
use (GU). Based on this classification, TMDLs were developed for chloride and DO and
were designed to meet applicable WQSs.

The first part of this section outlines the different segments and the pollutants of concern for
East Branch. The second part outlines the TMDL endpoints selected for each pollutant listed
for East Branch under the Illinois 303(d) list.
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2—TARGET IDENTIFICATION/DETERMINATION OF TMDL ENDPOINTS

2.1 Impaired East Branch Segments

Three segments of East Branch do not meet Illinois
WQSs. Table 2-1 presents a complete list of all
segments and causes of impairments associated
with numeric WQS. Figure 2-1 shows the location
of the impaired segments in East Branch DuPage

River.

2.2 Applicable Water Quality
Standards and Total Maximum

Daily Load Endpoints

TABLE 2-1

Segments of the East Branch of the DuPage River
That This TMDL Report Addresses and Identified
Potential Causes of Impairment

TDS/
Segment Conductivity Chloride DO
GBL 05 X X X
GBL 10 X X
GBL 08

TDS, total dissolved solids.

The applicable WQS was the chosen endpoint for the TMDL. Table 2-2 shows a list of
pollutants, WQS, and potential endpoints addressed in this report.

TABLE 2-2

Pollutants, Water Quality Standards, and TMDL Endpoints

Parameter Water Quality Standard

Total Maximum Daily Load Endpoints

Conductivity TDS—1,000 mg/L, equivalent to 1,667

pmho/cm of conductivity

Chloride 500 mg/L

General-use standard for chloride of 500
mg/L

Water quality standard

Dissolved oxygen Not less than 5 mg/L at any time or not less Not less than 5 mg/L at any time or not less
than 6 mg/L for 16 of 24 consecutive hours than 6 mg/L for 16 of 24 consecutive hours

mg/L, milligrams per liter
TDS, total dissolved solids

WDC023080001.ZIP/TAF

2-2



2—TARGET IDENTIFICATION/DETERMINATION OF TMDL ENDPOINTS

FIGURE 2-1
Impaired Segments in the East Branch of the DuPage River
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3 Watershed Characterization and Source
Assessment

This section describes the data acquired and the watershed characterization conducted to
develop the East Branch TMDLs. The available historical data for each 303(d)-listed pollutant
are presented and discussed and followed by an assessment of available data for watershed
modeling.

3.1 Watershed Description and Background Information

The East Branch watershed encompasses about 79.3 square miles of northeastern Illinois.
The DuPage County Department of Environmental Concerns (DEC) Stormwater
Management Division (DCDS) developed subwatershed boundaries for its stormwater
management program. The boundaries take into account areas in DuPage County that are
drained by storm sewer systems, with sometimes nontopographically based drainage
characteristics. The subwatershed areas range from 0.2 to 2,109 acres and average 119 acres.
Because of the watershed’s complex nature, existing subwatershed delineations that include
storm sewer areas were used wherever possible in the TMDL modeling process. Figure 3-1
shows the subwatersheds in the East Branch watershed.

The Illinois Environmental Protection Agency (IEPA) also provided 14-digit Hydrologic Unit
Code (HUC) watershed boundaries for the entire East Branch watershed. For areas in DuPage
County, these boundaries were checked against the DCDS data. For areas outside DuPage
County, the 14-digit HUC boundaries were verified using U.S. Geological Survey (USGS)
1:240,000-scale digital elevation models (DEMs) to match the Reach File version 3 (RF3) stream
segments. RF3 is the most detailed stream network data layer available from the Better
Assessment Science Integrating Point and Nonpoint Sources (BASINS) data set and is
identical to the National Hydrography Data (NHD) for the East Branch of the DuPage River.
The HUC watershed boundaries were not detailed enough to use for East Branch
subwatershed data in this report, but they were investigated and compared with the other
data sources.

Topographic data were obtained in a digital format from the USGS and the DCDS. USGS
topographical mapping was downloaded from the Illinois Geographic Information Council
Website as a digital raster graphic (DRG) file. The topographic data were used to confirm
drainage patterns established by the state 14-digit HUC and DCDS subwatershed
delineation. No significant differences were found between the DRGs and DEMs. Therefore,
only the DEMs from the USGS were used in the final data selection and subwatershed
delineation.
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3—WATERSHED CHARACTERIZATION AND SOURCE ASSESSMENT

FIGURE 3-1
Subwatersheds in the East Branch of the DuPage River
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3.2 Land Use

Land use data were obtained from the DCDS, the Northeastern Illinois Planning
Commission (NIPC), and BASINS.

The DCDS land use data were defined for a higher resolution than NIPC data but were not
available for areas outside DuPage County. The NIPC data covered the entire study area with
adequate detail for characterizing nonpoint sources of pollution and for modeling. BASINS
land use data were out of date and did not provide the necessary detail for modeling. A data
set showing forested areas was obtained from the Illinois Department of Natural Resources
(IDNR). In the NIPC data, forested areas were classified under open space. To identify what
portions of the open space were forested areas, the IDNR forest coverage was overlaid with
the NIPC data to produce the final land use coverage for use in modeling. In addition, the
category called “vacant excluding wetlands” in the geographic information system (GIS) layer
was combined with the open space category for modeling purposes.

Figure 3-2 shows the East Branch watershed land use. The watershed consists primarily of
developed areas. According to the land use data obtained from NIPC, only 3 percent of the
East Branch watershed is agricultural; approximately 40.3 percent is residential. Table 3-1
shows a complete list of land use categories. Therefore, nonpoint source pollution from
agricultural activities would be low for most listed pollutants when compared with the
amount of pollution from other land uses. Nonpoint source loads from residential areas
may contribute significantly to some pollutant loads.

Land use data were used to characterize nonpoint source pollution sources in the watershed
and to complete the load allocation (LA) portion of the TMDL. The East Branch watershed
was listed for several pollutants that are transported by stormwater runoff. These include total
dissolved solids (TDS)/conductivity, chloride, and oxygen-demanding materials that affect
DO. During modeling, these pollutants were linked to contributing types of land use (see
Section 6).

3.3 Hydrographic Data

To model the stream network in a watershed, the selected models (Hydrologic Simulation
Program Fortran (HSPF) and QUAL2E) required the stream network to be broken into
reaches representing the stream characteristics. Flows and pollutants were routed through
these reaches using trapezoidal channel geometry. Stream reach data were available from
DuPage County and BASINS data sets.

The DCDS provided hydrographic data that were compared with RF3 data in USEPA’s
BASINS 2.1 model. Both data sets had identical basic reach information. The DCDS data
included smaller and isolated water bodies, but the stream network connectivity was poor.
The RF3 data included all the connected streams in the watersheds and additional attribute
information that were required to set up the model. Therefore, the RF3 data were used to
develop the TMDLs. Appendix A includes a detailed summary of the reaches used for
modeling.
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FIGURE 3-2
Land Use in the East Branch of the DuPage River
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TABLE 3-1
NIPC and IDNR Land Use Distribution in the East Branch of the DuPage River

Area (Acres)

Land Use ID Impervious Pervious Total
Cemeteries and vacant land 1 10,715.34 10,715.34
Commercial 2 3,113.35 549.42 3,662.77
Forest 3 2,389.19 2,389.19
Industrial 4 1,303.18 229.99 1,533.17
Institutional 5 572.97 1,339.27 1,912.24
Open space 6 5,461.34 5,461.34
Residential 7 1,615.07 18,573.45 20,188.52
TCU excluding Interstates 8 541.17 360.80 901.97
Expressways 9 606.39 404.25 1,010.64
Wetlands 10 686.54 686.54
Agricultural 11 1,520.81 1,520.81

TCU, transportation land use.

3.4 Meteorological Data

Weather data were needed to calibrate hydrologic and water quality models and were used
by the models to generate runoff volumes. The modeled runoff volumes were routed to
determine streamflow values that were compared with data from several streamflow
gauges in the East Branch watershed (see Section 3.5). Model input parameters were
adjusted using this comparison of observed and modeled values.

NIPC provided National Climatic Data Center (NCDC) and other weather data in a
Watershed Data Management (WDM) file format. Table 3-2 shows the data included in the
WDM files. NIPC obtained precipitation data primarily from the NCDC and from a gauge at
Argonne National Laboratory. Daily precipitation data were disaggregated using nearby
hourly recording gauges. The Wheaton weather station, located in the East Branch
watershed, was used to obtain necessary weather data for TMDL development because it
had the most long-term hourly data. Figure 3-3 shows the location of each station from
which precipitation data were collected for East Branch.

In addition to precipitation data, NIPC provided potential evapotranspiration (PET), cloud
cover, solar radiation, air temperature, dew point, temperature, and wind movement data in
a WDM format. Most of these data came from the NCDC.

The spatial variability of rainfall throughout the study area was verified using annual
rainfall data found at Oregon State University’s software system Website

(http:/ /www.ocs.orst.edu/ prism/). The Parameter-Elevation Regressions on Independent
Slopes Model (PRISM) on the Website uses point data and a DEM to generate gridded
estimates of climate parameters, including precipitation. The annual precipitation for Illinois
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was downloaded from this site. Review of the data shown in Figure 3-4 indicated that there
were no significant spatial variations in rainfall patterns across the study area that would
require special consideration. The average annual precipitation value at Wheaton (36.5 in.)
for the 30-year period used for developing the PRISM data (1961-1990), corresponds to the
average annual value from PRISM.

TABLE 3-2
Weather Data Provided in NIPC WDM Files

Source of
Start Date End Date Station ID Data Data Type and Interval

01/01/1948 07/31/1996 Chicago O'Hare WSE ARP R NCDC Hourly precipitation
01/01/1948 09/30/1999 Chicago Midway AP 3 SW NCDC Hourly precipitation
06/30/1948 09/30/1988 McHenry WG Stratton L&D NCDC Hourly precipitation

09/30/1948 07/31/1996 Aurora NCDC Daily data distributed to hourly
using Argonne data

01/01/1948 12/31/1999 Wheaton 3 SE NCDC Daily data distributed to hourly
using Argonne data

09/30/1948 07/31/1996 Elgin NCDC Daily data distributed to hourly
using Argonne data

12/04/1996 12/31/2000 Elmhurst USGS 5-minute precipitation data
aggregated to hourly

01/01/1948 07/31/1996 Argonne NCDC Adjusted Argonne precipitation

For detailed description of data, refer to Application Guide for the Hydrologic Modeling in DuPage County
Using Hydrologic Simulation Program - Fortran (HSPF): Model Organization and Use, Data Collection and
Processing, Calibration (May 1996). Tom Price, Northeastern lllinois Planning Commission.

Hourly data from Wheaton were used for meteorological data such as solar radiation, wind
speed, cloud cover, temperature, and dew point temperatures for the entire East Branch
watershed.

Pan-evaporation data were obtained from the Midwestern Regional Climate Data Center
(National Oceanographic and Atmospheric Administration (NOAA)) for the Urbana
weather station in Champaign County. To adjust these to East Branch watershed conditions,
the NOAA pan-evaporation charts were used to calculate a ratio of annual pan-evaporation
from Urbana to East Branch. The data from Urbana were multiplied by this ratio to obtain a
pan-evaporation time series for the East Branch watershed. The pan-evaporation was
assumed to be equivalent to PET. To obtain the actual evapotranspiration from the PET, the
NOAA pan-coefficient was applied (National Weather Service, 1982c). Evapotranspiration
data packaged with the USEPA’s BASINS software were significantly higher than the values
reported by NOAA.
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FIGURE 3-3
Weather Stations with Precipitation Data
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FIGURE 3-4
Annual Precipitation
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3.5 Streamflow Data

Streamflow data are needed to calibrate hydrologic and water quality models. As
mentioned earlier, first the weather data are used to generate the runoff volumes from the
watershed. Modeled runoff volumes are routed to determine streamflow values that are
compared with data from several streamflow gauges located in the East Branch watershed.
The USGS gauge station cover provided in EPA's BASINS 2.1 model was used to determine
the location of gauges. Figure 3-5 shows the location of all USGS gauge stations in East
Branch.

From all the USGS flow gauges in East Branch, only two contained the long-term data
needed for model calibration: Downers Grove (USGS Gauge ID 05540160), in the upper
portion of the watershed, and Bolingbrook (USGS Gauge ID 05540250), in the lower portion
of the watershed. Therefore, these two stations were used for model calibration. Figure 3-6
shows the location of the two gauges in the East Branch watershed.

3.6 Point Sources

Point source discharge data are needed to complete the waste load allocation (WLA) portion
of the TMDL. All point source data were obtained from the IEPA and the Permit
Compliance System (PCS) database of EPA.

The IEPA provided effluent concentrations, flow rates, and permit limits for NPDES
permitted point sources from the discharge monitoring report (DMR) system. In addition,
IEPA provided locations of point sources. The geographic information provided by IEPA
and the BASINS 2.1 permit compliance system (PCS) GIS data were used to locate point
sources in the East Branch watershed; Figure 3-7 shows the point source locations. Only
point sources with a significant flow rate were considered in the modeling efforts; this
included all WWTP and other major point sources. Table 3-3 lists the point sources and
notes which ones were included in the modeling analyses.

Glenbard-Lombard is a wet weather discharge. Including it in the HSPF model would have
double-counted the stormwater - the model would have accounted for it in both the
discharge and in the nonpoint source runoff. Stone Barber is a quarry, and its flow is
accounted for through groundwater runoff; its discharge will not contain high amounts of
chlorides.

For the QUAL2E model, Glenbard-Lombard was not discharging during the calibration
study. Since it is a wet weather discharge, it is unlikely that it would discharge during low
flow conditions, the conditions upon which the DO TMDL is based. Stone Barber does not
contain oxygen-consuming waste, and its flow is accounted for in the incremental inflow
rates.
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FIGURE 3-5
Location of USGS Gauges in the East Branch of the DuPage River Watershed
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FIGURE 3-6
Location of USGS Gauges Used for Hydrologic Calibration
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FIGURE 3-7
Point source Dischargers in the East Branch of the DuPage River
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3.7 Nonpoint Sources

3.7.1 Sewered and Unsewered Areas

Three impaired segments of East Branch were listed for not meeting DO water quality
standards. No combined sewer or sanitary sewer data were available to suggest that
significant biochemical oxygen demand (BOD) load to the East Branch reaches originates
from combined sewers or leaky sanitary sewers. The sewer network data obtained from
DCDS show that several sewer (possibly storm sewer) pipes terminate at East Branch. Storm
sewer outfalls at these locations may transport nonpoint source BOD load associated with
urban runoff.

TABLE 3-3
Point Source Dischargers in East Branch DuPage River Watershed

Included in the

Name NPDES County Subwatershed ID? Models?®
Elmhurst Chicago Stone-Barber IL0053155 Will 15 No
Glenbard WW Auth-Lombard 1L0022471 DuPage 32 No
Citizens Utility Company #2 STP IL0032735 Will 2 Yes
DuPage County Woodridge STP ILO031844 DuPage 8 Yes
Bolingbrook STP #1 IL0032689 Will 2 Yes
Downers Grove SD WTC 1L0028380 DuPage 17 Yes
Glendale Heights STP IL0028967 DuPage 39 Yes
Glenbard WW Auth-Glenbard 1L0021547 DuPage 41 Yes
Bloomingdale-Reeves WRF IL0021130 DuPage 38 Yes

Indicates which subwatershed in East Branch the point source is located.
b“Yes” indicates that the point source is being considered in the watershed modeling for TMDL development.

STP, sewage treatment plant.

3.7.2 Best Management Practices

Existing best management practices (BMP) data were requested from the DCDS and NIPC.
Although no detailed information for these facilities was available from either agency,
review of the DuPage County Countywide Stormwater and Floodplain Ordinance
(September 1994) revealed that the ordinance promotes the application of BMPs to new
development through riparian buffer zones, erosion control plans, detention basins, etc.

No BMPs were included specifically in the modeling because no detailed information could
be obtained about BMP locations.
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3.8 Water Quality Data

Water quality data were obtained from two sources. Water quality data through December
1998 were available from STORET (http:/ /www.epa.gov/storet), a national database
maintained and operated by USEPA. The IEPA provided in-stream water quality data for
1997 intensive sampling events and monitoring data from 1999. The data from both sources
were carefully reviewed to determine the basis for development of the 1998 303(d) list, to
select appropriate modeling approaches, and to identify water quality stations for model
calibration. Figure 3-8 shows the location of all water quality stations in the East Branch
watershed.
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FIGURE 3-8
Location of Water Quality Stations in the East Branch of the DuPage River
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4 Assessment of Water Quality Data and TMDL
Approach

This section summarizes each pollutant on the East Branch watershed list of impairments
and assesses the length of record and frequency of observations. Selected modeling
approaches were affected by the availability of data regarding frequency, and the amount of
data varied for the different pollutants. For each pollutant, the following is provided: a
cause for listing, an assessment of the potential sources, and a selected TMDL approach
based on the cause and assessment. Details of the TMDL modeling are provided in

Section 5.

4.1 Period of Assessment for Water Quality Data

Water quality in a water body may be impaired by pollutants from point and nonpoint
sources. Generally, it is during dry weather periods when direct discharge (i.e., point
sources) is the primary source of the impairment. However, impairments during wet
weather events may be caused by nonpoint sources or both point and nonpoint sources.
Therefore, an analysis of long-term water quality is essential for a better understanding of
the sources that violate WQSs and to help select a correct approach for developing a TMDL.
IEPA uses monitoring data from the most recent 5 years to prepare the 303(d) list of
impairments. Water quality data for East Branch were available to the end of 1999; therefore
data collected between 1995 and 1999 were used to develop the TMDLs for East Branch and
its tributaries.

4.2 Total Dissolved Solids/Conductivity

East Branch segment GBL 05 is listed for TDS/conductivity impairments. Long-term TDS
and conductivity data are available at the Illinois ambient water quality station at the

Route 34 Bridge at Lisle (“Lisle”; station ID 05540210). Another Illinois water quality station,
near Route 56 at Downers Groove (station ID 160387), recorded eight conductivity data in
summer 1997. Due to lack of sufficient data, this station was not included in the
development of the conductivity TMDL.

According to the Illinois GU WQS, TDS concentrations (STORET parameter code 70300)
shall not exceed 1,000 mg/L. Conductivity is directly proportional to the TDS concentration.
Although there is no GU WQS for conductivity, a conductivity value of 1,667 uS/cm
corresponds to 1,000 mg/L of TDS (305(b) guideline). Therefore, an exceedance of

1,667 uS/cm of conductivity is considered indicative of potential exceedance of the 1,000-
mg/L TDS standard.

Only conductivity data were analyzed to investigate TDS/conductivity impairments because
substantially more data were available for conductivity than for TDS.
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A plot (Figures 4-1) of water quality data collected at the Lisle station shows that
conductivity exceeded the 1,667-uS/cm endpoint once during the 1995-1999 period.
Conductivity generally follows an annual cycle, with elevated values in winter and lower
values in late summer or early fall. Figure 4-1 shows conductivity data collected between
1995 and 1999 and the annual cycles.

FIGURE 4-1
Plot of the East Branch of the DuPage River (Lisle station 05540210) Conductivity Data by Date
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Generally, many dissolved anions and cations contribute to TDS/conductivity in surface
water. Most anions and cations are naturally occurring substances. Dissolution of minerals as
water flows in contact with soil and precipitation containing atmospheric constituents
contribute to naturally occurring TDS/conductivity. Anthropogenic sources such as road salt
application and fertilizer application and point sources may increase the concentration of
TDS/ conductivity.

An investigation of seasonal patterns and of the correlation between chloride and
conductivity showed that conductivity is generally higher from December through April
(the time of year subject to conductivity impairment) than from May through November
(Figure 4-2). Chloride is the major TDS component in winter months; snowmelt runoff in the
winter includes chloride from roadway deicing activities, and high TDS/conductivity is
caused by road salt application and is directly proportional to chloride concentration. In
East Branch, conductivity is closely correlated to observed chloride concentration. To verify
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that chloride is a major component of TDS/conductivity, a regression analysis of the two
constituents was performed.

FIGURE 4-2
Observed Conductivity at the East Branch of the DuPage River by Month
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The relationship between conductivity and chloride in East Branch is given by:

Conductivity (umho) = 642 + 2.58 x Chloride (mg/L)
R2=0.79

Figure 4-3 shows this relationship graphically. The strong correlation between chloride and
conductivity (i.e., high R? values) indicates that the variation in conductivity levels can be
explained by chloride concentrations. Also, chloride and conductivity are high during winter
months and concurrent with snowmelt runoff, suggesting that chloride from roadway deicing
activities is the major component of TDS. Additionally, depending on the composition of road
salt, other dissolved constituents such as sodium and calcium can be present in water as part of
the TDS.

Based on the analysis presented in this section, the TDS/conductivity considerations should be
addressed through the evaluation and development of chloride TMDLs.

WDC023080001.ZIP/TAF 4-3



4—ASSESSMENT OF WATER QUALITY DATA AND TMDL APPROACH

FIGURE 4-3
Relationship between Conductivity and Chloride in the East Branch of the DuPage River
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4.3 Chloride

4.3.1 Historic Data and Causes for Listing

Segments GBL 05 and GBL 10 of East Branch DuPage River are listed for chloride
impairment. Long-term total chloride data are available at the ambient water quality station
(station id 05540210) at route 34 Bridge at Lisle. According to the Illinois GU WQS, chloride
concentration (STORET parameter code 00940) shall not exceed 500 mg/L.

Segment GBL 05 is listed for TDS/ conductivity impairment and has been discussed in the
previous section. Chloride constitutes a significant part of TDS/conductivity and provides a
means to control exceedances of the TDS/conductivity standard, which would result in use
impairment.

Water quality data collected between 1995 and 1999 at the Lisle water quality station show
that there was one exceedance (Figure 4-4) of the chloride standard, on January 22, 1997. The
observed chloride concentration was 669 mg/L. In addition to Figure 4-4, a plot of observed
chloride concentration by month in Figure 4-5 shows higher chloride concentrations during
winter months. Therefore, elevated chloride concentrations are believed to be associated with
road salt application.
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FIGURE 4-4
East Branch DuPage River (Lisle station 05540210) Chloride Concentrations by Sample Date and Water Quality Standard
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FIGURE 4-5
Chloride Concentrations in East Branch DuPage River by Sample Month and the Water Quality Standard
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4.3.2 TMDL Approach

Chloride was modeled for the East Branch segments using HSPF. Road salt application
information was incorporated in the model for calibration. Model calibration and validation
were performed using chloride data collected at the Lisle station.

4.4 Dissolved Oxygen

4.41 Historic Data/Causes for Listing

East Branch segments GBL 05, GBL 10, and GBL 08 are listed for DO impairment. Long-term
in-stream DO data are available at the East Branch water quality station at Lisle (station
05540210). Also, intensive diel sampling data from summer 1997 are available at many sites
along the main-stem segments.

Illinois WQSs state that the DO (STORET number 00300) shall not be less than 6.0 mg/L
during at least 16 hours of any 24-hour period, and not less than 5.0 mg/L at any time. Two
STORET parameters (00300 and 00299) represent DO (in milligrams per liter). Parameter
00299 specifically designates measurements of DO by probe in the field. Available data
show that the number of DO measurements by probe is significantly larger than the number
of DO measurements in laboratory (parameter 00300). All DO data, both parameters 00299
and 00300, were included in analysis and the TMDL development.

DO data collected at various East Branch locations can be divided into one of two groups for
analyzing the problem. The first group includes six weekly samples collected from the East
Branch DuPage River monitoring site at Lisle (station 05540210). The second group includes data
from two extensive diel data-collection efforts: on June 24 and 25, 1997, and September 16 and 17,
1997. All of the above data were collected by IEPA. DO and other water quality data were
collected at 6-hour intervals from many sites along the main stem, including point source
effluents. These data provide information about the extent of diurnal variation of DO along the
river during the warm and dry summer period. Generally, the DO problem is critical under warm
and dry summer conditions.

Except for one sample (collected during the diel survey on June 24, 1997, at 2:00 p.m.), six
weekly samples collected at the Lisle water quality station for the period 1995-1999 do not
exhibit any excursion below the 5-mg/L standard. Also, except for one sample, all DO
measurements, including the diel survey data collected on June 24 and 25 and September 16
and 17, 1997, were consistently above the 16-hour average standard (6 mg/L) at the same
location. Long-term DO data from the Lisle station are presented in Figure 4-6. Diel data
collected on June 24 and 25, 1997, from all East Branch sites are presented in Figure 4-7.
Generally, low DO concentrations were observed during summer months. Therefore, the
summer low-flow condition was used for TMDL development.

High benthic oxygen demand, point source discharge, and eutrophication that occur
because of excessive nutrients are possible causes of the DO problem in the East Branch
watershed. Eutrophication leads to high concentrations of algae, which in turn deplete
nighttime oxygen levels via respiration. Urban stormwater runoff is a potential source of
BOD that settles as bottom deposit and depletes DO in the water column above. Discharge
at the storm sewer outfalls during small storms may contribute to low DO concentrations by
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transporting oxygen-demanding materials and low-DO water. Stormwater runoff includes
pet and other animal waste with high nutrient concentrations as well as other organic
deposits (e.g., leaf litter). Also, WWTP effluents can deplete DO through BOD and ammonia
loads. However, according to the DMR data and the IEPA monitoring data from 1997,
WWTPs in the East Branch watershed generally discharged CBOD concentrations well
below their permit limits. Also, ammonia concentrations from Bloomingdale STP and
Glendale Heights STP were significantly lower than the permit limits. Potential sources
contributing to the DO excursions are listed in Table 4-1.

FIGURE 4-6
Monthly DO Data at the Lisle Water Quality Station (05540210) by Sample Date and the Water Quality Standards for DO
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TABLE 4-1
Causes for Low Dissolved Oxygen
Water Body Segment Source
GBL 05 Municipal point sources—Downer’'s Grove SD WTC
Urban runoff/ storm sewer
GBL 08 Municipal point sources—Bloomingdale Reeves WRF and Glendale Heights STP

Upstream impoundments—Churchill Woods Forest Preserve Lake
Urban runoff / storm sewer

GBL 10 Municipal point sources—Glenbard WW Authority, Glenbard STP
Urban runoff/ storm sewers
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FIGURE 4-7
Diel Data Collected at Many East Branch of the DuPage River Sites on June 24-25, 1997, and the Water Quality Standards
for DO
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The analysis of East Branch DO and its potential sources provided key information
necessary to identify the modeling needs and selecting an appropriate model. DO TMDL
evaluations for East Branch will be developed using the QUAL2E model. The DO problem
has been characterized as one associated with low- to medium-flow conditions in the
summer months. The QUAL2E model can adequately simulate DO and other water quality
constituents (e.g., BOD, nutrient) contributing to DO problems under a given flow
condition. After being calibrated using diel sampling data, the model will be used to
develop the DO TMDL using a critical low-flow condition.

4.5 Summary

Table 4-2 summarizes all the pollutants listed on the 303(d) list for East Branch. Also listed
are any WQS/TMDL endpoints, other supporting data, and potential sources.
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TABLE 4-2

Summary of Available Data, Water Quality Standards, and Potential Sources

Water Quality

Potential Sources

Resolutions/
Comments

Standard/ TMDL Data Supports
Parameter Endpoints Impairment
Conductivity TDS—1,000 mg/L, Directly related to
equivalent to 1,667 TDS and chloride
pmho/cm standards
Chloride 500 mg/L Exceedances

warrant further
evaluation and
potential TMDL
development

Dissolved Not less than 5 mg/L at Yes
oxygen any time or not less

than 6 mg/L for 16

hours out of 24

Urban runoff/storm sewers

Road deicing applications

Urban runoff/storm sewers,
contaminated sediments,
waterfowl, municipal point
sources

Will be addressed
by the chloride
TMDL

WDC023080001.ZIP/TAF

49



5 Modeling Approach and Assumptions

This section describes the detailed approach and assumptions used to characterize the
pollutant sources for modeling and to develop the model input for TMDL analysis in the East
Branch watershed. The first section outlines the procedure used to select the necessary models
and tools to perform the TMDL analysis required. A section on the hydrologic calibration
follows, and the water quality calibrations for the pollutants of concern are presented.

5.1 Selection of Models and Tools

Two models were considered for use: HSPF and QUAL2E. HSPF is a continuous watershed
model with stream-modeling capabilities, whereas QUALZ2E is a steady-state stream water
quality model.

HSPF can model a wide variety of water quality constituents, including conservative
substances (e.g., chloride), sediment, and nutrients from various sources, including land
uses. HSPF is also a continuous simulation model that can handle long-term simulations,
which are needed for nonpoint source load allocations during TMDL development.

QUALZE allows more-detailed segmentation of reaches than HSPF and is a stream-only
model (it does not model watershed processes). QUAL2E applies a finite-difference solution
to the advective-dispersive mass transport and reaction equations and simulates up to 15
water quality constituents in a channel network. QUALZ2E is a steady-state model best
suited to simulate specific flow conditions, such as low-flow periods.

The HSPF model was used to develop the conductivity and chloride TMDLs, and the
QUALZ2E model was used to develop the DO TMDL after the data presented in the previous
chapter was analyzed.

5.2 Modeling Chloride Using HSPF
5.2.1 Hydrologic Calibration for HSPF General Background Information

There are two long-term USGS flow gauges in the watershed. The upstream gauge, at
Downers Grove (USGS gauge ID 05540160), has a drainage area of 26.6 square miles,
according to the USGS. The downstream gauge, at Bolingbrook (USGS gauge ID 05540250),
has a drainage area of 75.8 square miles, according to the USGS.

The delineated subbasins for East Branch as described in Section 3.1 were used to calculate
contributing areas for each flow gauge. These subbasins indicate about 2 percent more area
at the top gauge than that reported by the USGS, and about 2.5 percent less area at the
bottom gauge than that reported by the USGS. These differences are within a range deemed
acceptable for modeling.
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The following sections detail the various data coverage processed for use in hydrologic
calibration of HSPF. For details on any of the calibration outputs and plots of simulated and
observed flow, refer to Appendix B.

5.2.2 Land Use Data for Hydrologic Calibration

From the discussion of available land use data in Section 3.2, the classifications from
Table 3-1 were used to determine the percentage of each land use category in the drainage
areas for the two flow gauges. The land use breakdown for each flow gauge is shown in
Table 5-1.

TABLE 5-1
Land Use Summary for Each Flow Gauges

Area above Downers Area above Effective
Land Use Grove, % Bolingbrook, % Impervious Area, %
Cemeteries and vacant 28.8 21.6 0.0
Commercial 8.2 7.8 85.0
Forest 29 4.8 0.0
Industrial 4.0 2.8 85.0
Institutional 4.3 41 30.0
Open space 9.0 10.9 0.0
Residential 35.9 42.2 10.0
TCU, excluding interstates 1.7 1.5 60.0
Expressways 2.2 2.2 60.0
Wetlands 22 1.0 0.0
Agricultural 1.0 1.4 0.0

The effective impervious area (EIA) percentages reflect only the estimated runoff from
impervious areas that are directly connected to stormwater conveyance systems (e.g.,
stream channels, storm sewers) with no opportunity for infiltration. EIA values differ from
total impervious area values because runoff from some impervious areas, including many
rooftops, may flow onto pervious areas. These values were extracted from the 1996 report
Application Guide for Hydrologic Modeling in DuPage County Using Hydrologic Simulation
Program — FORTRAN (HSPF) (Price, 1996).

5.2.3 Meteorological Data for Hydrologic Calibration

From the meteorological data discussed in Section 3.4, one time series, the Wheaton time
series, was created to use for model simulation, with data from 1991 to 1999. The time series
was divided into two sets, one for model calibration and one for model validation. Since the
two East Branch USGS gauges (Downers Grove and Bolingbrook) began recording in 1989,
it follows that the calibration period must have been within the span of 1989 to 1999. The
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first 5 years of the weather data set, 1991-1995, were chosen for hydrologic calibration. The
following years, 1996-1999, were used for model validation.

5.2.4 Point Source Data for Hydrologic Calibration

Point source discharges from wastewater treatment plants make up a significant portion of
the flow in the East Branch during low-flow periods. This point is illustrated by examining a
long-term flow gauge operated by DuPage County on the DuPage River at Maple Avenue
(the period of record of the USGS gauges in the East Branch is not long enough to illustrate
this point). During the 10-year period from 1959 to 1968, the mean of the 10-percent lowest
flows is about 5 cubic feet per second (cfs). At the same location during the 10-year period
1979 to 1988, the mean of the 10-percent lowest flows is about 17.5 cfs. This increase can be
attributed to point sources that began discharging into the river during this period.

Point sources contribute heavily to flow at both USGS gauges. According to the point source
data as discussed in Section 3.6, there are nine point source discharges in this watershed,
and the combined average monthly point source discharge above the USGS gauge at
Bolingbrook is about 68 cfs. However, during the 10-year period 1990 to 1999, the average of
the 10-percent lowest flows at the USGS gauge at Bolingbrook is only about 33 cfs.

Hydrologic Calibration of HSPF Model for DuPage County (Price, 1994) provides an explanation
for the large difference between the point source discharge data and the observed low flows
at the USGS gauges. The explanation for this discrepancy is related to stormwater
infiltrating the sanitary sewer system, where runoff enters the sanitary sewer system
through manholes and through joints in the sewer pipe.

This study on the DuPage River assumes that the average discharge during the driest month
of that study period was wastewater only and did not include any runoff. The study
concludes that 30.8 cfs is the average point source discharge into the DuPage River at the
outlet of that study area at Maple Avenue (compared with 56 cfs reflected in the discharge
data). That comes to roughly 55 percent of the discharge that actually is the wastewater
component.

Using the assumption in that report, 55 percent of the 68 cfs at the Bolingbrook gauge, or
about 37.4 cfs, is assumed to be the wastewater component of the point source discharges.
But at the Bolingbrook gauge, the average of the 10-percent lowest flows during the 10-year
period 1990 to 1999 is only about 32.8 cfs. It is possible that the wastewater component of
the treatment plant discharges is lower than 55 percent below the Maple Avenue gauge.

There is no long-term USGS gauge in the East Branch watershed that shows what flows
might have been before the area was developed, but in the neighboring Salt Creek
watershed, at a USGS gauge at Western Springs, the 10-percent lowest flows during the 10-
year period from 1945 to 1954 (the earliest records at that gauge) average about 3.2 cfs.
Assuming that these watersheds are hydrologically similar and factoring the
predevelopment flow proportionally by respective areas, about 2.1 cfs would have been the
10-percent low flow during the same period. Thus it could be assumed that the difference
between the 10-year flows between the 1940s and the 1990s, about 30.7 cfs, is the actual
point source contribution at the Bolingbrook gauge.
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The 30.7-cfs value was weighted among the point sources by average flow and input as a
constant value at each point source over the calibration period. Using this method, water
balances within 5 percent of observed data are obtained at the two USGS gauges on the East
Branch DuPage River. Obviously, this point source contribution is subject to significant
uncertainty, and better data would represent these contributions more precisely.

5.2.5 Initial Parameters for Hydrologic Calibration

The initial parameter values for this calibration were obtained from Hydrologic Calibration of
HSPF Model for DuPage County (Price, 1994). The land uses referenced in this report include
agricultural, forest, grassland, and impervious land. Since these land uses do not correspond
directly with the land uses modeled in this study, some assumptions and estimates were
made in determining the initial parameter set. Price’s agricultural parameters were used in
this study for the agricultural land use, and the forest parameters were used for the forest
areas in this study. Price’s grassland parameters were used for every other category, with
the exception of wetlands. Since Price did not parameterize wetlands, the initial wetland
parameters were adjusted from Price’s grassland values based on experience with wetlands
in other watersheds.

Some of these initial parameters were changed to reflect the variation in land uses across the
watershed, where the initial parameter set used the same value for all land uses. An
example of this type of change can be observed from the lower zone nominal soils moisture
(LZSN) values. Whereas Price (1994) uses the same LZSN value for all land uses, LZSN was
changed to be higher for forest than for urban land uses.

F-tables contain rating curve (stage-discharge relationship) information for stream and lake
segments in the model. One F-table was developed for each stream segment in a
subwatershed. F-tables were developed using rating curves prepared by USGS at the gauge
locations, available cross-sectional information, and drainage areas. Rating curve data at the
USGS gauge locations were obtained from the USGS Website. Stream cross-sectional
information was estimated at different locations during a field reconnaissance in April 2000.
Drainage areas were calculated based on GIS data.

A spreadsheet was set up to combine all this information and calculate different F-table
components. The spreadsheet also checked input values resulting in unacceptable F-table
components (e.g., negative outflow) and compared F-table components for reaches with
similar drainage areas. Thus any discrepancies in the F-tables were eliminated.

5.2.6 General Comments about the Hydrologic Calibration

Snow was calibrated based upon the measured daily snow pack depth observations at
O’Hare Airport. For snow calibration, TSNOW (a model parameter) was increased slightly
so that all major snow events observed at O'Hare were simulated as snow. The snow
simulations show a fair agreement with the snow depth observations (Figure B-1,
Appendix B). The calibration shows some day-to-day differences between simulated and
observed values, but this is a common occurrence in snow simulations. These differences
can be attributed to the distance between the watershed and the O’'Hare meteorological
station, and it is common to have significant variations in observed snow measurements
within a watershed (AQUA TERRA Consultants and HydroQual, Inc., 2000).
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The hydrologic calibration process was greatly facilitated with the use of the HSPEXP, an
expert system for hydrologic calibration specifically designed for use with HSPF and
developed under contract for the USGS (Lumb, McCammon, and Kittle, 1994). This package
gives calibration advice such as which model parameters to adjust and/or inputs to check,
based on predetermined rules, and allows the user to modify the HSPF user control input
(UCl) files, make model runs, examine statistics, and generate a variety of plots. HSPEXP
still has some limitations, such as “how much” to change a parameter and relative
differences among land uses, which required professional modeling experience and
judgment.

The statistics computed by HSPEXP include errors in total runoff volume, in the 50-percent
lowest flows, in the 10-percent highest flows, in the storm peaks, in seasonal volume, and in
summer storm volume. The storm events are chosen by the user, and up to 36 storms can be
used in figuring the storm error term.

During the hydrologic calibration process, a few parameters were changed from the initial
set based upon experience and advice from HSPEXP. These changes include lowered UZSN,
lowered PETMIN and PETMAX, lowered interception storage, and adjusted LZETP.

The total runoff volume errors at the two calibration locations are 5 percent or less, which
indicates very good agreement. Table 5-2 compares observed and simulated annual flows
with correlation coefficients.

TABLE 5-2
Hydrologic Calibration Summary

Mean Observed Mean Simulated
Station Annual Flow (in.) Annual Flow (in.) R Daily R Monthly
Downers Grove 24.3 23.7 0.77 0.89
Bolingbrook 20.7 21.1 0.85 0.90

Most of the calibration statistics computed by HSPEXP indicate a very good calibration. The
exceptions are related to the storm events at the upper gauge, and seasonal volume error at
the lower gauge, but even these errors are nearly within the ranges deemed acceptable
according to the criteria defined in HSPEXP. These errors may be explained by the highly
localized nature of summer thunderstorms in this region (see Tables B-1 and B-2 in
Appendix B).

The flow duration curves show very good agreement overall. However, the low-flow ends
of the plots show some oversimulation (see Figures B-2 through B-5 in Appendix B). This
error may be explained by the nature of the point source input data. These data were
provided as monthly averages, whereas the observed streamflow data are mean daily.
These monthly point source data do not reflect short-term reductions in treatment plant
discharges, such as those that might be associated with treatment plant cleaning or
maintenance, yet these short-term reductions in flow are seen in the observed data. More-
refined point source discharge data would be needed to model these low-flow conditions
more adequately.
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Scatter plots of observed versus simulated flow at the two calibration locations show
correlation coefficients of 0.77 to 0.85 for the daily data and 0.89 to 0.90 for the monthly
flows (see Figures B-6 and B-7 in Appendix B).

5.2.7 East Branch Validation Summary

To validate the results of the hydrology calibration, HSPF was run for East Branch for the
period January 1996 through September 1999. Table 5-3 includes statistical summaries of the
calibration and validation results.

TABLE 5-3
Summary of Hydrologic Calibration and Validation—Annual Flow and Correlation Coefficients

Validation Period

Calibration Period (1991-1995) (Jan. 1996 through Sept. 1999)
- 2 3L 3< 2
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Downers 24.3 23.7 -25 0.59 0.890 27.7 24.7 -10.8  0.50 0.890
Grove 0.79 0.50
Bolingbrook  20.7 211 1.9 0.72 0.81 234 22.2 -5.1 0.66 0.67

For a hydrology calibration, the percent difference between simulated and observed flows
often is used as a measure of the accuracy of the calibration. A difference of less than

10 percent is considered a very good calibration, whereas a difference of 10 to 15 percent is
considered good. Differences between 15 and 25 percent are considered fair (Donigian, 2000)

Table 5-3 shows differences between simulated and observed flows of less than 5 percent for
the calibration, indicating a very good calibration. For the validation period, the differences
are in the range of 5 percent, also indicating a very good calibration, with the exception of
the Downer’s Grove station, which shows a good calibration.

R?, the coefficient of determination, is sometimes used as a statistical measure of the quality
of a calibration. When analyzing daily values, an R2value of 0.8 to 0.9 is considered to be
very good, 0.7 to 0.8 is considered good, and 0.6 to 0.7 is considered fair. When analyzing
monthly values, an R2value of 0.85 or higher is considered very good, 0.75 to 0.85 is
considered good, and 0.65 to 0.75 is considered fair (A. Donigian, personal communication,
2001).

For the hydrology calibration, the daily R?values indicate a range from fair to good,
whereas the monthly values indicate a range from fair to very good. For the validation, the
daily R?values indicate a range from poor to fair, whereas the monthly values indicate a
range from poor to fair. The poor values tend to be more toward the upper portions of the
watershed, which are more influenced by the heavy point source discharges during low-
flow periods.
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The validation period included several extreme events, including a July 1996 rainfall event
of over 9 inches. Such extreme events may be affecting the quality of the validation results.
The fact that the validation period was shorter than the calibration period can bias the
validation statistics by magnifying the effect of extreme events. Further parameter changes
could result in improved results for the validation period.

Since point sources are responsible for a large portion of flow during low-flow periods, the
quality of the point source data is likely leading to error in the calibration and validation.
Since the point source discharge data were provided as monthly values, daily point source
discharge variation is not reflected in the simulation, and the effect of this monthly data
would be felt the strongest during low-flow periods.

5.2.8 Water Quality Calibration for Chloride

The Lisle water quality-monitoring station (05540210) on the East Branch was selected as a
good source (see the water quality data discussion in Section 4.3) of long-term water quality
data (Figure 3-9).

The primary source of chloride is road salt applications during winter months. HSPF was
selected as the model for simulating snow accumulation, snowmelt, and chloride
concentrations in runoff. The hydrologic calibration phase included the calibration of the
model for snow. The chloride simulation option was added to the hydrologically calibrated
model using the general quality modules. The general quality modules simulate surface
runoff of chloride using buildup (or accumulation) and wash-off functions. A thorough
analysis was performed to determine the chloride buildup rates on pervious and
impervious land segments in different watersheds.

A GIS coverage of road data was obtained from Environmental Systems Research Institute, Inc.
(http:/ /www.esri.com/data/online/tiger/index.html). The data, whose origin was the U.S.
Bureau of the Census TIGER/Line® 1995 Data, provided a detailed road network in all the
subwatersheds. Miles of roads in each subwatershed were calculated and used as a basis for
estimating the amount of road salt applied to each subwatershed. The average number of
snowfalls and the monthly distribution were estimated using historic precipitation and air
temperature data. On an average, 14 snowfall events occurred in the area (consecutive days of
snowfall were treated as one event). It was assumed that 5.6 tons of salt were applied to every mile
(3.5 tons/km) of road lane. This rate is consistent with road salt application rates found in the
literature for other major cities (Novotny et al., 1999) in the region. Daily accumulation rates were
calculated based on the acres of pervious and impervious expressways; transportation land use
(TCU) excluding interstates, residential, commercial, industrial and institutional land uses in each
subwatershed; and the average number of snowfall events per month. The average concentration
of chloride in groundwater wells in the East Branch watershed was 106 mg/L. Six groundwater
quality samples collected between 1993 and 1998 included chloride measurements. The average
groundwater concentration was incorporated in the model to account for the background
concentration.

Model calibration results at the Lisle water quality station are shown in Figure 5-1. The
model successfully simulated chloride concentrations over a 3-year period (1997-1999) and
captured the variability of chloride concentration in different seasons of the year. Figure 5-1
shows observed data and model results from January 1, 1997, to December 31, 1999. The
model is considered adequately calibrated for developing TMDL allocations for chloride.
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FIGURE 5-1
Water Quality Calibration of Chloride at the East Branch of the DuPage River Site (Lisle station 05540210)
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5.3 Modeling Dissolved Oxygen Using QUAL2E

This section analyzes the water quality problems associated with low-flow conditions in
order to develop the DO TMDL for the East Branch watershed. The QUAL2E model was
used to simulate DO, BOD, and nutrients under steady-state conditions.

East Branch, as represented in the model, begins at the Glen Ellyn Road bridge immediately
upstream of the Bloomingdale-Reeves WRF discharge location and ends at the confluence
with the West Branch of the DuPage River. The river is 23.8 miles long, with 17.3 miles located
in DuPage County and 6.5 miles in Will County, Illinois. Tributaries to the East Branch
include Lacey Creek, Armitage Ditch, St. Joseph Creek, and Prentiss Creek. None of the
tributaries were included in the reach network of the model. East Branch drains a 79.3-
square-mile watershed and receives effluents discharged from seven wastewater treatment
plants.

Two sets of extensive monitoring data were collected on June 24-25 and September 16-17,
1997 (Appendix D). Water quality-sampling stations included in-stream locations as well as
point source effluents. Two flow gauges located on the main stem of East Branch provided
the flow data for the model. These gauges are Downers Grove (05540160), in the upper
portion of the watershed, and Bolingbrook (05540250), in the lower portion of the
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watershed. Locations and descriptions of East Branch water quality-sampling stations,
wastewater treatment plants, and flow gauges are listed in Table 5-4.

TABLE 5-4

Summary of Water Quality Sampling Stations during 1997 Diel Study, Wastewater Treatment Plants, and Flow Gauges in
the East Branchof the DuPage River

Station ID River Mile Description
GBL 14 23.80 Upstream of Bloomingdale STP at Glen Ellyn Road
GBL-B-E 23.70 Bloomingdale STP
GBL 11 23.67 Downstream of Bloomingdale STP at Army Trail Road
GBL 15 22.07 Fullerton Ave. in Glendale Heights
GBLG 01 21.50 Armitage Ditch upstream of Glendale HTS. STP
GBLG-GH-E 21.50 Glendale Heights STP
GBL 16 19.95 St. Charles Rd. in Glen Ellyn
GBL 17 18.50 Hill Ave. in Lombard
GBL 08 16.92 Roosevelt Rd. (RT. 36) in Glen Ellyn
GBL-GB-E 15.90 Glenbard STP - Glenbard
05540160 14.90 USGS flow gauge near Downers Grove
GBL 09 14.78 Butterfield Rd. (Rt. 56)
GBL 13 13.06 Rt. 53 in Lisle Morton Arboretum
GBLB 01 11.90 Ogden Ave. (Rt. 34) in Lisle St. Joseph Creek
GBL 10 11.66 Ogden Ave (Rt. 34)in Lisle
GBL-DG-E 11.50 Downers Grove SD STP
GBL 05 10.64 Maple Ave. in Lisle
GBL 12 7.99 75th Street near Woodridge
GBLD-W-E 7.39 Woodridge STP
05540250 5.70 USGS flow gauge near Bolingbrook
GBL 19 5.59 Royce Rd. in Bolingbrook
GBL-BB-E 5.50 Bolingbrook #1 STP
GBL 13 4.39 Hidden Lakes off Boughton Road
GBL-HL-E 4.37 Hidden Lakes fishing pond discharge
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TABLE 5-4
Summary of Water Quality Sampling Stations during 1997 Diel Study, Wastewater Treatment Plants, and Flow Gauges in
the East Branchof the DuPage River

Station ID River Mile Description
GBL-EC-E 4.35 Quarry discharge downstream Hidden Lake
GBL 20 2.85 Upstream of Citizen's Utilities W.S. #2 STP
GBL-CU-E 240 Citizen's W.S. #2 STP
GBL 02 1.60 Washington Street near Naperville

The East Branch was segmented into 14 reaches in the model as shown in Figure 5-2 and
listed in Table 5-5. Changes in the stream’s physical characteristics (e.g., wide reach) were
the primary basis of segmentation. Each reach was divided into smaller computational
elements. Each computational element was 0.2 mile long. The model assumes that each
computational element is completely mixed and generates output for each computational
element. Thus the model provides output that varies within a reach as well as among
reaches. However, model input and kinetic coefficients can vary by reach only. Locations of
point sources are specified in the model by reach number and element number.

TABLE 5-5
Segmentation of East Branch DuPage River as Represented in QUAL2E

Reach ID Length (miles) Upstream River Mile Downstream River Mile
1 0.6 24.0 23.4
2 2.2 234 21.2
3 1.4 21.2 19.8
4 2.2 19.8 17.6
5 1.4 17.6 16.2
6 24 16.2 13.8
7 0.8 13.8 13.0
8 2.0 13.0 11.0
9 1.4 11.0 9.6
10 1.8 9.6 7.8
11 2.6 7.8 5.2
12 1.2 5.2 4.0
13 1.8 4.0 22
14 22 22 0.0
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FIGURE 5-2
Segmentation of the East Branch of the DuPage River as Represented in QUAL2E
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There are two East Branch hydraulic structures. The upstream structure is located at the
Crescent Boulevard bridge (River mile 19.4) and maintains the pool of water in the lake in
Churchill Woods Forest Preserve. The downstream dam is located at the Seven Bridges Golf
Course upstream of Prentiss Creek confluence with East Branch (river mile 9.5).

Seven wastewater treatment plants discharge to East Branch. Bloomingdale and Glendale
Heights STPs are located upstream of the lake at Churchill Woods Forest Preserve. Glenbard
STP at Glenbard is located downstream of the lake and upstream of the USGS flow gauge
near Downers Grove (05540160). Downers Grove SD and Woodridge STPs discharge
between the USGS flow gauges near Downers Grove and Bolingbrook (05540250).
Bolingbrook #1 STP and Citizen #2 STP discharge downstream of the Bolingbrook gauge.
Woodridge, Bolingbrook, and Citizen #2 STPs all discharge to Segment GBL 02 which is not
listed for DO impairment. Current permit limits of all wastewater treatment plants for
CBODS5 and ammonia are listed in Table 5-6.

TABLE 5-6
Current CBOD5 and Ammonia-N Permit Limits of the Wastewater Treatment Plants

Daily Max Daily Max Monthly Avg
CBODS5 Monthly Avg Ammonia-N Ammonia-N
Point Source (mgl/L) CBODS5 (mgl/L) (mg/L) (mgl/L)

Bloomingdale-Reeves WRF 20 10 3.0 1.5
Glenbard WW Auth-Glenbard 20 10 3.0 1.5
Downers Grove SD WTC 20 10 3.0 1.5
Glendale Heights STP 20 10 3.0 1.5
DuPage County Woodridge STP 20 10 3.0 1.5
Bolingbrook STP #1 40 20 3.0 1.5
Citizens Utility Company #2 STP 40 20 3.0 1.5

The modeling for TMDL development involved a two-step process. First, the model was set
up and calibrated using June 24-25, 1997 diel survey data. Second, the calibrated model was
used to develop TMDL allocation scenarios.

QUAL2E was set up to simulate flow, CBOD5, ammonia nitrogen, nitrite nitrogen, nitrate
nitrogen, and DO. The stream cross-section was assumed to be trapezoidal, and hydraulic
input data were estimated based on Reach File version 1 data in BASINS, field
reconnaissance, and drainage areas. The slope of each reach was estimated using contour
lines in USGS 7.5-min quadrangle maps. Literature values (Chow, 1959) and other studies in
the surrounding areas (e.g., USGS, 1996) were used to estimate Manning’s roughness
coefficients. Monthly average discharges of point sources were obtained from June 1997
DMR data and incorporated in the model. Incremental flows were estimated using observed
flow data at the gauges and discharge monitoring data (DMR) for point sources. Model and
observed flows at USGS gauges are shown in Figure 5-3.
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5— MODELING APPROACH AND ASSUMPTIONS

FIGURE 5-3
Modeled and observed flows at East Branch DuPage River on June 24, 1997

East Branch Sampling (June 24, 1997)
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Water quality calibration of QUALZ2E included comparing observed and simulated
ammonia nitrogen, CBOD5, and DO data in order to adjust model parameters.
Concentrations of ammonia, CBOD5, and DO in point source effluents were obtained from
samples collected on June 24 and 25, 1997, and incorporated in the model. Table 5-7 lists
measured effluent concentrations. Ammonia concentrations in effluents of Bloomingdale
STP and Glendale Heights STP were low and well below the permit limits, but monitoring
data suggested that there was a gradual increase in ammonia concentration upstream of
Glenbard STP. No monitoring data were available for organic nitrogen. The model was set
up using 0.9 mg/L of organic nitrogen and 1.5 mg/L of ammonia nitrogen concentrations in
incremental flow for model segments (reaches) 2 through 5. Organic nitrogen and ammonia
nitrogen concentrations of 0.3 mg/L and 0.15 mg/L were used for incremental flows in
reaches 6 through 14. The in-stream ammonia concentration in East Branch increased
significantly at river mile 15.9 by the Glenbard STP discharge. Ammonia concentrations in
the Glenbard's effluent varied between 2.4 and 3.5 mg/L, with all samples exceeding the
monthly average permit limit and two of four samples exceeding the daily maximum
permit limit. In-stream concentration decreased steadily downstream of Glenbard STP. Also
the fluctuation of ammonia load from the Glenbard STP caused a significant variation of in-
stream ammonia concentrations between river miles 10 and 16.9 with time.

Model calibration for ammonia resulted in ammonia oxidation rates of 1.0 day-! for reaches
6 through 14 and 0.3 day! for reaches 1 through 5. The values are within the range found in
the literature. EPA (1985, Rates, Constants, and Kinetics Formulations in Surface Water
Quality Modeling, EPA /600/3-85/040) reported that average ammonia oxidation rates
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varied between 0.1 day-! and 5.7 day! in streams and rivers. Observed and modeled
ammonia concentrations on June 24-25, 1997 are presented in Figure 5-4. Model results
matched the average ammonia concentration very well.

TABLE 5-7
Observed Concentrations of DO, CBOD5 and Ammonia Nitrogen in Point Source Effluents on June 24-25, 1997

Dissolved Oxygen

(mg/L) CBOD5 (mg/L) Ammonia (mg/L)
Sampling
Point Sources Station A B (o8 D A B C D A B C D
Bloomingdale STP GBL-B-E 7.40 6.76 6.4 6.04 1 1 1 2 0.67 0.27 0.39 0.46
Glendale Heights GBLG- 754 793 6.8 6.36 1 1 1 1 0.18 0.15 0.19 0.19
STP GH-E
Glenbard STP GBL-GB- 7.04 7.37 7.2 6.48 1 <1 1 1 240 250 3.50 3.50
E
Downers Grove SD GBL-DG- 7.28 741 7.0 766 <1 <1 1 1 1.70 094 0.94 1.40
STP E
Woodridge STP GBLD-W- 8.33 852 81 722 2 2 3 3 0.19 0.32 0.18 0.18
E
Bolingbrook #1 GBL-BB- 7.83 825 8.0 1241 <1 <1 1 1 0.17 0.13 0.17 0.16
STP E
Citizen's W.S.#2 GBL-CU- 6.7 753 73 731 <1 2 2 2 0.15 0.24 0.28 0.18
STP E

Column headings:

A, morning

B, afternoon

C, evening/night
D, late night/dawn

Observed data collected from water quality stations located upstream of river mile 16.9
showed CBODDb concentrations generally ranging from 2 to 3 mg/L. However, CBOD5 in
Bloomingdale STP and Glendale Heights STP effluents and at the water quality monitoring
station immediately downstream of Glendale Heights STP was 1 mg/L or less. An increase
in CBODb between river miles 16.9 and 20 indicated a high nonpoint source contribution.
An average CBODS5 concentration of 6 mg/L in incremental flow of reaches 2 through 5 was
determined through model calibration. A BOD decay rate of 0.14 day! was used in all
reaches. This rate is consistent with the range of BOD decay rates (0.113 to 0.156 day~) found
in the Salt Creek model (USGS, 1996). Figure 5-5 shows modeled and observed CBOD5
concentrations at East Branch on June 24 and 25 1997.
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FIGURE 5-4

Modeled and Observed Ammonia Concentrations at the East Branch of the DuPage River on June 24-25 1997
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FIGURE 5-5
Modeled and Observed CBOD5 Concentrations at the East Branch of the DuPage River on June 24-25, 1997
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5— MODELING APPROACH AND ASSUMPTIONS

Dissolved oxygen in East Branch DuPage River was simulated as a function of biological
oxidation of CBOD, exertion of sediment oxygen demand (SOD), oxidation of ammonia,
atmospheric reaeration and direct input (e.g., DO concentrations in effluents). Algae were
not simulated. The rate constants for processes related to oxidation of ammonia and CBOD
were determined through the calibration of the model for ammonia and CBOD, and
discussed earlier. SOD is caused by the oxidation of organic and other particulate material
deposited in the streambed. Discharge of high BOD and solids from point and nonpoint
sources may result in high SOD. Unlike the Salt Creek model, there were no measured SOD
values available in East Branch DuPage River. Measured and calibrated SOD values in the
Salt Creek model ranged from 0.115 to 0.228 g/ft2-day and from 0.04 to 0.45 g/ft2-day,
respectively. Except for reach 3 (representing the lake in Churchill Woods Forest Preserve),
SOD values ranged from 0.05 to 0.2 g/ ft2-day. SOD in reach 3 was 0.025 g/ft2-day. There
was no measurement of atmospheric reaeration rates available in East Branch DuPage River.
Reaeration rates were initially estimated based on the Salt Creek model and updated
through model calibration. The calibrated East Branch DuPage River model used 2 day and
3 day as reaeration rate coefficients in reaches 1 through 5 and reaches 6 through 14,
respectively.

Figure 5-6 shows the observed DO concentrations at approximately 6-hour intervals. The
horizontal axis in the plot shows the distance upstream from the confluence of the East
Branch DuPage River with the West Branch DuPage River. A set of circles at a given
distance represents the observed concentrations at different times of the day. Generally
predawn and morning DO concentrations at all sampling locations upstream of river mile
7.5 were less than 5 mg/L. On the contrary, all afternoon samples were above 6 mg/L. Algal
production of DO through photosynthesis reaches the maximum in the afternoon and
elevates in-stream DO concentrations. Two predawn samples recorded 0.23 mg/L and 0.12
mg/L of DO at Ogden Avenue in Lisle and 75th Street near Woodridge, respectively. These
observations were not consistent with DO concentrations measured upstream and
downstream of these water quality-monitoring stations. Average DO concentration was less
than 5 mg/L between river miles 16 and 17.4, and less than 6 mg/L between river miles 9.6
and 19.8. Model results matched average observed DO concentrations very well.

Various components of the DO mass balance (i.e., CBOD decay, exertion of sediment
oxygen demand (SOD), and reaeration) were analyzed using the model results. Relative
contributions and magnitudes of DO mass balance components were plotted in Figure 5-7 to
determine the primary causes of DO sag at different locations and find the best remediation
measures. The most important source of DO was the reaeration, and the most important
sink was SOD at the critical sections upstream of Glebard STP outfall. SOD (on a mg/L-day
basis) was relatively high in the lake in Churchill Woods Forest Preserve, perhaps due to
low velocity that causes high settling rates of organic debris from nonpoint source and
BOD-rich suspended solids from point sources. The ammonia oxidation rate was also
important which indicates that ammonia is an important parameter to control.
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FIGURE 5-6
Modeled and Observed East Branch DO concentrations on June 24-25, 1997
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FIGURE 5-7
Components of the DO Mass Balance Based on the Model Results for June 24-25, 1997
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6 TMDL Allocation

6.1 Approach and Methodology

TMDLs are the sum of the individual WLAs for point sources, LAs for both nonpoint
sources and natural background, and a margin of safety (MOS). This definition is denoted
by the following equation:

TMDL =X WLAs + X LAs + MOS

Developing a TMDL is an iterative process that involves modeling and generating allocation
scenarios that meet water quality targets. East Branch TMDLs were developed using the
calibrated models presented in Section 5. Each scenario was carefully evaluated, and the
TMDLs are presented in the following sections. Seasonal variability of pollutant
concentrations and flow were considered explicitly in the model through continuous
simulation and time-varying input variables or through determining critical conditions, as
discussed in Section 5. Separate TMDLs were developed using approaches appropriate for
the listed pollutants. The following sections present the TMDLs for each cause of
impairment.

Section 303(d) of the CWA requires TMDLs to include “a margin of safety which takes into
account any lack of knowledge concerning the relationship between effluent limitations and
water quality.” There are two methods for incorporating the MOS (USEPA, 1991):

e Implicitly incorporate the MOS using conservative model assumptions to develop allocations
o Explicitly specify a portion of the total TMDL as the MOS; use the remainder for allocations

An implicit MOS was used in the development of the TMDLs presented in this report.

6.2 Future Growth

Future growth may have an impact on TMDL allocation scenarios in two ways:

¢ Modified point source loads
¢ Modified nonpoint source loads

A change in point source loads may occur due to an increase (or decrease when there is a
declining population) in population densities in existing clusters or development of new
clusters. The summer low-flow condition was found to be the critical condition for the DO
impairment. Therefore, point source contribution has the most significant impact on in-
stream DO concentration. Change of population served by the point sources will affect the
point source discharge. An analysis of projected population data (NIPC, 2002) shows that
the population of DuPage County will have increased by 26 percent from 1990 to 2020.
Accordingly, all point source discharges under the summer low-flow condition were
increased by 26 percent and the DO was simulated using the QUAL2E model. A comparison
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of the model result for increased point source discharge with that of existing point source
discharge shows slightly improved in-stream DO concentration.

Future growth will also affect nonpoint source pollution by changing land use coverage in
the watersheds. For example, agricultural areas converted to residential land will have an
impact on water quality in the impaired segments. The chloride and conductivity TMDL
allocations require consideration of land use changes, especially conversion to roads.
Increased chloride load due to future growth in the watersheds was estimated assuming
that all agricultural areas in the existing GIS coverage of land use would be converted to
residential areas. Using GIS data of current road density it was estimated that up to 15 miles
of new roads might be constructed in the process of land use change. The new land use data
was incorporated in developing TMDL allocations for chloride.

6.3 Conductivity/Total Dissolved Solids and Chloride

The chloride TMDL addresses issues involving the conductivity /TDS and the chloride
exceedances in the East Branch watershed. A strong correlation was found between
conductivity and chloride (Section 4.2). Road salt application for deicing contributes
chloride loads to surface waters. All the simulated chloride standard exceedances as well as
the one observed violation occurred during winter months. The HSPF model was used to
simulate the chloride load from the watershed and to develop TMDL allocation scenarios.
The model setup and calibration procedures are described in Section 5.2. The calibrated
model was used to estimate the annual chloride load under existing conditions.

6.3.1 Critical Condition

Section 303(d) of the CWA and the USEPA’s regulations at 40 CFR 130.7 require the
consideration of seasonal variation of conditions affecting the constituent of concern and the
inclusion of a MOS in the development of a TMDL. For the East Branch chloride TMDL,
long-term-monitoring data and continuous-modeling results were used to determine
seasonal variation of chloride concentration. The TMDL was developed based on the critical
conditions in the winter months. Runoff and interflow generated from precipitation and
snowmelt are the primary modes of transport of chloride from land surface to water bodies.
A reasonable approach for TMDL allocation calculations requires using an average year
(neither a dry nor a wet year) for modeling. Annual streamflow data from between 1991 and
1998 were compared to determine an average flow year to avoid using an extremely wet or
dry year. Streamflows in 1996 and 1997 were representative of average weather conditions.
The 3-year period between January 1, 1996, and December 31, 1998, which includes average
weather conditions, was selected for TMDL scenario development.

6.3.2 Margin of Safety

An implicit MOS was incorporated in data analysis, modeling, and calculation of the TMDL
allocations. Continuous modeling of hydrology and water quality provided in-stream
chloride concentrations that allowed direct comparison of model results with observed data
and seasonal variation of chloride concentrations. Direct comparison of model results with
observed data shows the ability of the model to simulate seasonal variability and the extent
of violation of the chloride standard under different scenarios. Hydrologic modeling
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included continuous snow simulation, providing runoff from snowmelt. The snow
simulation capability was critical in determining the chloride load generated from road salt
application for deicing. Using 5 years of chloride data and 5 years of model output for
model calibration and 3 years of model output for the TMDL allocation provided a
conservative approach for TMDL load calculations by ensuring a lower possibility of
violation of the WQS. For example, if the 1997 data were used for TMDL allocation,
Figure 6-1 suggests that a smaller reduction in chloride may be needed to meet the water
quality standard. Additionally, a background chloride concentration (106 mg/L) was
incorporated in the model by specifying shallow groundwater concentrations based on
observed data from groundwater wells in the surrounding areas. Finally, the allocation
approach in which loads were reduced to allow no exceedances of the standard over the
three year period was very conservative.

FIGURE 6-1
Modeled Chloride Concentrations at the East Branch of the DuPage River at 05540210 for the TMDL Allocation Scenario

Predicted Chloride —— Water Quality Standard

Chloride (mg/l)

01/01/1996 01/01/1997 01/01/1998
Date

6.3.3 Chloride Exceedances

The WQS is expressed as a concentration of chloride (500 mg/L). The HSPF model was set
up to output total annual load and daily average concentration of chloride. The model was
run iteratively, reducing the overall winter season chloride load from salt application to
determine percentage reductions in nonpoint source chloride contribution that would result
in reasonable point source allocations. A 33 percent reduction in nonpoint source chloride
was selected. The number of exceedances over the 3-year critical condition period used for
TMDL development (1996-1998) was determined. Table 6-1 summarizes this information
for various point source discharge concentrations.
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TABLE 6-1
Chloride Exceedance Summary by Point Source Discharge Concentration (1996-1998) for 33 Percent Reduction in NPS
Loads; Point sources Input at Permitted Design Flows

100 mg/L 300 mg/L 400 mg/L 500 mg/L

No. Predicted Model Exceedances at 0 0 0 9
05540210 (Segment 16)

Percent Exceedances at 05540210 (Segment | O 0 0 0.27%
16)

Point source loads of chloride were incorporated in the model as direct input. Table 6-2
summarizes the chloride data collected at the WWTPs during the September 1997 diel
survey. The concentrations ranged from 90 mg/L to 555 mg/L. Based on the results in
Table 6-1, and the effluent data summarized in Table 6-2, an effluent chloride concentration
of 400 mg/L was applied for the TMDL. Further information is provided in the Point
Source Load section (6.3.4.2).

TABLE 6-2
Chloride Concentration in Selected WWTP Effluents

Observed Chloride
Concentration (mg/L) on

Point Source September 16, 1997
Woodridge STP 159
Downers Grove SD STP 135
Bloomingdale STP 113
Glendale Heights STP 90
Glenbard STP 122
Bolingbrook #1 STP 555
Citizen's W.S. #2 STP 432

6.3.4 Chloride Allocations

The TMDL process requires that the allowable load be allocated among point and nonpoint
sources. A review of the available data and modeling results indicates that the chloride
exceedances of 500 mg/L or more occur during the deicing season. The primary contributor
to the exceedances is application of road salt for snow and ice control purposes.

As stated above, the model was run iteratively to determine an allocation scenario that
meets the chloride standard at nearly all times. Figure 6-1 shows the allocation results for
station 05540210. The chloride standard is included in the plots to easily compare the
modeled chloride concentrations with the standard. Since salt application for deicing is the
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major source of chloride leading to standard exceedance, the chloride TMDL indicates the
need for salt application chloride reduction.

6.3.41 Nonpoint Source Load

The chloride TMDL describes load allocations (LAs; i.e., NPS allocations) as being
applicable to stormwater sources of chloride, such as road salting activities. However, due
to regulatory approaches, stormwater in municipal separate storm sewer systems (MS4s) is
regulated as a point source instead of a non-point source. Consequently, the MS4 chloride
load will be handled as a WLA and not as a LA. Additional discussion on MS4s and LA
versus WLA is contained in Section 7 Implementation Plan.

Because Phase II of the NPDES stormwater program will apply to most or all of the
municipalities in the watershed (see Appendix G for the list of stormwater permittees), as
well as to the roads owned and operated by the state and the Toll way Authority, it is
anticipated that stormwater-related allocations will actually be implemented as point source
controls, as described in recent USEPA guidance and as governed by the Illinois
Environmental Protection Agency (IEPA) General Permit for Stormwater Discharges.
Consequently, chloride from road deicing materials is not included as a nonpoint source
load allocation (LA). Instead, the load from road salt is listed as a waste load allocation
(WLA) for MS4s and there is no nonpoint source load for this TMDL.

6.342 MS4Load

The chloride WLA from deicing materials was determined by taking the average road salt
application in tons applied per lane-mile that was used in the HSPF model calibration (5.6
tons/lane-mile - year). TIGER data obtained from NIPC were used to estimate the miles of
road in the East Branch watershed; the number of lanes on each road was estimated by road
type, and lane miles were then calculated. An additional 15 miles of roadway was added to
account for the future growth described in Section 6.2. The current chloride application
(Ib/yr) was estimated based on the lane miles and current salt application rates. A 33
percent reduction results in an application rate of 10,500,000 pounds of chloride per year
(equivalent to 17,400,000 pounds of road salt per year).

The MS4 waste load allocation was based upon an analysis of road lane-miles within the
watershed and is represented as a reduction in salt applied for deicing purposes since that is
the most direct measurement of chloride applied to the watershed. A combination of
measuring chloride applied and instream chloride concentrations should provide a strong
gauge for meeting water quality standards.

6.3.4.3 Point Source Load

The NPDES facilities that have permitted design flow capacities were included in the model
at their permitted design flows. In addition, ElImhurst Stone Barber and Glenbard-Lombard
were assigned an allocation based on flows outlined in Table 6-3. Table 6-3 summarizes the
NPDES facilities and flow rates assumed for the TMDL.
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TABLE 6-3
Point Source Flows and Concentrations Used in TMDL WLA

Point Source Flow (MGD) Chloride Conc (mgl/L) WLA (Ib/yr)
Bloomingdale 3.45 400 4,200,858
Glendale Heights 5.26 400 6,404,786
Glenbard 16.02 400 19,506,593
Downers Grove 11 400 13,394,040
Dupage County - 12 400 14,611,680
Woodridge
Bolingbrook 2.04 400 2,483,986
Citizens Ultility #2 3 400 3,652,920
Elmhurst 1.03 400 1,257,076
Lombard 2.28 400 2,771,506
Total 68,283,444

Including the point sources at the permitted design flow results in a reasonable WLA for the
point sources as it allows for additional growth. Basing the WLA on a concentration of 400
mg/L protects the water quality standard for chloride.

6.344 TMDL

Based on the load calculations described above, a TMDL was calculated for East Branch. In
order to account for all point and nonpoint sources, the TMDL was calculated at the mouth
of the creek.

The WLA value in Table 6-4 represents a lumped WLA for all point source discharges and a
separate WLA is calculated for MS4 permittees.. The WLA could be broken down in WLAs
specific to each point source based on the information presented in Table 6-3. At this time,
however, IEPA intends to implement the WLA as a lumped value. As long as point sources
collectively meet the lumped WLA, they will be considered compliant with the TMDL. This
will allow greater flexibility which is appropriate given that there is limited point source
data, and the concentration used to calculate the TMDL is lower than the standard. The
TMDL allocation requires a 33 percent reduction in nonpoint source loading based on road
salt application.

TABLE 6-4
Chloride TMDL for the Mouth of East Branch DuPage River

WLA? MS4 WLA® MOS TMDL
Chloride (Ib/yr) 6.83E+07 1.05E+07 Implicit 7.88E+07

aWLA based on permitted design flow and concentration of 400 mg/L
bRepresents a 33% Reduction in NPS Load
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6.3.5 Implementation Considerations

As discussed above, the allocation scenario for chloride assumes that the WQS must be met
at all times and would be accomplished by reduction in the overall annual road salt
application mass to achieve that end. This is a very conservative approach and should be
further evaluated before the TMDL is finalized or implemented. The exceedances, both
monitored and modeled, are infrequent (less than 10 percent of the time). For example,
USEPA guidance recommends that water bodies should be considered impaired only if
exceedances occur more than a given percent of time, depending on pollutant type, data
distribution, etc. (see USEPA July 2002 Consolidated Assessment and Listing Methodology
guidance). In addition, it may be possible to identify though additional monitoring and/or
modeling what specific hydrologic and salt application conditions lead to elevated in-stream
chloride concentrations. It may be possible to target control actions specific to these
conditions that would not necessitate an overall annual salt application reduction of the
magnitude indicated above.

It should also be noted that the TMDL is based on a reduction of road salt application from
current rates. The current application rates were estimated based on literature and used in
the HSPF calibration model. Actual road salt application rates should be monitored by
those entities which apply road salt in the East Branch watershed to ensure the baseline
application rate used in the TMDL approximates current loads.

6.4 Dissolved Oxygen

This section presents the TMDL allocations for pollutants causing the DO excursions in East
Branch. The USEPA’s QUAL2E model was used to determine the pollutant loads from point
and nonpoint sources that ensured the WQS would be met. Analysis of DO data in Section 4.4
showed that the DO standard was not met under low-flow conditions in the summer months.
The QUALZ2E model was set up and calibrated using field data collected in summer 1997.
Model setup and calibration results were presented in Section 5.3. Finally, the streamflow in
the calibrated model was replaced with the 7Q5 low flow (the minimum of 7-day/5-year
running averages) to develop the TMDL allocations.

6.4.1 Critical Condition

Section 303(d) of the CWA and the USEPA’s regulations at 40 CFR 130.7 require the
consideration of seasonal variation of conditions affecting the constituent of concern and the
inclusion of an MOS in the development of a TMDL. The critical condition for DO was
determined on the basis of common knowledge of DO problems in surface water, long-term
monitoring data, and two sets of extensive 24-hour sampling data from summer 1997.
Summer low flow represented the critical condition for DO. The 7Q10 low flow as shown on
the IEPA low flow map was used in developing TMDL allocations. The low flow map
indicates that point sources make up almost the entire flow during low flow conditions. Thus,
for the allocation scenario, it was assumed that there was no nonpoint source contribution (or
incremental flow) to the stream. In other words point source discharges constituted the
entire streamflow at the Bolingbrook and Downers Grove gauges. The model was run
iteratively for various scenarios until the water quality target was met.
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In the absence of algae data, the steady-state QUAL2E model (as opposed to diurnal algae
simulation) was used for developing the DO TMDL.

6.4.2 Margin of Safety

MOS was incorporated implicitly in this DO TMDL development based on the following
conservative assumptions:

e The pollutant loads from all point sources were discharging at their maximum allowable
limits simultaneously.

e The 7Q10 flow occurs under extended drought conditions and is lower than normal
summer flows. Therefore, the allocations based on 7Q10 flow are stringent and would
provide an implicit MOS under normal summer flow conditions.

e High summer temperatures, based on the historical data, were used in the model.

e The Illinois WQS requires that the DO (STORET number 300) shall not be less than
6 mg/L during at least 16 hours of any 24-hour period nor less than 5 mg/L at any time.
For this TMDL development, field measurements of DO (STORET number 299) and
laboratory measurements of DO (STORET number 300) were used. The number of DO
measurements in the field well exceeded the number of laboratory samples. Using both
types of data led to a comprehensive analysis and reduced the uncertainty in the TMDL
analysis. Additionally, a DO concentration of 6 mg/L, the more stringent of the two DO
criterion, was used as the water quality target for the TMDL allocation development
using the steady-state model. Thus, up to 1 mg/L (the difference between the 16-hour
average and the instantaneous standards) of nighttime DO reduction by algae can be
accommodated under the worst conditions without violating the WQS.

6.4.3 Load Allocation and Waste Load Allocation

Various pollutant-reduction scenarios were analyzed to evaluate the importance of SOD and
the point source loads and to determine the pollutant load reduction necessary to achieve a
minimum DO concentration of 6 mg/L. This TMDL endpoint was selected based on the
Illinois WQS.

The DO concentrations for existing conditions, four scenarios and three allocation scenarios
were modeled. Descriptions of these scenarios are presented in Table 6-5. Figure 6-2 shows
the modeled DO concentrations for four scenarios and the WQS. Figure 6-3 shows that the
model DO concentrations for the TMDL allocation scenarios meet the water quality target.
Except for the existing condition, all scenarios and the TMDL allocation considered 7Q10
flow and no nonpoint source flow. The point sources were included in the model at their
permitted design flows.

Two extreme conditions were simulated in Scenarios 1 and 2 to evaluate the effect of
existing SOD and point source discharge on DO, respectively. Scenario 1, as presented in
Table 6-6, included the monthly average permit limits for point source effluent
concentrations. But the SOD values in all stream segments were set to 0. This scenario shows
that if all the SOD is eliminated, the WQS is met under existing point source effluent limits
for most model elements. However, this scenario is not realistic. Scenario 2 was similar to
Scenario 1 except that existing SOD values were used in all stream segments and the
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pollutant (CBOD and ammonia) concentrations in the point source effluents were set to 0.
This scenario demonstrates that the WQS of 6 mg/L cannot be fully achieved even in the
absence of the point source loads. Scenario 3 shows that the WQS can be met when the
observed point source effluent concentrations are used instead of the monthly average
permit limits and the SOD is set to 0. Since SOD cannot be realistically reduced to 0.0 g/ ft2-
day by controlling point and nonpoint sources, background SOD of 0.02 g/ ft2-day in
reaches 1, 2, 4, and 5, and 0.06 g/ft?-day in reaches 6-8 were used in Scenario 4.
Additionally, DO was increased to 7 mg/L in the lake in Churchill Woods Forest Preserve.
DO in the lake can be increased through artificial reaeration. Existing monthly average
permit limits for CBOD5 and ammonia nitrogen were used in this scenario. Model results
for Scenario 4 shows that the DO target of 6 mg/L is not achieved under existing permit
limits near the mouth of East Branch.
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TABLE 6-5

Description of Various Modeling Scenarios

Scenario Flow

Point Source
Effluent
Concentrations

SOD Other Changes

Comment

Existing Observed Observed

flow
1 7Q10
2 7Q10
3 7Q10
4 7Q10

concentrations

Monthly average
permit limits for
CBOD5 and
ammonia-N

Observed DO,
CBOD5 = 0.0 mg/L
and Ammonia-N =
0.0 mg/L

Observed
concentrations

Monthly average
permit limits for

Existing condition

0.0in all reaches None

Existing condition None

0.0in all reaches None

Reduced to 0.02  Increased DO in the lake
g/ftz-day in reaches (just upstream of Crescent

Existing condition
violated the WQS for DO

Modeled DO is slightly
lower than 6 mg/L at one
model point

DO is less than 6 mg/L
between 15.4 and 20.0
and between 21.8 and
22.8 miles. Also DO
reaches below 5.0 mg/L
between 16.0 and 18.6
miles.

The water quality target
(6 mg/L) is met at all
locations.

Modeled DO is less than
6 mg/L near mouth

CBODS5 and 1-2 and 4-5, and to Blvd) to 7 mg/L through
ammonia-N 0.06 g/ftz-day in artificial reaeration
reaches 6- 8.
Allocation 7Q10 CBOD =8 mg/L Reduced to 0.02  None The water quality target

1

Allocation 7Q10
2

Allocation 7Q10
3

Ammonia N = 1.00
mg/L

Monthly average
permit limits for
CBODS5 and
ammonia-N

Monthly average
permit limits for
CBODS5 and
ammonia-N

g/ft>-day in reaches
1-2 and 4-5, and to
0.06 g/ft>-day in
reaches 6-8.

Reduced to 0.02  Removed dam
g/ft>-day in reaches

1-2 and 4-5, and to

0.06 g/ft>-day in

reaches 6-8.

Reduced to 0.02  Increased DO in the lake
g/ftz-day in reaches (just upstream of Crescent
1-2 and 4-5, and to Blvd) to 7 mg/L through
0.06 g/ftz-day in artificial reaeration
reaches 6-8.

(6 mg/L) is met at all
locations.

The water quality target
(6 mg/L) is met at all
locations.

The water quality target
(6 mg/L) is met at all
locations.
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FIGURE 6-2
Modeled Dissolved Oxygen Concentrations for Scenarios 1, 2, 3, and 4

=—Scenario 1
= Scenario 2
Scenario 3
———Scenario 4
=—Water Quality Standard
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FIGURE 6-3
Allocation Scenario Results
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For the allocation scenarios, a combination of point source load reduction, SOD reduction,
increased DO through artificial reaeration, and dam removal were used to meet the water
quality target. Figure 6-3 illustrates the allocation scenario results. For Allocation Scenario
1, a background SOD of 0.02 g/ft2-day in reaches 1, 2, 4, and 5 and of 0.06 g/ft?-day in
reaches 6-8 was used. Additionally, CBOD5 and ammonia nitrogen concentrations in point
source effluents were reduced to 8 mg/L and 1 mg/L, respectively. The final allocation
scenario achieves water quality target at all locations of the East Branch. The modeled
allocation scenarios from the first draft TMDL (August 2003) used current flow (as recorded
in the 1997 diel survey) for WWTPs in the watershed. This revised draft TMDL uses
permitted design average flow for the WWTPs. For this reason the original proposed
reduction for CBODS5 of 5mg/L has been revised to 8 mg/L. The proposed reduction of 1
mg/1 for ammonia nitrogen remains the same.

For Allocation Scenario 2, a background SOD of 0.02 g/ft2-day in reaches 1, 2, 4, and 5 and
of 0.06 g/ft2-day in reaches 6-8 was used. Point sources were included in the model at their
current design flows and current permitted concentrations for CBOD5 and ammonia
nitrogen. The dam in Reach 3 was removed, and hydraulic characteristics similar to
Reaches 2 and 4 were included. This allocation scenario achieves the water quality target at
all locations on East Branch.

For Allocation Scenario 3, a background SOD of 0.02 g/ft2-day in reaches 1, 2, 4, and 5 and
of 0.06 g/ft2-day in reaches 6-8 was used. Point sources were included in the model at their
current design flows and current permitted concentrations for CBOD5 and ammonia
nitrogen. DO was artificially increased to 7 mg/L in Reach 3 in the impoundment. This
allocation scenario achieves the water quality target at all locations on East Branch. Under
the conditions in the first Draft TMDL (August 2003), WQS for DO would not be reached
through removal of the dam in reach 3 ( at Churchhill Woods). However, for this revised
report, using permitted design average flow for the WWTPs, the WQS for DO was achieved
through removal of the dam.

The TMDL allocations of CBOD and ammonia nitrogen are provided in Table 6-6. The loads
are expressed as pounds per day for the critical 7Q10 low-flow conditions. As discussed in
section 6.4.1, East Branch flow under 7Q10 low-flow condition consists of point source
discharge only. The CBOD and ammonia loads for the TMDL are calculated using the point
source discharge from Bloomingdale, Glendale Heights, Glenbard, and Downers Grove SD
STPs at their permitted design flows. Discharge for these point sources affect the water
quality in the East Branch segments (GBL 05, GBL 08, and GBL 10) listed for DO
impairment. Table 6-7 also includes the point source loads included in the model for
Dupage County (Woodridge), Bolingbrook, and Citizens Utility for information purposes.
Since these point sources discharge below the impaired segment, they are not included in
the TMDL allocation. No nonpoint source flow is expected under critical summer low-flow
conditions. Therefore, nonpoint source contributions or load allocations of CBOD and
ammonia nitrogen are not applicable for the TMDL. Modeled effluent CBOD and ammonia
nitrogen concentrations from the TMDL allocation run were multiplied by the permitted
design flows (see Table 6-6) for the point sources to calculate the WLA. Modeled DO,
CBOD, and ammonia nitrogen values for all reaches are listed in Appendix F.
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TABLE 6-6
Point Source Allocations
Allocation Scenario 1 Allocation Scenarios 2 and 3
Point Permit CBOD NH3 CBOD NH3 CBOD NH3 CBOD NH3
Source Design (mgl/L) (mgl/L) (Ib/d) (Ib/d) (mgl/L) (mgl/L) (Ib/d) (Ib/d)

Flow

(mgd)
Blooming- 3.45 8 1 230.2 28.8 10.0 15 287.7 43.2
dale
Glendale 5.26 8 1 350.9 43.9 10.0 15 438.7 65.8
Heights
Glenbard 16.02 8 1 1068.9 133.6 10.0 15 1336.1 200.4
Downers 11 8 1 733.9 91.7 10.0 15 917.4 137.6
Grove
*Subtotal 2383.9 298.0 2979.9 447.0
Dupage 12 8 1 800.6 100.1 10.0 15 1000.8 150.1
County -
Woodridge
Bolingbrook | 2.04 8 1 136.1 17.0 20.0 15 340.3 25.5
Citizens 3 8 1 200.2 25.0 20.0 15 500.4 375
Utility
*Total 3520.8 4401 4821.4 660.2

* This subtotal is overall WLA in table 6-7.

**Woodridge, Bolingbrook and Citizens Utility are not included in Final TMDL allocation (table 6-7) since they are
located out of the area of impairment.

To achieve the water quality target, SOD in reaches 1, 2, 4, and 5 needs to be reduced to
0.02 g/ft2-day and SOD in reaches 6,7, and 8 needs to be reduced to 0.06 g/ft2>-day. SOD is
caused by the oxidation of organic matter deposited in the streambed. Sources of such
organic matter include leaf litter and other particulate BOD from point and nonpoint
sources. Literature values suggest that the desired SOD of 0.02 g/ft2-day in some reaches is
rarely found in natural streams. Nonpoint source contribution of particulate BOD (e.g., leaf
litter and road runoff) must be controlled in order to achieve low SOD in East Branch.
Figure 6-4, a 1998 aerial photograph, shows an example of a potential nonpoint source that
may exacerbate the DO problem: two of a series of large detention ponds next to East
Branch. One detention pond located between the North-South Tollway (I-355) and East
Branch has eroded banks, marked by circles. Such breaches may lead to short-circuiting
between the pond and the stream and cause serious water quality problems including
increased SOD. Proper control of these sources may lower SOD significantly. One method to
determine if organic loading is being reduced is through the measurement of VSS. IEPA
may wish to consider adding this parameter to its ambient monitoring program for East
Branch.
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TABLE 6-7
Summary of East Branch DO TMDL

Percent
. Reduction
Load Wasteload Margin Observed Needed from
Allocation  Allocation of TMDL Load Observed
Pollutant (Ib/day) (Ib/day) Safety  (Ib/day)  (Ib/day)® Load
Allocation Scenario 1

5-day NA 2384 Implicit 2384 268 0
carbon.

biochemical

oxygen

demand

Ammonia NA 298 Implicit 298 273 0
nitrogen

Allocation Scenario 2 and 3

5-day NA 2980 Implicit 2980 268 0
carbon.

biochemical

oxygen

demand

Ammonia NA 447 Implicit 447 273 0
nitrogen

aCurrent observed loads based on effluent data from June 24-25, 1997 IEPA dataset
WLA based only on Bloomingdale, Glendale Heights, Glenbard, and Downers Grove facilities as remaining facilities
discharge downstream of the impaired segment

6.4.4 Implementation Considerations

Table 6-7 indicates that point source discharges would not be required to reduce CBOD and
ammonia loads to meet the waste load allocations for these pollutants based on observed
effluent loads. This is because the observed effluent loads from point sources based on a
1997 IEPA sampling of these discharges are well below current permitted monthly
limitations. In order to protect water quality, the point sources need to either accept a
reduction in their permitted concentrations (Allocation Scenario 1) to CBOD and ammonia
limits of 8 and 1 mg/L respectively. Alternatively, the point sources can remain at their
current permitted concentrations, but the impoundment in reach 3 would need to be
removed (Allocation Scenario 2).

The implementation impacts on these dischargers, therefore, will depend on what their
actual loads are today and in the foreseeable future. This information should be derived and
evaluated as part of the implementation process, and adjustments made as appropriate. In
addition, this TMDL did not evaluate different allocation scenarios that may be worth
considering. For example, an allocation scenario other than equal percent reduction for all
facilities may be appropriate and would be consistent with this TMDL as long as the overall
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target is met and DO standards are protected in East Branch. Water quality trading may also
be an option.

Finally, for Allocation Scenario 1, the point source flows can be increased above design
average flows and still maintain water quality standards. Thus, the TMDL can be
implemented as concentration-based limits if a given NPDES facility needs to request an
expansion to its NPDES facility.

FIGURE 6-4
A 1998 Aerial Photograph of the East Branch of the DuPage River and Adjacent Detention Ponds near Roosevelt Road.
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