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City of ElkhartCity of Elkhart

April 12, 2006

Combined Sewer System (CSS) -
Model Development and Calibration



AgendaAgenda
1. Model Development

 CSS Model History
 Collection System Network
 Collection System Drainage Areas

2. Collection System Monitoring 
3. Model Calibration

 Dry Weather (DW)
 Wet Weather (WW)



CSS Model RefinementsCSS Model Refinements
1. 1991/1994:  Base model developed
2. 2001:  Converted to XP-SWMM v. 6.02 with  

initial comparisons to data.
3. 2003:  Upgraded to XP-SWMM v. 8.52 and 

began system-wide model calibration.  
4. 2006:  Completed LTCP model calibration.



Collection System Network -
Extents
Collection System Network -
Extents



Collection System Network -
Extents
Collection System Network -
Extents

Notes
1. CSO#2 was recently removed from the CSS, but it was still active during the 2004-05 

monitoring program. 

1160Number of Lift Stations (LSs)

341331Number of Active Combined 
Sewer Overflows (CSOs)

6 - 78 3 - 80Pipe Diameter Range (in)

~295,000~1,385,000Length of Sewers (ft)

CSS 
Model

Combined 
Sewer 
System

Summary Parameters



Collection System Network  -
CSOs
Collection System Network  -
CSOs

1. Information Sources
 Rim elevation – GIS and Quarter

Section Drawings
 Pipe sizes, invert elevations, and overflow 

elevations - 2000 field survey data
 Available as-built drawings
 Current system knowledge

CSO

Overflow 
Pipe

Effluent 
Pipe

Combined 
Sewer

Diversion 
Link



Collection System Network - Lift 
Stations
Collection System Network - Lift 
Stations

1. LS Representation Enhancements
 Upgraded 5 key LSs to “dynamic head” pumps.
 Updated modeled pumping rates for all LSs

based on design points and available 2004-05 
discharge flow monitoring data. 



Collection System Network -
Influent Screw Pumps
Collection System Network -
Influent Screw Pumps

1. Refined WWTP representation to limit 
influent flows.
 Maximum Flow: 44 mgd

2. Influent screw pumps often surcharge the 
54-inch Laramie St Interceptor during/after 
“good steady” rainfall.



Collection System Drainage Areas 
- Extents
Collection System Drainage Areas 
- Extents

0.25 –
1,945Size Range (acs)

~37Average Size (acs)

399Number of Subcatchments

7,047Combined Sewer Service Area (acs)

7,836Outlying Separated Service Area (acs)

14,883Total Tributary Area (acs)

CSS 
ModelSummary Parameters



Collection System Drainage 
Areas: Hydrology Refinements
Collection System Drainage 
Areas: Hydrology Refinements

Lower 
magnitude 
rapid surface 
runoff

Typical rapid 
surface runoff

Rainfall-
derived I/I

Wet 
Weather 
Response 

Type

19%Combined Service Areas 
with local separation

28%Combined Service Areas

53%Outlying Separated 
Service Area 

Percent  
Of Total 
Service 

Area

Service Area Type



Collection System Monitoring –
Summary 
Collection System Monitoring –
Summary 

1. 1999:  Initial data comparisons
2. 2002-04: LTCP field monitoring initiated
3. 2003:  CSO 

outfall metering
4. 2004-05

 25 meters
 5 gauges
 11 LSs
 5 CSOs
 WWTP



Collection System Monitoring –
QA/QC Tasks
Collection System Monitoring –
QA/QC Tasks

1. Depth, velocity, and flow hydrographs
2. Depth-velocity scatter plots
3. Flow calculations verified using the continuity 

equation
4. Dry weather flow balance
5. Peak flow comparisons 
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Collection System Monitoring –
Data Available for Calibration
Collection System Monitoring –
Data Available for Calibration

See schematic handout.



Model CalibrationModel Calibration

1. Calibration consists of adjusting model 
parameters within reasonable ranges to 
obtain simulated results that closely replicate 
field-monitored flows and depths.

2. Calibration Measures:  Hydrograph shape, 
total volume, and peak flow.

3. Calibration Goals:  + or -30%, for flow 
meters with acceptable data.  
 Within typical range for planning level models



Model Calibration – Dry WeatherModel Calibration – Dry Weather
1. Purpose: 

 Check hydraulic model for connectivity issues
 Provide accurate baseline for wet weather 

simulations

2. Calibration Approach
 Primary Data:  In-system flow meter and WWTP 

influent flow data from Oct. 11-22nd and Nov.13-
14, 2004

 Supplementary Data:  LS discharge volumes 
from Nov. 2004.



Model Calibration – DW Calibration 
Results
Model Calibration – DW Calibration 
Results



Model Calibration – DW Calibration 
Results
Model Calibration – DW Calibration 
Results



Model Calibration – Wet WeatherModel Calibration – Wet Weather
1. Purpose: Adjust model parameters to 

reasonably predict CSS flows caused by 
precipitation events, while maintaining 
realistic parameter values.

~9 months

< 2 months

< 2 months

Return 
Period

1.90

0.54

0.70

Rainfall 
Total (in)

1.2015.56/12/05

0.6012.811/4/04

0.7211.611/1/04

Peak 5-Min 
Intensity 
(in/hr)

Duration 
(hrs)

Event 
Date



Model Calibration – WW Calibration 
Results
Model Calibration – WW Calibration 
Results



Model Calibration – WW Calibration 
Results
Model Calibration – WW Calibration 
Results



Model Calibration – WW Calibration 
Results
Model Calibration – WW Calibration 
Results



Model Calibration – WW Calibration 
Results
Model Calibration – WW Calibration 
Results

1. Volume: ~60% of meters within calibration 
goals with another ~25% conservatively 
overpredicting.

2. Peak flow: Model within calibration goals for 
~67% of meters.

3. In cases where comparisons fall outside 
goals, the data set and model results were 
investigated further to confirm acceptability.  



Model Calibration – WW Calibration 
Results
Model Calibration – WW Calibration 
Results



Model Calibration – WW Calibration 
Results
Model Calibration – WW Calibration 
Results



Model Calibration – WW Calibration 
Results
Model Calibration – WW Calibration 
Results



Model Calibration – WW Calibration 
Results
Model Calibration – WW Calibration 
Results



Model Calibration – WW Calibration 
Results
Model Calibration – WW Calibration 
Results



Model Calibration – WW Calibration 
Results
Model Calibration – WW Calibration 
Results



Model Calibration – WW Calibration 
Results
Model Calibration – WW Calibration 
Results



Model Calibration – WW Results Model Calibration – WW Results 
1. Given the calibration goals assessment and 

the visual match between the simulated 
results and the observed response, the City’s 
model suitably predicts WW flows within the 
system for LTCP development purposes.  



ELKHART, INDIANA 
PUBLIC WORKS AND UTILITIES 

LONG TERM CONTROL PLAN 
 

Combined Sewer System (CSS) Model Calibration 
 

Greeley and Hansen/Malcolm Pirnie 
May 1, 2006 

 
This memorandum briefly describes the inform ation package (tables, graphs, and written 
summaries) docum enting calibr ation of  the City ’s CSS model.  Table 1 lists the item s 
provided.  It should be noted that the overall calibration comparisons, the first four items  
in Table 1, are based upon the final data screen ing.  This data screening eliminated meter 
events with  docum ented data issue s, whic h would otherw ise unfairly com promise the 
calibration comparisons.  Howe ver, hydrograph com parisons are provided for all m eter 
events (depth for overflow locations), since hydrograph com parisons provide m any 
indicators of m odel perfor mance, including subjective ones such as  "goodness of fit."  
Where data is suspect or, where additional explanation is warrant ed, the meter-to-model 
graphs are annotated. 
 

Table 1 
Calibration Support Files 

Information Description Filename (Click to View Document) 
Meter-to-model wet-weather volume 
comparisons (graph) Meter_to_Model_Screened_Volume_Comparisons.pdf 

Meter-to-model wet-weather peak 
flow comparisons (graph) Meter_to_Model_Screened_Peak_Flow_Comparisons.pdf 

Meter-to-model wet-weather volume 
histogram comparison (graph) Meter_to_Model_Screened_Volume_Histogram.pdf 

Meter data screening summary and 
meter-to-model wet-weather volume 
and peak flow comparisons (table) 

Data_Screening_and_Meter_to_Model_Tabular_ 
   Comparisons.pdf 

November 1, 2004 and November 4, 
2004 calibration event hydrographs 
showing model results and measured 
data (graphs) 

Nov04_Calibration_Event_Hydrographs.pdf 

June 12, 2005 calibration event 
hydrographs showing model results 
and measured data (graphs) 

June05_Calibration_Event_Hydrographs.pdf 

Summary of sensitivity analysis Sensitivity Analysis.pdf 

Summary of initial and final 
hydrology parameters for each 
model subcatchment (tables) 

Hydrology_Parameters_Combined_Subcatchments.pdf 
Hydrology_Parameters_Outlying_Separate_ 
   Sanitary_Subcatchments.pdf 
Infiltration_Parameter_Summary_All_Subcatchments.pdf 
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City of Elkhart, IN
CSS Model Calibration

Meter-to-Model Wet-Weather Volume Comparisons - Screened Data
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City of Elkhart, IN
CSS Model Calibration

Meter-to-Model Wet-Weather Peak Flow Comparisons - Screened Data
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City of Elkhart, IN
CSS Model Calibration

Wet-Weather Volume Histogram Comparison based on Calibration Events - 
Screened Data
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11/1/2004 11/4/2004 6/12/2005 Meter Model
Percent Difference 

(%)
Meter Model

Percent Difference 
(%)

Meter Model
Percent Difference 

(%)
Meter Model

Percent Difference 
(%)

Meter Model
Percent Difference 

(%)
Meter Model

Percent Difference 
(%)

1 G DS G 1.64 2.23 35.9 9.37 9.64 2.9 5.23 6.06 15.9 53.08 49.07 -7.6

2 DS OK DS 0.19 0.19 -1.2 1.20 0.93 -22.5

3 DS DS ND

4 G G OK 0.85 0.92 8.6 3.20 2.98 -6.8 0.72 0.75 4.7 2.26 2.45 8.4 0.84 1.32 56.5 6.94 6.37 -8.2

5 OK OK DS 0.77 0.83 8.6 3.54 2.71 -23.6 0.85 0.77 -9.8 3.36 3.04 -9.4

6 OK OK G 6.50 10.28 58.1 15.85 24.77 56.3 5.07 8.71 71.6 14.46 19.61 35.6 14.43 11.40 -20.9 47.85 41.30 -13.7

7 G G G 0.84 1.08 28.0 2.79 2.91 4.4 0.69 0.91 32.1 2.41 2.47 2.5 1.56 1.50 -3.6 7.99 8.02 0.4

8 DS DS DS

9 G G G 0.62 0.85 38.8 3.43 3.65 6.2 0.55 0.72 30.1 2.82 3.49 23.7 1.08 1.50 38.8 8.26 10.00 21.1

10 DS DS DS

11 G G OK 1.15 0.89 -22.8 3.99 2.88 -28.0 0.89 0.82 -7.7 3.42 3.29 -3.8 1.86 1.92 3.0 8.31 11.16 34.3

12 DS DS G 0.96 1.23 28.5 8.48 8.84 4.2

13 DS DS OK 7.76 10.51 35.5 24.92 24.43 -2.0

14 G G OK 1.05 1.04 -1.2 3.46 2.69 -22.3 0.91 0.90 -0.4 2.61 2.61 0.0 1.24 1.24 0.4 4.25 4.40 3.6

15 OK OK G 2.96 2.89 -2.5 19.11 15.62 -18.2

16 DS DS ND

17 OK OK DS 0.14 0.21 51.6 1.24 1.00 -19.2 0.11 0.16 45.5 1.24 0.82 -33.6

18 DS DS ND

19 DS DS G 0.71 0.70 -1.6 3.10 2.83 -8.6

20 DS DS G 1.11 1.07 -3.1 4.47 5.17 15.8

Data Code
G

OK Data shows evidence of undefined anomalies, but comparisons are possible
DS Data suspect
ND No data

Flow Meter

General Data Categorization for 
Calibration Events

Screened Comparisons for 11/1/2004 Calibration Event

Volume (MG) Peak Flow (MGD)

Screened Comparisons for 11/4/2004 Calibration Event

Volume (MG) Peak Flow (MGD)

Not included in screened data comparisons for volume and peak flow

Data appears suspect, but detailed reviews do not reveal sufficient justification to 
exclude data from volume and peak flow comparisons

Data Code Legend

Explanation
Good data

Tabular Summary of Data Screening and Meter-to-Model Volume and Peak Flow Comparisons

Screened Comparisons for 6/12/2005 Calibration Event

Volume (MG) Peak Flow (MGD)

Coloring Legend

6/7/2006 Page 1 of 2
City of Elkhart, IN

CSS Model Calibration



11/1/2004 11/4/2004 6/12/2005 Meter Model
Percent Difference 

(%)
Meter Model

Percent Difference 
(%)

Meter Model
Percent Difference 

(%)
Meter Model

Percent Difference 
(%)

Meter Model
Percent Difference 

(%)
Meter Model

Percent Difference 
(%)

21 G G G 1.44 1.16 -19.1 3.88 2.79 -28.1 1.13 1.01 -10.7 3.19 2.43 -23.9 1.87 1.51 -19.3 7.75 7.48 -3.4

22 DS DS DS

23 OK OK DS 0.98 0.81 -17.0 2.24 1.77 -20.8 0.88 0.71 -19.3 1.55 1.46 -5.6

24 DS DS DS

25 G G G 5.41 5.81 7.4 16.94 16.18 -4.5 4.86 4.84 -0.4 15.94 11.65 -26.9 5.77 6.89 19.4 32.72 25.59 -21.8

26 ND ND DS

27 ND ND G 0.23 0.28 20.5 2.18 1.73 -20.8

28 ND ND DS

WWTP Influent G G G 22.11 19.89 -10.0 34.30 37.55 9.5 18.62 18.54 -0.4 33.60 33.45 -0.4 22.59 21.69 -4.0 39.80 43.65 9.7

Data Code
G

OK Data shows evidence of undefined anomalies, but comparisons are possible
DS Data suspect
ND No data

Data appears suspect, but detailed reviews do not reveal sufficient justification to 
exclude data from volume and peak flow comparisons

Good data

Coloring Legend

Data Code Legend

Explanation

Tabular Summary of Data Screening and Meter-to-Model Volume and Peak Flow Comparisons (continued)

Not included in screened data comparisons for volume and peak flow

Flow Meter

General Data Categorization for 
Calibration Events

Screened Comparisons for 11/1/2004 Calibration Event Screened Comparisons for 11/4/2004 Calibration Event Screened Comparisons for 6/12/2005 Calibration Event

Volume (MG) Peak Flow (MGD) Volume (MG) Peak Flow (MGD) Volume (MG) Peak Flow (MGD)

6/7/2006 Page 2 of 2
City of Elkhart, IN

CSS Model Calibration
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Model Results

Meter Data

Rainfall

Flow Meter No.1 ; Link ID: L-107-32; Plum St and Laurel St

Probe failure before the 11/4 event raises concerns about

data magnitudes. However, the comparison can be used

to check at least model timing.
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Model Results

Meter Data

Rainfall

Flow Meter No.2 ; Link ID: L-106-37; Michigan St and Laurel St

Inconsistent scattergraph during the 11/1 event raises

general questions about data. Therefore, the primary

purpose of this comparison is confirming reasonable

model timing.

Despite overall data concerns at this location, the

scattergraph confirms periods of valid data during the

11/4 event.
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Model Results

Meter Data

Rainfall

Flow Meter No.3 ; Link ID: CSO#15.D; Michigan St and Kilbourn St

Meter consistently "caps out" at approximately 6 MGD for

the 11/1 and 11/4 events. Velocities consistently flatline

at ~3 ft/s regardless of depth, suggesting a velocity

probe issue.
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Model Results

Meter Data

Rainfall

Flow Meter No.4 ; Link ID: L-167-98; Carlton Ave between Morton Ave

and Main St
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Model Results

Meter Data

Rainfall

Flow Meter No.5 ; Link ID: L-117-51; West Blvd and Suwanee St
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Model Results

Meter Data

Rainfall

Flow Meter No.6 ; Link ID: L-139-92; Indiana Ave and Albany St
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Model Results

Meter Data

Rainfall

Flow Meter No.7 ; Link ID: L-151-56; Ninth St and Garfield Ave

Model does not replicate metered flows from the

batch discharge on 11/6. The City will investigate

this discharge and document the findings.
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Model Results

Meter Data

Rainfall

Flow Meter No.8 ; Link ID: L-138-50; Wagner Ave and Eighth St

Comparisons with u/s meters reveal that flow data for the 11/1 and 11/4 events is

suspect. However, comparison shows that model strongly matches the data

trends.
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Model Results

Meter Data

Rainfall

Flow Meter No.9 ; Link ID: L-88-85; Cone St and McPherson St
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Model Results

Meter Data

Rainfall

Flow Meter No.10 ; Link ID: L-89-33; Beardsley Ave and Dearborn St

Velocity and depth data for the 11/1 and 11/4 events

show very little variation and no diurnal response.

Therefore, the primary purpose of the comparison is

confirming reasonable model timing.
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Model Results

Meter Data

Rainfall

Flow Meter No.11 ; Link ID: CSO#17.D; McNaughton Park, between

CSOs 17 and 18



5/1/2006 Page 12 of 34
City of Elkhart, IN

CSS Model Calibration

0.0

0.5

1.0

1.5

2.0

2.5

3.0

11/1 0:00 11/2 0:00 11/3 0:00 11/4 0:00 11/5 0:00 11/6 0:00 11/7 0:00

Date/Time

F
lo

w
(M

G
D

)

0

0.05

0.1

0.15

0.2

0.25

0.3

5
-M

in
R

a
in

fa
ll

T
o

ta
ls

(i
n

)

Model Results

Meter Data

Rainfall

Flow Meter No.12 ; Link ID: L-138-25; Eighth St and Marion St

Scattergraph shows widely inconsistent patterns at low

flows for the 11/1 and 11/4 events.
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Model Results

Meter Data

Rainfall

Flow Meter No.13 ; Link ID: L-140-38; Navajo St, ~275 ft south of

Pennsylvania Ave

Clear evidence of velocity probe failure during the 11/1

and 11/4 events. Therefore, the primary purpose of the

comparison is confirming reasonable model timing.



5/1/2006 Page 14 of 34
City of Elkhart, IN

CSS Model Calibration

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

11/1 0:00 11/2 0:00 11/3 0:00 11/4 0:00 11/5 0:00 11/6 0:00 11/7 0:00

Date/Time

F
lo

w
(M

G
D

)

0

0.05

0.1

0.15

0.2

0.25

0.3

5
-M

in
R

a
in

fa
ll

T
o

ta
ls

(i
n

)

Model Results

Meter Data

Rainfall

Flow Meter No.14 ; Link ID: L-104-28; Jackson Blvd and Marine St



5/1/2006 Page 15 of 34
City of Elkhart, IN

CSS Model Calibration

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

11/1 0:00 11/2 0:00 11/3 0:00 11/4 0:00 11/5 0:00 11/6 0:00 11/7 0:00

Date/Time

F
lo

w
(M

G
D

)

0

0.05

0.1

0.15

0.2

0.25

0.3

5
-M

in
R

a
in

fa
ll

T
o

ta
ls

(i
n

)

Model Results

Meter Data

Rainfall

Flow Meter No.15 ; Link ID: L-135-59; Evans St and Carolyn Ave

Clear evidence that baseflow during the 11/1 and 11/4

calibration events was lower than the typical DWF

conditions to which the model was calibrated. However,

the comparison shows that model strongly matches the

data trends.
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Model Results

Meter Data

Rainfall

Flow Meter No.16 ; Link ID: CSO#16.I; Southwest corner of Superior

St and Kenwood Ave

Clear evidence of velocity probe failure during the 11/1

and 11/4 events. Therefore, the primary purpose of the

comparison is confirming reasonable model timing.
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Model Results

Meter Data

Rainfall

Flow Meter No.17 ; Link ID: L-105-49; Second St and Sycamore St
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Model Results

Meter Data

Rainfall

Flow Meter No.18 ; Link ID: CSO#6.I1; Jackson Blvd, ~170 ft north

east of Main St

Clear evidence of velocity probe failure during the 11/1

and 11/4 events. Therefore, the primary purpose of the

comparison is confirming reasonable model timing.
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Model Results

Meter Data

Rainfall

Flow Meter No.19 ; Link ID: L-123-13; Middlebury St and Denver St

Scattergraph shows widely inconsistent patterns at low

flows during the 11/1 and 11/4 events.
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Model Results

Meter Data

Rainfall

Flow Meter No.20 ; Link ID: L-170-29; Ninth St and Fieldhouse Ave

Scattergraph shows widely inconsistent

patterns at all flows during the 11/1 and

11/4 events.

Model does not replicate metered flows from the batch

discharge on 11/6. The City will investigate this

discharge and document the findings.
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Model Results

Meter Data

Rainfall

Flow Meter No.21 ; Link ID: L-170-1; Oakland Ave and Fieldhouse Ave
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Model Results

Meter Data

Rainfall

Flow Meter No.22 ; Link ID: L-88-37; Cassopolis St and Russell Ct

Scattergraph shows inconsistent patterns, and evidence

of depth probe randomly "sticking" at certain depths

during the 11/1 and 11/4 events.
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Model Results

Meter Data

Rainfall

Flow Meter No.23 ; Link ID: L-89-16; Grant St and Dearborn St
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Model Results

Meter Data

Rainfall

Flow Meter No.24 ; Link ID: L-136-98; Tipton St and Charles St

Scattergraph shows inconsistent patterns during high-

flow periods for the 11/1 and 11/4 events.
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Model Results

Meter Data

Rainfall

Flow Meter No.25 ; Link ID: L-137-68; Wagner Ave, ~270 ft east of

Maryland Ave
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Model Results

Meter Data

Rainfall

Flow Meter No.26 ; Link ID: L-120-19; Main St and Lexington Ave

Inactive meter site
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Flow Meter No.27 ; Link ID: L-120-130; Second St between Lexington

Ave and Jackson Blvd

Inactive meter site
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Model Results

Meter Data

Rainfall

Flow Meter No.28 ; Link ID: CSO#15.D; Michigan St and Fulton Ave

Inactive meter site
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Model Results

Meter Data

Rainfall

WWTP Influent ; Link ID: SCRout-1
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Model Results

Meter Data

Float

Rainfall

CSO#15 - D/S ; Link ID: CSO#15.O; Michigan & Fulton

Flow data magnitudes at this overflow location were

estimated using Manning's Equation. Therefore, depth

comparisons are the relevant measure of model

performance.

Model does not predict the associated activation during

the 11/1 or 11/4 events; however, model-predicted timing

and trends upstream of the weir match data timing and

trends.
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Model Results

Meter Data

Float

Rainfall

CSO#17 - D/S ; Link ID: CSO#17.O; McNaughton Park @ West Blvd

Flow data magnitudes at this overflow location were

estimated using Manning's Equation. Therefore, depth

comparisons are the relevant measure of model

performance.

Measured depths upstream of weir are not high enough to

activate this CSO for the 11/1 and 11/4 events. Therefore,

depths measured downstream of weir are considered

invalid.
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Model Results

Meter Data

Float

Rainfall

CSO#24 - D/S ; Link ID: CSO#24.O; Indiana & Franklin

Flow data magnitudes at this overflow location were

estimated using Manning's Equation. Therefore, depth

comparisons are the relevant measure of model

performance.

Model overstimates peak depth by several inches for the

11/1 and 11/4 events. However, model timing and trends

are very strong.
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Model Results

Meter Data

Float

Rainfall

CSO#31 - D/S ; Link ID: CSO#31.O; Elizabeth & Lusher

Flow data magnitudes at this overflow location were

estimated using Manning's Equation. Therefore, depth

comparisons are the relevant measure of model

performance.

Model matches monitored record of no activation for the

11/1 and 11/4 events.
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Model Results

Meter Data

Float

Rainfall

CSO#37 - D/S ; Link ID: CSO#37.O; Franklin & Krau

Flow data magnitudes at this overflow location were

estimated using Manning's Equation. Therefore, depth

comparisons are the relevant measure of model

performance.

Positive depths observed in overflow under dry-weather

conditions are likely due to groundwater intrusion.
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Model Results

Meter Data

Rainfall

Flow Meter No.1 ; Link ID: L-107-32; Plum St and Laurel St
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Model Results

Meter Data

Rainfall

Flow Meter No.2 ; Link ID: L-106-37; Michigan St and Laurel St

Inconsistent scattergraph raises general questions about

data. Therefore, the primary purpose of this comparison

is confirming reasonable model timing.
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Model Results

Meter Data

Rainfall

Flow Meter No.3 ; Link ID: CSO#15.D; Michigan St and Kilbourn St

Inactive meter site



5/1/2006 Page 4 of 34
City of Elkhart, IN

CSS Model Calibration

0.0

2.0

4.0

6.0

8.0

10.0

6/12 12:00 6/13 0:00 6/13 12:00 6/14 0:00 6/14 12:00 6/15 0:00 6/15 12:00 6/16 0:00

Date/Time

F
lo

w
(M

G
D

)

0

0.05

0.1

0.15

0.2

0.25

0.3

5
-M

in
R

a
in

fa
ll

T
o

ta
ls

(i
n

)

Model Results

Meter Data

Rainfall

Flow Meter No.4 ; Link ID: L-167-98; Carlton Ave between Morton Ave

and Main St
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Model Results

Meter Data

Rainfall

Flow Meter No.5 ; Link ID: L-117-51; West Blvd and Suwanee St

Scattergraph shows inconsistent patterns at depths

above ~10 inches (i.e.high-flow conditions).
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Model Results

Meter Data

Rainfall

Flow Meter No.6 ; Link ID: L-139-92; Indiana Ave and Albany St
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Model Results

Meter Data

Rainfall

Flow Meter No.7 ; Link ID: L-151-56; Ninth St and Garfield Ave

Model does not replicate metered flows from batch

discharge on 6/15. The City will investigate this

discharge and document the findings.
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Model Results

Meter Data

Rainfall

Flow Meter No.8 ; Link ID: L-138-50; Wagner Ave and Eighth St

Upstream and downstream meters reveal that flow data

for this event is suspect, possibly due to velocity probe

issues. Depth data comparisons at the upstream and

downstream meters are consistent.
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Flow Meter No.9 ; Link ID: L-88-85; Cone St and McPherson St
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Flow Meter No.10 ; Link ID: L-89-33; Beardsley Ave and Dearborn St

Velocity and depth data show very little variation and no

diurnal response. Therefore, the primary purpose of the

comparison is confirming reasonable model timing.
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Model Results

Meter Data

Rainfall

Flow Meter No.11 ; Link ID: CSO#17.D; McNaughton Park, between

CSOs 17 and 18
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Rainfall

Flow Meter No.12 ; Link ID: L-138-25; Eighth St and Marion St
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Flow Meter No.13 ; Link ID: L-140-38; Navajo St, ~275 ft south of

Pennsylvania Ave
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Flow Meter No.14 ; Link ID: L-104-28; Jackson Blvd and Marine St
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Model Results

Meter Data

Rainfall

Flow Meter No.15 ; Link ID: L-135-59; Evans St and Carolyn Ave
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Model Results

Meter Data

Rainfall

Flow Meter No.16 ; Link ID: CSO#16.I; Southwest corner of Superior

St and Kenwood Ave

Inactive meter site
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Model Results

Meter Data

Rainfall

Flow Meter No.17 ; Link ID: L-105-49; Second St and Sycamore St

Scattergraph shows unreasonably depressed velocities

for the high-flow period.
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Model Results

Meter Data

Rainfall

Flow Meter No.18 ; Link ID: CSO#6.I1; Jackson Blvd, ~170 ft north

east of Main St

Inactive meter site
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Model Results

Meter Data

Rainfall

Flow Meter No.19 ; Link ID: L-123-13; Middlebury St and Denver St
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Model Results

Meter Data

Rainfall

Flow Meter No.20 ; Link ID: L-170-29; Ninth St and Fieldhouse Ave

Model does not replicate metered flows from the batch

discharge on 6/15. The City will investigate this

discharge and document the findings.
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Model Results

Meter Data

Rainfall

Flow Meter No.21 ; Link ID: L-170-1; Oakland Ave and Fieldhouse Ave
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Flow Meter No.22 ; Link ID: L-88-37; Cassopolis St and Russell Ct

Scattergraph shows inconsistent patterns during the high-

flow period.
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Model Results
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Flow Meter No.23 ; Link ID: L-89-16; Grant St and Dearborn St

Scattergraph shows unrealistic patterns with evidence of

depth probe randomly "sticking" at certain depths and an

artificially linear relationship between depth and velocity.
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Model Results

Meter Data
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Flow Meter No.24 ; Link ID: L-136-98; Tipton St and Charles St

Scattergraph shows clear evidence of velocity probe

failure.
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Model Results

Meter Data

Rainfall

Flow Meter No.25 ; Link ID: L-137-68; Wagner Ave, ~270 ft east of

Maryland Ave
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Model Results
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Flow Meter No.26 ; Link ID: L-120-19; Main St and Lexington Ave

Large spike in flow data near end of wet-weather event is

not supported by measured rainfall data. Scattergraph

also shows inconsistent patterns during the same (high-

flow) period.
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Model Results

Meter Data

Rainfall

Flow Meter No.27 ; Link ID: L-120-130; Second St between Lexington

Ave and Jackson Blvd
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Flow Meter No.28 ; Link ID: CSO#15.D; Michigan St and Fulton Ave

Scattergraph is reasonable for the first high-flow period,

but shows unreasonably depressed velocities for the

second period.
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Model Results

Meter Data

Rainfall

WWTP Influent ; Link ID: SCRout-1
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Model Results

Meter Data

Float

Rainfall

CSO#15 - D/S ; Link ID: CSO#15.O; Michigan & Fulton

Flow data magnitudes at this overflow location were estimated using

Manning's Equation. Therefore, depth comparisons and float

position are the relevant measures of model performance for this

event.
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Model Results

Meter Data

Float

Rainfall

CSO#17 - D/S ; Link ID: CSO#17.O; McNaughton Park @ West Blvd

Flow data magnitudes at this overflow location were estimated using

Manning's Equation. Therefore, depth comparisons and float

position are the relevant measures of model performance for this

event.
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Model Results

Meter Data

Float

Rainfall

CSO#24 - D/S ; Link ID: CSO#24.O; Indiana & Franklin

Clear evidence of depth probe failure. Therefore, activation

comparisons based on the float position are relevant measures of

model performance for this event.
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Model Results

Meter Data

Float

Rainfall

CSO#31 - D/S ; Link ID: CSO#31.O; Elizabeth & Lusher

Flow data magnitudes at this overflow location were estimated using

Manning's Equation. Therefore, depth comparisons are the relevant

measure of model performance for this event.
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Model Results

Meter Data

Float

Rainfall

CSO#37 - D/S ; Link ID: CSO#37.O; Franklin & Krau

Flow data magnitudes at this overflow location were estimated using

Manning's Equation. Therefore, depth comparisons are the relevant

measure of model performance for this event.

Positive depths observed in overflow under dry-weather conditions

are likely due to groundwater intrusion.
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Sensitivity Analysis 
 
Introduction 
 
The purpose of a model sensitivity analysis is to determine which input parameters have 
the greatest impact on model predictions.  This information helps guide the calibration 
process, as it identifies the subset of key parameters that largely control how the model 
responds under the conditions of interest.  For an XP-SWMM collection system model 
applied to the LTCP development process, the condition of interest is wet weather, with 
the goal being to obtain credible model predictions of system response to precipitation 
events. 
 
The important measures of system response for a wet-weather LTCP analysis are as 
follows: 
 

 Wet-weather volume, an overall metric of wet-weather response and critical to 
storage schemes included in abatement options. 

 Wet-weather peak flow, a short-term measure of the wet-weather response and 
key to both capacity investigations and treatment schemes included in abatement 
options. 

 Hydrograph shape, a measure integrally related to volume and peak flow, but 
important in its own right in understanding the transient nature of wet-weather 
flow events. 

 
Given that these three measures are key for an LTCP development effort, the goal of any 
sensitivity analysis should be to identify the calibration parameters that have the greatest 
impact on model predictions for these measures. 
 
It is worth noting that a fourth measure, wet-weather peak depth, is also important to 
represent properly for LTCP purposes, but it is not independent of the three measures 
listed above.  That is, if volume, peak flow, and hydrograph shape are represented 
properly, then peak depth will typically be well defined.   
 
Process and Results 
 
Many models, including XP-SWMM, now have an “automated” sensitivity analysis 
feature.  These automatic features are useful, but they are not inherently intelligent, nor 
do they replace the need for the modeling team to have a sound understanding of the 
fundamental hydrologic processes that the model is representing.  Rather than rely on 
automated features, the City’s consultant modeling team, with a combined 40 years of 
experience in wet-weather collection system modeling, used the early stages of the 
calibration process to identify the following sensitivity relationship between the 
important measures of system response (identified above) and model input parameters. 
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Important Response 
Measure 

VERY SENSITIVE 
Primary Calibration 

Parameters 

LESS SENSITIVE 
Secondary Calibration 

Parameters 
Subbasin area Depression storage Wet-Weather Volume 
Percent impervious Soil infiltration parameters 
Percent impervious Overland flow slope Wet-Weather Peak Flow 
Subbasin width Overland flow N 
Subbasin width Overland flow slope Hydrograph shape 
 Overland flow N 

 
 
Conclusions 
 
Based on the sensitivity analysis, the modeling team applied the following rules to the 
calibration process: 
 

 The primary calibration parameter for wet-weather volume was percent 
impervious.  While predicted volume is also very sensitive to subbasin area, the 
area parameter is measurable and well defined, and hence not subject to change 
for calibration purposes. 

 The primary calibration parameter for wet-weather peak flow was subbasin width.  
With percent impervious typically established through the volume calibration, 
subbasin width was used to adjust peak flows. 

 The primary calibration parameter for hydrograph shape was subbasin width; 
however, with width already adjusted to define peak flow, a reasonable 
representation of hydrograph shape was typically achieved through calibration to 
the first two measures.  Any remaining adjustments to shape deemed necessary 
were obtained with the secondary timing parameters (overland flow slope and 
overland flow N). 
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100-20 Combined 24.05 24.05 28.4 183.1 0.5360 RG1 Elkh1 24.05 5.7 274.6 0.5360 RG1Spr05 Elkh1
100-6 Combined 31.45 31.45 33.9 150.0 0.6500 RG1 Elkh1 31.45 6.8 225.0 0.6500 RG1Spr05 Elkh1
101-20 Combined 12.71 12.71 27.5 178.7 0.6500 RG1 Elkh1 12.71 5.5 268.0 0.6500 RG1Spr05 Elkh1
101-6 Combined 36.58 36.58 27.5 125.0 0.6500 RG1 Elkh1 36.58 5.5 187.5 0.6500 RG1Spr05 Elkh1
102-13 Combined 15.58 15.58 27.5 488.9 0.5200 RG4 Elkh1 15.58 5.5 733.3 0.5200 RG4Spr05 Elkh1
102-23 Combined 13.08 13.08 28.7 129.6 0.5200 RG4 Elkh1 13.08 5.7 194.3 0.5200 RG4Spr05 Elkh1
102-26 Combined 4.61 4.61 59.2 115.7 0.2180 RG4 Elkh1 4.61 59.2 173.6 0.2620 RG4Spr05 Elkh1
102-33 Combined 24.09 24.09 41.0 125.0 0.2180 RG4 Elkh1 24.09 41.0 187.5 0.2620 RG4Spr05 Elkh1
102-36 Combined 12.89 12.89 42.2 163.3 0.2180 RG1 Elkh1 12.89 42.2 244.9 0.2620 RG1Spr05 Elkh1
102-38 Combined 10.55 10.55 50.9 107.3 0.2180 RG1 Elkh1 10.55 50.9 160.9 0.2620 RG1Spr05 Elkh1
102-40 Combined 13.92 13.92 28.0 130.8 0.2180 RG4 Elkh1 13.92 5.6 196.2 0.2180 RG4Spr05 Elkh1
102-41 Combined 12.40 12.40 27.5 143.5 0.2180 RG4 Elkh1 12.40 5.5 215.3 0.2180 RG4Spr05 Elkh1
102-42 Combined 5.52 5.52 27.5 84.6 0.2180 RG1 Elkh1 5.52 5.5 126.9 0.2180 RG1Spr05 Elkh1
102-43 Combined 10.73 10.73 27.5 112.9 0.2180 RG1 Elkh1 10.73 5.5 169.4 0.2180 RG1Spr05 Elkh1
102-44 Combined 27.35 27.35 27.5 180.7 0.2180 RG1 Elkh1 27.35 5.5 271.1 0.2180 RG1Spr05 Elkh1
102-57 Combined 4.57 4.57 27.5 74.5 0.5200 RG4 Elkh1 4.57 5.5 111.8 0.5200 RG4Spr05 Elkh1
103-1 Combined 7.11 7.11 27.5 87.9 0.5200 RG4 Elkh1 7.11 5.5 105.4 0.5200 RG4Spr05 Elkh1
103-13 Combined 5.73 5.73 27.5 87.1 0.2180 RG4 Elkh1 5.73 5.5 130.7 0.2180 RG4Spr05 Elkh1
103-14 Combined 6.11 6.11 27.5 87.9 0.2180 RG4 Elkh1 6.11 5.5 131.9 0.2180 RG4Spr05 Elkh1
103-15 Combined 5.59 5.59 27.5 82.5 0.2180 RG4 Elkh1 5.59 5.5 123.8 0.2180 RG4Spr05 Elkh1
103-16 Combined 7.98 7.98 27.5 94.4 0.2180 RG4 Elkh1 7.98 5.5 141.6 0.2180 RG4Spr05 Elkh1
103-17 Combined 5.57 5.57 27.5 83.5 0.2180 RG4 Elkh1 5.57 5.5 125.2 0.2180 RG4Spr05 Elkh1
103-18 Combined 6.42 6.42 30.9 90.5 0.2180 RG4 Elkh1 6.42 6.2 135.7 0.2180 RG4Spr05 Elkh1
103-19 Combined 19.86 19.86 27.6 428.8 0.2180 RG4 Elkh1 19.86 5.5 514.5 0.2180 RG4Spr05 Elkh1
103-30 Combined 3.56 3.56 27.5 81.3 0.5200 RG4 Elkh1 3.56 5.5 97.6 0.5200 RG4Spr05 Elkh1
103-35 Combined 3.90 3.90 27.5 62.2 0.2180 RG4 Elkh1 3.90 5.5 93.3 0.2180 RG4Spr05 Elkh1
103-41 Combined 5.97 5.97 27.5 88.3 0.5200 RG4 Elkh1 5.97 5.5 132.5 0.5200 RG4Spr05 Elkh1
103-47 Combined 9.81 9.81 27.5 106.2 0.5200 RG4 Elkh1 9.81 5.5 159.4 0.5200 RG4Spr05 Elkh1
103-51 Combined 12.17 12.17 28.0 176.6 0.5200 RG4 Elkh1 12.17 5.6 211.9 0.5200 RG4Spr05 Elkh1
103-54 Combined 7.76 7.76 27.5 98.1 0.5200 RG4 Elkh1 7.76 5.5 147.1 0.5200 RG4Spr05 Elkh1
103-6 Combined 2.41 2.41 27.5 55.0 0.5200 RG4 Elkh1 2.41 5.5 66.0 0.5200 RG4Spr05 Elkh1
103-61 Combined 3.90 3.90 29.6 64.1 0.1900 RG4 Elkh1 3.90 5.9 96.1 0.1900 RG4Spr05 Elkh1
103-8 Combined 9.17 9.17 27.5 96.1 0.2180 RG4 Elkh1 9.17 5.5 144.2 0.2180 RG4Spr05 Elkh1
104-14 Combined 10.87 10.87 27.9 117.5 0.2400 RG4 Elkh1 10.87 5.6 141.0 0.2400 RG4Spr05 Elkh1
104-15 Combined 6.70 6.70 38.1 92.6 0.9350 RG4 Elkh1 6.70 7.6 111.1 0.9350 RG4Spr05 Elkh1
104-26 Combined 8.08 8.08 36.5 110.7 0.2400 RG4 Elkh1 8.08 7.3 132.8 0.2400 RG4Spr05 Elkh1
104-28 Combined 3.55 3.55 33.5 57.4 0.2400 RG4 Elkh1 3.55 6.7 68.9 0.2400 RG4Spr05 Elkh1
104-4 Combined 20.11 20.11 69.8 88.3 0.9350 RG4 Elkh1 20.11 14.0 106.0 0.9350 RG4Spr05 Elkh1
104-9 Combined 8.51 8.51 50.9 112.1 0.2400 RG4 Elkh1 8.51 10.2 134.6 0.2400 RG4Spr05 Elkh1

105-103 Combined 14.57 14.57 53.9 150.5 0.6150 RG4 Elkh1 14.57 10.8 180.6 0.6150 RG4Spr05 Elkh1
105-11 Combined 9.03 9.03 28.5 152.9 1.5030 RG2 Elkh1 9.03 5.7 183.4 1.5000 RG2Spr05 Elkh1
105-2 Combined 5.92 5.92 27.5 76.0 1.5030 RG2 Elkh1 5.92 5.5 91.2 1.5000 RG2Spr05 Elkh1
105-34 Combined 5.00 5.00 63.9 87.7 0.5560 RG4 Elkh1 5.00 12.8 105.2 0.5560 RG4Spr05 Elkh1
105-36 Combined 3.04 3.04 65.9 55.1 0.7400 RG2 Elkh1 3.04 13.2 66.2 0.7400 RG2Spr05 Elkh1
105-45 Combined 4.66 4.66 72.5 80.3 0.7400 RG2 Elkh1 4.66 14.5 96.3 0.7400 RG2Spr05 Elkh1
105-49 Combined 12.27 12.27 65.9 88.7 0.7400 RG2 Elkh1 12.27 65.9 133.1 0.8880 RG4Spr05 Elkh1
105-55 Combined 2.90 2.90 75.0 61.6 0.7400 RG4 Elkh1 2.90 15.0 73.9 0.7000 RG4Spr05 Elkh1
105-58 Combined 26.03 26.03 50.3 160.9 0.2400 RG4 Elkh1 26.03 10.1 193.1 0.2400 RG4Spr05 Elkh1
105-6 Combined 4.82 4.82 27.5 120.1 1.5030 RG2 Elkh1 4.82 5.5 144.1 1.5000 RG2Spr05 Elkh1
105-73 Combined 7.33 7.33 51.2 63.3 0.2400 RG4 Elkh1 7.33 10.2 75.9 0.2000 RG4Spr05 Elkh1
105-78 Combined 3.09 3.09 75.0 61.6 0.2400 RG4 Elkh1 3.09 15.0 73.9 0.2400 RG4Spr05 Elkh1
105-79 Combined 5.03 5.03 71.4 74.8 0.2400 RG4 Elkh1 5.03 14.3 89.8 0.2400 RG4Spr05 Elkh1
106-26 Combined 23.82 23.82 27.7 171.8 3.9560 RG2 Elkh1 23.82 6.9 343.5 3.9600 RG2Spr05 Elkh1
106-36 Combined 15.18 15.18 29.9 148.6 0.6380 RG2 Elkh1 15.18 7.5 297.2 0.6380 RG2Spr05 Elkh1
106-37 Combined 9.38 9.38 27.9 117.1 0.6380 RG2 Elkh1 9.38 7.0 234.3 0.6380 RG2Spr05 Elkh1
106-42 Combined 5.99 5.99 28.2 134.0 0.6380 RG2 Elkh1 5.99 9.9 160.8 0.6380 RG2Spr05 Elkh1
106-46 Combined 4.26 4.26 42.6 71.9 0.6380 RG2 Elkh1 4.26 14.9 86.3 0.6380 RG2Spr05 Elkh1
106-53 Combined 1.35 1.35 28.3 46.7 0.7400 RG2 Elkh1 1.35 5.7 56.0 0.7400 RG2Spr05 Elkh1
106-58 Combined 8.50 8.50 28.4 40.1 0.7400 RG2 Elkh1 8.50 5.7 48.1 0.7400 RG2Spr05 Elkh1
106-64 Combined 6.72 6.72 28.8 93.8 0.7400 RG2 Elkh1 6.72 5.8 112.5 0.7400 RG2Spr05 Elkh1
106-7 Combined 11.54 11.54 58.8 128.7 0.6380 RG2 Elkh1 11.54 14.7 257.4 0.6380 RG2Spr05 Elkh1
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107-17 Combined 11.96 11.96 65.2 206.3 0.7900 RG2 Elkh1 11.96 24.1 247.6 0.7900 RG2Spr05 Elkh1
107-32 Combined 16.53 16.53 43.1 231.3 0.7880 RG2 Elkh1 16.53 16.0 277.6 0.7880 RG2Spr05 Elkh1
107-33 Combined 35.90 35.90 65.6 206.3 0.7880 RG2 Elkh1 35.90 24.3 247.6 0.7880 RG2Spr05 Elkh1
107-38 Combined 27.95 27.95 64.8 184.7 0.7880 RG2 Elkh1 27.95 24.0 221.6 0.7880 RG2Spr05 Elkh1
107-47 Combined 6.71 6.71 31.6 82.0 0.5430 RG2 Elkh1 6.71 11.1 98.4 0.5430 RG2Spr05 Elkh1
107-50 Combined 42.92 42.92 32.3 524.5 0.5430 RG2 Elkh1 42.92 11.3 629.4 0.5430 RG2Spr05 Elkh1
107-70 Combined 27.80 27.80 29.1 116.2 0.5430 RG2 Elkh1 27.80 10.2 139.4 0.5430 RG2Spr05 Elkh1
108-18 Combined 74.27 74.27 58.1 277.3 0.7880 RG2 Elkh1 74.27 21.5 332.8 0.7880 RG2Spr05 Elkh1
116-16 Combined 102.75 102.75 31.1 176.9 0.2030 RG2 Elkh1 102.75 4.7 707.7 0.2030 RG2Spr05 Elkh1
116-24 Combined 11.54 11.54 38.9 115.7 0.1860 RG2 Elkh1 11.54 5.8 462.7 0.1860 RG2Spr05 Elkh1
117-38 Combined 11.10 11.10 27.5 117.0 0.1860 RG2 Elkh1 11.10 4.1 467.9 0.1860 RG2Spr05 Elkh1
117-43 Combined 7.19 7.19 39.6 95.5 0.1860 RG2 Elkh1 7.19 5.9 381.9 0.1860 RG2Spr05 Elkh1
117-5 Combined 38.89 38.89 27.9 150.0 0.1860 RG2 Elkh1 38.89 4.2 600.0 0.1860 RG2Spr05 Elkh1
117-51 Combined 13.17 13.17 29.4 215.7 0.1860 RG2 Elkh1 13.17 4.4 862.7 0.1860 RG2Spr05 Elkh1
117-54 Combined 7.58 7.58 27.5 97.6 0.4760 RG2 Elkh1 7.58 4.1 390.2 0.4760 RG2Spr05 Elkh1
118-15 Combined 1.13 1.13 32.6 40.3 0.3780 RG2 Elkh1 1.13 11.4 48.3 0.3780 RG2Spr05 Elkh1
118-2 Combined 54.96 54.96 29.2 140.0 0.5430 RG2 Elkh1 54.96 4.4 560.0 0.5430 RG2Spr05 Elkh1
118-27 Combined 19.95 19.95 27.5 139.2 0.5430 RG2 Elkh1 19.95 4.1 556.8 0.5430 RG2Spr05 Elkh1
118-33 Combined 1.24 1.24 27.5 35.9 0.5430 RG2 Elkh1 1.24 4.1 143.4 0.5430 RG2Spr05 Elkh1
118-37 Combined 2.90 2.90 27.5 61.6 0.3780 RG2 Elkh1 2.90 5.5 73.9 0.3780 RG2Spr05 Elkh1
118-38 Combined 8.95 8.95 29.0 106.8 0.3780 RG2 Elkh1 8.95 5.8 128.2 0.3780 RG2Spr05 Elkh1
118-46 Combined 15.83 15.83 27.5 130.7 0.5430 RG2 Elkh1 15.83 4.1 522.8 0.5430 RG2Spr05 Elkh1
118-47 Combined 10.62 10.62 27.5 98.1 0.5430 RG2 Elkh1 10.62 4.1 392.5 0.5430 RG2Spr05 Elkh1
118-48 Combined 16.21 16.21 27.5 93.7 0.5430 RG2 Elkh1 16.21 4.1 375.0 0.5430 RG2Spr05 Elkh1
118-54 Combined 10.52 10.52 27.5 130.1 0.5430 RG2 Elkh1 10.52 4.1 520.4 0.5430 RG2Spr05 Elkh1
118-55 Combined 9.25 9.25 27.5 105.8 0.5430 RG2 Elkh1 9.25 4.1 423.0 0.5430 RG2Spr05 Elkh1
118-63 Combined 5.53 5.53 27.5 115.1 0.5430 RG2 Elkh1 5.53 4.1 460.4 0.5430 RG2Spr05 Elkh1
118-66 Combined 8.75 8.75 27.5 97.8 0.3780 RG2 Elkh1 8.75 5.5 117.4 0.3780 RG2Spr05 Elkh1
118-70 Combined 18.04 18.04 27.7 108.9 0.3780 RG2 Elkh1 18.04 5.5 130.7 0.3780 RG2Spr05 Elkh1

119-109 Combined 11.12 11.12 27.5 116.7 0.7400 RG2 Elkh1 11.12 5.5 140.1 0.7400 RG2Spr05 Elkh1
119-121 Combined 8.40 8.40 35.8 110.5 0.7400 RG2 Elkh1 8.40 7.2 132.6 0.7400 RG2Spr05 Elkh1
119-125 Combined 6.83 6.83 75.0 67.3 0.7400 RG2 Elkh1 6.83 45.0 80.7 0.7400 RG2Spr05 Elkh1
119-28 Combined 23.39 23.39 29.6 168.6 0.7400 RG2 Elkh1 23.39 5.9 202.3 0.7400 RG2Spr05 Elkh1
119-3 Combined 5.55 5.55 27.5 105.2 0.3780 RG2 Elkh1 5.55 5.5 126.2 0.3780 RG2Spr05 Elkh1
119-6 Combined 3.57 3.57 29.6 65.6 0.3780 RG2 Elkh1 3.57 5.9 78.7 0.3780 RG2Spr05 Elkh1
119-67 Combined 11.49 11.49 58.3 124.5 0.7400 RG2 Elkh1 11.49 11.7 149.4 0.7400 RG2Spr05 Elkh1
119-76 Combined 16.33 16.33 48.0 167.7 0.7400 RG2 Elkh1 16.33 9.6 201.2 0.7400 RG2Spr05 Elkh1

120-130 Combined 6.49 6.49 75.0 63.9 0.7400 RG4 Elkh1 6.49 45.0 76.7 0.7400 RG4Spr05 Elkh1
120-15 Combined 1.76 1.76 75.0 47.5 1.5870 RG4 Elkh1 1.76 15.0 57.0 1.5900 RG4Spr05 Elkh1
120-18 Combined 10.80 10.80 75.0 135.8 0.7400 RG4 Elkh1 10.80 45.0 163.0 0.7400 RG4Spr05 Elkh1
120-19 Combined 5.23 5.23 75.0 75.7 0.7400 RG4 Elkh1 5.23 28.5 90.8 0.7400 RG4Spr05 Elkh1
120-21 Combined 1.73 1.73 75.0 50.0 1.5870 RG4 Elkh1 1.73 15.0 60.0 1.5900 RG4Spr05 Elkh1
120-36 Combined 6.52 6.52 75.0 148.8 0.5200 RG4 Elkh1 6.52 15.0 178.5 0.5200 RG4Spr05 Elkh1
120-46 Combined 6.14 6.14 75.0 80.8 0.7400 RG4 Elkh1 6.14 28.5 96.9 0.7400 RG4Spr05 Elkh1
120-5 Combined 3.47 3.47 75.0 63.1 0.7400 RG4 Elkh1 3.47 45.0 75.7 0.7400 RG4Spr05 Elkh1
120-50 Combined 3.82 3.82 75.0 63.3 0.7400 RG4 Elkh1 3.82 28.5 76.0 0.7400 RG4Spr05 Elkh1
120-67 Combined 36.52 36.52 52.3 171.8 1.5870 RG4 Elkh1 36.52 10.5 206.2 1.5900 RG4Spr05 Elkh1
120-7 Combined 4.40 4.40 75.0 72.1 1.5870 RG4 Elkh1 4.40 15.0 86.5 1.5900 RG4Spr05 Elkh1
120-70 Combined 21.85 21.85 47.1 154.7 1.5870 RG4 Elkh1 21.85 9.4 185.6 1.5900 RG4Spr05 Elkh1
120-73 Combined 4.49 4.49 73.2 67.6 0.7400 RG4 Elkh1 4.49 27.8 81.2 0.7400 RG4Spr05 Elkh1
120-76 Combined 4.77 4.77 75.0 88.4 0.7400 RG4 Elkh1 4.77 2.5 4.2 0.0500 RG4Spr05 Elkh1
120-83 Combined 6.47 6.47 46.1 62.8 1.5870 RG4 Elkh1 6.47 18.4 75.3 1.5900 RG4Spr05 Elkh1
121-14 Combined 7.19 7.19 41.9 56.8 1.2790 RG4 Elkh1 7.19 16.8 68.2 1.2800 RG4Spr05 Elkh1
122-13 Combined 31.55 31.55 42.6 93.5 0.1190 RG4 Elkh1 31.55 42.6 140.2 0.1430 RG4Spr05 Elkh1
122-16 Combined 4.30 4.30 29.2 69.9 0.1190 RG4 Elkh1 4.30 11.7 83.9 0.1190 RG4Spr05 Elkh1
122-19 Combined 3.99 3.99 31.3 63.6 0.1190 RG4 Elkh1 3.99 12.5 76.3 0.1190 RG4Spr05 Elkh1
122-28 Combined 3.77 3.77 31.3 66.5 0.1960 RG4 Elkh1 3.77 12.5 79.8 0.1960 RG4Spr05 Elkh1
122-33 Combined 4.87 4.87 37.3 80.2 0.1960 RG4 Elkh1 4.87 14.9 96.2 0.1960 RG4Spr05 Elkh1
122-34 Combined 6.59 6.59 39.7 90.7 0.1960 RG4 Elkh1 6.59 15.9 108.9 0.1960 RG4Spr05 Elkh1
122-36 Combined 11.55 11.55 42.8 127.3 0.1960 RG4 Elkh1 11.55 17.1 152.8 0.1960 RG4Spr05 Elkh1
122-9 Combined 12.01 12.01 45.4 115.2 0.1190 RG4 Elkh1 12.01 45.4 172.7 0.1430 RG4Spr05 Elkh1
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135-13 Combined 12.57 12.57 28.9 83.6 1.0240 RG3 Elkh1 12.57 11.6 100.4 1.0240 RG3Spr05 Elkh1
135-15 Combined 5.23 5.23 27.5 50.8 1.5870 RG3 Elkh1 5.23 11.0 61.0 1.5900 RG3Spr05 Elkh1
135-16 Combined 13.98 13.98 27.5 137.4 1.0240 RG3 Elkh1 13.98 11.0 164.9 1.0200 RG3Spr05 Elkh1
135-28 Combined 24.20 24.20 36.7 150.5 1.0240 RG3 Elkh1 24.20 14.7 180.6 1.0200 RG3Spr05 Elkh1
135-29 Combined 16.46 16.46 32.4 127.9 1.0240 RG3 Elkh1 16.46 13.0 153.4 1.0200 RG3Spr05 Elkh1
135-46 Combined 33.45 33.45 28.1 105.8 0.1190 RG4 Elkh1 33.45 11.2 126.9 0.1190 RG4Spr05 Elkh1
135-5 Combined 5.16 5.16 27.5 45.9 0.9950 RG4 Elkh1 5.16 11.0 55.0 0.9950 RG4Spr05 Elkh1

136-115 Combined 10.45 10.45 27.5 125.3 2.0080 RG4 Elkh1 10.45 11.0 150.3 2.0100 RG4Spr05 Elkh1
136-12 Combined 8.64 8.64 33.7 104.0 0.3030 RG3 Elkh1 8.64 13.5 124.8 0.3640 RG3Spr05 Elkh1
136-20 Combined 10.26 10.26 51.0 107.1 0.3030 RG3 Elkh1 10.26 20.4 128.6 0.3640 RG3Spr05 Elkh1
136-4 Combined 16.80 16.80 50.9 111.5 1.2790 RG4 Elkh1 16.80 20.3 133.8 1.2800 RG4Spr05 Elkh1
136-59 Combined 10.40 10.40 40.6 21.8 0.0100 RG4 Elkh1 10.40 16.2 26.2 0.0100 RG4Spr05 Elkh1
136-63 Combined 9.71 9.71 40.1 103.3 1.2790 RG4 Elkh1 9.71 16.0 124.0 1.2800 RG4Spr05 Elkh1
136-69 Combined 13.26 13.26 41.3 122.7 1.2790 RG4 Elkh1 13.26 16.5 147.2 1.2800 RG4Spr05 Elkh1
136-78 Combined 23.49 23.49 36.7 156.6 1.2790 RG4 Elkh1 23.49 14.7 187.9 1.2800 RG4Spr05 Elkh1
136-9 Combined 8.15 8.15 72.8 26.4 0.4000 RG3 Elkh1 8.15 27.7 31.6 0.4000 RG3Spr05 Elkh1
137-15 Combined 10.86 10.86 71.3 114.2 0.4000 RG4 Elkh1 10.86 2.5 9.5 0.0500 RG4Spr05 Elkh1
137-18 Combined 8.67 8.67 55.0 104.1 0.4000 RG4 Elkh1 8.67 2.5 37.8 0.0500 RG4Spr05 Elkh1
137-19 Combined 1.49 1.49 40.0 37.7 0.4000 RG4 Elkh1 1.49 2.5 6.5 0.0500 RG4Spr05 Elkh1
137-24 Combined 9.23 9.23 63.4 106.2 0.3030 RG5 Elkh1 9.23 63.4 127.4 0.3030 RG5Spr05 Elkh1
137-27 Combined 4.37 4.37 52.9 70.5 0.3030 RG5 Elkh1 4.38 2.5 19.1 0.0500 RG5Spr05 Elkh1
137-29 Combined 7.21 7.21 62.3 93.0 0.3030 RG5 Elkh1 7.21 2.5 31.4 0.0500 RG5Spr05 Elkh1
137-31 Combined 7.29 7.29 40.5 87.2 0.3030 RG3 Elkh1 7.29 2.5 31.7 0.0500 RG3Spr05 Elkh1
137-33 Combined 5.60 5.60 40.0 87.0 0.3030 RG4 Elkh1 5.60 2.5 24.4 0.0500 RG4Spr05 Elkh1
137-34 Combined 6.03 6.03 40.0 85.5 0.3030 RG4 Elkh1 6.03 2.5 26.3 0.0500 RG4Spr05 Elkh1
137-55 Combined 12.97 12.97 40.9 123.0 0.3030 RG5 Elkh1 12.97 2.5 56.5 0.0500 RG5Spr05 Elkh1
137-59 Combined 10.26 10.26 43.2 111.3 0.3030 RG3 Elkh1 10.26 2.5 4.5 0.0500 RG3Spr05 Elkh1
137-68 Combined 10.57 10.57 66.4 126.9 0.3030 RG5 Elkh1 10.57 2.5 4.6 0.0500 RG5Spr05 Elkh1
137-71 Combined 5.40 5.40 37.7 84.6 0.3030 RG3 Elkh1 5.40 2.5 2.4 0.0500 RG3Spr05 Elkh1
137-8 Combined 23.86 23.86 64.1 153.3 0.3030 RG4 Elkh1 23.86 2.5 103.9 0.0500 RG4Spr05 Elkh1
137-81 Combined 8.36 8.36 50.4 66.0 0.3030 RG5 Elkh1 8.36 20.2 79.1 0.3640 RG5Spr05 Elkh1
137-84 Combined 6.64 6.64 30.4 68.3 0.3030 RG3 Elkh1 6.64 12.2 81.9 0.3640 RG3Spr05 Elkh1

138-117 Combined 22.23 22.23 56.2 66.2 1.4300 RG2 Elkh1 22.23 11.2 79.5 1.4300 RG2Spr05 Elkh1
138-20 Combined 29.85 29.85 56.3 169.4 1.4300 RG2 Elkh1 29.85 11.3 203.3 1.4300 RG2Spr05 Elkh1
138-25 Combined 46.42 46.42 64.8 188.5 0.7480 RG2 Elkh1 46.42 19.4 282.8 0.8980 RG2Spr05 Elkh1
138-35 Combined 38.19 38.19 50.7 175.0 0.7480 RG5 Elkh1 38.19 15.2 262.5 0.8980 RG5Spr05 Elkh1
138-51 Combined 17.35 17.35 65.0 157.6 0.3030 RG5 Elkh1 17.35 2.5 75.6 0.0500 RG5Spr05 Elkh1
139-1 Combined 19.49 19.49 27.5 139.4 0.4760 RG2 Elkh1 19.49 4.1 557.7 0.4760 RG2Spr05 Elkh1

139-123 Combined 15.53 15.53 34.6 153.4 1.4300 RG2 Elkh1 15.53 6.9 184.1 1.4300 RG2Spr05 Elkh1
139-13 Combined 20.29 20.29 27.6 157.8 1.4300 RG2 Elkh1 20.29 5.5 189.3 1.4300 RG2Spr05 Elkh1
139-42 Combined 6.67 6.67 72.4 284.5 1.4300 RG2 Elkh1 6.67 14.5 341.4 1.4300 RG2Spr05 Elkh1
139-49 Combined 2.68 2.68 29.1 55.1 1.4300 RG2 Elkh1 2.68 5.8 66.2 1.4300 RG2Spr05 Elkh1
139-53 Combined 9.63 9.63 32.6 108.3 0.7480 RG2 Elkh1 9.63 6.5 130.0 0.7480 RG2Spr05 Elkh1
139-55 Combined 10.57 10.57 27.5 111.7 1.4300 RG2 Elkh1 10.57 5.5 134.1 1.4300 RG2Spr05 Elkh1
139-88 Combined 44.85 44.85 48.8 315.4 0.7480 RG2 Elkh1 44.85 9.8 378.5 0.7480 RG2Spr05 Elkh1
139-95 Combined 3.75 3.75 58.4 77.2 0.7480 RG5 Elkh1 3.75 46.7 92.7 0.7480 RG5Spr05 Elkh1
140-21 Combined 13.36 13.36 27.5 133.6 0.8900 RG2 Elkh1 13.36 5.5 160.4 0.8900 RG2Spr05 Elkh1
140-29 Combined 6.21 6.21 27.5 31.9 0.8900 RG2 Elkh1 6.21 5.5 38.2 0.8900 RG2Spr05 Elkh1
140-41 Combined 43.41 43.41 43.2 86.5 0.8900 RG2 Elkh1 43.41 8.6 103.7 0.8900 RG2Spr05 Elkh1
140-7 Combined 14.37 14.37 27.5 105.3 0.4760 RG2 Elkh1 14.37 4.1 421.3 0.4760 RG2Spr05 Elkh1
140-8 Combined 12.64 12.64 27.5 130.6 0.4760 RG2 Elkh1 12.64 11.0 261.2 0.4760 RG2Spr05 Elkh1
140-80 Combined 12.35 12.35 27.5 115.0 0.8900 RG2 Elkh1 12.35 5.5 138.0 0.8900 RG2Spr05 Elkh1
140-97 Combined 6.25 6.25 27.5 107.3 0.8900 RG2 Elkh1 6.25 5.5 128.8 0.8900 RG2Spr05 Elkh1
150-10 Combined 1.96 1.96 62.2 28.4 0.5200 RG5 Elkh1 1.96 49.8 34.1 0.5200 RG5Spr05 Elkh1
150-12 Combined 15.64 15.64 38.3 134.9 0.7480 RG5 Elkh1 15.64 30.6 161.8 0.7480 RG5Spr05 Elkh1
150-13 Combined 12.18 12.18 30.5 122.5 0.7480 RG5 Elkh1 12.18 24.4 147.0 0.7480 RG5Spr05 Elkh1
150-14 Combined 20.71 20.71 41.0 150.3 0.7480 RG5 Elkh1 20.71 32.8 180.4 0.7480 RG5Spr05 Elkh1
150-15 Combined 6.68 6.68 46.4 93.2 0.7480 RG5 Elkh1 6.68 37.1 111.8 0.7480 RG5Spr05 Elkh1
150-16 Combined 9.39 9.39 27.5 104.0 0.7480 RG5 Elkh1 9.39 22.0 124.8 0.7480 RG5Spr05 Elkh1
150-17 Combined 5.71 5.71 47.0 86.4 0.7480 RG5 Elkh1 5.71 37.6 103.6 0.7480 RG5Spr05 Elkh1
150-18 Combined 24.16 24.16 42.8 163.3 0.7480 RG5 Elkh1 24.16 34.2 195.9 0.7480 RG5Spr05 Elkh1
150-19 Combined 21.54 21.54 42.4 159.3 0.7480 RG5 Elkh1 21.54 33.9 191.1 0.7480 RG5Spr05 Elkh1
150-20 Combined 10.50 10.50 52.9 46.9 0.7480 RG5 Elkh1 10.50 42.3 56.3 0.7480 RG5Spr05 Elkh1
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150-9 Combined 16.01 16.01 58.2 71.9 0.7480 RG5 Elkh1 16.01 46.6 86.3 0.7480 RG5Spr05 Elkh1
151-10 Combined 38.62 38.62 27.5 81.1 0.0100 RG5 Elkh1 38.62 27.5 97.3 0.0100 RG5Spr05 Elkh1
151-13 Combined 14.01 14.01 27.5 118.5 0.1920 RG5 Elkh1 14.01 27.5 142.1 0.1920 RG5Spr05 Elkh1
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Modeled Area 
(acs)

Percent 
Impervious (%)

Width 
(ft)

Slope (%)
Rain Gauge 
Reference

Infiltration 
Reference

Modeled Area 
(acs)

Percent Impervious 
(%)

Width 
(ft)

Slope (%)
Rain Gauge 
Reference

Infiltration 
Reference

151-14 Combined 12.85 12.85 33.0 174.8 0.1920 RG5 Elkh1 12.85 33.0 209.8 0.1920 RG5Spr05 Elkh1
151-2 Combined 12.73 12.73 44.3 203.7 0.7480 RG5 Elkh1 12.73 35.5 244.4 0.7480 RG5Spr05 Elkh1
151-32 Combined 14.86 14.86 27.5 155.7 0.7480 RG5 Elkh1 14.86 27.5 186.8 0.7480 RG5Spr05 Elkh1
152-13 Combined 13.75 13.75 27.5 131.9 0.3030 RG5 Elkh1 13.75 11.0 158.3 0.3640 RG5Spr05 Elkh1
152-17 Combined 11.68 11.68 27.5 103.0 0.3030 RG5 Elkh1 11.68 11.0 123.6 0.3640 RG5Spr05 Elkh1
152-23 Combined 18.32 18.32 27.5 74.4 0.3030 RG5 Elkh1 18.32 11.0 89.3 0.3640 RG5Spr05 Elkh1
152-25 Combined 15.99 15.99 27.5 105.9 0.3030 RG5 Elkh1 15.99 11.0 127.1 0.3640 RG5Spr05 Elkh1
152-34 Combined 6.14 6.14 28.7 110.0 0.3030 RG5 Elkh1 6.14 11.5 132.0 0.3640 RG5Spr05 Elkh1
152-39 Combined 28.05 28.05 33.6 702.5 0.1920 RG5 Elkh1 28.05 33.6 843.0 0.1920 RG5Spr05 Elkh1
152-41 Combined 24.43 24.43 29.0 432.8 0.1920 RG5 Elkh1 24.43 11.6 519.4 0.2300 RG5Spr05 Elkh1
152-5 Combined 12.47 12.47 27.5 121.0 0.3030 RG5 Elkh1 12.47 11.0 145.2 0.3640 RG5Spr05 Elkh1
153-14 Combined 3.12 3.12 27.5 60.5 0.3030 RG3 Elkh1 3.12 11.0 72.6 0.3640 RG3Spr05 Elkh1
153-17 Combined 21.35 21.35 27.5 160.2 0.3030 RG3 Elkh1 21.35 11.0 192.3 0.3640 RG3Spr05 Elkh1
153-2 Combined 3.31 3.31 27.5 59.9 0.3030 RG3 Elkh1 3.31 11.0 71.9 0.3640 RG3Spr05 Elkh1
153-23 Combined 7.99 7.99 27.5 98.7 0.3030 RG3 Elkh1 7.99 11.0 118.4 0.3640 RG3Spr05 Elkh1
153-26 Combined 4.09 4.09 27.5 75.5 0.3030 RG3 Elkh1 4.09 11.0 90.6 0.3640 RG3Spr05 Elkh1
153-3 Combined 7.53 7.53 27.5 90.9 0.3030 RG3 Elkh1 7.53 11.0 109.0 0.3640 RG3Spr05 Elkh1
153-31 Combined 19.35 19.35 50.3 157.1 0.3030 RG3 Elkh1 19.35 20.1 188.6 0.3640 RG3Spr05 Elkh1
153-33 Combined 9.99 9.99 27.5 109.5 0.3030 RG3 Elkh1 9.99 11.0 131.4 0.3640 RG3Spr05 Elkh1
153-35 Combined 4.51 4.51 27.5 74.0 0.3030 RG3 Elkh1 4.51 11.0 88.8 0.3640 RG3Spr05 Elkh1
153-37 Combined 9.85 9.85 27.5 109.0 0.3030 RG3 Elkh1 9.85 11.0 130.8 0.3640 RG3Spr05 Elkh1
153-43 Combined 6.16 6.16 27.5 82.0 0.3030 RG3 Elkh1 6.16 11.0 98.4 0.3640 RG3Spr05 Elkh1
153-46 Combined 4.11 4.11 27.5 72.0 0.3030 RG3 Elkh1 4.11 11.0 86.4 0.3640 RG3Spr05 Elkh1
153-48 Combined 1.07 1.07 27.5 35.4 0.3030 RG3 Elkh1 1.07 11.0 42.4 0.3640 RG3Spr05 Elkh1
153-49 Combined 1.97 1.97 27.5 48.7 0.3030 RG3 Elkh1 1.97 11.0 58.4 0.3640 RG3Spr05 Elkh1
153-56 Combined 8.07 8.07 27.5 95.4 0.3030 RG3 Elkh1 8.07 11.0 114.4 0.3640 RG3Spr05 Elkh1
153-62 Combined 14.55 14.55 64.1 131.5 0.3030 RG3 Elkh1 14.55 25.7 157.7 0.3640 RG3Spr05 Elkh1
153-73 Combined 12.84 12.84 43.6 124.6 1.5870 RG3 Elkh1 12.84 17.4 149.5 1.5900 RG3Spr05 Elkh1
153-8 Combined 21.66 21.66 27.6 159.3 0.3030 RG5 Elkh1 21.66 11.0 191.2 0.3640 RG5Spr05 Elkh1
167-21 Combined 15.30 15.30 27.5 137.3 0.3030 RG3 Elkh1 15.30 5.5 164.7 0.3030 RG3Spr05 Elkh1
167-3 Combined 5.21 5.21 27.5 78.5 0.3030 RG3 Elkh1 5.21 5.5 94.2 0.3030 RG3Spr05 Elkh1
167-4 Combined 9.93 9.93 27.5 116.9 0.3030 RG3 Elkh1 9.93 5.5 140.3 0.3030 RG3Spr05 Elkh1
167-61 Combined 34.16 34.16 62.7 197.0 0.3030 RG3 Elkh1 34.16 25.1 236.4 0.3030 RG3Spr05 Elkh1
167-75 Combined 9.24 9.24 27.5 111.7 0.3030 RG3 Elkh1 9.24 5.5 134.0 0.3030 RG3Spr05 Elkh1
167-8 Combined 21.59 21.59 27.5 231.6 0.3030 RG3 Elkh1 21.59 5.5 277.9 0.3030 RG3Spr05 Elkh1
167-98 Combined 18.37 18.37 43.6 150.2 0.3030 RG3 Elkh1 18.37 8.7 180.2 0.3030 RG3Spr05 Elkh1
168-17 Combined 11.89 11.89 27.5 117.2 0.3030 RG5 Elkh1 11.89 5.5 140.6 0.3030 RG5Spr05 Elkh1
168-26 Combined 12.49 12.49 27.5 119.5 0.3030 RG5 Elkh1 12.49 5.5 143.4 0.3030 RG5Spr05 Elkh1
168-27 Combined 12.97 12.97 27.5 126.1 0.3030 RG5 Elkh1 12.97 5.5 151.3 0.3030 RG5Spr05 Elkh1
168-35 Combined 17.87 17.87 33.9 220.3 0.3030 RG5 Elkh1 17.87 6.8 264.3 0.3030 RG5Spr05 Elkh1
168-38 Combined 18.63 18.63 27.5 159.6 0.3030 RG5 Elkh1 18.63 5.5 191.6 0.3030 RG5Spr05 Elkh1
168-43 Combined 10.10 10.10 27.5 109.4 0.3030 RG3 Elkh1 10.10 5.5 131.3 0.3030 RG3Spr05 Elkh1
168-51 Combined 10.14 10.14 27.5 108.4 0.3030 RG3 Elkh1 10.14 5.5 130.0 0.3030 RG3Spr05 Elkh1
168-56 Combined 9.27 9.27 27.5 107.8 0.3030 RG3 Elkh1 9.27 5.5 129.3 0.3030 RG3Spr05 Elkh1
168-7 Combined 23.43 23.43 33.3 149.3 0.3030 RG5 Elkh1 23.43 6.7 179.1 0.3030 RG5Spr05 Elkh1
169-30 Combined 49.84 49.84 31.7 134.2 1.5680 RG5 Elkh1 49.84 11.1 161.1 1.5700 RG5Spr05 Elkh1
170-24 Combined 26.78 26.78 27.5 178.2 0.2030 RG5 Elkh1 26.78 9.6 213.8 0.2030 RG5Spr05 Elkh1
170-27 Combined 48.42 48.42 27.5 246.6 0.2030 RG5 Elkh1 48.42 9.6 296.0 0.2030 RG5Spr05 Elkh1
170-29 Combined 12.76 12.76 27.5 26.8 0.0100 RG5 Elkh1 12.76 9.6 32.1 0.0100 RG5Spr05 Elkh1
171-1 Combined 22.66 22.66 65.0 80.7 0.3370 RG5 Elkh1 22.66 26.0 96.8 0.3370 RG5Spr05 Elkh1
171-4 Combined 54.32 54.32 64.4 171.0 0.8700 RG5 Elkh1 54.32 25.8 205.3 0.8700 RG5Spr05 Elkh1
186-14 Combined 127.48 127.48 41.0 224.1 0.0400 RG3 Elkh1 127.48 8.2 268.9 0.0400 RG3Spr05 Elkh1
186-3 Combined 30.23 30.23 28.5 385.7 0.1340 RG3 Elkh1 30.23 5.7 462.8 0.1340 RG3Spr05 Elkh1
73-41 Combined 77.73 77.73 29.5 445.8 0.6150 RG4 Elkh1 77.73 8.0 534.9 0.6150 RG4Spr05 Elkh1
86-11 Combined 72.83 72.83 65.4 194.3 0.7880 RG2 Elkh1 72.83 24.2 233.1 0.7880 RG2Spr05 Elkh1
86-18 Combined 4.29 4.29 63.3 78.0 0.7880 RG2 Elkh1 4.29 23.4 93.6 0.7880 RG2Spr05 Elkh1
86-28 Combined 15.06 15.06 55.2 127.4 0.7880 RG2 Elkh1 15.06 20.4 152.8 0.7880 RG2Spr05 Elkh1
86-32 Combined 45.97 45.97 43.0 129.4 0.7880 RG2 Elkh1 45.97 15.9 155.2 0.7880 RG2Spr05 Elkh1
86-5 Combined 58.07 58.07 55.1 263.5 0.7880 RG2 Elkh1 58.07 20.4 316.2 0.7880 RG2Spr05 Elkh1

87-26 Combined 17.56 17.56 33.5 134.8 0.7990 RG2 Elkh1 17.56 12.4 161.7 0.7990 RG2Spr05 Elkh1
87-29 Combined 10.25 10.25 39.5 106.5 0.7990 RG2 Elkh1 10.25 14.6 127.7 0.7990 RG2Spr05 Elkh1
87-52 Combined 41.19 41.19 29.3 150.0 1.0400 RG2 Elkh1 41.19 7.9 180.0 1.0400 RG2Spr05 Elkh1
87-9 Combined 17.01 17.01 30.0 145.9 0.7990 RG2 Elkh1 17.01 11.1 175.1 0.7990 RG2Spr05 Elkh1
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88-21 Combined 42.29 42.29 34.1 102.2 0.6150 RG2 Elkh1 42.29 9.2 122.6 0.6150 RG2Spr05 Elkh1
88-42 Combined 10.83 10.83 32.0 121.2 0.6150 RG4 Elkh1 10.83 8.6 145.5 0.6150 RG4Spr05 Elkh1
88-48 Combined 12.16 12.16 30.5 124.0 0.6150 RG4 Elkh1 12.16 8.2 148.8 0.6150 RG4Spr05 Elkh1
88-52 Combined 10.87 10.87 28.7 119.1 0.6150 RG4 Elkh1 10.87 7.7 142.9 0.6150 RG4Spr05 Elkh1
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Modeled Area 
(acs)

Percent 
Impervious (%)

Width 
(ft)

Slope (%)
Rain Gauge 
Reference

Infiltration 
Reference

Modeled Area 
(acs)

Percent Impervious 
(%)

Width 
(ft)

Slope (%)
Rain Gauge 
Reference

Infiltration 
Reference

88-55 Combined 23.24 23.24 46.4 133.3 0.6150 RG4 Elkh1 23.24 12.5 159.9 0.6150 RG4Spr05 Elkh1
88-64 Combined 5.30 5.30 28.4 75.2 0.6150 RG4 Elkh1 5.30 5.7 90.2 0.6150 RG4Spr05 Elkh1
88-69 Combined 62.47 62.47 33.3 279.7 0.5560 RG4 Elkh1 62.47 9.0 335.7 0.5560 RG4Spr05 Elkh1
88-85 Combined 7.32 7.32 29.9 89.1 0.6150 RG4 Elkh1 7.32 8.1 106.9 0.6150 RG4Spr05 Elkh1
89-12 Combined 3.53 3.53 30.8 53.2 0.5560 RG4 Elkh1 3.53 6.2 63.9 0.5560 RG4Spr05 Elkh1
89-16 Combined 13.43 13.43 27.5 193.2 0.2000 RG4 Elkh1 13.43 2.8 231.9 0.2000 RG4Spr05 Elkh1
89-17 Combined 11.53 11.53 27.5 125.2 0.2000 RG4 Elkh1 11.53 2.8 150.2 0.2000 RG4Spr05 Elkh1
89-26 Combined 11.77 11.77 28.5 156.1 0.5560 RG4 Elkh1 11.77 5.7 187.3 0.5560 RG4Spr05 Elkh1
89-29 Combined 8.44 8.44 27.5 108.4 0.2000 RG4 Elkh1 8.44 5.5 130.1 0.2000 RG4Spr05 Elkh1
89-31 Combined 4.59 4.59 30.7 112.6 0.5560 RG4 Elkh1 4.59 6.1 135.1 0.5560 RG4Spr05 Elkh1
89-33 Combined 35.27 35.27 51.2 200.4 0.5560 RG4 Elkh1 35.27 7.7 240.5 0.5560 RG4Spr05 Elkh1
89-37 Combined 12.91 12.91 27.5 116.8 0.2000 RG4 Elkh1 12.91 4.1 140.2 0.2000 RG4Spr05 Elkh1
90-13 Combined 10.90 10.90 27.5 118.9 0.6600 RG4 Elkh1 10.90 4.1 142.7 0.6600 RG4Spr05 Elkh1
90-15 Combined 9.35 9.35 27.5 105.0 0.6600 RG4 Elkh1 9.35 4.1 126.0 0.6600 RG4Spr05 Elkh1
90-19 Combined 38.33 38.33 27.5 80.5 0.0100 RG4 Elkh1 38.33 4.1 96.6 0.0100 RG4Spr05 Elkh1
90-3 Combined 6.67 6.67 32.2 81.0 0.6600 RG4 Elkh1 6.67 3.2 97.2 0.6600 RG4Spr05 Elkh1

90-43 Combined 40.62 40.62 38.8 150.0 0.2000 RG4 Elkh1 40.62 3.9 180.0 0.2000 RG4Spr05 Elkh1
90-6 Combined 3.92 3.92 27.5 67.7 0.6600 RG4 Elkh1 3.92 2.8 81.3 0.6600 RG4Spr05 Elkh1
90-8 Combined 32.59 32.59 27.5 168.5 0.6600 RG4 Elkh1 32.59 2.8 202.2 0.6600 RG4Spr05 Elkh1

DUMMY3 Combined 6.31 6.31 27.5 144.0 0.5200 RG4 Elkh1 6.31 5.5 216.1 0.5200 RG4Spr05 Elkh1
DUMMY6 Combined 5.73 5.73 27.5 90.4 3.9560 RG2 Elkh1 5.73 5.5 108.5 3.9600 RG2Spr05 Elkh1
NEWMH3 Combined 13.94 13.94 60.7 138.3 0.4000 RG3 Elkh1 13.94 24.3 165.9 0.4000 RG3Spr05 Elkh1

100-2
Local Separations in 

Combined Area
32.03 0.96 0.0 45.8 0.0030 RG1 Elkh1-S 0.16 0.0 14.0 0.0500 RG1Spr05 Elkh1-S

100-4
Local Separations in 

Combined Area
1.61 0.05 0.0 10.3 0.0030 RG1 Elkh1-S 0.01 0.0 0.7 0.0500 RG1Spr05 Elkh1-S

101-13
Local Separations in 

Combined Area
10.79 0.32 0.0 26.6 0.0030 RG1 Elkh1-S 0.05 0.0 4.7 0.0500 RG1Spr05 Elkh1-S

101-14
Local Separations in 

Combined Area
16.80 0.50 0.0 33.2 0.0030 RG1 Elkh1-S 0.08 0.0 7.3 0.0500 RG1Spr05 Elkh1-S

101-15
Local Separations in 

Combined Area
15.74 0.47 0.0 32.1 0.0030 RG1 Elkh1-S 0.08 0.0 6.9 0.0500 RG1Spr05 Elkh1-S

101-17
Local Separations in 

Combined Area
22.62 0.68 0.0 38.5 0.0030 RG1 Elkh1-S 0.11 0.0 9.9 0.0500 RG1Spr05 Elkh1-S

101-3
Local Separations in 

Combined Area
3.44 0.10 0.0 15.0 0.0030 RG1 Elkh1-S 0.02 0.0 1.5 0.0500 RG1Spr05 Elkh1-S

101-31
Local Separations in 

Combined Area
3.67 0.11 0.0 15.5 0.0030 RG1 Elkh1-S 0.02 0.0 1.6 0.0500 RG1Spr05 Elkh1-S

102-14
Local Separations in 

Combined Area
4.84 0.15 0.0 17.8 0.0030 RG4 Elkh1-S 0.02 0.0 2.1 0.0500 RG4Spr05 Elkh1-S

102-16
Local Separations in 

Combined Area
6.22 0.19 0.0 20.2 0.0030 RG1 Elkh1-S 0.03 0.0 2.7 0.0500 RG1Spr05 Elkh1-S

102-50
Local Separations in 

Combined Area
12.05 0.36 0.0 28.1 0.0030 RG1 Elkh1-S 0.06 0.0 5.2 0.0500 RG1Spr05 Elkh1-S

103-29
Local Separations in 

Combined Area
1.20 0.04 0.0 8.9 0.0030 RG4 Elkh1-S 0.01 0.0 0.5 0.0500 RG4Spr05 Elkh1-S

103-34
Local Separations in 

Combined Area
2.03 0.06 0.0 11.5 0.0030 RG4 Elkh1-S 0.01 0.0 0.9 0.0500 RG4Spr05 Elkh1-S

104-3
Local Separations in 

Combined Area
9.17 0.28 0.0 24.5 0.0030 RG4 Elkh1-S 0.05 0.0 4.0 0.0500 RG4Spr05 Elkh1-S

105-24
Local Separations in 

Combined Area
4.36 0.13 0.0 16.9 0.0030 RG4 Elkh1-S 0.02 0.0 1.9 0.0500 RG4Spr05 Elkh1-S

105-46
Local Separations in 

Combined Area
1.73 0.05 0.0 10.7 0.0030 RG2 Elkh1-S 0.01 0.0 0.8 0.0500 RG2Spr05 Elkh1-S

105-57
Local Separations in 

Combined Area
0.83 0.02 0.0 7.4 0.0030 RG4 Elkh1-S 0.00 0.0 0.4 0.0500 RG4Spr05 Elkh1-S

105-9
Local Separations in 

Combined Area
6.16 0.18 0.0 20.1 0.0030 RG2 Elkh1-S 0.03 0.0 2.7 0.0500 RG2Spr05 Elkh1-S

106-1
Local Separations in 

Combined Area
9.69 0.29 0.0 25.2 0.0030 RG2 Elkh1-S 0.05 0.0 4.2 0.0500 RG2Spr05 Elkh1-S
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Modeled Area 
(acs)

Percent 
Impervious (%)

Width 
(ft)

Slope (%)
Rain Gauge 
Reference

Infiltration 
Reference

Modeled Area 
(acs)

Percent Impervious 
(%)

Width 
(ft)

Slope (%)
Rain Gauge 
Reference

Infiltration 
Reference

106-27
Local Separations in 

Combined Area
3.28 0.10 0.0 14.7 0.0030 RG2 Elkh1-S 0.02 0.0 1.4 0.0500 RG2Spr05 Elkh1-S

106-55
Local Separations in 

Combined Area
3.32 0.10 0.0 14.7 0.0030 RG2 Elkh1-S 0.02 0.0 1.4 0.0500 RG2Spr05 Elkh1-S

106-86
Local Separations in 

Combined Area
7.48 0.22 0.0 22.1 0.0030 RG2 Elkh1-S 0.22 0.0 19.5 0.0500 RG4Spr05 Elkh1-S

107-11
Local Separations in 

Combined Area
11.21 0.34 0.0 27.1 0.0030 RG2 Elkh1-S 0.11 0.0 9.8 0.0500 RG2Spr05 Elkh1-S

108-15
Local Separations in 

Combined Area
153.28 4.60 0.0 100.2 0.0030 RG2 Elkh1-S 1.53 0.0 133.5 0.0500 RG2Spr05 Elkh1-S

108-6
Local Separations in 

Combined Area
1.68 0.05 0.0 10.5 0.0030 RG2 Elkh1-S 0.01 0.0 0.7 0.0500 RG2Spr05 Elkh1-S

116-19
Local Separations in 

Combined Area
26.91 0.81 0.0 42.0 0.0030 RG2 Elkh1-S 0.13 0.0 11.7 0.0500 RG2Spr05 Elkh1-S

116-25
Local Separations in 

Combined Area
12.40 0.37 0.0 28.5 0.0030 RG2 Elkh1-S 0.06 0.0 5.4 0.0500 RG2Spr05 Elkh1-S

116-27
Local Separations in 

Combined Area
12.29 0.37 0.0 28.4 0.0030 RG2 Elkh1-S 0.06 0.0 5.4 0.0500 RG2Spr05 Elkh1-S

117-31
Local Separations in 

Combined Area
5.40 0.16 0.0 18.8 0.0030 RG2 Elkh1-S 0.03 0.0 2.4 0.0500 RG2Spr05 Elkh1-S

118-78
Local Separations in 

Combined Area
5.94 0.18 0.0 19.7 0.0030 RG2 Elkh1-S 0.03 0.0 2.6 0.0500 RG2Spr05 Elkh1-S

119-134
Local Separations in 

Combined Area
1.73 0.05 0.0 10.6 0.0030 RG2 Elkh1-S 0.02 0.0 1.5 0.1000 RG2Spr05 Elkh1-S

119-20
Local Separations in 

Combined Area
2.64 0.08 0.0 13.1 0.0030 RG2 Elkh1-S 0.01 0.0 1.1 0.0500 RG2Spr05 Elkh1-S

119-22
Local Separations in 

Combined Area
2.56 0.08 0.0 13.0 0.0030 RG2 Elkh1-S 0.01 0.0 1.1 0.0500 RG2Spr05 Elkh1-S

119-25
Local Separations in 

Combined Area
0.50 0.01 0.0 5.7 0.0030 RG2 Elkh1-S 0.00 0.0 0.2 0.0500 RG2Spr05 Elkh1-S

119-41
Local Separations in 

Combined Area
1.39 0.04 0.0 9.5 0.0030 RG2 Elkh1-S 0.01 0.0 0.6 0.0500 RG2Spr05 Elkh1-S

120-103
Local Separations in 

Combined Area
3.35 0.10 0.0 14.8 0.0030 RG4 Elkh1-S 0.02 0.0 1.5 0.0500 RG4Spr05 Elkh1-S

120-24
Local Separations in 

Combined Area
2.41 0.07 0.0 12.6 0.0030 RG4 Elkh1-S 0.01 0.0 1.1 0.0500 RG4Spr05 Elkh1-S

120-60
Local Separations in 

Combined Area
1.10 0.03 0.0 8.5 0.0030 RG4 Elkh1-S 0.01 0.0 0.5 0.0500 RG4Spr05 Elkh1-S

121-15
Local Separations in 

Combined Area
17.85 0.54 0.0 34.2 0.0030 RG4 Elkh1-S 0.09 0.0 7.8 0.0500 RG4Spr05 Elkh1-S

122-26
Local Separations in 

Combined Area
4.38 0.13 0.0 16.9 0.0030 RG4 Elkh1-S 0.02 0.0 1.9 0.0500 RG4Spr05 Elkh1-S

122-38
Local Separations in 

Combined Area
9.34 0.28 0.0 24.7 0.0030 RG4 Elkh1-S 0.05 0.0 4.1 0.0500 RG4Spr05 Elkh1-S

122-49
Local Separations in 

Combined Area
8.49 0.25 0.0 23.6 0.0030 RG4 Elkh1-S 0.04 0.0 3.7 0.0500 RG4Spr05 Elkh1-S

122-7
Local Separations in 

Combined Area
64.36 1.93 0.0 64.9 0.0030 RG4 Elkh1-S 1.93 0.0 168.2 0.0500 RG4Spr05 Elkh1-S

123-13
Local Separations in 

Combined Area
45.11 1.35 0.0 54.3 0.0030 RG1 Elkh1-S 0.23 0.0 19.6 0.0500 RG1Spr05 Elkh1-S

123-3
Local Separations in 

Combined Area
14.43 0.43 0.0 30.7 0.0030 RG1 Elkh1-S 0.07 0.0 6.3 0.0500 RG1Spr05 Elkh1-S

136-107
Local Separations in 

Combined Area
6.43 0.19 0.0 20.5 0.0030 RG4 Elkh1-S 0.03 0.0 2.8 0.0500 RG4Spr05 Elkh1-S

136-67
Local Separations in 

Combined Area
14.63 0.44 0.0 31.0 0.0030 RG4 Elkh1-S 0.07 0.0 6.4 0.0500 RG4Spr05 Elkh1-S

136-75
Local Separations in 

Combined Area
2.17 0.06 0.0 11.9 0.0030 RG4 Elkh1-S 0.01 0.0 0.9 0.0500 RG4Spr05 Elkh1-S

Hydrology Parameters Summary - "Combined" Subcatchments and "Local Separations in Combined Area" Subcatchments (continued)

Subcatchment ID Subcatchment Type
Subcatchment Area 

(acs)

Initial Parameters Final Parameters
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Modeled Area 
(acs)

Percent 
Impervious (%)

Width 
(ft)

Slope (%)
Rain Gauge 
Reference

Infiltration 
Reference

Modeled Area 
(acs)

Percent Impervious 
(%)

Width 
(ft)

Slope (%)
Rain Gauge 
Reference

Infiltration 
Reference

136-98
Local Separations in 

Combined Area
1.50 0.05 0.0 9.9 0.0030 RG4 Elkh1-S 0.01 0.0 0.7 0.0500 RG4Spr05 Elkh1-S

137-74
Local Separations in 

Combined Area
13.08 0.39 0.0 29.3 0.0030 RG5 Elkh1-S 0.65 0.0 57.0 0.0500 RG5Spr05 Elkh1-S

137-75
Local Separations in 

Combined Area
6.56 0.20 0.0 20.7 0.0030 RG5 Elkh1-S 0.33 0.0 28.6 0.0500 RG5Spr05 Elkh1-S

138-48
Local Separations in 

Combined Area
8.09 0.24 0.0 23.0 0.0030 RG5 Elkh1-S 0.08 0.0 7.0 0.0500 RG5Spr05 Elkh1-S

138-50
Local Separations in 

Combined Area
4.53 0.14 0.0 17.2 0.0030 RG5 Elkh1-S 0.23 0.0 19.7 0.0500 RG5Spr05 Elkh1-S

138-53
Local Separations in 

Combined Area
2.58 0.08 0.0 13.0 0.0030 RG5 Elkh1-S 0.13 0.0 11.2 0.0500 RG5Spr05 Elkh1-S

139-11
Local Separations in 

Combined Area
3.62 0.11 0.0 15.4 0.0030 RG2 Elkh1-S 0.02 0.0 1.6 0.0500 RG2Spr05 Elkh1-S

139-18
Local Separations in 

Combined Area
7.84 0.24 0.0 22.7 0.0030 RG2 Elkh1-S 0.04 0.0 3.4 0.0500 RG2Spr05 Elkh1-S

139-47
Local Separations in 

Combined Area
4.22 0.13 0.0 16.6 0.0030 RG2 Elkh1-S 0.02 0.0 1.8 0.0500 RG2Spr05 Elkh1-S

139-8
Local Separations in 

Combined Area
3.75 0.11 0.0 15.7 0.0030 RG2 Elkh1-S 0.02 0.0 1.6 0.0500 RG2Spr05 Elkh1-S

139-86
Local Separations in 

Combined Area
7.00 0.21 0.0 21.4 0.0030 RG2 Elkh1-S 0.03 0.0 3.0 0.0500 RG2Spr05 Elkh1-S

139-90
Local Separations in 

Combined Area
14.80 0.44 0.0 31.1 0.0030 RG5 Elkh1-S 0.07 0.0 6.4 0.0500 RG5Spr05 Elkh1-S

139-92
Local Separations in 

Combined Area
33.02 0.99 0.0 46.5 0.0030 RG5 Elkh1-S 0.33 0.0 28.8 0.0500 RG5Spr05 Elkh1-S

140-107
Local Separations in 

Combined Area
6.14 0.18 0.0 20.0 0.0030 RG2 Elkh1-S 0.03 0.0 2.7 0.0500 RG2Spr05 Elkh1-S

140-112
Local Separations in 

Combined Area
1.98 0.06 0.0 11.4 0.0030 RG2 Elkh1-S 0.01 0.0 0.9 0.0500 RG2Spr05 Elkh1-S

140-33
Local Separations in 

Combined Area
1.35 0.04 0.0 9.4 0.0030 RG2 Elkh1-S 0.01 0.0 0.6 0.0500 RG2Spr05 Elkh1-S

140-42
Local Separations in 

Combined Area
1.54 0.05 0.0 10.1 0.0030 RG2 Elkh1-S 0.02 0.0 1.3 0.1000 RG2Spr05 Elkh1-S

140-50
Local Separations in 

Combined Area
3.61 0.11 0.0 15.4 0.0030 RG2 Elkh1-S 0.04 0.0 3.1 0.0500 RG2Spr05 Elkh1-S

140-53
Local Separations in 

Combined Area
16.33 0.49 0.0 32.7 0.0030 RG2 Elkh1-S 0.16 0.0 14.2 0.0500 RG2Spr05 Elkh1-S

151-16
Local Separations in 

Combined Area
26.69 0.80 0.0 41.8 0.0030 RG5 Elkh1-S 1.33 0.0 116.3 0.0500 RG5Spr05 Elkh1-S

151-20
Local Separations in 

Combined Area
13.82 0.41 0.0 30.1 0.0030 RG5 Elkh1-S 0.83 0.0 72.2 0.0500 RG5Spr05 Elkh1-S

151-27
Local Separations in 

Combined Area
5.18 0.16 0.0 18.4 0.0030 RG5 Elkh1-S 0.31 0.0 27.1 0.0500 RG5Spr05 Elkh1-S

151-4
Local Separations in 

Combined Area
15.24 0.46 0.0 31.6 0.0030 RG5 Elkh1-S 0.15 0.0 13.3 0.0500 RG5Spr05 Elkh1-S

151-49
Local Separations in 

Combined Area
36.51 1.10 0.0 48.9 0.0030 RG5 Elkh1-S 2.19 0.0 190.9 0.0500 RG5Spr05 Elkh1-S

151-8
Local Separations in 

Combined Area
18.99 0.57 0.0 35.3 0.0030 RG5 Elkh1-S 0.95 0.0 82.7 0.0500 RG5Spr05 Elkh1-S

154-22
Local Separations in 

Combined Area
10.91 0.33 0.0 26.7 0.0030 RG3 Elkh1-S 0.11 0.0 9.5 0.0500 RG3Spr05 Elkh1-S

154-24
Local Separations in 

Combined Area
24.38 0.73 0.0 40.0 0.0030 RG3 Elkh1-S 0.24 0.0 21.2 0.0500 RG3Spr05 Elkh1-S

154-28
Local Separations in 

Combined Area
11.83 0.35 0.0 27.8 0.0030 RG3 Elkh1-S 0.12 0.0 10.3 0.0500 RG3Spr05 Elkh1-S

Hydrology Parameters Summary - "Combined" Subcatchments and "Local Separations in Combined Area" Subcatchments (continued)

Subcatchment ID Subcatchment Type
Subcatchment Area 

(acs)

Initial Parameters Final Parameters
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Modeled Area 
(acs)

Percent 
Impervious (%)

Width 
(ft)

Slope (%)
Rain Gauge 
Reference

Infiltration 
Reference

Modeled Area 
(acs)

Percent Impervious 
(%)

Width 
(ft)

Slope (%)
Rain Gauge 
Reference

Infiltration 
Reference

151-4
Local Separations in 

Combined Area
15.24 0.46 0.0 31.6 0.0030 RG5 Elkh1-S 0.15 0.0 13.3 0.0500 RG5Spr05 Elkh1-S

151-49
Local Separations in 

Combined Area
36.51 1.10 0.0 48.9 0.0030 RG5 Elkh1-S 2.19 0.0 190.9 0.0500 RG5Spr05 Elkh1-S

151-8
Local Separations in 

Combined Area
18.99 0.57 0.0 35.3 0.0030 RG5 Elkh1-S 0.95 0.0 82.7 0.0500 RG5Spr05 Elkh1-S

154-22
Local Separations in 

Combined Area
10.91 0.33 0.0 26.7 0.0030 RG3 Elkh1-S 0.11 0.0 9.5 0.0500 RG3Spr05 Elkh1-S

154-24
Local Separations in 

Combined Area
24.38 0.73 0.0 40.0 0.0030 RG3 Elkh1-S 0.24 0.0 21.2 0.0500 RG3Spr05 Elkh1-S

154-28
Local Separations in 

Combined Area
11.83 0.35 0.0 27.8 0.0030 RG3 Elkh1-S 0.12 0.0 10.3 0.0500 RG3Spr05 Elkh1-S

154-29
Local Separations in 

Combined Area
16.93 0.51 0.0 33.3 0.0030 RG3 Elkh1-S 0.17 0.0 14.7 0.0500 RG3Spr05 Elkh1-S

154-39
Local Separations in 

Combined Area
18.57 0.56 0.0 34.9 0.0030 RG3 Elkh1-S 0.19 0.0 16.2 0.0500 RG3Spr05 Elkh1-S

154-41
Local Separations in 

Combined Area
14.72 0.44 0.0 31.0 0.0030 RG3 Elkh1-S 0.15 0.0 12.8 0.0500 RG3Spr05 Elkh1-S

154-58
Local Separations in 

Combined Area
30.39 0.91 0.0 44.6 0.0030 RG3 Elkh1-S 0.30 0.0 26.5 0.0500 RG3Spr05 Elkh1-S

154-59
Local Separations in 

Combined Area
15.57 0.47 0.0 31.9 0.0030 RG3 Elkh1-S 0.16 0.0 13.6 0.0500 RG3Spr05 Elkh1-S

167-12
Local Separations in 

Combined Area
4.21 0.13 0.0 16.6 0.0030 RG3 Elkh1-S 0.02 0.0 1.8 0.0500 RG3Spr05 Elkh1-S

167-33
Local Separations in 

Combined Area
86.30 2.59 0.0 75.2 0.0030 RG5 Elkh1-S 0.43 0.0 37.6 0.0500 RG5Spr05 Elkh1-S

167-64
Local Separations in 

Combined Area
19.68 0.59 0.0 35.9 0.0030 RG3 Elkh1-S 0.20 0.0 17.1 0.0500 RG3Spr05 Elkh1-S

167-73
Local Separations in 

Combined Area
102.34 3.07 0.0 81.9 0.0030 RG3 Elkh1-S 1.02 0.0 89.2 0.0500 RG3Spr05 Elkh1-S

169-32
Local Separations in 

Combined Area
49.15 1.47 0.0 56.7 0.0030 RG5 Elkh1-S 0.49 0.0 42.8 0.0500 RG5Spr05 Elkh1-S

169-4
Local Separations in 

Combined Area
73.40 2.20 0.0 69.3 0.0030 RG5 Elkh1-S 0.73 0.0 63.9 0.0500 RG5Spr05 Elkh1-S

170-1
Local Separations in 

Combined Area
103.35 3.10 0.0 82.3 0.0030 RG5 Elkh1-S 1.03 0.0 90.0 0.0500 RG5Spr05 Elkh1-S

170-11
Local Separations in 

Combined Area
92.52 2.78 0.0 77.8 0.0030 RG5 Elkh1-S 0.93 0.0 80.6 0.0500 RG5Spr05 Elkh1-S

170-22
Local Separations in 

Combined Area
70.05 2.10 0.0 67.7 0.0030 RG5 Elkh1-S 0.70 0.0 61.0 0.0500 RG5Spr05 Elkh1-S

171-11
Local Separations in 

Combined Area
127.19 3.82 0.0 91.3 0.0030 RG5 Elkh1-S 1.27 0.0 110.8 0.0500 RG5Spr05 Elkh1-S

184-1
Local Separations in 

Combined Area
94.36 2.83 0.0 78.6 0.0030 RG5 Elkh1-S 0.94 0.0 82.2 0.0500 RG5Spr05 Elkh1-S

186-22
Local Separations in 

Combined Area
32.99 0.99 0.0 46.5 0.0030 RG5 Elkh1-S 0.16 0.0 14.4 0.0500 RG5Spr05 Elkh1-S

73-7
Local Separations in 

Combined Area
132.37 3.97 0.0 93.1 0.0030 RG2 Elkh1-S 0.66 0.0 57.7 0.0500 RG2Spr05 Elkh1-S

83-14
Local Separations in 

Combined Area
89.14 2.67 0.0 76.4 0.0030 RG2 Elkh1-S 0.89 0.0 77.7 0.0500 RG2Spr05 Elkh1-S

83-7
Local Separations in 

Combined Area
42.80 1.28 0.0 52.9 0.0030 RG2 Elkh1-S 0.43 0.0 37.3 0.0500 RG2Spr05 Elkh1-S

84-12
Local Separations in 

Combined Area
78.65 2.36 0.0 71.8 0.0030 RG2 Elkh1-S 0.79 0.0 68.5 0.0500 RG2Spr05 Elkh1-S

84-15
Local Separations in 

Combined Area
54.29 1.63 0.0 59.6 0.0030 RG2 Elkh1-S 0.54 0.0 47.3 0.0500 RG2Spr05 Elkh1-S

84-4
Local Separations in 

Combined Area
51.96 1.56 0.0 58.3 0.0030 RG2 Elkh1-S 0.52 0.0 45.3 0.0500 RG2Spr05 Elkh1-S

86-15
Local Separations in 

Combined Area
7.74 0.23 0.0 22.5 0.0030 RG2 Elkh1-S 0.08 0.0 6.7 0.0500 RG2Spr05 Elkh1-S

Hydrology Parameters Summary - "Combined" Subcatchments and "Local Separations in Combined Area" Subcatchments (continued)

Subcatchment ID Subcatchment Type
Subcatchment Area 

(acs)

Initial Parameters Final Parameters
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Modeled Area 
(acs)

Percent 
Impervious (%)

Width 
(ft)

Slope (%)
Rain Gauge 
Reference

Infiltration 
Reference

Modeled Area 
(acs)

Percent Impervious 
(%)

Width 
(ft)

Slope (%)
Rain Gauge 
Reference

Infiltration 
Reference

86-17
Local Separations in 

Combined Area
7.27 0.22 0.0 21.8 0.0030 RG2 Elkh1-S 0.07 0.0 6.3 0.0500 RG2Spr05 Elkh1-S

86-53
Local Separations in 

Combined Area
4.66 0.14 0.0 17.5 0.0030 RG2 Elkh1-S 0.05 0.0 4.1 0.0500 RG2Spr05 Elkh1-S

87-57
Local Separations in 

Combined Area
1.70 0.05 0.0 10.5 0.0030 RG2 Elkh1-S 0.02 0.0 1.5 0.0500 RG2Spr05 Elkh1-S

88-36
Local Separations in 

Combined Area
12.88 0.39 0.0 29.0 0.0030 RG2 Elkh1-S 0.06 0.0 5.6 0.0500 RG2Spr05 Elkh1-S

88-37
Local Separations in 

Combined Area
21.89 0.66 0.0 37.9 0.0030 RG4 Elkh1-S 21.89 3.8 56.8 0.6000 RG4Spr05 Elkh1

88-74
Local Separations in 

Combined Area
5.79 0.17 0.0 19.5 0.0030 RG4 Elkh1-S 0.03 0.0 2.5 0.0500 RG4Spr05 Elkh1-S

89-47
Local Separations in 

Combined Area
40.55 1.22 0.0 51.5 0.0030 RG4 Elkh1-S 0.20 0.0 17.7 0.0500 RG4Spr05 Elkh1-S

90-41
Local Separations in 

Combined Area
3.35 0.10 0.0 14.8 0.0030 RG4 Elkh1-S 0.02 0.0 1.5 0.0500 RG4Spr05 Elkh1-S

DUMMY7
Local Separations in 

Combined Area
2.35 0.07 0.0 12.4 0.0030 RG2 Elkh1-S 0.01 0.0 1.0 0.0500 RG2Spr05 Elkh1-S

DUMMY8
Local Separations in 

Combined Area
1.44 0.04 0.0 9.7 0.0030 RG2 Elkh1-S 0.01 0.0 0.6 0.0500 RG2Spr05 Elkh1-S

DUMMY9
Local Separations in 

Combined Area
0.25 0.01 0.0 4.1 0.0030 RG2 Elkh1-S 0.00 0.0 0.1 0.0500 RG2Spr05 Elkh1-S

Hydrology Parameters Summary - "Combined" Subcatchments and "Local Separations in Combined Area" Subcatchments (continued)

Subcatchment ID Subcatchment Type
Subcatchment Area 

(acs)

Initial Parameters Final Parameters
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Modeled Area 
(acs)

Percent 
Impervious (%)

Width 
(ft)

Slope (%) Rain Gauge 
Reference

Infiltration 
Reference

Modeled Area 
(acs)

Percent 
Impervious (%)

Width 
(ft)

Slope (%) Rain Gauge 
Reference

Infiltration 
Reference

108-5
Outlying Separate 

Sanitary 485.49 2.43 0.0 46.0 0.5000 RG2 SepFast1 0.97 0.0 845.9 0.0500 RG2Spr05 SepFast1

123-8 Outlying Separate 
Sanitary 1944.49 9.72 0.0 92.1 0.5000 RG1 SepFast1 9.72 0.0 8470.2 0.0500 RG1Spr05 SepFast1

140-52 Outlying Separate 
Sanitary 102.78 3.08 0.0 82.0 0.0030 RG2 Elkh1-S 1.03 0.0 89.5 0.0500 RG2Spr05 Elkh1-S

172-11
Outlying Separate 

Sanitary 600.05 3.00 0.0 51.2 0.5000 RG5 SepFast1 3.00 0.0 2613.8 0.0500 RG5Spr05 SepFast1

183-12
Outlying Separate 

Sanitary 522.07 2.61 0.0 47.7 0.5000 RG5 SepFast1 2.61 0.0 2274.2 0.0500 RG5Spr05 SepFast1

198-6
Outlying Separate 

Sanitary 178.38 5.35 0.0 108.1 0.0030 RG3 Elkh1-S 0.89 0.0 77.7 0.0500 RG3Spr05 Elkh1-S

69-53
Outlying Separate 

Sanitary 1641.57 8.21 0.0 84.6 0.5000 RG1 SepFast1 6.94 0.0 4290.4 0.0500 RG1Spr05 SepFast1

70-11
Outlying Separate 

Sanitary 483.19 2.42 0.0 45.9 0.5000 RG4 SepFast1 1.45 0.0 1262.9 0.0500 RG4Spr05 SepFast1

70-17
Outlying Separate 

Sanitary 85.46 2.56 0.0 74.8 0.0030 RG4 Elkh1-S 1.63 0.0 129.9 0.0500 RG4Spr05 Elkh1-S

86-60
Outlying Separate 

Sanitary 1813.58 9.07 0.0 89.0 0.5000 RG4 SepFast1 3.63 0.0 3160.0 0.0500 RG2Spr05 SepFast1

Modeled Area 
(acs)

Percent 
Impervious (%)

Width 
(ft)

Slope (%) Rain Gauge 
Reference

Infiltration 
Reference

Modeled Area 
(acs)

Percent 
Impervious (%)

Width 
(ft)

Slope (%) Rain Gauge 
Reference

Infiltration 
Reference

108-5 Outlying Separate 
Sanitary 485.49 4.85 0.0 20.6 0.0300 RG2 SepMed1 0.97 0.0 84.6 0.00030 RG2Spr05 SepMed1

123-8 Outlying Separate 
Sanitary 1944.49 19.44 0.0 41.2 0.0300 RG1 SepMed1 9.72 0.0 847.0 0.00030 RG1Spr05 SepMed1

140-52 Outlying Separate 
Sanitary 102.78 0.00 0.0 0.0 0.0000 0 0 0.00 0.0 0.0 0.00000 0 0

172-11 Outlying Separate 
Sanitary 600.05 6.00 0.0 22.9 0.0300 RG5 SepMed1 12.00 0.0 1045.5 0.00030 RG5Spr05 SepMed1

183-12 Outlying Separate 
Sanitary 522.07 5.22 0.0 21.3 0.0300 RG5 SepMed1 5.22 0.0 454.8 0.00030 RG5Spr05 SepMed1

198-6 Outlying Separate 
Sanitary 178.38 0.00 0.0 0.0 0.0000 0 0 0.00 0.0 0.0 0.00000 0 0

69-53 Outlying Separate 
Sanitary 1641.57 16.42 0.0 37.9 0.0300 RG1 SepMed1 8.21 0.0 715.1 0.00030 RG1Spr05 SepMed1

70-11 Outlying Separate 
Sanitary 483.19 4.83 0.0 20.5 0.0300 RG4 SepMed1 2.42 0.0 210.5 0.00030 RG4Spr05 SepMed1

70-17 Outlying Separate 
Sanitary 85.46 0.00 0.0 0.0 0.0000 0 0 0.00 0.0 0.0 0.00000 0 0

86-60 Outlying Separate 
Sanitary 1813.58 18.14 0.0 39.8 0.0300 RG4 SepMed1 3.63 0.0 316.0 0.00300 RG2Spr05 SepMed1

Modeled Area 
(acs)

Percent 
Impervious (%)

Width 
(ft)

Slope (%) Rain Gauge 
Reference

Infiltration 
Reference

Modeled Area 
(acs)

Percent 
Impervious (%)

Width 
(ft)

Slope (%) Rain Gauge 
Reference

Infiltration 
Reference

108-5 Outlying Separate 
Sanitary 485.49 33.98 0.0 38.5 0.0030 RG2 SepSlow1 0.97 0.0 42.3 0.00003 RG2Spr05 SepSlow1

123-8 Outlying Separate 
Sanitary 1944.49 136.11 0.0 77.1 0.0030 RG1 SepSlow1 9.72 0.0 423.5 0.00003 RG1Spr05 SepSlow1

140-52 Outlying Separate 
Sanitary 102.78 0.00 0.0 0.0 0.0000 0 0 0.00 0.0 0.0 0.00000 0 0

172-11 Outlying Separate 
Sanitary 600.05 42.00 0.0 42.8 0.0030 RG5 SepSlow1 42.00 0.0 1829.7 0.00003 RG5Spr05 SepSlow1

183-12 Outlying Separate 
Sanitary 522.07 36.55 0.0 39.9 0.0030 RG5 SepSlow1 26.10 0.0 1137.1 0.00003 RG5Spr05 SepSlow1

198-6 Outlying Separate 
Sanitary 178.38 0.00 0.0 0.0 0.0000 0 0 0.00 0.0 0.0 0.00000 0 0

69-53 Outlying Separate 
Sanitary 1641.57 114.91 0.0 70.8 0.0030 RG1 SepSlow1 11.49 0.0 500.5 0.00003 RG1Spr05 SepSlow1

70-11 Outlying Separate 
Sanitary 483.19 33.82 0.0 38.4 0.0030 RG4 SepSlow1 3.38 0.0 147.3 0.00003 RG4Spr05 SepSlow1

70-17 Outlying Separate 
Sanitary 85.46 0.00 0.0 0.0 0.0000 0 0 0.00 0.0 0.0 0.00000 0 0

86-60 Outlying Separate 
Sanitary 1813.58 126.95 0.0 74.4 0.0030 RG4 SepSlow1 3.63 0.0 158.0 0.00030 RG2Spr05 SepSlow1

Basin ID Actual Area (acs)

Surface No.1 - Final Parameters

Surface No. 2 - Final Parameters

Surface No. 3 - Final Parameters

Service Area Type

Service Area Type

Service Area Type

Surface No. 3 - Initial Parameters

Hydrology Parameters Summary - Outlying Separate Sanitary Subcatchments

Subcatchment ID

Basin ID Actual Area (acs)

Surface No.1 - Initial Parameters
Subcatchment Area 

(acs)

Surface No. 2 - Initial Parameters
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Infiltration Reference

Surface Response Impervious Pervious Impervious Pervious
Depression Storage (in) 0.05 0.05 0.05 0.05
Overland Manning's N 0.013 0.100 0.0130 0.100
Zero Detention Percent

Infiltration Equation
Maximum Infiltration Rate (in/hr)
Minimum Infiltration Rate (in/hr)
Decay Constant (1/sec)
Max Infiltation Volume (in)

Infiltration Reference

Surface Response Impervious Pervious Impervious Pervious
Depression Storage (in) 0.00 0.5 0.00 0.05
Overland Manning's N 0.014 1.000 0.014 0.500
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Zero Detention Percent 0.0 0.0 0.0 0.0 0.0 0.0
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Percent Impervious Values in the Combined Sewer Subcatchments 
 
Percent impervious is a key parameter in hydrologic modeling, having a major impact on 
the volume of runoff predicted for a given rainfall.  The calibration of Elkhart’s model 
resulted in an area-weighted average of 13 percent impervious in the combined sewer 
subcatchments, shown in Figure 1.  Because a value of 13 percent is at the lower end of 
the range of typical values for urban areas, it was investigated further to confirm its 
applicability.  The investigation focused on three areas – the magnitude of the calibrated 
percent impervious values, the geographic distribution of percent impervious values, and 
related issues that help explain the values in the City’s model. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1:  Combined Sewer Subcatchments 
 
Section 1 - Magnitude 
 
As part of confirming the applicability of the City’s calibrated percent impervious values, 
estimates from other studies and modeling applications were investigated.  This allowed 
comparison of Elkhart’s calibrated percent impervious values to general literature values 
and recent regional applications. 
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Comparison to General Literature Values 
 
The following presents a brief summary of relevant information documented in the wet-
weather literature. 
 
Investigation of percent impervious values began in the 1970s, coinciding with the 
emerging application of urban hydrology computer models.  As part of a landmark series 
of studies on urban wet-weather issues conducted by USEPA, Heaney et al. (1977) 
compiled data on percent impervious estimates in urban areas as a function of population 
densities, shown in Figure 2.  The purpose of Heaney’s study was to conduct a 
“nationwide evaluation of combined sewer overflows and stormwater discharges,” and 
the percent impervious estimates were used in urban hydrology models to predict annual 
wet-weather flows (including CSOs) from targeted urban areas.  Heaney’s work 
continues to serve as the basis for empirical percent impervious estimating techniques in 
today’s SWMM documentation (see, e.g., James et al. (2003)). 
 
Figure 2 reveals two general rules regarding urban percent impervious values: 
 

• First, urban percent impervious values can vary by an order of magnitude over the 
range of typical urban population densities.  For example, using the curve 
presented in Figure 2 for New Jersey (based on 567 municipalities), percent 
impervious values range from 5 percent to 50 percent in East Coast urban areas.  
Clearly, then, because population densities vary by urban area, percent 
impervious values will vary as well, indicating that there is not a narrow band of 
“correct” values for urban hydrology. 

• Second, even for similar population densities, there is a wide range in urban 
percent impervious values.  For example, at a population density of 5 per acre, 
urban percent impervious can range from a low of approximately 15 percent in an 
Ontario city to a high of near 80 percent in Washington, D.C.  Therefore, while 
anecdotal evidence may suggest that most urban percent impervious values are in 
the range of 40 to 60 percent, it is clear that some urban areas can have weighted 
percent impervious values that are much lower (and higher) that this “typical” 
range. 

 
The City of Elkhart has an area of approximately 22 square miles, or 14,000 acres, and a 
population of approximately 52,000 (2000 census), resulting in an area-wide population 
density of approximately 3.7 per acre.  This population density is shown as a blue line on 
Figure 2.  Using this population density, the New Jersey curve indicates an area-wide 
percent impervious value under 20 percent, and the Ontario curve (based on 9 cities) 
indicates an area-wide percent impervious value under 15 percent.  Therefore, while on 
the low end of expected urban percent impervious values, an area-weighted value of 
13 percent in Elkhart clearly falls within the range defined by industry data and 
used in SWMM applications. 
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Figure 2:  Imperviousness as a Function of Developed Population Density 
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In 2004, the University of Connecticut (Chabaeva et al.) published a paper on urban 
percent impervious values through NEMO, the Nonpoint Education for Municipal 
Officials program.  NEMO is a partnership program supported by a number of 
organizations, including the Connecticut Department of Environmental Protection.  
Chabaeva et al. used digital planimetric data to identify impervious features in 108 census 
tracts in Connecticut, New York, and Massachusetts.  Combining measurements of the 
total percent impervious with population densities in each tract resulted in the data 
distribution shown in Figure 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3:  Total Percent Impervious as a Function of Population Density 

 
Chabaeva et al.’s approach results in estimates of total impervious area, whereas many 
hydrologic models (including SWMM) require estimates of directly-connected 
impervious area (DCIA).  DCIA will always be lower than total impervious area, given 
that many impervious features (e.g., a roof with splashed downspouts) drain to pervious 
areas before reaching the collection system.  Therefore, for any given population density, 
Chabaeva et al.’s data would show a higher percent impervious than what would be used 
in a SWMM model.  Given Elkhart’s population density (2,363 per square mile, shown as 
a blue line in Figure 4), Chabaeva et al’s data show a scatter in percent impervious from 
approximately 6 to 25 percent.  Given that these total percent impervious values are 
higher than the associated DCIA percent impervious, Elkhart’s DCIA of 13 percent 
is clearly reasonable. 
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Figure 4:  Total Percent Impervious as a Function of Population Density (Density < 10,000 
persons square mile) 

 
In summary, wet-weather literature spanning from 1977 to 2004 contains clear support 
that urban areas such as Elkhart can have credible percent impervious values in the range 
of 10 to 20 percent.  Therefore, Elkhart’s area-weighted value of 13 percent is reasonable. 
 
Comparison to Regional Applications 
 
Elkhart recently had the opportunity to discuss LTCP modeling issues with the City of 
South Bend, Indiana.  Similar to Elkhart, South Bend is in the midst of a collection 
system modeling effort to support development of their CSO LTCP. 
 
Based on discussions with South Bend, the calibration of their model resulted in an area-
weighted average of 16 percent impervious in their combined sewer subcatchments.  
While slightly higher than Elkhart’s, a value of 16 percent supports the reasonableness of 
an area-weighted value less than 20 percent in northern Indiana urban areas. 
 
Furthermore, the information from South Bend solidifies the conclusions regarding the 
reasonableness of Elkhart’s percent impervious values drawn from the general data of 
Heaney et al.  The City of South Bend has an area of approximately 40 square miles, or 
25,600 acres, and a population of approximately 108,000 (2000 census), resulting in an 
area-wide population density of approximately 4.2 per acre.   
 
Figure 5 shows the lower left quadrant of Heaney’s percent imperviousness plot (shown 
previously in full in Figure 2).  Points have been added for both Elkhart’s (blue) and 
South Bend’s (green) combination of population density and calibrated percent 
impervious.  As can be seen, the points for both of these northern Indiana cities are 
consistent with the Ontario data presented by Heaney, showing the expected increase in 
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 percent impervious with increasing population density.  This demonstrates that not 
only is Elkhart’s individual percent impervious value consistent with lower values 
seen in the literature, but also that northern Indiana as a region exhibits 
consistently low patterns seen in other areas. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5:  Comparison of Elkhart and South Bend Percent Impervious Values to Ontario 
Relationship 

 
Section 2 - Geographic Distribution 
 
With the magnitude of Elkhart’s average calibrated percent impervious value confirmed 
as reasonable, the geographic distribution of the subcatchment-specific impervious 
estimates was also investigated.  The subcatchment-specific values range from a low of 3 
percent to a high of 75 percent.  The geographic distribution was reviewed to check that 
the relative relationship between subcatchment-specific percent impervious values 
showed a general consistency with land-use patterns. 
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Figure 6 shows the geographic distribution of combined sewer subcatchments in terms of 
three percent impervious ranges – 2 to 15 percent, 15 to 30 percent, and 30 to 80 percent.  
Based on the figure, the following observations can be made: 
 

• The majority of the subcatchments in the 2 to 15 percent range are the older 
residential areas distributed throughout the combined sewer area.  This indicates 
both a consistent land use in this range, and a land use that in a relative sense is 
expected to have lower percent impervious values. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6:  Geographic Distribution of Percent Impervious Values in Combined Sewer 
Subcatchments 

 
• The majority of the subcatchments in the 15 to 30 percent range are either 

industrial areas (a cluster in the northwest), mixed use areas (a cluster in the 
southwest), or strip commercial/industrial areas along roads or railways.  
Therefore, subcatchments in this range fall in consistent land use categories, and 
ones that in a relative sense are expected to have medium percent impervious 
values. 

• Many of the subcatchments in the 30 to 80 percent range are clustered in the 
downtown business district or a mixed use area with large buildings on the east 
side of the city.  These land uses are expected to have the highest relative 
percent impervious values. 
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• The only noticeable exception to the consistent geographic distribution of 
percent impervious values by land use is a cluster of high percent impervious 
residential areas in the southwest portion of the City.  This is likely due to the 
lack of both major and minor local separation projects in these subcatchments.  
In the future, these areas may be separated as part of Elkhart’s ongoing program 
to perform local separation projects when possible as part of other improvement 
projects (e.g., street widening/paving).  The “locally separated” subcatchments 
east of this high percent impervious cluster contain several examples of these 
major and minor separation projects. 

 
Based on the above, the geographic distribution of percent impervious values in the 
combined sewer subcatchments is consistent with the distribution of land use categories.  
A detailed land use map showing the model subcatchments titled “Land Use/Zoning and 
Subcatchments Summary” is provided with this submittal. 
 
Section 3 - Local Factors 
 
Based on the information presented in the two previous sections, an area-weighted 
average of 13 percent impervious is clearly acceptable for an urban area, but falls at the 
lower end of the range of documented values.  One characteristic of the Elkhart system 
which explains why the calibrated percent impervious values fall in the lower portion of 
the established range is the wide spatial extent of minor local separation projects, as 
shown on Figure 7. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7:  Minor Local Separation Projects in Combined Sewer Subcatchments 
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These projects were not large enough to warrant defining a distinct separate sanitary 
subcatchment, but they still impact the amount of surface runoff reaching the combined 
sewer system.  In the XP-SWMM model, the effect of these local separation projects is to 
reduce the amount of DCIA in the subcatchment, resulting in a reduced modeled percent 
impervious value as explained in Section 1.  
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Percent Impervious Values in the Local Separations in Combined Area 
Subcatchments 
 
In response to the Agencies’ Question #5B from the Summary of Open Issues of SWMM 
Model Calibration issued on 7/18/06, Elkhart clarified that the ”Combined with Local 
Separation” subcatchments, as designated in the “Hydrology Parameters Summary - 
Combined Subcatchments” table issued on 5/1/06 and updated with this submittal, 
describe subcatchments that include local service areas that were originally part of the 
combined system, but are now separated as a result of the City’s ongoing separation 
program. 
 
To more clearly communicate the separated nature of these subcatchments, the 
nomenclature for this category was changed to “Local Separations in Combined Area”, as 
shown on the “Service Area Summary Type” map issued on 8/2/06 (replaced with map 
titled “SWMM Model Information” provided with this submittal).  The map and table of 
initial and final parameters were revised to use the updated nomenclature and update the 
service area type/model parameters for a few subcatchments identified during 
development of this submittal.  These updates did not impact model calibration results. 
 
In modeling these locally separated subcatchments in the combined area, the City 
appropriately used a typical approach for modeling separate systems, i.e. using 0% 
impervious area.  This approach allows all runoff from the modeled subcatchment area to 
be produced by pervious surfaces, and is the same approach used in modeling the 
outlying separate sanitary service area.  The following examples, selected from the flow 
metering data for the calibration events, support this modeling approach and demonstrate 
the typical separate sanitary response in Elkhart’s sewer system, whether from locally 
separated basins in the combined area or separated basins in the outlying service area. 
 
Flow Meter No. 19, located at Middlebury and Denver Streets in the eastern central 
portion of the CSS service area, was installed to monitor flows from several large 
subcatchments in the outlying separate sanitary service area (blue area in Figure 8). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8:  Flow Meter No. 19 – Location and Tributary Subcatchments 
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Figure 9, the June 12th event hydrograph for Flow Meter No. 19, shows a typical wet-
weather response from a separate sanitary system with a peaking factor of approximately 
5.4 based on the flow meter data.  The peaking factor, a metric often used to compare 
sewer system performance, is the ratio of the peak wet weather flow to the average dry 
weather flow at the same location.  For separate sanitary sewer systems, peaking factors 
less than 10 are typical, depending on the age and condition of the collection system.  In 
contrast, combined sewer systems generally have much higher peaking factors with 
values of 30 or higher being typical. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 9:  Flow Meter No. 19 – June 12th Calibration Event Hydrograph 

 
Flow Meter No. 21, located at Oakland and Fieldhouse Avenues in the southwestern 
portion of the service area, collects flows from locally separated subcatchments within 
the combined area, as shown on Figure 10. 
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Figure 11:  Flow Meter No. 21 – Location and Tributary Subcatchments 
 
As shown on Figures 12 and 13, the peaking factors for the three calibration events at 
Flow Meter No. 21 range from 2 to 12 for this locally separated service area.  Since these 
values are typical of separate sanitary sewer system response rather than combined 
sewer system response, this data confirms that Elkhart’s locally separated basins in 
the combined service area behave as separate sanitary basins during wet weather. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 12:  Flow Meter No. 21 – November 1st and 4th Calibration Event Hydrograph 
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Figure 13:  Flow Meter No. 21 – June 12th Calibration Event Hydrograph 
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1 Introduction 
 
On October 12, 2006, USEPA approved the City of Elkhart’s SWMM Model Validation 
Plan (the Plan).  Following approval, the City implemented the validation approach 
outlined in the Plan to confirm the SWMM model’s applicability for LTCP development 
purposes.  This Technical Memorandum summarizes the results of the validation process. 

2 Validation Data 
 
As explained in the Plan, two wet-weather events were used for model validation 
purposes.  Table 1 summarizes statistics for these two events, occurring on April 22, 
2005 and May 19, 2005. 
 
These two validation events were captured during the City’s 2004-05 flow monitoring 
program, which was described previously in the January 27, 2006 Collection System 
Field Monitoring Program Report.  As part of this program, the City maintained 28 in-
system flow meters, five (5) overflow meters, five (5) rain gauges, and the permanent 
WWTP influent flow meter.  The available data from these events was reviewed to 
determine its applicability for model comparison purposes. 
 
Table 2 summarizes the data review for the 28 in-system flow meters sites and the 
WWTP influent meter.  As shown, approximately 60 to 70 percent of the meter events 
(18 of 29 locations for the April 22nd event, 20 of 29 locations for the May 19th event) 
provided credible data for meter-to-model volume and peak flow comparisons. 
 
Table 3 summarizes the available activation data for the five (5) overflow meters.  Two 
redundant systems were used by the City to monitor activation – a simple float 
mechanism and a depth sensor in the overflow pipe. 

3 Validation Results 
 
As outlined in the approved September 25, 2006, SWMM Model Validation Plan, the 
following sequence was used as validation criteria for the flow monitored CSS basins: 
 

• Peak flow timing and the general hydrograph shape are similar.  This goodness-
of-fit or “suitably close” criterion was the primary measure of success. 

• Model runoff volumes were compared to actual flow monitored runoff volumes. 
The model is validated if the modeled runoff volumes and monitored runoff 
volumes are within +/- 35 percent for a sufficient number of valid events. 

• Model runoff peak flow rates were compared to actual flow monitored runoff 
peak flow rates. The model is validated if the largest peak flow rate from the 
model and monitor are within +/- 35 percent for a sufficient number of valid 
events. 

• At locations where valid velocity data is not available, the comparison will focus 
on flow depths and/or activations. 



 
Criterion #1:  Peak flow timing and the general hydrograph shape are similar 
 
Appendix 1 of this report provides model-to-meter hydrograph comparisons for all 28 
in-system flow meter sites and the WWTP influent flow meter for both validation events.  
As shown, the peak flow timing and general hydrograph shape are similar for the majority 
of meter events with credible data (identified previously in Table 2). 
 
It should also be noted that at several meter locations, the hydrograph comparisons show 
clear evidence that baseflow (sanitary discharges plus dry-weather infiltration) was 
higher during the validation period than the calibration period.  This occurrence is not 
uncommon in a validation effort, given the objective of using independent data to test the 
model.  The calibrated XP-SWMM model was not adjusted to match the elevated 
baseflow in the validation data; therefore, the difference in baseflow between the 
calibration and validation periods should be considered in reviewing the validation results 
and volume comparisons. 
 
Conclusion:  The full set of hydrograph comparisons show that Elkhart’s XP-
SWMM model clearly meets the goodness-of-fit or “suitably close” criterion for 
valid data. 
 
Criterion #2:  Model runoff volumes compared to actual flow monitored runoff volumes 
 
Figures 1, 2, and 3 show the results of comparing model-to-meter volumes for the two 
validation events, for valid data from the 28 in-system flow meter sites and the WWTP 
influent meter. 
  

• Figure 1 presents a histogram showing the proportion of meter-to-model 
volume comparisons falling in several percent difference ranges.  For 
approximately 70 percent of the meter events, modeled volumes fall within 
the validation goal (within +/-35 percent of monitored volumes).  The 
remaining 30 percent of meter events are distributed above and below this 
central range. 

• Figures 2 and 3 present volume chart comparisons for the two validation 
events, where each point on the charts represents a comparison of model-to-
meter volumes at an individual meter for an individual event.  As shown on 
these figures, the points cluster along the “ideal” 45-degree line shown on the 
chart.  The visual suggestion of a slight trend towards the model under-
predicting volumes is due to the baseflow differences noted above.  Therefore, 
this occasional under-prediction is unique to the validation events and not an 
indication of model bias. 

 
A tabular summary of meter to model volume comparisons is presented in Table 5. 
 
Conclusion:  With metered and modeled runoff volumes within +/- 35 percent for 70 
percent of the validation meter events, the model clearly meets the volume 
comparison goal for a sufficient number of valid events. 



 
Criterion #3:  Model runoff peak flow rates compared to actual flow monitored runoff 
peak flow rates 
 
Figures 4 and 5 shows the results of comparing model-to-meter peak flow rates for the 
two validation events using the valid data from the 28 in-system flow meter sites and the 
WWTP influent meter. 
  

• Figure 4 presents a histogram showing the proportion of meter-to-model peak 
flow comparisons falling in several percent difference ranges.  For 
approximately 75 percent of the meter events, modeled peak flow rates fall 
within the validation goal (within +/-35 percent of monitored peak flow rates).  
The remaining 25 percent of meter events are distributed above and below this 
central range. 

• Figure 5 presents a chart of monitored peak flow to modeled peak flow for the 
two validation events.  Each point on the graph represents a comparison of 
model-to-meter peak flows at an individual meter for an individual event.  As 
shown, the points cluster along the “ideal” 45-degree line shown on the chart. 

 
A tabular summary of meter to model peak flow comparisons is shown in Table 5. 
 
Conclusion:  With modeled runoff peak flow rates and monitored runoff peak flow 
rates within +/- 35 percent for 75 percent of the data comparisons, the XP-SWMM 
model for the Eklhart CSS clearly meets the peak flow comparison goal for a 
sufficient number of valid events. 
 
Criterion #4:  At locations where valid velocity data is not available, the comparison will 
focus on flow depths and/or activations 
 
Appendix 2 of this report provides model-to-meter depth comparisons for a limited number 
of in-system meter locations with suspect velocity data (identified previously in Table 2), 
along with all five overflow meter locations. 
 
The primary comparison for validation at outfall meter locations is assessment of the 
model’s ability to predict monitored activations.  Given credible volume and peak flow 
comparisons at in-system locations upstream and downstream of these overflows, 
successful prediction of activations becomes an important indicator of the model’s ability 
to predict overflow volumes and peak flow rates.  Table 4 shows model-to-meter 
activation comparisons, showing that the model successfully predicted overflow activity 
with a 70 percent success rate (7 out of 10 times).  Given the inherent uncertainty in 
overflow monitoring data, this is a credible activation comparison. 
 
Conclusion:  With a 70 percent success rate in activation predictions, the model 
successfully accounts for overflow activity. 
 



4 Conclusion 
 
Based on the validation results outlined above, the XP-SWMM model of Elkhart’s CSS 
meets the validation criteria documented in the City’s approved SWMM Model 
Validation Plan.  This successful validation, coupled with the earlier approval of the 
model calibration, demonstrates that the model is an appropriate tool for LTCP 
development purposes. 

 
 
 
 
 
 
 
 

Table 1 
Validation Rainfall Event Data Summary 

 

Event Date 
No. of 

Antecedent 
Dry Days 

Duration 
(hours) 

Average 
Rainfall 

Total 
(in) 

Average 
Rainfall 
Intensity 
(in/hr) 

Peak 5-
Min 

Rainfall 
Intensity 
(in/hr) 

Return 
Period 

April 22, 
2005 22 7.5 0.53 0.07 0.36 <2 months 

May 19, 
2005 5 10.6 0.58 0.05 0.36 <2 months 

Notes 
1. Statistics for this event was based upon data from four rainfall gauges. 

 
 
 



4/22/2005 5/19/2005 4/22/2005 5/19/2005
1 G G

2 OK OK
Despite overall data concerns at this location, 
the scattergraph confirms periods of valid data 
during the event.

Elevated depth values before event raise general questions 
about data; however, scattergraph confirms periods of valid 
data during the event.

3 DS ND

Meter "caps out" at approximately 6 MGD.  
Velocities consistently flatline at ~3 ft/s 
regardless of depth, suggesting a velocity probe 
issue.

Inactive meter site

4 OK OK

Higher measured flows before event suggest 
inconsistent velocity probe performance.  
However, the scattergraph confirms periods of 
valid data during the event.

5 G G

6 G OK

Clear evidence that baseflow during the event 
was higher than the DWF conditions to which 
the model was calibrated.  However, the 
comparison shows strong agreement between 
model and data trends.

Clear evidence that baseflow during the event was higher 
than the DWF conditions to which the model was calibrated.  
However, the comparison shows strong agreement between 
model and data trends.

7 OK OK
Model does not replicate metered flows recording filter 
backwash discharges from the City's South Wellfield on 
5/19. 

8 DS DS

Upstream and downstream meters reveal that 
flow data for this event is suspect, possibly due 
to velocity probe issues.  However, the 
comparison shows that model strongly matches 
the data trends.

Upstream and downstream meters reveal that flow data for 
this event is suspect, possibly due to velocity probe issues.  
However, the comparison shows that model strongly 
matches the data trends.

9 OK G

Clear evidence that baseflow during the event 
was higher than the DWF conditions to which 
the model was calibrated.  However, the 
comparison shows strong agreement between 
model and data trends.

10 DS DS

Velocity and depth data show very little 
variation and no diurnal response.  However, 
the comparison shows reasonable model 
timing.

Velocity and depth data show very little variation and no 
diurnal response.  However, the comparison shows 
reasonable model timing.

11 OK OK

Clear evidence that baseflow during the event 
was higher than the DWF conditions to which 
the model was calibrated.  However, the 
comparison shows strong agreement between 
model and data trends.

Clear evidence that baseflow during the event was higher 
than the DWF conditions to which the model was calibrated.  
However, the comparison shows strong agreement between 
model and data trends.

12 G G

13 DS DS

Scattergraph shows that Manning's Equation 
was used to calculate meter velocities.  
Therefore, depth comparisons are the relevant 
measure of model performance.  

Scattergraph shows inconsistent patterns at all flows during 
the event.  However, the comparison shows reasonable 
model timing.

Data Code Explanation
G Good data

OK Data shows evidence of undefined anomalies, but comparisons are possible

DS Data suspect
ND No data

General Data Categorization for Validation 
Events

Validation Data Screening Summary

Table 2

Data Code Legend

Coloring Legend

Data appears reaonable and was used in screened data comparisons for volume 
and peak flow.

Not included in screened data comparisons for volume and peak flow

Data appears reasonable, and comparisons were performed; however, some 
differences are expected due to the significant change in baseflow between the 
calibration and validation periods.

Flow Meter
Flow Hydrograph Data Commentary for Validation Events



4/22/2005 5/19/2005 4/22/2005 5/19/2005
14 G OK
15 OK OK
16 ND ND Inactive meter site Inactive meter site

17 DS OK

Scattergraph shows that Manning's Equation 
was used to calculate meter velocities.  
Therefore, depth comparisons are the relevant 
measure of model performance.  

18 ND ND Inactive meter site Inactive meter site

19 DS DS

Scattergraph shows that Manning's Equation 
was used to calculate meter velocities.  
Therefore, depth comparisons are the relevant 
measure of model performance.  

Scattergraph shows inconsistent patterns at all flows during 
the event.  However, the comparison shows reasonable 
model timing.

20 OK OK
Model does not replicate metered flows recording filter 
backwash discharges from the City's South Wellfield on 
5/19. 

21 G G

22 OK DS
Despite overall data concerns at this location, 
the scattergraph confirms periods of valid data 
during the event.

Scattergraph shows inconsistent patterns at all flows during 
the event.  However, the comparison shows reasonable 
model timing. 

23 OK OK
Despite evidence of depth probe randomly 
"sticking" at certain depths, the scattergraph 
confirms periods of valid data during the event. 

Despite overall data concerns at this location, the 
scattergraph confirms periods of valid data during the event.

24 OK OK
Erratic velocity data readings raise general 
questions about data.  However, scattergraph 
confirms periods of valid data during the event.

Erratic velocity data readings raise general questions about 
data.  However, scattergraph confirms periods of valid data 
during the event.

25 G G

26 DS DS
Velocity data shows highly erratic readings.  
However, the comparison shows reasonable 
model timing. 

Velocity data shows highly erratic readings.  However, the 
comparison shows reasonable model timing. 

27 DS OK

Scattergraph shows that Manning's Equation 
was used to calculate meter velocities.  
Therefore, depth comparisons are the relevant 
measure of model performance.  

28 ND OK Inactive meter site

WWTP 
Influent

OK OK

Clear evidence that baseflow during the event 
was higher than the DWF conditions to which 
the model was calibrated.  However, the 
comparison shows strong agreement between 
model and data trends.

Clear evidence that baseflow during the event was higher 
than the DWF conditions to which the model was calibrated.  
However, the comparison shows strong agreement between 
model and data trends.

Data Code Explanation
G Good data

OK Data shows evidence of undefined anomalies, but comparisons are possible

DS Data suspect
ND No data

Flow Meter
General Data Categorization for Validation 

Events

Not included in screened data comparisons for volume and peak flow

Data appears reasonable, and comparisons were performed; however, some 
differences are expected due to the significant change in baseflow between the 
calibration and validation periods.

Coloring Legend

Data Code Legend

Data appears reaonable and was used in screened data comparisons for volume 
and peak flow.

Flow Hydrograph Data Commentary for Validation Events

Table 2 Validation Data Screening Summary (continued)



 
 

Table 3 
Summary of Activation Monitoring 

 
April 22, 2005 Event May 19, 2005 Event Outfall 

Meter 
Locations 

Float 
Response 

Downstream 
Depth 

Response 

Float 
Response 

Downstream 
Depth 

Response 
CSO#15 Yes Yes Yes Yes 
CSO#17 No No No No 
CSO#24 Yes Yes Yes Yes 
CSO#31 No No Yes Yes 
CSO#37 Yes Yes Yes Yes 

 
 
 
 
 
 
 

Table 4 
Summary of Model-to-Meter Activation Comparisons 

 
April 22, 2005 Event May 19, 2005 Event Outfall 

Meter 
Location 

Monitored 
Activation 

Modeled 
Activation 

Monitored 
Activation 

Modeled 
Activation 

CSO#15 Yes No Yes No 
CSO#17 No No No No 
CSO#24 Yes Yes Yes Yes 
CSO#31 No Yes Yes Yes 
CSO#37 Yes Yes Yes Yes 

 
Coloring Legend 

Model matches metered 
activation 

 
 
 

Model does not match metered 
activation  

 
 



4/22/2005 5/19/2005 Meter Model
Percent 

Difference (%)
Meter Model

Percent 
Difference (%)

Meter Model
Percent 

Difference (%)
Meter Model

Percent 
Difference (%)

1 G G 1.31 1.23 -5.9 11.22 10.13 -9.7 1.31 1.23 -6.7 10.43 10.45 0.2

2 OK OK 0.14 0.11 -21.3 1.79 0.95 -46.9 0.25 0.11 -54.7 3.07 0.83 -72.9

3 DS ND

4 OK OK 0.54 0.56 3.4 2.88 2.96 2.9 0.59 0.52 -11.9 3.67 3.02 -17.6

5 G G 0.70 0.46 -34.1 4.46 3.00 -32.8 1.01 0.49 -51.2 5.86 2.72 -53.6

6 G OK 6.92 5.28 -23.7 30.34 24.81 -18.2 7.93 5.68 -28.4 34.16 24.90 -27.1

7 OK OK 0.60 0.55 -8.7 4.28 3.00 -30.0 0.54 0.50 -7.4 4.16 3.37 -18.9

8 DS DS

9 OK G 0.45 0.45 -0.1 3.06 3.64 19.1 0.41 0.48 16.3 2.66 4.00 50.5

10 DS DS

11 OK OK 0.83 0.49 -40.5 4.33 3.22 -25.7 1.20 0.52 -56.6 5.27 2.99 -43.3

12 G G 0.17 0.23 38.4 2.10 1.98 -5.6 0.28 0.24 -15.0 3.21 2.25 -29.8

13 DS DS

14 G OK 0.68 0.53 -22.0 2.85 2.58 -9.6 0.70 0.61 -13.2 3.36 2.93 -13.0

15 OK OK 0.88 0.92 4.5 5.41 5.27 -2.5 0.69 1.07 55.5 5.24 6.71 28.1

16 ND ND

17 DS OK 0.04 0.11 172.7 0.53 1.10 106.8

18 ND ND

19 DS DS

20 OK OK 0.31 0.43 39.9 1.90 2.09 9.9 0.33 0.38 16.9 2.19 2.30 5.2

Data Code
G Good data

OK
DS Data suspect
ND No data

Table 5

Validation Meter-to-Model Volume and Peak Flow Comparisons

Screened Comparisons for 5/19/2005 Validation Event

Volume (MG) Peak Flow (MGD)
Flow Meter

General Data Categorization 
for Validation Events

Screened Comparisons for 4/22/2005 Validation Event

Volume (MG) Peak Flow (MGD)

Data Code Legend

Data appears reaonable and was used in screened data comparisons for volume and peak flow.

Data shows evidence of undefined anomalies, but comparisons are possible

Coloring Legend

Not included in screened data comparisons for volume and peak flow

Data appears reasonable, and comparisons were performed; however, some differences are 
expected due to the increase in baseflow between the calibration and validation periods.



4/22/2005 5/19/2005 Meter Model
Percent 

Difference (%)
Meter Model

Percent 
Difference (%)

Meter Model
Percent 

Difference (%)
Meter Model

Percent 
Difference (%)

21 G G 0.75 0.55 -27.1 3.79 2.73 -27.9 0.86 0.62 -27.5 4.79 2.92 -38.9

22 OK DS 0.01 0.01 12.7 0.24 0.12 -51.6

23 OK OK 0.47 0.38 -19.1 1.58 1.24 -21.5 0.54 0.43 -19.7 1.69 1.22 -27.7

24 OK OK 0.24 0.37 54.4 2.04 2.06 0.7 0.24 0.38 61.9 2.49 2.31 -7.4

25 G G 2.38 3.19 34.4 14.15 16.71 18.2 2.45 3.26 33.1 17.29 16.79 -2.9

26 DS DS

27 DS OK 0.09 0.10 14.2 1.32 0.90 -32.2

28 ND OK 0.90 1.51 66.9 5.82 11.47 97.2
WWTP 
Influent OK OK 11.57 9.66 -16.5 32.00 36.75 14.8 14.42 10.93 -24.2 33.30 36.86 10.7

Data Code
G Good data

OK
DS Data suspect
ND No data

Flow Meter

General Data Categorization 
for Validation Events

Screened Comparisons for 4/22/2005 Validation Event

Table 5 (continued)

Screened Comparisons for 5/19/2005 Validation Event

Volume (MG) Peak Flow (MGD) Volume (MG) Peak Flow (MGD)

Not included in screened data comparisons for volume and peak flow

Data appears reaonable and was used in screened data comparisons for volume and peak flow.

Data shows evidence of undefined anomalies, but comparisons are possible

Data appears reasonable, and comparisons were performed; however, some differences are 
expected due to the increase in baseflow between the calibration and validation periods.

Coloring Legend

Data Code Legend



Figure 1:  Wet-Weather Volume Histogram Comparison for Validation Events – Screened Data 
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Figure 2:  Model-to-Meter Wet-Weather Volume Comparisons - Screened Data 
 

 
 



Figure 3:  Model-to-Meter Wet-Weather Volume Comparisons Zoom – Screened Data 

 



Figure 4:  Wet-Weather Peak Flow Histogram Comparison for Validation Events - Screened Data 
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Figure 5:   Model-to-Meter Wet-Weather Peak Flow Comparisons - Screened Data 

 
 



Appendix 1 
 

Meter-to-Model Flow Hydrographs 
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Model Results

Meter Data

Rainfall

Flow Meter No.1 ; Link ID: L-107-32; Plum St and Laurel St
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Model Results

Meter Data

Rainfall

Flow Meter No.2 ; Link ID: L-106-37; Michigan St and Laurel St

Despite overall data concerns at this location, the 
scattergraph confirms periods of valid data during the 
event.
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Model Results

Meter Data

Rainfall

Flow Meter No.3 ; Link ID: CSO#15.D; Michigan St and Kilbourn St

Meter "caps out" at approximately 6 MGD.  Velocities 
consistently flatline at ~3 ft/s regardless of depth, 
suggesting a velocity probe issue.



12/11/2006 Page 4 of 29
City of Elkhart, IN

CSS Model Calibration

0.0

1.0

2.0

3.0

4.0

5.0

4/22 0:00 4/22 3:00 4/22 6:00 4/22 9:00 4/22 12:00 4/22 15:00 4/22 18:00 4/22 21:00 4/23 0:00

Date/Time

Fl
ow

 (M
G

D
)

0.00

0.05

0.10

0.15

0.20

0.25

0.30

5-
M

in
 R

ai
nf

al
l T

ot
al

s 
(in

)

Model Results

Meter Data

Rainfall

Flow Meter No.4 ; Link ID: L-167-98; Carlton Ave between Morton Ave 
and Main St

Higher measured flows before event suggest inconsistent 
velocity probe performance.  However, the scattergraph 
confirms periods of valid data during the event.
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Model Results

Meter Data

Rainfall

Flow Meter No.5 ; Link ID: L-117-51; West Blvd and Suwanee St



12/11/2006 Page 6 of 29
City of Elkhart, IN

CSS Model Calibration

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

4/22 0:00 4/22 3:00 4/22 6:00 4/22 9:00 4/22 12:00 4/22 15:00 4/22 18:00 4/22 21:00 4/23 0:00

Date/Time

Fl
ow

 (M
G

D
)

0.00

0.05

0.10

0.15

0.20

0.25

0.30

5-
M

in
 R

ai
nf

al
l T

ot
al

s 
(in

)

Model Results

Meter Data

Rainfall

Flow Meter No.6 ; Link ID: L-139-92; Indiana Ave and Albany St

Clear evidence that baseflow during the event was 
higher than the DWF conditions to which the model was 
calibrated.  However, the comparison shows strong 
agreement between model and data trends.
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Model Results

Meter Data

Rainfall

Flow Meter No.7 ; Link ID: L-151-56; Ninth St and Garfield Ave
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Model Results

Meter Data

Rainfall

Flow Meter No.8 ; Link ID: L-138-50; Wagner Ave and Eighth St

Upstream and downstream meters reveal that flow data 
for this event is suspect, possibly due to velocity probe 
issues.  However, the comparison shows that model 
strongly matches the data trends.
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Model Results

Meter Data

Rainfall

Flow Meter No.9 ; Link ID: L-88-85; Cone St and McPherson St

Clear evidence that baseflow during the event was higher 
than the DWF conditions to which the model was 
calibrated.  However, the comparison shows strong 
agreement between model and data trends.
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Model Results

Meter Data

Rainfall

Flow Meter No.10 ; Link ID: L-89-33; Beardsley Ave and Dearborn St

Velocity and depth data show very little variation and no 
diurnal response.  However, the comparison shows 
reasonable model timing.
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Model Results

Meter Data

Rainfall

Flow Meter No.11 ; Link ID: CSO#17.D; McNaughton Park, between 
CSOs 17 and 18

Clear evidence that baseflow during the event was higher 
than the DWF conditions to which the model was 
calibrated.  However, the comparison shows strong 
agreement between model and data trends.
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Model Results

Meter Data

Rainfall

Flow Meter No.12 ; Link ID: L-138-25; Eighth St and Marion St
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Model Results

Meter Data

Rainfall

Flow Meter No.13 ; Link ID: L-140-38; Navajo St, ~275 ft south of 
Pennsylvania Ave

Scattergraph shows that Manning's Equation was used 
to calculate meter velocities.  Therefore, depth 
comparisons are the relevant measure of model 
performance.  
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Model Results

Meter Data

Rainfall

Flow Meter No.14 ; Link ID: L-104-28; Jackson Blvd and Marine St
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Model Results

Meter Data

Rainfall

Flow Meter No.15 ; Link ID: L-135-59; Evans St and Carolyn Ave
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Model Results

Meter Data

Rainfall

Flow Meter No.16 ; Link ID: CSO#16.I; Southwest corner of Superior 
St and Kenwood Ave

Inactive meter site
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Model Results

Meter Data
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Flow Meter No.17 ; Link ID: L-105-49; Second St and Sycamore St

Scattergraph shows that Manning's Equation was used to 
calculate meter velocities.  Therefore, depth comparisons 
are the relevant measure of model performance.  
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Model Results

Meter Data

Rainfall

Flow Meter No.18 ; Link ID: CSO#6.I1; Jackson Blvd, ~170 ft north 
east of Main St

Inactive meter site
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Model Results

Meter Data

Rainfall

Flow Meter No.19 ; Link ID: L-123-13; Middlebury St and Denver St

Scattergraph shows that Manning's Equation was used 
to calculate meter velocities.  Therefore, depth 
comparisons are the relevant measure of model 
performance.  
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Flow Meter No.20 ; Link ID: L-170-29; Ninth St and Fieldhouse Ave
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Flow Meter No.21 ; Link ID: L-170-1; Oakland Ave and Fieldhouse Ave



12/11/2006 Page 22 of 29
City of Elkhart, IN

CSS Model Calibration

0.00

0.05

0.10

0.15

0.20

0.25

0.30

4/22 0:00 4/22 3:00 4/22 6:00 4/22 9:00 4/22 12:00 4/22 15:00 4/22 18:00 4/22 21:00 4/23 0:00

Date/Time

Fl
ow

 (M
G

D
)

0.00

0.05

0.10

0.15

0.20

0.25

0.30

5-
M

in
 R

ai
nf

al
l T

ot
al

s 
(in

)Model Results

Meter Data

Rainfall

Flow Meter No.22 ; Link ID: L-88-37; Cassopolis St and Russell Ct

Despite overall data concerns at this location, the 
scattergraph confirms periods of valid data during the 
event.
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Flow Meter No.23 ; Link ID: L-89-16; Grant St and Dearborn St

Despite evidence of depth probe randomly "sticking" at 
certain depths, the scattergraph confirms periods of valid 
data during the event. 
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Flow Meter No.24 ; Link ID: L-136-98; Tipton St and Charles St

Erratic velocity data readings raise general questions 
about data.  However, scattergraph confirms periods of 
valid data during the event.
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Flow Meter No.25 ; Link ID: L-137-68; Wagner Ave, ~270 ft east of 
Maryland Ave
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Flow Meter No.26 ; Link ID: L-120-19; Main St and Lexington Ave

Velocity data shows highly erratic readings.  However, 
the comparison shows reasonable model timing. 
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Flow Meter No.27 ; Link ID: L-120-130; Second St between Lexington 
Ave and Jackson Blvd

Scattergraph shows that Manning's Equation was used to 
calculate meter velocities.  Therefore, depth comparisons 
are the relevant measure of model performance.  
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Flow Meter No.28 ; Link ID: CSO#15.D; Michigan St and Fulton Ave

Inactive meter site



12/11/2006 Page 29 of 29
City of Elkhart, IN

CSS Model Calibration

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

4/22 0:00 4/22 3:00 4/22 6:00 4/22 9:00 4/22 12:00 4/22 15:00 4/22 18:00 4/22 21:00 4/23 0:00

Date/Time

Fl
ow

 (M
G

D
)

0.00

0.05

0.10

0.15

0.20

0.25

0.30

5-
M

in
 R

ai
nf

al
l T

ot
al

s 
(in

)

Model Results

Meter Data

Rainfall

WWTP Influent ; Link ID: SCRout-1

Clear evidence that baseflow during the event was higher 
than the DWF conditions to which the model was 
calibrated.  However, the comparison shows strong 
agreement between model and data trends.
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Flow Meter No.1 ; Link ID: L-107-32; Plum St and Laurel St
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Flow Meter No.2 ; Link ID: L-106-37; Michigan St and Laurel St

Elevated depth values before event raise general 
questions about data; however, scattergraph confirms 
periods of valid data during the event.
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Flow Meter No.3 ; Link ID: CSO#15.D; Michigan St and Kilbourn St

Inactive meter site
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Flow Meter No.4 ; Link ID: L-167-98; Carlton Ave between Morton Ave 
and Main St



12/11/2006 Page 5 of 29
City of Elkhart, IN

CSS Model Calibration

0.0

2.0

4.0

6.0

8.0

5/19 0:00 5/19 3:00 5/19 6:00 5/19 9:00 5/19 12:00 5/19 15:00 5/19 18:00 5/19 21:00 5/20 0:00

Date/Time

Fl
ow

 (M
G

D
)

0.00

0.05

0.10

0.15

0.20

0.25

0.30

5-
M

in
 R

ai
nf

al
l T

ot
al

s 
(in

)

Model Results

Meter Data

Rainfall

Flow Meter No.5 ; Link ID: L-117-51; West Blvd and Suwanee St
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Flow Meter No.6 ; Link ID: L-139-92; Indiana Ave and Albany St

Clear evidence that baseflow during the event was higher 
than the DWF conditions to which the model was 
calibrated.  However, the comparison shows strong 
agreement between model and data trends.
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Flow Meter No.7 ; Link ID: L-151-56; Ninth St and Garfield Ave

Model does not replicate metered flows recording filter 
backwash discharges from the City's South Wellfield on 
5/19. 
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Flow Meter No.8 ; Link ID: L-138-50; Wagner Ave and Eighth St

Upstream and downstream meters reveal that flow data 
for this event is suspect, possibly due to velocity probe 
issues.  However, the comparison shows that model 
strongly matches the data trends.
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Flow Meter No.9 ; Link ID: L-88-85; Cone St and McPherson St
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Flow Meter No.10 ; Link ID: L-89-33; Beardsley Ave and Dearborn St

Velocity and depth data show very little variation and no 
diurnal response.  However, the comparison shows 
reasonable model timing.
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Flow Meter No.11 ; Link ID: CSO#17.D; McNaughton Park, between 
CSOs 17 and 18

Clear evidence that baseflow during the event was higher 
than the DWF conditions to which the model was 
calibrated.  However, the comparison shows strong 
agreement between model and data trends.
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Flow Meter No.12 ; Link ID: L-138-25; Eighth St and Marion St
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Flow Meter No.13 ; Link ID: L-140-38; Navajo St, ~275 ft south of 
Pennsylvania Ave

Scattergraph shows inconsistent patterns at all flows 
during the event.  However, the comparison shows 
reasonable model timing.
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Flow Meter No.14 ; Link ID: L-104-28; Jackson Blvd and Marine St
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Flow Meter No.15 ; Link ID: L-135-59; Evans St and Carolyn Ave
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Flow Meter No.16 ; Link ID: CSO#16.I; Southwest corner of Superior 
St and Kenwood Ave

Inactive meter site
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Flow Meter No.17 ; Link ID: L-105-49; Second St and Sycamore St
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Flow Meter No.18 ; Link ID: CSO#6.I1; Jackson Blvd, ~170 ft north 
east of Main St

Inactive meter site
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Flow Meter No.19 ; Link ID: L-123-13; Middlebury St and Denver St

Scattergraph shows inconsistent patterns at all flows 
during the event.  However, the comparison shows 
reasonable model timing.
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Flow Meter No.20 ; Link ID: L-170-29; Ninth St and Fieldhouse Ave

Model does not replicate metered flows recording filter 
backwash discharges from the City's South Wellfield on 
5/19. 
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Flow Meter No.21 ; Link ID: L-170-1; Oakland Ave and Fieldhouse Ave
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Flow Meter No.22 ; Link ID: L-88-37; Cassopolis St and Russell Ct

Scattergraph shows inconsistent patterns at all flows 
during the event.  However, the comparison shows 
reasonable model timing. 



12/11/2006 Page 23 of 29
City of Elkhart, IN

CSS Model Calibration

0.0

0.5

1.0

1.5

2.0

2.5

3.0

5/19 0:00 5/19 3:00 5/19 6:00 5/19 9:00 5/19 12:00 5/19 15:00 5/19 18:00 5/19 21:00 5/20 0:00

Date/Time

Fl
ow

 (M
G

D
)

0.00

0.05

0.10

0.15

0.20

0.25

0.30

5-
M

in
 R

ai
nf

al
l T

ot
al

s 
(in

)

Model Results

Meter Data

Rainfall

Flow Meter No.23 ; Link ID: L-89-16; Grant St and Dearborn St

Despite overall data concerns at this location, the 
scattergraph confirms periods of valid data during the 
event.
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Flow Meter No.24 ; Link ID: L-136-98; Tipton St and Charles St

Erratic velocity data readings raise general questions 
about data.  However, scattergraph confirms periods of 
valid data during the event.
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Flow Meter No.25 ; Link ID: L-137-68; Wagner Ave, ~270 ft east of 
Maryland Ave
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Flow Meter No.26 ; Link ID: L-120-19; Main St and Lexington Ave

Velocity data shows highly erratic readings.  However, 
the comparison shows reasonable model timing. 
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Flow Meter No.27 ; Link ID: L-120-130; Second St between Lexington 
Ave and Jackson Blvd
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Flow Meter No.28 ; Link ID: CSO#15.D; Michigan St and Fulton Ave
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Clear evidence that baseflow during the event was higher 
than the DWF conditions to which the model was 
calibrated.  However, the comparison shows strong 
agreement between model and data trends.
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Meter-to-Model Depth Hydrographs 
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Flow Meter No.13 ; Link ID: L-140-38; Navajo St, ~275 ft south of 
Pennsylvania Ave

Scattergraph shows that Manning's Equation was used to calculate 
meter velocities.  Therefore, depth comparisons are the relevant 
measure of model performance.  
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Flow Meter No.17 ; Link ID: L-105-49; Second St and Sycamore St

Scattergraph shows that Manning's Equation was used to calculate 
meter velocities.  Therefore, depth comparisons are the relevant 
measure of model performance.  
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Flow Meter No.19 ; Link ID: L-123-13; Middlebury St and Denver St

Scattergraph shows that Manning's Equation was used to calculate 
meter velocities.  Therefore, depth comparisons are the relevant 
measure of model performance.  
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Flow Meter No.27 ; Link ID: L-120-130; Second St between Lexington 
Ave and Jackson Blvd

Scattergraph shows that Manning's Equation was used to calculate 
meter velocities.  Therefore, depth comparisons are the relevant 
measure of model performance.  
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CSO#15 - D/S ; Link ID: CSO#15.O; Michigan & Fulton

Flow data magnitudes at this overflow location were estimated using 
Manning's Equation.  Therefore, depth comparisons and float 
position are the relevant measures of model performance for this 
event.
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CSO#17 - D/S ; Link ID: CSO#17.O; McNaughton Park @ West Blvd

Flow data magnitudes at this overflow location were estimated using 
Manning's Equation.  Therefore, depth comparisons and float 
position are the relevant measures of model performance for this 
event.
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CSO#24 - D/S ; Link ID: CSO#24.O; Indiana & Franklin

Flow data magnitudes at this overflow location were estimated using 
Manning's Equation.  Therefore, depth comparisons and float 
position are the relevant measures of model performance for this 
event.
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CSO#31 - D/S ; Link ID: CSO#31.O; Elizabeth & Lusher

Flow data magnitudes at this overflow location were estimated using 
Manning's Equation.  Therefore, depth comparisons are the relevant 
measure of model performance for this event.
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CSO#37 - D/S ; Link ID: CSO#37.O; Franklin & Krau

Flow data magnitudes at this overflow location were estimated using 
Manning's Equation.  Therefore, depth comparisons are the relevant 
measure of model performance for this event.  

Positive depths observed in overflow under dry-weather 
conditions are due to groundwater intrusion.
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CSO#15 - D/S ; Link ID: CSO#15.O; Michigan & Fulton

Flow data magnitudes at this overflow location were estimated using 
Manning's Equation.  Therefore, depth comparisons and float 
position are the relevant measures of model performance for this 
event.
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Flow data magnitudes at this overflow location were estimated using 
Manning's Equation.  Therefore, depth comparisons and float 
position are the relevant measures of model performance for this 
event.
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CSO#24 - D/S ; Link ID: CSO#24.O; Indiana & Franklin

Flow data magnitudes at this overflow location were estimated using 
Manning's Equation.  Therefore, depth comparisons and float 
position are the relevant measures of model performance for this 
event.
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CSO#31 - D/S ; Link ID: CSO#31.O; Elizabeth & Lusher

Flow data magnitudes at this overflow location were estimated using 
Manning's Equation.  Therefore, depth comparisons are the relevant 
measure of model performance for this event.
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CSO#37 - D/S ; Link ID: CSO#37.O; Franklin & Krau

Flow data magnitudes at this overflow location were estimated using 
Manning's Equation.  Therefore, depth comparisons are the relevant 
measure of model performance for this event.  

Positive depths observed in overflow under dry-weather conditions 
are due to groundwater intrusion.
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CSO Diagrams and Coordinates 

   





















































































CSO Outfall Latitude (DMS) Longitude (DMS)
4 41d40'35.93"N 85d57'21.74"W
5 41d40'23.64"N 85d56'45.26"W
6 41d41'16.02"N 85d58'20.76"W
7 41d41'16.3"N 85d58'18.73"W
8 41d41'05.66"N 85d58'08.94"W
9 41d41'14.73"N 85d58'16.99"W
11 41d41'06.15"N 85d58'10.31"W
12 41d41'34.39"N 85d58'18.17"W
13 41d41'37.83"N 85d57'57.24"W
14 41d41'42.58"N 85d58'04.04"W
15 41d41'16.8"N 85d59'00.26"W
16 41d41'20.28"N 85d57'21.59"W
17 41d40'49.1"N 85d59'54.18"W
18 41d40'43.9"N 85d59'50.16"W
19 41d40'57.54"N 85d59'07.87"W
20 41d40'36.79"N 85d59'24.93"W
21 41d40'54.39"N 85d59'25.97"W
23 41d40'53.04"N 85d58'55"W
24 41d40'28.66"N 85d59'34.67"W
25 41d41'30.5"N 85d58'38.51"W
26 41d41'30.85"N 85d58'33.41"W
27 41d40'35.64"N 85d59'47.49"W
28 41d41'21.47"N 85d58'52.44"W
29 41d41'15.85"N 85d58'56.07"W
30 41d40'44.04"N 85d57'30.02"W
31 41d40'02.48"N 85d56'46.95"W
32 41d40'47.84"N 85d59'58.11"W
33 41d40'47.87"N 85d57'10.32"W
34 41d41'03.03"N 85d58'49.96"W
37 41d40'32.05"N 85d59'26.71"W
38 41d42'08.16"N 85d56'19.96"W
39 41d40'58.69"N 85d58'49.77"W
40 41d40'37.22"N 85d59'44.82"W
41 41d40'47.62"N 86d00'11.54"W



CSO Chamber Latitude (DMS) Longitude (DMS)
4 41d40'33.27"N 85d57'21.69"W
5 41d40'21.57"N 85d56'49.74"W
6 41d41'15.57"N 85d58'21.94"W
7 41d41'16.6"N 85d58'17.61"W
8 41d41'02.08"N 85d58'04.98"W
9 41d41'15.43"N 85d58'14.38"W
11 41d41'05.42"N 85d58'10.47"W
12 41d41'35.57"N 85d58'18.27"W
13 41d41'38.02"N 85d57'57.22"W
14 41d41'43.04"N 85d58'01.93"W
15 41d41'16.14"N 85d59'07.38"W
16 41d41'20.31"N 85d57'20.5"W
17 41d40'49.48"N 85d59'53.75"W
18 41d40'44.28"N 85d59'49.39"W
19 41d41'00.42"N 85d59'07.85"W
20 41d40'37"N 85d59'24.46"W
21 41d40'53.31"N 85d59'24.09"W
23 41d40'52.77"N 85d58'54.82"W
24 41d40'27.24"N 85d59'34.63"W
25 41d41'28.55"N 85d58'37.57"W
26 41d41'30.06"N 85d58'32.63"W
27 41d40'34.61"N 85d59'49.77"W
28 41d41'21.32"N 85d58'51.68"W
29 41d41'15.82"N 85d58'55.68"W
30 41d40'44.03"N 85d57'35.07"W
31 41d40'00.32"N 85d56'56.82"W
32 41d40'45.69"N 85d59'58.12"W
33 41d40'48.84"N 85d57'10.34"W
34 41d41'03.44"N 85d58'48.34"W
37 41d40'30.43"N 85d58'55.32"W
39 41d41'00.23"N 85d58'44.26"W
40 41d40'38.07"N 85d59'44.2"W
41 41d40'57.04"N 86d00'12.07"W
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St. Joseph River Model Updated Calibration

April 20, 2007

Overview
This memorandum presents an updated calibration of the St. Joseph River water quality model being
used by the Cities of Elkhart, Mishawaka and South Bend to evaluate in-stream impacts from bacteria
sources in the watershed, including discharges from their combined sewer overflows (CSOs). The river
model’s spatial extent spans over 30 miles of the St. Joseph River, from upstream of the City of Elkhart
at River Mile (RM) 81.6 downstream to the Indiana-Michigan state line (RM 50). The domain also
includes the lower 16 miles of the Elkhart River, from just below the City of Goshen downstream to its
confluence with the St. Joseph River. The model was developed and calibrated in 2003-2004 under a
205(j) grant obtained by the Cities from US EPA, and is consistent with US EPA guidance on
monitoring and modeling for CSOs (USEPA 1999). This memorandum provides an update to the river
model calibration reflecting additional information from the last three years, including:

- Development of a watershed model (HSPF) to estimate runoff volume and bacteria
loadings from nonpoint sources in the tributaries to the Elkhart and St. Joseph Rivers;

- Updated calibration of the combined collection system models in the Cities of South
Bend and Elkhart to new flow monitoring data; and,

- More accurate delineations of areas serviced by the municipal separate storm sewer
system (MS4) in the City of Elkhart.

The Escherichia coli (E. coli) data used to calibrate the river model were collected between July 2002-
May 2003 over a range of environmental conditions, including wet and dry periods in all four seasons.
These data provide a robust dataset for comparison to model simulated concentrations. Results from
the update to the river model calibration, which are described below, indicate that the model reasonably
reproduces the in-stream data over the range of environmental and seasonal conditions. Therefore, the
river water quality model provides a causal linkage between the discharge of CSO pollutants and
impacts on water quality. It provides a more complete assessment of water quality conditions than data
alone by filling gaps between sampling locations and collection times and for simulating conditions
under a “typical” or average year. The calibrated and validated river model will also provide the
capability to forecast relative improvements in water quality conditions resulting from various CSO
controls.
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Background
The St. Joseph River drains 4,725 square miles in Michigan and Indiana and receives bacterial
pollution from agriculture, urban storm water, combined sewers overflows (CSOs), and rural
sources. Three Indiana cities -- Elkhart (population 47,626), Mishawaka (population 46,557), and
South Bend (population 107,789) have a total of 88 CSOs and many more storm water outfalls.
The three cities, which initiated CSO planning in 1990, are refining their CSO long-term control
plans (LTCPs) and are also developing urban storm water management plans to meet national and
state policies.

The portion of the St. Joseph River watershed containing these communities is in Elkhart and St.
Joseph Counties, Indiana. Although these two counties encompass only nine percent of the river’s
watershed, they are among the top 10 counties in Indiana based on the number of livestock. The
counties are also significant population and industrial centers in Indiana. St. Joseph County is
ranked number four in the state according to population. Elkhart County experienced a 149
percent increase in population since 1970 and now ranks sixth in the state for population. The
Indiana Department of Environment (IDEM) has identified a portion of the river and many of the
tributaries within the study area as impaired waters for E. coli under Section 303(d) of the Clean
Water Act. IDEM developed an E. coli Total Maximum Daily Load (TMDL) for the river
(IDEM, 2003). Also, the Michigan Department of Environmental Quality developed an E. coli
TMDL for the lower portion of the river, downstream of the study area (MDEQ, 2003). US EPA
approved both TMDLs in 2004. Therefore the three cities, and other stakeholders in the two-
county area, must identify cost-effective source controls to meet water quality criteria within the
Indiana portion of the river and at the Indiana/Michigan state line.

Previous modeling efforts of the St. Joseph River began in the early 1990s, when South Bend
initiated their first combined sewer overflow (CSO) study. Mishawaka and Elkhart followed suit,
conducting independent river modeling efforts. Several regulatory requirements led the cities to
conclude that a single, integrated river model would result in better decision-making about
management approaches to reduce E. coli in the river. These include the national and state CSO
policies, storm water permits, and the TMDL program. Additionally, Indiana adopted guidance
for conducting CSO long-term control plans and use attainability analyses in 2000 (IDEM, 2000).
The cities formed a cooperative watershed approach that included the goal of developing a single
easy-to-use tool to differentiate between different sources of E. coli and to assist in developing
effective management solutions. The Cities proactively initiated a study with federal and local
funding that built on their previous efforts to answer long outstanding questions about the sources
of E. coli and impacts on the river during wet and dry weather conditions, using a modeling
framework that simulated E. coli loadings from all sources in the watershed. This framework is
illustrated in Figure 1.
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Figure 1. Modeling Framework for the St. Joseph Watershed.

The study was conducted in two phases. In the first phase (2002-2003), the Cities conducted a
coordinated E. coli sampling program between July 2002 and May 2003 in the St. Joseph and
Elkhart rivers and their tributaries. Samples were collected weekly at approximately twelve
locations in the St. Joseph River, two locations in the Elkhart River and at the mouths of seven
tributaries (it was necessary to move some sites at times due to access issues). Sampling included
both wet weather (8 events) and dry weather (19 events) conditions. The monitoring data span a
range of environmental conditions, from dry weather to storms ranging from less than 0.1 inches
up to 1.59 inches. The Cities continue to collect water quality data in the St. Joseph and Elkhart
Rivers on an approximately weekly frequency to document that water quality conditions are
improving as a result of pollution control efforts.

During the first phase of the grant-funded study, the Cities also developed a planning level model
of the rivers and calibrated it to the data collected in the monitoring program. The United States
Geological Survey’s (USGS) Branched Lagrangian Transport Model (BLTM) was selected as the
river model because it is a fully dynamic model in which both flow and water quality conditions
can vary with time and space (Jobson, 1993). The USGS’ stream hydraulic model, the Diffusion-
Analogy Flow Model (DAFLOW), is used as a companion model to provide flow input to the
BLTM model. BLTM uses a Lagrangian-based reference frame where the pollutant
concentrations in parcels of in-stream water are tracked at computational nodes as they (the
parcels) move with flow. Using a Lagrangian reference frame in water quality models is
advantageous because it reduces numerical dispersion and is stable for any time step size. BLTM
is one dimensional in the longitudinal direction. Multiple pollutant source types, including CSOs,
urban storm water, wastewater treatment plant (WWTP) discharges and tributaries, can be
specified at multiple points along the system. The model can simulate water quality under
unsteady flow conditions, such as during a wet weather event. Its customization for the St.
Joseph River system is described in more detail below.
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In the second phase of the cooperative study (2004-2006), a watershed model was developed to
simulate E. coli fate and transport in the tributaries to the rivers (City of Elkhart, 2006). This
model was calibrated to the data collected in Phase 1 in the seven major tributaries in the study
area. This model was then linked to the river model. Additional activities in the second phase
also included the development of modeling pre- and post-processors that facilitate understanding
and visualization of the model results, including GIS-based animations and comparisons to event
data and applications of the model for variously sized design storms and for a “typical” year.

The Cities of Elkhart and South Bend also conducted additional flow monitoring in their
combined collection systems in Spring 2004/Fall 2005 (Elkhart) and June through November
2005 (South Bend). These data were used to update the calibration and validation of their
collection system models. The updated collection system models, which are more tightly
calibrated to monitoring data than earlier versions of these models, now predict much lower
volume (<=50%) from the CSOs than the model versions used in the original river model
calibration.

As the Cities embark on their CSO LTCP updates, revisiting the river model calibration in light
of the recent improvements to the tools in the framework is prudent to ensure that the model will
provide reliable simulations of in-stream water quality. This memorandum describes the updated
calibration.

River Model Inputs
This section describes the inputs to the BLTM river model including the model geometry, E. coli
source inputs, and the treatment of E. coli loss kinetics. The model domain for the St. Joseph
River extends from the Indiana-Michigan state line (RM 50.05) upstream to the Six-Span Bridge
(RM 81.63). The model domain of the Elkhart River extends from its confluence with the St.
Joseph River (RM 0.0) upstream to Goshen (RM 16.2). These reaches were chosen for several
reasons:

Both the St. Joseph and Elkhart model boundaries are upstream of all of the participating
cities’ CSO and storm water sources;

The St. Joseph River upstream boundary is routinely sampled (approximately weekly) by
the City of Elkhart, providing an in-stream concentration dataset to use as a model
forcing;

A USGS gauge is located at the Elkhart River upstream boundary, providing a flow
dataset to use as a model forcing;

A number of locations within the model domain are routinely sampled by the Cities of
Elkhart, Mishawaka, and South Bend, providing an extensive dataset for comparing to
simulated concentrations and constraining model formulations;

The model domain includes the East Race, a kayaking course in downtown South Bend,
that is a key location for evaluating recreation; and

The model extends to the Indiana-Michigan state line, which allows an assessment of the
impact of the Cities’ sources on in-stream water quality as the river enters Michigan.

Model Geometry
The river model (BLTM) is structured in branches, which are defined at their upstream and
downstream boundaries by junctions. Branches are subdivided into grid sections that are defined
by nodes. Nodes are also used as loading input locations. Multiple branches are allowed but
each branch is limited to 100 grid sections. The St. Joseph model consists of 5 branches (4 for
the St. Joseph River and 1 spanning the Elkhart River) with a total of 179 grid nodes. Branches
were terminated at dams (Johnson St. and Twin Branch) and at confluences of major tributaries
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(e.g. Elkhart River confluence with St. Joseph River). A schematic of the model is shown in
Figure 2.

Figure 2. Water Quality Model Schematic.

Channel geometry in BLTM is expressed as a function of flow and can vary by grid section to
more accurately simulate the changing bathymetry found in a typical river system. The primary
emphasis in defining the channel geometry is to accurately reproduce velocity and travel times
with the flow portion of the model. The location and flow characteristics of each branch are
summarized in Table 1.

Table 1. Branches of the BLTM River Model for the St. Joseph and Elkhart Rivers

ID Branch Description (River Mile)

Max
Flow
(cfs)

Mean
Flow
(cfs)

1 St. Joseph from Six-Span Bridge (81.63) to Johnson St. Dam (77.12) 8,450 3,054
2 St. Joseph from Johnson St. Dam to confluence with Elkhart (76.52) 11,042 3,122

3 Elkhart from Goshen (16.2) to confluence with St. Joseph (0.0) 5,108 611

4 St. Joseph from confluence with Elkhart to Twin Branch Dam (64.82) 11,275 3,197

5 St. Joseph from Twin Branch Dam to MI/IN state line (50.05) 12,409 3,252

Nodes in the model were first selected to correspond to cross-sections in a hydraulic model
(HEC) of the river developed by the Indiana Department of Natural Resources (IDNR, 1977) for
evaluating the effects of flooding. Nodes were then added to the model to correspond to loading



St. Joseph River Model Updated Calibration-Final Memorandum Page 6

LimnoTech

input locations. The IDNR’s HEC model was used to develop the model’s geometry inputs and
relationships between flow and area and flow and width for each grid section.

E. coli Sources
In addition to the geometry inputs described in the previous section, the BLTM river model
requires temporal and spatial inputs of flows and concentrations. This section describes the
specific data sources used for the model calibration period.

Source types included in the model include upstream, tributary inflows, CSOs, storm water
(SWOs), wastewater treatment plant (WWTP) effluent, and drainage from areas adjacent to the
rivers (direct drainage). Flow and concentration time series inputs were developed for all source
types using the data sources summarized in Table 2. For several sources, event mean
concentrations (EMCs) were selected to represent average pollutant concentrations across a CSO
discharge event. Use of EMCs is consistent with US EPA’s monitoring and modeling guidance
for CSOs (USEPA 1999).

Table 2. Summary of flow and E. coli load inputs for BLTM River Model

Source Flow E. coli Concentration

St. Joseph River-Upstream

USGS gauge (04101000) at
Johnson St. Bridge adjusted by
drainage area of gage to
drainage area at model
boundary

Sampling data from the Six Span
Bridge

Elkhart River-Upstream USGS gauge (04100500) at
Goshen

Estimated from sampling data at
County Rd 18.

Tributaries HSPF watershed model HSPF watershed model

Direct Drainage-St. Joseph River Best Professional Judgment
(BPJ)

Literature and BPJ (varied
seasonally)

Direct Drainage-Elkhart River BPJ Literature and BPJ (varied
seasonally)

Elkhart CSOs Collection system model
Literature and BPJ
EMC = 750,000 (cfu/100mL)

Elkhart SWOs Rational method (Q=ciA)
Literature
Road EMC = 1,700 (cfu/100mL)
Other EMC = 5,000 (cfu/100mL)

Elkhart WWTP Monitoring data Monitoring data

Mishawaka CSOs Collection system model Literature and BPJ
EMC = 750,000 (cfu/100mL)

Mishawaka SWOs Rational method (Q=ciA) Literature
EMC = 5,000 (cfu/100mL)

Mishawaka WWTP Monitoring data Monitoring data

South Bend CSOs Collection system model
Literature and BPJ
EMC = 750,000 (cfu/100mL)

South Bend SWOs Rational method (Q=ciA) Literature
EMC = 5,000 (cfu/100mL)

South Bend WWTP Monitoring data Monitoring data

The tributary flows and associated E. coli loads were modeled using the Hydrologic Simulation
Program in Fortran (HSPF), a watershed model supported by USEPA. The tributaries modeled
with HSPF are: Rock Run Creek, Yellow Creek, Pine Creek, Puterbaugh Creek, Osolo Township
Ditch, Christiana Creek, Cobus Creek, Baugo Creek, Penn Township Ditch, Eller Ditch, Willow
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Creek, Bowman Creek, and Juday Creek. A detailed description of the watershed model
configuration to the St. Joseph watershed and its calibration to tributary data is provided
elsewhere (City of Elkhart, December 2006).

Hourly CSO overflow volumes were obtained using three independent collection system models
from the Cities of Elkhart, Mishawaka, and South Bend. CSO discharges were assigned an EMC
of 750,000 cfu/100mL, which falls within the range of standard literature values. The sensitivity
of the model to the selected CSO EMC value is described in a later section of this document.

Storm water volumes for each of the Cities were calculated using the Rational Method. A detailed
delineation of storm water areas and appropriate land use and soil type data were used to establish
runoff coefficients. These area delineations were refined for the City of Elkhart using aerial
photographs during this calibration update. Storm water overflows for these municipalities were
assigned an EMC of 5,000 cfu/100mL, based on the median fecal coliform value from the
National Stormwater Quality Database (NSQD). Fecal coliform values from the NSQD were used
because more data were available than for E. coli and because fecal coliform EMCs provide a
conservative (high) estimate of E. coli (which is a subset of fecal coliform) in storm water.
Because several of the delineated storm water areas in Elkhart drain only roads and/or highways,
these areas were assigned an EMC of 1,700 cfu/100mL, which is the median fecal coliform
concentration from the NSQD (Pitt et al. 2005).

A direct drainage load was added at 11 nodes along the St. Joseph River and one node along the
Elkhart River to allow the model to simulate seasonal dry weather in-stream variation not fully
captured by the other source inputs. Specifically, the direct drainage load is increased during the
summer (identified as June 15-October 15), and may reflect the presence of waterfowl. The
direct drainage loads comprise approximately 4% of the total E. coli load during the calibration
period and have little effect on simulated concentrations during wet weather.

Figure 3 summarizes the simulated percent contributions of each source type to the total E. coli
load during the calibration period from July 14, 2002 to May 10, 2003 to the St. Joseph River
(including loads from the Elkhart River). Figure 3 also shows the loading distribution solely to
the Elkhart River. In the St. Joseph River, CSOs are the predominant source of E. coli whereas in
the Elkhart River, nonpoint source loads from tributaries are the predominant source. Table 3
presents a more detailed volume and load enumeration for each of the specific sources for the
same period.
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Figure 3. Summary E. coli load contributions by source type

Table 3. Specific flow and E. coli load contribution for each source during the calibration period
(7/14/02-5/10/03)

Source Category
Receiving

Water
Volume

(MG)
E. coli Load

(cfu)
Percent of
Total Load

St. Joseph River-Upstream Upstream St. Joseph 274,909 6.07E+14 2.8%

Elkhart River-Upstream Upstream Elkhart 47,816 1.01E+15 4.7%

Yellow Creek Tributary Elkhart 2,079 1.29E+15 6.0%

Christiana Creek Tributary St. Joseph 6,246 7.53E+14 3.5%
Baugo Creek Tributary St. Joseph 4,833 5.87E+14 2.7%

Eller Ditch Tributary St. Joseph 252 4.16E+13 0.2%

Willow Creek Tributary St. Joseph 527 1.77E+13 0.1%
Bowman Creek Tributary St. Joseph 979 1.69E+14 0.8%

Juday Creek Tributary St. Joseph 2,043 1.62E+14 0.8%

Cobus Creek Tributary St. Joseph 2,113 2.26E+14 1.1%

Pine Creek Tributary St. Joseph 1,709 4.50E+14 2.1%
Peterbaugh Creek Tributary St. Joseph 798 6.12E+13 0.3%

Osolo Ditch Tributary St. Joseph 711 6.96E+13 0.3%

Rock Run Creek Tributary Elkhart 2,484 1.02E+15 4.7%

Penn Tributary Tributary St. Joseph 444 5.84E+13 0.3%

Direct Drainage-St. Joseph
River

Direct Drainage St. Joseph 24 8.38E+14 3.9%

Direct Drainage-Elkhart River Direct Drainage Elkhart 2 3.98E+13 0.2%
Elkhart CSOs CSO St. Joseph

and Elkhart
56 1.60E+15 7.5%

Elkhart SWOs SWO St. Joseph
and Elkhart

215 2.76E+13 0.1%

Elkhart WWTP WWTP St. Joseph 3,864 3.36E+14 1.6%
Mishawaka CSOs CSO St. Joseph 34 9.74E+14 4.5%

Mishawaka SWOs SWO St. Joseph 233 4.42E+13 0.2%

Mishawaka WWTP WWTP St. Joseph 2,957 3.12E+14 1.5%

E. coli Load-Elkhart River

(3.63 x 1015 cfu)
CSO
7%

Direct
Drainage

1%

Tributary
64%

Upstream
28%

SWO
<1%

E. coli Load-St. Joseph River

(2.14 x 1016 cfu)

SWO
1%

WWTP
10% Upstream

8%

Tributary
23%

Direct
Drainage

4%
CSO
54%
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Source Category
Receiving

Water
Volume

(MG)
E. coli Load

(cfu)
Percent of
Total Load

South Bend CSOs CSO St. Joseph 327 9.29E+15 43.4%

South Bend SWOs SWO St. Joseph 226 4.28E+13 0.2%

South Bend WWTP WWTP St. Joseph 9,311 1.40E+15 6.5%

In-stream Loss Rate
The bacterial loss rate is a first-order rate that accounts for losses of E. coli in the water column
due to die-off and net settling. A loss rate of 1.0/day, with an Arrhenius temperature correction
coefficient of 1.02, was selected to reproduce the data. This loss rate is within the range of values
reported in the literature (USEPA, 1985). A weekly temperature time series was developed from
the historical data and applied throughout the model domain to adjust the loss rate. The model’s
sensitivity to the loss rate was evaluated and is discussed later in this memorandum.

River Model to Data Comparisons
This section describes the results of the updated calibration of the BLTM river model. It begins
with a description of the data from the monitoring period and then presents a comparison of
model predictions to observed data using a number of different formats, including:

Cumulative frequency distribution plots;
Model error analysis;
Box and whisker plots; and
 Spatial profiles.

In addition, sensitivity analyses were conducted to determine the sensitivity of predicted
concentration to changes in the bacteria loss rate and assumed CSO concentrations.

As described in detail below, the dataset used to calibrate the model spans a ten-month
monitoring period, which provides an extended period and eight storm events for evaluating the
model’s performance. The calibration dataset permits the traditional modeling components of
model calibration and validation to be encompassed in this single, extended model to data
comparison.

Calibration Period and Available Data
For the purpose of this modeling effort, the cities collected samples along 30 miles of the St.
Joseph River, approximately seven miles along the main stem of the Elkhart River, and at the
mouths of tributaries. The data collection effort included 27 monitoring events and a total of 503
samples collected at 26 stations from July 2002 to May 2003. There were two stations on the
Elkhart River, 13 stations along the St. Joseph River, seven tributary stations, and three stations at
the cities’ wastewater treatment plant (WWTP) outfalls. Eight of the 27 monitoring events reflect
wet weather conditions in the river while the remaining 19 events reflect in-stream dry weather
conditions. Storm events captured in the wet weather monitoring ranged from 0.1 inches to 1.59
inches. Total rainfall during the monitoring program was approximately 19 inches, which is less
than the historical average (30.45 inches) over this period. Staff from Elkhart sampled the upper
portion of the modeled area on the St. Joseph River, the Elkhart River, and the mouths of the
tributaries. Staff from Mishawaka and South Bend sampled the remainder of the modeled area
along the lower St. Joseph River. Sampling frequency was roughly once a week. Samples were
analyzed at each of the cities’ WWTP laboratories.

The E. coli monitoring data from the cities were utilized in the following ways:
The WWTP outfall data were used to create point source loads as a model forcing;
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Monitoring data from the Six Span Bridge were used as an upstream boundary condition;
The tributary data were used to calibrate the HSPF watershed model, which was then

linked as an input to the BLTM river model; and
The in-stream data from the stations on the St. Joseph and Elkhart Rivers were used to

calibrate the BLTM model.

Table 4 provides the location of each of the sampling stations used to calibrate the BLTM model
and the number of samples collected at those locations during the calibration period.

Table 4. Sampling locations along the Elkhart and St. Joseph Rivers

Station ID Location
River
Mile

No of
Samples

Elkhart River
EK-1 Elkhart River at County Rd. 18 Bridge, upstream of Elkhart 7.0 27
EK-2 Elkhart River at Jackson St. Bridge, upstream of confluence with the

St. Joseph River (Elkhart)
0.25 27

St. Joseph River
SJ-1 St. Joseph River at Six Span Bridge, upstream of Elkhart 81.52 26

SJ-2 St. Joseph River at Johnson St. Bridge (Elkhart) 77.02 27

SJ-3 St. Joseph River at North Main St. Bridge (Elkhart) 76.50 27

SJ-4 St. Joseph River at Lexington St. Bridge (Elkhart) 75.71 1
SJ-5 St. Joseph River at Arcade St. Bridge 74.62 5

SJ-6 St. Joseph River at Nappanee St. Bridge (Elkhart) 73.70 16

SJ-7 St. Joseph River at Ash Road Bridge 68.75 25
SJ-8 St. Joseph River at Bittersweet Bridge (Mishawaka) 66.37 17

SJ-9 St. Joseph River at Main St. Bridge (Mishawaka) 61.64 27

SJ-10 St. Joseph River at Ironwood St. Bridge (South Bend) 59.73 27

SJ-11 St. Joseph River at Colfax Ave. Bridge (South Bend) 57.36 27
SJ-12 St. Joseph River at Angela St. Bridge (South Bend) 56.48 25

SJ-13 St. Joseph River at Auten 51.17 27

Cumulative Frequency Distribution Plots
Figure 4 is the cumulative frequency distribution plot of the observed data at all sampling
locations and the corresponding model outputs at noon on the day the samples were collected.
Cumulative frequency distribution plots show the percent of values within the dataset that are less
than each observed or simulated concentration. They are useful for comparing the range of
observed and simulated concentrations and the relative frequencies at which the concentrations
occur. These plots are particularly appropriate for evaluating a calibration effort, such as this one,
in which an extensive dataset of measured concentrations is available for model comparison.
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Figure 4. Cumulative frequency distribution of observed and simulated concentrations on the day of
sample collection.

The cumulative frequency distribution plots of the model and the data match extremely well,
indicating that the model is successfully reproducing the range of observed concentrations at the
appropriate frequency. Cumulative frequency distribution plots at each location where a
minimum of 20 samples were analyzed are included in Appendix A. These plots show the model
is successfully reproducing the range of observed data at each location.

Model Error Analysis
Tables 5 and 6 provide a simple statistical summary of the model to data comparisons for the
calibration period. Table 5 includes model to data comparisons for all sampling events, while
Table 6 is limited to wet-weather events, when the Cities’ CSO and storm water sources are
active. Because bacteria concentrations are not normally distributed, values were transformed to a
natural log scale for the statistical analysis. For both tables, the simulated concentrations at noon
on the day of sample collection were used for the model values.

Locations SJ-4 and SJ-5 are not included in the table because they were infrequently sampled.
Measured E. coli data were specified in the model input time series for days corresponding to
sampling events at river mile 81.63, the upstream boundary. The upstream boundary was
included in the tables for completeness since it is one of the City’s routinely monitored locations,
however the lines of Table 5 and 6 comparing data to model performance for all locations on the
St. Joseph River do not include this location.

The statistical comparisons using all of the data are good at all locations. The mean of the
relative errors of the model to data comparisons at all locations are within the range of ±10%.
This indicates that the model is reproducing the central tendency of the observed data. The
absolute relative error at all locations except SJ-8 is under 20%. This indicates that the model is
neither dramatically overestimating nor underestimating the observed data. At the single location
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where the absolute relative error is above 20%, relatively fewer data are available to compare the
model with observed data. This may account for some of the discrepancy at that location.

Table 5. Statistical comparison of ln-transformed observed and simulated concentrations

Location Count Data
Mean

Model
Mean

Data/Model
Ratio of
Means

Mean
Relative
Error1

Mean
Absolute
Relative
Error2

SJ-1 26 3.41 3.41 1.00 0.0% 0.0%

SJ-2 27 3.19 3.14 1.02 0.2% 17.2%
SJ-3 27 3.78 3.98 0.95 7.5% 17.3%

SJ-6 16 4.05 3.99 1.01 1.9% 14.2%
SJ-7 25 3.61 3.65 0.99 4.7% 18.1%

SJ-8 17 3.88 3.46 1.12 -6.6% 33.1%

SJ-9 27 3.74 3.45 1.08 -4.0% 17.7%
SJ-10 27 4.06 3.91 1.04 -3.2% 11.8%

SJ-11 27 4.33 4.50 0.96 5.9% 14.1%
SJ-12 25 4.46 4.24 1.05 -3.5% 11.5%

SJ-13 27 5.33 5.33 1.00 1.0% 9.1%

All St. Joseph R. Locations 245 4.05 3.99 1.02 0.6% 15.9%
EK-1 27 4.70 5.08 0.93 9.0% 9.6%

EK-2 27 4.87 5.03 0.97 4.0% 15.9%
All Elkhart R. Locations 54 4.78 5.05 0.95 6.5% 12.7%

1Mean relative error = [((model-data)/data)]/n
2Mean absolute relative error = [(|model-data|/data)]/n

The statistical comparisons using only wet-weather observations are also good. Despite the fact
that fewer data are available at each location, the mean relative errors are within ±15% and mean
absolute relative errors are less than 25% at all locations except SJ-8. Only five wet-weather
samples are available for SJ-8.

Table 6. Statistical comparison of natural log (ln)-transformed observed and simulated
concentrations for wet-weather events

Location Count
Data
Mean

Model
Mean

Data/Model
Ratio of
Means

Mean
Relative

Error

Mean
Absolute
Relative

Error

SJ-1 8 4.07 4.07 1.00 0.0% 0.0%

SJ-2 8 3.80 3.68 1.03 -3.8% 19.2%
SJ-3 8 4.78 5.14 0.93 6.9% 13.6%

SJ-6 5 5.56 4.92 1.13 -9.6% 9.6%

SJ-7 7 4.84 5.20 0.93 8.9% 23.0%
SJ-8 5 4.32 4.70 0.92 19.5% 57.1%

SJ-9 8 4.85 4.07 1.19 -11.8% 23.2%
SJ-10 8 5.24 4.87 1.08 -7.2% 11.7%

SJ-11 8 5.79 5.73 1.01 0.2% 18.5%

SJ-12 6 5.80 5.39 1.08 -7.5% 12.3%
SJ-13 8 6.92 6.83 1.01 -2.8% 9.9%

All St. Joseph R. Locations 71 5.20 5.06 1.03 -1.1% 18.8%
EK-1 8 5.98 6.27 0.95 3.7% 4.7%

EK-2 8 5.81 6.57 0.88 13.4% 16.0%

All Elkhart R. Locations 16 5.90 6.42 0.92 8.6% 10.4%
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Box and Whisker Plots
Model results were compared to observed data via the use of a “box and whisker plot.” Box and
whisker plots show the variability in model predictions and observations, in which the middle of
the box represents the median, the bottom and top of the box represent the 25th and 75th

percentiles, and the whiskers represent the 5th and 95th percentiles. For simplicity, the stations are
grouped by location, and the results are shown in Figure 5. The various percentile concentrations
are similar for the observed and simulated data, indicating that the model is successfully
reproducing the range of observed concentrations at the appropriate frequency throughout the
model domain.

Figure 5. Box and whisker plot comparing observed and simulated concentrations, grouped by
location

Spatial Profiles
The modeling framework includes visualization tools that allow the user to view the model results
and observed data when appropriate. These figures are useful for evaluating how well the model
reproduces the downstream concentration profile observed in the data, such as the locations of
elevated concentrations. The model concentration profile compares well to the observed data
profile for most events. Figures 6 and 7 are example snapshots of the model visualization
showing observed data and simulated concentrations at noon on the day of select sampling
events. The snapshots show the complete model extent for the St. Joseph River. Figure 6 is a
sample dry-weather sampling event and Figure 7 is a sample wet-weather sampling event.
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Figure 6. Sample dry-weather model spatial profile for the St. Joseph River

Figure 7. Sample wet-weather model spatial profile for the St. Joseph River

Additional snapshots of dry and wet-weather sampling events are included in Appendix B.

Sensitivity Analyses
Selection of model inputs can have a significant influence on water quality model concentration
predictions. Each of the model inputs has a degree of uncertainty associated with it. The effect
on simulated concentrations of the uncertainty associated with the primary kinetic model control,
the bacteria loss rate, was tested with additional simulations of the calibration period.

Sensitivity of the model to the values of the E. coli loss rate (specified as 1.0 day-1) was evaluated
by rerunning the simulations using two other decay rates: 0 day-1 and 2.0 day-1. A comparison of
the mean relative error at each sampling location using these loss rates is shown in Table 7. The
specified value of 1.0 day-1 yields the simulation that best fits the observed data.
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Table 7. Comparison of mean relative errors of simulated and observed concentrations when varying
the bacterial loss rate

Bacterial loss rate (day-1)

Location Count 0.0 1.0 2.0

SJ-1 26 0.0% 0.0% -1.0%
SJ-2 27 28.9% 0.2% -17.7%

SJ-3 27 26.0% 7.5% -4.6%
SJ-6 16 24.3% 1.9% -13.1%

SJ-7 25 53.3% 4.7% -22.1%

SJ-8 17 40.3% -6.6% -39.8%
SJ-9 27 52.3% -4.0% -27.8%

SJ-10 27 42.7% -3.2% -21.5%
SJ-11 27 42.8% 5.9% -5.0%

SJ-12 25 35.4% -3.5% -16.6%

SJ-13 27 25.7% 1.0% -5.7%
All St. Joseph R. Locations 245 37.2% 0.6% -16.5%

EK-1 27 14.1% 9.0% 4.1%
EK-2 27 16.0% 4.0% -7.6%

All Elkhart R. Locations 54 15.1% 6.5% -1.8%

The range of CSO E. coli EMC values in the literature spans several orders of magnitude from
105 to 107 cfu/100 ml (USEPA, 2001). Sensitivity of the model to the choice of the CSO EMC
(specified as 750,000-cfu/100mL) was evaluated by rerunning the simulations using two other
values: 375,000 and 1,500,000. The results of these model simulations were compared to only
wet-weather data since these data reflect loadings from this source. However, because tributary
loads are the primary source of Elkhart River wet-weather concentrations (see Figure 3), those
stations were not included in this evaluation. Additionally, stations SJ-1 and SJ-2 are upstream of
all modeled CSOs and therefore were also excluded from this evaluation. A comparison of the
mean relative error at the relevant sampling locations using these CSO EMCs is shown in Table
8. The specified value of 750,000-cfu/100mL yields best overall fit to the data.

Table 8. Comparison of wet-weather mean relative errors of simulated and observed concentrations
when varying the CSO EMC

CSO EMC (cfu/100mL)

Location Count 375,000 750,000 1,500,000

SJ-3 8 6.9% 6.9% 7.0%

SJ-6 5 -11.0% -9.6% -8.0%
SJ-7 7 3.5% 8.9% 15.3%

SJ-8 5 14.6% 19.5% 24.7%
SJ-9 8 -12.7% -11.8% -10.4%

SJ-10 8 -9.1% -7.2% -4.6%

SJ-11 8 -3.2% 0.2% 4.0%
SJ-12 6 -10.9% -7.5% -3.6%

SJ-13 8 -6.7% -2.8% 1.8%
All Locations impacted by CSOs 64 -3.5% -0.8% 2.3%
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Conclusions
The information from the water quality modeling effort can be summarized in the following
conclusions:

The St. Joseph River model provides a reasonable reproduction of E. coli
concentrations in the St. Joseph and Elkhart Rivers for a range of environmental
conditions;

The goodness of fit of the river model calibration provides a secondary check of
the accuracy of the methods and models used to specify the source inputs. This
calibration suggests that these methods and models are providing reliable
estimates of point and nonpoint source bacteria loads;

The model was successfully calibrated to a range of storm and environmental
conditions in terms of reproducing effects of the CSOs and other E. coli sources;

The water quality model will be a useful tool for assessing impacts and for
quantifying potential benefits of various control scenarios considered for the
LTCP.

The calibration of the river model indicates that it is capable of reproducing the timing and
magnitude of most of the observed data. It is the best tool available for evaluating in-stream
impacts from watershed sources, including CSOs, under a range of environmental conditions and
control scenarios. The model is suitable for evaluating the benefits of different CSO control
alternatives and expected compliance with water quality standards.
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Appendix A.
Cumulative Frequency Distribution Plots by Individual Sampling

Location
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Figure A.1-Cumulative frequency distribution plots for locations on the St. Joseph River (Elkhart and Mishawaka)
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Figure A.2-Cumulative frequency distribution plots for locations on the St. Joseph River (South Bend).
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Figure A.3-Cumulative frequency distribution plots for locations on the Elkhart River
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Appendix B. Model Visualization Spatial Profiles



St. Joseph River Model Updated Calibration-Final Memorandum Page 26

LimnoTech



St. Joseph River Model Updated Calibration-Final Memorandum Page 27

LimnoTech

Figure B.1. Summer dry-weather spatial profile for the St. Joseph River on 8/8/02.

Figure B.2. Summer dry-weather spatial profile for the Elkhart River on 8/8/02.
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Figure B.3. Summer dry-weather spatial profile for the St. Joseph River on 8/29/02.

Figure B.4. Summer dry-weather spatial profile for the Elkhart River on 8/29/02.
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Figure B.5. Winter dry-weather spatial profile for the St. Joseph River on 12/5/02

Figure B.6. Winter dry-weather spatial profile for the Elkhart River on 12/5/02
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Figure B.7. Winter dry-weather spatial profile for the St. Joseph River on 1/16/03

Figure B.8. Winter dry-weather spatial profile for the Elkhart River on 1/16/03



St. Joseph River Model Updated Calibration-Final Memorandum Page 31

LimnoTech

Figure B.9. Spring dry-weather spatial profile for the St. Joseph River on 3/6/03

Figure B.10. Spring dry-weather spatial profile for the Elkhart River on 3/6/03
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Figure B.11. Spring dry-weather spatial profile for the St. Joseph River 3/20/03

Figure B.12. Spring dry-weather spatial profile for the Elkhart River 3/20/03
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Figure B.13. Wet-weather spatial profile for the St. Joseph River on 12/19/02

Figure B.14. Wet-weather spatial profile for the Elkhart River on 12/19/02
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Figure B.15. Wet-weather spatial profile for the St. Joseph River on 3/13/03

Figure B.16. Wet-weather spatial profile for the Elkhart River on 3/13/03.
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Figure B.17. Wet-weather spatial profile for the St. Joseph River on 5/1/03

Figure B.18. Wet-weather spatial profile for the Elkhart River on 5/1/03
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Figure B.19. Wet-weather spatial profile for the St. Joseph River on 5/9/03

Figure B.20. Wet-weather spatial profile for the Elkhart River on 5/9/03
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Introduction  
 
In October of 2000, three Indiana communities (Elkhart, Mishawaka and South Bend) initiated 
efforts to improve and protect the water quality in the St. Joseph River watershed (HUC 
0405001) by signing a memorandum of understanding establishing the St. Joseph River 
Watershed Initiative for a Safer Environment (WISE) (see Appendix 1).  Despite implementation 
of technology-based control measures within the urban areas of the watershed, water quality 
impairment in terms of bacterial contamination continues to exist within the St. Joseph River 
watershed.  This Section 104(b)(3) grant project was a cooperative effort under the WISE 
initiative that builds on previous work conducted under a 205(j) grant project (A305-2-01-399-0) 
and efforts by the three cities to characterize the sources and impacts of E. coli contamination in 
the St. Joseph River watershed during wet and dry weather conditions.   
 
The St. Joseph River drains 4,725 square miles in Michigan and Indiana and receives bacterial 
pollution from agriculture, urban storm water, combined sewers overflows (CSOs), and rural 
sources.  This bacterial contamination may exceed water quality standards in dry weather 
conditions, but is more intense following wet weather events.  Approximately 70% of the 
watershed is considered rural and made up primarily of agricultural land uses.  In Elkhart 
County, approximately 48% (133,500 acres) of the 280,695 acres of land in the watershed is used 
for cropland.  Dairy operations as well as beef, hog and poultry operations are also present.  
Elkhart and St. Joseph counties are among the top 10 counties in Indiana based on the number of 
livestock.  Only about 10% of the watershed is made up of urban and suburban uses.  These uses 
are clustered along the St. Joseph River, with the highest intensities along reaches in Indiana.  
Industrial parks, consisting mostly of “dry” industries line the suburban communities in the 
watershed.  The three largest Indiana cities on the St. Joseph River, Elkhart (population 51,874), 
Mishawaka (population 46,557), and South Bend (population 107,789), have numerous 
combined sewer overflows (CSOs) and many more storm water outfalls.  
 
Evidence shows that tributaries feeding the St. Joseph River contribute significant levels of 
bacterial contamination.  This has been confirmed from existing data sets for fecal coliform and 
Escherichia coli (E. coli) from the Elkhart County Health Department, the cities of Elkhart, 
Mishawaka, and South Bend, and by the Indiana Department of Environmental Management 
(IDEM).  Based on monitoring by the IDEM, portions of the river and many of the tributaries 
within the grant study area have been identified as impaired waters for E. coli under Section 
303(d) of the Clean Water Act.  Listed waters do not or are not expected to meet applicable 
water quality standards with federal technology-based standards alone.  The IDEM is required to 
develop a Total Maximum Daily Load (TMDL) for E. coli in the St. Joseph River and the 
impaired tributaries.  This TMDL will require point and non-point sources of bacterial 
contamination in the watershed to implement control measures.  Therefore, the stakeholders in 
Elkhart and St. Joseph Counties must identify cost-effective, environmentally beneficial source 
controls that will meet water quality criteria within the Indiana portion of the river and at the 
Indiana/Michigan state line. Alternatively, if the costs of meeting these criteria are unaffordable, 
revisions to the water quality standards may need to be pursued. 
 
The objective for this project was to complete the development of the hydraulic and water 
quality models of the Elkhart and St. Joseph Rivers initiated under the 205(j) grant awarded to 
the City of Elkhart in 2002 as part of WISE initiative.  The goal of the project was to develop an 
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expandable, integrated river model (using the Branched Lagrangian Transport Model) of the St. 
Joseph River from the County Road 17 Bridge at river mile (RM) 81.5 (upstream of Elkhart) 
downstream to the Indiana/Michigan state line at RM 52.3 (upstream of Niles, MI) and of the 
Elkhart River from RM 16.1 (downstream of Goshen) to its confluence with the St. Joseph River 
(RM 0.0).  The extent of the watershed model is shown in Figure 1.  The resultant hydraulic and 
water quality model can be used to establish baseline water quality and characterize point and 
non-point sources of contaminates, including E. coli.  This work will provide a single model that 
can be used in NPDES programs to further refine contaminate sources in the St. Joseph River 
watershed and assist in the selection of cost-effective strategies towards meeting, and possibly 
refining, water quality standards.  Developing effective methodologies such as this model for 
identifying and isolating watershed-wide sources of bacterial contamination will apply to, and be 
beneficial for, numerous other communities and stakeholders facing similar challenges.  
Additionally, the water quality model will provide information valuable to Indiana and Michigan 
in their efforts in establishing load allocations and implementation plans in TMDLs for bacteria 
in the watershed. 
 
The project was organized to accomplish five tasks; Screening Level Tool Development, Typical 
Year Simulation, Watershed Load Estimation and Best Management Practices, Best 
Management Practice Effectiveness, and Public Education.  The project steering committee 
formed under the 205(j) grant continued with this project to provide guidance and direction and 
to be a conduit for public promotion of the project.  The steering committee meetings were open 
to the public.  In addition to the public steering committee meetings, numerous presentations 
were made documenting the progress of the project and educating the public on potential water 
quality impacts from point and non-point sources of bacterial contamination.  As previously 
stated, the primary objective under this project was to develop a St. Joseph River watershed 
water quality model to establish baseline water quality and characterize point and non-point 
sources of E. coli during wet weather events.  Although there is still work to be done, this project 
was successful in developing a calibrated water quality model for characterizing E. coli 
contamination in the St. Joseph River watershed from point and non-point sources.
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Figure 1- St. Joseph River Watershed Model Extent 
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Summary of Work 
 
Work performed under this project can be categorized under the eight tasks contained in the 
grant contract.  The development and enhancement of the water quality model was the primary 
objective under this project.  To complete this goal, grant funds were used to sub-contract the 
model development work.  Sub-contractor services were solicited and Limno-Tech, Inc (LTI) 
was selected to perform the work.  Work performed under Tasks A, B, C, D, and E followed the 
approved Scope of Work submitted by LTI.  The following summarizes the work completed for 
each contract task. 
 
Screening Level Tool Development (Task A)  
 
As documented in the final report for the 205(j) grant dated August 24, 2004, the USGS’ 
Branched Lagrangian Transport Model (BLTM) was selected as the modeling framework and 
interfaces were developed using Visual Basic for Applications (VBA) and Excel. The BLTM is a 
fully dynamic model that can vary flow and water quality conditions within time and space. The 
USGS’ stream hydraulic model, the Diffusion-Analogy Flow Model (DAFLOW), was used as a 
companion model to provide flow input to the BLTM model.  Under the 205(j) grant, the model 
was calibrated and verified.  A summary of the work completed under this task is provided 
below.  A detailed description of the model development is contained in Appendix 2.  The 
calibrated model, including the pre-processor and post-processor files and the simulation results, 
are included in the BLTM folder on the compact disk included with this report. 
 

 Developed a conceptual approach for programming the screening level tool. 
 Evaluated and selected two design storms to simulate, 1-month and 1-year storms. 
 Developed an approach for specifying representative model inputs for the design storm 

conditions for upstream and tributary inputs. 
 Evaluated the flow record and concentration data for upstream and tributary design storm 

inputs. 
 Completed development of the post-processor GIS-based animation viewer. 
 Completed three simulations of the 1-year design month, each representing a different 

receiving water response based on river and tributary flow data (“mild”, “average”, and 
“severe”). 

 Completed programming for the “slider” tool in the model post-processing framework. 
 
Typical Year Simulation (Task B)  
 
The water quality model was applied over a typical year of rainfall and stream flow conditions.  
The purpose of this task was to evaluate the impact on water quality in the St. Joseph River from 
bacteria sources in the watershed under a range of conditions.  The year 1992 was selected as the 
“typical” year for evaluating CSO, storm water, and non-point source pollutant loads.  Rainfall 
from the South Bend airport and stream flow data from the St. Joseph River were examined on 
an annual and summer basis, and compared to historical averages to make this selection.  Once 
the typical year was selected the model was run and the output was compared to the water 
quality standard at various locations along the river.  A detailed description of the development 
of the typical year and the model outputs is contained in Appendix 3.  The Excel files containing 
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the loads and results from the baseline typical year run, including comparisons to alternative 
water quality standards, are included in the BLTM folder on the compact disk included with this 
report. 
 
Watershed Load Estimation and Best Management Practices (Tasks C & D) 
 
The goals of these two tasks were to simulate flow and E. coli loads on a watershed basis for 
tributaries to the St. Joseph River (between the City of Elkhart and the Michigan-Indiana state 
line), to simulate best management practices (BMP) removal efficiencies for several sources, and 
to link each BMP to a cost associated with implementation.  As described in the Grant Progress 
Report (October 13, 2005), EPA’s Hydrologic Simulation Program-FORTRAN (HSPF) 
watershed model was selected for use under this task.  The HSPF model developed for the St. 
Joseph River watershed offers a mechanistic method of estimating the impact of E. coli loads 
from tributary sources on water quality in the St. Joseph River.  With the use of the linked HSPF-
BLTM modeling framework, the magnitude of all wet weather source loads is now directly 
related to rainfall. 
 
The watershed model task included compiling a list of best management practices (BMPs), their 
removal efficiency for bacteria, and unit cost.  This information was simplified into broad 
categories and implemented in the HSPF modeling framework to allow a user to simulate “broad 
brush” non-point source control scenarios.  The HSPF modeling framework includes a summary 
of key BMP information compiled under this task, including: 

• The BMP category (e.g. “Tillage Practices”), 
• A description of the specific technologies included in the category, 
• The applicable land use, 
• The applicable loading pathway, 
• The range of reported removal efficiencies, and 
• The range of construction and maintenance costs. 

Having this information available within the model input file manager is intended to facilitate the 
simulation of realistic BMP implementation scenarios with the model.  Detailed information 
regarding the development and application of the HSPF model, including BMPs, is contained in 
Appendix 4.   The Excel files containing the BMP information, spatial plots and animation 
results are included in the BLTM folder on the compact disk included with this report. 
 
Public Education (Task E) 
 
Under this task, specific web pages were developed to describe and illustrate relevant project 
information including three animations developed from the model post-processor.  Model 
simulations were run and animations were created for three different rainfall events; a 0.24 inch 
rain event, a 0.46 inch rain event, and a 0.93 inch rain event.  The three animations will be linked 
to the web pages to illustrate the bacteria impact in the St. Joseph River watershed as a result of 
the different rain events.  The public information web pages and a snapshot of one the three 
animations are included in Appendix 5.  The three animation files are included on the compact 
disk included with this report.  
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Steering Committee and Presentation of the Project (Task F)  

 
A St. Joseph River WISE Steering Committee was formed under the 205(j) grant project.  This 
steering committee was invited to continue under this grant project (see the June 20, 2005 letter 
contained in the Grant Progress Report dated October 13, 2005).  The mission of the Steering 
Committee was to provide general direction and input on the project.   The project coordinator’s 
goals were to keep the committee members updated on the progress of the project, obtain input 
and direction relating to project tasks, and develop support for the recommended strategies to be 
included in any watershed management plan.  All the committee meetings were open to the 
public.  A news release was issued announcing the date, time and location of each committee 
meeting.  Appendix 6 contains the news release, meeting agenda and list of attendees for the  
Steering Committee meetings under this project (copies of new releases and the list of attendees 
for prior committee meetings are included in the progress report).  In addition to the public 
steering committee meetings, progress on the grant project was presented to numerous interest 
groups both locally, regionally and internationally.  Presentations were made to the St. Joseph 
River Basin Commission, the Michiana Area Council of Governments and at the 2005 Indiana 
Water Environment Association conference.  See Appendix 6 for documentation regarding 
presentations on the grant project. 
 
Data and Reports (Tasks G & H) 

 
A progress report was submitted to the IDEM on October 13, 2005 documenting the work 
accomplished and the products produced.  This is the final report summarizing the entire project, 
the lessons learned as a result of the project and future activities resulting from or associated with 
the project.  A digital copy of this report, project supporting data and the watershed model are 
included with this final report. 
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Project Accomplishments 
 
The development of a water quality model for characterizing and assessing E. coli contamination 
in the St. Joseph River watershed was the primary objective of this project.  The development of 
this model is an important first step toward answering two significant questions for the 
communities, tax payers, stakeholders and users of the streams in this watershed; (1) where 
should resources be invested to maximize reductions in the frequency, magnitude, and duration 
of high E. coli counts in the rivers, and (2) if current water quality standards are not attainable, is 
there an alternative standard whereby compliance could be measured to aid in future decision-
making?  It is important that these questions be addressed so that the true cost of meeting a 
standard is defined, the benefits of proposed controls are evaluated at a watershed level, and 
public support is obtained for selecting and implementing controls.  The goal of the first phase of 
this project was achieved under the 205(j) grant project (A305-1-01-399-0); the development of 
a calibrated water quality model.  The goal of this phase of the project was to enhance the 
model’s value as a planning tool by isolating the sources of E. coli contamination and presenting 
the findings in a manner that the public can understand and influence decision-making. 
 
The objectives of this 104(b) grant are to enhance the water quality model developed under the 
205(j) grant project with a tool for estimating watershed loads, evaluating the cumulative effect 
of best management practices (BMPs) on reducing tributary loads of E. coli, and to assist in the 
selection of cost-effective strategies towards meeting, and possibly refining, water quality 
standards.  More specifically, these objectives include: 
 

• Developing a screening-level tool for evaluating river responses to “broad brush” load 
reduction scenarios; 

• Running the model for a “typical” year to evaluate the impact on water quality in the St. 
Joseph River from bacteria sources in the watershed under a range of conditions; 

• Adding a watershed loading model that will calculate E. coli loads on a tributary 
watershed basis, to simulate best management practices (BMP) removal efficiencies for 
several sources, and to link each BMP to a cost associated with implementation; and 

• Development of information from selected scenarios for inclusion on the three cities’ web 
pages for public access. 

 
All of these objectives were accomplished under this project.  The development of the screening-
level tool, or “slider tool”, allows model users to interactively adjust the load associated with a 
state variable (e.g. source of E. coli) from zero to 100 percent by scrolling up or down on the 
slider tool.  The tool then displays the effects of the load reductions at different points along the 
river. 
 
The use of the “typical” year concept is important because the national CSO Policy considers the 
annual variability in rainfall and recognizes that the specific number of overflow events each 
year will vary.  The public also relates more easily to performance measures for pollutant 
reduction programs that link controls to benefits on an annual basis.  The model’s pre- and post-
processors were modified to run the model for the “typical” year, 1992, and compare the total 
concentrations from all the sources to the water quality standard.  A GIS viewer was developed 
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to allow model users to evaluate “compliance” with water quality standards at various locations 
depending on the level of control selected. 
 
The watershed HSPF model developed under this project offers a mechanistic method of 
estimating the impact of E. coli loads from tributary sources on water quality in the St. Joseph 
River.  With the use of the linked HSPF-BLTM modeling framework, the magnitude of all wet 
weather source loads is now directly related to rainfall. 
 
Finally, specific web pages were developed to describe and illustrate relevant project information 
including three animations developed from the model post-processor.  Model simulations were 
run and animations were created for three different rainfall events; a 0.24 inch rain event, a 0.46 
inch rain event, and a 0.93 inch rain event.  The three animations will be linked to the web pages 
to illustrate the bacteria impact in the St. Joseph River watershed as a result of the different rain 
events.   
 
The project team was successful at keeping the public and interested stakeholders informed 
during the development of the water quality model.  This was accomplished through the public 
steering committee meetings and the numerous presentations to local and regional interest 
groups.  The expansion of the model into other tributaries in the watershed and for assessing 
parameters other than E. coli was presented to local, state and civic leaders in Indiana and 
Michigan.  Fortunately, EPA Region 5 and the IDEM have supported the development of this 
modeling tool through the previous 205(j) grant and this 104(b)(3) watershed grant.  However, 
the current regulatory framework addressing CSOs, storm water, agricultural, and other non-
point sources of E. coli makes it a challenge to apply this tool effectively to today’s regulatory 
decisions.  For example, final TMDLs for E. coli were developed for the St. Joseph River in 
Indiana and Michigan prior to the model being available.  Thus, decisions regarding the ultimate 
level of management and control for CSOs, storm water and other sources of E. coli may be 
determined without the benefit of the use of this integrated model.  Nevertheless, regulators 
appear to be committed to improving the coordination of programs on a watershed basis and this 
project offers one method towards using the watershed approach to assist in making decisions 
about source reductions, permitting, and attainment of water quality standards in the St. Joseph 
River watershed. 
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Future Activities 
 
Trying to model and account for all inputs to a system such as this watershed is complex and 
resource intensive.  Although the model has been developed and calibrated to available data, 
there are a few assumptions that must be considered whenever the model is used.  These 
assumptions make it difficult to expect that the model can precisely calculate E. coli levels in the 
river. The importance of these assumptions, and their effect on model uncertainty, will need to be 
considered prior to making management decisions in the watershed.  A few of the significant 
assumptions are as follows: 
 

• Rainfall during the monitored period was considerably less (18 to 19 inches) than the 
normal rainfall for the same period, which is 38 inches. Monitoring conducted for larger 
storm events may identify certain characteristics that are not currently captured in the 
model. 

• Flow data for the tributaries was limited. Since the flow at Pine Creek was used to 
estimate flow for the other tributaries, the relative distribution of flow between the 
tributaries may be different and differences from storm to storm may not have been fully 
captured. 

• Two rain gages were assumed to be reflective of rainfall conditions over a large area.  
One of these gages was operational for only four of the ten months simulated. 

 
To reduce some of the uncertainty associated with the above assumptions, additional data or 
information can be collected to improve the model’s configuration, application or evaluation of 
BMP implementation.  Specific recommendations for additional data include: 
 

1) Intensive surveying of wet weather tributary flow and E. coli concentrations in the major 
tributaries.  The purpose of this recommendation is to obtain data that will quantify peak 
flow and E. coli concentration during wet weather, how concentration changes over the 
course of an event, and the amount of time required to return to base (e.g. non-storm) 
conditions in the tributaries. 

2) Incorporating data from multiple rain gages into the watershed and river models to more 
accurately simulate the spatial variation in rainfall patterns across the watershed. 

3) Refine loading pathway load rate estimates by: 
i. Obtaining watershed-specific information on livestock populations and practices 

(e.g. how much time animals are pastured each day, etc.); 
ii. Investigating whether seasonal variations currently reflected in the loading rates 

are appropriate and if necessary, incorporate more refined temporal variation into 
the load rates; 

iii. Obtaining more accurate information regarding number of head and manure 
storage and disposal practices for confined animal feeding operations, confined 
feeding operations and small farms; 

iv. Obtaining information on pet population and waste practices (e.g. how much is 
picked up by owners) in sub-watersheds where pet waste comprises a large 
component of the total E. coli load. 

4) Identify the limits in applying BMPs and refine the range of reductions in the BMP menu 
accordingly. 
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5) Further refine the direct drainage sub-watersheds (~8% of the watershed area) to 
delineate new sub-watersheds draining to ditches rather than directly to the river. 

6) Expand the modeling framework storage capacity by upgrading from MS Access to an 
SQL database to store model results. 

 
Implementation of the first two recommendations will result in a more robust model calibration 
at the mouths of the tributaries.  A monitoring program that includes sampling further upstream 
in these tributaries will also provide valuable data to inform the watershed model calibration. 
 
The third recommendation will improve confidence in the accuracy of the loading pathway 
inputs.  The fourth recommendation will refine the current BMP literature-based information by 
incorporating limits based on site-specific information. Both of these recommendations will 
upgrade the model’s BMP effectiveness utility from its current status as a general screening level 
tool to a detailed planning level tool. 
 
The final two recommendations would offer little improvement in the models as they are 
currently being applied.  However, if more sophisticated applications of the modeling framework 
are desired (e.g. to answer management questions in more detail or to evaluate river quality over 
a longer time period), these recommendations will facilitate the use of the model to better 
address these needs. 
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WISE (BLTM) Model 
Updated Calibration

St. Joseph River, IN
CSO LTCP Update for Elkhart, Mishawaka, South Bend

April 30, 2007

Limno-Tech, Inc.

WISE Introductory Comments
• Planning level tool developed under two EPA 

grants for Elkhart, Mishawaka, and South Bend

• Model has been updated with new (reduced) 
CSO volumes for Elkhart and South Bend
– Confirmed that the model can reproduce the 2002-2003 

extended calibration data

• Model is best tool available for evaluating impact 
of CSO control alternatives on river E. coli

• Post-construction compliance monitoring will be 
conducted to confirm compliance with WQ 
standards
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Calibration Data Summary

• 10-month Monitoring Period (July 2002-May 2003)
• 27 events sampled

– 8 wet weather events (0.1-1.59 inches)
– 19 dry weather days

• Mainstem sampling locations
– Elkhart River: 2 locations
– St. Joseph River: 13 locations

• 333 river E. coli results to compare to model results

Map
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Bacteria Sources to River

Upstream
St. Joseph River
Elkhart River

Non-point Direct drainage

Tributaries (Non-point Sources 
Aggregated by Tributary)

Combined Sewer Overflows
37 City of Elkhart
21 City of Mishawaka
36 City of South Bend

Storm Water Outfalls
14 representing City of 
Elkhart
16 representing City of 
Mishawaka
18 representing City of 
South Bend

Municipal Wastewater 
Treatment Plants Outfalls

City of Elkhart 
City of Mishawaka 
City of South Bend

Yellow Cr.

Pine Cr.

Cobus Cr.

Rock Run Cr.

Penn Tributary

Osolo Ditch

Puterbaugh Cr.

Christiana Cr.

Baugo Cr.

Eller Ditch

Willow Ditch

Bowman Cr.

Juday Cr

Calibration Inputs
Updated 
Input?

Sampling data at County Rd 
18.

USGS gauge 
(04100500) at Goshen

Upstream 
Elkhart R.

Sampling data from the Six 
Span Bridge

DAR of USGS gauge 
(04101000) at Johnson 

St. Bridge

Upstream 
St. Joe R.

E. Coli ConcFlowSource

Q & C

Updated 
Input?

HSPF watershed modelHSPF watershed 
model

Tributaries

Sampling data at County Rd 
18.

USGS gauge 
(04100500) at Goshen

Upstream 
Elkhart R.

Sampling data from the Six 
Span Bridge

DAR of USGS gauge 
(04101000) at Johnson 

St. Bridge

Upstream 
St. Joe R.

E. Coli ConcFlowSource

Q & C

Q & C

Updated 
Input?

Literature and BPJ (varied 
seasonally)

Best Professional 
Judgment (BPJ)

Direct 
Drainage

HSPF watershed modelHSPF watershed 
model

Tributaries

Sampling data at County Rd 
18.

USGS gauge 
(04100500) at Goshen

Upstream 
Elkhart R.

Sampling data from the Six 
Span Bridge

DAR of USGS gauge 
(04101000) at Johnson 

St. Bridge

Upstream 
St. Joe R.

E. Coli ConcFlowSource

Q & C

Q & C

Q & C

Updated 
Input?

Literature and BPJ  EMC = 
750,000 (cfu/100mL)

Collection system 
models 

CSOs

Literature and BPJ (varied 
seasonally)

Best Professional 
Judgment (BPJ)

Direct 
Drainage

HSPF watershed modelHSPF watershed 
model

Tributaries

Sampling data at County Rd 
18.

USGS gauge 
(04100500) at Goshen

Upstream 
Elkhart R.

Sampling data from the Six 
Span Bridge

DAR of USGS gauge 
(04101000) at Johnson 

St. Bridge

Upstream 
St. Joe R.

E. Coli ConcFlowSource

Q & C
(Elkhart)

Q & C

Q & C

Q & C

Updated 
Input?

Literature  EMC = 5,000 
(cfu/100mL)

Rational method 
(Q=ciA)

SWOs

Literature and BPJ  EMC = 
750,000 (cfu/100mL)

Collection system 
models 

CSOs

Literature and BPJ (varied 
seasonally)

Best Professional 
Judgment (BPJ)

Direct 
Drainage

HSPF watershed modelHSPF watershed 
model

Tributaries

Sampling data at County Rd 
18.

USGS gauge 
(04100500) at Goshen

Upstream 
Elkhart R.

Sampling data from the Six 
Span Bridge

DAR of USGS gauge 
(04101000) at Johnson 

St. Bridge

Upstream 
St. Joe R.

E. Coli ConcFlowSource

Q & C
(Elkhart)

Q & C

Q & C

Q & C

Updated 
Input?

Monitoring dataMonitoring dataWWTPs

Literature  EMC = 5,000 
(cfu/100mL)

Rational method 
(Q=ciA)

SWOs

Literature and BPJ  EMC = 
750,000 (cfu/100mL)

Collection system 
models 

CSOs

Literature and BPJ (varied 
seasonally)

Best Professional 
Judgment (BPJ)

Direct 
Drainage

HSPF watershed modelHSPF watershed 
model

Tributaries

Sampling data at County Rd 
18.

USGS gauge 
(04100500) at Goshen

Upstream 
Elkhart R.

Sampling data from the Six 
Span Bridge

DAR of USGS gauge 
(04101000) at Johnson 

St. Bridge

Upstream 
St. Joe R.

E. Coli ConcFlowSource
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Loads by Source Type:
10-Month Calibration Period

10%WWTP2

<1%SWO

54%CSO

35%NPS1

% of LoadType

Notes:
1  NPS includes upstream, tributary and direct drainage
2 The WWTP load reflects disinfection during the recreation season only; plants are 
now disinfecting year-round. 

 E. coli Load-St. Joseph River
(2.14 x 1016 cfu)

CSO
54%

Direct 
Drainage

4%

Tributary
23%

Upstream
8%

WWTP
10%

SWO
1%

Updated Calibration Results
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Updated Calibration Results:
Statistical Error Analysis

• Evaluate accuracy/bias in the model versus the data 
at each sampling location

• Error analysis performed on log-transformed results
• See Tables 5 & 6 in the memorandum

<+15%

<+10%

Mean Relative 
Error

<25%

<20%

Mean Absolute 
Relative ErrorCondition

Wet Weather 
Data

All Data

Updated Calibration Results:
Statistical Error Analysis
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Updated Calibration Results
Example Storm Event Profile

8/14/2002:  ~0.46” Storm Event

Sensitivity Analyses

• Two parameters assessed:
– Bacteria loss rate (0-2/day)
– CSO Event Mean Concentration (EMC)

(350,000 cfu/100 ml – 1,500,000 cfu/100 ml)

• Best model-data fits obtained with:
– Bacteria loss rate = 1/day
– CSO EMC = 750,000 cfu/100 ml
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Updated Calibration Results
Summary

• Model reproduces observed concentrations measured 
for a range of conditions;

• Model’s goodness-of-fit provides additional confidence 
in the methods and models used to specify input flows 
and loads;

• Model matches downstream profile of concentrations 
during both wet weather and dry weather;

• Model is best tool for estimating impact of CSO and 
other source control alternatives on river E. coli
concentrations.

Next Steps
• Short-Term:

– Agency review/approval of river model 
calibration

– Agency approval of CSO control alternatives 
analysis approach

• Next 6-9 months
– Apply model for baseline (current) conditions
– Apply model for CSO control alternative(s) in 

each community: 
• Evaluate overall benefit to river from concurrent efforts 

by each community
• Evaluate compliance with water quality standards

– Each community submits updated LTCPs:
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The End

River Model Loss Rate
• Literature values (EPA, 1986):  0.5-3.5/day
• Site specific calculation considerations:

• Section of the river suitable for evaluation?
• Data reflect in-stream loss processes?

• Model analysis summary:  
– Comparison of mean relative error (target is to 

get values as close to zero as possible)

-1.86.515.1Elkhart River

-16.5%0.6%37.2%St. Joseph River

2/day1/day0/dayLoss Rate



9

Calibration Inputs

Q & C
(Elkhart)

Q & C

Q & C

Q & C

Updated 
Input?

Monitoring dataMonitoring dataWWTPs

Literature  EMC = 5,000 
(cfu/100mL)

Rational method 
(Q=ciA)

SWOs

Literature and BPJ  EMC = 
750,000 (cfu/100mL)

Collection system 
models 

CSOs

Literature and BPJ (varied 
seasonally)

Best Professional 
Judgment (BPJ)

Direct 
Drainage

HSPF watershed modelHSPF watershed 
model

Tributaries

Sampling data at County Rd 
18.

USGS gauge 
(04100500) at Goshen

Upstream 
Elkhart R.

Sampling data from the Six 
Span Bridge

DAR of USGS gauge 
(04101000) at Johnson 

St. Bridge

Upstream 
St. Joe R.

E. Coli ConcFlowSource
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Section 1    General 
To compare the CSO control alternatives, cost estimates including construction, capital, and 
operating and maintenance costs were prepared for each alternative.  This appendix provides the 
bases for cost estimates.  
 
In accordance with the Association for the Advancement of Cost Engineering definitions (AACE, 
1997), cost opinions included in this document are considered to be Class 4: Study or Feasibility 
level estimates, with an expected accuracy of -15% to +30%.  The actual capital cost could be 15% 
lower than the estimate or 30% higher than the estimates.  Cost opinions are of this accuracy because 
alternatives have been prepared with a minimum of detailed design data for the purposes of relative 
comparison.  This type of analysis is appropriate for comparisons between control programs. 
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Section 2    Construction Costs 

2.1 Methodology 
 
The following cost bases were used for the preparation of construction cost estimates: 
 
• Construction Cost Index – The Engineering News Record (ENR) Construction Cost Index (CCI) for 

July 2007 was 7,959.  An ENR CCI of 8,000 was used for the alternatives evaluation.   
 
• Approach to Estimating Construction Costs - costs have been prepared using the following resources: 
 

o Cost curves from: 
 Construction Costs for Municipal Wastewater Treatment Plants: 1973-1979 (EPA, 

1981) 
 Manual - Combined Sewer Overflow Control, (EPA 1993a) 
 Cost Estimating Manual – Combined Sewer Overflow Storage and Treatment (EPA, 

1976) 
 Pumping Station Design (Sanks, 1998). 

 
o Unit costs in dollars per gallon or cost per linear foot obtained from other projects including 

Indianapolis and Elkhart.  Costs have been adjusted for relative characteristics such as 
complexity or location using engineering judgment. 

 
o Cost data from similar facilities: 

 Costs from other studies 
 Engineer’s estimates of construction cost 
 Bid tabulations from similar projects.   

 
o Where facilities are unique or customized and cost curve type data does not exist, conceptual 

layouts of facilities were prepared and costs were estimated by performing takeoffs to 
estimate quantities. 

 
• Calculation Procedure - the following calculation procedure in Table 1 was used for construction 

costs: 
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Table 1 

Calculation Procedure for Construction Cost Opinions 
 

Line Number Description Calculation Procedure 
1 Subtotal of Construction Line Items -- 
2 Construction Contingencies 25% x Line 1 
3 Total Construction Cost Sum of Lines 1 and 2 

 

2.2 Sewer Separation 
 
Data used to estimate separation costs was obtained from the following sources, as shown in Table 2: 
 
• Data from other Cities – Many cities have evaluated separation as part of the preparation of LTCPs.  

Either estimated or bid costs of separation were available. 
 
• From the data in Table 2, a sewer separation of $50,000 per acre (ENR = 7,200) was assumed.  This 

cost is between Mishawaka’s cost estimates and the average estimate of complete sewer separation 
projects in South Bend’s Stormwater Management Master Plan. 
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Table 2 

Sewer Separation Construction Cost Data 

City CSO Drainage 
Area(acres) 

Estimated 
Construction 

Cost 
(ENR=7,200) 

Unit 
Construction 
Cost($/acre, 
ENR=7,200) 

Type of Data 

Elkhart, IN 148 $6,973,132 $47,151 Bid 
Alexandria, VA 885 $34,480,254 $38,961 Estimate 
Chicago, IL 240,000 $20,338,519,925 $84,744 Estimate 
San Francisco, CA 24,995 $11,015,462,445 $440,707 Estimate 
Peoria, IL 61.3 $3,286,770 $53,618 Estimate 
Richmond, VA 11,000 $2,570,494,780 $233,681 Estimate 
Minneapolis, MN 4,000 $93,145,711 $23,286 Estimate 
Columbus, OH 22 $1,099,356 $49,971 Bid 
S. Dorchester Bay, Boston, MA 786 $103,237,422 $131,345 Bid 
Stony Brook, Boston, MA 608 $54,396,399 $89,468 Estimate 
Cambridge, Boston, MA 250 $78,959,737 $315,839 Estimate 
Garden City, MI 1,180 $37,555,639 $31,827 Bid 
Livonia, MI 103 $1,353,735 $13,143 Bid 
Plymouth Township, MI 138 $1,178,180 $8,538 Bid 
Wayne, MI 288 $8,353,119 $29,004 Bid 
Westland, MI 409 $10,737,342 $26,253 Bid 
Bloomfield Hills, MI 86 $2,065,842 $24,021 Bid 
Lansing, MI 6,900 $262,088,934 $37,984 Estimate/Bid1 
Liberty Drive, Mishawaka, IN 59.6 $3,416,725 $57,328 Estimate 
CSO 002 & 003, Mishawaka, IN 771 $48,016,057 $62,278 Estimate 
South Bend Stormwater Management Master Plan2   
Combined Sewer Area 26 56 $1,386,777 $24,764 Estimate 
North Area – Eastbank Project 165 $8,588,610 $52,052 Estimate 
Eastside Project 30 $2,027,244 $67,575 Estimate 
Downtown Project 62 $3,780,187 $60,971 Estimate 
Combined Sewer Area 3 – 
Washington Street Project 

39           $1,437,247 $36,852 Estimate 

Master Plan Subtotal 352 $17,220,064 $48,921 Estimate 
 

2.3 Regulator Structures Modifications 
 
Regulator structures control the diversion of CSO flow from outfall sewers to downstream facilities such 

                                                      
 
1 The Lansing sewer separation program is approximately 30% complete, and the actual cost per acre for the projects 
implemented is close to the original estimate. 
2 Completed sewer separation projects in the Master Plan.  Other projects in the plan had an existing storm trunk 
sewer or ditch to the river, or had areas that were already separated. 
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as interceptors, retention facilities and treatment facilities.  Richmond, VA actual regulator structure 
construction costs were compiled in 2001 (ENR CCI = 6,383) (Table 3).  A regulator structure includes a 
weir, baffle, bar rack and ten seconds of detention for solids and floatable control.  The structures are 
typically large in size. Based on this data, the equation for regulator structure construction cost as a 
function of flow rate in million gallons per day (mgd) was determined to be (for flows between 10 and 
250 mgd): 
 
Cost = (Current ENR CCI/6,383)*(6075.3(mgd) + 180,000) 

 

Table 3 

Regulator Structure Construction Costs 

City of Richmond, VA 
Regulator 

Design Diversion 
Capacity (mgd) 

Actual Construction Cost 
 (ENR CCI = 6,383) 

Actual Construction 
Cost/mgd (ENR CCI = 6,383) 

Byrd Street 11.6 $250,473 $21,593
7th Street 32 $374,410 $11,700
Park Hydro 38 $410,861 $10,812
Reedy Creek 68 $593,120 $8,722
42nd Street 73 $623,497 $8,541
McCloy Street 81 $672,099 $8,298
Woodland Heights 83.5 $687,288 $8,231
Hampton Street 97 $769,304 $7,931
Gambles Hill 122 $921,187 $7,551
Canoe Run 239 $1,631,997 $6,828

  

2.4 Conveyance Pipelines 
 
Pipeline costs are shown in Figure 1, ENR CCI = 8,000.  Figure 1 is based on actual construction costs 
including pipe, manholes, bedding, excavation, backfill, pavement restoration, and dewatering.  Figure 1 
was originally developed for the 1994 South Bend CSO Control Study.  Figure 1 was recalibrated in 2007 
by reviewing recent bid tabs and cost models to better estimate current construction costs.  The 
recalibration increased unit costs by 15%.  The unit costs were increased by 50% for construction in urban 
congested areas for traffic control and disruption costs, and utility relocation and replacement cost.  
Figure 1 reflects both of these increases. 
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2.5 River Crossings 
 
River crossing costs were estimated as follows: 
 
Cost = (Current ENR CCI/5,000) * $30 * Diameter (in) * Length (ft) 

 

2.6 Pumping Stations 
 
Cost data for pumping stations were obtained from actual facilities, EPA cost curves, and Sanks (see 
references).   The construction cost data are plotted on Figure 2.  A best-fit polynomial equation whose 
values were greater than or equal to most of the plotted values was developed.  The equation for 
construction cost as a function of flow rate (mgd) was determined to be: 
 
Pumping stations up to 300 mgd:  

 Cost = (Current ENRCCI/6,383)*(0.0307(mgd)3 – 125.76(mgd)2 + 213,533(mgd) + 279,183) 

 
Pumping stations for 300 to 2,000  mgd:   

 Cost = (Current ENRCCI/6,383)*(-3.2655(mgd)2 + 45481(mgd) + 40,000,000) 

 

2.7 Sedimentation/Storage Basin 
 
Costs for CSO storage facilities were obtained from actual facilities and from EPA cost curves.  Costs are 
summarized in Table 4 below. 
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Table 4 

Existing Storage Facility Construction Cost Data 

Location Storage Volume 
(mg) 

Actual Construction Cost 
(Millions, ENR=7,200) 

Unit Cost ($/gallon, 
ENR=7,200) 

Mariposa - San Francisco, CA 0.7 $14.69 $20.98 
Fitzhugh – Saginaw, MI 1.2 $7.24 $6.03 
Seven Mile – Detroit MI 2 $18.54 $9.27 
Union Park – Boston, MA 2.5 $43.04 $17.22 
Eliza Howell – Detroit, MI 2.8 $22.49 $8.03 
Salt/Frazer – Saginaw MI 2.8 $16.72 $5.97 
Seneca WWTP 3 $4.08 $1.36 
Chattanooga, TN 3.5 $7.22 $2.06 
Webber – Saginaw, MI 3.6 $10.66 $2.96 
Acacia Park , MI 4.5 $17.18 $3.82 
Narragansett Bay , RI1 5 $32.93 $6.59 
Emerson – Saginaw, MI 5 $23.82 $4.76 
Birmingham, MI 5.5 $15.58 $2.83 
WSSC – Rock Creek 6 $23.90 $3.98 
Sunny Dale - San Francisco, CA 6.2 $28.73 $4.63 
14th Street – Saginaw, MI 6.5 $18.78 $2.89 
Weiss Street – Saginaw, MI 9.5 $32.32 $3.40 
Bloomfield Village, MI 10.2 $35.72 $3.50 
Edmund – Oakland, CA 11 $36.51 $3.32 
Yosemite – San Francisco, CA 11.5 $29.89 $2.60 
Tournament Club, Detroit 22 $66.77 $3.03 
North Shore, San Francisco, CA 24 $119.96 $5.00 
Market Ave. Retention Basin, 
Grand Rapids, MI 

30.5 
$43.33 $1.42 

Shockoe basin – Richmond, VA 38 $58.78 $1.55 
 
EPA has also produced cost curves for offline covered storage with V=volume in million gallons as 
follows (for volumes between 1 and 50 mg): 
 

Covered Sedimentation/Storage Basin Cost ($M) = (Current ENRCCI/6,383)*(4.823 V 0.826) 

 

Based on Engineer’s estimates of construction cost, construction costs for open basins are 75% of the cost 
of covered basins.  The following equation was used for open basins (for volumes between 1 and 50 mg): 

 

Open Sedimentation/Storage Basin Cost ($M) = (Current ENRCCI/6,383)*(3.617 V 0.826) 
 
EPA’s cost curve and the construction cost data from actual facilities are plotted on Figure 3.  As shown 
on the figure, there is a broad range in actual facility costs.  This is due to many factors, including site 
constraints, geology (e.g. piles or rock excavation required), unit processes included with the basin such 
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as screening or disinfection, and the need to mitigate impacts to the surrounding neighborhood such as 
including odor control.  As an example, the Mariposa facility in San Francisco and the Union Park 
Detention Center in Boston are two facilities with the highest cost per gallon stored ($20.98 and $17.22 
respectively).  In the case of Mariposa, the storage facility is an underground, custom-built storage 
transfer box with small volume (0.7 MG) and varying width (from 20 to 30 feet along its length) in a 
heavily urban setting.  The Union Park Detention Center project included retrofits to an existing pumping 
station in addition to the construction of four underground storage tanks, fine screens, disinfection, and 
two sewer diversion structures with control gates.   
 
For the purpose of this study, the cost equation for a covered sedimentation/storage basin was used in 
developing the cost for facilities at satellite locations, and the cost equation for an open 
sedimentation/storage basin was used for developing cost for sedimentation/storage basins at the 
wastewater treatment plant. 
 
Elkhart is also considering the use of Regional Storage Tanks to provide storage and flow equalization for 
individual CSOs.  This type of storage is constructed in-line and utilizes 10 foot by 10 foot box culvert 
sections.  The cost per foot for various depths of installation were developed based on quotes from local 
suppliers and then compared to the conveyance pipeline cost based on similar carrying capacities. 

2.8 Tunnels and Drop Shafts 
 
Cost data for tunnels were gathered from a variety of sources as follows: 
 

• Cost estimates were obtained from an engineering firm specializing in tunneling, Dr. G. Sauer 
Corporation. (Dr. G. Sauer Corp, 2001). 

 
• Actual and estimated cost data for tunnels obtained from various municipalities. 

 
Tunnels in soils are significantly more expensive than those in rock and cost were thus developed 
separately for each of the tunneling media.  This data is shown in Tables 5 and 6. 
 



City of Elkhart, Indiana 

CSO Long Term Control Plan 

Basis for Cost Estimate 
Section 2    

 
 

2-8 

Table 5 

Construction Cost Data for Tunnels in Rock 

Source of Data Diameter (ft) Unit Cost 
($/LF, ENR=7,200) 

EPA (Weston) Cost Curve - Estimate 10 $2,600 
  15 $3,360 
  20 $4,200 
  25 $4,800 
  30 $5,601 
   
District of Columbia Board of Engineers 
Estimate 10 $3,497 
  15 $6,171 
   
Narragansett Bay, Rhode Island Estimate 10 $1,050 

 20 $2,324 
 30 $3,739 

   
Dr. G. Sauer Corp.  Full Face Tunnel Boring 
Machine, 5-10,000' long tunnel Estimate 10 $2,326 
  15 $2,616 
  20 $2,907 
  25 $3,633 
  30 $4,361 
   
Dr. G. Sauer Corp.  Full Face Tunnel Boring 
Machine, greater than 10,000' long tunnel 
Estimate 10 $2,215 
  15 $2,493 
  20 $2,769 
  25 $3,462 
  30 $4,154 
   
Dr. G. Sauer Corp.  Hand Mine, New Austrian 
Tunneling Method, 5-10,000' long tunnel 
Estimate 10 $3,313 
  15 $3,727 
  20 $4,141 
  25 $5,176 
  30 $6,212 
   
Dr. G. Sauer Corp.  Hand Mine, New Austrian 
Tunneling Method, >10,000' long tunnel 
Estimate 10 $3,229 
  15 $3,633 
  20 $4,037 
  25 $5,047 
  30 $6,056 
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Source of Data Diameter (ft) Unit Cost 
($/LF, ENR=7,200) 

   
Dr. G. Sauer Corp., Weathered Rock,  Hand 
Mine, New Austrian Tunneling Method , 
<2500' long tunnel Estimate 10 $3,569 
  15 $4,016 
  20 $4,461 
  25 $5,577 
  30 $6,692 
   
Richmond, Virginia CSO 4/5 – Actual Cost 14 $3,793 
   
Rochester, NY CSO system – Actual Cost   

Lyell Ave 12 $1,680 
Saxton-Colvin/Jay-Arnett 10 $1,193 
Saxton-Colvin/Jay-Arnett 8 $1,139 
Lake Ave 14 $1,558 
St. Paul (Siphon) 7 $948 
Senaca/Norton 12 $1,827 
Dewey-Eastman/Tiger Carlisle 14 $2,293 
Lake Ave Extension 14 $2,942 
State-Mt. Hope 14 $3,401 

   
WMATA (by contract no) – Actual Cost   

A-6 15 $2,941 
A-9 15 $4,932 
B-11a 15 $1,521 

 
 

Table 6 

Construction Cost Data for Tunnels in Soil 

Source of Data Diameter (ft) 
Unit Cost 

($/LF, ENR=7,200) 
South Bend 1994 Study Estimate 13.5 $3,240 
   
District of Columbia Board of Engineers 
Estimate 7 $4,114 
  10 $6,686 
  15 $11,109 
   
M & E 1973 Estimate – Low / High  12 $ 2,400 / $ 6,000 
  20 $ 6,000 / $ 10,000 
  30 $ 11,800 / $ 18,001 
   
New York City Estimate 20 $6,933 



City of Elkhart, Indiana 

CSO Long Term Control Plan 

Basis for Cost Estimate 
Section 2    

 
 

2-10 

Source of Data Diameter (ft) 
Unit Cost 

($/LF, ENR=7,200) 
  25 $9,024 
  30 $11,280 
   
Other Cities – Actual Cost   

Cleveland 20 $4,113 
Birmingham, MI 11 $1,267 
Chicago, IL 12 $1,825 
Toledo, OH 13.5 $2,286 
Toledo, OH 13.5 $2,999 
PCI, MI 13.5 $4,066 
Wyandotte, MI 13.5 $1,989 
Washington, DC 21 $5,505 

       Mishawaka, IN 10 $3,689 
    
Dr. G. Sauer Corp, in Cretaceuos 
Formations3, 5-10,000' long tunnel Estimate 10 $3,601 
  15 $4,051 
  20 $4,501 
  25 $5,626 
  30 $6,751 
   
Dr. G. Sauer Corp, in Cretaceous 
Formations3, >10,000' long tunnel Estimate 10 $3,419 
  15 $3,846 
  20 $4,274 
  25 $5,342 
  30 $6,412 
   
Dr. G. Sauer Corp, in Terrace Deposits4,  5-
10,000' long tunnel Estimate 10 $4,555 
  15 $5,123 
  20 $5,693 
  25 $7,117 
  30 $8,540 
   
Dr. G. Sauer Corp, in Terrace Deposits4,  
>10,000' long tunnel Estimate 10 $4,359 
  15 $4,903 
  20 $5,448 
  25 $6,811 
  30 $8,172 

                                                      
 
3 Cretaceous formations are sediments ranging from plastic clay to sand.  Shield tunneling machines or hand mining 
methods using NATM are options. 
4 Terrace Deposits are stiff to hard, plastic clay with trace and pockets of fine sand.  Dual mode shield tunneling 
machines and hand mining are options. 
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Source of Data Diameter (ft) 
Unit Cost 

($/LF, ENR=7,200) 
   
WMATA (by contract no) Actual Cost   

C-4 15 $3,286 
D-9 15 $5,959 
F-3c 15 $5,253 
E4b 15 $3,589 
E4b 15 $4,572 

 
 
The aforementioned cost data per linear foot of tunnel were plotted against finished tunnel diameter, for 
excavation in both rock and soil, as shown in Figure 4.  For both rock and soil tunnels, a best-fit 
polynomial equation whose values were greater than or equal to most of the plotted values was 
developed.  The equations for both rock and soil tunnels as a function of finished tunnel diameter in feet 
are as follows: 
 

Cost = (Current ENRCCI/6,383)*(3(dia)2 + 35(dia) + 2,410)  (rock) 

 

Cost = 1.15* [(Current ENRCCI/6,383)*(6.2086(dia)2 – 79.283(dia) + 4056.6)] (soil) 

 

The soil tunnel cost equation was recalibrated in 2007 after discussions with tunneling experts to better 
estimate current construction costs.  The recalibration increased unit costs by 15%.   
 
For the purpose of this study, the equation for tunnels in soil was used to develop costs. 

 

2.9 Tunnel Drop Shafts 
 
Drop shafts will be required to convey flow from the elevation of the outfalls (near grade) down to tunnel 
level.  Drop shafts were based on the vortex drop design based on pilot studies by Jain and Kennedy (Jain 
and Kennedy, 1983) for the Milwaukee CSO tunnel system.  The drop shafts typically include: 
 

• Tangential inlets – an approach channel designed to even out the flow streamlines and to force 
the flow into a spiral pattern. 
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• Drop shafts – vertical drop shafts where the CSO falls downward in a spiral pattern.  The spiral 
pattern is designed to allow air to escape up the central core, preventing bulking of the flow.  It 
also dissipates the energy gained by the flow when falling vertically. 

 
• Deaeration chamber – chamber at the bottom of the drop shaft where air is allowed to escape 

before the CSO enters the main tunnel.  
 
Preliminary layouts were prepared for 75, 200 and 1,500 mgd facilities, and quantity takeoffs and cost 
estimates were prepared as shown in Table 7. 
 

Table 7 

Tangential Inlet, Drop Shaft and Deaeration Chamber Construction Costs 

Flow Rate (mgd) Tangential Inlet Drop Shaft Deaeration Chamber 
75 $237,529 $1,014,659 $263,393 
200 $315,345 $1,139,258 $498,640 

1500 $961,961 $1,832,252 $2,330,315 

 
The values in Table 7 were used to develop construction cost curves as a function of flow rate in mgd 
(Figure 5).  The derived equations are as follows (for flows between 75 and 1,500 mgd): 
 

Cost = (Current ENRCCI/6,383)*(503.89(mgd) + 206,813) (tangential inlets) 

 

Cost = (Current ENRCCI/6,383)*(4.2855(mgd) + 7,685.3)*VLF (drop shafts) 

 

Cost = (Current ENRCCI/6,383)*(1,433.5(mgd) + 182,624) (deaeration chambers) 
 

2.10 Enhanced High Rate Clarification 
 
Cost for enhanced high rate clarification facilities were developed by performing quantity take-offs for 
different sizes of treatment facility.  Kruger Actiflo provided equipment costs for the quantity take-off.  
From the quantity take-offs, the following equation was derived (for flows from 1 to 1,000 mgd): 
 

Cost = (Current ENRCCI/7,200)*(4.4871(mgd)2 + 89,176(mgd) + 2,000,000) 
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2.11 Screening Facilities 
 
Costs for screening facilities were developed by performing quantity take-offs for different sizes of 
screening facility.  Waterlink provided equipment costs for the quantity take-off.  From the quantity take-
offs, the following equation was derived (for flows between 15 and 500 mgd): 
 
Cost = (Current ENRCCI/7,200)*(0.0000004(mgd)5 – 0.0009(mgd)4 + 0.6087(mgd)3 – 171.79(mgd)2 + 27921(mgd) –166,355) 

 

2.12 Chlorine Contact Tank 
 
Costs for the disinfection system were developed by performing quantity take-offs for different sizes of 
facilities.  These costs are based on a contact time of 15 minutes.  From the quantity take-offs, the 
following equation was derived (for flows between 10 and 500 mgd): 
 
Cost = (Current ENRCCI/7,200)*(-0.0002(mgd)4 + 0.2717(mgd)3 – 120.92(mgd)2 + 40,534(mgd) + 436,059) 

 
For flows between 500 and 2,450 mgd, the following equation was derived: 
 
Cost = 50,058*(mgd)2 - 8*107*mgd + 3*1010 

 

2.13 Chemical Storage Facility 
 
Costs for the chemical storage were based on:  

• Providing tankage for back to back events with one back up tank, based on a chlorine dosage of 
10 mg/L 

• Event volume refers to total runoff volume for event.  Event volume equals tank volume in 
storage tanks.  Event volume does not equal tank volume in high rate treatment tanks. 

• Size building for approximately 650 sf building area/storage tank to provide walkways and room 
for electrical, HVAC, plumbing and electrical systems 

• Steel-framed, concrete building with a cost of $150 per square foot of building floor area 
• 10’ diameter, 4,000 storage tanks with a cost of $15,000 per tank 
• Assume electrical costs = 25% of building and tank costs 
• Assume HVAC and plumbing costs = 5% of building and tank costs 
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• ENR CCI = 8,000 
 

Figure 6 shows chemical storage facility costs for different event volumes. 
 

2.14 Solids Storage Tank 
 
Costs for solids storage were developed by performing quantity take-offs for different sizes of storage 
tanks.  The tanks are sized to store solids from back to back storms.  A TSS concentration of 5,000 mg/l 
and ½% sludge was assumed.  From the quantity take-offs, the following equation was derived (for 
volumes between .0012 and 16 mg): 
 

Cost = (Current ENRCCI/7,200)*(4,000,000(mg) + 321,305) 
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Section 3    Capital Costs 
 
Engineering, legal and administrative fees are added to the Total Estimated Construction Cost by a factor 
of 20%.  This amount is anticipated to cover normal administrative soft costs, exclusive of condemnation, 
hazardous waste or unique engineering considerations. 
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Section 4    Operation and Maintenance Costs 
 
Operation and maintenance (O & M) costs were estimated using the following bases: 
 

• Operation – Labor costs and requirements for the various CSO alternatives were based on the 
average cost of maintaining a single operating post manned by one operator on a 24 hour, year 
round basis.  Operations labor is approximately $30.12/hour, including benefits.  Thus the 
average cost of one position was approximately $88,000.  Assuming an eight hour workday, with 
three shifts per day, for 365 days per year, the average cost for a Continuous Operating Post 
(COP) would be $264,000.  Although general guidelines concerning the number of COPs are 
shown in Table 8, the number of COPs required for each alternative was determined on a case by 
case basis. 

 
• Maintenance costs for facilities were taken as a percentage of the construction cost. 

 
• Treatment costs are only for enhanced high rate clarification.  This cost includes coagulants, 

polymers, and sand needed for operation. 
 

• Power & Chemicals – After discussion with utility staff, it was assumed that power and chemical 
costs are included in operations and maintenance costs. 
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Table 8 

Operation and Maintenance Cost Basis 

Item Unit Cost Basis (per year) 
Operation   

Conveyance pipelines -- 
Included in 

maintenance cost, see 
below 

Sedimentation/Storage 
Basins 

 
COP 

 
0.5 

Pump stations* 
Up to 100 mgd 
Over 100 mgd 

 
COP 
COP 

 
0.5 
2.0 

Enhanced High Rate 
Clarification (EHRC) COP 2.0 

Tunnels COP 1.0 
Maintenance   

Conveyance pipelines % of construction cost 0.25% 
Sedimentation/Storage 
Basins % of construction cost 3.0% 

Pump stations % of construction cost 3.0% 
EHRC % of construction cost 3.0% 
Tunnels  % of construction cost 1.0% 
Vortex Separators % of construction cost 3.0% 

Treatment   
EHRC MG $120 

*Pump station operation for storage/sedimentation basins and tunnels included in 
storage/sedimentation and tunnel operation.  Only add pump station operation costs if stand alone 
pump station. 

 



City of Elkhart, Indiana 

CSO Long Term Control Plan 

Basis for Cost Estimate 
Section 5    

 
 

5-1 

Section 5    Present Worth Analysis 
 
All costs were compared on a present worth basis by adding the total capital cost with the uniform series 
present worth (P/A) of the O&M costs using the following assumptions: 
 

Table 8 

Present Worth Assumptions 

Item Description 
Planning Period 20 years 
Interest Rate  7.0 % 

 
As the LTCP process proceeds, present worth costs are expected to change based on inflation, refinement 
of alternatives, and a more detailed financial analysis performed by a financial consultant. 
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Separate Storm Sewer

Separate
Sanitary

Sewer

Combined Storm
& Sanitary Sewer

Treated wastewater
released to local

rivers & streams

Untreated combined
stormwater & sanitary
released to local rivers
& streams when capacity
is exceeded during heavy
rainfall

General configuration of the Elkhart Combined Sewer System
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Operation of a Combined Sewer Overflow regulator structure
during normal (dry) and wet weather.

To Elkhart Wastewater
Treatment Plant

To Elkhart Wastewater
Treatment Plant as mixture
Of storm and sanitary wastewater



In dry weather, sewer system carries only
sanitary sewage to the treatment plant.

Combined Sewer

Combined Sewer
Overflow Pipe

Combined Sewer
Overflow Outfall

Local Urban
Stream

Local
Street

Catch
Basin

To Wastewater
Treatment Plant

CSO
Regulator

In wet weather, sewer system carries both
sanitary sewage and rainfall runoff to the
treatment plant.  But in large storms, the 
system capacity is exceeded and portions
of the combined flow is discharged to the
local stream.  This protects from property
damage by keeping the system from backing
up into basements and street.

Urban
Neighborhoods

Simulation of how a CSO operates in dry and wet weather conditions



CSO 3 (eliminated in 2003)

New Separate
Sanitary Sewer

CSO 38
(eliminated

in 2003)

Grant &
Bristol Sts.

CSO Outfall

Currently, there are 36 permitted, but only 34 active
CSO outfalls are located throughout the City of Elkhart
along the St. Joseph and Elkhart Rivers.  As improvements
are made to the sewer system, all efforts are made to eliminate
outfalls where feasible. This is done primarily by separating
the sanitary from the stormwater flow by constructing
separate pipes.

CSO 14
High Dive Park



N O T I C E
THIS IS A COMBINED SEWER OUTFALL

RIVER WATER MAY BECOME POLLUTED DURING OR 
AFTER PERIODS OF RAIN, SNOW, OR SNOWMELT.  
SWIMMING IS DISCOURAGED DURING AND AFTER THESE 
EVENTS.  IN THE EVENT OF DISCHARGES FROM THIS 
OUTFALL DURING DRY WEATHER, OR FOR MORE 
INFORMATION, PLEASE CALL:

574 – 293 – 2572
City of Elkhart

Public Works & Utilities

CSO No. 009 NPDES No. IN0025674

The City of Elkhart owns and operates a combined sewer system.  During dry weather conditions the system
conveys sanitary sewage to the wastewater treatment plant for treatment.  Tied to portions of the sewer system,
primarily in the urban core areas, are surface runoff collection catch basins.  During wet weather conditions
runoff from rainfall or snowmelt enters the sewer system, combining with the sanitary flow.  In large wet weather
events, the system capacity becomes overwhelmed and portions of the combined flow are discharged into the
local rivers to relieve the system.  This relief system keeps sewage from backing up into basements, or surcharging
manholes and flowing into street gutters.  The City is permitted by the State of Indiana for 36 of these overflow
discharge points located along the St. Joseph and Elkhart Rivers.  The above sign can be found at each of these
outfall locations.



Combined Sewer Overflow
Notification Signage

In accordance with State of Indiana law,
the Elkhart Public Works & Utilities
Department utilizes the sign shown at
right to communicate to our citizens that
caution should be taken when choosing
to engage in recreational activity on or in
the surface water bodies of our community
during and after a rainfall or snowmelt
event.  These signs can be found placed
throughout the Elkhart along areas where
public access to the river waters is possible.
In general, these areas include of City
parks and public boat launches.



CSO 5:  Constructed Wetland
Demonstration Project

A constructed wetland was built in 1998 to accept and treat overflows from CSO 5 at Arch &
Bar Streets along the Elkhart River.  The wetland utilizes aquatic plants and natural microbial
activity to remove potential pollutants that may be present in the combined sewer overflow
discharge including suspended solids, organic material, nutrients, metals, etc.  Following the
treatment, the effluent is discharged into the Elkhart River.  This project was funded through a
Grant from the Indiana Department of Environmental Management.  



Combined Sewer
Overflow Alert

Information

When an overflow
has been detected
at any of the 5
monitored sites,
this alert graphic
will appear on the
Elkhart home
webpage.



 

LOOKING TO LOWER YOUR WATER BILL? 
 
 
 

The               and  

 

offer City residents FREE water-saving devices, including 

  ‐water-efficient showerheads 

 ‐faucet aerators                                   

  ‐toilet water tank displacement bottles  

 
This free service is available on a first come-first serve 

basis while supplies last.  Please note that only single-family 

households within the City limits are eligible.   

 
Homeowners are encouraged to contact EnviroCorps’ Sherry 

Bowen at 293-2572 to schedule an appointment today.  

TTY Relay Indiana 1-800-743-3333 
 

 





























 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Every time Elkhart experiences heavy rains or a great snow melt, the City’s 
sewer system is put to the test.  As downspouts and road gutters flood the 
sewer with water, overflow is routed into the Elkhart and St. Joseph River so 
it does not exceed wastewater treatment capacity.  These combined sewer  
overflows (CSOs) can contaminate our waterways and threaten the health of 
both human and aquatic life with raw sewage.  Local ordinance therefore 
requires the disconnection of all downspouts from Elkhart's sewer system.  If 
the waterspouts on your house go directly into the ground, they are allowing 
water to flow into the sewer system, and need to be re-routed to your lawn.  
A substantial fine can be yielded for those who fail to comply.  A downspout 
disconnection can cost as much as $150 but is now being offered   

free of charge through Elkhart EnviroCorps. 
 
 
 
 
 
 
 
 
 
 
In order to avoid harsh fines and service fees while keeping sewage out of 
the river, contact Sherry Bowen at 293- 2572 for your free disconnection. 
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Water Quality Problems  
in the St. Joseph River and Their Causes

The St. Joseph River is a valuable community resource enjoyed by Olympic-caliber kayakers, recreational 

canoeists and weekend sport fishermen. Its water quality has improved dramatically since the 1950s, with  

82 species of fish now found in the river and scores of parks and recreational areas lining its banks. 

With the river’s resurgence, the communities of South Bend, Mishawaka and Elkhart are planning more 

recreational and economic opportunities on their waterfronts.

Despite this progress, the St. Joe still doesn’t meet federal Clean Water Act goals.

From Elkhart to the Indiana-Michigan state line, the St. Joseph River doesn’t meet recreational water 

quality standards for E. coli bacteria about 20 percent of the time during a typical year — and 16 percent of 

the time during the warm-weather months when people use the river for recreation. 

E. coli bacteria is an indicator of human or animal waste and potentially 

disease-causing organisms in the water. Some E. coli in a waterway is 

natural, but high levels have been linked to stomach cramps, diarrhea and 

other gastrointestinal illnesses among swimmers and people who ingest or 

swallow water during recreation. Children, the elderly and people with weakened immune systems 

or chronic conditions are most at risk.

During dry weather, approximately 97 percent of St. Joe River water samples meet E. coli 

standards. When it rains, however, many sources combine to cause high E. 

coli bacteria levels in the river. These sources include:

n	 Sewage overflows during wet weather from cities with combined storm-sanitary sewer systems 

(South Bend, Mishawaka, Elkhart and Goshen)

n	 Stormwater runoff from farms and animal feedlots

n	 Stormwater runoff from parking lots, yards and other areas with wildlife and pet waste

n	 Runoff from neighborhoods with failed septic systems

The U.S. Environmental Protection Agency and Indiana Department of Environmental Management 

require cities with combined sewers to develop long-term plans to reduce sewer overflows. Cities also must 

implement regulations and educational programs to reduce stormwater pollution.

State and local health departments regulate private septic systems and property owners are responsible for properly 

maintaining those systems. State environmental regulations also govern farms with confined feeding operations.

However, more efforts will be needed in the future to protect the St. Joe — and people who use it — from stormwater runoff, 

agricultural runoff, failing septic systems and other pollution sources.
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Why Our Sewers Overflow When It Rains

Every year, more than 850 billion gallons of untreated sewage flows into our nation’s rivers, lakes and bays. 

These sewage overflows come from antiquated “combined” sewer systems built as many as 100 years ago in 

many U.S. cities.

South Bend, Mishawaka, Elkhart and many other cities built storm sewers 

in the early 1900s to carry rainwater and melting snow away 

from homes, businesses and streets. In those horse-and-

buggy days, these cities didn’t have sewage treatment or 

even indoor plumbing.

When indoor plumbing came later, homeowners and 

business owners hooked their sewage lines to the existing storm 

sewers, combining storm water and raw sewage into one pipe. The 

 pipes emptied directly into the river, until the 1950s when sewage treatment plants were built.

This was common practice in many U.S. cities, especially in the Northeast and Midwest.

During dry weather, a “combined” sewer system works much like a separate sewer — carrying all sewage to the treatment 

plant for treatment. 

However, when it rains or snow melts, the sewers can be overloaded with incoming stormwater. When this happens, the sewers 

are designed to flow over internal dams in the underground pipes and into nearby streams and rivers. If they didn’t have this release 

valve, raw sewage would back up into people’s basements and streets.  

Today, when building new sewer systems, we build separate sewers for stormwater and sewage. Yet these older “combined” 

sewers remain along the St. Joseph River and in many older 

cities throughout the country.

Raw sewage overflowing into the St. Joseph River 

threatens an important community resource and is hazardous 

to people’s health. Millions of gallons of untreated sewage and 

rainwater enter the river each year. 

The communities along the river have already invested 

more than $200 million to reduce these overflows. State and 

federal regulators will require even more overflow reduction in 

the future. We need your involvement as the communities seek 

public input into the best long-term plans to protect the river 

and those using it.

During dry weather, all sewage is carried to the treatment plant.

When it rains or snow melts, the sewers can be overloaded 
with incoming stormwater.
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Combined Sewer Systems: Nationwide Problem

Combined sewer systems carry both stormwater and raw sewage in the same pipes. Many cities with combined sewer systems 

have problems with raw sewage overflows when it rains. These overflows contain not only stormwater, but also untreated human and 

industrial waste, toxic materials and debris. Combined sewer systems serve roughly 772 communities containing about 40 million 

people, according to the U.S. Environmental Protection Agency. Most communities with combined sewer systems are located in the 

Northeast and Great Lakes regions and in the Pacific Northwest. Indiana has more than 100 communities with combined sewers.

Combined sewer systems serve roughly 772 communities containing about 
40 million people, according to the U.S. Environmental Protection Agency.

Indiana has more than 100 communities with combined sewers.
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The City of Elkhart has spent $28.2 million since 1990 to reduce sewer 

overflows into the St. Joseph and Elkhart rivers. These improvements have 

eliminated seven sewer overflow points, redirecting millions of gallons of 

raw sewage away from the rivers and sending it to the wastewater treatment 

plant during wet weather. 

The city’s investments to date include:

n	 Separating sewers in high-priority neighborhoods, focusing on high-volume 

overflow pipes and areas with basement backups, drainage problems and industrial sewage. Future projects will focus on boat 

ramps, public parks, greenways, schools and other areas where people are likely to access the 

rivers.

n	 Increasing sewer cleaning and maintenance activities to reduce overflows and allow 

more flow to get to the wastewater treatment plant. These activities also have reduced customer 

complaints about sewer backups and other problems. 

n	 Installing check valves in seven overflow pipes to prevent river water from entering the 

sewer system during high river flows, saving the city $925,000 per year in unnecessary treatment 

costs and allowing more sewage to reach the treatment plant during wet weather.

n	 Replacing or repairing deteriorating manholes and catch basins. Manholes allow access to a sewer for maintenance, 

repair and cleaning. Catch basins are located below street gutters and are designed to capture trash and other items that can’t 

pass through the sewer. Both structures must be regularly cleaned and maintained – and repaired or replaced when they are in bad 

condition.

More improvements will be needed in the future to further reduce 

sewer overflows and meet our Clean River-Healthy Neighborhoods goals. 

The city is working with the U.S. Environmental Protection Agency and 

the Indiana Department of Environmental Management on long-term 

plans to redesign our sewer system so it meets today’s standards.

Early Action Projects To Reduce Sewer Overflows
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Elkhart Sewer Overflow Locations

Overflow pipe near LaSalle and Michigan that sends raw 
sewage overflows to the St. Joseph River after it rains.

Raw sewage has the potential to overflow from 33 locations in Elkhart’s sewer system into the St. Joseph and 

Elkhart rivers and Christiana Creek, as shown on the map below. As little as 1/4 to 1/2-inch rain can overwhelm 

the sewer system and cause an overflow. In a year with typical rainfall, these overflows can occur up to 70 

times a year from some locations, sending untreated sewage and polluted storm water into the streams.

Elkhart is already making progress in reducing overflows. Since 1990, the city has spent $28.2 million on sewer system 

improvements, eliminating seven overflow points. The city’s long-term control plan will reduce overflows even more.

Red dots indicate where raw sewage 
overflows may occur in wet weather.
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Elkhart Citizen Advisory Committee
Meeting 1 – September 23, 2008

2

Agenda

• Committee Purpose and 
Responsibilities

• Public Outreach Video
• Background and Regulatory 

Requirements
• River Monitoring and Sampling 

Program
• Early Action Projects 
• Next Steps
• Treatment Plant Tour
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Committee Purpose and Responsibilities

• Purpose: The Citizen Advisory 
Committee provides input to the 
Dept. of Public Works on 
selection, financing and 
implementation of the right long-
term plan to control sewer 
overflows in Elkhart. 

• Responsibilities: Committee 
members have two roles:
– Advising the city on issues brought 

before the committee
– Being a conduit of information to 

the community on the city’s plans 
and required funding/rate increases

4

Agenda

• Committee Purpose and 
Responsibilities

• Public Outreach Video
• Background and Regulatory 

Requirements
• River Monitoring and Sampling 

Program
• Early Action Projects
• Next Steps
• Treatment Plant Tour
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Agenda

• Committee Purpose and 
Responsibilities

• Public Outreach Video
• Background and Regulatory 

Requirements
• River Monitoring and Sampling 

Program
• Early Action Projects
• Next Steps
• Treatment Plant Tour
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The St. Joseph River: A Community Resource Worth Protecting
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A Recreational and Economic Asset

• In 1931, carp was the river’s 
predominant fish; between 
Mishawaka and Niles, Mich., only 
pollution-tolerant life found

• Thanks to modern sewage treatment 
and pollution control, 82 species of 
fish today

• More than 40 parks and recreation 
areas along rivers in Elkhart and St. 
Joseph counties

• Used for boating, fishing, canoeing, 
kayaking, rafting and sculling

• Future plans to create housing, jobs 
and community gathering places 
along river

8

Elkhart RiverWalk Commons
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The East Race Waterway: For Pros and Amateurs

10

Mishawaka Riverwalk
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Sewer Overflows – A Regional Problem

• More than 50 times each year, 
storms cause sewer overflows in 
Elkhart, Mishawaka and South 
Bend

• Overflows send 1.8 billion 
gallons of raw sewage and 
stormwater into the river in a 
typical year

• In 2004-05, Elkhart’s sewers 
contributed 180 million gallons 
of this total (10%)

• Progress being made

12

DamDam

Overflow 
Pipe

Overflow 
Pipe

St. Joe
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St. Joe
River

Pipe To 
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Pipe To 
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Treatment Plant

RunoffRunoff

Why Our Sewers Overflow

Combined
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Combined
Sewer

SewageSewage
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St. Joe
River

St. Joe
River

Pipe To 
Wastewater 

Treatment Plant

Pipe To 
Wastewater 

Treatment Plant

RunoffRunoff

Separated Sewer System

Sanitary
Sewer

Sanitary
Sewer

Storm 
Sewer

Storm 
Sewer
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• 772 communities nationwide

We Are Not Alone!
Nationwide problem, especially throughout Midwest and East Coast

• 105 communities in 
Indiana

Communities with 
Combined Sewer 
Overflows
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Elkhart has 33 Sewer Overflow Locations

Red dots show places 
where raw sewage 
overflows may occur 
in wet weather

16

Mishawaka has 19 Sewer Overflow Locations

Red dots show places 
where raw sewage 
overflows may occur 
in wet weather

Red dots show places 
where raw sewage 
overflows may occur 
in wet weather
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South Bend has 36 Sewer Overflow Locations

Red dots show places 
where raw sewage 
overflows may occur 
in wet weather

18

Regulatory Requirements

• Sewer overflows must be controlled under 
the Clean Water Act

• 1994 U.S. EPA CSO Control Policy and 
1996 IDEM CSO Strategy

• Required development of cost-effective 
CSO controls through:
– Studies of sewer system
– Public participation
– Consideration of sensitive areas
– Evaluation of alternatives, including costs and 

performance
– Improving operations of the sewer system
– Maximizing treatment at the existing treatment 

facilities
– Review of water quality standards, if 

appropriate
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Agenda

• Committee Purpose and 
Responsibilities

• Public Outreach Video
• Background and Regulatory 

Requirements
• River Monitoring and 

Sampling Program
• Early Action Projects
• Next Steps
• Treatment Plant Tour

20

• River has come a long way since 1930s
• However…
• St. Joseph River typically does not 

meet Indiana’s swimming standards for 
E. coli bacteria 10-16 percent of the 
time from April-October (the 
recreational season)

• Michigan’s standards also must be 
addressed

Water Quality Concerns
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E. Coli Monthly Geometric Mean Standard
(Must be less than 125 cfu/100 mL)

In-Stream geometric mean (cfu/100 mL) by month
Location Apr May Jun Jul Aug Sep Oct
Upstream of Elkhart City 33 31 38 59 38 87 22
AEP Dam backwater 31 27 34 54 38 93 23
Main Street 50 36 50 94 55 199 35
Ash Road 38 22 31 66 44 186 28
Bittersweet Road 31 14 24 53 41 177 25
Mishawaka-S. Bend Line 29 13 28 64 52 254 29
Start of East Race 32 15 42 125 82 375 39
Below East Race 33 15 42 134 84 399 40
Auten Bridge 35 18 54 181 109 477 49
Indiana-Michigan State Line 34 17 52 176 106 468 48

Total Rainfall (inches) (1992) 2.19 1.17 1.74 5.24 2.07 8.84 1.6
No. of Rainfall Events (1992) 17 6 8 14 8 9 10

Notes:  
• Based on modeled results and 1992 rainfall amounts – a typical year for the region.
• Indiana does not have a 30-day geometric mean standard for November through March.

Months & locations not meeting standard (based on 1992 rainfall)
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• Sewer overflows in South Bend, Mishawaka 
and Elkhart are a significant cause of water 
quality problems, but not the only cause

• Other contributors:
– urban stormwater runoff from streets, 

yards & parking lots
– agricultural stormwater runoff 
– upstream sewer overflows
– failed septic systems

Causes of Poor Water Quality

24

Typical Year E. coli Loads to St. Joseph River
Current Conditions

• Sewer 
overflows 
are the 
biggest 
contributor 
of 
E. coli
bacteria in 
the St. 
Joseph 
River

Combined Sewer 
Overflows 
(Elkhart)

10%

Combined Sewer 
Overflows (other)

52%

Direct Drainage
2%Wastewater 

Treatment Plants
2%

Upstream
8%

Tributaries
26%



13

25

Agenda

• Committee Purpose and 
Responsibilities

• Public Outreach Video
• Background and Regulatory 

Requirements
• River Monitoring and Sampling 

Program
• Early Action Projects 
• Next Steps
• Treatment Plant Tour

26

• The three communities have spent 
more than $230 million since 1990 to:
– Expand wastewater treatment plants
– Eliminate sewer overflow locations
– Separate hundreds of acres of combined 

sewers 
– Better manage existing sewer system

• Together, these efforts have reduced 
overflows by more than 1 billion 
gallons in a typical year

• Our long-term plans will do even 
more

Already Working to Reduce Overflows
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Elkhart Early Action Projects

• More than $27.6 million invested 
since 1985 to reduce overflows:
– Separated sewers in high-priority 

neighborhoods (basement backups, 
drainage problems and industrial 
sewage)

– Increased sewer cleaning and 
maintenance

– Replaced or repaired deteriorating 
manholes and catch basins

– Installed check valves to prevent river 
water from entering sewer system

– Nationally recognized industrial 
pretreatment program

28

Agenda

• Committee Purpose and 
Responsibilities

• Public Outreach Video
• Background and Regulatory 

Requirements
• River Monitoring and Sampling 

Program
• Early Action Projects 
• Next Steps
• Treatment Plant Tour



15

29

Next Steps

• Meeting 2 Agenda: 
– Alternatives analysis
– Costs and benefits of options

• Meeting 3 Agenda:
– Plan financing
– Consent Decree requirements

• Meeting 4 Agenda
– Recommended plan
– Post-construction monitoring
– Public outreach

• Meeting 5 Agenda
– Public comments received
– Future role of committee

30

Questions?
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Agenda

• Committee Purpose and 
Responsibilities

• Public Outreach Video
• Background and Regulatory 

Requirements
• River Monitoring and Sampling 

Program
• Early Action Projects 
• Next Steps
• Treatment Plant Tour



Elkhart Citizen Advisory Committee
Meeting 2 – October 30, 2008

2

Agenda

• Technologies for Reducing 
Overflows

• Elkhart Alternatives & Costs
• Benefits
• Next Steps
• Treatment Plant Tour

3

1. Separate Sewers
2. Build New Storage 

Facilities or Larger Sewers
3. Expand or Build New 

Treatment Facilities
4. Use Existing Sewer System 

More Effectively
5. Build Green Infrastructure
6. Combination of Above

Technologies for Reducing Overflows
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Separate combined sewers into storm 
sewer and sanitary sewer

• Most disruptive 

• Most costly

• Can be cost-effective when combined 
with other neighborhood improvements

• Eliminates combined sewer overflows, 
but adds more untreated stormwater to 
the river 

1. Separate Sewers

5

Build New Storage Facilities or 
Larger Sewers:

– Underground storage tunnel
– New, larger sewers 
– Storage tank

• Facilities capture overflows during 
storm when sewers are full

• After storm, flow sent to existing 
treatment plant or treated on-site

2. Build Storage Tanks, Tunnels or Larger Sewers

6

Some Options for Finished Storage Tanks

• Skate Park
• Parking Lot
• Riverwalk
• Levee
• Tennis Court
• Amphitheater
• Canal
• Soccer Field
• Trail
• Dog Park



7

3. Expand Treatment or Build New Treatment

• Two options considered:
– Expand existing treatment plants
– Build high-rate treatment at remote 

locations

• Existing plants need to be ready for 
more wet-weather flow

• Space concerns at Elkhart plant site

8

Create more in-system storage with 
inflatable dams or pinch valves

• Can hold more flow in existing 
sewers economically

• Sensors in sewers monitor flow and 
prevent sewage backups

4. Use Existing Sewer System Better

9

5. Green Infrastructure

• Green roofs
• Rain gardens/vegetated 

swales & landscape
• Porous pavement
• Downspout disconnection/ 

rainwater collection
• Wetlands/urban forests



10

Agenda

• Technologies for Reducing 
Overflows

• Elkhart Alternatives & Costs
• Benefits
• Next Steps
• Treatment Plant Tour

11

Overflow Locations with Highest Volume
(Based on typical year – 2004 sewer system)

CSO Vol.
24 73.2
37 23.0
13 14.0
15 11.2
19 10.3

19
15

24 37

13

CSO 
#

Vol. 
(MG)

24 73.2

37 23.0

13 14.0

15 11.2

19 10.3

6 8.4

54% of 
total volume

6

12

Locations with Most Frequent Overflows
(Based on typical year – 2004 sewer system)

CSO Vol.
24 73.2
37 23.0
13 14.0
15 11.2
19 10.3

19
6

24 37

13

CSO # Freq.

24 57
13 44
6 39

19 27
4 25

37 25
18 23
30 23

4
18 30
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Elkhart Alternatives

• Complete Sewer Separation
• Convey More Flow to Plant

• Total Conveyance*
• Deep Tunnel
• Conveyance Improvements*

• Regional Storage Facilities (4 
options: 5A, 5B, 5C, 5D)* 

*Includes Wastewater Plant Improvements

14

Preliminary Cost Estimates

Alternative Est. Cost
(Capital + 20 Years O&M)

1. Complete Sewer Separation $392 million
2. Total Conveyance $1,128 million
3. Deep Storage Tunnel $307 million
4. Conveyance Improvements $241 million

5A: Regional Storage $154 million
5B: Regional Storage $226 million
5C: Regional Storage $158 million
5D: Regional Storage $154 million

15

Common Elements of Regional Storage Options

• Regional Storage Facilities:
– Jackson & Waterfall Parking Lot
– High Dive Park
– Riverside Drive
– Goshen Ave Riverbank
– McNaughton Park
– Environmental Education Center

• Force Main from Grant & Bristol Lift 
Station

• Jackson Lift Station Redirection
• Targeted Sewer Separation
• WWTP Improvements
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Alternative 5: Regional Storage – Common Elements

17

Regional Storage – Option 5A

• New lift 
station, wet 
well and force 
main for 
CSOs 24 & 
37 and 
Jackson LS

24 37

18

5. Regional Storage – Option 5D

• Option 5A with:
• Partial separation 

for CSOs 13, 23 
and 33

• No separation for 
CSO 20

• Larger tank at 
High Dive Park 
(CSO 14) 

• Redirect CSO 17 
and 18 to north 
interceptor

24

23
20

14

18
17

37
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Agenda

• Technologies for Reducing 
Overflows

• Elkhart Alternatives & Costs
• Benefits
• Next Steps
• Treatment Plant Tour

20

Target Benefits

• Reducing volume of 
overflows

• Reducing frequency of 
overflows

• Increasing the gallons of 
wet-weather flows captured 
and treated

• Meeting water quality 
standards

21

Overflow Volume in a Typical Year

Option 5A

Option 5C

Option 5D
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Number of Storms Causing an Overflow
(Estimates based on typical year)

23

Percent Capture of Wet Weather Flow 
in a Typical Year

24

Untreated 
Overflows -
Typical Year
0-1
2-3
6-9
10 or more

57 Storms 
with at least 
one overflow

Before: Where Overflows Occur (2004)

CSO14

CSO 18

CSO 23
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Untreated 
Overflows -
Typical Year
0-1 
2-3
6-9
10 or more

11 Storms 
with at least 
one overflow

After: Where Overflows Will Occur (5A)

CSO 14

CSO 18

CSO 23

26

Untreated 
Overflows -
Typical Year
0-1
2-3
6-9
10 or more

<10 Storms 
with at least 
one overflow

After: Where Overflows Will Occur (5D)

CSO 18

CSO 23

CSO 14
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Annual E. Coli Load to St. Joe River
(Based on typical year)

0.0E+00

1.0E+16

2.0E+16

3.0E+16

4.0E+16

5.0E+16

6.0E+16

Baseline Alt 5a -
<12 OF/yr

Alt 5c -
<12 OF/yr

Alt 5d -
<12 OF/yr

Elk Sewer
Separation

No-CSOs

To
ta

l l
oa

d 
(c

fu
/y

r)

Upstream 
& 
Tributaries

South 
Bend 
CSOs

Mishawaka CSOs

Elkhart CSOs

Baseline 5A 5C 5D Sewer No CSOs
Sep.
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Ability to Meet Bacteria Standards in Rivers

• Based on a year with typical 
rainfall…
– 5D and 5A meet the E. coli

standard about the same 
amount of time

– At the East Race and 
Michigan State line, 5D 
performs as well as sewer 
separation

29

Percent of Hours Exceeding E. Coli Standard
(Based on typical year)

Ash Road 
Bridge

Start of 
East Race

IN-MI 
Line

Baseline Conditions 11% 15% 17%

Option 5A (94% Capture) 7% 13% 15%

Option 5C (94% Capture) 7% 13% 15%

Option 5D (96% Capture) 7% 12% 15%

Elkhart Sewer Separation 6% 12% 15%

Eliminate all 4 Cities’ CSOs* 6% 6% 6%

St. Joseph River

*Elkhart, South Bend, Mishawaka and Goshen

30

Percent of Hours Exceeding E. Coli Standard
(Based on typical year)

Elkhart River – Jackson Blvd. Bridge
Jackson Blvd. 

Bridge
Baseline Conditions 24%

Option 5A (94% Capture) 24%

Option 5C (94% Capture) 24%

Option 5D (96% Capture) 24%

Elkhart Sewer Separation 24%

Eliminate all 4 Cities’ CSOs* 23%

*Elkhart, South Bend, Mishawaka and Goshen
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Discussion

• Option 5A
– Costs the same as 5D ($154 M)
– Overflows more than 10 times per 

typical year at some locations
– 94% of wet weather flow treated

• Option 5D
– Costs the same as 5A ($154 M)
– More consistent overflow 

frequency
– 96% of wet weather flow treated
– Reduce overflows on Christiana 

Creek (High Dive Park)

32

Agenda

• Technologies for Reducing 
Overflows

• Elkhart Alternatives & Costs
• Benefits
• Next Steps
• Treatment Plant Tour

33

Next Steps

• Meeting 3 Agenda:
– Plan financing
– Consent Decree requirements

• Meeting 4 Agenda
– Recommended plan
– Post-construction monitoring
– Public outreach

• Meeting 5 Agenda
– Public comments received
– Future role of committee
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Questions?

35

DRAFT for internal review

Agenda

• Technologies for Reducing 
Overflows

• Elkhart Alternatives & Costs
• Benefits
• Next Steps
• Treatment Plant Tour



Elkhart Citizen Advisory Committee
Meeting 3 – November 25, 2008

2

Agenda

• Recommended Plan
• Financial Capability 

Analysis
• Consent Decree 

Requirements

3

Elkhart River Recommended Plan

LL
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Upper St. Joseph River Recommended Plan

L

L

LL

L

L

5

Lower St. Joseph River Recommended Plan

L

L

L

L

L

6

Estimated Cost of Recommended Plan

Plan Element Estimated Cost

Sewer Separation $24,864,000

Force Main Upgrades/Redirections $6,490,000

Sewer System Upgrades – CSO 37 $4,410,000

Regional Storage Tanks $19,810,000

Oakland Ave. Lift Station with Storage $10,720,000

Other Lift Station Improvements $3,110,000

Wet Weather Treatment at WWTP $3,190,000

Other WWTP Improvements $16,840,000

Subtotal $89,434,000

Contingency $44,717,000

Total Capital Cost $134,151,000

Annual Operations & Maintenance $1,870,000

Present Worth Cost 
(Capital + 25 Years O&M)

$158,055,000
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Agenda

• Recommended Plan
• Financial Capability 

Analysis
• Consent Decree 

Requirements

8

U.S. EPA’s Four-Step Process

• Develop a Cost per Household 
• Determine the Residential 

Indicator Score
– Based on Cost per Household as a 

percent of Median Household 
Income (MHI) 

• Develop the Community 
Financial Indicator Score
– Based on five factors

• Develop the Overall Financial 
Capability Indicator Score 

9

Cost Per Household

• Calculate current annual 
wastewater treatment costs

• Calculate future costs
• Calculate residential share 

(based on % of flow from 
residential customers)

• Divide by total households
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Residential Indicator Score

• Cost Per Household:
– Current $398 per year
– Projected $737 per year

• Median Household Income
– $40,870 (2005) 

• Cost per Household as a % of 
Median Household Income
– 1.8 percent (projected based upon 25-

year schedule without bonding)

11

Our Cost Per Household has a Mid-Range Impact

U.S. EPA Residential Indicator

Cost Per 
Household

Financial Impact

Less than 1% of MHI Low
1-2% of MHI Mid-Range
Greater than 2% of 
MHI

High

12

Community Financial Indicators

• Median Household 
Income

• Property Tax Collection 
Rate

• Bond Rating
• Net Debt Per Capita
• Unemployment Rate
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Median Household Income (2005)

National MHI $49,230
State MHI $48,729
Elkhart MHI $40,870
Comparison 16-17% below state 

& national MHI 
U.S. EPA and 
IDEM Score

Mid-Range

MHI is based on 1999 census data, 
adjusted to 2005 dollars using the 
Consumer Price Index. 

14

Property Tax Collection Rate

Property Tax 
Collection Rate 
(2005-2006)

97.22 %

U.S. EPA and 
IDEM Score Mid-Range

15

Bond Rating

Standard & Poor’s 
Bond Rating A+

U.S. EPA and 
IDEM Score Strong
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Net Debt Per Capita

Total Debt (2005) $118, 396,571
Elkhart Population 
(2005)

52,270

Net Debt Per Capita $2,265
IDEM Score Mid-Range 

($1,000 -$3,000)

17

Unemployment Rate (2005)

National Rate 5.1%
State Rate 5.4%
Elkhart Rate 6.3%
Difference 1.2% above 

national average
U.S. EPA & 
IDEM Score

Weak 

18

Unemployment Rate (Jan. ’07 to Sept. ’08)
(not seasonally adjusted)
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Community Financial Indicator Score

Indicator Rating Score
Median Household Income Mid-Range 2.5
Property Tax Revenue Collection 
Rate

Mid-Range 1.25

Bond Rating Strong 1.5
Net Debt per Capita Mid-Range 2.25
Unemployment Rate Weak 3.0

Total 10.5
Average Score Mid-Range 2.1

“Weighted” Average Score Mid-Range 2.3

20

Overall Financial Capability Score

Community 
Financial 
Indicator 

Score

Residential Indicator Score
(Cost per Household as % of MHI)
Low 

(< 1%)
Mid-Range 

(1-2%)
High 

(>2%)

Weak 
(below 1.5)

Medium 
Burden

High 
Burden

High Burden

Mid-Range 
(1.5-2.5)

Low Burden Medium 
Burden

High Burden

Strong 
(above 2.5)

Low Burden Low 
Burden

Medium 
Burden

21

U.S. EPA Scheduling Guidelines

• Most Indiana communities with 
federal consent decrees have had 18-
20 year schedules to complete their 
plans

• Given Elkhart’s economic 
difficulties and burden near “high,”
we have requested a schedule of 25 
years
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Agenda

• Recommended Plan
• Financial Capability 

Analysis
• Consent Decree 

Requirements

23

Consent Decree: Why and What Does It Mean?

• All three cities are negotiating 
federal consent decrees with U.S. 
EPA & Department of Justice

• Targeted by EPA because our 
overflows affect Michigan waters

• Decree will be filed in federal 
court and will require 
implementation of the plan

• Penalties if we don’t meet 
milestones and deadlines

24

Elkhart’s Negotiating Goals

• Agree on long-term control plan 
details before entering into 
decree

• Negotiate reasonable 
performance standards

• Negotiate a reasonable project 
schedule

• Obtain approval of Use 
Attainability Analysis to modify 
Indiana E. coli standards during 
large storms
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Questions?



Elkhart Citizen Advisory Committee
Meeting 4 – December 16, 2008

2

Agenda

• Draft schedule
• Post-construction 

monitoring
• Public outreach
• Closing discussion

3

Scheduling Factors

• Sensitive and Priority Areas
• Impacts on Ratepayers
• Logical construction 

sequence

4

Parks & Priority Areas

5

Draft 25-Year Schedule 2009-2033

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

20
19

20
20

20
21

20
22

20
23

20
24

20
25

20
26

20
27

20
28

20
29

20
30

20
31

20
32

20
33

Christiana Creek
Upper Elkhart River
Lower Elkhart River
WWT Plant Upgrades
Wet Weather Treatment
Upper St. Joe River
Oakland Avenue
Riverside Drive
Lower St. Joe River

Design Begins
Construction Bid Accepted
Full Operation Achieved 

Phase I Phase 2 Phase 3 Phase 4 Phase 5

6

Financing

• Discuss rate increase options
– Larger increase every 4-5 

years?
– Smaller increases every year?
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Agenda

• Draft schedule
• Post-construction 

monitoring
• Public outreach
• Closing discussion

8

Post-Construction Monitoring

• Monitoring required to ensure 
that facilities operate as 
designed and intended

• Monitoring plans: discharge 
volume, duration and frequency

• “Performance criteria”
– Percent capture of wet-weather 

flow into sewer system
• Regular reports to EPA, IDEM 

and the public

9

Agenda

• Draft schedule
• Post-construction 

monitoring
• Public outreach
• Closing discussion

10

Public Outreach Plans

• Timeframe: Feb.-Mar. 2009
• Activities:

– Public meetings & 30-day 
comment period

– Newsletter
– Materials on Website
– Meet with Council  and Public 

Works Board
– Work with News media

11

Public Meeting Plans

• Public Meetings
– How many?
– Where?

• “Open House” format 
– 4-8 p.m. Open House 

(information tables with staff 
to answer questions)

– 30-minute presentations at 
5 and 7 p.m.

12

Suggested Tables/Displays

• St. Joseph River & Elkhart
– Water quality issues
– Sewer system studies

• Recommended Plan (3):
– Elkhart River
– Upper St. Joseph 

River/Christiana Creek
– Lower St. Joseph River

• How You Can Help



13

Discussion

• Key audiences we need to 
reach?

• Issues and concerns we 
should anticipate?

• Other advice on reaching out 
to the public?

14

Agenda

• Draft schedule
• Post-construction 

monitoring
• Public outreach
• Closing discussion

15

Discussion & Committee Input

• What are your thoughts?
– Recommended plan
– Federal funding
– Future role of committee

• Draft committee statement
• Next CAC meeting

– Late March/early April 2009



 
 
 
 
 
 
May 21, 2009 
 

NEWS RELEASE 
 

Elkhart Reaches Agreement with State, Feds on Sewer Overflow Plan 
City Needs 25 Years to Implement Plan 

 
Mayor Dick Moore announced today the City of Elkhart, the Indiana 

Department of Environmental Management (IDEM), and the U.S. Environmental 
Protection Agency (EPA) have reached a tentative agreement on a long-term 
plan for controlling sewer overflows. He also announced a proposed sewer rate 
increase to pay for the first five years of sewer improvements. 
 

Due to the city’s current, difficult economic circumstances, Mayor Moore 
has told U.S. EPA and IDEM that the City needs a 25-year schedule to 
implement the plan. The schedule and some technical details are still being 
negotiated. 
 

Since 2004, Elkhart, South Bend and Mishawaka have participated in 
required negotiations with U.S. EPA to reduce their sewage overflows to the St. 
Joseph River. Elkhart's plan would build new sewers and storage tanks to 
capture and treat more overflows. 
 

“We know this plan is the right plan for our community and our rivers,” 
Mayor Moore said. “Our staff has been working cooperatively with the agencies 
for several years. We are moving forward, but we need sufficient time to 
implement the plan." 
 

The City will host open house-style meetings on June 17 at High Dive 
Park Pavilion (500 E. Beardsley Ave.) and June 18 at Pierre Moran Pavilion (201 
W. Wolf Ave.). The public may come anytime between 4 and 8 p.m. to view 
displays and talk with project managers. Half-hour informational presentations 
will be offered at 5 and 7 p.m.  
 

The City is taking public comments on the plan until July 17 at 
cleanrivers@coei.org or by writing to Utility Engineer, Elkhart Public Works, 1201 
S. Nappanee St., 46516 
 
During the planning process, the City has continued to implement overflow 
control/reduction projects.  While the plan's schedule and other details are being 



negotiated, the City is moving forward with the first phase of the final long-term 
plan. The City has received $4.2 million from federal stimulus funds to help pay 
for ready-to-go projects. However, $2.9 million of that funding will need to be 
repaid to the state, at a 3.88 percent interest rate. 
 

“In order to take advantage of these federal funds, we need to move 
quickly to begin these projects by November of this year,” said Mike Machlan, 
City Engineer. “The federal funds will help reduce the impact on our ratepayers 
while we make much-needed improvements to our treatment plant and sewer 
system.” 
 

The City will ask the Elkhart City Council to approve a sewer rate increase 
to finance the loan. If approved, 4 percent increases would go into effect in 
January 2010 and January 2011.  
 

The average residential user now pays $21.16 per month, based on 5,000 
gallons of water used (about 668 cubic feet). Under the new rates, their bill would 
increase by 85 cents to $22.01 per month in January 2010, and an additional 88 
cents to $22.89 in January 2011. 
 

The rate increase is necessary for the following reasons: 
 

• Construction Projects to Reduce Overflows: The state’s grant and low-
interest loan will cover about 22 percent of needed sewer improvements in 
2009 and 2010. Elkhart ratepayers must make up the difference in order 
to take advantage of the federal assistance. 

• Operating Costs: The cost of operating and maintaining the treatment 
plant and collection system has increased since the last rate increase 
went into effect in 2003. The cost of insurance, chemicals, natural gas, 
gasoline, electricity and other operating expenses have gone up during 
this time. 

• Fair and Equitable Rates: Due to substantial changes in the waste 
stream from industrial customers over the past several years, a cost of 
service study prepared by Crowe Horwath LLP showed that industrial 
customers are now being overcharged for excess pollutants they 
discharge to the sewer system. Because the city has paid off 20-year-old 
bonds for a treatment plant expansion, these customers are now paying 
more than their fair share. Revising Elkhart’s charges for excess pollutants 
is fair and will make the City more competitive when recruiting new 
businesses to locate here. 

 
Mayor Moore emphasized the need for the City’s rates to be equitable and 

fair to all ratepayers. One class of ratepayers should not be subsidizing another, 
he said. 
 



“We must be able to attract new industries and create new jobs, while also 
repairing our infrastructure and reducing raw sewage that overflows into our 
rivers. If we delay, the cost of these projects will only get more expensive,” he 
said. 
 

Like more than 700 U.S. cities, Elkhart has sewers that carry both sewage 
and stormwater in the same pipe. When it rains, these “combined sewers” can 
overflow into Christiana Creek, the Elkhart River and the St. Joseph River.  
 

The first combined sewers were built more than 100 years ago, mostly in 
cities in the Northeast and Midwest. The U.S. EPA and Indiana Department of 
Environmental Management require cities with combined sewers to meet state 
and federal requirements to prepare long-term plans to reduce overflows and 
comply with the Clean Water Act.   
 

During wet weather, overflows can occur at up to 33 locations along our 
waterways, and can be triggered by as little as two-tenths of an inch of rainfall or 
snowmelt.  
 

South Bend, Mishawaka, Goshen and 100 other Indiana cities also are 
required to prepare long-term plans to reduce raw sewage overflows into 
waterways.  

 
For additional information, please contact Public Works & Utilities at 574-

293-2572. 
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These are challenging times for Elkhart.
Yet we have always been a community
that responded to a challenge and
came out the better for it. That is
certainly true with the challenge we
face to clean up our rivers.

For several years, we have been negotiating with the
state and federal governments to reduce sewer
overflows to the Elkhart and St. Joseph Rivers. We have
now reached a tentative agreement on a $134 million
plan to protect our rivers.

Paying for this plan when so many people are out of
work is a daunting challenge. We also recently learned
that we will receive $4.2 million from the federal stimulus
funds to help pay for some ready-to-go projects.
However, $2.9 million of that funding will need to be
repaid to the state, at a 3.88 percent interest rate. We
plan to implement the program over 25 years to ease
the burden on ratepayers.

Meanwhile, we recently conducted a study of our sewer
rates and found that they need to be adjusted to make
them more fair and equitable for some ratepayers. 

The combination of these things requires us to ask the
City Council for a small sewer rate increase and a new
rate structure. You’ll find more details on the rate
increase on Page 10. We will be hosting public
meetings on June 17 and 18 to explain these issues,
and to answer your questions.

Many of you are probably asking, “Why are we doing
this sewer overflow control program now given our
economic problems?”

Put simply, we have no choice. We have identified the
most affordable plan that will achieve the most benefits.
We have worked to get the biggest bang for our buck
and the least disruption to our citizens. We can no
longer delay. If we postpone the plan, it won’t get
cheaper and we run the risk of having the federal and
State agencies impose a less cost-effective plan along
with higher legal bills, fines and penalties. I would rather
put our money to work here in Elkhart, by implementing
the right plan to improve our infrastructure, clean our
rivers and create jobs.

At one time, the Elkhart and St. Joe were pristine rivers.
With the arrival of civilization, they became open

sewers. The rivers have been improved over the
decades by collecting sewage from homes and
businesses and directing it to a treatment plant.
However, our older sewer system still overflows during
heavy rains, sending untreated sewage into our
streams. This was accepted practice when our sewers
and treatment plant were built, but not today.

Each investment in our sewers and treatment plant is
moving us closer to the goal of restoring our rivers and
streams to a more natural state. We need to move
forward because it is simply the right thing to do. 

Recently, someone passed this message on to me:
“Success comes in cans, failure in can’ts.” There is no
room in our basic working philosophy that allows for the
word can’t. Even when it looks impossible, we can find
a way to do it.

I hope you will learn about Elkhart’s sewer overflow
control plan and participate in one of our public
meetings. We look forward to hearing your comments
and concerns, and working with the community on the
best way to meet the mandates we face.

Dick Moore
Mayor

City Announces Plan to Reduce Sewer Overflows
Open House-Style Meetings Scheduled for June 17 and 18

Public Comments are due
July 17, 2009

Email: cleanrivers@coei.org

Call: 574-293-2572

Visit: www.elkhartindiana.org

Write: Utility Engineer
Elkhart Public Works

1201 S. Nappanee St.
Elkhart, IN 46516

RIVER REPORT
June 2009

PUBLIC MEE TING SCHEDULE
4 – 8 PM OPEN HOUSE

PRESENTATIONS AT 5 AND 7 PM
JUNE 17, HIGH DIVE PARK PAVILION

500 E. BEARDSLEY AVE.

JUNE 18, PIERRE MORAN PARK PAVILION
201 W. WOLF AVE.
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WATER QUALITY PROBLEMS IN THE ST. JOSEPH RIVER AND THEIR CAUSES
The St. Joseph River is a valuable community resource enjoyed by Olympic-caliber
kayakers, recreational canoeists and weekend sport fishermen. Its water quality has
improved dramatically since the 1950s, with more than 80 species of fish now found in
the watershed and scores of parks and recreational areas lining its banks. 

With the river’s resurgence, the communities of South Bend, Mishawaka and Elkhart 
are planning more recreational and economic opportunities on their waterfronts.

Despite this progress, the St. Joe still doesn’t meet federal Clean Water Act goals.

From Elkhart to the Indiana-Michigan state line, the St. Joseph River doesn’t meet
recreational water quality standards for E. coli bacteria about 20 percent of the time
during a typical year — and 16 percent of the time during the warm-weather months
when people use the river for recreation. 

E. coli bacteria is an indicator of human or animal waste and potentially disease-causing organisms in the water. Some E. coli in a waterway 
is natural, but high levels have been linked to stomach cramps, diarrhea and other gastrointestinal illnesses among swimmers and people
who ingest or swallow water during recreation. Children, the elderly and people with weakened immune systems or chronic conditions are 
most at risk.

During dry weather, approximately 97 percent of St. Joe River water samples meet E. coli standards. When it rains, however, many sources
combine to cause high E. coli bacteria levels in the river. These sources include:

n Sewage overflows during wet weather from cities with combined storm-sanitary sewer systems (South Bend, Mishawaka, Elkhart and Goshen)

n Stormwater runoff from farms and animal feedlots

n Stormwater runoff from parking lots, yards and other areas with wildlife and pet waste

n Runoff from neighborhoods with failed septic systems

The U.S. Environmental Protection Agency and Indiana Department of Environmental Management require cities with combined sewers to develop
long-term plans to reduce sewer overflows. Cities also must implement regulations and educational programs to reduce stormwater pollution.

State and local health departments regulate private septic systems and property owners are responsible for properly maintaining those
systems. State environmental regulations also govern farms with confined feeding operations.

However, more efforts will be needed in the future to protect the St. Joe — and people who use it — from stormwater runoff, agricultural
runoff, failing septic systems and other pollution sources.

WHY OUR SEWERS OVERFLOW WHEN IT RAINS
Every year, more than 850 billion gallons of untreated
sewage flows into our nation’s rivers, lakes and bays.

These sewage overflows come from antiquated
“combined” sewer systems built as many as 100
years ago in many U.S. cities.

South Bend, Mishawaka, Elkhart and many other
cities built storm sewers in the early 1900s to carry
rainwater and melting snow away from homes,
businesses and streets. In those horse-and-buggy
days, these cities didn’t have sewage treatment or
even indoor plumbing.

When indoor plumbing came later, homeowners and
business owners hooked their sewage lines to the
existing storm sewers, combining storm water and
raw sewage into one pipe. The pipes emptied directly
into the river, until the 1950s when sewage treatment
plants were built. This was common practice in many
U.S. cities, especially in the Northeast and Midwest.
During dry weather, a “combined” sewer system
works much like a separate sewer — carrying all
sewage to the treatment plant for treatment.

However, when it rains or snow melts, the sewers 
can be overloaded with incoming stormwater. When
this happens, the sewers are designed to flow over
internal dams in the underground pipes and into
nearby streams and rivers. If they didn’t have this
release valve, raw sewage would back up into
people’s basements and streets.

COMBINED SEWER
SYSTEMS: NATIONWIDE PROBLEM
Combined sewer systems carry both stormwater and raw sewage in the same pipes. Many cities with combined sewer systems have
problems with raw sewage overflows when it rains. These overflows contain not only stormwater, but also untreated human and industrial
waste, toxic materials and debris. Combined sewer systems serve roughly 772 communities containing about 40 million people, according 
to the U.S. Environmental Protection Agency. Most communities with combined sewer systems are located in the Northeast and Great Lakes
regions and in the Pacific Northwest. Indiana has more than 100 communities with combined sewers.

Combined sewer systems are found in roughly 772 communities serving about
40 million people, according to the U.S. Environmental Protection Agency.

Indiana has more than
100 communities with
combined sewers.

When it rains or snow melts, the sewers can be overloaded
with incoming stormwater.

During dry weather, all sewage is carried
to the treatment plant.

This chart shows how well the 
St. Joseph River meets Indiana’s
swimming standard at different
locations. The orange line
represents the river’s water quality
during the warm weather months,
when people are most likely to be in
the water. As you can see, the river
meets the E. coli bacteria standard
about 90-95 percent of the time
during warm weather in Elkhart and
Mishawaka. But by the time the
water flows through South Bend,
standards are met 80-85 percent of
the time. Sewer overflows, urban
stormwater, failing septic systems
and farm runoff all contribute to
this problem.

Percent of Hours Meeting Indiana “Swimming” Standard (April to October)
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Overflow pipe near Sherman Street that sends raw sewage
overflows to the St. Joseph River after it rains.

Raw sewage has the potential to overflow from 33 locations (red dots) in
Elkhart’s sewer system into the St. Joseph and Elkhart rivers and Christiana
Creek, as shown on the above map. As little as 1/4- to 1/2-inch of rain can
overwhelm the sewer system and cause an overflow. In a year with typical
rainfall, these overflows can occur more than 50 times a year from some
locations, sending untreated sewage and polluted storm water into the streams.

WHERE OVERFLOWS OCCUR EARLY ACTION PROJECTS TO
REDUCE SEWER OVERFLOWS
The City of Elkhart has spent $27.6 million since 1985 to reduce sewer
overflows into the St. Joseph and Elkhart rivers. These improvements
have eliminated eight sewer overflow points, redirecting millions of
gallons of raw sewage away from the rivers and sending it to the
wastewater treatment plant during wet weather.

The city’s investments to date include:

n Separating sewers in high-priority neighborhoods, focusing on high-
volume overflow pipes and areas with basement backups, drainage
problems and industrial sewage

n Redirecting sewage away from the combined sewer system into
separate sanitary sewers with extra capacity, thus allowing more
sewage to reach the wastewater treatment plant.

n Increasing sewer cleaning and maintenance activities to reduce
overflows and allow more flow to get to the wastewater treatment
plant. These activities also have reduced customer complaints
about sewer backups and other problems.

n Installing check valves in seven overflow pipes to prevent river 
water from entering the sewer system during high river flows, 
saving the city $925,000 per year in unnecessary treatment costs
and allowing more sewage to reach the treatment plant during 
wet weather.

n Replacing or repairing deteriorating manholes and catch basins.
Manholes allow access to a sewer for maintenance, repair and
cleaning. Catch basins are located below street gutters and 
are designed to capture trash and other items that can’t pass
through the sewer. Both structures must be regularly cleaned 
and maintained — and repaired or replaced when they are in 
bad condition.

More improvements will be needed in the future to further 
reduce sewer overflows and meet our Clean River-Healthy
Neighborhoods goals. 
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Elkhart evaluated a number of technologies to reduce sewer
overflows and meet Clean Water Act requirements. The options
included:

• Full Sewer Separation: Separating stormwater and sewage
into different pipes throughout the city

• Larger Sewers: Increasing the sewer system’s capacity to
convey all flow to the treatment plant and expanding the plant’s
capacity

• Tunnel Storage: Building a deep tunnel to capture sewage
during wet weather, then pump flows to the wastewater
treatment plant for treatment

• Regional Storage: Building regional storage tanks or basins to
capture sewage during wet weather, then pump flows to the
treatment plant

• Expanding Wastewater Treatment Plant: Expanding the
capacity of Elkhart’s treatment plant so it can handle more wet-
weather flows

• Remote Treatment: Building new treatment facilities, such as
wetlands, to capture and treat overflows where they occur

The city’s recommended plan includes a mixture of many of the
above technologies. We will be preventing and capturing overflows
through sewer separation in targeted neighborhoods and through
better conveyance, storage and treatment. The plan is organized
into three geographic areas:

• Elkhart River

• Upper St. Joseph River and Christiana Creek

• Lower St. Joseph River

The recommended plan for each area is described on pages 7-9.
Pages 10 and 11 list the plan costs and the expected benefits.

WHAT OPTIONS DID THE CITY CONSIDER TO REDUCE SEWER OVERFLOWS?

Expanded wet-weather treatment.

Sewer separation.

Larger sewers.

Riverwalk at High Street

Illustration of a common underground storage tank.

The Elkhart River flows through numerous city parks and neighborhoods, as shown in the map above. Reducing overflows to the Elkhart
River will also improve the St. Joseph River, since the Elkhart flows into the St. Joe. The City’s plan for reducing sewer overflows here
includes the following elements:

n Building a 1-million-gallon storage tank near the Jackson Boulevard Bridge to capture
overflows affecting the Riverwalk, Island Park and other downstream parks. Overflows
captured by this storage facility will eventually be redirected to a new Oakland Avenue
facility when that project is completed.

n Building an 80,000-gallon storage tank near Lusher Avenue to store overflows during wet
weather and reduce overflows affecting the River Greenway and many downstream
parks.

n Partially separating storm and sanitary sewers in neighborhoods near FOP Youth
Park, Studebaker Park and Baker Park to reduce overflows affecting those parks.

ELKHART RIVER RECOMMENDED PLAN

ELKHART RIVER RECOMMENDED
PLAN:
• 2 storage tanks to capture overflows

during wet weather

• Partial sewer separation to reduce
overflows affecting many city parks

7
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Christiana Creek enters the St. Joseph River downstream from High Dive Park. Sewer overflows into Christiana Creek have an immediate
and direct effect on the lagoons in High Dive Park and then impact a number of city parks and downtown Elkhart. To control overflows in
this area, the City’s plans include:

n A 1-million-gallon storage tank in High Dive Park to capture wet-weather flow when it rains and later release it to the existing sewer
system after the storm has passed.

n Redirection of Northeast Elkhart sanitary sewers to the North Interceptor sewer
system to redirect those flows away from the combined sewer system.

The Upper St. Joseph River extends from the AEP Dam to the Lexington Avenue
Bridge. The City plans the following projects to reduce overflows in this area:

n Partial sewer separation in
neighborhoods near Greenleaf
Drive and Beardsley Avenue to
reduce overflows at the AEP
Dam near the Johnson Street Bridge. 

n Structural changes within the sewer system to reduce overflows near
Pottawattomi Drive and Second Street.

UPPER ST. JOSEPH RIVER & CHRISTIANA CREEK RECOMMENDED

UPPER ST. JOE RIVER &
CHRISTIANA CREEK
RECOMMENDED PLAN:
• Storage tank in High Dive Park to

capture wet-weather overflows

• Sewer separation in selected
neighborhoods

• Redirecting sewage away from
combined sewer system

The Lower St. Joseph River includes areas downstream from the Lexington Avenue Bridge. This area includes some of Elkhart’s highest-
volume sewer overflow locations. Plans to control sewer overflows include:

n A 430,000-gallon storage tank along Riverside Drive. 

n A 1.1-million-gallon storage tank near Oakland Avenue. 

n Separating a portion of the sewers near Willowdale Park and Wellfield Trails.

n Separating a portion of sewers near Franklin and Vistula Streets and west of 
Oakland Avenue.

n Redirecting sanitary sewers at
West Boulevard and Beardsley
for the Northwest area of Elkhart to the North Interceptor system, away from the
combined sewer system.

n Redirecting sanitary sewers near McNaughton Park to the North Interceptor
system.

LOWER ST. JOSEPH RIVER RECOMMENDED PLAN

LOWER ST. JOE RIVER
RECOMMENDED PLAN:
• Storage tanks along Riverside Drive

and near Oakland Avenue

• Sewer separation in selected
neighborhoods

• Redirecting sewage away from
combined sewer system

8

High Dive Bridge

McNaughton Spray Park
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WHAT WILL THE PROJECTS COST? HOW MUCH WILL I PAY?
The plan’s construction costs are estimated at $134 million in 2007 dollars, making it the largest investment in clean water infra-
structure in Elkhart’s history. Operation and maintenance costs will increase, too. Given the current economic conditions, Elkhart is
seeking to delay large capital expenditures until the local economy has time to recover. Elkhart also is pursuing federal grants and will
continue to seek alternative funding. However, regular rate increases will be needed to finance this project. 

The City has been delaying needed rate increases during negotiations with state and federal agencies. The last sewer rate increase was
in 2003. A rate increase is necessary for the following reasons: 

Construction Projects to Reduce Overflows: A storage tank at High Dive Park will capture overflows that now go into Christiana
Creek. Other projects will reduce overflows to the Elkhart River by separating sewers. Federal funds are helping to reduce the cost of
these projects to Elkhart ratepayers.

Other Construction Needs: Needs include sewer replacements associated with the Main Street Streetscape Project and Jackson
Roadway improvements. We will extend sewers to neighborhoods without sewer service, often in conjunction with road projects. We also
must replace aging tanks, pumps, valves, a roof and other equipment at the wastewater treatment plant.

Fair and Equitable Rates: A recent cost of service study
prepared by Crowe Horwath LLP showed that industrial
customers are being overcharged for excess pollutants they
discharge to the sewer system. These customers are paying
more than their fair share. Lowering Elkhart’s charges for 
excess pollutants also will make the City more competitive 
when recruiting new businesses to locate here.

Operating Costs: The cost of operating and maintaining the
treatment plant and collection system has increased since
2003. The cost of insurance, chemicals, natural gas, gasoline,
electricity and other operating expenses have gone up during
this time.

We work hard to keep rates low and competitive with 
other cities. For the average home using 5,000 gallons 
per month, rates will increase by about 85 cents per month 
in 2010 and another 88 cents per month in 2011. The 
average user now pays $21.16 per month; in 2011, they 
would pay $22.89. 

The chart at right compares average residential sewer rates in
Elkhart with rates in other Indiana cities of similar size. Elkhart’s
current and projected rates are shown in green. 

WHAT BENEFITS WILL WE SEE?
Elkhart’s plan will reduce the volume and frequency of sewer overflows into the St. Joseph River, Elkhart River and Christiana Creek. 
The charts below show estimated overflow volumes and overflow frequency before and after the plan’s implementation. Overall, overflow

volume will be reduced from 180
million gallons in a typical year to
around 40 million gallons. (The St.
Joseph River (Total) numbers include
estimates for Christiana Creek and
the Elkhart River because they
eventually flow into the St. Joe.) The
frequency of overflows will fall from
more than 50 storms in a typical year
to less than 10 storms causing a
sewer overflow.

The plan is designed to capture 96 percent of flows entering the combined sewer system during wet weather in a typical year,
compared to 82 percent a few years ago. The plan will be implemented over a  25-year period at an estimated cost of $134 million in

2007 dollars.  

Even if all sewer overflows could
be eliminated, E. coli bacteria
standards will not be fully met in
affected waterways. Elkhart’s
studies have concluded that
controlling other sources of
bacteria would be more cost-
effective than paying for additional
controls beyond the city’s
recommended plan.

Note: Based upon estimates of baseline and future system conditions using Elkhart’s XP-SWMM model of
the existing collection system and typical year rainfall inputs.

Note: Overflow event = one or more untreated overflows from the combined sewer system resulting from a
precipitation event. For this analysis, it was assumed that the total annual frequency of overflow events for
each watershed was equal to the number of overflows at the most active CSO within the drainage basin.

Based upon estimates of baseline and future system conditions using Elkhart’s XP-SWMM model of the
exisiting collection system and typical year rainfall inputs.
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Utility Engineer
Elkhart Public Works
1201 S.Nappanee St.
Elkhart, IN 46516

HOW YOU CAN HELP REDUCE
SEWER OVERFLOWS AND
PROTECT THE ST. JOSEPH RIVER
Everyone can help solve the problem of raw
sewage overflows into the St. Joseph River.
Although the long-term solutions will require
major investments by South Bend, Mishawaka
and Elkhart, every little bit counts when it

comes to reducing overflows and protecting the river. You can help in
these ways:

n Disconnect your downspouts and sump pumps if they are
connected to the sanitary sewer system. 

n Don’t send fats, oils and grease down the drain. They clog both
your plumbing and the sewer system, causing overflows and

sewer backups. Pour the grease into a can and throw it in the
trash instead.

n Clean up after your pets. Their waste adds to the problem of
stormwater pollution.

n Dispose of household chemicals and used oil properly and not
down the drain or down a storm sewer. Don’t dump paint and oil
on the ground; they will end up in our waterways. Contact your
local Solid Waste Management District to learn how to safely
dispose of these household hazardous wastes:
Elkhart County 
500 N. Nappanee St., Suite 10B, Elkhart, IN 46514
Phone: (574) 293-2269
Internet: 
http://www.in-map.net/counties/ELKHART/GOVERNMENT/sd/swmd/

n Invite city representatives to make a presentation to your civic
association or neighborhood group. 
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Agenda

• Background
• Elkhart’s Long-Term 

Control Plan
• Plan Costs and Benefits
• Proposed Rate Ordinance
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Elkhart RiverWalk Commons



4

Sewer Overflows – A Regional Problem

• More than 50 times each year, 
storms cause sewer overflows in 
Elkhart, Mishawaka and South 
Bend

• Overflows send 1.8 billion 
gallons of raw sewage and 
stormwater into the river in a 
typical year

• In 2004-05, Elkhart’s sewers 
contributed 180 million gallons 
of this total (10%)
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Elkhart has 33 Sewer Overflow Locations

Red dots show places 
where raw sewage 
overflows may occur 
in wet weather
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• 772 communities nationwide

We Are Not Alone! 
Nationwide problem, especially throughout Midwest and East Coast

• 105 communities in 
Indiana

Communities with 
Combined Sewer 
Overflows
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Elkhart Early Action Projects

• More than $27.6 million invested 
since 1985 to reduce overflows:
– Separated sewers in high-priority 

neighborhoods (basement backups, 
drainage problems and industrial 
sewage)

– Increased sewer cleaning and 
maintenance

– Replaced or repaired deteriorating 
manholes and catch basins

– Installed check valves to prevent river 
water from entering sewer system

– Nationally recognized industrial 
pretreatment program
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Agenda

• Background
• Elkhart’s Long-Term 

Control Plan
• Plan Costs and Benefits
• Proposed Rate Ordinance
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1. Separate Sewers
2. Build New Storage 

Facilities or Larger Sewers
3. Expand or Build New 

Treatment Facilities
4. Use Existing Sewer System 

More Effectively
5. Build Green Infrastructure
6. Combination of Above

Options Considered
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Elkhart River Recommended Plan
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Upper St. Joseph River Recommended Plan
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Lower St. Joseph River Recommended Plan
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Consent Decree: Why and What Does It Mean?

• All three cities are negotiating 
federal consent decrees with U.S. 
EPA & Department of Justice

• Targeted by EPA because our 
overflows affect Michigan waters

• Decree will be filed in federal 
court and will require 
implementation of the plan

• Penalties if we don’t meet 
milestones and deadlines
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Agenda

• Background
• Elkhart’s Long-Term 

Control Plan
• Plan Costs and Benefits
• Proposed Rate Ordinance
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Estimated Capital Cost of Long-Term Plan

Plan Element Estimated Cost

Christiana Creek CSO Control $14,880,000

Upper Elkhart River CSO Control $20,280,000

Wastewater Treatment Plant Upgrades $30,045,000

Lower Elkhart River CSO Control $13,305,000

Oakland Avenue CSO Control $27,315,000

Upper St. Joe River CSO Control $6,378,000

Lower St. Joe River CSO Control $8,073,000

Riverside Drive CSO Control $13,875,000

Estimated Capital Costs (includes 
contingencies)

$134,151,000
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Benefits: Overflow Volume Reduced

Estimated Annual Sewer Overflow Volume by Watershed 
Based on Typical Year Rainfall
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Benefits: Overflow Frequency Reduced

Estimated Annual Frequency of Overflow Events
Based on Typical Year Rainfall
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Unemployment Rate Calls for Longer Schedule
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Draft 25-Year Schedule 2009-2033
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Federal Stimulus Funding Available Now

• Applied to state for stimulus funds 
for Christiana Creek and Upper 
Elkhart River (ready-to-go 
projects)

• Received $4.2 million for Upper 
Elkhart River 
– Approx. $1.3 million grant
– $2.9 million loan at 3.88% interest

• Waiting to hear on Christiana 
Creek funding request
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Agenda

• Background
• Elkhart’s Long-Term 

Control Plan
• Plan Costs and Benefits
• Proposed Rate Ordinance
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Sewer Rate Ordinance

• Goal of Rate Study: Each user 
should pay their fair share of the 
cost to treat their wastewater

• Proposed rate ordinance will:
– Increase rates for all users by 4% in 

2010 and 4% in 2011 
– Restructure rate schedule to reduce 

discounts for businesses that are 
high volume users

– Reduce industrial surcharges to 
reflect our actual cost to treat 
excess pollutants
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How Will This Affect Residential Rates?

• First 4% rate increase will go 
into effect January 2010

• Second 4% increase in January 
2011

• For average homeowner using 
5,000 gallons (668 cubic feet) per 
month:
– Current: $21.16
– 2010: $22.01 (up 85 cents/month)
– 2011: $22.89 (up 88 cents/month)

• Without help of federal stimulus 
funds and low-interest loans, 
rates would have gone up 44%
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Residential Rate Comparison

• Average 
residential 
monthly bill

• Based on 5,000 
gallons used (668 
cubic feet)

• Anderson and 
Richmond have 
recently increased 
their rates
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Changes to Business Rate Structure

• Businesses include apartments, 
stores, office buildings and 
manufacturing plants

• Businesses may pay two charges:
– One based on volume
– One based on pollutants they send 

into sewer system (industries)
• Volume-based rates will be 

restructured from five tiers to 
three tiers

• Industrial pollution charges will 
be reduced to reflect city’s cost 
to treat
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Summary of Proposed Rate Changes

Proposed Rate Change Proposed 
Implementation 

Date
Industrial surcharges reduced Upon Passage

Eliminate high volume discounts 
by reducing rate structure from 5 
tiers to 3 tiers

Jan. 1, 2010

4% rate increase for all users Jan. 1, 2010

4% rate increase for all users Jan. 1, 2011
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Summary

• Long-term plan is the right plan 
for protecting our rivers

• 25-year schedule and federal 
stimulus funds will help 
minimize impacts to ratepayers

• Rates need to be restructured to 
reflect cost to treat

• Small rate increase necessary to 
take advantage of federal dollars
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Questions?



Further Options Considered  
Full Sewer Separation: Separating 

stormwater and sewage into different 
pipes throughout the city 

Larger Sewers: Increasing the 
sewer system’s capacity to convey 
all flow to the treatment plant and 
expanding the plant’s capacity 

Tunnel Storage: Building a deep 
tunnel to capture sewage during wet 
weather, then pump flows to the 
wastewater treatment plant for treat-
ment 

Regional Storage: Building regional 
storage tanks or basins to capture 
sewage during wet weather, then 
pump flows to the treatment plant 

Expanding Wastewater Treatment 
Plant: Expanding the capacity of 
Elkhart’s treatment plant so it can 
handle more wet-weather flows 

Remote Treatment: Building new 
treatment facilities, such as wet-
lands, to capture and treat overflows 
where they occur 

Technologies Reviewed 

Separating sewers into stormwater pipes and 
sanitary sewage pipes 

Regional storage tank to capture overflows 

Wastewater treatment plant expansion 

New, larger sewers 

Work Already Done 
We’ve already begun reducing over-
flows by: 
Separating sewers in high-priority 

neighborhoods, focusing on high vol-
ume overflow pipes and areas with 
basement backups, drainage prob-
lems and industrial sewage 

Redirecting sewage away from the 
combined sewer system into sepa-
rate sanitary sewers with extra ca-
pacity 

Increasing sewer cleaning and main-
tenance activities to reduce over-
flows and allow more flow to get to 
the wastewater treatment plant.  

Installing check valves in seven 
overflow pipes to prevent river water 
from entering the sewer system dur-
ing high river flows 

Replacing or repairing deteriorating 
manholes and catch basins. Both 
structures must be regularly cleaned 
and maintained — and repaired or 
replaced when they are in bad  
condition. 

Early Action Projects  
Are Reducing Sewer Overflows 

Underground tunnel to capture and store  
overflows 

Remote wet-weather treatment facility 



Elkhart River Plan 
A 1-million-gallon storage tank near 

the Jackson Boulevard Bridge to 
capture overflows affecting the 
Riverwalk, Island Park and other 
downstream parks.  

Building an 80,000-gallon storage 
tank near Lusher Avenue to store 
overflows during wet weather and 
reduce overflows affecting the River 
Greenway and many downstream 
parks. 

Partially separating storm and sani-
tary sewers in neighborhoods near 
FOP Youth Park, Studebaker Park 
and Baker Park to reduce overflows 
affecting those parks. 

Lower St. Joseph River Plan 
A 430,000-gallon storage tank along 

Riverside Drive 
A 1.1-million-gallon storage tank near 

Oakland Avenue 
Separating some sewers near  

Willowdale Park and Wellfield Trails 
Separating some sewers near  

Franklin and Vistula Streets and west 
of Oakland Avenue 

Redirecting sanitary sewers at West 
Boulevard and Beardsley away from 
the combined sewer system 

Redirecting sewers near McNaugh-
ton Park to the North Interceptor  
system 

Christiana Creek Plan 
A 1-million-gallon storage tank in 

High Dive Park to capture wet-
weather overflows when it rains and 
later release it to the existing sewer 
system after the storm has passed. 

Redirection of Northeast Elkhart 
sanitary sewers to the North Inter-
ceptor sewer system to redirect 
those flows away from the combined 
sewer system. 
 

Upper St. Joseph River Plan 
Partial sewer separation in neighbor-

hoods near Greenleaf Drive and 
Beardsley Avenue to reduce over-
flows at the AEP Dam near the John-
son Street Bridge. 

Structural changes within the sewer 
system to reduce overflows near  
Pottawatomi and Second Street. 



Water Quality Concerns 
Bacteria levels in our waterways don’t 

meet state standards at all times, espe-
cially during wet weather 

The St. Joe River meets state bacteria 
standards 97 percent of the time during 
dry weather 

During wet weather, many sources  
combine to cause high E. coli bacteria 
levels in the river  

Common Bacteria Sources  
Sewer overflows 
Farms and feedlots 
Parking lots, yards and other 

areas with pets and wildlife 
Failing septic systems 
 

St. Joseph & Elkhart Rivers: 
An Important Resource 

Our rivers are a valuable community 
resource enjoyed by Olympic-caliber 
kayakers, recreational canoeists and 
sport fishermen.  

Water quality has improved  
dramatically since the 1950s. 

More than 80 species of 
fish are now found in the 
St. Joseph River  
watershed. 

South Bend, Mishawaka 
and Elkhart are planning more rec-
reational and economic opportunities 
on their waterfronts. 

Disconnect rain gutter downspouts 
and sump pumps from the sewer  
system 

Install a rain barrel or rain garden to 
capture rainwater 

Don’t send fats, oils or 
grease down the drain – 
they can clog our sewers 

Don’t dump household 
chemicals, paint or oil on 
the ground  

Clean up after your pets 
Reduce water use by re-

pairing leaks, using low-
flow toilets and shower 
heads, and turning off the 
water while shaving or 
brushing your teeth 

How You Can Help Protect  
the St. Joe and Elkhart Rivers  
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Your Input Needed 

Reducing Sewer Overflows to Our Waterways  

The City of Elkhart has developed a plan to meet federal and state mandates for cleaner water by reducing raw sewage overflowing into 
the St. Joseph River, Elkhart River and Christiana Creek.  
 
Your input is needed as we begin to finalize the plan. We invite you to answer the following questions and return your responses to 
Elkhart Public Works.  You can also go on-line to www.elkhartindiana.org and email your responses. Comments are due July 17. 
 
1.  Please rank the following items 1-5 in order of importance to you (1=highest importance; 5=lowest importance): 

 
 ___ Reducing the number of gallons of untreated sewage in the St. Joseph River, Elkhart River and Christiana Creek 
 ___ Keeping sewer rates as affordable as possible 
 ___ Making our waterways safer for people who use them 
 ___ Keeping the cost per gallon reasonable and cost-effective; don’t spend beyond the point of diminishing returns 
 ___ Minimizing disruption to neighborhoods and downtown 
  
2. Do you think river pollution issues are a very serious, somewhat serious, not very serious or not at all serious problem in Elkhart?  
 
 � Very serious  
 � Somewhat serious  
 � Not very serious 
 � Not at all a serious problem 
  
3. The City’s plan is estimated to cost $134 million over 25 years. This represents the maximum amount the City can afford to spend, 

according to federal guidelines and our current economic conditions. Indiana law allows for a change in water quality standards if 
higher controls are not affordable. Would you support the revision of water quality standards in our waterways to allow up to nine 
sewer overflows in a year with average rainfall? Currently, overflows occur about 50 times per year. Without a change to water 
quality standards, we could be required to spend more to reduce sewer overflows in the future. 

 
 � Yes 

� No 
 � Don’t know/Not sure 
 
4.  Please provide any additional comments, questions or concerns below or on the opposite side: 



Utility Engineer 
Elkhart Public Works 
1201 S. Nappanee St. 
Elkhart, IN 46516 

Fold here 

 
Place  
Stamp 
Here 

Additional Comments: 
 
 
 
 
 
 
 
 
 
Optional: 
Name ____________________________________________________ 

Address __________________________________________________   City ___________________  ZIP: __________ 

Email: _____________________________________ 



 
 

 
 



 
 

 
 



 
 

 
 



 
 

 
 



 
 

 



The Truth - Government

First bit of stimulus will serve to separate sewer systems in Elkhart
Published: Tuesday, April 21, 2009 -- The Truth, A
Last updated: 4/20/2009 11:46:10 PM
By Josh Weinhold
Reporter

ELKHART -- The more than $4 million in economic stimulus funds the city was awarded last week will cover
part of the cost of a sizable sewer separation project, Mayor Dick Moore said.

The long-term control plan, or combined sewer overflow plan, is estimated to cost $134 million over the next
24 years. Many of the city's combined sewer valves open under heavy rainfall, Moore said, dumping raw
sewage into rivers.

The $1.2 million in grants and $2.9 million in low-interest loans will pay for the overhaul of two of the valves,
near Studebaker Park, Moore said.

When the city's sewers were built decades ago, the combined sewer process was acceptable. The
Environmental Protection Agency now requires updated sewer systems that drastically reduce the frequency
of river dumps by separating the stormwater sewers from sanitary ones.

Moore said the $4 million is a good start, but the city is hoping for another $12 million in funding for the
project. That would cover the CSO cost for the next seven or eight years, Moore said, and prevent the city
from having to increase the sewer utility rate.

"That's what we've been really working hard towards," he said. "To be sure we don't place a great increase in
the sewer bill."

The Indiana Finance Authority awarded $122 million in federal stimulus money and $128 million in
low-interest loans on Friday to 43 Indiana communities.

Story Link: http://www.etruth.com/Know/News/Story.aspx?id=481077
© Copyright 2009 Truth Publishing Co.
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 Elkhart: How will we pay for updated sewers?
Here’s Elkhart’s plan: The city wants to raise millions of dollars
by hiking sewer rates for its water customers by 4 percent each
of the next two years
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Last Updated: 5/21/2009 10:42:28 PM
By: Stephanie Gattman |
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ELKHART -- Residential sewer customers likely will see a 4
percent rate increase in each of the next two years because of a
federally mandated plan to control sewage spills into the rivers
during heavy rainfalls.

The city has asked the EPA to give it 25 years to implement its
$134 million plan. The city will spend about $16.5 million during
the next five years to continue addressing the problem.

But the mandate is unfunded, which means ratepayers will foot
much of the bill. The city plans a 4 percent increase in 2010 and
2011 for residential customers. Industrial customers will see
steeper increases, but also reduce surcharges for what the city
calls "excessive-strength waste" users. So for some industrial
users, their out-of-pocket costs could actually be less.

The city has received about $4.2 million in federal stimulus money
to address the problem and Mayor Dick Moore said the city will
continue to apply for more money. However, $2.9 million of that
must be repaid to the state as part of a low-interest loan program.

The Combined Sewer Overflow Long-term Control Plan, as it's
called, merges several options the city had considered with the
EPA to address the problem, including tank storage of stormwater,
sewer separations, redirection of existing sewers and expanding
the wastewater treatment plant.

City officials acknowledge that because of the economy, this is not
the best time for a rate increase, but the options are much worse.

"As good as this plan is and as happy as we are with the plan that
we've proposed to get our best bang with our buck, it's the
absolute worst time to have to have any sort of increase," said
Laura Kolo, utility services manager at the public works and
utilities department. "But we don't have a choice."

Moore said he was pleased that the residential increase amounted
to less than 90 cents a month each year. He expected it to be
much worse. The average national residential sewer cost is $65
per month, he said.

"We regret having to raise in an economic downturn with so many
people in a distressed situation," Moore said. "We didn't want to
raise it at all. We can't avoid that, so here we are."

Elkhart is one of more than 770 cities in the nation that have
CSOs. A hundred of those cities are in Indiana. "Anybody who had
any significant development in the 1800s and early 1900s faced
these," said Mike Machlan, engineering services manager and city
engineer at the public works and utilities department.

Elkhart has been working on reducing the number of CSOs in its
system since the late 1980s by spending $27 million on sewer
separations and system improvements, reducing the number of
CSOs from 41 to 33, Machlan said. Those early projects
positioned the city for moving forward with the current plan, he
added. In addition, the city has had an aggressive downspout
disconnection program with the EnviroCorps to help with stormwater issues, Machlan said.

If the Elkhart City Council approves the rate increase, it will go into effect Jan. 1, Machlan said. Surcharges will be dropped as soon
as the council approves the package.

Once the CSO plan is complete, the city will reduce its overflows from 57 days a year to 9, Machlan said. "It's not perfect," he said.

But getting to zero would increase the cost from $134 million to $300 million, he said, something the EPA recognized in considering
the cost benefit of the project.

"It's the right thing to do, to clean up our rivers and streams, to work toward getting them back to where they were before we all got
here is the right thing to do," Moore said. "It is mandated. It's a requirement. We can't get away from it."

To view frequently asked questions about the project click here

To view a newsletter going out to residents explaining the Combined Sewer Overflow Long-term Control Plan and the rate increase
click here

Elkhart: How will we pay for updated sewers? - The Elkhart Truth - Elkhar... http://www.etruth.com/Know/News/Story.aspx?id=483738
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The Truth - Local Opinion

Truth editorial — Clean water, sewer system fix are musts
Published: Friday, May 29, 2009 -- The Truth, A
Last updated: 5/29/2009 12:01:32 AM

It's the $134 million elephant in the room: A federally mandated plan to cut down on the number of times raw
sewage spills into local rivers and creeks after heavy rain.

The city of Elkhart will probably have 25 years, if the EPA agrees, to complete all the necessary projects.
Other cities are not as lucky.

Mayor Dick Moore and his Public Works and Utilities staff recently released a five-year plan that addresses
about $16.5 million in projects toward the overall goal. It will mean 4 percent residential sewer rate increases
-- about 90 cents a month -- in each of the next two years. Businesses will see a higher increase, but also a
significant decrease in surcharges for "excessive-strength waste." Their overall cost could even out or
decrease.

The federal mandate is unfunded, although the city is getting a little help from stimulus money -- a very little
bit -- and plans to apply for more.

These projects must be done. Clean water is an appropriate federal mandate. And while we wish, as the city
does, that there was more federal money available to accompany the requirement, the fact is there isn't.

Moore inherited this mess, which was dumped on Dave Miller and Jim Perron before him. It's part of our
industrial legacy.

And since the Perron administration, the city has already invested $27 million on sewer separations and
system improvements that reduced the number of combined sewer overflows from 41 to 33 since the late
1980s.

The good news is that we can make the system right. It will be expensive, but it could be worse. Other plans
cost up to $300 million. Ridding Elkhart of all of its sewer overflows into the rivers could have cost $1 billion,
something even the EPA knows is financially unattainable.

Moore's administration is taking a reasoned and incremental approach. There's no way to do it without a
sewer rate increase and no way to delay it any longer.

The city will accept public comment on the plan through July 17 at cleanrivers@coei.org or by writing to
Utility Engineer, Elkhart Public Works, 1201 S. Nappanee St., Elkhart, IN 46516.

Two public open houses have been set regarding the CSO plan. Both will be from 4 to 8 p.m. with
presentations at 5 and 7 p.m. The meetings will be June 17 at High Dive Park Pavilion, 500 E. Beardsley
Ave., and June 18 at Pierre Moran Park Pavilion, 201 W. Wolf Ave.

The first in a series of newsletters and an FAQ list are available on the city's Web site,
www.elkhartindiana.org.

There's never a good time for a rate increase, but we believe the city has done the best it can under the
circumstances.

PrintView http://www.etruth.com/Know/Print.aspx?ID=484335
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The Truth - Local News

CSO plans to be discussed
Open-house meetings to share information, allow public comment.
Published: Tuesday, June 16, 2009 -- The Truth, A
Last updated: 6/15/2009 10:38:56 PM
By Josh Weinhold
Reporter

ELKHART -- The city has spent years negotiating with state and federal regulators on how to reduce sewer
overflows into local rivers, but it wants to hear from residents before plans are finalized.

Elkhart officials will host two open-house information meetings this week, giving residents an opportunity to
learn about (and voice opinions on) a lengthy, costly plan to overhaul large parts of the city's sewer system.

The Combined Sewer Overflow Long-Term Control Plan, involves separating sewers, using tank storage for
stormwater and expanding the city's wastewater treatment plant. The plan will be implemented over about 25
years and will cost $134 million.

All such measures are necessary, city officials said, to prevent sewage from being dumped into the St. Joseph
and Elkhart rivers and Christiana Creek during periods of heavy rainfall.

The practice was acceptable when the city's sewers were first constructed, but the Environmental Protection
Agency now restricts such action.

At the meetings, informational tables and displays will be set up and CSO project team members and public
works staff will be available to answer questions. Thirty-minute presentations will explain the problem, the
plan and subsequent sewer rate increases.

The city will collect public comments on the plan before locking it in with state and federal officials. It calls
for first spending $16.5 million over the next five years to address the problem.

The EPA mandate is unfunded, however, so residents will bear most of the cost. The city council will
consider passing a four percent increase for residential customers in 2010 and 2011, while industrial
customers will see higher increases, but reduced surcharges.

More than 770 cities across the country have CSOs, about 100 of which are in Indiana.

Story Link: http://www.etruth.com/Know/News/Story.aspx?id=485776
© Copyright 2009 Truth Publishing Co.
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The Truth - Local News

Local digest — Citizens get Combined Sewer Overflow info at meeting
Published: Friday, June 19, 2009 -- The Truth, A
Last updated: 6/18/2009 11:39:13 PM

About 15 residents attended an open house information meeting Thursday concerning the Combined Sewer
Overflow Long-Term Control Plan, which involves separating sewers, using tank storage for stormwater and
expanding the city's wastewater treatment plant.

The plan will be implemented over 25 years and will cost $134 million.

Laura Kolo, utility services manager for the city, said about 20 people attended Wednesday night's meeting.
Most were curious about how the process will work and how the money will be spent. They weren't angry or
overly concerned with proposed sewer rate increases over the next two years, she said.

Mike Machlan, Elkhart city engineer, said questions Thursday centered on whether people upstream were
concerned about keeping the rivers clean.

Truth Staff

Story Link: http://www.etruth.com/Know/News/Story.aspx?id=486087
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The Truth - Front Page

Sewer rate increase advances despite concern over EPA plan
Published: Friday, June 26, 2009 -- The Truth, A
Last updated: 6/25/2009 10:50:27 PM
By Stephanie Gattman
Truth Staff

ELKHART -- In the end, an ordinance raising sewer rates roughly 4 percent in each of the next two years
passed the first test before the Elkhart City Council, but not without complaining about the unfunded federal
mandate by the EPA.

One huge issue still hanging over the heads of city officials: The EPA has yet to agree to a timeframe for the
$134 million plan, which will affect the financial bottom line for sewer users in the future.

The city is continuing to ask the EPA to give it 25 years to implement its $134 million plan, particularly
because of the economic plight of many of the city's residents. The EPA has given the city 20 years.

The Combined Sewer Overflow Long-term Control Plan, as it's called, merges several options to address raw
sewage flowing into the rivers during heavy rain, including tank storage of stormwater, sewer separations,
redirection of existing sewers and expanding the wastewater treatment plant.

The city will spend about $16.5 million during the next five years for projects that will address overflows into
Christiana Creek and on the upper Elkhart River. The first project is ready for bid later this year.

Financial consultants did a cost of service study and attempted to bring business users more in line with
residential customers. However, John Skomp of Crowe Horwath said the shift would have been too big to
bring them completely in line all at once.

The city plans a 4 percent increase in 2010 and 2011 for residential customers. Industrial customers will see
steeper increases in 2010, but also reduce surcharges for what the city calls "excessive-strength waste" users.
For some industrial users, out-of-pocket costs could actually be less.

The average residential user paying $21.16 per month for 5,000 gallons of waste will pay $22.01 in 2010 and
$22.89 in 2011.

Laura Kolo, the city's utility services manager, said if the EPA agrees to the 25-year schedule, another rate
increase may not be needed for several more years.

Councilman David Henke, R-3rd, expressed frustration with the EPA. He noted that the agency hasn't
cleaned up ongoing pollution concerns at the HIMCO Superfund site, and the Conrail Superfund site is once
again a concern. "Yet we're so concerned with what we treat every day," he said.

"The EPA has not been friendly to Elkhart," Henke said.

One local resident agreed with concerns about the EPA, although he didn't necessarily agree with the rate
increase since he said he doesn't contribute to the stormwater problem. "This is a federal cram-down. There's
no doubt about it," said Jerry Ludwig, 3108 Vernon Ave. "I thought we got rid of these."

The ordinance will now go to the full council for approval.

PrintView http://www.etruth.com/Know/Print.aspx?ID=486587
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The Truth - Front Page

Suddenly, Elkhart's sewers are a federal matter
Truth of the Matter
Published: Sunday, June 28, 2009 -- The Truth, A
Last updated: 6/27/2009 11:50:23 PM
By Stephanie Gattman
Truth Staff

ELKHART -- City engineers, sewer utility staff and consultants have been working on a long-term Combined
Sewer Overflow plan for years.

But now, as the city finally has the plan -- if not the timetable -- approved by the EPA, it still finds itself at
the mercy of the U.S. Department of Justice and the EPA in federal court.

Ironically, city officials have the state of Indiana's Department of Environmental Management to thank for
the predicament.

Elkhart actually completed its original long-term plan in 2002, according to Mike Machlan, city engineer, but
the state didn't do anything with it. Elkhart is now among a handful of cities with which the EPA and the
Justice Department are seeking a consent decree.

The document is a contract of sorts, approved in federal court, that sets a strict timeline and milestones the
city and future administrations will have to meet or else face strict fines and possible jail time for the mayor
and city council members. Takeover of the sewer utility by a federal judge also would be a possibility if they
failed to live up to the decree.

And lest you think it's not serious, a city consultant said it has happened.

It shouldn't have come to this step and it's no fault of current or previous city administrations or staff.

"I'm tired of this," admitted Mike Machlan, city engineer, to members of the city council, last week. "I've
been working on this project eight, maybe nine or 10 years."

The Indiana Department of Environmental Management "wasn't telling cities what to do," said Jodi Perras of
Perras & Associates, one of the city's consultants who helped write the plan.

"We're where we are now," Machlan said.

Even though the consent decree hasn't been signed, the city has to show good faith by moving forward on
projects anyway, Machlan said. "We're starting to crank up the pressure on the EPA," he said.

Despite the fact that the $134 million CSO plan is a federal mandate and in spite of the fact that the state has
caused this to land in federal court, Elkhart hasn't gotten much stimulus money to help fund it.

One resident speaking at the council's finance committee meeting Thursday unfairly criticized the mayor and
council for not going after as much stimulus money as it could. The city has, in fact, done so. So far, the city
has received about $4.2 million in federal stimulus money. However, $2.9 million of that must be repaid to the
state as part of a low-interest loan program.

Consultants said Thursday the city was still awaiting word on whether it would receive stimulus money from
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the state for the first phase of the CSO plan addressing overflows into Christiana Creek. Those projects would
virtually eliminate sewage flowing into the creek during heavy rainfall.

You would think the state would be happy to help given its role, but that's not how government works.

Contact Stephanie Gattman at sgattman@etruth.com.

Story Link: http://www.etruth.com/Know/News/Story.aspx?id=486771
© Copyright 2009 Truth Publishing Co.

PrintView http://www.etruth.com/Know/Print.aspx?ID=486771

2 of 2 6/29/2009 4:07 PM


	Appendix A Combined.pdf
	01 SWMM Model Development and Calibration 04122006
	02 Calibration Support Files 05-01-2006
	Index Home
	Meter-to-Model Wet-Weather Volume Comparisons
	Meter-to-Model Wet-Weather Peak Flow Comparisons - Screened Data
	Meter-to-Model Screended Volume Histogram
	Data Screening and Meter-to-Model Tabular Comparisons
	November 2004 Calibration Event Hydrographs
	June 2005 Calibration Event Hydrographs
	Sensitivity Analysis
	Hydrology Parameters - Combined Subcatchments
	Hydrology Parameters - Outlying Separate Sanitary Subcatchments
	Infiltration Parameter Summary - All Subcatchments

	03 XP SWMM - Calibrated Percent Impervious Values Memo 08-28
	04 LandUse-Zoning and Subcatchments Summary Map 082806
	05 XPSWMM - Model Information Map 08-28-2006
	06 SWMM Model and Tributary Flow Meters-Map
	07 SWMM Validation Rpt 12-11-06 v2
	1  Introduction 
	2 Validation Data 
	3 Validation Results 
	4 Conclusion 
	Table 1 Validation Rainfall Event Data
	Table 2 Validation Data Screening Summary
	Table 3  Summary of Activation Monitoring
	Table 4 Model-to-Meter Activation Comparisons
	Table 5 Meter-to-Model Volume and Peak Flow Comparisons
	Figures 1 thru 5
	Appendix 1 Meter-to-Model Flow Hydrographs
	April 22, 2005 Event
	May 19, 2005 Event

	Appendix 2 Meter-to-Model Depth Hydrographs
	April 22, 2005 Event
	May 19, 2005 Event


	08 Elkhart SWMM Model-EPA Review - 02-09-2007

	Appendix B Combined.pdf
	01 CSO Intercepting Chamber Diagrams
	CSO Intercepting Chamber Diagram_0001
	CSO Intercepting Chamber Diagram_0002
	CSO Intercepting Chamber Diagram_0003
	CSO Intercepting Chamber Diagram_0004
	CSO Intercepting Chamber Diagram_0005
	CSO Intercepting Chamber Diagram_0006
	CSO Intercepting Chamber Diagram_0007
	CSO Intercepting Chamber Diagram_0008
	CSO Intercepting Chamber Diagram_0009
	CSO Intercepting Chamber Diagram_0010
	CSO Intercepting Chamber Diagram_0011
	CSO Intercepting Chamber Diagram_0012
	CSO Intercepting Chamber Diagram_0013
	CSO Intercepting Chamber Diagram_0014
	CSO Intercepting Chamber Diagram_0015
	CSO Intercepting Chamber Diagram_0016
	CSO Intercepting Chamber Diagram_0017
	CSO Intercepting Chamber Diagram_0018
	CSO Intercepting Chamber Diagram_0019
	CSO Intercepting Chamber Diagram_0020
	CSO Intercepting Chamber Diagram_0021
	CSO Intercepting Chamber Diagram_0022
	CSO Intercepting Chamber Diagram_0023
	CSO Intercepting Chamber Diagram_0024
	CSO Intercepting Chamber Diagram_0025
	CSO Intercepting Chamber Diagram_0026
	CSO Intercepting Chamber Diagram_0027
	CSO Intercepting Chamber Diagram_0028
	CSO Intercepting Chamber Diagram_0029
	CSO Intercepting Chamber Diagram_0030
	CSO Intercepting Chamber Diagram_0031
	CSO Intercepting Chamber Diagram_0032
	CSO Intercepting Chamber Diagram_0033
	CSO Intercepting Chamber Diagram_0034
	CSO Intercepting Chamber Diagram_0035
	CSO Intercepting Chamber Diagram_0036
	CSO Intercepting Chamber Diagram_0037
	CSO Intercepting Chamber Diagram_0038
	CSO Intercepting Chamber Diagram_0039
	CSO Intercepting Chamber Diagram_0040
	CSO Intercepting Chamber Diagram_0041

	02 CSO Coordinates DMS

	Appendix C Combined.pdf
	RiverModelCalibration_Final 4-07
	WISE 104b Final Grant Report_no_Appendices
	WISE_Model_Update_2007

	Appendix E Combined.pdf
	13 Public Meeting Presentation 6-16-09.pdf
	Slide Number 1
	Agenda
	Elkhart RiverWalk Commons
	Sewer Overflows – A Regional Problem
	Elkhart has 33 Sewer Overflow Locations
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Elkhart Early Action Projects
	Agenda
	Slide Number 11
	Elkhart River Recommended Plan
	Upper St. Joseph River Recommended Plan
	Lower St. Joseph River Recommended Plan
	Consent Decree: Why and What Does It Mean?
	Agenda
	Estimated Capital Cost of Long-Term Plan
	Benefits: Overflow Volume Reduced
	Benefits: Overflow Frequency Reduced
	Unemployment Rate Calls for Longer Schedule
	Draft 25-Year Schedule 2009-2033
	Federal Stimulus Funding Available Now
	Agenda
	Sewer Rate Ordinance
	How Will This Affect Residential Rates?
	Residential Rate Comparison
	Changes to Business Rate Structure
	Summary of Proposed Rate Changes
	Summary
	Slide Number 30





