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Section 2 
Model Update and Recalibration
The hydrologic and hydraulic computer model is the primary tool used to characterize the existing combined sewer system and evaluate alternative improvements. As part of this Combined Sewer Overflow (CSO) Long-Term Control Plan (LTCP) Addendum, the City of Springfield, Ohio (City) upgraded, updated, and recalibrated its existing SWMM model for further refinement of proposed CSO LTCP facility sizes. This section documents the software selection, model conversion, updated model input, new flow monitoring and rainfall data collection, and model recalibration.
2.1 Model Software Selection
The model update process began by considering appropriate modeling software platform for the long-term. The City's existing U.S. EPA SWMM version 4.4G model was originally developed and calibrated in 1998 to support preparation of the City's CSS/CSO Characterization Report (January 29, 1999). A City staff member also uses the existing model to estimate CSO overflows and volumes for regulatory reporting. Unlike current technologies, the SWMM 4.4G software lacks its own graphical user interface, which reduces efficiency of use by the City and the CSO LTCP Addendum project team. For this reason, it was recommended that the City upgrade the model to a suitable software package or program selected to meet its current and long-term needs.
2.1.1 Selection Criteria
Model software selection gave consideration for the following four criteria:
· Compatibility with SWMM - At a minimum, all software for consideration should be compatible with SWMM. The City's current model was developed for the U.S. EPA SWMM version 4.4G model; therefore, choosing a SWMM-based model will increase efficiency during model conversion and compatibility with existing model data.
· Efficiency of use by City staff - City staff apply the model for regulatory reporting, therefore the complexity of the program and its interface should be suitable for intermittent users.
· Compatibility with GIS - The ability to derive input and produce output compatible with ArcGIS will increase project team efficiency.
· Cost - Consideration is given to both the initial cost for the City to obtain one copy of the program and annual maintenance or renewal fees to keep the software current. 
2.1.2 Available Software Options
The following software programs and packages have been identified that meet the minimum requirement for compatibility with SWMM. Brief descriptions of each model are provided below.
· SWMM 5 - SWMM 5 is the latest version of the USEPA Stormwater Management Model (SWMM). This version of the software package includes both hydrologic and hydraulic analysis as a seamless set of computations. The graphical user interface is simple, but intuitive and easy to manipulate. SWMM is distributed at no charge by the U. S. Environmental Protection Agency (EPA). It remains one of the most widely used models in the United States for collection system analysis.
· SWMM with a Commercial Interface (PCSWMM, XPSWMM, and InfoSWMM) - As a result of the popularity of SWMM, several vendors have developed software packages that use the SWMM engine for the hydrologic and hydraulic calculations, but provide added features that facilitate user input or post processing. These packages typically cost less than complete packages with their own computational engines. Popular SWMM interfaces include PCSWMM by CHI, XPSWMM by XP Software, and InfoSWMM by MWH Soft.
· MIKE URBAN- MIKE URBAN is a product of DHI Water and Environment, Inc. MIKE URBAN permits the use of either MOUSE or SWMM for hydrologic and hydraulic calculations. The user interface shares much of its architecture with ArcGIS. The GIS interface and results viewer provide additional functionality over the latest version of USEPA SWMM.
2.1.3 Evaluation Summary
Table 2-1 provides relative scores for each of these five software programs or packages for the selection criteria listed in Section 2.1.2. Of these five models, SWMM 5 and PCSWMM have the highest total scores and are most compatible with the City's selection criteria. Although SWMM 5 does not provide linkage to GIS, it is sufficient to meet the City's needs for regulatory reporting and is available at no cost. Therefore, the CSO LTCP Addendum project team will upgrade the model to SWMM 5.
To provide additional functionality and compatibility with GIS during model recalibration and application, the project team will utilize the PCSWMM interface with SWMM 5 engine. Because this interface uses the SWMM 5 engine, model input and output will be compatible for use by the City using SWMM 5 software. The City may download the SWMM 5 software at no cost at http://www.epa.gov/nrmrl/wswrd/wq/models/swmm/#Downloads. 
Table 2-1. Software Evaluation Summary
	Selection Criteria 
	SWMM5 
	 PCSWMM 
	XPSWMM 
	InfoSWMM 
	MIKE URBAN 

	Compatibility with SWMM
	5
	5
	3
	5
	5

	Efficiency of Use by City Staff
	3
	3
	3
	2
	2

	Compatibility with GIS
	1
	3
	3
	4
	5

	Cost
	5
	3
	2
	1
	1

	TOTAL SCORE 
	14
	14
	11
	12
	13

	Costs (3 licenses for 5 years, for purpose of comparison) 
	$0
	$20,200
	$43,200
	$54,800
	$57,620



2.2 Model Conversion
After selecting SWMM 5 as the new modeling software platform, model conversion began by converting the existing SWMM 4.4G input files to SWMM 5 format using the U.S. EPA’s SWMM4to5 conversion utility. The conversion not only addresses the format of the input data, but also addresses several feature changes between SWMM 4 and SWMM 5. For example, unlike the separate Kinematic Wave solution (Runoff) and Dynamic Wave solution (Extran) models in SWMM 4, SWMM 5 can simulate runoff and hydraulics in a single model. During model conversion, the two separate models were merged into one input file.
Next, the upgraded SWMM 5 model results were compared to the original calibrated SWMM 4 model results. This validation process provides confidence that the upgraded model is producing reliable results before updating the model input parameters. To visualize the comparison, model results from the upgraded SWMM 5 model were plotted against results from the original SWMM 4 models. Figures 2-1 through 2-4 show the resulting graphs for the 10-year, 24-hour design storm. The closer the points of the graph are to a one-to-one slope, the more consistent the results. This comparison shows that the model upgrade results closely reflect the model results from the original models for runoff depth, peak flows, and outflow volumes. In Figure 2-3, the comparison of peak depths shows noticeable differences. These differences are attributed primarily to the increased stability of the SWMM 5 model and the conversion of SWMM 4 storage nodes to junctions. Storage nodes were frequently used in the original SWMM 4 model to improve stability. Overall, the upgraded SWMM 5 model provides the appropriate level of confidence that is necessary prior to updating and recalibrating the model.
Figure 2-1. Comparison of Runoff Depth for Original SWMM 4 vs. Converted SWMM 5 Model
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Figure 2-2. Comparison of Maximum Conduit Flow for Original SWMM 4 vs. Converted SWMM 5 Model
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Figure 2-3. Comparison of Maximum Depth for Original SWMM 4 vs. Converted SWMM 5 Model
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Figure 2-4. Comparison of Outflows for Original SWMM 4 vs. Converted SWMM 5 Model
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2.3 Model Update
After converting the model to SWMM 5, the project team updated the model to reflect sewer system, land cover, and operational changes in the twelve years since the original model was developed. The approach sought to build upon the City’s significant investment in the existing model by updating the most critical portions using current GIS and flow data. The model update also sought to increase the level of detail in the model by including diurnal patterns and seasonal variation in dry-weather flows. Wet-weather flows were updated with the addition of a seasonal sewer system infiltration response. And to improve ease of use, manhole locations were adjusted to match the City’s GIS so that sewer locations and associated record plans can more easily be identified. The following sections discuss the data sources and changes to the updated model.
2.3.1 Pipe Network
The model update captured major changes to the sewer system since the original model development by updating the entire modeled pipe network with the City’s March 2010 GIS shapefiles of sewerlines and utility junctions. Some of these changes include the Hills and Dales Storm Sewer, Sheridan Avenue Reconstruction, North Murray Street Rehabilitation, and East Main Street Reconstruction and the addition of the Southern Interceptor.
Other than the Southern Interceptor, the extent of the updated model is unchanged. The level of detail, however, has increased. The modeled pipe network still includes the major combined sewer lines, storm sewers tributary to the combined sewer system, and a limited number of separate sanitary sewers. As mentioned above, the locations of these sewers and manholes were adjusted to match the locations in the City’s GIS, including the addition of many junctions that had previously been eliminated to simplify the original model and speed computations. Storm sewers that are not tributary to the combined sewer system were deleted from the model. The project team then spatially joined the pipe network data from the GIS and, as necessary, compiled data from City record drawings to fill data gaps and resolve conflicts. The total number of sewerlines in the updated model is 2,624. Figure 2-5, located at the end of this section, shows the modeled pipe network.
In addition, major interceptors were updated to include observed sediment depths. This information was obtained by City staff during installation of the flow monitoring program. The observed sediment depths were then adjusted during model calibration so that model results match observed flow depths. The calibrated sediment depths are as follows:
9 to 14 inches in the Buck Creek Interceptor upstream of the WWTP,
2 to 10 inches in the Buck Creek Interceptor downstream of Mill Run,
0 to 3 inches in the Buck Creek Interceptor upstream of Mill Run,
0 to 4 inches in the upper Buck Creek Interceptor, and
0 inches in the Mill Creek and Indian Run Interceptors.
2.3.2 Runoff Catchments
[image: DEM.jpg]To account for stormwater drainage areas removed through sewer separation projects and any land cover changes since the original model development, the project team reviewed and updated the runoff catchment area delineations from the original model. This process utilized the 2010 Clark County GIS 2-foot topographic contours and the City’s March 2010 GIS shapefiles of sewerlines and utility junctions. Figure 2-5, located at the end of this section shows the runoff catchment delineation. The total stormwater drainage area to the City’s combined sewer system is 5,608 acres. This area was delineated into 710 runoff catchment areas. Using the updated catchment shapefile, the model update took advantage of improved GIS data since the original 1999 model to recalculate overland flow path slopes and imperviousness with more accuracy.
2.3.2.1 Overland Flow Paths
[image: ] (
Figure 2-6. Clark County Digital Elevation Model (DEM)
) Up to three overland flow paths were delineated in each runoff catchment and area weighted to represent typical flow path lengths and ground slope. The ground slope of each flow path was calculated in GIS by intersecting the flow path with the Clark County Digital Elevation Model (DEM) obtained from the Ohio Geographically Referenced Information Program (Figure 2-6).
2.3.2.2 Imperviousness
The percentage of impervious surface (e.g., buildings, pavement) was calculated for each catchment using the National Land Cover Database, based on 2006 Landsat imagery (Figure 2-7). Overall, the stormwater drainage area tributary to the combined sewer system is 40.9% impervious. The SWMM 5 model allows a portion of that impervious area to be routed over the pervious surface, such as when a roof drain discharges to a lawn. The updated model assumes 50% of the impervious area is routed to the pervious area, a typical value in CDM Smith’s experience. To calibrate CSO drainage basins 37, 38, and 39 to observed flow data, that percentage was increase to 70%. Figure 2-8 shows the average percent impervious for each model runoff catchment.
[image: ][image: Impervious Cover.jpg]
[image: ][image: Impervious Cover with Catchments.jpg] (
Figure 2-7 (above). 
Percent Impervious
 from National Land Cover Database.
Figure 2-8 (left). 
Percent Impervious
 by model runoff catchment.
)

[image: ][image: soils.jpg]2.3.2.3 Soils Data
Because the runoff catchment delineations were updated, it was necessary to also recalculate the percentages of hydrologic soil groups in each catchment. The hydrologic soil group allocations were determined from the United States Department of Agriculture (USDA) Soil Conservation Service (SCS) Soil Survey for Clark County (Figure 2-9). Overall, the City’s combined sewer catchment area is 38% B, 40% C, and 22% D soils. The soil types vary in their parameters such as initial and final infiltration rate, decay rate, and total soil storage. Table 2-2 shows the typical values that were used to simulate soil conditions for each soil type.
 (
Figure 2-9. Hydrologic Soil Groups by model runoff catchment
)

Table 2-2. Soil Infiltration Parameters
	Soil Type
	Initial Infiltration Rate
(in/hr)
	Final Infiltration Rate
(in/hr)
	Decay Rate (1/sec)
	Total Soil Storage
(in)

	A
	12.00
	1.00
	0.000556
	6.75

	B
	9.00
	0.50
	0.000556
	5.00

	C
	6.00
	0.25
	0.000556
	3.80

	D
	4.00
	0.10
	0.000556
	1.40



2.3.3 Dry-Weather Flows
For dry-weather flows, the model update focused on updating significant loading points (e.g., pump stations & major industrial users) and the addition of seasonal and diurnal variation.
2.3.3.1 Pump Station Inflows
Sanitary sewer service areas upstream of pump stations are represented in the model as constant inflows at the pump station discharge location. During the model update, these inflows were updated using 2010 average flow rates provided by the City. Table 2-3 lists the pump stations and updated flow rates.
2.3.3.2 Major Industrial Users
The original model development used geocoded water billing records to generate dry-weather flows for the model. The model update assumes that most of these flows are relatively unchanged and are small relative to wet-weather flows. Therefore, dry-weather flow loadings were updated only for the major industrial users shown in Table 2-4.
Table 2-3. Updated Pump Station Inflows
	Station
	2010 Average Daily Flow (gal/day)
	2010 Average Daily Flow (cfs)
	Comment

	Garden Acres Lift Station
	NA
	NA
	No data available. Disregarded because of small flow.

	Benjamin Street Lift Station
	NA
	NA
	Included in Southern Pump Station

	Laybourne Road Lift Station
	NA
	NA
	Decommissioned

	Progress Drive Lift Station
	13,435
	0.021
	

	Masonic Home Lift Station
	NA
	NA
	No data available. Disregarded because of small flow.

	Sugar Grove Lift Station
	7,482
	0.012
	

	Hometown Street Lift Station
	14,249
	0.022
	

	Commerce Circle Lift Station
	71,391
	0.110
	

	Mad River Lift Station
	8,573
	0.013
	Included in Route 41 L.S.

	Route 41 Lift Station
	312,152
	0.483
	

	Skinners Lane Lift Station
	45,583
	0.071
	

	Erie Pump Station
	800,420
	1.238
	Based on 2009 because 2010 data was incomplete.

	NorthRidge Connection
	NA
	NA
	Included in Erie P.S.

	Southern Pump Station
	577,084
	0.893
	

	North Erie
	NA
	NA
	Included in Erie P.S. flows



Table 2-4. Updated Major Industrial Users
	Industry Name
	2010 Average Daily Flow (gal/day)
	2010 Average Daily Flow (cfs)
	Comment

	A&E Powdercoating
	4,750
	0.00735
	

	Cascade Corporation
	2,355
	0.00364
	

	Community Hospital
	127,140
	0.19671
	

	Cooper Energy Services
	0
	0
	Out of Business

	Dole
	499,158
	0.77230
	Included in Southern Pump Station

	Holophane
	0
	0
	Out of Business

	Mercy Medical Center
	8,853
	0.01370
	

	Metaltek
	3,662
	0.00567
	

	Olan Mills 
	0
	0
	Out of Business

	Rawac Plating Company
	23,720
	0.03670
	

	Reiter Dairy
	107,167
	0.16581
	Included in Commerce Circle P.S.

	Rittal Corporation
	0
	0
	Included in Rt. 41 Pump Station

	Moyno Inc.
	206,827
	0.32000
	

	Fuel Systems LLC
	0
	0
	Out of Business

	Springfield Uniform Laundry
	0
	0
	Out of Business

	Springfield Metal Finishing
	654
	0.00101
	

	Teikuro Corporation
	2,316
	0.00358
	Included in Southern Pump Station





2.3.3.3 Seasonal Variation of Dry-Weather Flow
[image: ]Dry-weather flows vary seasonally due primarily to changing rates of groundwater infiltration as the groundwater table fluctuates with rainfall, plant uptake, and evapotranspiration. Figure 2-10 shows average dry-weather WWTP influent data for 2001 through 2010. As shown, flows are typically highest during winter and spring and lowest in the summer. To represent this seasonal variation, the model update used monthly factors based on an average of these flows and applied equally over the entire modeled service area (see red curve in Figure 2-10). In the updated model, the WWTP dry-weather influent flow fluctuates from an average high of 16.8 MGD in March and average low of 12.0 MGD in October.
 (
Figure 2-10. Seasonal variation of dry-weather flow at Springfield WWTP
)
2.3.3.4 Diurnal Patterns of Dry-Weather Flow
Although diurnal or daily variation of dry-weather flow is small relative to wet-weather flows, adding a diurnal pattern to the dry-weather flow aids during model calibration by improving the comparison between modeled and observed flows. The model update added diurnal patterns based on average dry-weather flow patterns at the flow monitors.
2.3.4 Rainfall-Derived Infiltration
Because the alternatives evaluation will consider storage alternatives, it was important for the model update to consider rainfall-derived infiltration into the sewer system in the days immediately following a rain event. The model update represents this infiltration using the RTK method. The RTK method divides the flow curve into three unit hydrographs with each part representing a portion of the sewer system rainfall response. Because direct inflow sources are modeled using the runoff routines, the model update uses only the third unit hydrograph (R3, T3 and K3) which represents the extended infiltration from the storm event. The R parameter represents the percentage of rainfall captured by the sanitary sewer. The T parameter represents the time from the beginning of a storm to the peak of that portion of the response. The K parameter controls the shape of each hydrograph, representing the ratio of the duration of the receding limb to that of the rising limb.
The model update derived RTK parameters for the combined sewer runoff catchment area from the observed 2011 flow meter data. The original model also included RTK parameters for the separate sanitary areas and these were unchanged since these areas were not monitored for the model update. Table 2-5 lists the R-values used for each flow meter basin. Two sets of parameters were used:
Dormant season (January through May), based on analysis of the April 27, 2011 event, and
Growth season (June through December), base on analysis of the June 10, 2011 event.
Table 2-5. Fraction of Rainfall that Enters Sewer System as Extended Infiltration (R-value)
	Meter
	Fraction of Rainfall Vol. that Enters Sewer System

	
	Growth Season
(Jun – Dec)
	Dormant Season
(Jan – May)

	1
	.04
	.10

	2
	.08
	.12

	4
	.10
	.16

	6
	.10
	.14

	7
	.02
	.06

	8
	.09
	.09

	Sanitary Areas
	.03 - .13
	.07 - .16



	Table 2-6. Monthly Evaporation Rates

	Month
	Evaporation (in/day)

	1
	0.03

	2
	0.03

	3
	0.06

	4
	0.1

	5
	0.14

	6
	0.17

	7
	0.17

	8
	0.14

	9
	0.1

	10
	0.08

	11
	0.04

	12
	0.03


2.3.5 Evaporation
During continuous model simulations, evaporation plays a significant role in recovering runoff depression storage. Monthly evaporation rates for the model update were obtained from average pan rates at the Wooster, Ohio weather station (Table 2-6). Based on model results, these rates provide 3.77” of evaporation over the typical year.
2.3.6 DC-01 Bending Weir and Control Rules
Located at the Springfield WWTP, DC-01 includes an automated bending weir with control rules set to maintain influent depths at 4.1 to 4.9 feet. Because the bending weir plays a critical role in controlling overflows from CSO-01 and the hydraulic grade line upstream of the WWTP, the model update added control rules based on operational data provided by the City. The data showed recorded bending weir positions and influent chamber depths during an actual storm event. The project team developed model control rules to approximate the actions of the bending weir using three weir positions (fully open, full closed, and 69% closed) and conditions of whether the influent chamber flow was below, within, or above the range of 4.1 to 4.9 feet of depth.
2.4 Flow Monitoring and Rainfall Data
Figure 2-11 shows the locations of the eight temporary flow monitors installed and maintained by City staff for this project May through July 2011. Based upon WWTP influent data, this springtime period typically results in higher average daily flows and greater wet-weather responses. Both will play an important role in refining the size of proposed LTCP facilities. The eight flow monitoring locations are:
Meter 1 - Buck Creek Interceptor, upstream of Belmont Avenue;
Meter 2 - Buck Creek Interceptor, upstream of Mill Run;
Meter 3 - Mill Run Interceptor, upstream of DC-40;
Meter 4 - Buck Creek Interceptor, downstream of Mill Run;
Meter 5 - A major combined sewer upstream of DC-08, selected to aid in calibration of runoff parameters;
Meter 6 - Buck Creek Interceptor, downstream of Western Avenue;
Meter 7 - Indian Run/High Level Interceptor; and
Meter 8 - Mill Creek Interceptor.
CDM Smith performed quality reviews during the flow monitoring period to assist the City in identifying hydraulic or maintenance issues. Appendix A provides the resulting monthly flow hydrographs and scatterplots of depth versus velocity. In general, the performance of the meters was adequate for use in model calibration. Meter 5, located on a combined sewer upstream of DC-08, experienced intermittent difficulty obtaining quality velocity readings; therefore, model calibration for this meter focuses on depth.
Figure 2-11 also shows locations of five of the City’s permanent rain gauge network used for this project. A sixth rain gauge was disregarded due to malfunctioning during the monitoring period. The project team analyzed the data to characterize and select storm events for calibration, and used the rainfall data as input for the model calibration.
2.5 Model Recalibration
Model calibration consists of adjusting the non-measurable parameters in the model to match model simulation results to observations. Non-measurable parameters to be adjusted include percent of impervious area routed to pervious surfaces (Section 2.3.2.2), Manning’s n roughness coefficients, and sediment depths.
The first step of model calibration was to select appropriate storm events. The following events were selected to include storms of various rainfall volumes, peak intensity, and storm duration and because good quality data was available at all flow monitoring locations: June 10, 2011; May 17, 2011; May 11, 2011, and April 27, 2011. Sections 2.5.1 through 2.5.4 discuss storm characteristics and model results.
The next step was to calibrate dry-weather flows prior to each storm event. Dry-weather inflows were adjusted higher or lower as needed to approximately match observed dry-weather flows prior to each 
INSERT FIGURE 2-11 Flow Monitoring and Rain Gauge Locations

storm event. Although these flows may not match the monthly dry-weather flow variation discussed in Section 2.3.3.3, this step helps to improve the comparison between modeled and observed flow for wet-weather model calibration.
Lastly, the project team applied the rainfall data from the City’s rain gauges network to calibrate the non-measurable parameters in the model. Adjusting the percent of impervious area routed to pervious surfaces affects the peak flows and shape of the flow hydrograph. Adjusting Manning’s n roughness coefficients and sediment depths affects velocity and depth. This process also helped to debug the model by identifying possible errors that were then compared to available record drawings and field inspection data from the original model development. Appendix B shows the final graphs comparing the calibrated model and observed flow.
2.5.1 June 10, 2011 Calibration Event
As Table 2-7 shows, the June 10, 2011 storm event was a short duration, high intensity, and medium to low volume event of approximately a 2-year recurrence interval. As shown in Figures B-1 through B-8 in Appendix B, all meters are generally well calibrated. Meter 3 shows slightly higher than observed flows, however upstream and downstream meters 2, 4, and 6 appear well calibrated. The difference at meter 3 could be attributed to flow meter error due to difficulties in obtaining accurate velocity data in large diameter pipes. Meter 5, located on a major combined sewer upstream of DC-08, shows peak depths and flow and a flow hydrograph shape very consistent with the observed flows. This provides a good validation of the model runoff parameters because this location is not controlled by the hydraulics of the diversion chambers. Meter 8 shows a significant drop in velocity at the beginning of two storm peaks that was not duplicated in the model, nor does it appear during the other calibration events. This may have been a temporary blockage or due to backwater from a surge wave in the Buck Creek Interceptor since this was a short duration, high intensity event.
Table 2-7. Rainfall Characteristics for June 10, 2011 Calibration Event
	Rain Gauge
	Start Date & Time
	Duration (hours)
	Volume (inch)
	Peak Intensity (inch/hr)

	RG1 (00001400)
	6/10/2011 6:00
	5
	1.39
	0.6

	RG7 (00001500)
	6/10/2011 6:00
	5.25
	1.47
	0.64

	RG4 (00001600)
	6/10/2011 6:00
	5
	1.77
	0.85

	RG8 (00001700)
	6/10/2011 6:15
	5.25
	2.17
	1.19

	RG6 (00001800)
	6/10/2011 5:15
	5
	2.17
	1.39



2.5.2 May 17, 2011 Calibration Event
As Table 2-8 shows, the May 17, 2011 storm event was a long duration, low intensity, medium to high volume event of less than two-month recurrence interval. As shown in Figures B-9 through B-16 in Appendix B, all meters are generally well calibrated. Meter 3 model results are again slightly higher than observed flows, however upstream and downstream meters 2, 4, and 6 appear well calibrated.


Table 2-8. Rainfall Characteristics for May 17, 2011 Calibration Event
	Rain Gauge
	Start Date & Time
	Duration (hours)
	Volume (inch)
	Peak Intensity (inch/hr)

	RG1 (00001400)
	5/17/2011 2:00
	25.25
	1.03
	0.22

	RG7 (00001500)
	5/17/2011 2:00
	26
	0.96
	0.19

	RG4 (00001600)
	5/17/2011 1:00
	25.5
	0.85
	0.16

	RG8 (00001700)
	5/17/2011 2:00
	28
	0.87
	0.12

	RG6 (00001800)
	5/17/2011 1:00
	27.75
	0.77
	0.11



2.5.3 May 11, 2011 Calibration Event
As Table 2-9 shows, the May 11, 2011 storm event was a short duration, medium to high intensity, medium to low volume event of less than two-month recurrence interval. While this storm resulted in up to 0.65 inches of rainfall within the City of Springfield, upstream areas of the Buck Creek watershed received over four inches of rain, causing flash flooding. Flow meters 1, 2, 3, and 6 show a second peak approximately four hours after the storm due to intrusion from the Buck Creek flood waters through the CSO diversion chambers. This second peak does not appear in the model results because the Buck Creek is not modeled. Otherwise, Figures B-17 through B-24 show the model is well calibrated for the initial peak. Meter 8 model results show a significantly different flow hydrograph than observed, which may likely be attributed to rainfall spatial variation.
Table 2-9. Rainfall Characteristics for May 11, 2011 Calibration Event
	Rain Gauge
	Start Date & Time
	Duration (hours)
	Volume (inch)
	Peak Intensity (inch/hr)

	RG1 (00001400)
	5/11/2011 1:45
	2.5
	0.34
	0.19

	RG7 (00001500)
	5/11/2011 2:45
	3.75
	0.49
	0.46

	RG4 (00001600)
	5/11/2011 2:00
	1.75
	0.3
	0.29

	RG8 (00001700)
	5/11/2011 2:00
	2
	0.65
	0.6

	RG6 (00001800)
	5/11/2011 0:45
	2.25
	0.45
	0.41



2.5.4 April 27, 2011 Calibration Event
As Table 2-10 shows, the April 27, 2011 storm event was a long duration, medium intensity, medium volume event of less than a two-month recurrence interval. This event included two distinct storms beginning approximately 13 hours apart. As Figures B-25 through B-32 show, the model is generally well calibrated at all meters. Meter 1 shows reduced velocities during peak flows that indicate a downstream flow restriction during this and other events. Meter 3 model results are again higher than observed flows, although upstream and downstream meters appear calibrated. Meter 5 had no observed data for this event. Meter 8 model results are again significantly different than observed, which may likely be attributed to rainfall spatial variation.


Table 2-10. Rainfall Characteristics for April 27, 2011 Calibration Event
	Rain Gauge
	Start Date & Time
	Duration (hours)
	Volume (inch)
	Peak Intensity (inch/hr)

	RG1 (00001400)
	4/27/2011 5:15
	5.5
	0.3
	0.25

	
	4/27/2011 18:30
	6.75
	0.21
	0.08

	RG7 (00001500)
	4/27/2011 5:15
	6.75
	0.26
	0.1

	
	4/27/2011 18:30
	8
	0.18
	0.08

	RG4 (00001600)
	4/27/2011 5:00
	6.25
	0.3
	0.22

	
	4/27/2011 18:30
	8
	0.19
	0.1

	RG8 (00001700)
	4/27/2011 5:15
	5.25
	0.31
	0.15

	
	4/27/2011 18:45
	4
	0.19
	0.11

	RG6 (00001800)
	4/27/2011 4:00
	5.5
	0.32
	0.23

	
	4/27/2011 17:30
	8
	0.2
	0.08



2.5.5 Model Validation Using WWTP and CSO Monitoring Data
	Table 2-11. WWTP Observed Data vs. Model Results

	
Date
	Observed
	Model

	
	Average Influent (MGD)
	Overflow Volume DC-01 (MG)
	Average Influent (MGD)
	Overflow Volume DC-01 (MG)

	10-Jun
	19.53
	0.69
	29.47
	11.46

	11-Jun
	31.79
	11.62
	26.20
	0.03

	27-Apr
	33.58
	6.56
	33.45
	4.99

	28-Apr
	34.35
	9.24
	34.01
	3.25

	17-May
	24.42
	0.00
	26.82
	2.85

	18-May
	31.82
	9.38
	30.26
	3.64


Table 2-11 compares observed and simulated WWTP influent flows and DC-01 overflow volumes for further validation of the model. The May 11th event is not included because the observed values are heavily skewed by the Buck Creek flood water intrusion. For the other events, however, the average WWTP influent flow rates compare well. DC-01 overflow volumes compare well for the June storm 10-11 event. Higher observed overflow volumes for the April 27-28 and May 17-18 storm events may be due to differences between the model and the actual operation of the WWTP during that event.
	Table 2-12. CSO Monitoring vs. Model Results

	Date
	Observed
	Model

	
	Monitor Location
	Overflow?
	Overflow?

	17-May
	DC-05
	Yes
	Yes

	17-May
	DC-06
	Yes
	Yes

	10-Jun
	DC-14
	Yes
	Yes


For the City’s CSO monitoring program, monitoring locations are rotated regularly; therefore not all monitors were installed during the calibration events. The monitoring results that are available are generally reliable indicators of whether or not an overflow occurred (yes or no), but provide less accurate measurement of the flow rate or volume. Table 2-12 compares observed and model results for the three data points available.


INSERT FIGURE 2-5 Modeled Sewer Network and Runoff Catchments
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