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Presentation Outline

• Introduction
• Project Overview
• Goals and Objectives
• System Deficiencies 
• Existing Conditions H&H Analysis
• Development of Alternatives/Alternatives Analysis
• Conclusions
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Project Introduction
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Flooding in Underpasses

• Drainage System lacks Capacity, CSO 
flooding in underpasses

• Flooding in north-south and east-west 
connectors

• Flooding of major connector streets, 
including U.S. 60 and the underpasses

• Safety concerns are amplified, as 
emergency service vehicles are unable 
to respond quickly due to the 
shutdown of the network

• The repeated stormwater problems 
put immense stress on driving 
surfaces and hillsides, often causing 
closures throughout the city 
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Goals and Objectives of Study

The overall plan will address three interrelated issues and their impacts to the 
transportation network: 
• Flooding in five (5) underpasses at 1st Street, 8th Street, 10th Street, 16th Street, 

and 20th Street 
• Street flooding (5th Avenue and 3rd Avenue (U.S.60) in particular) 
• Standing water that deteriorates driving surfaces 
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Huntington Sanitary Board Long Term Control Plan

• LTCP for USEPA/ WV DEP
• CSO and water quality goals 
• The 16th Street (Hal Greer Boulevard) Regulator (012) is 

located on the river side of the levee upstream of Harris 
Riverfront Park

• 16th Street Regulator and CSO overflows is a priority for 
HSB.

• 16th Street CSO Weir is within the flood protected area.
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Project Location Map
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Storm Sewer and Outfalls Map

• Storm Sewer System 
century old and is 
combined

• Long-standing flooding 
issues

• Flooding related to 
system capacity

• Combined sewer 
flooding in roads and 
Underpasses
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Storm Sewer Map - Downstream
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Storm Sewer Map - Middle
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Storm Sewer Map - Upstream
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Existing System Configuration

12

10th Avenue Surface

Charleston Avenue Surface

Charleston Avenue Storm

Fourpole Storm

Interceptor

CSO-012

16th Street

19th Street



• The existing conditions model was run using the 1-year (2.22 in), 
2-year (2.64 in), 5-year (3.2 in), and 10-year (3.65 in) design 
storms.

• In the 1-year design storm simulation, most of the manholes and 
pipes in the vicinity of the underpass were surcharged. Indicating 
that the system was heavily tasked. 

• The model indicates that the inundation of the 16th Street 
underpass was caused upward outflow (upwelling) from the 
combined sewers.

Existing System Configuration
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System Limitations

1. Ohio River Level- river 
level proportionally                                    
increases upstream 
hydraulic grade line 
(HGL)

2. Pump Station- PS 
capacity increases 
upstream HGL

3. Undersized Sewer-
Increases HGL and 
causes localized 
flooding

4. Surface Overflow-
system flooding forces 
flow to overflow into 
other basins 
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Existing System Results
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Existing        
(MG)

Interceptor 7.2
Storm Sewer 4.7
Street Surface 3.1
CSO 25.5
Total 40.5



The proposed alternatives will be evaluated for the following goals for 
this project:
• Eliminate underpass flooding up to a specified design storm.
• Reduce the localized flooding issues within the basin.
• Reduce the number of CSO events per LTCP.
• Improve water quality.
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Alternative Selection - Project Goals

Alternative Underpass Local 16th Local 19th Events Quality
Example Alternative
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• Conveyance
• Combined Sewer Separation 
• Storage
• Green Infrastructure
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Alternative Development
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EXISTING ALTERNATIVE
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Alternative Considerations
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Conveyance Alternative
• Parallel 36” to 72” sewer along 16th Street

o Complete relief along 16th Street

Alternative Underpass Local 16th Local 19th Events Quality
Conveyance #1

Existing        
(MG)

Conveyance #1 
(MG)

Interceptor 7.2 7.1
Storm Sewer 4.7 4.1
Street Surface 3.1 0.0
CSO 25.5 29.3
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Combined Sewer Separation Alternative 1
• Sep. #1.A- Separate storm system down 15th Street

o Removes downstream system limitations

• Sep. #1.B- Separate storm system along south side
o Relieves upstream system congestion

• Sep. #1.C- Separate storm system down 20th Street
o Benefits both CSO-012 & CSO-013

Alternative Underpass Local 16th Local 19th Events Quality
Sewer Separation #1

Existing        
(MG)

Separation #1 
(MG)

Interceptor 7.2 5.7
Storm Sewer 4.7 23.2
Street Surface 3.1 2.0
CSO 25.5 9.0
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Sheet1

		Alternative		Underpass		Local 16th		Local 19th		Events		Quality

		Conveyance #1		2		2		0		0		0

																						Existing        (MG)		Conveyance #1 (MG)		Separation #1 (MG)				Separation #2 (MG)		Separation #3 (MG)		Storage #1 (MG)		G.I. #1 (MG)		Optimized #1 (MG)

		Alternative		Underpass		Local 16th		Local 19th		Events		Quality								Interceptor		7.2		7.1		5.7				6.4		3.9		7.1		6.2		4.4

		Sewer Separation #1		2		1		1		2		2		0						Storm Sewer		4.7		4.1		23.2				18.7		29.7		4.1		4.3		22.0

																				Street Surface		3.1		0.0		2.0				3.0		0.0		0.0		1.0		0.7

		Alternative		Underpass		Local 16th		Local 19th		Events		Quality								CSO 		25.5		29.3		9.0				11.9		5.1		23.3		17.2		6.5

		Sewer Separation #2		2		1		0		1		1								Total		40.5		40.5		39.9				39.9		38.8		34.5		28.7



		Alternative		Underpass		Local 16th		Local 19th		Events		Quality

		Sewer Separation #3		2		2		2		2		2		0		1						1-Year Design Storm (2.22-inch)

																						Existing           (MG)		Separation #1 (MG)		Separation #3 (MG)		Optimized #1 (MG)

		Alternative		Underpass		Local 16th		Local 19th		Events		Quality								Interceptor		6.5		4.6		2.8		3.4

		Storage #1		2		2		0		0		0		0						Storm Sewer		2.9		2.7		3.9		3.6

																				Street Surface		1.4		0.8		0.0		0.1

		Alternative		Underpass		Local 16th		Local 19th		Events		Quality								CSO 		16.3		5.7		2.8		3.6

		Green #1		1		1		1		1		2		2		0				Proposed Storm				12.2		17.3		11.7

																				Depth at Underpass (ft)		1.7		0.3		0.3		0.1

		Alternative		Underpass		Local 16th		Local 19th		Events		Quality										2-Year Design Storm (2.64-inch)

		Optimized #1		2		1		1		2		2		1		0						Existing           (MG)		Separation #1 (MG)		Separation #3 (MG)		Optimized #1 (MG)

																				Interceptor		6.8		5.1		3.2		3.8

																				Storm Sewer		3.7		3.4		4.8		4.4

																				Street Surface		1.9		1.2		0.0		0.2

																				CSO 		20.2		6.9		3.5		4.7

																				Proposed Storm				14.7		20.7		14.1

																				Depth at Underpass (ft)		2.4		0.3		0.3		0.1



																						5-Year Design Storm (3.20-inch)

																						Existing           (MG)		Separation #1 (MG)		Separation #3 (MG)		Optimized #1 (MG)		Separation #1.A Only (MG)

																				Interceptor		7.2		5.7		3.7		4.4		6.4

																				Storm Sewer		4.7		4.3		6.0		5.4		4.7

																				Street Surface		3.1		2.0		0.0		0.7		3.0

																				CSO 		25.5		9.0		4.6		6.5		12.4

																				Proposed Storm				18.1		25.1		16.6		13.7

																				Depth at Underpass (ft)		3.3		0.5		0.4		0.2		0.5

																						10-Year Design Storm (3.65-inch)

																						Existing           (MG)		Separation #1 (MG)		Separation #3 (MG)		Optimized #1 (MG)

																				Interceptor		7.5		6.4		4.0		4.9

																				Storm Sewer		5.5		5.1		7.0		6.2

																				Street Surface		4.2		2.6		0.0		1.3

																				CSO 		30.0		10.7		5.6		8.1

																				Proposed Storm				21.0		28.7		19.4

																				Depth at Underpass (ft)		4.1		0.7		0.4		0.2





Sheet2

																				Model Values										Added Links

						Sewer Size		Separation #1 		Separation #3 		Optimized #1 		Separation #1.A						Separation #1 		Separation #3 		Optimized #1 		Separation #1.A				Separation #1 		Separation #3 		Optimized #1 		Separation #1.A

						12"***		5340		8700		4390		2480				1.00		674		2136		0		0		1.00		4657		6559		4383		2474

						15"***		1170		1640		1100		620				1.25		0		0		0		0		1.25		1164		1640		1096		619

						18"		3840		5050		3850		0				1.50		3839		5046		3849		0		1.50

						24"		4530		6410		3380		1930				2.00		4526		6408		3379		1922		2.00

						30"		5800		6970		7590		6280				2.50		5793		6966		7586		6280		2.50

						36"		2630		2520		1670		1150				3.00		2629		2517		1666		1146		3.00

						42"		400		1350		0		0				3.50		391		1342		0		0		3.50

						48"		1720		2430		1720		770				4.00		1713		2427		1713		766		4.00

						54"		0		770		0		0				4.50		0		766		0		0		4.50

						60"		1470		720		1470		0				5.00		1462		710		1462		0		5.00

						66"		0		0		0		0				5.50		0		0		0		0		5.50

						72"		520		2740		520		520				6.00		519		2737		519		519		6.00

						Box Culvert- 6x7		1740		1740		1740		1740				6.50		1739		0		0		0		6.50

						15th Street PS (MGD)**		385		425		385		385				7.00		0		1739		1739		1739		7.00

						20th Street PS (MGD)*,**		320		400		320		0				Sum		23285		32793		21913		12371

						G.I. (sq.ft.)		0		0		200000		0

						*PS sizing is estimated and is contingent on full buildout of CSO 13 Basin

						**PS sizing is based off of 5 year design storm with elevated river levels

						***Additional Sewers were estimated to account for catch basin connections and short connection systems





Separation#1

				Name		Inlet Node		Outlet Node		Tag		Length (ft)		Roughness		Inlet Offset (ft)		Outlet Offset (ft)		Initial Flow		Flow Limit		Entry Loss Coeff.		Exit Loss Coeff.		Avg. Loss Coeff.		Seepage Rate (in/hr)		Flap Gate		Cross-Section		Geom1 (ft)		Geom2 (ft)		Geom3		Geom4		Barrels		Transect		Shape Curve		Culvert Code		Slope (ft/ft)		Max. |Flow| (mgd)		Time Max. Flow		Max. |Velocity| (ft/s)		Max/Full Flow		Max/Full Depth		Max. Volume (ft³)		Full Both Ends (h)		Full Upstream (h)		Full Downstream (h)		Above Full Normal (h)		Capacity Limited (h)		Length Factor (fraction)		Dry (fraction)		Subcritical (fraction)		Supercritical (fraction)		Normal Limited (fraction)		Inlet Control (fraction)		Max. Spread (ft)		Contributing Area (ac)		Contributing Imp. Area (ac)		Max. Unit Flow (mgd/ac)		GIS_LENGTH		GIS_AREA

				ST-23		ST14		ST15		ALT		276.04		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		1.00		0		0		0		1								0.00543		3.115		3/4/16 12:08		6.14		1.41		1		0		0.33		0.33		0.73		0.16		0.18		1		0		1		0		0.98		0		0		0		0		0		84.1379521014		0

				ST-24		ST16		ST17		ALT		398.07		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		1.00		0		0		0		1								0.01734		5.515		3/4/16 12:04		10.86		1.4		1		0		0.31		0.31		0.36		0.32		0.31		1		0		0.94		0.06		0.97		0		0		0		0		0		121.3304593796		0

				ST-27		ST20		ST12		ALT		387.97		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		1.50		0		0		0		1								0.00258		6.918		3/4/16 12:03		6.12		1.54		1		0		0.21		0.24		0.21		0.24		0.2		1		0		1		0		0.98		0		0		0		0		0		118.2522817506		0

				ST-50		ST60		ST61		ALT		1009.33		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		1.50		0		0		0		1								0.01338		9.642		3/4/16 11:56		8.44		0.94		1		0		0.09		0.09		0.51		0.01		0.01		1		0		0.03		0.97		0.99		0		0		0		0		0		307.6430178508		0

				ST-53		ST65		ST66		ALT		578.18		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		1.50		0		0		0		1								0.00173		6.383		3/4/16 12:08		5.59		1.74		1		0		0.48		0.48		0.5		0.15		0.15		1		0		1		0		0.98		0		0		0		0		0		176.2295450531		0

				ST-54		ST66		J76		ALT		458.67		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		1.50		0		0		0		1								0.00218		9.732		3/4/16 12:05		8.52		2.36		1		0		0.49		0.5		0.58		0.51		0.48		1		0		1		0		0.95		0		0		0		0		0		139.8032178925		0

				ST-57		ST68		ST67		ALT		786.01		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		1.50		0		0		0		1								0.02291		11.416		3/4/16 12:00		14.45		0.85		0.68		0		0.01		0.08		0.01		0.01		0.01		1		0		0		1		0		0		0		0		0		0		239.576688163		0

				ST-58		ST67		ST64		ALT		619.11		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		1.50		0		0		0		2								0.07754		14.163		3/4/16 12:00		8.51		0.29		0.68		0		0.01		0.01		1.19		0.01		0.01		1		0		0.97		0.02		1		0		0		0		0		0		188.7055654488		0

				41		ST50		ST3		ALT		963.40		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.00		0		0		0		1								0.01557		25.007		3/4/16 12:01		12.32		1.05		1		0		0.1		0.1		0.44		0.14		0.1		1		0		0.98		0.02		0.99		0		0		0		0		0		293.6431662422		0

				45		ST51		ST4		ALT		712.14		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.00		0		0		0		1								0.00702		36.199		3/4/16 12:02		17.83		2.27		1		0		0.37		0.51		0.37		0.52		0.37		1		0		0.02		0.98		0.97		0		0		0		0		0		217.0590751152		0

				52		ST55		ST2		ALT		964.49		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.00		0		0		0		1								0.02157		28.958		3/4/16 12:02		14.44		1.04		1		0		0.21		0.21		0.6		0.16		0.14		1		0		0.98		0.02		0.98		0		0		0		0		0		293.9780572206		0

				53		ST56		ST1		ALT		957.29		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.00		0		0		0		1								0.02403		20.461		3/4/16 12:00		11.66		0.69		0.81		0		0.01		0.01		0.63		0.01		0.01		1		0		0.97		0.03		1		0		0		0		0		0		291.7815882172		0

				ST-51		ST61		ST62		ALT		172.73		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.00		0		0		0		2								0.00289		23.21		3/4/16 11:49		5.72		1.13		1		0		0.47		0.48		0.48		0.46		0.01		1		0		0.91		0.09		0.03		0		0		0		0		0		52.6492417594		0

				ST-52		ST62		ST63		ALT		318.19		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.00		0		0		0		2								0.00314		20.908		3/4/16 11:49		5.15		0.98		1		0		0.48		0.48		0.53		0.43		0.01		1		0		0.79		0.21		0.07		0		0		0		0		0		96.9828429352		0

				ST-55		ST63		ST64		ALT		245.56		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.00		0		0		0		2								0.0035		24.911		3/4/16 12:15		6.13		1.11		1		0		0.52		0.53		0.84		0.25		0.01		1		0		1		0		0.91		0		0		0		0		0		74.8458334478		0

				ST-56		ST64		3453		ALT		192.40		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.00		0		0		0		1								-0.00057		31.912		3/4/16 12:07		15.72		7.02		1		0		0.68		0.69		0.84		1.04		0.01		1		0		1		0		0.02		0		0		0		0		0		58.6447038846		0

				2		ST94		ST93		ALT		481.76		0.01		0		2		0		0		0		0		0		0		NO		CIRCULAR		2.50		0		0		0		1								0.01038		34.139		3/4/16 12:00		12.61		0.97		0.8		0		0		0		0		0		0		1		0		0		0		0		0		0		0		0		0		146.8418003554		0

				47		ST53		ST3		ALT		1596.40		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.50		0		0		0		1								0.0094		37.651		3/4/16 12:01		11.87		1.13		1		0		0.2		0.2		0.32		0.24		0.2		1		0		0.97		0.03		0.98		0		0		0		0		0		486.5827596048		0

				54		ST57		ST0		ALT		1277.60		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.50		0		0		0		1								0.01918		42.643		3/4/16 12:00		14.36		0.89		0.89		0		0.01		0.01		0.47		0.01		0.01		1		0		0.97		0.03		0.99		0		0		0		0		0		389.4116769955		0

				ST-22		ST13		ST17		ALT		269.70		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.50		0		0		0		1								0.00297		18.084		3/4/16 12:00		6.59		0.96		1		0		0.09		0.09		0.14		0.01		0.01		1		0		0.97		0.03		0.96		0		0		0		0		0		82.2054488389		0

				ST-26		ST12		ST13		ALT		437.79		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.50		0		0		0		1								0.00251		13.416		3/4/16 12:01		5.43		0.78		1		0		0.03		0.03		0.09		0.01		0.01		1		0		1		0		0.97		0		0		0		0		0		133.4388681538		0

				46_1		ST52		ST58		ALT		765.46		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.50		0		0		0		1								0.00784		20.836		3/4/16 11:59		7.63		0.68		0.8		0		0.01		0.01		0.1		0.01		0.01		1		0		0.88		0.12		0.99		0		0		0		0		0		233.3132373244		0

				48_1		ST54		ST59		ALT		964.59		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.50		0		0		0		1								0.01314		44.845		3/4/16 12:02		14.13		1.13		1		0		0.13		0.18		0.13		0.22		0.1		1		0		0.01		0.99		0.98		0		0		0		0		0		294.0062926188		0

				14		ST93		ST92		ALT		519.35		0.01		0		1		0		0		0		0		0		0		NO		CIRCULAR		3.00		0		0		0		1								0.0077		55.374		3/4/16 12:00		12.89		1.13		0.97		0		0.01		0.08		0.01		0.17		0.01		1		0		0		0		0		0		0		0		0		0		158.297642923		0

				ST-21		ST15		ST18		ALT		434.22		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		3.00		0		0		0		1								0.00345		42.962		3/4/16 12:00		10.42		1.3		0.85		0		0.01		0.21		0.01		0.23		0.01		1		0		0.02		0.98		0.01		0		0		0		0		0		132.3508355338		0

				ST-25		ST17		ST15		ALT		528.69		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		3.00		0		0		0		1								0.00303		24.366		3/4/16 12:03		5.81		0.79		1		0		0.05		0.05		0.21		0.01		0.01		1		0		1		0		0.99		0		0		0		0		0		161.1460361853		0

				46_2		ST58		ST4		ALT		528.34		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		3.00		0		0		0		1								0.00757		55.041		3/4/16 11:59		12.05		1.13		1		0		0.03		0.03		0.11		0.11		0.02		1		0		0.02		0.98		1		0		0		0		0		0		161.03672281		0

				48_2		ST59		ST2		ALT		617.92		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		3.00		0		0		0		1								0.01315		63.029		3/4/16 11:57		13.91		0.98		1		0		0.05		0.05		0.33		0.01		0.03		1		0		0.96		0.04		0.98		0		0		0		0		0		188.3422088493		0

				ST-20		ST18		OF-SouthStorm		ALT		390.67		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		3.50		0		0		0		1								0.01024		56.516		3/4/16 12:00		14.69		0.66		0.59		0		0		0		0		0		0		1		0		0.01		0.99		0.72		0		0		0		0		0		119.0776285846		0

				C6		ST4		ST3		ALT		766.40		0.01		0		5		0		0		0		0		0		0		NO		CIRCULAR		4.00		0		0		0		1								0.00652		106.825		3/4/16 11:59		14.28		1.1		0.87		0		0.01		0.01		0.01		0.03		0.01		1		0		0		0		0		0		0		0		0		0		233.5988094052		0

				22		ST92		ST91		ALT		946.53		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		4.00		0		0		0		1								0.00423		71.345		3/4/16 12:00		10.36		0.91		0.85		0		0		0		0		0		0		1		0		0.84		0.16		0.98		0		0		0		0		0		288.5008462053		0

				40		ST91		ST90		ALT		1271.43		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		5.00		0		0		0		1								0.00157		70.361		3/4/16 12:00		9.79		0.81		0.55		0		0		0		0		0		0		1		0		0.07		0.93		0		0		0		0		0		0		387.5318051316		0

				ST90		ST90		OF-20th		ALT		190.66		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		5.00		0		0		0		1								0.01574		70.165		3/4/16 12:00		18.09		0.26		0.34		0		0		0		0		0		0		1		0		0		1		0.74		0		0		0		0		0		58.1121223643		0

				C7		ST3		ST2		ALT		518.94		0.01		0		3		0		0		0		0		0		0		NO		CIRCULAR		6.00		0		0		0		1								0.0054		198.249		3/4/16 12:00		15.52		0.76		0.79		0		0		0		0		0		0		1		0		0		0		0		0		0		0		0		0		158.1739167767		0

				C11_1		ST2		ST1		ALT		457.55		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		6.50		0		0		0		1								0.00481		308.598		3/4/16 12:01		15.82		1.01		1		0		0.08		0.08		0.1		0.01		0.02		1		0		0.02		0.98		0.96		0		0		0		0		0		139.4605457885		0

				C11_2		ST1		ST0		ALT		258.20		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		6.50		0		0		0		1								0.00581		337.47		3/4/16 12:01		17.05		1.01		1		0		0.1		0.1		0.13		0.02		0.03		1		0		0.01		0.99		0.97		0		0		0		0		0		78.6979102064		0

				C12		ST0		OF-NorthStorm		ALT		1022.77		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		6.50		0		0		0		1								0.00538		387.894		3/4/16 12:00		18.26		1.2		0.97		0		0.01		0.13		0.01		0.21		0.01		1		0		0.01		0.99		0.35		0		0		0		0		0		311.7388986172		0





Separation#3

				Name		Inlet Node		Outlet Node		Tag		Length (ft)		Roughness		Inlet Offset (ft)		Outlet Offset (ft)		Initial Flow		Flow Limit		Entry Loss Coeff.		Exit Loss Coeff.		Avg. Loss Coeff.		Seepage Rate (in/hr)		Flap Gate		Cross-Section		Geom1 (ft)		Geom2 (ft)		Geom3		Geom4		Barrels		Transect		Shape Curve		Culvert Code		Slope (ft/ft)		Max. |Flow| (mgd)		Time Max. Flow		Max. |Velocity| (ft/s)		Max/Full Flow		Max/Full Depth		Max. Volume (ft³)		Full Both Ends (h)		Full Upstream (h)		Full Downstream (h)		Above Full Normal (h)		Capacity Limited (h)		Length Factor (fraction)		Dry (fraction)		Subcritical (fraction)		Supercritical (fraction)		Normal Limited (fraction)		Inlet Control (fraction)		Max. Spread (ft)		Contributing Area (ac)		Contributing Imp. Area (ac)		Max. Unit Flow (mgd/ac)		GIS_LENGTH		GIS_AREA

				3892		5175		5174		ALT		139.33		0.013		0		0		0		1.00E-06		0		0		0		0		NO		CIRCULAR		1.00		0		0		0		1								0.00754		0		3/4/16 0:00		0		0		0.88		0		0.01		0.26		0.01		0.01		0.01		1		0		1		0		0.01		0		0		0		0		0		42.4657445177		0

				3901		5166		5167		ALT		140.07		0.013		0		0		0		1.00E-05		0		0		0		0		NO		CIRCULAR		1.00		0		0		0		1								0.01457		0		3/4/16 0:00		0.01		0		0.74		0		0.01		0.26		0.01		0.01		0.01		1		0		1		0		0		0		0		0		0		0		42.6910636993		0

				66		ST651		ST621		ALT		602.11		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		1.00		0		0		0		1								0.00664		3.627		3/4/16 12:22		7.15		1.49		1		0		1.02		1.02		1.09		1.06		1.01		1		0		0.99		0.01		0.95		0		0		0		0		0		180.1401047474		0

				67		ST641		ST611		ALT		579.89		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		1.00		0		0		0		1								0.00569		4.269		3/4/16 12:19		8.41		1.89		1		0		0.89		1.24		0.89		1.28		0.89		1		0		0.16		0.84		0.94		0		0		0		0		0		175.1038872637		0

				ST-23		ST14		ST15		ALT		276.04		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		1.00		0		0		0		1								0		3.101		3/4/16 12:08		6.11		1.41		1		0		0.33		0.33		0.7		0.16		0.17		1		0		1		0		0.98		0		0		0		0		0		84.1379521014		0

				ST-24		ST16		ST17		ALT		398.07		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		1.00		0		0		0		1								0		5.523		3/4/16 12:04		10.88		1.4		1		0		0.31		0.31		0.36		0.32		0.31		1		0		0.94		0.06		0.97		0		0		0		0		0		121.3304593796		0

				65		5175		5166		ALT		504.71		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		1.50		0		0		0		1								0.00363		6.271		3/4/16 12:02		5.49		1.18		1		0		0.12		0.12		0.15		0.01		0.03		1		0		0.97		0.03		0.99		0		0		0		0		0		153.8366897944		0

				ST70		ST691		ST70		ALT		360.77		0.01		0		2		0		0		0		0		0		0		NO		CIRCULAR		1.50		0		0		0		1								0.02495		18.114		3/4/16 12:00		15.86		1.3		1		0		0.17		0.17		0.21		0.21		0.17		1		0		0		0		0		0		0		0		0		0		109.9630384259		0

				ST-27		ST20		ST12		ALT		387.97		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		1.50		0		0		0		1								0		6.841		3/4/16 12:03		6.05		1.53		1		0		0.21		0.24		0.21		0.25		0.21		1		0		1		0		0.98		0		0		0		0		0		118.2522817506		0

				ST-50		ST60		ST61		ALT		1009.33		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		1.50		0		0		0		1								0		9.641		3/4/16 11:56		8.44		0.94		1		0		0.09		0.09		0.51		0.01		0.01		1		0		0.03		0.97		0.99		0		0		0		0		0		307.6430178508		0

				ST-53		ST65		ST66		ALT		578.18		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		1.50		0		0		0		1								0		6.386		3/4/16 12:08		5.59		1.74		1		0		0.48		0.48		0.5		0.15		0.15		1		0		1		0		0.98		0		0		0		0		0		176.2295450531		0

				ST-54		ST66		J76		ALT		458.67		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		1.50		0		0		0		1								0		9.669		3/4/16 12:04		8.47		2.35		1		0		0.5		0.5		0.57		0.51		0.48		1		0		1		0		0.95		0		0		0		0		0		139.8032178925		0

				ST-57		ST68		ST67		ALT		786.01		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		1.50		0		0		0		1								0		11.416		3/4/16 12:00		14.45		0.85		0.68		0		0.01		0.08		0.01		0.01		0.01		1		0		0		1		0		0		0		0		0		0		239.576688163		0

				ST-58		ST67		ST64		ALT		619.11		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		1.50		0		0		0		2								0		14.163		3/4/16 12:00		8.51		0.29		0.68		0		0.01		0.01		1.19		0.01		0.01		1		0		0.97		0.03		1		0		0		0		0		0		188.7055654488		0

				72		ST635		ST633		ALT		341.37		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		1.50		0		0		0		1								0.00732		8.369		3/4/16 11:59		7.33		1.11		1		0		0.02		0.02		0.13		0.05		0.01		1		0		0.97		0.03		0.98		0		0		0		0		0		104.0487407539		0

				41		ST50		ST3		ALT		963.40		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.00		0		0		0		1								0.01765		24.563		3/4/16 11:55		12.69		0.97		1		0		0.07		0.07		0.58		0.01		0.01		1		0		0.98		0.02		0.99		0		0		0		0		0		293.6431202255		0

				45		ST51		ST4		ALT		712.14		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.00		0		0		0		1								0.01404		24.863		3/4/16 11:48		12.24		1.1		1		0		0.3		0.3		0.44		0.17		0.16		1		0		0.66		0.34		0.98		0		0		0		0		0		217.0589091089		0

				52		ST55		ST2		ALT		964.49		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.00		0		0		0		1								0.02126		28.21		3/4/16 11:50		14.14		1.02		1		0		0.16		0.16		0.88		0.01		0.01		1		0		0.97		0.03		0.99		0		0		0		0		0		293.9780419003		0

				53		ST56		ST1		ALT		957.29		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.00		0		0		0		1								0.02351		20.455		3/4/16 12:00		11.62		0.7		0.81		0		0.01		0.01		1.03		0.01		0.01		1		0		0.97		0.02		1		0		0		0		0		0		291.7816499639		0

				55		ST70		ST71		ALT		339.71		0.01		0		1		0		0		0		0		0		0		NO		CIRCULAR		2.00		0		0		0		1								0.01472		22.846		3/4/16 11:56		12.94		0.99		1		0		0.06		0.06		0.1		0.01		0.01		1		0		0		0		0		0		0		0		0		0		103.5433280617		0

				64		5166		ST74		ALT		536.26		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.00		0		0		0		1								0.00796		12.162		3/4/16 12:03		6.71		0.72		1		0		0.12		0.12		0.29		0.01		0.01		1		0		1		0		0.99		0		0		0		0		0		163.4533105642		0

				ST-51		ST61		ST62		ALT		172.73		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.00		0		0		0		2								0		19.056		3/4/16 11:49		5.25		0.93		1		0		0.47		0.48		0.49		0.45		0.02		1		0		0.92		0.08		0.03		0		0		0		0		0		52.6492417594		0

				ST-52		ST62		ST63		ALT		318.19		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.00		0		0		0		2								0		19.055		3/4/16 11:49		4.69		0.89		1		0		0.48		0.49		0.54		0.43		0.03		1		0		0.79		0.21		0.07		0		0		0		0		0		96.9828429352		0

				ST-55		ST63		ST64		ALT		245.56		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.00		0		0		0		2								0		24.487		3/4/16 12:15		6.03		1.09		1		0		0.54		0.54		0.85		0.25		0.01		1		0		1		0		0.91		0		0		0		0		0		74.8458334478		0

				ST-56		ST64		3453		ALT		192.40		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.00		0		0		0		1								0		31.889		3/4/16 12:07		15.71		7.02		1		0		0.68		0.69		0.85		1.04		0.01		1		0		1		0		0.02		0		0		0		0		0		58.6447038846		0

				69		ST634		ST633		ALT		630.33		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.00		0		0		0		1								0.00397		4.557		3/4/16 12:00		3.32		0.38		0.64		0		0		0		0		0		0		1		0		1		0		0.99		0		0		0		0		0		192.1240010858		0

				73		ST642		ST641		ALT		375.76		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.00		0		0		0		1								0.00798		11.685		3/4/16 12:00		5.75		0.69		1		0		0.86		0.86		1.04		0.01		0.01		1		0		0.99		0.01		0.95		0		0		0		0		0		114.5314535499		0

				46		ST52		ST4		ALT		1293.80		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.50		0		0		0		1								0.00773		32.591		3/4/16 11:50		10.27		1.08		1		0		0.23		0.23		0.34		0.12		0.11		1		0		0.98		0.02		0.98		0		0		0		0		0		394.3498300156		0

				47		ST53		ST3		ALT		1596.40		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.50		0		0		0		1								0.01065		37.227		3/4/16 11:49		11.87		1.05		1		0		0.2		0.2		0.38		0.11		0.09		1		0		0.97		0.03		0.98		0		0		0		0		0		486.5826207548		0

				48		ST54		ST2		ALT		1582.51		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.50		0		0		0		1								0.01296		40.644		3/4/16 11:50		13.01		1.04		1		0		0.18		0.18		0.45		0.04		0.02		1		0		0.97		0.03		0.98		0		0		0		0		0		482.3483498245		0

				54		ST57		ST0		ALT		1294.09		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.50		0		0		0		1								0.01855		42.877		3/4/16 12:00		14.23		0.91		0.91		0		0.01		0.01		0.69		0.01		0.01		1		0		0.97		0.03		0.99		0		0		0		0		0		394.43792486		0

				56		ST71		ST72		ALT		491.21		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.50		0		0		0		1								0.01018		26.215		3/4/16 11:56		9.25		0.75		1		0		0.12		0.12		0.17		0.01		0.01		1		0		0.01		0.98		0.99		0		0		0		0		0		149.7217053073		0

				ST-22		ST13		ST17		ALT		269.70		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.50		0		0		0		1								0		18.663		3/4/16 11:59		6.6		0.99		1		0		0.08		0.08		0.12		0.01		0.01		1		0		0.97		0.03		0.96		0		0		0		0		0		82.2054488389		0

				ST-26		ST12		ST13		ALT		437.79		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.50		0		0		0		1								0		13.468		3/4/16 12:01		5.43		0.78		1		0		0.02		0.02		0.08		0.01		0.01		1		0		1		0		0.97		0		0		0		0		0		133.4388681538		0

				57		ST72		ST73		ALT		440.99		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		3.00		0		0		0		1								0.00454		49.817		3/4/16 12:02		10.9		1.32		1		0		0.14		0.14		0.17		0.06		0.07		1		0		0.09		0.91		0.99		0		0		0		0		0		134.4137333157		0

				68		ST631		ST601		ALT		540.95		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		3.00		0		0		0		1								0.00555		44.091		3/4/16 12:00		10.48		1.06		0.87		0		0.01		0.01		0.01		0.06		0.01		1		0		0.02		0.98		0.99		0		0		0		0		0		164.8830377106		0

				ST-21		ST15		ST18		ALT		434.22		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		3.00		0		0		0		1								0		43.082		3/4/16 12:00		10.16		1.31		0.88		0		0.01		0.2		0.01		0.23		0.01		1		0		0.03		0.97		0.02		0		0		0		0		0		132.3508355338		0

				ST-25		ST17		ST15		ALT		528.69		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		3.00		0		0		0		1								0		24.605		3/4/16 12:02		5.84		0.8		1		0		0.03		0.03		0.2		0.01		0.01		1		0		1		0		0.99		0		0		0		0		0		161.1460361853		0

				70		ST633		ST632		ALT		445.31		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		3.00		0		0		0		1								0.00404		22.171		3/4/16 12:00		6.95		0.62		0.66		0		0		0		0		0		0		1		0		0.92		0.08		1		0		0		0		0		0		135.7307201605		0

				71		ST632		ST631		ALT		126.87		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		3.00		0		0		0		1								0.00552		37.741		3/4/16 12:00		9.46		0.91		0.83		0		0		0		0		0		0		1		0		0.01		0.99		0.98		0		0		0		0		0		38.6699722391		0

				58		ST73		ST74		ALT		357.01		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		3.50		0		0		0		1								0.0056		65.017		3/4/16 12:00		10.46		1.03		1		0		0.15		0.15		0.19		0.05		0.07		1		0		0.02		0.98		0.97		0		0		0		0		0		108.8175298152		0

				59		ST74		ST75		ALT		594.45		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		3.50		0		0		0		1								0.00673		89.136		3/4/16 11:59		14.33		1.29		1		0		0.15		0.19		0.15		0.23		0.14		1		0		0.02		0.98		0.99		0		0		0		0		0		181.1894182367		0

				ST-20		ST18		OF-SouthStorm		ALT		390.67		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		3.50		0		0		0		1								0		63.785		3/4/16 12:00		15.08		0.75		0.64		0		0		0		0		0		0		1		0		0.01		0.99		0.65		0		0		0		0		0		119.0776285846		0

				2		ST94		ST93		ALT		485.63		0.01		0		2		0		0		0		0		0		0		NO		CIRCULAR		4.00		0		0		0		1								0.0103		141.624		3/4/16 11:59		21.18		1.16		0.91		0		0.01		0.01		0.03		0.03		0.01		1		0		0		0		0		0		0		0		0		0		148.0201088348		0

				60		ST75		ST94		ALT		468.09		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		4.00		0		0		0		1								0.00855		116.399		3/4/16 11:59		15.28		1.04		0.91		0		0.01		0.09		0.01		0.07		0.01		1		0		0		1		0.01		0		0		0		0		0		142.6741368193		0

				61		ST601		ST611		ALT		579.85		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		4.00		0		0		0		1								0.00569		64.582		3/4/16 12:00		11.36		0.71		0.66		0		0		0		0		0		0		1		0		0.01		0.99		0.99		0		0		0		0		0		223.3007697854		0

				62		ST611		ST621		ALT		255.63		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		4.00		0		0		0		1								0.00665		81.963		3/4/16 12:00		12.29		0.83		0.85		0		0.01		0.01		0.01		0.01		0.01		1		0		0.01		0.99		0.98		0		0		0		0		0		80.6692518983		0

				63		ST621		ST4		ALT		637.76		0.01		0		3		0		0		0		0		0		0		NO		CIRCULAR		4.00		0		0		0		1								0.00627		104.301		3/4/16 11:57		13.97		1.09		1		0		0.01		0.01		0.03		0.05		0.01		1		0		0		0		0		0		0		0		0		0		199.3006620267		0

				C6		ST4		ST3		ALT		766.40		0.01		0		2		0		0		0		0		0		0		NO		CIRCULAR		4.50		0		0		0		1								0.00652		162.586		3/4/16 12:01		15.9		1.22		1		0		0.07		0.15		0.07		0.23		0.07		1		0		0		0		0		0		0		0		0		0		233.5988094052		0

				14		ST93		ST92		ALT		519.35		0.01		0		1		0		0		0		0		0		0		NO		CIRCULAR		5.00		0		0		0		1								0.00578		153.593		3/4/16 12:00		14.96		0.92		0.75		0		0		0		0		0		0		1		0		0		0		0		0		0		0		0		0		158.6348268967		0

				ST90		ST90		OF-20th		ALT		190.66		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		5.00		0		0		0		1								0.01574		158.7		3/4/16 12:01		22.4		0.58		0.58		0		0		0		0		0		0		1		0		0		1		0.51		0		0		0		0		0		58.1122773793		0

				C7		ST3		ST2		ALT		518.94		0.01		0		0.5		0		0		0		0		0		0		NO		CIRCULAR		6.00		0		0		0		1								0.00578		249.04		3/4/16 12:03		16.03		0.92		1		0		0.1		0.1		0.15		0.01		0.01		1		0		0.01		0.01		0		0		0		0		0		0		158.1739167767		0

				22		ST92		ST91		ALT		946.53		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		6.00		0		0		0		1								0.00317		165.292		3/4/16 12:00		10.42		0.83		0.83		0		0		0		0		0		0		1		0		0.97		0.03		0.97		0		0		0		0		0		288.7938150316		0

				40		ST91		ST90		ALT		1271.43		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		6.00		0		0		0		1								0.00157		159.148		3/4/16 12:01		11.4		1.13		0.72		0		0.01		0.01		0.01		0.14		0.01		1		0		0.03		0.97		0		0		0		0		0		0		387.5317818858		0

				C11_1		ST2		ST1		ALT		457.55		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		7.00		0		0		0		1								0.00437		322.141		3/4/16 12:00		13.93		0.91		1		0		0.13		0.13		0.19		0.01		0.01		1		0		0.03		0.97		0.99		0		0		0		0		0		139.4605457885		0

				C11_2		ST1		ST0		ALT		469.09		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		7.00		0		0		0		1								0.0032		367.063		3/4/16 12:00		14.76		1.21		1		0		0.18		0.19		0.18		0.25		0.17		1		0		0.03		0.97		0.89		0		0		0		0		0		142.9776062379		0

				C12		ST0		OF-NorthStorm		ALT		811.88		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		7.00		0		0		0		1								0.0037		421.91		3/4/16 12:00		17.2		1.29		0.96		0		0.01		0.18		0.01		0.25		0.01		1		0		0.02		0.98		0.23		0		0		0		0		0		247.4600518029		0





Optimal#1

				Name		Inlet Node		Outlet Node		Tag		Length (ft)		Roughness		Inlet Offset (ft)		Outlet Offset (ft)		Initial Flow		Flow Limit		Entry Loss Coeff.		Exit Loss Coeff.		Avg. Loss Coeff.		Seepage Rate (in/hr)		Flap Gate		Cross-Section		Geom1 (ft)		Geom2 (ft)		Geom3		Geom4		Barrels		Transect		Shape Curve		Culvert Code		Slope (ft/ft)		Max. |Flow| (mgd)		Time Max. Flow		Max. |Velocity| (ft/s)		Max/Full Flow		Max/Full Depth		Max. Volume (ft³)		Full Both Ends (h)		Full Upstream (h)		Full Downstream (h)		Above Full Normal (h)		Capacity Limited (h)		Length Factor (fraction)		Dry (fraction)		Subcritical (fraction)		Supercritical (fraction)		Normal Limited (fraction)		Inlet Control (fraction)		Max. Spread (ft)		Contributing Area (ac)		Contributing Imp. Area (ac)		Max. Unit Flow (mgd/ac)		GIS_LENGTH		GIS_AREA

				C11_1		ST2		ST1		ALT		457.55		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		7.00		0		0		0		1								0.00262		291.297		3/4/16 12:01		11.71		1.06		1		0		0.16		0.16		0.17		0.12		0.11		1		0		0.81		0.19		0.99		0		0		0		0		0		139.4605457885		0

				C11_2		ST1		ST0		ALT		258.20		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		7.00		0		0		0		1								0.00194		332.067		3/4/16 12:00		13.35		1.41		1		0		0.17		0.17		0.17		0.23		0.16		1		0		0.92		0.08		0.91		0		0		0		0		0		78.6979102064		0

				C12		ST0		OF-NorthStorm		ALT		1022.77		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		7.00		0		0		0		1								0.00244		385.304		3/4/16 12:00		15.83		1.45		0.95		0		0.01		0.17		0.01		0.24		0.01		1		0		0.05		0.95		0.1		0		0		0		0		0		311.7388986172		0

				C6		ST4		ST3		ALT		766.40		0.01		0		5		0		0		0		0		0		0		NO		CIRCULAR		4.00		0		0		0		1								0.00652		103.919		3/4/16 12:00		13.79		1.07		0.9		0		0.01		0.01		0.01		0.13		0.01		1		0		0		0		0		0		0		0		0		0		233.5988094052		0

				C7		ST3		ST2		ALT		518.94		0.01		0		3		0		0		0		0		0		0		NO		CIRCULAR		6.00		0		0		0		1								0.0054		212.609		3/4/16 12:01		15.36		0.81		0.91		0		0.01		0.01		0.09		0.01		0.01		1		0		0.01		0		0		0		0		0		0		0		158.1739167767		0

				2		ST94		ST93		ALT		481.76		0.01		0		2		0		0		0		0		0		0		NO		CIRCULAR		2.50		0		0		0		1								0.01038		34.139		3/4/16 12:00		12.61		0.97		0.8		0		0		0		0		0		0		1		0		0		0		0		0		0		0		0		0		146.8418003554		0

				14		ST93		ST92		ALT		519.35		0.01		0		1		0		0		0		0		0		0		NO		CIRCULAR		3.00		0		0		0		1								0.0077		55.374		3/4/16 12:00		12.89		1.13		0.97		0		0.01		0.08		0.01		0.17		0.01		1		0		0		0		0		0		0		0		0		0		158.297642923		0

				22		ST92		ST91		ALT		946.53		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		4.00		0		0		0		1								0.00423		71.345		3/4/16 12:00		10.36		0.91		0.85		0		0		0		0		0		0		1		0		0.84		0.16		0.98		0		0		0		0		0		288.5008462053		0

				40		ST91		ST90		ALT		1271.43		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		5.00		0		0		0		1								0.00157		70.362		3/4/16 12:00		9.79		0.81		0.55		0		0		0		0		0		0		1		0		0.07		0.93		0		0		0		0		0		0		387.5318051316		0

				41		ST50		ST3		ALT		963.40		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.50		0		0		0		1								0.01557		27.112		3/4/16 12:00		10.11		0.63		0.79		0		0.01		0.01		0.3		0.01		0.01		1		0		0.98		0.02		1		0		0		0		0		0		293.6431662422		0

				45		ST51		ST4		ALT		712.14		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.50		0		0		0		1								0.00702		41.05		3/4/16 11:51		12.94		1.42		1		0		0.23		0.23		0.24		0.26		0.22		1		0		0.03		0.97		0.98		0		0		0		0		0		217.0590751152		0

				47		ST53		ST3		ALT		1596.40		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.50		0		0		0		1								0.0094		35.058		3/4/16 11:52		11.22		1.05		1		0		0.15		0.15		0.3		0.17		0.14		1		0		0.97		0.03		0.98		0		0		0		0		0		486.5827596048		0

				52		ST55		ST2		ALT		964.49		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.00		0		0		0		1								0.02157		28.213		3/4/16 11:50		14.21		1.01		1		0		0.16		0.16		0.72		0.01		0.01		1		0		0.98		0.02		0.99		0		0		0		0		0		293.9780572206		0

				53		ST56		ST1		ALT		957.29		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.00		0		0		0		1								0.02299		20.443		3/4/16 12:00		11.52		0.71		0.82		0		0.01		0.01		0.98		0.01		0.01		1		0		0.98		0.02		1		0		0		0		0		0		291.7815882172		0

				54		ST57		ST0		ALT		1277.60		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.50		0		0		0		1								0.01761		45.295		3/4/16 11:52		14.61		0.99		1		0		0.14		0.14		0.64		0.01		0.01		1		0		0.97		0.03		0.98		0		0		0		0		0		389.4116769955		0

				ST90		ST90		OF-20th		ALT		190.66		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		5.00		0		0		0		1								0.01574		70.167		3/4/16 12:00		18.09		0.26		0.34		0		0		0		0		0		0		1		0		0		1		0.75		0		0		0		0		0		58.1121223643		0

				ST-20		ST18		OF-SouthStorm		ALT		390.67		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.50		0		0		0		1								0.02048		38.168		3/4/16 11:59		17.17		0.77		0.66		0		0		0		0		0		0		1		0		0		1		0.67		0		0		0		0		0		119.0776285846		0

				ST-21		ST15		ST18		ALT		434.22		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.50		0		0		0		1								0.00461		24.791		3/4/16 11:59		8.83		1.06		0.83		0		0.01		0.02		0.01		0.06		0.01		1		0		0.01		0.99		0.01		0		0		0		0		0		132.3508355338		0

				ST-24		ST16		ST17		ALT		398.07		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		1.50		0		0		0		1								0.00502		7.639		3/4/16 12:00		7.02		1.22		0.93		0		0.01		0.07		0.01		0.12		0.01		1		0		0.01		0.99		0.08		0		0		0		0		0		121.3304593796		0

				ST-25		ST17		ST15		ALT		528.69		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.00		0		0		0		1								0.00378		7.71		3/4/16 12:01		4.45		0.66		0.82		0		0.01		0.01		0.16		0.01		0.01		1		0		1		0		1		0		0		0		0		0		161.1460361853		0

				55		ST60		ST61		ALT		1009.33		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		1.50		0		0		0		1								0.01338		9.661		3/4/16 11:59		8.69		0.95		0.99		0		0.01		0.01		0.4		0.01		0.01		1		0		0.02		0.98		0.99		0		0		0		0		0		307.6430178508		0

				56		ST61		ST62		ALT		172.73		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.00		0		0		0		2								0.00289		22.846		3/4/16 11:59		5.63		1.12		1		0		0.33		0.33		0.4		0.25		0.1		1		0		0.92		0.08		0.03		0		0		0		0		0		52.6492417594		0

				57		ST62		ST63		ALT		318.19		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.00		0		0		0		2								0.00314		22.844		3/4/16 11:59		5.63		1.07		1		0		0.4		0.4		0.56		0.23		0.09		1		0		0.79		0.2		0.07		0		0		0		0		0		96.9828429352		0

				59		ST65		ST66		ALT		578.18		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		1.50		0		0		0		1								0.00173		4.922		3/4/16 12:00		4.31		1.34		1		0		0.27		0.27		0.37		0.04		0.01		1		0		1		0		0.98		0		0		0		0		0		176.2295450531		0

				60		ST66		J76		ALT		458.67		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		1.50		0		0		0		1								0.00218		8.523		3/4/16 11:48		7.46		2.07		1		0		0.36		0.37		0.54		0.28		0.26		1		0		1		0		0.95		0		0		0		0		0		139.8032178925		0

				58_1		ST63		ST64		ALT		245.56		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.00		0		0		0		2								0.0035		14.729		3/4/16 12:00		3.63		0.65		1		0		0.56		0.56		0.86		0.03		0.01		1		0		1		0		0.91		0		0		0		0		0		74.8458334478		0

				58_2		ST64		3453		ALT		192.40		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.00		0		0		0		1								-0.00057		17.485		3/4/16 11:49		8.61		3.85		1		0		0.69		0.69		0.86		1.04		0.01		1		0		1		0		0.02		0		0		0		0		0		58.6447038846		0

				58		ST68		ST67		ALT		786.01		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		1.50		0		0		0		1								0.02291		11.374		3/4/16 12:00		14.45		0.85		0.68		0		0.01		0.07		0.01		0.01		0.01		1		0		0		1		0		0		0		0		0		0		239.576688163		0

				61		ST67		ST64		ALT		619.11		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		1.50		0		0		0		2								0.07754		14.126		3/4/16 12:00		8.49		0.29		0.68		0		0.01		0.01		1.19		0.01		0.01		1		0		0.97		0.03		1		0		0		0		0		0		188.7055654488		0

				46_1		ST52		ST58		ALT		765.46		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.50		0		0		0		1								0.00784		20.413		3/4/16 12:00		7.51		0.67		0.8		0		0.01		0.01		0.11		0.01		0.01		1		0		0.88		0.12		0.99		0		0		0		0		0		233.3132373244		0

				46_2		ST58		ST4		ALT		528.34		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		3.00		0		0		0		1								0.00757		54.846		3/4/16 12:00		12.01		1.12		1		0		0.04		0.04		0.17		0.1		0.03		1		0		0.01		0.99		1		0		0		0		0		0		161.03672281		0

				48_1		ST54		ST59		ALT		964.59		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.50		0		0		0		1								0.01314		35.945		3/4/16 12:00		13.01		0.91		1		0		0.05		0.05		0.14		0.01		0.01		1		0		0		1		0.98		0		0		0		0		0		294.0062926188		0

				48_2		ST59		ST2		ALT		617.92		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		3.00		0		0		0		1								0.01315		53.801		3/4/16 11:59		11.93		0.84		1		0		0.11		0.11		0.34		0.01		0.01		1		0		0.98		0.02		0.98		0		0		0		0		0		188.3422088493		0





Separation#1.A

				Name		Inlet Node		Outlet Node		Tag		Length (ft)		Roughness		Inlet Offset (ft)		Outlet Offset (ft)		Initial Flow		Flow Limit		Entry Loss Coeff.		Exit Loss Coeff.		Avg. Loss Coeff.		Seepage Rate (in/hr)		Flap Gate		Cross-Section		Geom1 (ft)		Geom2 (ft)		Geom3		Geom4		Barrels		Transect		Shape Curve		Culvert Code		Slope (ft/ft)		Max. |Flow| (mgd)		Time Max. Flow		Max. |Velocity| (ft/s)		Max/Full Flow		Max/Full Depth		Max. Volume (ft³)		Full Both Ends (h)		Full Upstream (h)		Full Downstream (h)		Above Full Normal (h)		Capacity Limited (h)		Length Factor (fraction)		Dry (fraction)		Subcritical (fraction)		Supercritical (fraction)		Normal Limited (fraction)		Inlet Control (fraction)		Max. Spread (ft)		Contributing Area (ac)		Contributing Imp. Area (ac)		Max. Unit Flow (mgd/ac)		GIS_LENGTH		GIS_AREA

				C11_1		ST2		ST1		ALT		457.55		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		7		0		0		0		1								0.00262		291.297		3/4/16 12:01		11.71		1.06		1		0		0.16		0.16		0.17		0.12		0.11		1		0		0.81		0.19		0.99		0		0		0		0		0		139.4605457885		0

				C11_2		ST1		ST0		ALT		258.2		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		7		0		0		0		1								0.00194		332.067		3/4/16 12:00		13.35		1.41		1		0		0.17		0.17		0.17		0.23		0.16		1		0		0.92		0.08		0.91		0		0		0		0		0		78.6979102064		0

				C12		ST0		OF-NorthStorm		ALT		1022.77		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		7		0		0		0		1								0.00244		385.304		3/4/16 12:00		15.83		1.45		0.95		0		0.01		0.17		0.01		0.24		0.01		1		0		0.05		0.95		0.1		0		0		0		0		0		311.7388986172		0

				C6		ST4		ST3		ALT		766.4		0.01		0		5		0		0		0		0		0		0		NO		CIRCULAR		4		0		0		0		1								0.00652		103.919		3/4/16 12:00		13.79		1.07		0.9		0		0.01		0.01		0.01		0.13		0.01		1		0		0		0		0		0		0		0		0		0		233.5988094052		0

				C7		ST3		ST2		ALT		518.94		0.01		0		3		0		0		0		0		0		0		NO		CIRCULAR		6		0		0		0		1								0.0054		212.609		3/4/16 12:01		15.36		0.81		0.91		0		0.01		0.01		0.09		0.01		0.01		1		0		0.01		0		0		0		0		0		0		0		158.1739167767		0

				41		ST50		ST3		ALT		963.4		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.5		0		0		0		1								0.01557		27.112		3/4/16 12:00		10.11		0.63		0.79		0		0.01		0.01		0.3		0.01		0.01		1		0		0.98		0.02		1		0		0		0		0		0		293.6431662422		0

				45		ST51		ST4		ALT		712.14		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.5		0		0		0		1								0.00702		41.05		3/4/16 11:51		12.94		1.42		1		0		0.23		0.23		0.24		0.26		0.22		1		0		0.03		0.97		0.98		0		0		0		0		0		217.0590751152		0

				47		ST53		ST3		ALT		1596.4		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.5		0		0		0		1								0.0094		35.058		3/4/16 11:52		11.22		1.05		1		0		0.15		0.15		0.3		0.17		0.14		1		0		0.97		0.03		0.98		0		0		0		0		0		486.5827596048		0

				52		ST55		ST2		ALT		964.49		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2		0		0		0		1								0.02157		28.213		3/4/16 11:50		14.21		1.01		1		0		0.16		0.16		0.72		0.01		0.01		1		0		0.98		0.02		0.99		0		0		0		0		0		293.9780572206		0

				53		ST56		ST1		ALT		957.29		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2		0		0		0		1								0.02299		20.443		3/4/16 12:00		11.52		0.71		0.82		0		0.01		0.01		0.98		0.01		0.01		1		0		0.98		0.02		1		0		0		0		0		0		291.7815882172		0

				54		ST57		ST0		ALT		1277.6		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.5		0		0		0		1								0.01761		45.295		3/4/16 11:52		14.61		0.99		1		0		0.14		0.14		0.64		0.01		0.01		1		0		0.97		0.03		0.98		0		0		0		0		0		389.4116769955		0

				46_1		ST52		ST58		ALT		765.46		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.5		0		0		0		1								0.00784		20.413		3/4/16 12:00		7.51		0.67		0.8		0		0.01		0.01		0.11		0.01		0.01		1		0		0.88		0.12		0.99		0		0		0		0		0		233.3132373244		0

				46_2		ST58		ST4		ALT		528.34		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		3		0		0		0		1								0.00757		54.846		3/4/16 12:00		12.01		1.12		1		0		0.04		0.04		0.17		0.1		0.03		1		0		0.01		0.99		1		0		0		0		0		0		161.03672281		0

				48_1		ST54		ST59		ALT		964.59		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		2.5		0		0		0		1								0.01314		35.945		3/4/16 12:00		13.01		0.91		1		0		0.05		0.05		0.14		0.01		0.01		1		0		0		1		0.98		0		0		0		0		0		294.0062926188		0

				48_2		ST59		ST2		ALT		617.92		0.01		0		0		0		0		0		0		0		0		NO		CIRCULAR		3		0		0		0		1								0.01315		53.801		3/4/16 11:59		11.93		0.84		1		0		0.11		0.11		0.34		0.01		0.01		1		0		0.98		0.02		0.98		0		0		0		0		0		188.3422088493		0
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Combined Sewer Separation Alternative 2

Existing        
(MG)

Separation #2 
(MG)

Interceptor 7.2 6.4
Storm Sewer 4.7 18.7
Street Surface 3.1 3.0
CSO 25.5 11.9

• Sep. #1.A- Separate storm system down 15th Street
o Removes downstream system limitations

• Stormwater Pump Station at Underpass
o Bolt down lids on combined sewer
o Separated catch basins in underpass

Alternative Underpass Local 16th Local 19th Events Quality
Sewer Separation #2

ms consultants  |  City of Huntington Case Study  |  Ohio Stormwater Conference 2018
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Combined Sewer Separation Alternative 3
• Separate storm systems down 15th Street & 20th Street
• Separate storm system throughout south side

Existing        
(MG)

Separation #3 
(MG)

Interceptor 7.2 3.9
Storm Sewer 4.7 29.7
Street Surface 3.1 0.0
CSO 25.5 5.1

Alternative Underpass Local 16th Local 19th Events Quality
Sewer Separation #3

ms consultants  |  City of Huntington Case Study  |  Ohio Stormwater Conference 2018
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Storage
• Four locations are needed to address 16th Street flooding 

issues.
• A total of 7 MG of required storage

Existing        
(MG) Storage #1 (MG)

Interceptor 7.2 7.1
Storm Sewer 4.7 4.1
Street Surface 3.1 0.0
CSO 25.5 23.3

Alternative Underpass Local 16th Local 19th Events Quality
Storage #1
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Green Infrastructure

Existing        
(MG) G.I. #1 (MG)

Interceptor 7.2 6.2
Storm Sewer 4.7 4.3
Street Surface 3.1 1.0
CSO 25.5 17.2

• A total of 400,000 sq.ft. of green infrastructure was 
simulated to match the 7 MG storage. 

Alternative Underpass Local 16th Local 19th Events Quality
Green #1
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Combined Sewer Separation 
Alternative #1 + Green 
Infrastructure

25

Optimal Alternative

Existing        
(MG)

Optimized #1 
(MG)

Interceptor 7.2 4.4
Storm Sewer 4.7 22.0
Street Surface 3.1 0.7
CSO 25.5 6.5

Alternative Underpass Local 16th Local 19th Events Quality
Optimized #1
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Preferred Alternatives

• Combined Sewer Separation 
Alternative Number 1

• Combined Sewer Separation 
Alternative Number 3

• Optimal Alternative
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Existing           
(MG)

Separation #1 
(MG)

Separation #3 
(MG)

Optimized #1 
(MG)

Interceptor 6.5 4.6 2.8 3.4
Storm Sewer 2.9 2.7 3.9 3.6
Street Surface 1.4 0.8 0.0 0.1
CSO 16.3 5.7 2.8 3.6
Proposed Storm 12.2 17.3 11.7
Depth at Underpass (ft) 1.7 0.3 0.3 0.1

Existing           
(MG)

Separation #1 
(MG)

Separation #3 
(MG)

Optimized #1 
(MG)

Interceptor 6.8 5.1 3.2 3.8
Storm Sewer 3.7 3.4 4.8 4.4
Street Surface 1.9 1.2 0.0 0.2
CSO 20.2 6.9 3.5 4.7
Proposed Storm 14.7 20.7 14.1
Depth at Underpass (ft) 2.4 0.3 0.3 0.1

Existing           
(MG)

Separation #1 
(MG)

Separation #3 
(MG)

Optimized #1 
(MG)

Interceptor 7.2 5.7 3.7 4.4
Storm Sewer 4.7 4.3 6.0 5.4
Street Surface 3.1 2.0 0.0 0.7
CSO 25.5 9.0 4.6 6.5
Proposed Storm 18.1 25.1 16.6
Depth at Underpass (ft) 3.3 0.5 0.4 0.2

Existing           
(MG)

Separation #1 
(MG)

Separation #3 
(MG)

Optimized #1 
(MG)

Interceptor 7.5 6.4 4.0 4.9
Storm Sewer 5.5 5.1 7.0 6.2
Street Surface 4.2 2.6 0.0 1.3
CSO 30.0 10.7 5.6 8.1
Proposed Storm 21.0 28.7 19.4
Depth at Underpass (ft) 4.1 0.7 0.4 0.2

1-Year Design Storm (2.22-inch)

2-Year Design Storm (2.64-inch)

5-Year Design Storm (3.20-inch)

10-Year Design Storm (3.65-inch)



Pros:
• Level of protection is greatly increased.
• All Preferred Alternatives can be phased.
• First phase (Sep. #1.A) provides greatest benefit 

to underpass flooding and has other ancillary 
benefits.

• G.I. helps meet project goals for harder to 
separate areas. 

Cons:
• All proposed improvements are needed to meet 

project goals.
• No one solution meets all project goals.
• Large stormwater pump stations are needed to 

discharge water during high river levels.

27

Preferred Alternatives Pros and Cons
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Conclusions

• Dual Drainage Model helpful in simulating surface flooding and 
external routing potential.

• Level of Service goals included flood mitigation and long term control 
plan goals.

• Optimal Alternatives include combination of combined sewer 
separation, pump station improvements and Green Infrastructure
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