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Agenda

1. Background

2. Hydrologic Modeling 101

3. Previous Modeling

4. New Modeling

• Spatial Variation

• Temporal Patterns

5. Flood Mitigation Concepts
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Blanchard

River

Source:

Google Image Search

May be subject to copyright.

City of Findlay,

Hancock Co.

Ohio
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City of 

Findlay, 

Hancock 

County, 

Ohio

Where Does the Water Come From?

(~242 mi.2)

(~28 mi.2)

(~63 mi.2)

USGS Gage

#04189000

(~346 mi.2)

8



City of 

Findlay, 

Hancock 

County, 

Ohio

Flooding on Main Street

July 2017

Flood Stages by

National Weather Service 9



Typical Hydrologic Modeling
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Typical Hydrologic Modeling
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Landuse / Landcover Hyd. Soil Group SCS Curve #+

Others

Area

% Impervious

Time of Conc.

Storage

Reach Parameters

Etc. 

Typical Hydrologic Modeling
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Hydrologic 

Modeling

Unit 

Hydrograph 

Theory

Source: HMS Reference Manual

Source: Hydrology Studio.com
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Hydrologic 

Modeling

Precipitation 

Extraction

LOSS

RUNOFF

Commonly Used Loss Options in HEC-HMS:
• SCS Curve Number: Landuse + Hyd. Soil Group

• Green and Ampt: Soil Texture + Soil Conductivity

• Soil Moisture Accounting: Storage + Soil Params.

+ Grid Based Variations

Source: HMS Reference Manual

SCS Loss Equations

𝑆 =
1000

𝐶𝑁
− 10

𝑃𝑒 =
𝑃 − 𝐼𝑎

2

𝑃 − 𝐼𝑎 + 𝑆

𝐼𝑎 = 0.2𝑆
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Hydrologic 

Modeling

Hydrograph 

Transformation

Commonly Used Hydrograph Transformations in HEC-HMS:
• Snyder Unit Hydrograph

• SCS Unit Hydrograph

• Clark Unit Hydrograph   - Same, but accounts for storage & routing

• Mod-Clark Unit Hydrograph  - Grid based version of Clark UH

• Kinematic Wave   - Mass Balance + Routing

Synthetic, Shape Defined by 

Watershed Parameters

Snyder UH

HMS Input Parameters:

SCS UH Clark / Mod-Clark Kinematic Wave

𝑇𝐿𝑎𝑔

𝐶𝑃𝑒𝑎𝑘

𝑇𝐿𝑎𝑔 𝑇𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛

𝐶𝑆𝑡𝑜𝑟𝑎𝑔𝑒

Planes:

Length

Slope

Roughness

Area

# Steps

Channel:

Length

Slope

Shape

Roughness

Geometry
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Hydrologic 

Modeling

Reach 

Routing

Channel Reach Routing
• Travel Time

• Attenuation

Source: hydrology.usu.edu – Matthew Hill

Commonly Used Reach 

Routing Available in 

HEC-HMS:

• Lag (No Attenuation)

• Modified Puls

• Muskingum

• Muskingum-Cunge

• Kinematic Wave
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Hydrologic 

Modeling

SCS Type II 

Storm

SCS Type Storm Temporal Patterns

Source: NRCS TR-55 17



Hydrologic 

Modeling

Hydrograph 

Generation

Example Hydrograph Generation
Subbasin No. 1

Area = 1 sq.-mi.

SCS Curve Number = 80

% Impervious = 10%

Time Step = 5 minutes

SCS Unit Hydrograph

Lag Time = 60 min

SCS Type II Storm

24-Hour Duration, P = 3-Inches

Source: NRCS TR-55

331.1 cfs, 12:55
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Hydrologic 

Modeling

Hydrograph 

Generation

Example Hydrograph Generation
Subbasin No. 1

Area = 1 sq.-mi.

SCS Curve Number = 80

% Impervious = 10%

Time Step = 5 minutes

Clark Unit Hydrograph

Time of Concentration = 1.5 hr.

Storage Coefficient = 0.75 hr.

SCS Type II Storm

24-Hour Duration, P = 3-Inches

Source: NRCS TR-55

331.1 cfs, 12:55 → 297.7 cfs, 13:10
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Hydrologic 

Modeling

Hydrograph 

Generation

Example Hydrograph Generation
Subbasin No. 1

Area = 1 sq.-mi.

SCS Curve Number = 80

% Impervious = 10%

Time Step = 5 minutes

SCS Unit Hydrograph

Lag Time = 60 minutes

Huff 3rd Quartile Storm

24-Hour Duration, P = 3-Inches

331.1 cfs, 12:55 → 122.6 cfs, 16:10

20



Hydrologic 

Modeling

Storm

Durations

Example Hydrograph Generation
Subbasin No. 1

Area = 1 sq.-mi.

SCS Curve Number = 80

% Impervious = 10%

Time Step = 5 minutes

SCS Unit Hydrograph

Lag Time = 60 min

SCS Type II Storm

Various Durations

Source: NOAA Atlas 14

24-Hour: 3.0 inches → 331.1 cfs @ 12:55

6-Hour: 2.26 inches → 266.0 cfs @ 4:05

12-Hour: 2.60 inches → 294.9 cfs @ 7:00 

Same Recurrence Interval !
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Hydrologic 

Modeling

Gridded 

Precipitation

(RADAR)

Source: NRCS TR-55

HEC-HMS Gridded Precipitation Schema
• SHG = USA Contiguous Albers Equal Area Conic USGS Projection

• Must Have Grid Param File From HEC-GeoHMS / ArcHydro
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Loss Method:

SCS Curve Number

USACE Buffalo District

HEC-HMS Model Approach

Transform Method:

Clark Unit Hydrograph

Baseflow Method:

Recession

Reach Routing:

Muskingum-Cunge

27 Subbasins: 

Avg. Area: 28.7 sq-mi.

Avg. Tc: 17 hours

22 Reaches: 

Avg. Length: 4.6 mi.

Gridded Historic Storms

Partial Depth Duration Frequency Hypothetical Storms

HMS IDF Input Storms

Uniform Over Basin
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USACE 

HEC-HMS

Model

Previous Calibration – October 2011

Model Results

Gage Observation
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USACE 

HEC-HMS

Model

Previous Calibration – October 2011
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USACE 

HEC-HMS

Model

August 2007 Flood

15,322 cfs

@ 14:00 Aug. 22, 2007

Gage Estimate: 14,500 cfs +

(Obs. Hydrograph Not Shown)
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USACE 

HEC-HMS

Model

1% Annual Chance (100-Year) Flood Event
HEC-HMS Frequency Storm

12,862 cfs

@ 5:15 Simulation Day 3

53.25 Hours After Start
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USACE 

HEC-HMS

Model

1% Annual Chance (100-Year) Flood Event
HEC-HMS Frequency Storm = 12,862 cfs

~17.8’ At Gage

Source: USGS

USGS Gage # 04189000

Blanchard River Downstream of Findlay
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USACE 

HEC-HMS

Model

1% Annual Chance (100-Year) Flood Event
HEC-HMS Frequency Storm = 12,862 cfs

~19.2’ At Main St. Findlay

~16.0’ At Main St. Findlay

Flood Risk

Reduction

Target

~8,000 cfs

USACE

Model

Results
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Conceptual

Flood Risk 

Reduction 

Measures

USACE Buffalo District

9.2 Mile Channel

9 Bridges

25-Year Design Event

< 2’ Reduction @ Main Street

During 100-Year Event 30



USACE 

HEC-HMS

Model

August 2007 Flood

Eagle

Creek

Blanchard

River

Lye

Creek
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Blanchard 

River 

Watershed 

Runoff

Where Does the Water Come From?

(~242 mi.2)

(~28 mi.2)

(~63 mi.2)

USGS Gage

#04189000

(~346 mi.2)
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USACE 

HEC-HMS

Model

1% Annual Chance (100-Year) Flood Event
HEC-HMS Frequency Storm

Eagle + Lye Creek

+ Blanchard River

Lower Watershed

Blanchard River

Upper Watershed
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Stantec 

Flood 

Reduction 

Planning

< 2’ Max. Reduction @

Main Street + 

Residual Risk From

Blanchard River

SCS Type II Storm

Used For

Conceptual

Planning
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Stantec 

Hydrology 

Study

Stantec Hydrologic Study

• Focused Area: 96 Subbasins

• 60 Reaches

• Gridded SCS CN Losses

• ModClark (Grid) Transform

• Recession Baseflow

• Mod-Puls + Lag Routing

• Additional Calibration

• Revised Input Storms

• Spatial & Temporal Variation

• Checked with Gage Analyses

Also Revisited

Hydraulic Modeling35



Precipitation 

Extraction

Gridded 

SCS Curve 

Number

LOSS

RUNOFF

Source: HMS Reference Manual

SCS Loss Equations

𝑆 =
1000

𝐶𝑁
− 10

𝑃𝑒 =
𝑃 − 𝐼𝑎

2

𝑃 − 𝐼𝑎 + 𝑆

𝐼𝑎 = 0.2𝑆

Initial Abstraction Ratio

Can Vary By Subbasin &

Antecedent Conditions

𝑆 = 𝐶𝑅𝑒𝑡𝑒𝑛𝑡𝑖𝑜𝑛
1000

𝐶𝑁
− 10

Potential Retention Scale Factor Added 

Varies by Subbasin

Additional

Calibration

Parameters
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Stantec 

Hydrology 

Study

Revised Radar Data

Must Ground-Truth

NEXRAD Data
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Stantec 

Hydrology 

Study

Additional Calibration Event(s)
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Stantec 

Hydrology 

Study

September 2011 Calibration Event
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Stantec 

Hydrology 

Study

June 2015 Calibration Event
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Stantec 

Hydrology 

Study

Radar Data to HEC-HMS

Total Storm Precipitation

Determine Temporal Pattern
Create Raster Grid

for Each Time Step

Create ASCII Grids
Re-project Each Grid

If Needed

Assemble ASCII Grids in Correct

Order Using Asc2DSSGrid Utility

(Command Line Batch File)

Check Series

w/ USACE

HEC-GridUtil

Software
41



Stantec 

Hydrology 

Study

HEC-GridUtil
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Stantec 

HEC-HMS

Model

Calibration – September 2011

Model Results

Gage Observation

Blanchard

River

Downstream of

Findlay
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Stantec 

HEC-HMS

Model

Calibration – September 2011
Blanchard

River

Upstream of

Findlay

Blanchard

River

Mt. Blanchard

Eagle

Creek

Lye

Creek
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Stantec 

HEC-HMS

Model

Calibration – June 2015
Blanchard

River

Downstream of

Findlay

Blanchard

River

Upstream of

Findlay

Blanchard

River

Mt. Blanchard
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Stantec 

HEC-HMS

Model

Calibration – June 2015
Eagle

Creek

Lye

Creek
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Stantec 

HEC-HMS

Model

Validation – Aug. 2007 w/ June 2015 Geometry

Model Results

Gage Observation

Blanchard

River

Downstream of

Findlay

Dreadful

Match!
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Stantec 

HEC-HMS

Model

Validation – Aug. 2007 w/ Sept. 2011 Geometry

Model Results

Gage Observation

Blanchard

River

Downstream of

Findlay

Even

Worse!
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Stantec 

HEC-HMS

Model

Validation – Aug. 2007 w/ Custom Geometry

Model Results ~ Gage Observations

Blanchard

River

Downstream of

Findlay

Antecedent Condition

& Storage Are

Critical!

Tweaked Antecedent Conditions + Subbasin Storage
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Areal Reduction FactorsStantec 

HEC-HMS 

Model

Spatial 

Variation

NOAA Atlas 2

(Superseded)

~ 8% Precipitation

Reduction
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Spatial Distribution

“Hydrometeorological Report No. 52

Application of Probable Maximum

Precipitation Estimates in the 

United States East of the 105th Meridian”

NOAA 1982

Stantec 

HEC-HMS 

Model

Spatial 

Variation
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Spatial DistributionStantec 

HEC-HMS 

Model

Spatial 

Variation
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Spatial Distribution

– Custom Hypothetical Storm

Stantec 

HEC-HMS 

Model

Spatial 

Variation
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Temporal PatternsStantec 

HEC-HMS 

Model

Temporal 

Pattern
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Temporal PatternsStantec 

HEC-HMS 

Model

Temporal 

Pattern

Custom

Temporal

Pattern
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USGS Gage #04189000

Blanchard River Downstream of Findlay

Stantec 

Gage 

Frequency 

Analyses
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USGS Gage #04189000

Blanchard River Downstream of Findlay

Stantec 

Gage 

Frequency 

Analyses
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Sept. 2011 Calibrated Geometry

1% Annual Chance (100-Year) Flood Event

Stantec 

HEC-HMS 

Model

Results
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USACE
HEC-HMS

Model

1% Annual Chance (100-Year) Flood Event
HEC-HMS Frequency Storm

12,862 cfs

@ 5:15 Simulation Day 3

53.25 Hours After Start

59



Stantec 

HEC-HMS 

Design 

Storm

15,652 cfs @ Hour 43.5

~10,200 cfs @

Hour 62
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Stantec 

Conceptual

Flood Risk 

Reduction 

Plan

Recommendation #1 – Channel Modifications
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Blanchard 

River 

Hydraulic 

Rating 

Curve

1% Annual Chance (100-Year) Flood Event
Existing Conditions

~19.2’-20.0’ At Main St. Findlay

~16.0’ At Main St. Findlay

Flood Risk

Reduction

Target

~8,000 cfs
12,800 to

15,500 cfs
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Blanchard 

River 

Hydraulic 

Rating 

Curve

1% Annual Chance (100-Year) Flood Event
With Channel Modifications

~19.2’-20.0’ At Main St. Findlay

~16.0’ At Main St. Findlay

Revised

Target With

Channel

Modifications

~9,800 cfs
12,800 to

15,500 cfs

~1.0’ Drop

- - - Original Rating Curve

- - - Channel Modifications

~2.5’ More

Needed
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Stantec 

Conceptual

Flood Risk 

Reduction 

Plan

Other Flood Risk Reduction Measures

Inline Dry Basin

Eagle Creek

Inline Dry Basin

Blanchard River

Upper Watershed

Inline Dry Basin

Potato Run

Blanchard River

Upper Watershed

Channel

Modifications

CONCEPTUAL

FOR DISCUSSION

PURPOSES ONLY
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Blanchard 

River 

Hydraulic 

Rating 

Curve

1% Annual Chance (100-Year) Flood Event
With Channel Modifications + Eagle Creek Basin

~19.2’-20.0’ At Main St. Findlay

~16.0’ At Main St. Findlay

Revised

Target With

Channel

Modifications

~9,800 cfs
12,800 to

15,500 cfs

- - - Original Rating Curve

- - - Channel Modifications

- - - Channel + Eagle Ck. Basin

~17.0’ At Main St. Findlay

~11,000 cfs
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Questions?

Comments?

Erman Caudill, PE, CFM
Senior Water Resources Engineer

Want More Info?

http://www.hancockcountyflooding.com/
66


