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Hydrologic Modeling 101
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New Modeling
e Spatial Variation
 Temporal Patterns

Flood Mitigation Concepts
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USGS Gage 04189000 Daily Data

Blanchard River Downstream of Findlay, Ohio
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Hydrologic
MOde“ng Discharge per

unit excess
precipitation
depth

Precipitation
Extraction

Source: HMS Reference Manual Time

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

SCS Loss Equations
1000

=N !
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© P—-I1,+S
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Hydrologic Commonly Used Hydrograph Transformations in HEC-HMS:
Modeling « Snyder Unit Hydrograph } Synthetic, Shape Defined by

Hydrograph « SCS Unit Hydrograph Watershed Parameters

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

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

« Kinematic Wave - Mass Balance + Routing

HMS Input Parameters:

Snyder UH SCS UH Clark / Mod-Clark Kinematic Wave
T T T Planes: Channel:
Lag Lag Concentration Length Length
_______ , Slope Slope
C IC |
Peak : Storage, Roughness Shape
________ Area Roughness

# Steps Geometry



seeerl Channel Reach Routing
Modeling

 Travel Time
Reach _
Routing e Attenuation

lravel
ime
>
Inflow
\\\\ |.\ucnuauon

Storage p Routed
Volume ////' Hydrograph
/ \Q
o

N

Hydrograph

/ S~—

urce: 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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rmaal SCS Type Storm Temporal Patterns

Modeling

SCS Type |l
Storm

1.0

Fraction of
24-hour rainfall
=
[y |

~1

Rainfall
Distribution

_II — Type 1

/ ] Type 1A

///"'" - 3 Type It

G_D é“-l’;‘( | | I | | | “. ] Type 111

0 3 6 9 12 15 18 21 24 I |
Time (hours)

Source: NRCS TR-55 ) 17



rmmasal £ xample Hydrograph Generation

Modeling

Hydrograph
Generation

Subbasin No. 1
Area = 1 sq.-mi. _
SCS Unit Hydrograph

SCS Curve Number = 80 it r _
% Impervious = 10% N Lag Time = 60 min
Time Step = 5 minutes SCS Type Il Storm

24-Hour Duration, P = 3-Inches

Source: NRCS TR-55

18

331.1 cfs, 12:55




rmmasal £ xample Hydrograph Generation

Modeling

Hydrograph
Generation

Subbasin No. 1

Area = 1 sq.-mi.

SCS Curve Number = 80
% Impervious = 10%
Time Step = 5 minutes

0.00
| !

'I 0.05-

0.10+

\ 20157

| £ o020

[=3
@

[}
! 0.25
0.30-

]
i 0354

Clark Unit Hydrograph

Time of Concentration = 1.5 hr.
Storage Coefficient = 0.75 hr.
SCS Type Il Storm

24-Hour Duration, P = 3-Inches

040

350

3004

2504

2004

& 1501

Source: NRCS TR-55 1001

501

331.1 cfs, 12:55 &> 297.7 cfs, 13:10
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Precipitation {IM)

Hydrologic
Modeling

Hydrograph
Generation

3.4

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 39 Quartile Storm
24-Hour Duration, P = 3-Inches

3.0

2.5

(=
=
1

—
in
1

-
=
1

0.5 g

00— |

/ 331.1 cfs, 12:55 > 122.6 cfs, 16:10

T T T T T
00:00 0300 0600 0900 1200 1400 1800 21:00 0000 o i e i i - e oy 20




Example Hydrograph Generation

Modeling Subbasin No. 1

Storm Area = 1 sg.-mi. |

Durations SCS Curve Number = 80 SCS Unit Hydrograph

% Impervious = 10% Lag Time = 60 min

Time Step = 5 minutes SCS Type Il Storm
Various Durations

Hydrologic

. | Average recurrence interval (years)
Duration
| 1 | 2 | 5 | 10 | 25 | 50 | 100 |
i 0.338 0.401 0.479 0.541 0.620 0.681 0.742
(0.307-0.373) || (0.363-0.442) || (0.432-0.528) || (0.485-0.596) || (0.557-0.682) || (0.609-0.749) || (0.660-0.814)

. 0.525 0.625 0.744 0.834 0.948 1.03 1.12 _ . i .
10-min | 0 477_0580) || (0.567-0691) || (0672-0821) || (0753-0920) || (0852-104) || (D924-114) || (0.994-123) 24-Hour: 3.0 inches > 331.1 cfs @ 12:55
‘B 0.644 0.765 0.913 1.03 117 1.28 1.39

(0.584-0.711) || (0.694-0.845) || (0.825-1.01) | (0.927-1.13) (1.05-1.29) (1.14-1.41) (123-1.52) ] . ]
(0.773-0.941) || (0.928-1.13) (1.13-1.38) (1.29-1.57) (1.49-1.82) (1.63-2.01) (1.78-2.20)
. 1.04 1.26 1.57 1.81 2.15 2.41 2.68 )
B0min Il noaa-118) || (114-139) || (142-173) | (e4-200) || (193235 | 15288 [ (238-294) 12-Hour: 2.60 inches = 294.9 cfs @ 7:00
b 1.21 1.46 1.84 214 2.55 2.89 3.25
(1.10-1.35) (1.33-1.63) (1.66-2.04) (1.93-2.37) (2.29-2.82) (2.58-3.19) (2.88-3.58)
hr 1.29 1.55 1.94 2.26 2.71 3.07 3.46
(1.18-1.42) (1.41-172) || a-#7=&5) (2.05-2.50) (2.44-2.98) (2.75-3.38) (3.08-3.80)
o 1.51 1.81 ' 2.26 2.63 3.17 3.61 4.09
(1.37-1.67) (1.65-2.00) (2.06-2.49) (2.39-2.809) (2.85-3.47) (3.24-3.96) (3.63-4.48) Same Recurrence |nterva| |
b 1.74 2.09 2.60 3.02 3.63 414 4.70
(1.60-1.92) (1.91-2.29) (2.37-2.85) (2.75-3.31) (3.29-3.96) (3.72-4.51) (4.19-5.11)
iy 2.04 2.44 3.01 348 4.14 468 5.26
(1.90-2.20) (228-264) W\ (281-3.25 (3.23-3.75) (3.83-4.46) (4.31-5.05) (4.81-567)
5 s 2.37 2.83 ~sa7 3.98 4.71 5.31 5.93
Y I (2.23-2.53) (2.66-3.02) (3.26-3.69) (3.73-4.24) (4.39-5.02) (4.93-5.66) (5.48-6.33)

Source: NOAA Atlas 14 2 1



Hydrologic
Modeling
Gridded

Precipitation
(RIADIARY

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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USACE Buffalo District
|HEC-HMS Model Approach

Brown Twp

_ross Method: . e, Y
-+ ~SCS Curve-Number

Transform Method:

Clark Unit Hydrograph \ Rw\}g A4 4

¢« Baseflow Method:
o JRecession '
Reach.Routing: \
Muskingum-Cunge ...

Gridded Historic Storms
Partial Depth Duration Frequency Hypothetical Storms

Auglaize Twp

27 Subbasins;

* Avg. Area: 28:7 sq-mi.

Ho pewell Twp

Avg..Tc: 17 hours

22 Reaches:
Avg. Length: 4.6 mi.

New Riegel

T . =
\ Uniform Over Basin

HMS IDF Input Storms

Goshen Twp ] = salt

Rock Tw

23



Previous Calibration — October 2011

M Od eI Junction "Blanchard Gage DS" Results for Run "OCT2011STORM"
6,000
Model Results
Gage Observation
5,000
4,000
/
]
_— |
5 3,000 ]
z I
B |
Lo |
i
I
I
|
2,000 !
I
(’ /,’/;_1“"\\
| = - N
[ // =
| o
I ( Ty,
| _ 7
1,000 rj AT I .
=~ === -
| P ==
{ e, 7 N
fll Tt .
a’F
/ B
Y
_r/ T T T A e T e A B T
! 19 20 21 22 23 24 25 26 27 28 29
—— Run:OCT2011STORM Element:Blanchard Gage DS Result Cutflow ——= RunOCT2011STORM Element:RE50 Result Cutflow 24

0
g
Oct2011
Legend (Compute Time: 15Apr2018, 22:51:22)
—— Run:QCTZ0115TORM Element Blanchard Gage DS Result Observed Flows

Run:QCT20115TORM Element: Vw840 Result: Cutflow:



Previous Calibration — October 2011

Junction "Mt. Blanchard Gage" Results Junction "Gage on Riley Creek" Result:

Junction "Blanchard Ga 2000
USACE |
H < - H M S 4,000 4,000
2,500
Model
30001 Ly 2,0001
2,500
2,500
~ g %
£ ‘;4 £ 1,500
2 i 2,000 g
& 20001 -
1,500
1,500 1,000
; N
Junclion "Eagle Creek Gage" Results Junction "Lye Creek Gage" Results fnl
2,000 o0
5001
1,800 800+
2 - ) Junction "USGS Gage at Ottowa® Results for Run "OCT2011STORM"
1,600 7004 700
14004
600 6,000
1,200
500 5,000
=
Z 1 000 S
EW‘UOO z
= = 404
g 400 4,000
500 g
3
3004 o
3,000
600+
2004
2,000
4004
1004
200 1,000
0
[0} 18 19 20 21 22 23
18 19 20 21 22 23 Oct2011

Oct2011



August 2007 Flood

USACE

HEC-HMS
MOdeI 16,000

Junction "Blanchard Gage DS" Results for Run "AUG2007FLOOD"

15,322 cfs
- | @ 14:00 Aug. 22, 2007
Gage Estimate: 14,500 cfs +
120 : . (ObS Hydrogl’aph Not Shown)

26 Aug2007



1% Annual Chance (100-Year) Flood Event

USACE HEC-HMS Frequency Storm

HEC-HMS

M Od eI Junction "Blanchard Gage DS" Results for Run "FREQUENCY-100YR"
14,000

12,862 cfs
@ 5:15 Simulation Day 3
12,0001 53.25 Hours After Start

10,0004

8,000

Flow (cfs)

5,000

4,000

2,000

s ST roes eyt ettty
0 T

Legend (Compute Time: 15Apr2018, 23:17:27)

—— Run:FREQUENCY-100YR Element.Blanchard Gage DS Result Observed Flow — RunFREQUENCY-100YR Element.Blanchard Gage DS Result Qutflow ——-= RunFREQUENCY-100YR Element: R350 Result Outflow
2 7 ------ RunFREQUENCY-100YR ElementvW340 Result Qutflow

Janz014



1% Annual Chance (100-Year) Flood Event

USACE HEC-HMS Frequency Storm = 12,862 cfs

HEC-HMS
Model Blanchard River Downstream of Findlay

USGS Gage # 04189000

~17.8" At Gage

oA %\

USGS WaterWatch

Source: USGS Discharge (ftA3/s) - - . 8



USACE HEC-HMS Frequency Storm = 12,862 cfs

HEC'HMS Blanchard River Flow vs. Depth - XS 295930 (Main St.)

Model ) | | | | |

'-'.__________________é____é____é_________.'_.'.l.l ........ -

~19.2' At Main St. Flndlay | et 1 USACE
| 1| Model
T ' Results

| EEEREIEERE I |
~16 0’ At Maln St. Flndlay FUE i | H
= | _-*" 1 Flood Risk 1
8 | | ',.-"?' : Reduction : !
B | Target ]
RSl | | 1
| o | I |
e | B
o | B
4". | | |
ol o i
(} Stantec W=F : | : |
& | ~8,000 cfs |
: ¢ : ¢

1% Annual Chance (100-Year) Flood Event



Conceptual
Flood Risk
Reduction
Measures

August 2015 Recommended Plan | Legend

=< Bridge Crossing

USACE Buffalo Dlstrlct - el

Channel Alignment
Bridge Ad ded "‘n e Potential Channel Location Corridor
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Where Does the Water Come From?
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1% Annual Chance (100-Year) Flood Event

USACE HEC-HMS Frequency Storm

HEC-HMS
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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

s Also Revisited
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Hydraulic Modeling

1" = 2.5 Miles




Precipitation
Extraction

Discharge per
unit excess
precipitation
depth

Gridded

SCS Curve
Number

Source: HMS Reference Manual

SCS Loss Equations

Time

1000

/'5 = CRretention N

10

Potential Retention Scale Factor Added

Varies by Subbasin

—— |nitial Abstraction Ratio

Can Vary By Subbasin &
Antecedent Conditions

Additional
Calibration
Parameters
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Radar Data to HEC-HMS Create Raster Grid

Determine Temporal Pattern— for Each Time Step
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HEC-GridUtll

Stantec

Bﬂ HEC-GridUtil 2.0 - Blanchard_River

Hydrology
Study

e View Sin

Grid Set Data Analysis Data Management Tools Help

Q
(%]

e Gria

Module: | Gridded Data Configuration ¥

@)

rental Ls McComl

Glandorf

Ottawa

olum bu

Bluffton

Lima

1l

m

Gridded Data Configuraton

Grid Set | Single Grid|

Grid Set: September 25-27, 2011

File:

Radar_Data/September 25-27 2011.dss
Time Window:
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Grid Set Identification:
ISHG/AWA_OHRFC/PRECIP//RADAR/
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Calibration — September 2011

Stantec Junction "J_04" Results for Run "Sept_2011_Calibration"
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Slalibration — September 2011
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Calibration — June 2015
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Calibration — June 2015

Junction *J_34" Resulls for Run "June_2015_Calibration"
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Validation — Aug. 2007 w/ June 2015 Geometry

Stantec

HEC-HMS

M Od e | Junction "J_04" Results for Run "August_2007_Validate"
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Validation — Aug. 2007 w/ Sept. 2011 Geometry
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Validation — Aug. 2007 w/ Custom Geometry

Tweaked Antecedent Conditions + Subbasin Storage

Junction "J_04" Results for Run "August_2007_alidate"
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USGS Gage #04189000

Crlge Blanchard River Downstream of Findlay
Frequency " Return Period

Analyses 100,000 ' ; : . . . .
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Bulletin # 178
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Hydrology Subcommittee

Revised September 1981
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Office of Water Data Coordination
Reston, Virginia 22092
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USGS Gage #04189000

Gage Blanchard River Downstream of Findlay
Frequency

Analyses

Stantec

Percent Average Computed Confidence Limits
Chance Recurrence Discharge 0.05 0.95
Exceedance Interval (years) (cfs)
0.1 1000 17,117 20,649 14,715
0.2 500 16,156 19,351 13,964
05 200 14811 | 1755 | 12,903
1.0 100 (13727 | 16120 | 12039 1
2.0 50 T 12576 | 14619 | 11,113
4.0 25, 11,346 13,037 10,111
10.0 10 9,559 10,788 8,625
20.0 g 8,028 8,918 7,319
50.0 2 5,530 6,020 5,086
99.9 1 875 1,084 667




— Sept. 2011 Calibrated Geometry

HEC-HMS

Model 1% Annual Chance (100-Year) Flood Event

R eS u ItS Junction "J_04" Results for Run "100Yr_24Hr"
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1% Annual Chance (100-Year) Flood Event
HEC-HMS Frequency Storm

HEC-HMS

M Od eI Junction "Blanchard Gage DS" Results for Run "FREQUENCY-100YR"
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Stantec Recommendation #1 — Channel Modifications
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isahdabll 100 Annual Chance (100-Year) Flood Event
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RACUCHEN EXisting Conditions
Ra“ng Blanchard River Flow vs. Depth - XS 295930 (Main St.)
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isahdabll 100 Annual Chance (100-Year) Flood Event

River
LacUE \\/ith Channel Modifications
Rating Blanchard River Flow vs. Depth - XS 295930 (Mainst.)
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isahdabll 100 Annual Chance (100-Year) Flood Event

River

aecti \\/ith Channel Modifications + Eagle Creek Basin
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Erman Caudill, PE, CFM
Senior Water Resources Engineer

Questions?
Comments?
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Want More Info?
http://www.hancockcountyflooding.com/
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