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Definition of Hydrology

®* Webster’s dictionary: “The science dealing with
the properties of water on the surface of the land,
In the soil and underlying rocks, and in the
atmosphere.”

®* For the purposes of this discussion: The quantity
of water flowing in a stream, typically measured Iin
cubic feet per second (cfs)
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Definition of Hydraulics

®* Webster's dictionary: “The branch of science that
deals with practical applications of water In
motion.”

® The characteristics of water flow In a stream.

® Typically results in a water surface elevation data
that can be plotted on a contour map to develop
floodplain boundaries.
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Overview of Presentation

Hydrology

Hydraulics




Hydrology

* Hydrologic Cycle
® Recurrence Intervals

* Hydrologic Methods
> Rainfall-Runoff

> Flood Flow Frequency Analyses for gaged
streams

> Regression analyses on ungaged streams
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¥

FEMA Guidelines

®* Hydrologic review procedures for Flood Insurance
Studies are given in Guidelines and Specifications
for Flood Hazard Mapping Partners
> Appendix C: Guidance for Riverine Flooding Analyses and
Mapping, pages C-12 to C-15

* http://www.fema.gov/fhm/dl_cgs.shtm
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Hydrelogic Cycle

% p=Condittens That Affect the
Hydaralogic Cycle

Land use
> Land use type
> Percent impervious

Soils

Land slope

Drainage area

Storage facilities (e.g., reservoirs, ponds)
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Recurrence Interval

Hydrologic analyses
provides the answer to

" What is the discharge
In the stream" ?
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Recurrence Interval

Q@ s lfypical-Recurrence
Intervals

* National Flood Insurance Program
> 10-, 50, -100-, 500-year storm event

®* Storm Water Management
> 1-,10-, 100-year storm event
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Recurrence Interval

Probability of Percent chance of
Recurrence interval, occurrencein any occurrencein any
in years given year given year

1in 500
1in 100
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Methods for_Calculating Discharge

* Rainfall-Runoff methods
* Flood Flow Frequency Analyses for gaged streams
®* Regression analyses on ungaged streams

Considerable variability in discharges using
different hydrologic methods
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Rainfall-RPunctf

% =Compilation of Equations
to EStimate Flood

Discharges Using:

Rainfall data
Soils information
Watershed characteristics

Land use data
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BpaintallERunoff Models

®* The most widely used models are:
» USACE HEC-1, HEC-HMS
» NRCS (SCS) TR-20

* Common automated models
> WISE, Watershed Concepts
> GIS Hydro, University of MD
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Rainfall-Runsff
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Watershed Boundary Delineation

Watershed Outlet Watershed Boundary
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Rainfall-Runsff

Hme o €oncentration

®* The time for drop of water to travel from
the basin divide to the outlet or point of
Interest

® Computed based on “n” values and
channel geometry
L
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Rainfall-Runsff
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3 lafitration Losses

® Initial loss is a function of antecedent conditions

* Infiltration during a storm is typically modeled
using the Runoff Curve Number approach
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Rainfall-Runcff

* DEtermine Runoff Curve Number
S Eox Method

Land use and
treatment or hydrology Hydrologic soil group

Practice Condition

Fallow
Straight Row
Row Crops

Source: SCS, Urban Hydrology for Small Watersheds, TR-55
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Rainfall-Runcff

@ w=RainfaH-or
Rrecipitation Input

Total storm depth and frequency

Time distribution

Storm duration - varies from 2 to 24 hours
Uniform rainfall over the watershed
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Rainfall-Runsff

* Conversion of Rainfall
Excess to Runoff

®* Choice of using NRCS (SCS), Snyder, or Clark unit
hydrograph

® Can vary peaking factor in NRCS or Snyder unit
hydrograph methods
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Rainfall-Runcff

sHyadrograph Components

Point of
Inflection

Rainfall, millimeters
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Gaged Streams

T SGSiGaging
Stations:Collect:

Discharge

Flow depth

Rainfall

Water temperature and chemistry data

Web site for USGS gage data, including over 200 locations in
MD: http://water.usgs.gov/nwis/sw
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Gaged Streams

Satellite

Satellite receiving dish
ﬁ% From stream to screen I{i

"
ELISGS

UsGs
reaktime
data veh aite

i
Data available
USGS data collection site on the internet
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Gaged Streams

% pConsSiderations for
se of Gaging Data

* Record length

> Rule of thumb: rarest flood that can be predicted is double
the period of record

> Data are considered reliable when there is at least 30 years
recorded

* Homogeneous watershed characteristics (e.g., land
use changes due to development)

®* Most accurate type of analysis if you have good
data over a long period of time
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Gaged Streams

% p=FOI URgaged Locations
en-Gaged.Streams

Use data from gaged streams
Conduct Flood Flow Frequency Analyses

Procedures outlined in Bulletin 17B
> Typically a ratio of drainage area

> Applicable for areas within 50 and 200 percent of the
drainage area at the gaging station

Compare to results of regression analyses
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Gaged Streams
peElood Fio\w Frequency
~Analysis

* Methodology outlined
In USGS Bulletin 17B

Bulletin 17B

Guidelines can be

downloaded from

FEMA'’s web site at:
http://www.flood
maps.fema.gov/p
dfarchive/d|_flow.
pdf
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Gaged Streams

Rocky Arroyo at Hwy BRD near Carlsbad (station 08401900)
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Gaged Streams

-

Rragrams.lypically Used

* HEC-FAA Frequency Analyses — COE, 1992

* PEAKFQ Annual Flood Frequency Analyses Using
Bulletin 17B Guidelines (USGS)
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Regression Analysis

-

Definition

®* Regression analysis is a statistical tool for
evaluating the relationship of one or more
Independent variables (continuous or discrete) to a
single continuous dependent variable.
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Regression Analysis

@ pllSe 6f-Regression
I-Hydrology

®* Regression analysis is used to relate flood
discharges at gaging stations to watershed and
climatic characteristics such as
> Drainage area
> Channel slope
> Mean annual precipitation
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Regression Analysis

100-year discharges for rural watersheds in the Piedmont Region
in Maryland
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Regression Analysis

% pRegiohal Regression
Equations

®* This method is recommended by:
> State DOT'’s for design of bridges and culverts
> FEMA
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Regression Analysis

* ESGSiNational Flood
| Frequency Program

* |n 1993, the USGS,
compiled regression
equations

® Version 3.2 of the NFF
program, available since
2002

> http:/lwater.usgs.gov/softw
are/nff.html
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Regression Analysis

eMarand . Regression
Egtatiens Developed for 5

Appalachian Plateauy.




Hydraulics

® Choose analysis method
* Define input data & parameters

* Determine water surface elevations
(WSELS)

* Define floodplain and floodway
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Hydraulics
Aralysis Methods

® Choose analysis method




Hydraulics
Aralysis Methods

* Simplified or “Approximate” Methods

> Manual Methods
- Normal Depth Computations
- FHWA Culvert Nomographs

> Computer Methods
- Quick-2
- HY8

®* Detailed Methods
> Mathematical Models




Hydraulics
-’An“'b""" Metheds

1-Dimensional

Steady Flow Unsteady Flow
®* Flow constant with time * Flow changes over time
®* Single boundary condition *® Multiple boundary

* Common Models: conditions
> HEC-RAS °* Common Models:
> HEC-2 > ICPR

> WSPRO > SWMM
> UNET
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-’An“'b""" Metheds

2-Dimensional
Unsteady Flow

* Flow changes over time
®* Multiple boundary conditions

* Common Models:
> FESWMS 2DH
> FLO-2D
> MIKE Flood
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Anal

°* HEC-RAS 3.1+

File Edit

Si
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HEG-RAS

Fiver Analysis System
Wersion 3.1 blay 2003

Developed by the
U.5. Army Carps of Engineers

Hydrologic Engineering Center

609 Second Street, Davis CA Q5616
wWisnd hec Lsace army.mil

The HEC-RAS executable code is public domain zoftware that was
developed by the Hydrologic Engineering Center for the LS. Ay Corps
of Engineerz. Thiz zoftware can be downloaded far free from our internet
zite listed above, HEC can not provide technical support far thiz zoftware
to non-Corps users. See our zofbware wendar lizt [on our web page] to
lozate organizations that provide the program, documentation, and

= support services for a fee. However, we will respond to all documented
" instances of program emarz. Documented errors are bugs in the software

due to programming mistakes not model problems due to user entered
data.
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Hydraulics

Anput Data

® Define input data & parameters
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Anput Data

Topography
» Cross sections
Coefficients

Structures
> Bridges, Culverts, Dams, Weirs

Discharge (peak flows)
Boundary conditions
Calibration data, if available
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Anput Data

®* Cross Sections
> Spacing
> Orientation
> Channel bank location

* Data Sources: Quads, GIS, Survey
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Invut Data

HARDING BRANCH Plan: Multiple  247/2004
RS = 9069.9 Cross Section HARDING BRANCH 250 (HEXSE)
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Irput Data
RoOtighness Coefficients
Mannmg's “n”-values

®* Hydraulics reference books
® USGS Publications
* Table in HEC-RAS data editor
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Jnput Data

-

"EBrgges, Culverts, Dams

® 4 cross
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Figure from: Page 5-3, HEC-RAS River Analysis System, Hydraulic Reference Manual, Version 3.1, November 2002
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Jnput Data

Bridges, Culverts, Dams

* Data Needed
> Bridges

- Opening, piers, rails, abutments, inverts
» Culverts
- Size, material, wingwalls/headwalls, inverts

> Dams
- Weir location & elevation, material, openings, if any
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Jnput Data

Boundary Conditions

* Starting Water-Surface Elevations
> Known elevation, if tie-in necessary

> Slope area method
- Common for new studies
- Computes normal depth given approximate slope
- Estimate initial slope from channel slope
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ﬂpet@fmme WSEL

®* Determine water surface elevations (WSELS)




Hydraulics

Determine WSELs

Simulation Consists of:

® Subcritical, step-backwater analysis
® Calibration
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Determine WSELs

Calibration

* |f data available
> Adjust Manning’s “n” values
> Adjust ineffective flow areas in cross sections
® Computed WSELs must match HWMs within 0.5

foot

* Adjusted “n” values should not be outside range of
published “n” values for the observed conditions
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Fleedplain/ Elesdway

* Define floodplain/floodway




Hydraulics
Fleedplain/ Fleedway

E& Acrobat Reader, - [109854. pdf]
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F loo JP' ain/ Flecdwa Y

100 YEAR FLOOD PLAIN "-I

I
=

FLOODWAY FLOODWAY
FRINGE s ELCRiwAY " FRINGE

STREAM
CHANNEL

FLOOD ELEVATION WHEN
CONFINED WITHIN FLOODWAY

ENCROACHMENT ENCROACHMENT
o =

[~ SURCHARGE" |

2

AREA OF FLOOD PIAIN THAT COULD FLOOD ELEVATION
BE USED FOR DEVELOPMENT BY BEFORE ENCROACHMENT
RAISING GROUND ON FLOOD PLAIN

LINE A - B IS THE FLOOD ELEVATION BEFORE ENCROACHMENT
LINE C-D ISTHE FLOOD ELEVATION AFTER ENCROACHMENT

100-year floodplain: the channel of a river and the adjacent land areas
that must be kept free of encroachment such that the 100-year flood can
be discharged without cumulatively increasing the WSEL by more than
the designated height.

Figure: Standard floodway schematic from FIS Report.
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Fleodpliny Ficeduay

Floodways

* FEMA set minimum standard of 1.0’

® States and communities have the option to define
more stringent criteria







