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Piping Failure for Earth Dam Foundation Failure
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Overtopping Breach Stages
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Loveton Dam Failure (1989)

Medford Quarry Wash Pond
Piping Failure

Annap. Mall Piping Failure
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Loveton Failure Viewed
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Dam Hazard Classifications

e Low Hazard Class “a”
e Significant Hazard Class “b”

e High Hazard Class “c”

MDE Dam Hazard Classifications

e Low Hazard
unlikely

 Significant Hazard
possible

e High Hazard

Loss of Life from Dam Failure Varies with Warning Time

Warning time < 157, Loss of Life = .5(PAR)
Warning time 15” to 907, Loss of Life = PAR®

Warning time > 907, Loss of Life = .0002(PAR)

very likely

Incremental Flood Analysis

Flood Conditions without & with Dam Failure

Storms to Evaluate



Probable Maximum Flood (PMF)

PMF - the largest flood considered possible
based on the most severe combination of
meteorological and hydrologic conditions
that are reasonably possible.

Small Dam or Pond
Use NWS Dam Break Equation
« 15 ft or less in height,
« Storage volume less than 20 acre-feet

« Drainage area less than 640 acres (1 square mile)
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Failure Storms to Analyze
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Increased Flood Risks

Before Downstream Development
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Rainfall Greater than 50% PMP
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FIGURE 1 Maximum observed point rainfalls as a function of duration. (Courtesy of John
Vogel, Mational Weather Service.). 1506,

Source: NWS, HMR 51, 1978

Dam Break Models

Hydrology for Dams

HEC-1 Computer Model
HECRAS Computer

NWS DAMBRK or FLDWAV
NWS Simple DAMBRK Equation

HEC-HMS (New HEC-1 but not

www.gishydro.umd.edu recommended)

www.hydrocad.net

Learn HEC1 Model

Breach Parameters for
HEC-1 Model




Breach Parameters

Trigger Elevation for Failure

Breach Bottom Elevation

Bottom Width, b

Suggested Breach
Parameters for Earth Dams

Average Breach Side Breach Failure
Source Breach Width Slope (1V:ZH) Time (hrs)
()

NWS (1988) 1H to 5H Z=0tol 0.1to 2.0
COE (1980) 0.5H to 4H Z=0tol 0.5to0 4
FERC (1991) 1H to 5H Z=0tol 0.1to 1.0
USBR (1982) 3H N/A 0.00333b
Boss Dambrk (1988) 0.5 to 4H Z=0to1l 0.5t 4

Harrington (1999) 1H to 8H Z=0to 1l H/120 to H/180

Dam Break Models

NWS Simple Dam Break Equation

Q =Q+31B.(C/(T, +C/yH)Y

Q, = Breach + Non-Breach Flow (cfs)

Q, = Non-Breach Flow (cfs)

B, = Final Average Breach Width (ft, ~ 1H to 5H)

C =234 As/Br

A, = Reservoir Surface Area (ac) at Failure Elevation

H = Selected Failure Depth (ft) above Final Breach Elevation
T; = Time of Failure (hrs, ~H/120 or Minimum of 10 Min)

Froelich Breach Predictor Equations
b=9.5K,(V,H)*®
Te=0.59 (V.°)/H ™

b = Average Breach Width (ft),

= Time of Failure (hrs)
Ko, =0.7 for Piping & 1.0 for Overtopping Failure
Vs = Storage Volume (ac-ft)

H = Selected Failure Depth (ft) above Breach
Bottom

T: = Time of Failure (hrs, ~H/120 or Minimum of
10 Min)

Dam Break Models

e SCS (NRCS) Breach Formula

Q,= 3.2H5/2

— Usually Conservative Estimate of Breach
Flow but not Always

— Storage Volume not included in Formula
— Similar to a V-Notch Weir Formula




Dam Break Models

e NWS Full Dam Break Model (DAMBRK)

— Very Difficult to Learn & Temperamental

— Uses Unsteady State Dynamic Routing by
a Finite Difference Technique

— Includes Pressure & Acceleration Effects
— A Hydrograph must be Inputted

— Has Been Replaced by NWS Flood Wave
Model (FLDWAV), Free Download at:

http://hsp.nws.noaa.gov/oh/hrl/rvrmech/rvrmain.htm

Recommended Dam Failure Methods
for Dams > 15 & < 75 feet high

» Use Hec-1 Model for Breach Flows

e Use HECRAS Model to determine
Downstream Flood Depths & USBR
Hazard Charts to determine Flood
Dangers

« Stop Danger Reach when Increased
Flooding < 1 foot or no structures
flooded

Dam Break Models
NWS Simple Dam Break Equation

— Developed from NWS Full Dam Break
Model

— Based on Falling Head Weir Flow

— Input Non-Breach Flow, Surface Area,
Selected Failure Depth, & Time of Failure

Recommended Dam Failure Methods
for Small Dams 15 feet or less in height

» Use NWS SMPDBK Equation to
determine Breach Flows

e Use HECRAS Model to determine
Downstream Flood Depths

e Stop Danger Reach when roads
flood < 1.5 feet, and Flooding to
Houses & Buildings < 6 inches

Recommended Dam Failure Methods
for Dams > or = 75 feet high

e Use HMR-52 & HEC-1 Model for
Hydrology
e Use HECRAS Model for Breach Flow

e Use the Unsteady HECRAS Model if
feasible

e May also use DAMBRK , or FLDWAV
Models for Breach Flow




HMR52 Model — Elliptical
Rainfall Distribution

10 to 20,000 square
mile rainfall cells

Rainfall Bands

Watershed Boundary

8 Low Danger @ Judgement Zone @ High Danger

Hurricane Floyd

Flood Danger for Cars

Low Danger Zone

@ Low Danger BJudgement Zone B High Danger

Flood Danger for Adults

Rainfall from Hurricane Floyd, Sept 99
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Nagels Breach Statistics
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Foreman Branch Dam before Floyd

Foreman Branch Dam after Floyd
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Foreman Dam Breach
Statistics

Foreman Branch Dam after Floyd

Foreman Branch Dam after Repair
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Frazer Mill Dam after Floyd

Frazer Dam Breach Statistics

Jones Lake Dam before Floyd

."-'\ -.

Frazer Mill Dam after Floyd
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Jones Lake Dam Breach
Statistics

Sassafras Dam after Floyd

Sassafras Dam During Floyd

epair
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Sassafras Dam Breach
Statistics

Stubbs Dam after Floyd

Stubbs Dam Breach Statistics

Stubbs Dam after Floyd

Stubbs Dam after Repair
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Tuckahoe Breach below Spillway

Boundary Dam Near Seattle Washington

MDE Dam Break Web Site

Goto Www.mde.state.md.us & search for technical references
Microsoft Word

Documents

Microsoft Excel
Spreadsheets

Executable
Programs

St Pauls Emergency Spillway during Floyd

Any Questions?

\ >

Bruce Harrington, MD Dam Safety, 410-713-3687
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