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1.1. Introduction - Dam breach Assessment

Uncertainties of various kinds:

Dam failure modeling uncertainties:

❑ Inflow reservoir hydrograph (Design Flood)

❑ Storage curve

❑ Downstream boundary condition

Algorithmic/Numerical uncertainties :

❑ Numerical scheme

❑ Interpolation uncertainties

❑ Discretization of a continuous land surface into cross sections or 2D mesh

Knowledge uncertainties :

❑ Roughness coefficient (Manning values)

❑ Hydraulic modeling

❑ Dam breach parameters
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1.2. Introduction – Dam breach Regulation

The current Regulation tries, via the classification of dams, to frame :

▪ Hydrological uncertainties

▪ Hydraulic uncertainties

▪ Operation uncertainties

However,

→ Dam breach uncertainties are NOT included / framed.

→ In practice, the failure scenario is define using Guidelines and/or Standards 

Framework.
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In practice, the standardized dam failure scenario is defined by the following three (3) failure 

parameters :

1. Dimensions of the final breach (WBB/HD or Wave/HD)

2. Slope of the final breach (1:Z)

3. Final breach formation time (Tf)

→ A standardized dam failure hydrograph.

ONE of the areas 

flooded by the 

failure

2. Review of Dam Breach Framework
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(ICOLD, 2020)

Dam Type / Standardized

rupture parameters

Hydro-

Québec (HQ 

60-00-00)

NWS (USA) MEQ Cadam France Switzerland

Barrage en béton, type Gravité ; Concrete, Gravity dam (CON ; GR)

Bottom Width W_bb 4*H adapted 4”H 0.5*W Total Total

Average Width W_ave 4*H adapted 4”H 0.5*W Total Total

Formation Time tf 0,1 h 0,1 – 0,5 h 0,1 h 0,2 h 0,01 h 0

Barrage en béton, type Arché ; Concrete, Arch dam (CON ; ARC)

Bottom Width W_bb 4*H Total 0.9*W Total Total

Average Width W_ave 4*H Total 0.9*W Total Total

Formation Time tf 0,1 h 0.01 h 0,01 h 0,01 h 0

Barrage en remblai ; Embankment dam ; Erthfill and Rockfill (EFL+RFL ; NO FD)

Bottom Width W_bb 4*H 0.9*H – 2.9*H 3*H Model Pipping 2*H

Average Width W_ave 5*H 1*H – 3*H 3*H Total 3*H

Formation Time tf 0,5 h 0,1 – 0,5 h 0,5 h some h 0

Barrage en remblai, type masque amont ; Embankment dam, Face dam (EFL+RFL ; FD)

Bottom Width W_bb 4*H 3*H Total 2*H

Average Width W_ave 5*H 3*H Total 3*H

Formation Time tf 0,5 - 2 h 0,5 hr 0,01 hr 0

H : Dam height

Remarks :
The distinction between EFL+RFL (Earhtfill and Rockfill excluding facedam ; NO FD) and EFL+RFL (FD ONLY) is in the 

formation time of the breach, which can be up to 2 hours in the case of "Facedam (FD)"

International Frameworks (adapted from Marche, 2008)

2. Review of Dam Breach Framework
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3. Problematic 

Dam breach Framework Limitation :

▪ Specifications provided in most current safety standards were established on historical dam 
failures recording these parameters.

▪ The “accuracy” of these specifications is directly related to the number of dam failure cases 
available.

Objective :

▪ Provide a probabilistic strategy/approach allowing :

▪ To identify the controlling dam breach parameter(s) and their influence on the downstream
flooding.

▪ To define a range of « possible » using historical dam failure case studies.

▪ To quantify uncertainties on the dam breach parameters, using a probabilistic
approach, on the dam failure hydrograph.

▪ Provide a deterministic strategy/approach :

▪ To verify or validate, using a physical approach, the dam breach parameters specified.
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Before

1960

1960 1980 1990 2000 2010 2020 Futur1970

Cristofano (1965)

Harris and Wanger (1967)

MacDonald et al. (1984)

USBR (1988)

Froehlich (1995)

Wahl (1998)

Fread (1988)

Computer

History

Now

Deterministic

models

Parametric

models

Empirical

models

Probabilistic

models

Boich (1998)

Froehlich (2008)

Jantzen, Marche et Mahdi (2014)

Singh and Scarlatos (1998)

Rezov (2003)

Gonzalez (2017)

Froehlich (2004)

PROBABREACH (2020)

McBreach (2019)

Mohamed et al. (2002)

Froehlich et Tufail (2004)

Froehlich et Goodell (2012)

IMPACT Project 

(2002-2007)

3.1. Dam Breach Models Chronology

1er micros 

computer (1971)
Personal

Computer (1980)

Laptop – Flat 

Screen (1995)

…

…

…

…

…

Limite of Knowledge

Calculation capacity

Historical Dam 

Failure Case Studies

Froehlich (2016a,b)

Artificial

models



Bernard-Garcia and Mahdi 
(2020) database recording
3 861 worldwide historical
dam failure case studies
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4. Methodology
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(2016)
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(Bernard-Garcia, 2022)

“Main” model results:

• Distribution of frequencies of 

appearance of deterministic Qp

• Probabilistic hydrographs

• Range of “standardized” 

probabilistic rupture scenarios

• Frequency of non-exceeding of 

Qp_standardized and parameters

1.

2.
3. 4. 5.

6.

7.

8.

(Bernard-Garcia, 2022)

4. Methodology
(Bernard-Garcia, 2022)
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5. Generate random dam failure scenarios

11

(Bernard-Garcia, 2022)

From Step 3 :

From Step 4 :

From Step 5 :

10 Monte Carlo runs of 1 000 000 scenarios
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5. Generate probabilistic dam breach hydrographs
23 probabilistic hydrographs are generatedUsing the last Monte Carlo simulation

(Bernard-Garcia, 2022)
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5. Discussion

Evaluate the influence of :

▪ Dam breach parameters 

▪ Fit distribution consider to generate the dam breach parameters

▪ Number of simulations per Monte Carlo run to consider

▪ Number of Monte Carlo runs

▪ Deterministic dam breach model consider (parametric, deterministic)
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6. Conclusion – For dam breach assessment

(adapted from WEST Consultants Inc, 2015, 

p.5). 

• Associate a level of “uncertainty” to failure hydrograph using an “user-friendly” tool.

• Quantify dam failure parameters uncertainties

• Encountered sensibility analysis on dam breach parameters

• Improving flood maps by associating probabilities…

Using a standard 

framework

(adapted from WEST Consultants Inc, 2015, 

p.25). 

With a probabilistic

model, e.g. 

McBreach (2019)

PROBABREACH (2020)
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