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Abstract

Understanding dam breaching is essential because of the catastrophic consequences that
canfollow adam failure. Such events are rare; however, when they do occur the downstream
area is usually not sufficiently prepared to manage the flood wave thaeiagehby a sudden
dambreach. Engineers have realized that trying to prevent the flood from happening after the
dam has breached is a very difficult issue. Therefore, the focus of engineers is often directed
more towards the flood management aspect wiherpurpose is to protect thigerine
population. This is performed by identifying the different ways the structure can fail, by
calculating the consequences of each type of failure, and by evaluating the risk associated with
that failure type. This risks then reduced by employing effective emergency evacuation
planning or by relocating the population that would be possibly affected by the dam failure.
Therefore, it is evident that an accurate breach analysis must be conducted to predict how the
flood will propagate downstream.

Until recently, research has been scarce in the fighithygicalmodelling ofdam
breaching. Over the past few years, teams from the University of OtGamadaDelft
University of Technology, Netherlands, airtR Wallingford, United Kingdomhave worked on
several physical models to help determine how various dam breaching characteristics vary due to
changes in dam geometry and geotechnical properties. The purpose of this project is to use these
new exgrimental data sets tiompare andvalidatethe applicability range of two existirgeces
of software MIKE11-DB andBREACH developed by the Danish Hydraulic Institute and
National Weather Service, respectiveleverabreaching characteristics such as the outflow
hydrograph, pak flow, lag time, breaching timéreach width, and water level are considened
the present studyA sensitivity analysis is also performed on the d emaidisput parameters
andtheir sensitivity and performancerasnked accordingly.

From the simlations run in both MIKE11 and BREACH the following conclusions have
been made:

I.  BREACH performed poorly imodellingtests that have beeonducted alaboratory
scalecompared to in the field
II.  MIKE11l was able toeproduceheresults of laboratory tests with better accurdoan

BREACH. Several conclusions were drawn:

a. The general shape of the outflow hydrograpbduced by MIKE1las better
simulated for cohesive materidlsan norcohesive materials.

b. MIKE11l had a tendencp make the nowohesive outflow hydrographs more
gradualthan what was recorded in the laboratory which resultedhigher total
breaching time.

c. Breach widthsimulations by MIKE1lwere more accurate w&h using non
cohesive materials than cohesive mats.

lll.  Both BREACH and MIKE11 were able to simulate dam breagfor thestudiedfield
tests.
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a. Itwas found that BREACH performed slightly bettiean MIKE11when
reproducinghe peak discharger the homogenous overtopping tests.
b. MIKE11l approximated betterpeak dischargthan BREACHwhen a moraine
material was used and when failure occurred due to piping
c. MIKE11 was more accuratean BREACHwhen simulating other dam breaching
characteristics such as time to peak discharge, lag time, and total tomeach
MIKE11 correctly reproducethe breach depths during simulation for overtopping
failures, but had issues when a piping failure occurred. To initiate piping failure when
using MIKE11, the initial pipe diameter had todignificantlyincreasedompaed to
what was recorded in the field8BREACH initiatedthe dam breach with the recorded pipe
diameter.
A sensitivity analysis was completed for MIKE11.
a. The most sensitive parameteund inMIKE11 was the sediment grain sizes(p
b. The upstream and dawstream side slopes were found to be equally sensitive and
the second most sensitive parametertof all the parameters tested for MIKE11
c. The porosity, crest width, and noliimensional critical shear stress proved to be
the least sensitive parametardMIKE11
Problems aroswith BREACH during the sensitivity analysi$/ainly, the simulation
occasionallyended before an accurate breach of the embankment was complete. This
caused large variations in teensitivity analysisesults and therefore thagameters may
appear more sensitive than they actually are.
a. The most sensitive parameter in BREACH wagermined to bthe downstream
side slope when using the predetermined test cases.
b. Boththe gradation and internal angle of friction were found to be more sensitive
than the upstream side slopat less sensitive than the downstream side slope
c. The least sensitive parameter in BREACH was determinbdttoe unit weight
for the predetermied test cases
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1.0 Introduction

Dams have beea useful tool fomankind for thousands of years by stgrimater during
times ofsurplus, and by making availablefor useduring times of drought. There are currently
over 45,000 large dams bginsed throughout the world today (DHI Water & Environment
2009 and 800,000 dams have been construtathte(Zagonjolli, M., 2007). These dams
ensure a water supply &aljacentarea, mitigateflooding, orgeneratdydro-electric power (DHI
Water & Environment).

Dams can usually be classified irteo different groups: concretad earthen/rock.
Concretedams can usually be classified into gravity, arch, or buttress resistant. Almost 80% of
the worl dbés major dams dible earthreromateitials (US Candittder o m
on Large Dams, 1975).

Dam failures are very rare, but they do occur. Wihemsdo fail, there are usually
catastrophic consequences. Tikisften because local communities ao¢ sufficiently
prepared The amountf life or propertylossthat can occur from a dam breach hasaased a
large amount over theapt few decades. This is because there has been a lot of development in
area that would be affected if a dam breach occurred (DHI Water & Environment).

Same examples of catastrophic dam breaches include the Datarfailure of 1976, rd
the Bangiao & Shimantan Damdach of 1975. The Teton Dam failure occurred in Idaho in
June of 1976 and was classified as a piping failure. Cracks in the abutmeata/&drtforming
a pipe in a weak soil layer. Within a couple of hours of the pipe forming, the dam had failed.
The city of Rexburg, located downstream of the Teton Dam was evacuated and only 11 lives
were lost. However, over 13,000 cattle died and al®@% of the city was destroyed, which
resulted in over $2 billion in damages. The Bangiao & Shimantan Peawtbof 197%vas
much more drastic. This failure was caused by overtopping because the area recéived a 1
2000 year storm while the dam wadyodesigned for a-1in-1000 year storm. The area actually
received over 1000 mm of rain in a 24 hour period. The failure caafledd wave that was 10
km wide and 7m high, which causeder 85,000 deaths due to flooding and another 145,000 due
to sulsequent starvation and epidemics.

With global warming on the rise, there are going to be more severe flow conditions
within the life span of structures that have already been constructedhatled to increased
safety concerns. More torrential raatifandthe melting of icecaps and glaciemmaylead to
more water entering the dam reservoir. This increased water flow will likely increase the
number of dam failures and will therefore be a danger to anything downstream of the dam. The
amount of lifeloss will depend on a number of different things including: the water depth, flow
velocity, geographical distribution of the population, warning time to reach the population, and
how easy it is to warn them. Therefore, if advanced warning message$vaeddo the
population, lives can be saved.

For better risk assessmertisiimportant for the development and improvemetaom
breach modelling softwaredDam breach modelling and the associated floodisisgquiredto
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save lifeas well as propertpcateddownstream of the dam (Zagonjolli, M., 200Wahl (1998)
statesthat many different approaches have been taken to predict the breaching process and he
classifiesthem as noiphysically based, senphysically based, and physically based.

A nonphysically based model is one that fits equations to past dam failures. The user
can select parameters such as the reserghime, dam height, or crest widind the brezhing
process is predicted from similar structurés example of a nophysically based modetas
presented by Froehlich (199%)ahl (2001) completed a qualitative analysis on how accurate
these processesare Mor e i nf or mat i-physicdy baseB malevidWa b hés non
analysis can be found in the literature reveegtionof this thesis

A sami-physically based model is similar to a roimysically based model but it uses
simplified assumptions for some of theeachingorocess.These modsl usually provide a full
outflow hydrograph instead of just one characteristic such as the peak outflow. However, the
user is usually forced to make an assumption where there is limited guidance. Examples of
assumptions a user would have to make armatiig how quickly the breagfeometry
develop=or the final breach geometry. The model would then predict an outflow hydrograph.
This type of model is good to look at different scenarios but does notrgaecaratgrediction
of the breaching proces&n example of a senphysically based model is presented by Siegh
al. (1989) and more details can be found in the literature review sedtibis thesis

Physically based modeddtemptto simulate the breachingeohanisms. Suamodeb
use detailed computations combining hydraulics, sediment transport processes, and soill
mechanics to try and simulate observed physical processes. These models estimate both the
breaching process and the outflow hydrograph. NWS BREACH is by far theoomsar
physically based model (Morris and Hassan, 2002) but a number of models have been developed
before and after its releas€o see a list of physically based models compiled by Morris and
Hassan (2002he reader iseferedto Tablel.1. For more information on many of the models
please refer to the literature review sectidthis thesis

1.1  Objective

The objective of this study is to help validated confirm the range of usability tvfo of
the mostwidely used dam breach numerical models. The two numerical modelsréeieged
are BREACHdevelopedy the National Weather Service (NWS) and MIKE1lhwte Dam
Breach Module (DBJlevelopedy the Danish Hydraulic Institute (DHIResults of these
modelsarecompared taesults ofphysical models completed in both thedediory (conducted
by the University of Ottawa, Delft University of Technology, @asdpart of the Impagdroject)
and field(conducted as part of thRIPACT-projec). The feasibility of each model for different
situations will also be determinaahd areasequiringimprovementre discussedrinally, the
main parameters of each modetanalysed and their sensitivityranked.



Tablel.1: List of

physically based numerical modéisom Morris and Hassan2002)

Geo-mechanics of

Model Breach FlOW. Sediment Transport Breach Side Limitations and Deficiencies
Morphology Calculation Slopes
Christofano Trapezoidal Constant breach bottom width and shape
Reported by rap ' Broad crested Christof No lateralerosion mechanism
with constant . - None - .
Hughes (1981) bottom width weir formula empirical formula No slope stability mechanism
&Singh (1996) Unrealistic erosion relation
Harris Wagner Parabolic- top Constant sediment concentration
(1967) o Broad crested : o .
width = 3.75 : Schoklitsch formula None No slopestability mechanism
Reported by weir formula :
depth User input breach slope

Singh (1996)

BRDAM Eailure of to Constant sediment concentration
Brown & Parabolic, with | Broad crested , P No slopestability mechanism
X . Schoklitsch formula | wedge above pipe : .
Rogers (1997, 45° side slopes| weir formula o No lateral erosion mechanism
specified by user : . ) .
1981) User input time for pipe failure
P(_)nce Top width flow Full Saint Exner equation with No slope stabl_hty mechanism
Tsivoglu rate relation Venant MeverPeterMuller None Use of the regimeoncept
(1981) equations y No lateral erosion after peak flow
Most effective . 1.Ch_r|_stofano S No slope stabilitynechanisms
Lou . Full Saint empirical formula .
stable section No lateral erosion after peak flow
Reported by . Venant 2. Duboy and None L .
. (Cosine curve . . . Empirical formula to compute the erosion
Singh(1996) equations | Einstein formula .
shape) 3 Louds f Inappropriate method to model the breach grow|
Nogueira Effective shear .
. Full Saint . .
Reported by stress section Exnerequation with L .
; . Venant None Same | imitations as L
Singh (cosine curve equations Meyer-PeterMuller
(1996 shape) q
E\/)\/r((e)i??o?rrejfzd Breach side slope Uniform erosion of the breach
NWS stability and top Incompatible computation method
Rectangular and for MeyerPeterMuller . - :
BREACH . : e wedge failure Inaccurate slope stability analysis
trapezoidal overtopping. modified by Smart X - T . : :
(Fread, 1988) Orifice Elow during piping or Simplified modeling of the failure of composite
for pipi overtopping embankments
or piping
BEED
Singh & Broad crested Breach side slope Uniform erosion of the breach
Quiroga Trapezoidal : EinsteinBrown - P Incompatible computation method
. weir formula stability - :
(1987), Singh Inaccurate slope stability analysis
(1996)




Tablel.1 Continued: Lisof physically basedumerical moded (from Morris and Hassarg002)

Geo-mechanics of

Model Breach FlOW. Sediment Transport Breach Side Limitations and Deficiencies
Morphology Calculation Slopes
.| Principles of | For stages 1 and 2,
3 stage failure:
; hydrology and| detachment model .
cover failure, . : . - Does not model complete embankmailure
SITES headcut hydraulics to | was used. For stage Spillway exit rocess
(1998) : produce 3, an energy channel stability - P! :
formation, and . L . - Empirical coefficient to compute erosion
: spillway flow- dissipater equation
headcuerosion
stage curve was used
NCP
BREACH . Empirical - - Empirical formula based on small scale mode
Parabolic Empirical formula None o .
(Andrews and formula - No slope stability mechanism
Coleman,
1998)
EDBREACH
(Loukola and . Broad crested Top wedge failure - Uniform erosion of the breach
Trapezoidal . Meyer-PeterMuller . - . .
Houkuna, weir formula during piping - Inaccurate slope stability analysis
1998)
BRES 5 stages of Broad crested| Several transport None - No slope stability mechanism
(Visser,1998) failure weir formula formulae - Incomplete computation method
DEICH - Parabolic breach shape
Diffusion Shallow water|  Several transport - No slope stability mechanism
N1/N2 . None - ; .
(Broich, 1998) approach equations formulae - Unrealistic modeling o_f theertical and lateral
’ erosion
Renard and . . . . . - Unrealistic modeling of failure of material abov
Rupro Uniform erosion Orifice Failure of material .
. . MeyerPeterMuller : the pipe
(Reported by of the pipe equation above the pipe | bili hani
Paquier1998) - No slope stabilitymechanism
Flood Levee Rectangular Sediment transport
breach shape . rate estimated . .
Breaches Critical flow : - Uniform erosion of the breach
- above water ; assuming energy None . .
(Fujita and levd equation | d onl - No slope stability mechanism
Tamura,1987) eve - Slope consumed only
' trapezoidal in sediment transpor
below




1.2 Importance and Novelty of the Study

Until recently, there has been a lack of physitzthon dam breachingzgu, Y. et al,
2006 andSingh, V., 1996). An importantissue when it comes tecordingdata on dam
breachings the absence of field (real cases) informatidhen a dam breadtcusin the
field, engineersare usuallynot present until after the breach and subsequent flood have occurred
In most caseshere is not enough warning time for the researchers to travel to the breaching dam
and set up equipment to record the process. The areasdinmg large damsan also be&ery
dangerous while a breach is occurrifigis isbecause of the large amount of water being
released and the subsequent floodifi¢perefore, even if researchers could get to the location,
they maychoose taollectthedata after the breach has occurred. This means that researchers
oftentry to colle¢ datafrom satellite imagery, photos, amdtnesse®f the breactphenomenon
A lot of approximationsiremade and therefore accurate conclusions are very difficdtaia
Tablel1.2 shows approximations for the dam breach characterddtitee Teton Dam Failure
After referringto the table it is quite evident how muitie approximated characteristiosed by
researchis can change.

Over the past few yearsxperimentsn both the laboratory (conducted by the University
of Ottawa, Canada, Delft University of Technology, Netherlands, and as part of the-Impact
project, United Kingdomandin thefield (conducted as part of the IMPA&roject, Norway)
have beemompleted This new informatioms used in this study to helfalidate orrate the
performance ofwo widely used dam breach models: BREACH &MIKE11.

Tablel.2: Tetondam failure data summaiijrom Zhu, 2006)

Breaching Havno et al. .
Characteristics Wahl (1998) | Fread (1988b) (1998) Singh (1998)
Upstream . ) . .
Dam (H:V) 31 251 251 3:1
Slope| Downstream , ) . .
(H:V) 2.5:1 2:1 2:1 2.5:1
Reservoir Capacity i
(16° ) 356 308 308
Peak Outflow
(10* m¥s) 6.5 4.7-4.9 4.58.0 4.67
Breach Height 86.9 ) 915 79.0
(m) : : :
Breach Side Slope _ ) )
(HV) 1:1 - 0.75:1
Bottom i . 55.0 46.0
(m) ' '
Breach To
Width P - ] 192.0 ]
(m)
Averaged (m) 151.0 - - -




1.3 Outline of Thesis

The thesis starts by describing important aspects of dam breaching sucbas the
breaching mechanismsharacteristicsand parameterssed to describe a dameach. Ithen
discusssthestateof-the-artresearchn dam breachingFurther the thesiwill provide
information onthe numerical angbhysical models that will be compared. A comparison will
then becompletedandthe results areompared using a method similar to treepresented in
theIMPACT-Project.Finally, a sensitivity analysis willdocompletedon many of the parameters
used in both BREEH and MIKE11. The feasibility of each model isrltetermined for
certain criteria an€uture work inthis areds suggested.



2.0 Dam Breachingi Theoretical Background
2.1 Dam BreachingMechanisms

Before the leading research on dam breaching modelling is disangsede detailit is
important to understand the main causes of dam breaching. This section will explain the main
reasonglam failuresoccurand how they develop. There dneee major types of earthen dam
failures. They are overtopping, foundation defects, and piping. Costa (1985) states that 34% of
all dam failures are due to overtopping, 30% are due to foundation defects, and 28% are due to
piping. This leaves 8% of thdam failures which are caused by other miscellaneous acts or
processes.

2.1.1 Overtopping

Overtopping is the most common type of failure. It occurs when there are water levels or
waves that are higher than the crest of the dam. This type of failure usuallyfotouisg
storms withprecipitationthatexceed the reservoir and spillway cajity of the dam The
failure isalsodue to inadequate design, construction and maintenance, debris blocking the
spillway, settlement causing the dam crest to be lowered, or a section of the dam crest that was
built lower than the rest of the crest (Tasknmittee on Dam/Levee Break, 2010).

When the dam is constructed outhmimogeneouson-cohesive sediment compared to
non-homogeneous or cohesive sediment, the breaching prostgsiiEantlydifferent.

The breaching process for a homogeneous,cobasive dam is usually described in four
stages and the erosion mechanism is sediment transport. First, the downsipeaoh thle dam
near the crest becomes steepEne stage is described by the upstream erosion of the
downstream slope. This resultsamarrower crest width. The third stage is defined by the crest
being lowered due to downcutting. Finally, the fourth stage is described by the breach widening
due to lateral erosion and this is where the mass failure occurs (Task committee on Dam/Levee
Break, 2010). Wa h | (1998) describes the firs
initiationo.

The breaching process for a dam constructed of homogeneous, cohesive sediment is
significantlydifferent. This is because the erosion mechanssiing head cut or vertical drop
erosion The Task committee on Dam/Levee Break (2010) still describes this breaching process
as occurringn four stages. The first stagewkenthe initial overtopping occuysvhich results
in sheet and rill erosion. These rills develop into large overfalls which eventually cause large
headcuts in the downstreanestt The second stage is described by the headcut also reaching
the upstream part of the crest. The erosion chansehatlens. The third stage lowers the crest
of the dam by downcutting. Finally, the fourth stage widens the initial breach and again, this is
where the mass failure occurs. The task committee bslieatthe third and fourth stages are
very similar fo cohesive and non cohesive sediments. However, the erosion modes and the
mass failure that occurs are very different.



The Task Committee on Dam/Levee Break (2010) also states that the overtopping failure
of dams made out of composite sediméntdso vey different than dams constructed out of
homogeneous sediments. They believe that when overtopping oocardam with &lay, steel,
or concretecore that erosion starts on the downstream slope by sigdéenent transpodr bya
headcut that advancastil it reaches the corérlhis erosion may affect the stability of the core
and cause it to fail. Common failures of the core include sliding, overturning and bending. The
core would then wash away downstream and the breach would increase untdimessdcurs.

If the cover is less erosive than the core, the cover may erode first and the core would only erode
at the areas where the cover has eroded.

NN (O

(a) 2 b) (e)

Figure 2.1: Breachshapes due to overtoppiigSingh, V. (1996)
2.1.2 Piping

Another common type of dam failure is due to piping. Piping occurs from seepage 0
leakage through weak layers, structure joints, dead tree roots, and animal burrows in the
embankment. For piping to occur, the water level does not need to medokight of the dam
crest. lItis also possible for seepage to liquefyntaeerial in the body of the daamd cause
large volumes of thedatos | i de as sl urry. 't is most commo
one end of the dam to another. The erosion within thegaipsegarts of the dam to slump and
eventually collapse from the weight and water pressure. After the collapse, the breaehnyact
much like & overtopping breach. This includes both the downcutting and then widening. The
piping failure takes much longer to occur than overtopping failure. Piping failure can take days
as overtopping failure takes hours or less.

\ DAM CREST /

O

Figure 2.2: Pipingfailure crosssection(from DHI Water & Environment2009)

2.1.3 Foundation Defects

The last major type of dam failure is due to foundation defects. These defects include
differential settlement, sliding and slope instability, high uplift pressure, and uncontrolled
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foundation seepage. Where differential settlement occurs, often cratkseak layers are

found throughout the daniThese cracks and weak layers can lead to internal erosion which

often results in piping failureWhen there is a lot of seepage that passes through the foundation
there might also be sand boils. High uplifégsure is another major foundation defect that can
lead to failure. This adds to the slope instability and may cause the dam to slide. The sliding
defect can form a large rupture almost instantaneously and is much faster than piping and
overtopping. Th sliding defect also has a much greater erosion potential. The size and position
of the sliding failure is usually determined by the geological conditions (The Task Committee on
Dam/Levee Break, 2010). The sliding breach is usually rectangular in ahédpevers the

whole height of the dam (Singh, 1996).

2.2  Five Stages of Breach Procesa Dikes/Embankments

Visser (1998) an@hu (2006)have bothorokenthe breaching process down into five
different stages. Viss¢t998)studied dike breaching in sand dikes wiziles (2006)studied the
breaching process in clay dikes. Bptlocesses are almost identical Bt (2006)stipulates
that headcut erosion plays a more important role in clay embankments. The following outlines
the five stages on the breach process outlneVisser(1998)(seeFigure2.3 for an illustration
of the breaching procéssHe assumes the breach erosion starts it with a flow that runs
through a small initial breach at the top of the sand dike.

. Thefirststag starts with steepening of the sl ope

sl ope. Theattrbtam@dl caml nueacls & mapaitmum cr i
t]_.

ll.  The second stage has erosion of the inner slope at a constarfi;dogte< . TR)S
yields a decrease in crest width in the breach width. This stage ends athtentthe
crest totally disappears and the breach inflow starts to increase.

lll.  The third stagés the lowering of the top of the dike in the breach with a constant angle
of the breach side sl opes. Thandthisrdsalts s | op e
in an increase of the width of the breach fort ts. AQt = & the dike in the breadhas
completely washed away all the way to the original ground.

IV.  Thefourth stage is the critical flow stage where the breach flow is virtually critical
throughout the breach fos¢  t,. The breach still continues to grow laterallfe side
slope angles still stay at the critical value. Whether the breach growsmtloeevertical
direction depends on the erodibility of the original ground. At tthed flow changes
from critical to subcritical. Therefore, Fr = 1 fart  t4 an@ Fri< 1 for t >4

V. The fifth and final stage is the subcritical flow stage andtkach continues to grow,
mainly laterally due to the subcritical flow far¢  ts. AQts, the flow velocities in the
breach become very smalhdany breach erosion stops. The side slope angles still
remain at the critical value. The flow througle tireach continues until t #dand the
water level downstream of the dike equals the water upstream.



During the first 3 stageshe initial breach cuts itself into the dike. Stage IV and V contain
most of the flow that travels through the breach. At the end of stage IV, backwater starts to
influencethe flow through the breach. In theory, when a small downstream ponder istprese
the submergence of the dam can occur in any stage. However, in practice this usually occurs in
stage lll since the flow travelling through the breach is too small in the first two stages.
Therefore, in the case when a small ponder is present, tlike Sdage can be skipped.

/ s 2
; y |
[ 3/ A Y

- o 4

Figure 2.3: lllustration of the 5stage breaching proceg¢By Visser, 1998)
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2.3 Typical Dam Breach Hydrograph and Characteristics

The main hydrograph characteristics that this study will be loakirmge outlined in
Figure2.4. Thisfigureis a typical hydrograph that can be expected from a dam breach. The
main characteristics that this studifl be looking at arePeak Outflow, Time to Peak, Lag
Time, and Breach Time.

Peak Outflow is one of the most important characteristics when it comes to looking at a
dam breach hydrograph. It represents the maximum amount of flow that will be #xitngh
the dam breach at one instant. This is very important in calculating the inundated areas caused
by a dam breach.

The Time to Peak represents the amount of time until the peak outflow is reached. The
time to peak usually starts when the damtstavertopping or when the test starts. When the
time to peak begsdepends on the author and can vary between studiesimportant to
determine how an author calculates time to peak before making any comparisons.

Lag time is the amount of timetakes from the start of the test uniiére is a discharge
through the breach. Again, the lag time can vary from author to author. r8conéthe lag
time as soon as there is any flow through the breach as others wait until there is a significant
amaunt of flow. It is therefore important ttnderstandiow the authors calculate the lag time
before making any comparisonk my opinion, lag time should begin at soon as any flow starts
overtopping the breach.

The final characteristic that will be loe# atis the Breach Time. This is the amount of
time that it takes for the full breach to occur from start to finish. The timing starts at the end of
the lag timeand continues until the outfdoof the hydrograph is constant and the inflow into the
reservoir equals the discharge through the dam.
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Figure 2.4: Typicalhydrograph and hydrograph characteristics
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3.0 Literature Review

A literature review has beaoncludedo examinethe stateof-the-art researcim the
field. A number of different areas have been researcheliding ron-physicallyand
physically based numerical modefgld and laboratorgxperimentsnumerical models in use,
andvalidation studies that have occurred in the past

3.1  Physically-Based Numerical Models

Franca and Almeida (2004) developed a computation model for rockfill dam breaching
due toovertopping. This model has been named RoDaB. The authors have decided to develop
this type of model because they say no specific type of model for a rockfill dam has been
developed yet. The model is a physically based numerical model and has beemltage
governing equations used in reservoir routing and breach erosion. Results from their laboratory
experiments were used to fulfil the aspects of the dam breaching process which has yet to be
recorded. The authors used two erosion parameters afiddahbreachgeometry to model the
dam breach. The authors finally used the model on a rockfill dam and compared the results to
the BREACH model.

Macchione (2008) proposed a physicdigsed dam breactumericalmodel that predicts
the peak discharge, outflow hydrograph, and breach development. The model takes into account
the geometry of the embankment, the shape of the reservoir, the hydraulic characteristics of flow
through the breach, the erosive capacity, @@ shape of the breach. The model only needs one
calibration parametexhich was chosehased on historidamfailures

Figure3.1 showsa sketdt of the breach section and defines diféerent variables used in
the calculations Several of thexpressions based on the variables can be foundhle3.1.
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Figure 3.1: Definition sketch of breach section providedMgcchione(2008)

Table3.1: Expressions fovariablesprovided by Macchione (2008)

Ay _
Breach R= V= h= dy I=
Triangul 1. 1|2 4 . —2(Zy -Vt
fanguiar —h, sin B —ghh.] Z(z-v) (Zy=Y)tan (Zy-¥) "=,
2 2 5
T idal ho(h.—2Y h—2v 72 1 ) . 27t K
rapezol helhe—21) == p, —[2Z+3Y+(9Y2+472—8¥Z)"?] atan B Zy oty
I ] 2h—Y) 5 2
M ——
“(sinﬁ ']

The area of a triangular tnapezoidal breach section can then be found using:

Triangular:

0 ® O Owef (3.2)
Trapezoidal:

0 ® WK oweT (3.2)
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The volumetric sediment transpoateper unit width ) ) can be found using the shear stre3s (
and a coefficient that depends of the material properties. The shear stress can be found using the
Meyer-Peter and Mueller equation

R Qt” (3.3)
The enlargement of the breach can then be found using the sediment trat