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1 Introduction

Dam breach modelling still constitutes a challenge for the sci- 2.
entific community at it is evidenced by the relative accuracy of
the simulation models (CADAM, 2000). The work from Andrey
L. Rozov is a very important and valuable contribution: the topic
and the numerical scheme presented can be a useful tool for prac-
tical and scientific purposes. The methodology is well structured
and is sustained by experimental results. Recently the discussers
(M.J. Franca and A.B. Almeida) were involved in a project on
dam breaching of rockfill dams, based on laboratory experiments
similar to the ones shown here (Franca and Almeida, 2002), and
developed a similar computational model, applicable to rockfill
dams (Franca and Almeida, 2004), where the breach simulation
is based on a modified Exner erosion equation applied only in one
breach cross-section. A later version of the model expanded its
application scope for embankment dam ruptures caused by over-
topping (Francat al., 2004). The use of the Exner equation for 3.
the breaching simulation seems to be very appropriated for use in
dam breaching lumped models (Singh, 1996). Its simple formu-
lation permits an easy implementation and small dependency on
empirical parameters; the erosion constants can be related with
the dam material allowing guasi-rational approach of the prob-
lem. We allowed ourselves to comment A.L. Rozov’s work in
some points, hoping that this will contribute to improve further
improvements of the author’s work. We will divide our discus-
sioninfour parts, which includes: general comments on the paper,
breach development, model application, and conclusions.

4,

2 General comments

Several comments and questions showed up when reading

A.L. Rozov’'s document. 3

1. Itis referred that the initial breach has a width between one-

point should deserve a reflection: is it an input parameter or
not? Is it a random output?

It is not clear how each essay began. It seems that, when fill-
ing the reservoir, and until the beginning of the experiment,
some impervious structure was placed in the incipient breach
location, avoiding the beginning of the erosion process (Figs 4
and 5). If so, it should be very interesting to compare these
results with experiments where an incipient breach in the top
of the dam was induced (for instance a small channel in the
middle of the dam crest as made; Visser, 1998), letting the
breach develop laterally and also downwards. We think that
the non-consideration of the bottom breach erosion can induce
errors on the maximum discharge assessment and on the reser-
voir depletion simulation (see Section 3 of this discussion).
It is also not very clear if there was any kind of imperme-
able layer on the dam model or if the experiments were made
accounting only on the dam material non-permeability.
Itwould be interesting to present direct hydrograph taken from
one representative test and not what seems a smoothed graphic
showed on Fig. 3. It would be interesting to compare the time
simulation of a dam breach made with earth with the ones pre-
sented to rockfill cases by Franca and Almeida (2002). Inthese
experiments the hydrographs obtained are characterized by the
occurrence of several discharge peaks. These ones correspond
to the occurrence of a cascade of rockslides or instabilities,
which induce the sudden enlargement of the breach area as
a consequence of the drop on the breach bottom and of the
widening of the breach width.

Finally, it seems that Table 6 has an error on the headers of
the columns, easily understandable and that does not hinder
the text comprehension.

Breach development

third of the dam height and the dam height value. Franca andin our opinion, the most pertinent question to be posed about the
Almeida (2002) refers the formation of an initial breach in the proposed model is the consideration of an incipient breach which
rockfill dam cases with the size of about the dam height. This depthis equal to the total dam height. In fact, this assumption does
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not agree with several historical data and cannot be applied unibreach bottom and lateral erosion individually, and used the clas-
versally to any kind of embankment dam. As shown by Franca andsical principle of the mass conservation in terms of water volume
Almeida (2002) to rockfill dam breaching, the eroded material is flux for the reservoir routing:

deposited immediately downstream of the dam base, restraining dNg () Qﬂsb

the breach depth development to about 80% of the dam height. 5= —Cgb% (3)
The discussers also did not verify simply lateral breach erosion Ag

intheir experiments. Itis our opinionthatfor earthand mixeddam  gp(y) Qgsm

cases, one should not consider only exclusive lateral erosioninthe —g,~ ~— &mW 4

breach evolution simulation. Taking the historical data presented B

by Singh (1996), in about one-third of the cases where there is (0 — O — Qc) = % (5)

information, the breach does not reach the valley bottom. For the dr
calculation of the maximum discharge through the breach and ofVh€r€Csp, Csm. Bsp, fsm are bottom and lateral erosion con-
the breach evolution time, the hypothesis made on the incipientSt2ntsAs the wet breach surfac@s. 0i, Oc the breach, input
breach may induce important errors. and pyer the crest disc.harges ahg the dynamic response
It seems pertinent to introduce the integrated reservoir—breactfOefficient of the reservoir.
response and the reservoir classification concept introduced by
Walder and O’Connor (1997). This concept applies to embank-4 Model application
ment dams and allows the qualitative characterization of the
expected outflow hydrograph. The designation of small or largeWe analyse now the results for the Salles Oliveira dam accident
reservoir does not relate with the reservoir absolute volume but(Brazil) using the RoDaB model. In RoDaB, calibration is made
with the relation between the reservoir dynamic response andonly on the erosion constants.
the breach erosion rate. In fact the present methodology from The Salles Oliveira earthen dam was overflowed for seven
A.L.Rozov can be considered valid for the large reservoir case. Inhours (Ponce, 1982 cited by Singh, 1996) until a discharge peak
this case the maximum discharge occurs when the breach reachefue to the upstream Euclides da Cunha dam breaking induced
its maximum wet surface, since the reservoir water level does nothe beginning of the breaching process. The breaching process
change significantly along the breach evolution time (mostly onetook about 2 h until it was finished. According to Singh (1996) a
can consider it constant). However, in the small reservoir casesdischarge peak of.01 x 10° m3/s was released from the collapse
the moment of the occurrence of the maximum discharge throughof the upstream dam. This value was used in the definition of the
the breach is obtained from the analysis of the evolution of theinflow hydrograph upstream from the Salles Oliveira dam. The
reservoir dynamic response and the breach erosion rate. general dam characteristics of the dam and the breach parameters
This can be shown taking the discharge equation (19) onare given in Table D1:
A.L. Rozov's text, considering the hydraulic head equal to
H = Nr—Ng (Nristhereservoir water level amdk isthe breach  Table D1 Application example—Salles Oliveira dam and breach char-
bottom level) and applying the equation for the discharge controlacteristics (Singh, 1996)
section. Considering, Ng andNg time variables, knowing that

. 0 ) Dam Crest Reservoir Breach Breach Peak
the maximum occurs téit_ = 0, we have: height length volume width depth discharge
do d L5 (m) (m) (m®) (m) (m) (m3/s)
— =0= —(c B(Ng — Ng)™>) =0 1
dr g7 (Cav/8BWNR = Ne) ™) - 167 26x 107 13 35 7200

Consideringeq constant, and developing the last expression we 2This value is different from the one considered in A.L. Rozov's applications;
here we consider not the released volume but the reservoir volume.

obtain: bIn A.L. Rozov’s paper the final breach width referred is equal to the valley
_ width; anyway, as we will see, the breach final width does not affect the
d_B l = _1.5d(NR Ne) 1 @) maximum discharge value.
dr B dr (Nr — NB)

The maximum discharge occurs when there is equality between The RoDaB model was calibrated taking into account the time
the relative breach width erosion rate antl5 times the relative  of breach formation and the peak discharge released when the
breach hydraulic head evolution rate. The breach hydraulic headlam collapse occurred. We considerg¢breach time evolution)
evolution rate accounts for the breach bottom erosion rate andhe moment when the discharge is maxima. The trigger moment
for the dynamic response of the upstream valley confining thefor the beginning of the breaching process was the existence of an
reservoir. This expression shows one general condition for theoverflow depth of 0.10 m on the dam crest. The breach discharge
determination of the maximum discharge. From expression (2),coefficient considered in formula (19) from Rozov’s document is
the occurrence of the maximum discharge is conditioned also bycq,/g = 1.30, whichis in accordance with Colemetral. (1997).
the breach bottom development, which means that it can occuiThe calibrated values for the erosion constant€£gige= Csm =
before the bottom erosion ends. 3.2 x 10% andBsp = Bsm = 2. The following table shows the
Franca and Almeida (2004) developed the RoDaB model with comparison between our results, the ones from A.L. Rozov and
an Exner erosion equation modified and adapted to simulate thehe historical data.
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Figure D1 Results from the RoDaB model to the Salles de Oliveira dam accident.

Table D2 Salles Oliveira dam accident: historical data (Singh, 1996); consideration of the breach bottom evolution is of easy imple-
A.L. Rozov's results; RoDaB results mentation on Rozov’s model and the additional computational
Historical data A.L. Rozov's results RoDaB results effort is not relevant.
5 5 3 Further improvements based mainly on experimental studies
Q’g“ax e Q’;ax e Q’;‘ax s must be made in this kind of models, A.L. Rozov’s and RoDaB,
(m) (m%/s)  (h) (m) (m%s) (h) (m) m%/s) (h) . : e g . ;
in order to clarify some points: time variation of the discharge
131 7200 2  120-147 14400 2.84 2907260 1.9 coefficient accounting to the variation of the hydraulic head, the
aAt the moment of the maximum discharge the breach width was 37 m. influence of lateral and of tail water effects; better calibration of
the erosion parameters; better final breach geometry estimations.
Dam breaching depends on multiple factors and each case
must be considered as unique. The compound effect of the factors
has arandom component. Monte Carlo and stochastic models can
. . ... ._be very useful in the context of a probabilistic analysis. In our
In this case the breach lateral development is not conditioning_ . . y . ) .p . y
opinion, it will always be very difficult to predict each breach

for the maximum discharge value. According to our results the . . .
: . event with full accuracy. This fact imposes the acceptance of
maximum discharge occurs when the breach reaches the dam

bottom, i.e. when the hydraulic head in the breach bottom iserror margin and risk evaluation criteria.

maximum. From Figure D1, and according to RoDaB results, the

breach development can continue after the maximum discharge

until its final configuration. The non-consideration of the input Acknowledgments

discharge by A.L. Rozov in his simulations may also justify the

differences on the example here presented. It would be interestind "€ authors wish to express their gratitude to Frank Braun-
to see his results considering now the inflow discharge into theSchweig for his help on the RoDaB simulations.

reservoir referred by Singh (1996) of0ll x 10° m3/s.

Figure D1 shows the time evolution of several of the variables
simulated by the RoDaB.
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Reply by the Authors

The author would like to thank M.J. Franca and A.B. Almeida for

the very useful discussion of the paper. The discussers suggested ,,
to examine extremely important subjects concern features of the

opment, then one should operate with the breach which bottom
reaches the base of the dam.

Analyse the results of the discussers’ experiments. In these
experiments maximum flow velocities in the breach can be
estimated as

5 2
\/gngm\/ngO.SdlAm/S (2

dam-breach development and the calculation of the maximum

discharge through the breach.

where the hydraulic hea = Ng — Ng; Ngr, Ng are reservoir

First, note thatthe discussers consider the presented methodolyater and breach bottom levels respectivly;oc 0.4 m; Ng o
ogy valid for the large reservoir cases when “the reservoir waterg 1 (Franca and Almeida, 2002, 2004).

level does not change significantly along the breach evolution

time”. Undoubtedly, it is a certain misunderstanding. According
to the model one has, for example

B
B x 7" H o« 0.75Hy  att = fmax (1)
wherernay is the time of maximum water discharge through the
breach,B and H are breach width at the critical section and
reservoir depth at the dam at the time: 1,4, respectively, and

Hy is initial reservoir depth at the dam.

The presented model assumes the formation of a compara-

tively small (B ~ Hy/3 — Hy, where Hy is dam height) initial

The material of the dam wagy = 0.0189m. The author
estimates the material characteristics as

vm x 2.8 — 3.4m/s 3)

vp x1—1.2m/s,

wherevy, is non-eroding velocity andy, is critical flow velocity
(under this velocity the bottom layer with its thickness no less
thandso comes to the motion).

In this experiments flow velocities in the breach were less
thanvy, and did not satisfy the full-scale condition of the dam

breach with its bottom reaches the base of the dam and furwashout process (Eq. 1; Rozov, 2004). Under such conditions
ther breach lateral development keeping a rectangular form. Thighe material of the embankment crumbled during the process and
model is the result of the author’s experimental investigations. accumulated within some limits on the bottom of the breach.

Practically the same results were derived from experimental stud4n the result the depth of the breach was less than dam height.
ies for earth dam cases by Tinney and Hsu (1961), Bechteler ancertainly, these experimental data are of a large value for dam-

Broich (1991), Colemaset al. (1997) and for mixed and rock-

breach washout investigations but they cannot be used for direct

fill dam cases by Tinney and Hsu (1961). The same pattern ofrecommendations for natural conditions.
dam-breach erosion is presented by Johnson and llles (1976) Examine the discussers’ relation (2). The discussers con-
(based on approximately 100 historical dam failure cases) andsider it proves the possibility of the occurrence of the maximum
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discharge through the breach before its bottom reaches the base The author can answer the discussers’ questions in the

of the dam. One has following way:
B, d_B Ng, Ng, (Nr — Ng), _dﬂ, _dNs >0 (4) 1. The width of the initial breach was estimated on the basis
dr dr dr of known historical data. Especially on the data by Johnson

The left part of the discussers’ Eq. (2) is positive. Hence, its right ~and llles (1976) in which triangular form of initial breach was
part has to be positive too, that is the following relations have to ~ replaced by a rectangular one keeping the water discharge

be satisfied: through the breach the same.
2. The hydrograph presented in the paper, in fact, was not
dVk _ dNe 'dNR ‘dNB (5) smoothed. During experiments discharge peaks were absent.
dr d ' | de dt 3. Until the beginning of the experiments measures were taken

to prevent both the reservoir water outflow through the breach
and water filtration into the embankment. There was not any
kind of impermeable layer on (or into) the dam because of
low filtration velocities, 10%-5 x 10~ m/s, and rather little
duration of dam-breach development, 250-300 s.

But if (5) is realized from the very beginning of the overtop-
ping of the dam then the process will be soon finished and the dam
will be safe. Hence, dam failure needs realization the converse
condition from the outset of the process

dNg  dNg ‘dNR

a dt

dNg
dr

(6) The author fully agrees with the discussers that his model
needs for simulation of the process of formation of the initial

Consequently, the transformation from (6) into (5) during dam breach in the dam and, in particular, uniform washout of the

washout is the necessary condition for the occurrence of the maxwhole length of the dam crestin the case of powerful overtopping.

imum discharge through the breach. The discharge through thdn a first approximation the simulation is presented in the work

breach is negligible and hence the valugdd¥r /dt| is very little (Rozov, 2004).

till the bottom of the breach reaches the base of the dam as it The author completely agrees with the discussers’list of nec-

simultaneously means that the breach width is rather small [it€Ssary experimental investigations to clarify some aspects of the

is validated by experimental and historical dam failure data (seeProblem in question and considers the discussers’ experimental

above)]. Therefore, one would expect that the transformationfacility built at the CEHIDRO Laboratory (Franca and Almeida,

from (6) to (5) is possible after the bottom of the breach reaches2002, 2004) has all necessary conveniences to execute them

the base of the dam. properly provided due account of restrictions on embankment's
Another type of dam failure cases, characterizing by uniform Material and carry out dam washout measurements.

washout of the whole length of the dam crest in consequence of ~The author agrees with the discussers that Monte Carlo and

powerful overtopping, is very rare (Rozov, 2004). Certainly, this Stochastic models can be useful in the context of a probabilistic

type of dam washout deserves thorough examination because dgnalysis of some aspects of the problem in question concern, for

substantial discharge over the dam crest during its erosion. example, the probability of realization of conditions that lead to
Discussers suggested to analyze Salles Oliveira dam failuredam failures. But calculations of the process of dam washout

They presented related to this failure data unknown to the authorshould have a deterministic nature and call for use theoretical

Summarizing all known data concern this disaster one can comenodels that fit the process adequately.

to the following dam failure scenario. Due to the upstream

Eucldes da Cunha dam (with its reservoir volume and depth sub-

stantially larger than Salles Oliveira ones) breaking, overtoppingAcknowledgments

of the Salles Oliveira began. Dam crest erosion began some hours

later since, to all appearances, the dam had a protective coveringlhe author thanks Dr Vitaliy Klimovich (VNIG B.E.Vedeneev)

According to MacDonald and Langridge-Monopolis (1984) the for providing information.

difference between the reservoir water level and the dam crest

level was more than 3 m. Under such conditions after the protec-

tive covering was destroyed uniform erosion of the whole length References
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