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TWO-DIMENSIONAL MODELLING OF ACCIDENTAL
FLOOD WAVES PROPAGATION

Lorand CatalilSTOENESCU

Rezumat.St udi ul prezentat “n acest articol descrie
a pr oprug#reiii accidentale “n cazul ogiesbri.i unui b
aplickt “n Rom®©ni a -premrtaiuecpr iprial odarASc’emtarr i i de
barajului Poiana Uzulu . Pr ogr ame |fdositedree at alzealz L 0 model ar e

bidimensiondl ( 2 D) a puwnodpealgotrr | W&nd Tm constderaret atenuarea

inundagei pe o direG normak la direcga principal d e ¢ atenuprea irundgei

este foarte importantt Samcucaziudi curbBameéel doamst &l
apropiate de albia rauluiln cazul barajului de la Poiana Uzului, au fost simulate 2

scenariicu ajutorul Prof. dr. ing. Dan Stematidar cukanse foarte mici de producere.

Rezultatele au fost prezentate animat cu sufgafeindate Trpaki succesivi.

Abstract. The study presented in this article describes a moderdelingmethodology

of the propagation of accidental flood waves in case a dam break; this methodology is
applied inRomaniaf or t he first time for theiami |l ot proj ect
Uz ul ui Thd elcutation prograsiused help us obtain a bidimensional caldolat

(2D) of the propagation of flood waves, taking into consideration the diminishing of the
flood wave on a normal direction to the main direction; this diminishing of the flood wave
is important in the case of sinuous courses of water or with urbaersettlts very close

to the minor river bed. In the case of Poiana Uzului dam, 2 scenarios were simulated with
the help ofPh.D. Eng Dan Stematiu, plausible scenarios but with very little chances of
actually producing. The results were presented as animatwith flooded surfaces at
certain time steps successively.

Keywords: breaking scenario, accidental flood wave, digital terrain model, bidimensional
hydrodynamiccalculation, flooded area

1. Introduction

The theme of the current study is the achievement \érakreal scenarios of
breaking of Poiana Uzului Daifsee fig. 1) A 2D model representing the major
river bed downstream the dam was creaségtchingon 26 Km. The problem is
solved by making a bidimensional hydraulic calculation by using the
HYDRO_AS-2D program. This programs capable of reproducing the conditions

of the flow in a nonpermanent mode, flow mode that is registered after a dam
brakes

The results of sucbalculatiors can be used dhe interpretation of the flood wave
and at theealizaton of therisk maps in case that Poiabaului dam breaks.

'PhD. Eng., Technical University of Civil Engineering of Bucharest, Hydrotechnical Department,
Romaniacatalin_|_81@ahoo.com).
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Fig. 1. Layout ofinvestigated area

2. Limits and characteristics of the investigated area

Theinvestigatedareais represented by the upstream part ofRikzer, in between
Poiana Uzului dam and the junction with TroRiser, and of the upstreapart of
TrotusRiver, from the junction with URiver up to the outsidéorderof Targu
Ocna town

PoianaUzului dam is situated at km B)of Uzriver and Targu Ocn&éown is
located at km 68 on Trotus rive(15 kmupstreanof the junctionwith Uz river),
meaning that a 26 km sector wasdeled

The slpe of Uz River between the dam artble junction is of about 1.1%, while
Trotusslopeon the analyzed sector is ofaal 0.5%.

Consequently, it is only natural that theeaking of the dam produces a very high
flood wave due to the steeopes

The river beds athe 2 sectors are formed mainly of grovel &ieker stones.

At the time of the visit, the watevidth wasof about 1520 m on Uz fig. 2) and
of 30-80m on Trotus (fig3).

As one can observe in the photos, both rivardergo a strong tendency to alter
the course othe minor bed during the flooding. There ananyareaswith bank
erosion thus pus in dange the outskirts.At the site visit, mwhere on the
investigateglacesexist protetions or smaller dams.
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Fig. 3. Trotus river (km 72) on site visit day.
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3. Basic data

For the creatio of the model and for the calculation of the flood discharge speed,
the following basic data was used:

- lake volume curve;
- situation plans and longitudinal profiles of the Poiana Uzului dam;
- information about thé&engthof the two rivers;

- topograpical data resulted from the field measurements (10000 points
consisting of aprox. 80 transverse sections and a weight plan on a8200m
along minor bed);

- 1:25000 maps;
- photos made during the site visit.

4. Breaking scenarios

Poiana Uzului dam is a buss type dam, 300 m long at the base and 500 m at the
cornice. The maximum height of the dam is of 82 m. The dam is made up of
33 plots, out of which 3 are doweomers and the others are normal plots. Bottom
outlet is done through a metallic pipe with.& iIn in diameter at the base of each
down-comer plot.

The maximum water volume of thekk is of aprox. 90000000m°. The two
breaking scenarios were materialized with the helplD. Eng.Dan Stematiu
from the Hydrotechnic Structures Facultiyside UrCB and is based on his
knowledge on the existing problems irpa@rticular areas of the dam, knowledge
acquiredduring the design period and whibnalyzing the behaviour of the
construction. A potentiallyragile area is around plot 9, and another onthat
bottom outlet pip@n plot 19.

An important issue is that the scenanitescribed herender, present a very low
risk and that the analyzed areas do not endangesafieéy of the dam.

Scenario |

The first scenario is graphically presentedfigm 4 arnd 5. It is structured in 4
stages:

STAGE I In a first stage there is a leak alahg bindings of plot 9 and its 75 m
elementstarts sliding; the more it slides the more thischargeflows at the
contactwith plots 8 and10 (stages 2 and 3). In stage(fdy. 4) plot 9 has
completelyfallen. The opening created lilie fall of the plot has a width of
approx. 15 m,and the dicharge reaches the value 00@@m?/s fig. 6).
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STAGE 2 Due toerosionon both sides, plot 8yith a height of 65 m becomes
unstabé andleans towards plot 10, sliding downstream in shene time; due to
all this, water discharges alsobetween plots 8 and 7. At the end of stagel&,

8 has fallen and the opening is®0wide,the discharge reaching 18006/s

STAGE 3 Due to si@ erosions plot 7, with aheight of 55 m becomes unstable
and leangowards plot 10, sliding downstream in the saimme (stage 6). At the
end of this stage, plotslides completely and collapses. At that padiné, opening
measures 4/ in width and thavater discharge reachdse maximum value of
22500 ni/s.

STAGE 4 In this last stage, the lake emptiesough the 45 m wide opening. Due
to thedecrease in the water volume, the dischaligenishes during a period of
110 minutes untiit reaches the vak of the normal discharge (sieg 6). As you
can observen figure 5, thehydrograph of the breaking has a very f@stwth and
theemptyingof the lake is completeid 148 minutes from the accident.

I Mt T e
iunilor produse plotul 7 se deplascazi citre plotul 8 si spre

7 — Plotul 7 se pribuseste; se inregistrenzi debitul maxim de scurgere.

Fig. 5. Scenario I Stage 3 and.4
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Scenario 1 - Decrease of reservoir volume due to dam break discharge
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Fig. 6. Scenario I Discharge hydrograph
Scenario Il

The second scenario is graphically presentedign 7 and 8 The resulted
hydrographsirepresented ifig. 9. This scenario ialso structured in 4 stages:

STAGE I In a first stage there is a breakingtire bottom outflow pipe inside
plot 19 and thefilling material in between the plots is washeway. The
maximumdischarge has a smatlue still, and is estimated at around 100sm

STAGE 2 In the second stage, plot 19, witheight of 80 m starts sliding and the
waterbegins to leak through the bindings with plag&and 20. At the end of this
stage, plot 18lides completely and #apses.The openingneasureapprox.15 m

in width, and the watedischarge reaches a value 00082 n¥/s ig. 9).
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STAGE 3 The bottom outflow pipe inside plot 20 is damaged, andch similar

way as that of stage 2, plot 20, with a height of 80 m, will be destabilized. Due to
the loss of the stabilizing filling, plot 20 becomes unstable, leans towards plot 18
and starts sliding. The water also flows through the bindings of pland 21. At

the end of stage 3, plot 20 hours collapsed and the opening measures now 30 m in
width. The discharge now reached the maximum value of 21760 m

STAGE 4 During the last stage, the lakenpties through the 30 m wide and 80 m
tall opening. De to the decrease in the watedume, the discharge diminishes
during an 80minute period, until the value of the dischamgaches its normal
value (sedig. 9). Similar to scenario 1, the hydrograph of breaking in scenari@
has a very fast growttime and the emptying of the lake ends 155 after the
accident (seéig. 9). The two hydrographs for scenario 1 and 2 wihstitute the
boundary conditions for the 2€alculation.

A0V SN S P =l 12 Aaedaripiisd a1l ST SR S | = Il
7 — Plotul 20 aluneca §i mai mult; creste debitul in lungul ploturilor 18 si 21 & — Plotul 20 aluneci complet si se pribuseste: debitul maxim este atin

Fig. 8. Scenario 1 Stage 1 ath 2

Scenario 2 - Decrease of reservoir volume due to dam break discharge
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Fig. 9. Scenario 2 Discharge hydrograph
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5. The calculation method for the propagation of the accidental flood wave

The propagation of the flood wave and the extension of the flooded areas were
determined through a twdimensional hydrogiamical calculation, with
HYDRO_AS2D computer program. The modeling of the discharge hydraulic
conditions is based on the numeric solution of the bidimensional equation of
medium water depth with Galerkin type volume elements. In this case, the
dischargespeed is gmoximated with respect to the water depth. In order to
simulate such flow, a rectangular and triangular elements model was created,
having a series of prestablished initial and boundary conditions. The calculation

is controlled by the prestblished time step and by the total calculation duration.

The general modeling and calculation procedure is presentedidee

5.1.Programs used fomodelingand calculations

Model creationand flow calculation were realized with the helptafo computer
programs:

- Surface Water Modelling Syste(®MS) from BOSS International INC, USA
and

- HYDRO_AS2D created by Dr. NujicRosenheim, Germany.

So, SMS is a preand posfprocessing programwith which one can create a
network ofelements constitutes the dagiterrain modeénd there are defined the
boundary conditionsthe control structures of the discharge (suclwass and

bridges) and control points of tliéscharge. With the help of SM&mputer
program, alinear unstructured network wasodeledby using triangular and
rectangular elements. Thiseans that the model can be perfectly adjusféest

the contour surface. The data regardingréiief, the inner part of the blowers of

the bridges and the control points of the dischaageconnected to trel e me nt s 0
knots and theoughness is attached to each element.

5.2.Pre-processing (creation of the model)

For the creation of the digital model of the latmhographical data were used to
sum up aprox. 10000 marking points, representingoegx. 80transvers sections
and multiple points on weight plan with a width of 206800 m alonghe minor
river bed of theanalyzedsector.The model was then created on the basibede
measurements and on the basis ofghetographsand information gathered on
the stevisit. (fig. 10, 11 and12).

The standard values of theo u g h framstlemisor and major river bed were
established othe basis of the information gathered duringdte visit and of the
existing maps. Theoughnesdrom the major river bed werestimated on the
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basis of the experience in tmealizationof more than 50 such projects in 2D
modeling A Strickler coefficient (oppositeof Manning coefficient) equal to 5
(n=0.20) was establishddr the inhabited areas. The vegetation, suchushes
and the wooded areas have a valu&stf= 5...15 according to the density of the
vegetation. The roughness of the minor rived were settled atd= 25 (fig. 13).
The bridges were introduced by defining thweferior level and by the
disconnection of @rs and abutments from the mod&d.(14). Considering that
the level of water will behigher than that of the bridges, the dischdigeing
over the bridge is calculated by applyitige Poleniequationfor flow over the
weir.

Fig. 10.Creding the discretisation network of the minor river bed by multiplying the cross
sections.

Fig. 11. Creating the rectangular elements of the minor river bed.
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Fig. 12. Creating the discretisation network of the major river bed by
multiplying the points on thareas with fragmented relief.

Fig. 13.Land uses for thanalyzedsector.

Fig. 14. Boundary conditions for defining a bridge.




