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ABSTRACT

MIKE 11 is a software package daveloped by Danish
Hydraulic Institute,Denmark.It is an 1integrated package faor
studies of river hydraulics having provision alse for Dam
break modalling.This raeport presents the simulation of dam
break flood wave farmation for Machhu II dam failure in
Gujarat state using MIKE 11 and tha comparision of results
with earlier study of fallure of this dam carried out at N.I.H
using N.W.S Dam break programme by taking common data base in
to consideration.The comparision of results of both cases
ravaals that there 1s a significant difference 1in the peak
flood computation by the two models.For the same values of
breach parameters,the MIXE 11 gives peak discharge of 38921
Cumecs at the dam site while the N.W.S model gave 54300
Cumacs. (the varfation 1s& nearly 32X).In the sensitivity
analysis using MIKE 11 programme the final breach width and
the the breach stope are found to be more sensitive than the
other parameters like Breach developmant time,Manning’s n
etc,.The non availability of the documentation of MIKE 11
programme is a major handicap in. arriving at any definite
conclusions with regard to the reasons for differences in

rosults of two models.

(iii)
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1.0 INTRODUCTION

The davastation due to a flash floed rasulting from a
sudden dam failure often results tn loss of human 1life and
causes extensive property damage since most of Qhe poputlation
have concentratad 1in areas vulnerable to dam break
disasters.Occurrence of a series of dam failures has
increasingly focussed the attention of scientists en the need
for developing generally applicable models so that potential

hazards can be evaluated.

One of the proventive measuras in avoiding dam disaster
is by issuing flood warning to the psople llving in downstream
areas when thare is a failure of the dam.However it 1is quite
difficult to cohduct the analysis and determine the warning
time regarding dam break flood at the time of
disaster.Therefors pre detarmination of the warning time
assuming a hypothetical dam break situation is a neaded
exarcise in dam safety analysis.The method used for such
analysis gains more credibility if one can simulate the past
dam break failure scenaric using that method with refarence to

failure mode and flood wave movement down stream of the dam.

Many mathematical models have been developed for the
simulation of dam break problems out of which Danny Fried's
U.S National Weather Service model and the recently developed
MIKE 11 programme package of Danish hydraulic Institute have
baen applied for many studies.Generally the case study of dam
failuras using mathematical models pose various problems with

regard to matching the model assumptions.The difficult probiem



http://www.pdfcomplete.com/cms/hppl/tabid/108/Default.aspx?r=q8b3uige22

: Your complimentary
— use period has ended.
Thank you for using

t CO m p | ete PDF Complete.

Cllck Here to upc

1s concerned with regard to the fatlure description of the
structure as the failure which occurred 1n nature would be
diffarent from the faillure dascription adopted in the
mathematical mode.Under these circumstances,suitable
assumptions with regard to the adjustment of actual failure

mode tc suit the model failure mode is necessary.

The MIKE 11 program model which is used in this study is
a software package developed by Danish hydraulic
Institute,Denmark,which offers a unigue and user friendly toot
for design,management, operation of river basing and channel
net works.It 1s capable of modelling unsteady flows 1in open
channel gsystems through a numerical solution of the one

dimensional Saint Venant equatiens.

This study focusses the application of MIKE 11 goft ware
for the Machhu II dam failure 1in Gujarat State.It also
includes the comparision of results cbtained by MIKE 11 with
earlier study at N.I.H using N.W.S dam break programme by
taking common data base in to consideration. The report also
includes sensitivity study of the dam breach parametars 1n
order to highlight the effect of the parameters on tha water
lavals as well as discharges raesulting from dam failure at

various locations in the down stream reach.
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2.0 REVIEW OF LITERATURE

The Dam break analysis problem 18 one of the most
fascinating hydraulic problem and the concarned litarature 1is
extansive.The first sclution was given in 1892 by Ritter,who
used the method of charactaristics to obtain a closed form
solution for dam of semi-infinite extent upon a horizontal bed
with zero resistance.However axperimental and theoretical
considerations showed that the soclution is invalid in a region
that starts near the leading edge of the flood wave and
extends rapidly upstream with time because of zerc bed
resistance assumption.Dressler(1554)used a parturbation
procedure to chtatn a first order correctien for resistance
effact and Whitham obtained a second solution three years
later by using a technique that was similar to the Pohlhansen
mathod of boundary layer theory.Whitham’s solution would hot
apply for large values of time since the width of the boundary
layer grew vary rapidly with tima. (Perumal and
Chandra, 1985-86).

Investigators of dam break fload waves such
as Ritter(1892), Ra(1948), Dresslor(1954), siokgr(1957), Su
and Barnes(1969) and Sakkas and $trelkoff(1973) assumed that
the breach oncompasses the entire dam and that 1t occurs
instantaneously. U. S. Army Corps of Eng1peers (1360) have
recognized the need to assume partial rather than complete
branches howaver they assumed the breach occured
instantaneously. The assumption of instantanecus and completa
branches were used for reasons of convenience whan applying

cartain mathematical techniques for analyzing the dam break
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flood waves.

DAM BREAK FLOOD ROUTING TECHNIQUES

MacDonald and Monopolis (1984} have highlighted the
dapendence of available computer programs for dam break
analysis on certain inputs ragarding the goometric and
temporal characteristics of the dam breach. It 1s pointed out
that the state of art in estimating these breach
characteristics 1s not as advanced as the computer technigues
for hydrograph development and routing of flood wave. The
authors have conducted studies using data and information
about casa histories of dams that have falled and used the
same to develop a methodology for estimating bdreach
characteristics for certain types of dams. The breaching
characteristics used as input to existing computer programs
are: {i) the ultimate stze of the dam breach; (ii}) tha shapa
of tha dam breach; (iii1) the time that 1is reguirad for the
breach to develop, and (iv) the reservair water surface
alavation at which breaching begins. Thasa characteristics
are dependent to a large extent on the breach formation

machanism.

The authors have classified tha breach formation
machanism into two general categories:
(1) Breaches formed by a sudden removal of a portion or all
of the embankment structure as a result of over strassing
forces on the structure. Examination of the literature on
historical fallures has baeen menticned regarding failure of

concrete arch and gravity dams by the sudden collapse,
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averturning or sliding away of the structure due to over
stresses caused by inadaquate design or excessive forces
that may result from overtopping of flcod flows, ecarthquakes,
and deterioration of the abutment or foundation matarial. In
safety analysis of these types of dams the braach 1is assumed
to develop rapidily (on the order of ten minutes) and the size
and shape of the breach is taken as equal to the entire dam in
the case of an arch dam or a reascnable maximum number of dam

sections in the case of a gravity dam.

(11) Breaches formed by arogsion of the embankment matarial.
The earth fi1l dams is by erosion of the ombankment matarial

by the flow of water eithar over or through the dam. Causes

that can initiate erosion typs breaches 1nclude: (a) over-
topping of the embankment by flood flows, and (b} seepage or
piping through the embankment, foundation or abutments of tha
dam. In this type of dam failure, the breach size
continuously grows as material is removad by outflows from
storage and storm water runoff. Tho size, shape and time
required for development of the breach iz dopendent on the
arodibility of the embankment material and the characteristics
of the flow forming the breach. Breaches of this type can
occur fairly rapidly or can take several hours to davelop.
Moreover, the stze of the breach is often significantly less

than the entire dam.

A1l dam breaches are formed not solely by one of the
above mechanisms. Some breaches are formed by a cambination of

the two mechanisms. MacDonald and Monoptis (1984) analyzed
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data for failure of earth fi111 dams 1in which breaches were
formed by erosion of the embankment material and non—earth
fi11l dams that may have failed partly due to erosion and
partly due to sudden collapses caused by instabilities. Thay
defined a variable called Breach Formation Factcor (BFF) as the
product of the outflow volume of water (V ) and peak reservoir
water surface and breach base {h). For both earth fi11 and
non-earth. ¥i1l embankments, it was concluded that the hreach
shape can be assumed to be triangular with 2V:1H side stope 1f
the breach does not extend to the base of the embankment and
trapezoidal with 2V:1H side stopes if additional matertal i3
washed away after tha breach reaches the base of the
embankment, and the breach shape should only bs assumed if the
breach size is less than embankment size. The authors also
presented graphical relationships for estimating the volume of
ambankment material removed during a dam failure and the time
for breach development. The authors alsoc presented a
graphical ralationship between the BFF and the peak rate of

outflow from historic dam fatlures.

Wurbs (1987) carried out a comparative evaluation of
several leading dam breach flood wave moedels representative of
tha current state of the art after a comprehensive literature
survey and apptication of the selected models to several case
study data sets. The author discussed 1n detail various
aspects of dam, breach flocd wave simulation 1including :
(1) breach simutation, (i1) outflow hydrograph computations,
{(1i1) flood routtng, (iv) dynamic routing, (v} generalized
dynamic routing ralationships, (vi} hydrologic storage
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routing, etc. While discussing the topic of floed routing, the
author has explained the three dimensional nature of the flow
characteristics of dam breach flood wave. “"Flood plain
irregularities such as abrupt contractions and expansions in
valley topography, tributaries, bridges, control structures
and avertopped levees cause accelerations with horizontal and
vertical components perpendicular to the flow axls. Water may
flow laterally outward from the river channel to fi11 over
bank flood plain storage as the stage risas and then laterally
back toward the channel as the stage falls. Three dimensional
accalarations can be aexpected to be particularly significant
near tha dam breach in the case of a dam breach flood wave.
Muitidimensional models of unstesdy flow are much mors complex
and difficult to apply than one dimensional models. For
practical applications the current state of the art of dam
breach flood wave analysis is one dimensjonal modelling. One
dimensional flood routing models can be categorized as: (1)
dynamic routing methods, (11} generalized dynamic routing
relationships, (iti1) simplified hydraulic routing methods,
(iv) hydrologic storage routing, an¢ {v) purely empirical
mathods,

The comparative evaluation by Wurbs (1987) focussed on
the following scelected models, which " were compared by
application to four case studies 1including assessment of
accuracy, computar raquirements, documantatton and
maintenance, uger experienca, versatility, robustness,

theoretical and observed accuracy, etc.
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NATIONAL WEATHER SERVICE (NWS) DAM BREACH FLOOD FORECASTING
MODEL {DAMBRK)

It is a dynami¢ routing model. It containg breach
simulation routines in which the breach begins at the top of
dam and grows uniformly downward and outward. A breach of a
fixed shape is initiated when the raservair water surface
reaches a given elevation and then breach dimansions grow
linearly with time., The water surface elevation at which
failure begins and the breach formation time are to be
provided as tnput data. A trapezoidal, rectangular or
triangular shaped breach is spacified by inputting the breach
side slopes and terminal breach bottom width and alevation,
It also has an additional option for simutating a piping
failure. A rectangular breach grows outward from a point
l1inearly over the time to failure. A breach erosion model for

use in conjunction with DAMBRK has also beaen daveloped.

Discharges through spillway and outlaet works structures
and dam breaches ara computed as a function of reservoir water
surface elevation using empirical wair and orifice equations.
This model also have provision to consider tail watar
submergence effects in the outflow hydrograph computetions.
Reservoir routing i3 accomplished by either  hydrologic or
dynamic routing metheds. Hydrologic routing is based on an
assumed level water surface, the reservoir geoometry is
described by a storage versus elevation relationship and 1t is
applicable for wide, flat reservoirs with gradual changs in
water surface 1éve1s. Dynamic routing methods can handle the

negative waves than may be caused by sudden reservoir drawn
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downs and positive waves producaed by large rasarveir inflows.
Water surface profiles through an upstream of a reserveir can
be davelopaed as well as the outflow hydrograph. In dynamic
routing, the reservoir geometry is described by cross sections
and Manning roughness coefficient, as 15 the downstream
valley. Dynamic routing methods are most advantageous for
long, narrow reservoirs with rapld water level changes at the
breached dam, and are more accurate when the slope of the
reservair water surface 1is significant. In many typical
situations for which the basic assumptions are wvalid,
hydrotogic reservoir routing is generally easier te use than

dynamic routing and is essentially as accurate.

DAMERK Model uses one dimansional dynamic method of
flood routing, based on four point implicit solution of 8t.
Venant squations for conservation of mass and conservation of

momantum.

U.S. ARMY CORPS OF ENGINEERS HYDROLOGIC ENGINEERING CENTRE
(HEC) FLOOD HYDROGRAPH PACKAGE (HEC1)

Thts model simulates the precipitation-runoff process
and routes flood hydrographs using hydrologic methods. For
dam braach simulation 1t has a routine similar to DAMBRK
modal, except that the breach does not expand Jlaterally.
Discharges through spiliway, outlet works and dam treaches are
computed as a function of resarvolr water surface elavation.
Tha model, however, does not reflect tail water submergence
ﬁ aeffacts on in the ocutflow computations. Flood routing s

' accomplished by hydrologic storage routing methods.
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U.S. ARMY CORPE OF ENGINEERS SOUTH-WESTERN DIVISION (SWD)
FLOW STMULATION MODELS (FLOW SIM1 AND FLOW SIM 2)

Both these models are dynamic routing models and are
identical except FLOW SIM1 uses an explicit and FLOW SIM2 an
implicit finite difference sclution scheme. Thare breach
simulation routine is similar to DAMBRK model. Thay also
contaln an optional routine in which the rate of growth of a
trapezoida] breach is computed using the Schoklitsch bed 1load
formula  Discharges through spillway, outlat works and dam
breaches are computed as a function of reserveir water surface
elevation. Both these models also 1inciude tail water
submergence effects In the outflow computations. Both thase

models are dynamic routing models.

SOIL CONSERVATION SERVICE (SCS) SIMPLIFIED DAM BREACH ROUTING
PROCEDURE (TRE6)

This provides a simplified relationship based on dats
from past dam failures, in which peak discharge from a breach
is dapendent sclely on the depth of the reservoir. Tha
procedure assumes an instantaneous breach with the maximum
discharge occeurring at time zaro. Only peak discharga, naot
the antire hydrograph 15 computed, It uses simplified

attenuation kinamatic model for flood routing.

10
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NWE SIMPLIFIED DAM BREACH FLOOD FORECASTING MODEL (SMPDBK)
This model assumes a time dependent rectangular breach.
Discharges through spillway, outlet works and dam hreaches are
computed on same 1:nes as DAMBRK model. It uses generalizad
dynamic routing relationship for flood routing, which involves
use of a family of dimensionless curves that have been
developed using a dynamic routing model. The assumption of
prismatic channet of specified shapea 1s one of the major

simplifications made to develop set of dimensionless curves.
HEC DIMENSIONLESS GRAPHS PROCEDURE

This model alsa uses generalized dynamic  routing
relationship and involves use of a family of dimensiontess
curves for flood routing.

Wurbs {1987), while concluding observes that the various
dam breach flood wave models provide a wida range of trade
offs betwean accuracy and ease of use, and 1in general the

) modelling 13 still not highty accurate. The author recommends
that a dynamic routing model should be used whenever a maximum
practical level of accuracy is required and adeguate manpowsr,
time and computer resources are available, The case study
analyses confirmed that the dynamic routing modals are tha
most versatile and accurate of the models tested. Tha
National Weather Sarvice (NWS) Dam Break Flood Foracasting
Modal (DAMBRK) is recommended by the author as the optimal
chotce of model for most practical applications and tha HNWS
Simplified Dam Break Flood Forecasting Model! (SMPDBK) for

parforming analysis as expeditiously as possible.
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3.0 MIKE 11 PROGRAMME

3.1 INTRODUCTION

MIKE 11 13 a software package developed at the Danish
Hydraulic Institute (DHI} for the simulation of flows,
sediment transport and water quality in estuaries, rivers,
irrigation systems and similar water bodies. MIKE 11 g
developed especially for application of micro-computers and is
based on DHI's well known SYSTEM 11.MIKE 11 offers a unique
and user friendly tool for design, management and operation of
river basins and channel networks.It is an intagrated software
package which enables the user to simulate catchment runoff,
river flow, sediment and pollutants transport. MIKE 11
consists of a number of modules which in principle operate
independontly, This gives a rational and user-friendly

exacution and enhances the flexibility of the package.

The gcora of the MIKE 11 system consists of the
hydrodynamic (HD) module, which is capable of simulating
unsteady flows in a net work of open channel system.The
rasults of the simulation consist of time series of water
lavels and discharges. Associated with the HD wmodule, is the
rainfall - runoff medel MAM, which may be used te generate
tnflows to the HD moduis, Transport dispersion (7D) and
sediment transpart (ST) calculatisns may be carried out from

spacial modules which utilize the results of a HD computation,

12
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The interface between the HD and NAM modules and the
rast of MIKE 11 is shown in Fig. A.1. This figure gives <an
indication of a typical way through MIKE 11,

CATCHEMENT AND RIVER
DATA

SELECTED RAIM
EVENTS

NAM RUNOFF MODULE

HYDRAULIC RUNCFF
PARAME TERS HYDROGRAFPHS
! l !

HYDRODYNAMIC MODULE

I

SIMULATED LEVELS AND DISCHARGES

| !

TRANSPORT DISPERSION SEDIMENT TRANSPORT

FIG, 1— A TYPICAL MIKE 11 SIMULATION
Tha model provides a choice between 3 different flow

dascriptions, viz:

o Kinematic wave approach: The flow is calculated from the
assumptions of balance between the friction and gravity
forces. This simplification implies that the kinematic wave
approach cannot simulate backwater effects.

o Diffusive wave approach: In addition te the friction and
gravity forces, the hydrostatic gradient is included 1in this
description. This allows consideration of the downstream
boundaries and thus sitmulate backwater effects.

o Dynamic wave approach: Using the full momentum equation,
including acceleration forces, the user is able to simulate

fast transients, tidal flows,etc.in the system,depending on

13
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the requirement.

3.2 Data requlrements

The input data requirements for tha MIKE 11 program are
flaxible.When a detailed analysis 15 not feasible due to lack
of data or insufficient data preparation time,the unknown or
unavailable data can be ignored.The input data pertains to
MIKE 11 1includes the data related to the dam,breach
characteristics,reservoir and the boundary conditions at the
upstream and down stream conditions.In addition to the above
intttal conditions are to be specified in MIKE 11 mocdal.

The input data can be basically classified into two

groups.

1.Data group partaining to the dam:

a) Reservoir Data : Inflow hydrograph, length of the raservoir,
The surface area/elavation curve of the reservoir, Top of the
dam, Length of the earthen dam, top width of the dam, Grain

diameter, relative density, porosity, critical shear stress.

b) Breach data : Start breach lavel, Final breach lavel, Start
breach width, Final breach width, Breach slope and the Breach
devalopmant time.

¢) Spillway data : Spillway rating curve, elavation of the

uncontrollad spillway crest, Length of tha spillway.
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2.Data group pertains to the downstream routing reach:

a)Cross section details:chainages of the cross sect. 3 in
kms.from the dam,a table of top widths(active and inactiva)and
the corresponding elevations at each sections,hydraulic
resistance coefficients{Manning’s n,expansion / contracticn
ccefficients, slope coefficients,slope of the down straam
channal for tha firast km balow the dam,and the initial
conditions in the downstream channel.The typical way of giving
data in the MiKE t1 1s that it should in the form of raw
data(X-Z co-ordinates).The MIKE 11will automatically computes
the processed data and utilizes that data in the computation

phase.(The data files are enclosed in the Appendix I )

15
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3.3 METHODOLOGY

This chapter presents a brief desaription of the
mathodology for running Dam break modelling using MIKE 11 soft
ware.The points to be noted in modelling dam breaks on Mike 11

are given balow.

3.31 General:

Mast dam break set ups consist of a single or several
chanrels, a reservoir, the dam structure and perhaps auxiliary
dam structures such as spillways, bottom outlets, etc.
Furthar downstream, the river may be c¢rossed by bridges,
culvarts, etc. It is important to describe the river setup

accurately in order to obtain reasonable results.

3.22 River Channel Setup

Setting up the river channal deseription in the
cross-section database i3 the same for dam break models as it
is for other types of models. However, due to the highly
unsteady nature of dam break flcod propagation, it ia
advisable that the river course be described as accurately as
possible through the use of as many cross sections as
necessary, particularly where the cross section 1is changing
rapidly. Another consideration i3 that tha cross-sections
themselves should extend as far as the highest medelled water
level, which will normally be in excess of tha highest

reccrded flood tevel. If the modelled water level exceeds the

16
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highast level in the cross-section data base for a particular
Tocation, MIKE 11 will extrapolate the processed data, ft.a.
A(h}, R(h}, b(h}, etc.

3.4 Reservoir dascription and the Appurtenant structures.
3.4.1 Resarvoir

In order to obtain an accurate description of the
reservoir storage characteristics,the raservoir 1is normally
modelled as a single h=point in the modal.This point will
usually correspond also to the upstream boundary of the model
whare inflow hydrographs may be spocified.
3.4.2 Dam

The dam break structure itself can be located as a
seﬁerate branch.At this peoint the momentum eqqat1on 15
repizcad by an eguation which describes the flow through the

structure which may be either critical or sub ¢ritical.

3.4.3 Spiliways and other structures
If the spill way is added to tha dam itself it should be

dascribed as a seperate branch as shown below:

SPILLWAY BRANCH

h Q
& S . 4
RESERVOIR / BAM BRANCH h RIVER

3.4.4 Boundary conditions.
Boundary conditions must be specified at both upstream

and down stream limits of the model.The upstream conditians
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will genarally be an inflow into the reservair.At the down
stream conditions the river rating curve at the end chainage
shou'ld be given.

3.4.5 Initial conditions.

In wmany cases dam failures may occur on a dry river bad
down stream.However such initial conditions are not possible
in MIKE 11 which require a finite depth of water to be present
through out the modal in arder to ensure tha_ connectivity of
the finite diffarence algerithm.

The nodel set up adopted in the Machhu II dam failure is

shown in the figura.

DAM
BRANCH
70

;igHHU MACHHU RIVER
40
50-2
80
SPILLWAY 29 CROSS SECTIONS
BRANCH

FIG. 2-ADOPTED NODEL SET UP IN THE MACHHU II DAM FAILURE

The dam break modelling of Machhu 1I dam using MIKE 11
package consists of two parts.The first part includes tha
creation of hot start file.The sacond part includes the
subsequent simulations carried out using hot start file as

initial conditiun.

This study alsc includes the sensttivity analysis of dam
Lreach parameters tc iavestiyate the sffect of the parametors

on the water lavels and discharges in the down streem and.
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4,0 RESULTE AND DIEBCUSELOME

4.0 GENERAL

In this chapter, the results of two Dam  break
simulations carried out by the application of MIXKE 11 Model to
the Machhu II dam failure have been discussed.The two cases of
studies ara:CASE(1)} Using the data/parameters supplied 1n
C.W.C training,CASE(2) Using data/parameters on same iines as
those used in earlier study at N.I.H with N.W.S5 Dam break
pregramme.The adopted Dam breach parameters in MIKE 1t
suppliad by C.W.C are Start breach level(80m),Ftnal breach
level(37.6m},Final breach width(150m), breach development time
(2hours),breach siope (0.075m) and Manning’s n i3 0.033. In
contrast to this the adopted breach parameters in N.W.S. study
were Start breach level- (60m),Final breach level(39.6m),Final
breach width(360m),breach—- development  time(1lhour),breach
slope(0.02Tm) and Manning’s n t5 0.033.It also includes the
rasults of sensitivity analysis carried out by using MIKE 11
to investigate the effect of dam breach parameters onh watar

levels and discharge.

4.1 DATA REQUIREMENTS FOR N.W.S MODEL

The DAMBRK model was doveloped so &g to require data

that was accessible to the forecaster. The tnput data

raquirements are flexible in ,so far as much of the data may

ba ignorad.Tha input data can be catagorized into two groups.
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(1) The first data group pertains to the dam(The
breach,spillways and reservoir storage voluma).The breach data
consists of the following parameters:(failure time of breach
in hours} b{final bottom width of breach),Z(side slope of the
breach).hbm (final elevation of breach bottom},ho(inttial
alevation of water in the reservoir),hd(elavation af dam).Tha
spitiway data consists of the following:hs(alevation of
uncontrolled spillway crast),Cs{Coafficigent of discharga of
uncontrolled spillway),hg (elevation of centre of submerged
gated spillway},Cd(coefficient of discharge of crest of the
Dam}, @Qt{constant head 1independent discharge from the
Dam).The storage parameters consists of the following: a table
of surface area(As) in acres or volume in Acre ft, and the

corresponding elevation with in the reservoir.

(11)The second group pertains to the routing of the
outflow hydrograph through the downstream valley.This consists
of description of cross sections,hydraulic resistance
coafficients and expansion coefficients.The cross sections are
spacified by location maps and tables of top width(active and

tnactive) and corresponding elevations.

4.11 DATA REQUIREMENTS FOR MIKE 11 DAMBREAK MOODEL.

The input data pertains to the MIKE 11 includes tha data
related to the dam,breach,reservoir and the boundary
conditions at the upstream and down stream conditions. In
addition to the above initial conditions are to be spectfied
in MIKE 11 pragramme.

20
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The dam data which includas the breach are tep of the
dam(m}, length of thae dam(m),top width of the dam(m),start
breach lavel(m),final breach level(m), Start breach
width(m),Final breach width(m} and breach slopa.the spiliway
data consists of the length of the spillway(m),and tha
spiliway rating curve of the Machhu dam. the storage
parameters consists of a table of surface area in mzand tha
corrasponding elevation in the reservoir.boundary conditions
at the upstream and downstream and of tha rivers in the form
of river rating curve(Q vs H)and the cross sectional data
along the river chainage.The typical way of giving data 1in
MIKE 11 is that it should be 1in the form of raw data{X-Z
co-ardinates).MIKE 11 automatically computes the processed
data and utilizes that data in the computation phase.(The data

files are enclosed in the Appendix I ).
4,12 COMPARISION

A comparision of data requiremants for both the models
raveals that there is no significant differance botween the
two except that the representation of input data in MIKE t1
differs from N.W.S modal.A nddel set up representing the
reservoir,spillway and dam branches along with many cross
sections to be made in MIKE 11 set up and the data 1s tc be
fed accordingly.Boundary conditions must be specified at both

up stream and down stream limits of tha MIKE 11 model set up.
In many cases dam failures may occur onh a dry river bed

down stream.Howaver such initial conditions are not possible

in MIKE 1twhich requires a finite depth of water te be present
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through out the entire model! in order to ensure the

connectivity of the finite difference algorithm.

4.2 DATA PREPARATION FOR MIKE 11

Casa 1:Using Machhy II dam failure parameters adofted for

C.W.C Training.

.Tha accuracy with which the Dam break simulations can be
made depends on the fidelity with which breach parameters,
flow,geomaetry and roughness are represented.Twe types of
breaching may be simulated using this programme.
1.An over topping fatlure in which the breach is simulated as
a rectangular,triangular or trapezoidal shapped opening that
grows progressivaly down word from the dam crest with time.

2. A Ptping failure in which the breach is simulated as a
rectangular orifice that grows with time and is centered at
any specified elevation with in the Dam.Representation of data
of spillways and reserveir storage volume are strsight forward
and are readily available in practice. Flow gecmetry and
storage are reprosanted by means of user specified in terms of
rivar Kms.from the Dam.{The data files are enclosed 1in the

Appendix I )
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CASE 2 USING MACHHU II DAM FAILURE PARAMETERS GF N.W.S STUDY
AT N.I.H

All tho data related to casel are included in this case
except a siight difference in the Dam breach data viz .breach
develcpment time,final breach width and breach
siope. (1Hour,300m and ¢.02Tm )respactively.

4.2 MODEL APPLICATION RESULTS.
4.31 Case 1:

For the adopted breach parameters the dam breach startad
at 9 Hours 15 minutes of 8.07.1979.The peak discharge through
the breach was 22153 ma/sec at 11 Hours 18 minutes.Table 1
shows the maximum water levels 1n the river channe! for some
typical cross sections.The cross sections were adopted are
Raservoir Machhu at4.0km chainage and along the river at
chatnages 10.8,14.8,17.040,24.1,32.1,43.9 and 50.2.It has bean
obsarved that along the river cross sections the water lavels
goes on decreasing.At reservoir Machhu 4.0,the water level was
maximum 1.0 80.54m At the downstream ond of the river i.e
Machhu 50.2 km the water 1level was found to be
decreasing. (10.88m).Howaver the the time taken to reach the
maximum water level goes on increasing,At roservoir Machhu 4.0
the time taken to reach the peak level was 9 hours 15 minutes
&s the time taken to reach the peak level at the downstream

end of the river was found to be 16 hours %8 minutas.
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For the adopted breach parameters,thea dam breac. started
at Thours 50 minutes of 8.07.1979.The peak discharge
through the hreach was found to be 36%21m 3/sec at 13 hours
S54minutes. Table 2 shows tha maximum water levels 1in the
rivar channel for soma typical cross saections.The cross
sactions adopted were same as in Case 1.It has been obsaerved
that along the river c¢ross sections the water 1level geas on
decreasing.At the reservoir Machhu 4.0m the water lavel is
found to be maximum.i.e 60.26m.Similarly at the downstream end
of the river ,Machhu 5¢.2 river,Machhu 50.2 km the maximum
water level was found to ba 11.08m.Howaver,the time taken to
reach the desired peaks goes on decreasing along the river
chainages.At the upstream and downstream end of the sat up 1t
wasa found to be 8hours 38minutes and 14hours 14minutes

raspactivaly.
¢ 4.4 SEMSITIVITY ANALYSIS OF BREACH PARAMETERS.
4,41 CASE 1-SENSITIVITY STUDY
Sensitivity analysis was carried out for the breach
parameters such as breach davelopment time,breach
width Manning’s n and breach slope to investigate the effect

of change in values of wach parameters on water lavels,pseak

discharge and travel time of peak flow through the river.
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(A) BREACH DEVELOPMENT TIME.

The maximum water lavel at different chainages on river
Machhu and also in the reservoir along with their time of
occurrence are given in table 1. The maximum water Jlevels at
different chainages and the travel time to peak flow along the
Tongitudinal profite of the river for different breach

davelopment times are pleotted in 1in fig 4.1,

It is seen from the Table 4.1 that the the maximum
discharge through the breach for diffarent breach developmant
times is nearly same As the breach development time increases
there is corresponding increase 1in the value of the peak
discharge through the breach. Also the maximum water levels at
differant chainages along the river increasas slightly with
increasa in the breach development time from ito 3Houfs.The
water levels at chainage 24.1 15 more than the height of the
embankment.Similarly the river beyond chainage 40km it more
than the height of the embankment for ail the breach
development times.This indicates that at these lacations, the
river will over flow the banks.It iz clear from the Fig.4
that the travel time of peak flow since the start of the
braach at any chainage is almost proportional to the breach
development time.The time taken by the peak flow to cross tha
chainage 50.2 are Bhours 21 minutes,7 hours 36 minutes and 7
hours 42 minutes for breach development times of thour,2hours

and 3 hours respectivaly.
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(B)FINAL BREACH WIDTH.

It is observed from the table 4.1 that the breach width
has a significant effect on maximum water levals as well as
peak discharge through through the breach.ftg § shows the
maximum watar lavels at different chainages for different
final breach widths.It is clear from the fig 5 that with the
increase in the value of final breach width from 50 tO
300m,there is an 1increase in the water levels along the river
chalnages and the peak discharge is found to dincrease from
12623 Cumecs to 35402 Cumecs.The travel times of peak flow are

found to decrease 1.e the peak comes earlier,

(C} MANNING'S ROUGHNESS CO-EFFICIENT(n)

The increase in tha value of Manning’s n has no
significant effect on the peak discharge through tha breach
but 1t has some effect on the on water Jevels.With the
increase in the roughness co effictent the water Jevals was
found to increase and alsc the time of peak

increased.

(D)BREACH SLOPE

With the increase 1in the breach slope,there 1s no
stgnificant effect on water tevels,but tho peak discharge is
found to increase slightly(Table 4.1),1t is clear from the
table 4 that by doubling the breach slope from
0.075t00.150,the peak discharge t1s found to increase from

21153 Cumecs to 2250C Zumecs.Fig shows tha trend of water
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levels at different chainages for different breach slopes.and

the travel time of peak flow .

It is seen from the fig that the travel time of peak
flow at diffarent rivaer cross sections are almost same with
increase in breach slope except at the chainage 59.2 1t ig

found to be slightly lass.

4.48 CASE 2:SENSITIVITY STUDY

The resutts of sensitivity analysis of breach parameters
show almost same trends and characteristics as in Case 1.Plots
in figs. indicate the main findings of the analysis.

It is thus clear from the sensitivity study of both the
cases that,out of all breach parameters,Final breach width and
braach slope are sensitive with regard to peak discharge as
well as travel time for the poak.By doubling the breach width
from 150 to 300m in case 1 the peak dischargs 1is found to
increase from 22153Cumecs to 35402 Cumecs.At the same time the
travel time is found to decrease from 7 hours 3minutes to 5
hours 46 minutes.Similarly by doubling the breach slopa from
0.075 to 0.150 the peak discharge 1s found to 1increase from
22163 Cumecs to 22500 Cumecs.

4.5 MODEL APPLICATION RESULTS OF N.W.S STUDY (Taken from
N.I.H Report CS-18)

The hydrograph from the breached
dam beginning from 1.306Pm on 11.08.1979 and the routad

hydrographs at cross sections 1.3,9.4,17.4,25.4,and 33.3 Kms

28
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far a period arcund time to peak. Table shows the satient

features of these hydrographs.

Table 3

Saliaent featuras of tha flood wave from Machhu Dam II

failure

81 no River Km. Peak Peak flood Time to
from Machhu discharge alavation peak flood

damII. (ma/sec) { m) alavation

Computed observed

1 0 54828 54.85 e 2.46Pm
2 1.3 49661 53.04 Bt.34 2.57Pm
3 9.4 31973 41.33 39.93 4.27Pm
4 17.4 27442 31.51 30.79 6.33Pm
5 25.4 24553 24.49 23.47  6.48Pm
8 33.3 23307 16.77 t6.156  8.03Pm
1 50.2 22514 11.87 ————— @ 06PM

Fig 7 shows the peak fiood elsvation profile

calgulated using the mode) at varlous cross sections obtatned
by interpolating the available measured cross sections.The
cbsarved peak flood elevation noted at cross sections located

at 0,1.3,9.4,17.4,25.4,33.3 and 50.2 down stream of the dam

have also baen shown in fig 7

Tabla 3 shows that the peak flood just baelow the dam

comes to be 54828 Cumecs and tha elevation comes to be £4.85m
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.The time to peak flocd elevation computed was 2.45 Pm.

4.51 COMPARISION OF RESULTS OF MIKE 11 USING PARAMETERS OF N.W.S
STUDY TO THE RESULTS OBTAINED BY DAMBREAK STUDY USING N.W.S

GAMEREAK PROGRAMME,

The comparision of results of both cases raveals that
thera 1is significant difference in the peak flood
computation.With the same values of parameters,viz start
breach leval(0.1m},Final breach Tevei(SQ.Bm),Breach
width(300m},breach development time(1 hour),and breach slope
of 0.027m the MIKE 11 study gives the peak discharga of 36921
Cumecs at the Dam siie,when compared to the N.W.s study of
54200 Cumecs.The travel time to attain the peak flow in both
cases were obtained same i.e 1 hour 19 minutes and t hour 15

minutes raespoctively,

Fig 8 shows the hydrograph of MIKE 11 study at the dam
site.It is evident from the figure that the peak discharge and
the time taken to reach the peak is 21153 and 15 hours 48
minutes in Case 1 when compared to the Case 2 of 36921 and 13
hours a1 minutes respactively,.There is & difference of around

8700 cume¢s has been noted.

In order to further investigate 1n to the differcnce
caused by the dam break flood at the dam site in botk tha
cases, the theoretical description of the Reservoir ocutflow
hydrograph of N.W.S Dam break programme has bean taken and the

difference i1s checkad by substituting the roquired parameters.
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F1G.8 COMPUTED DISCHARGE HYDROGRAPHS FOR DAM BREAK
FLOOD AT THE DAM SITE
317


http://www.pdfcomplete.com/cms/hppl/tabid/108/Default.aspx?r=q8b3uige22

Your complimentary
use period has ended.
om p I ete Thank you for using
PDF Complete.

Click Here to upgrade tc
Unlimited Pages and

The toctal reservoir outtlow consists of bread crestad

weir flow through the breach and flow through any spillway
outlets.i.e.,

0=Qb+ Q, (1)

The breach out flow (Qb) is computed as:

1.5 2.5
Qb = ci(h_hb) + Cz(h-hb) {2)
Whare:
01 = 3.1 b1 cv kS {3)
Cz = 2.45 2 <, kS (4)
h =h,-¢h, ~h )tb/r ift < T (8}
b~ d d bm b :
hb =hbm if tb > T (8)
b1 = b.tb /T if tb <{ t (7)
C = 1.0+ 0.023 Q°/[B.2 (h-h 3°(h - h )] (2)
v ’ see a tm b ¥
kK = -
s 1.0 1f ht hb
----- < Q.87 (9)
h - hb
Otharwise ht_hb 3
k= 1.0 - 27.8 (-—=— - 0.67] (10}
= h -n,

38



http://www.pdfcomplete.com/cms/hppl/tabid/108/Default.aspx?r=q8b3uige22

; Your complimentary
— use period has ended.
Thank you for using

t CO m p | ete PDF Complete.

Click Here to

Unlimited Pag

tn which hb is the elevation of the breach bottom,h 1is the
resarvotr water surface e]evation,b1 is the instantaneous
breach bottom width.tb ts the time interval since breach
started forming,cvis the correction for velocity of approach
(Barter,1259),Q is the total out flow from the reservoir at
the dam,ks is the submergence correction for tail water
affects on weir flow (Bsnard,1954),and ht is the tail water

elevation{water surface elevation dimmediately downstream of

the dam}.

The spi11 way out flow is computed as :

1.5 0.5 1.5
Qs = csLs(h - hb) + cg Ag(h - hg) te, Ld(h - hd) + Qt
in which g is the un contrelled spillway discharge
coafficient, hs is the uncontrolied spillway crest
e]evat1on,cg is the gated s5p111 way, dischargae coaff1c1ent,hg
is the center line elevation of the gated spil? way.cd 18 the
discharge coefficient for flow over the crest of the dam.L5 is
the spill way 1ength,A91s the gate flow area,Ld is tha length
of the dam crest 'Iess.L3 and Qt is the constant out flow tarm
which is head depaendant. Tha uncontrolled szpiilway flow or Lhe
gated spill way flow can also be represented as a table of

head-discharge values.The gate flow may alsc be specified as a

function of tima.

A simple fortran programme has been writtan covering the
abova equations and the discharge at the dam site was comparsd
in the Case 1 as well as Case 2.(The program and the data

files are enclosed itn the Appendix1T}.
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CASE 1: Adapted paramaters

t = 1.999, T=2.0,hd = 60,05, b

b =3825, hbm = 30.86,

d

b =150, h =57.6, z = 0,075, Qs = 4552, ht = 0.0, v = 0.5

CASE 2: t = 0.999, T =1.0,h = 60.05, b = 8840,hb = 39.86,
b d d m

b = 300,h = §7.6,2= 0.03,Q = 4552,h =0.0,C = 0.5
5 t v

With these values of the parameters, Case t gives the
discharge of 40228.33 Cumecs and the corraction for valocity
as 0.006,as compared to the total discharge of 7540%.20 Cumecs

and the correction far velocity as 0.006.1n Case 2.

The results of both cases indicate that some oifferant
formulae has been used in MIKE 11 for computation of flood
magnitude at the dam site.Since the exact documantation
covering the abova details 1s not avatlable, 1t 14s not

possible to arrive at any definite conclusion in this regard.
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5.0 CONCLUDING EEMARES

The present study involved use of Machhu IT dam fatlure
data with MIKE 11 programme.when the data set provided by the
C.W.C for training purposes was used,it gave a peak value of
dam break flood which is much less than that estimated for
historical failure.The earlier study at N.I.H for this dam's
failure using N.W.S dambrk.programme gives a peak flood value
of 54800 Cumecs which compared reasonably well with historical
value.In this study,dam breach parameters used in N.W.S study
were assumed for application of MIKE 11 programme.Tha
resuiting peak flood discharge 1s 32% less than that for N.W.S
application.Further study of sansitivity of dam breach
parameters were also carried out.The final breach width and
the breach slope are found te be mora sensitive than the other
breach parameters viz breach development time and Manning's
n. In order to make any conclusive remarks regarding relative
merits of N.W.S and MIKE t1 programmes,it would bhe necessary
to examine the documentation in detatl for clear. undarstanding
of factors leading to different peak floods for same sot of
dam breach parameters.How ever this could not be done in the
present study due to non-availabiltty of documentation of MIKE

11 programme.
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APPENDIX 1
DATA FILES OF MIKE 11 STUDY

el
a) RESERVOIR DATA(RESERVGIR ELEVATION/SURFACE AREA IN M7)

ELEVATION (M) SURFACE AREA(M_)
42.50G 1
45.80 387800
48.8 2518827
£1.80 45443586
54.27 11065140
£6.00 17625560
57.80 24167200
57.60 26026200
50.50 41827800

b) SPILLWAY DATA

WATER_LEVEL (m) _Discharge_(m°/sec)
51.20 o
52.53 487
54.53 1808
55.47 2922
57.6 : 4552
58§.52 : 6234
59.43 5808
60.42 - 5493

c) DAM DATA )

Top of the Dam . . 60.05m
tength of earthen Dam 38256m -
Top Width of dam © B.0m
Start breach level&Om
Final breach level 39.6m
Final breach width 150m
Breach slope 0.75m
Manning’s n 0.033
Breach development time 2 Hours.



http://www.pdfcomplete.com/cms/hppl/tabid/108/Default.aspx?r=q8b3uige22

Your complimentary
use period has ended.
. 3 (:()rT]F)IEBtGB Thank you for using
PDF Complete.
Click Here to upgrade tc
Unlimited Pages and Expe
. d} BOUNDARY CONDITIONS (DOWN STREAM)
Ltevel(m) Discharge(M /sec)
0.79 ' o
7.61 1082
7.74 1122
7.98 1179
8.186 1240
9.0 2382
3,11 2999
9.40 5097
9.62 6630
9.90 9151
10.0 10060
11.0 20000
12.0 40000
g RESERVOIR INFLOW HYDROGRAPH
Time Discharge
{(7/8/79) (Cumecs)
0 97
4 364
8 970
12 2304
16 4609
20 : 8490
24 13099
28 9885
32 5579
26 2790
40 1695
44 970
48 364
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APPENDIX - II
PROGIAM FOR DHMDRK USING NWS THEORY

REAL KS

OPEN(UNIT=1,FILE="DMB.DAT’ ,8TATUS="01d")
OPEN({UNIT=2,FILE="DMB.OUT"',STATUS="new’)
READ(1,*)7T8,TAU,HD,BD,HBM,B,H,Z,QS,HT,CV
IF(TB.LT.TAU)} THEN
HE=HO~{HD-HBM ) *{ TB/TAU)

ELSE

HR=1HBM

ENOIF

IF (TB.LT.TAU) B1=B*TB/TAU
CHECK1={HT~HB)/{H~HB)

IF{CHECKY.LT.0.67) THEN

S=1.0

ELSE

KS=1.0-27.8%({ (HT-HB)/{H-HB)-0.67)*%3_0)
ENDIF

C2=2,45%Z%CVXKS

C1=3.1%B1*CVXKS
GB=C1*(H-HB)*x1 5+C2% (H-HR)**®2,5
TOTQ=QB+QS
CV1=1.0-0.023*TOTQ*TOTQ/ ({BURBDK (H-HBM ) **2 )% (H~HB })
CoV=ABS{CV-CV1)

write(*,x}'cv,ccv’' ,cv,cov
IF(CCY.LT.0.001) THEN

WRITE(2,2)TOTQ,G0V

FORMAT(1X,'TOTAL DAM BREAK DISCHARGE =',F12.2/, "CORRECTIOH FOR

VELOCITY =',F12.4)}
stop

ELSE

CV=CCyY

GO TO 1

ENDIF

END
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