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ABSTRACT

Flash floods occurs suddenly and it is usually difficult
to forecast because of short time available between their causative event
and their act.ual occm:z:'en;:eT Flash floods generally result from
very intense rajn and often happen on t'_:at'clune'nt.s of moderate size.
It is obvious that the physiograchy of the catch“l‘uent, especially
.i_.ts slope and the tgfpe of vegetation also have a great influence
on its capability to generate such flash flocds. In addition to
these causative factors, £lash floods may also occur due to dam
failure, landslide, sudden obstruction 6n the river channel Adue
to failure of bridges etc. Since the occurrence of flash floods
: iﬁ not predictablé, it is generally treated as a random phencmena
and the risk associated with such floods could be higher, In
flashy streams since the flow is of high velocity and transport
huge quantity of sediment in suspension, current meters cannot
be deployed for the measurement. Slope area method, by adopting
artificial CQntrpl. and radar measurement of rainfall may be used
.f."o'r studying flash .floods. In this review note the causative factors,
measui_‘_emenj: and _forecalsting of flash floods are discussed in details
alongwith a number of flash flood examples which occurred in India.
The Indiaﬁ literature review reveals that a number of case study
reports are available, but a systematic ‘study of flash floods
leading to a technique of forecast and flash flood  warning is

not available. In view of this fact, this note elaborates the

strategy followed by U.S. National Weather Service in combating
the problem of flash floods.
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1.0 INTRODUCTION

A Flash Flood may be defined as one that happens very
suddenly, one that is usuaily difficult to forecast, where the time
to peak is'verf short'aﬁd for which specific digcharge is relatively
important (UNBSCO-WMO, 1974). In U.S.A., it is generally defined
as the flood that occur within 4 to 6 hours of the time that the
causative rainfall occurs. However flash floods may also cccur
due to man made reasons such as dam failures, embankment break
etc., and due to man's influence on the catchments including activi-
ties which induce guick runoff. This quick runoff may be due
to reduced infiltration caused by deforestation and urbanisation,
reduction in catchment storage due to deforestation and drainage
improvements in the upstream catchments. Hall (1981} has considered
flash floods under three categories :

a. those which result from heavy rainfall on an essentially
natural catéhments which has not been sub stantially modi-
fied by man, for example, catchments above recreation
"areas, generally small communities, rural road bridges,

culverts et:.

b. those which result from heavy rainfall on a catchment
which has been altered by man so as to reduce the stability
of the catchment itself or to have changed the runoff

storage or hydraulic characteristics of the catchment.

c. those which occur from the sudden release of impounded
water by the failure of a dam or other natural or man

1



made barriers. ‘Dam - break' floods of the type often

occur in conjunction with heavy rainfall.

Dam break problem may be created either on  the man made
dams or on the temporary dams created by nature across streams
due to land slides during heavy rains in the upstream mountainoué

regions.

Most flash floods result from intense localized thunder-
storm activity, particularly stationary or slow moving thunderstorms

or lines of thunderstorms. Flash floods may occur in conjunction
with tropical "cyclones particularly if they remain stationary.

Mountainous areas are particularly flood prone as the effect
of orographic uplifting may be the trigger for intense rainfall.

Besides in mountainous areas, flash floods are increased by the
channel slopes and limited valley storage, and have the potential

for causing land or mud slides (Hall, 1981).

Since the_‘ time lag between causative\ event and thevoccﬁrr—
ence of runoff is small, flash floﬁds are generally not amenable
to the conventional flood forecasting technj.ques as in the case
of normal fioods. The time delay in collecting, evaluating and
modelling of the data and the preparation, dissemination and inter-
pretation of the flood warning is too great to make the forecast
fully effective. However by speeding up these processes it is
possible to give useful flood forecasts where the duration is in
excess of six hours. In this regard automation of meteorological

and hydrological variables become important.



In this report, the flash flood problems in our country
is brought out along with the inventory of recent flash floods.
Then the causes for flash floods have been discussed. The problem
related with the use of conventional data collection techniques
for flash flood esﬁimatiom._is brought out. Thé data collection
techniques available for flﬁsh- floodé estimation is discussed.
The methods used for-flash flood computation ;nd their forecasting

have been discussed.



2.0 REVIEW
2.1 Recent Flash Floods in Our Country

In our country, flash floods are common during
Son;tth—West monscon and North-EBast monsoon. In order
to get an idea of the region of occurrence of flash
floods, their intensity and frequency it is necessary to go into
the details of rainfall pattern in the country during the rainy
season especially the rainfalls of 24 hr. or shorter duration.
Studies by many meteorologists (Parthasarathy, 1958; Jagannathan,
1970; Harihara Ayyar and Tripathi, 1974) show that a large area
of the country is subjected to very heavy rainfalls mainly caused
by cyclonic storms and depression, especially during South - West -
MONSOON Season. While locally heavy falls of 10 - 20 cm. per day
occur over wide areas of thousands of square kilometres, falls
of 30 toldo cm per day have been recorded in the neighbourhood of
hills and coastal areas in the break of storms (Pritam Singh et al.,
1974}. Based on the ten year frequency 3 hr. rainfall map of
India, Pritam Singh et al. (1974) have inferred that almost the
whole of India is Ssubject to 3 hr. rainfall of 60-80 mm, thus
indicating the widéépread. occurrence of flash floods over our

country,.

Great distress is caused by flash floods due to intense
rainfall, especially .in hilly and sub-mountainous regions such as
it was experienced in the town of Mandi and Suketi Valley in

Himachal Pradesh where unprecedented rainfall of 25 cm in 3 hr in



the early hours of 3ist August 1960 resulted in the Flash flood

 killing 103 persons and 600 cattles (Pritam Singh et al., 1974).

Sometimes; proldngea heavy rainfall causés large land
slides resulting in the formgtion of temporafy dams across streams.
When these dams give away, the larjé quantity of water is suddenly
released resulting in fla#h flood. Such an incident was recorded

in the river hlakhanda in Jﬂly, 1970,

Sometimes, breach of river embankments may also lead to
flash floods such as it was experienced in the river Teesta on

4th October, 1968,

In recent years, flash floods have occurred in Luni basin
in" July, 1979 (CAZRI, 1982), in Machhu basin in August, 1979 due
to Machhu dam - II failure, in vamsadara basin of Orissa in September,

1980 and in Bist Doab region of Punjab in July, 1985,

The Luni river which is normally a 1lifeless river in
Rajasthan experienced heavy flash floods in July 1979 due to
70 to Bﬂ_hours spell of an almost continuous torrential rain that
at times reached the proportion of a virtual downpour recording
in..jﬁét '54 hrs. an amount of rain which was close to the mean
annual rainfall for the whole of the year. A comparative statement
of the rainfall recorded in few stations during this flood, with
the past data recorded in the same stations are given in Table 1

(CAZRI, 1979). This table clearly indicates the reason for flash

floods in Luni basin.



TABLE 1

‘Luni Basin Rainfall of July, 1979, Wet Spell
in Comparison to the Previous Highest Spell

. Present spell Previous high- Remarks
Station of rainfall est spell
(mm) (mm)

Bilara 773 545.6 {13 days) Record
1908

Borunda 843 - 374.7 (7 days) " Record
August 1976

Pali 514.5 492.9 {9 days) Record
August 1944

Ajmer 432 373.6 (6 days) Record
September 1944

Jodhpur - 442 450.6 (9 days)

August 1944




The failure of Machhu dam-II in the Westernpart of Gujarat
state on 11th August, 1979 released a large quantity of stored
water behind Machhu dam-II Killing over 2000 people. The simulation
studies of the flood wave, conducted at this institute (NIH 1985-86),
show that discharge might have increased at the dam site from
2.7 x 105 cusecs to 3i X 105 cuse.cs in one hour. It has been
estimated that a rainfall of 53 cm in 21 hrs. was recorded in
Machhu catchment and this unprecedented rainfall caused the failure

of Machhu dam-II leading to the formation of flash floods.

In September, 1980 river Vamsadara in Orissa experienced
an unprecedented flash flocod due to very heavy rains recorded
at number of places in the catchment.. The water level at the gauging
station of Gunupur rose to 87.67 m. from 81 m. within 15 hrs.
This flash flood resulted in the death of about 80 people besides

the loss of over 16000 cattle and other properties {(Abbi, 1980).

In July 1985 there was a flash flood in the Bist Doab
region of Punjab resulting in the failure of the training works
of these flash streams and extensive damage to Jallandhar—Pathankc;t
railway line for a distance ofl 36 km. Also the Jallandhar distri-
butory got damaged extensively due to this flash floods. The
recclurd rainfall of 60 cm. in four days was responsible for such

a flash flood. It has been stated that such a rainfall has not

been experienced in this region for the last 30 - 40 years.



2.2 Causes of Flash Floods

The main causative factors of flash floods are: (i) meteoro-
logical, (ii) hydrological and (iii) sudden release of Aimpounded
water. .

Heavy intense rainfall experienced in the catchment ledd
to quick runoff response leading to flash floods and this rainfall
may be due to the occurrence of severe thunderstorms, cyclonic
storms and due to the movement of low pressure systems during
monsoon. The mountainous regions receive more rainfall due to

orographic effect.

LY

The hydrological factors responsible for flash floods
are mainly the slope and th; infiltration capacity of the catchment.
Accordingly the mountainous and the foot hills of cafchments are
prone to flash flood due to less available catchment storage and
reduced infiltraticn. Initially saturated soil condition may
also induce flash floods. A similar céndition may arise when
the paved area of the catchment increases, i.e. due to urbénisatidn,
especially when the urban area is provided with a good network -
of storm drains. However, the impact of paved area runoff is
felt immediately downstream of the developed area. Infiltration
capacity and -storage capacity of the catchment may also be reduced
due to deforestation and this may lead to flash flood immediately
below the deforested area. Flood protection works such as channeli-
zation, embankment construction and river training works reduce

the storage capacity of the catchment and thus leading to flash
floods. '



The sudden failure of man made structures such as dams,
rivér embankments, road and railway bridges, cross drainage works
etc. may lead to sudden release of impounded water and depending
on the quantity of water stored flash floods may be created.
In genergl, over top\ping of these structures lead to sudden failure.
Sudden release of impounded wqtér may ala§ due to natural causes

such as in hill areas land slides due to heavy rainféll form temporary
dam across the stream leading to temporary storage of water behind the
barrier. When this ‘temporary barrier ‘fails, large quantity of stored

water is released leading to flash floods.

2.3 Measurement Problem

Because of the short time interval between the observed
rainfall or upstream river height, and the flood at the point of
interest, the delays inherent in the conventional method of the
recording and reporting rainfall and st:;eamflm.e data are usually

too great for forecasting flash floods.

Head water catchments which are more prone to flash floods
are represented by poor network of conventional rain gauge stations
due to difficulty in accessing these areas. Besides, due to condi-
t;.ions which would prevail during rainy period, reporting this
recorded rainfall information is very difficult, if not impossible.
Therefore con\.;entional method of recordiﬁg_rainfall is not suitable

for flash flood forecasting.

L

The inability to forecast time, location, intensity and
duration of thunder storms seriously limits the measurements of

flash flocd by conventional methods. Often the measurement site

9



is remote from available electric power, and stage must be recorded
réliably without benefit of poweredldévices. In flashy streams,
since flow is of high velocity and short duration, and transports
lot of sediments, ’ current meters and boats cannot be used for
the measurement of velocity and depth. Further the high sediment
load carried by tﬁe flash floods accumulates andquickly alters
the measurement section. The rapid changes that occur in water
stage of flash flood flows make it difficult to measure the stage.
Also the stage recofding problem is compounded by the presence
of large quantities of sediment which will quickly fill most common

still well entrance configurations. (Smith and Chery Jr, 1974).

2.4 Available Data Collection Techniques for Flash
Flood Estimation

The problems discussed in the earlier section necessitates
the use of automatic systems for both data collection and issuing
warning regarding flash floods without much involvement manual
operation. Automatic data collection systems are usually based
on & digital output from the sensor. Raingauges are primarily
of the tipping bucket type which provide a conveniént instrumental
pulse count. River height sensors are usually a shaft rotation
type whicﬁ require a digital attachment from a flat well or a
pressure transducer from a pressure line, either closed or a gas
purged line. These digital outputs can be telemetered by land-line
or by radio using ground or satellite repeators. However, it

has to be noted that in a flood situation telephone and telex lines

are prone to failure. (Hall, 1981).

10



The design of ground station networks for flash flocd
forecasting follows the same principles and techniques as those

applied to conventional flood forecasting systems.

2.4.1 Radar

- Observation of rainfall on a fine tempor;1 and spatial
scale and'predictioﬁ in the short period (0-2 hr) are.prime_ingre-
dients of é flash flcod 'monitoring system. This. system should
include information on the intensity, speed and direction of movement,
configuration and orientation of the storm. The instantaneous
femote.sensing capability of radar allows it to detect accurately,
with good resolution, storm rainfall patterps and the spatial
discontinuities and temporal fluctuations associated with these
patterns. Radar coupled with a delicated digital computer provides
the mea;s in real time to observe automatically and -accumulate
rainfall amounts. Through extrapolation, future' rainfall totals
may be estimated thereby giving alert to potential flood producing
conditions (Green and Clark, 1974). Mogil et al. (1978) (as

quoted by Hall, 1981) 1list three methods whereby radar is used

for flash flood estimation in the United States. They are :

a. Subjecﬁive radar scope evaluation : A skilled radar observer
can determine areas of heavy rainfall by visual examination
of the.radar scope. The existence of thunderstorm cells
'is the main clue and their identification alerts the

observer to heavy rainfall. The larger the cells, or

the higher the echo tops, the greater is the rainfall

11



intens.ity.. Persistence in location given by ‘-nearly sta-
tionary lines of thunderstorms, or slow moving thunder-
storms which redevelop on the upstream side of the storm
system, increase catchment rainfalls and provide !i;he

high rainfall intensities over a sufficient period of -

time to produce flash floods. .

Manually digitized radar Hanual methods involve. contourinq

isopleths of echo :lntennty on an overlay of the . Plan

' Position Ind:l.cator I PPI) dJ.splay of the radar a,nd assxgnmg

rainfall rates to these mtens:.ty levels. Taken at regu.lar
time intervals in 10—15 minutes, these rates can be averaged
in time and space to give estimates of areal rainfall

over the catchment of intérest. The theoretical rainfall

-rates, 'R' are related to the echo intensity or radar
_ Y

reflectivity f-actor Z using one of a number of empirié.ﬂ_'
relationships such as 2 = _ARB where the coefficients
A an.d B are not constant, but vary considerably depending
on the size distribution of réin drop.s. The Id.rop size
distributions, show climatic. and rain type variations,
Rain type variations can lead to change. in the constants
of the .Z -~ R relation whiéh produce rainfall rates differing
by a factor of two or more. Thms techn:l.que is not alwaya
rellable for flash flood warning purposes for the following

reasons: Firstly, manually digitized = radar data
are necessarily computed on a much coarser

grid than is desirabl-e,on thé small catcnments

subject to flash floods. There are subjective

12



2.4.2

C. amounts. -

assessments of rainfall ratés at eaclh‘ grid of the overlay,
depending on the extent to which the grid is cofrered
by rain of various intensities.  Secondly, because of .
the. time taken to manually evaluate rainfall intensity

for each grid, the gaps in intensity in the gradings

used is much wider than is often desirable.

Rada_i' Digitizer and Processor (RADAP) :. Computer processing
of radar data in real time is g_enerally required as the
manual method described above is laborious,' less accurate

and slow, 'pa'rticularly if a number of catchments are

involved. A mini-computer coupled to the radar enables

the digitizing of radar video returns to be quantified

into a number of discrete levels, usually at least few,
and recorde& in polar fomat in range bins', approximately
2 km. in length, extending from 18 to 230 km. for each

azimuthal interval,

To overcome likely Z=-R variation, adjustment of the

radar estimated rainfall is made by comparison with either

a single surface raingauge or preferebly with a small

¢closely spaced network of kaingauges.

Satellites

Satellite data may also be used for estimating rainfall

Satellite imagery shows the life period of the cumulus

clqih_d and the strength of the updraught present as a function

13



of the height or thickness of thé*cloud. The stonger the updraught,
the greater the input of moisture to the cloud éystems, leadihg
to taller and larger clouds with generally increasing rainfall
intensities, As with radars it is necessary to -automate this
technique using digital imagery data to provide the real time

speed and accuracy required for flash flood forecasting.

2.5 OQuantitative Precipitation Forecast

Future forecasts of precipitation are neeﬁed for the
achievement of the greatest possible fogecast accuracy and longest
poss%ble lead time of flash floods. Therefore Quantitative Precipi-
tation Forecasts (QPF) models which aim to fullfill_this requirement
play an important role in flash flood forecasting. QPF information
is especially important for the smaller scale areas where forecast
lead time is minimal. Even general guidance information about future
expgcted precipitation can be extremely. useful for fiverlforecast
centres operation and in ideﬁtifying likely problem .areas where
potential flood or flash flood conditions may arise. Unfortunately
current QPF models and procedures generally do not'prbvide suffici-
ently accurate values for - direct inpﬁt to hydrqlogié models'

{Georgakakos, and Hudlow, 1983).

Currently there exist three categories of rainfall predic-
tion methods for flash flood forecasting purposes. The first
category of methods deal with the use of numerical meteorological

medels which are physically/dynamically  based. These models -range

14



in scale from the very large ones such as the limited Area Fine
Mesh (LFM) model used for Numerical Weather Prediction (NWP) by
U.S8. National Meteorological centre, _whiéh covers the United States
and surrouhding areas with a grid mesh size of approximately 150 km,
to the very small scale ones consisting of one dimensional micro-
physical cloud physics models. The second category of rainféIl
prediction methodg comprisés those that use statistical regression
techniques to correlate rainfall on a station or areal basis with
other hydrometeorological and possibly climatological ant_i orographi-
cal variébles and/or outputs from the large scale NWP models.
The third category of the model includes those methods which use
recent past and/or current conditions as a basis for establishing

trends for use in extrapolating conditions to short time into

the future.

However QPF products could be much more useful if their
quantitative accuracy and site specificity could be improved.
Knowlgdge of the uncertainty associated with the precipitation
forecast also is.needed for determination of the weight that should
be placed on the information. In the case of flash flood forecasts,
the prec‘ipitation forecasting technique should be cmnputationail.]_.y

efficient apd suitable for implementation on mini or micro computers.

2.6 ' Flash Flood Forecasting ’

Currently there exists three categories of flash flood

forecasting techniques in U.S.A. (Hall, 1981) viz.,

15



(a) techniques based on meteorological .iﬁput coupled with
specified flood guidance criteria provided by the River
Forecast qentres-to the Weather Service Forecast Offices
for specified areas of the size of counties or td zones

consisting of several counties.

(b) techniques based on hydrological methods which use observed
rainfall and/or river height to predict the flood height

or to estimate flash flood potential and

(c) techniques which couple meteorological and hydrological
models and procedures within the real time flood fore-

casting framework.

It is realized that the value of the last technique is

particularly high in flash flood situations for which the time scales

and the forecast lead times are relatively short.

There exist a technique which is very much different.
from the above techniques for forecasting flash floods due to

dam burst, and this technique will be dealt in a separate section.

2.6.1 Meteorological techniques

The meteorolqgical technique is based on the idehtification
of potential or actual flash flood conditions using the observed
- meteorological condition and the -Specified flash flood guidaﬁce-
;crfteria provided by the River Forecast centres io the Weather

Service Forecast Offices. The flash flood gﬁidance values typically

16



apply to areas the size of counties or to 2o0nes consisting of
several counties, If meteorological conditions are conducive
to heavy intense réinfall for an area, then with the help of speci-
fied flash flood guidance crit;eria a flash flood 'WATCH' is issued
for alerting the. residents of the area. Hall (1981) lists number
of studies carried out in U.S.A. for setting guidelines for fore-

casting flash floods depending on various meteorological conditions.

If -exce;sive rainfall or flood is being 'reported, a
‘WARNING' is issued. Since the  time between the occurrence of
excesgsive rainfall and the resultant. flash flood is so short,
the only way to .issue- warning very far in advance is to forecast
the rainfall i.e., to use Quanti_tativg Prec.ipitation' Forecasting

Technique.

2.6.2 HBydrological Technigues

The hydrologica]_. techniques_-_ adopted in the communities
specially located inlhead water basins of U.Q.A. is to_.monitor
the river stages upstream of the comnunity 1o_catior_1 using sensors
and which in turn activates an alarm at the éomuni-ty 16cation to
forewarn the Mle regarding the potential of flash flood. Such a
warning system .cons.;i.sts of three .stat.ions 2 a river station, an
intermediate état.ion and an alarm station. The river station
senses the water level and it transmits the water level monitoring
information to the alarm station so that the operator at the alarm

sta_tion can have a check regarding its working. The intermediate

17



station provides power to the river station and couples the river
stations sighal output via a pair of telephoheilines to the alarm
station. The intermediate station is located at a peint whe;e
both electricity and a telephone service are available and is connected
to the river station by a pair of wires which may be upfo 20 km.
in length. When the critical water level is reached at the river
station, the flash flood alarm ig.activated.l The person responsible
at the alarm station executes the follow up Ackivities as soon
as the alarm; is sounded. However this flash flood alarm only
provides a w;rning that a pre-assigned critical water level has
been reached.at the upstream river station. It does not provide
information on the magnitude and timing of flood to be anticipated.
However experience has shown in U.S. that if a community has been
alerted to the prospect of flash flooding and is aware of it's
potential impact, it will be able to minimize tﬁe loss of 1life
even through a specific forecast is not availablé. ' Fﬁrther it
should be noted that where there are several short streams above
a community, a single alarm may not be useful .Conversely, the
alarm is most effective where flocding primarily results from
overflow of just one stream which has a drainage area that is

relatively long and comparatively narrow.

In order to alleviate the deficiency of the above systems,
the rainfall inforﬁation‘ of the upstream catchment is used in
a hydrological model to warn against potential flash flood threats.
These models may range from a simple "rule of thumps" of.rainfall

~rates exceeding a given value over a given period to a complex
watershed model.

18



To eliminate the delays inherent in centralized data
collection, analysis and forecasting and warning, flash flood
forecasting system generally need to be developed on a local basis
or as designated 1in the ﬁnit_ed states, as a local flash flood
warning system. The s:.mpllf:.ed stream level forecast procedures
are prepared by Nat:.onal Weather Serv:.ce hydrolog:.sts utilizing
data from a: network of rainfall and river observ.mg stata.ons.
Forecnsting procedures consrsts of an :|.ndex of antecedent soil
'moi_eture_ ' cond:.t:.ons and reported ~‘rainfall amounte.- "I‘h_e ~river
forecast -centres provide the operator (s) of the 'local _.warning _'
system with. an updated, generally weekly, index value. | Tnis rndex

/

and the observed. ra:l.nfall are used to enter a set of tables or graphs

-,giv_ing the forec'als't'---pe_afk ‘stage and the arrival time of ‘the flood

(Hall, 1981).

Auto. Regressive Moving Average models_ with exogeneoue
input'_'-(.ARMAx). ‘and using Kelman .'filter techniques are a recent
pro'mising defrelopment. far torecasting floods. These modelel can
be. .Isuccelssfully- used foxr fl.ash' f]_.ood' forecasting provided the
datainfomatlon .i_s. received from automated input measurement

a SYBtems; '

2.6.3 .  Meteorological-hydrological techniques

The most - ef'fective. meane of flash flood forecasting is
' to .combine' 'both 'Imeteor-oi_ogic'.al and hydrOlo_gical forecasting tech-
.m.ques. .-'The 'us'e'.QPF can extend the wetch'. lead time which is the
.key parameter in forecasting flash floods. Georgakakos (1986} has
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developed a three component mathematical model to simulate rainfall-
runoff process. Its first component describes the precipitation
mechanism based on simplified cloud dynamics and microphysics.
The second component is a spatially lumped representation of the
soil_ moisture related processes. A nonlinear channel rounting
model constitutes the third component. Automatic. updating is:
performed through_ﬁhe use of the exﬁénded Kalman Filter. that provides
thel_papability -E;r reai time probabilistic forecasts of flood
.occurrence and.flood m;ggitude. ‘&b complemepguthe coupled system,
a- methodolbgy was developed for ~cOnSis§ept spatial interpolation
ofnsparse observations- of the peffinent meteorological input varid
ables. The interpolation methodology takes into account topographic
fclief and atmospheric 1apée'rates. " The result of the modelling
effort is a stochastic-dynamic hydrqmeteorological system suitable
for use in real time flood and flash flood fofecagtimg.

2.7 Flash Flood Forecasting Due to Sudden Releases

More aﬁd more dams have come up or Seing constructed
with the aim of using the' available water resources optimally
for developmental purposes.or for protecting lives and properties
from the fury of floods. With the assured watér resources facility
and flood protection provided by the dam, the encouragement for
improving the ovéfall economy has led to various developmental
activiéies in the downstream of the dam resulting in the settlemeﬁt
of large population and properties in the flood plain and.adjoint

areas. However, in the eventuality of any dam failure, the disaster

20



would be cai:astrophic with flow océqpying not Eml_y the erstwhile
flood plain area but also the _adjoining ;rea. Therefore, it is
't.he responsibility of the organisations involved with the séfety
of the dams to plan preventive measures so that in the eventuality

of dam failure the disaster will be minimum to the extent possible.

However, .it is quite difficult to conduct analysis and
determine _the. warning time of .. th.e .dam break flood at the time
of _disaster since little is known regarding failure mode until
a real failure take place. Hence, forecasting of dam break floods
is almost always limited to occasions when failure | of the dam
has actually been observed. Therefore, pre-determination of the
warning time assuming a various hypothetical dam break situations

is a needed exercise in dam safety measures.

Significant advances in the state of the art of dam break
flood wave modelling have occurred during the past decade. A dynamic
routing model should be used whenever a maximum practical level
of accﬁrracy is required and adeguate manpower, time and computer
resources are availabl_é. The U.S. National Weather Services DAMBRK
wodel (Fread, 1984) is the optimal choice for most practical appli-
cation. It's capability to simulate dam break flood wave movement
has been demonstrated on many dam failure cases such as Teton dam failure
which occured in 1976 in U.S.A., Buffalo Creek coal waste dam
which collapséd' on the middle _Fork in South Western West Virginia
in 1972, (Fread,1984) and- Machhu dam-1I failure which occured in

Gujarat state in August 1979 (NIH, 1985-86).
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study is under progress ét the National Institute .0f 
Hydrology in the dé@elqpment_of_afmethodology for a quick estimation
of dam break flood:wavé and its.characteristics such as peak ficws,
peak stages and fhei:ﬁfespectiwe timings:at the dam'sife and at
spécified locations downstreams of a.bfeachedfdam using the technique
of dimensionléss hydroéraphs of dambreak flood wave develdped
based on different breach area criteria. These dam break flood
waves have bheen developed_.ﬁs#ng' ﬁ,s}ﬂ.Ngiional Weather Services
IDAMBRK model'on.the data pffugchhuldﬁm—ll; Preliminary investi-
gations. nade _usiﬁg DAMBR# mbdeI  sﬁdwgd liﬁsignificant .impact on
the dam break flood hydrograph zcharacteristics relevant fq -flood
- : : .
warning due to variation ixi'_'the_ sha'pé.l of breach and due to the
cﬁnsideration ﬁf "inflow hYdrégraph;'..-Therefore, dimensionless
hydrographs hﬁve been deveiopéd -5ased :on -the considgration of
trapezoidal breach with 'br'i.each area varying from 50% to250% and
100% area corresponding ;6 .the. actual Iaréa of :breach_ obsefved
at Machhu damfII. The.dimensionless hydrographs relate the time
of hydrbgraph .ﬁon-dimensiﬁnlised with réference to the time to
peak flow, and the discharge non-dimensionlized with reference to
the peak discharge. Relationships have been'estabiished for area
of breach vs the peak flow, and the peak flow vs the time to peak
flow at the dam site. Similarly, non-dimensional hydrog:aphs
have been developed at the specific sites downstream of the dam,
besides the relationship_between;péak f;ows'of upstream site and -
the next downstream site, the peak flo; and time to;?@ak at the

respective sites, and the peak flow and peak stage at the respective
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sites. Using-'these dimensionless hydrographs and relationships
 9§¢ can quickly estimate the peak flow and péak stages at specific
sites knowing only the breach area at the time of disaster without
Ithe need for using the DAMBRK model. The usefulness of this approach
has been demonstrated by developing the dam break flood wave hydro-
graphs for a breach area which was not used for the development

of dimensionless relationships.

2.8 Evaluation of Flash Flood Potential

~

The centre fo¥ Research in water resources at the bniversity
of Texas at Austin in U.S.A. took up the problem of developing a
rapid and practical means for preliminary evaluation of flash
- flood potential at thousands of locations throughout the United

States {Beard, 19?5).

The first criterion developed in this study is the flash-
flood mégnitude index. This index is defined as the ratio of
the.nmgnitudes of rare flood events to common flood events, and

is indicative of the relative severity of rare flood events.

Because of the relatively smail variation in observed skew coeffi-
. cients for use in annual maximum stream flow frequency analyses,
the étandafd deviation of the logarithms of annual maximum stream-
flow is conéidered to be an ﬁdequate estimator of the flash flood

magnitude index. This index was generalized for application

in the contiguous 48 states by regional mapping.
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The second criterion developed is the flash flood warning
time index. This index is an intense measure of the average warning
time available during relatively rare flood events, and is therefore
a direct measure of the intensity of expected flash flood magnitude.
The warning time (intensity) index of a location is defined as
the average of the ratios of peak flows of the location. A 1arg;:'
value of flash flood warning time (intensity) index indicates

less average warning time and higher intensity of flooding thar

does a smaller value.

The effectiveness of the criteriﬁ and of suggested ranking
procedures are demonstrated using appropriate data ~ determined
for 42 streams from 39 flash-flood prone communities provided by
the National' Weather Service, In additioen, ‘apparent morpholdgic
difference in drainage basins selected from o‘pposite. ends of the
flash flood potential spectrum are investigated, and appropriate
morphometric indicators of those drainage basin characteristics
conducive to flash flooding are presented. This study is helpful
to effectively determine a preliminary priority 1list of flash

flood potential areas to be studied in greater details.

Yet another way of estimating the flash flood potential
has been suggested by Riggs (1974). However this method is meant
for estimating flash flood potential in ungauged basins. This
" methods deveiops a relationship between a flood characteristics
viz., a 10 years or 50 years flood and.stream channel size based

on data at gauging stations, énd_ knowing the channel size at the
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ungauged site the 10 years or 50 years floods are estimated.
This method is useful for'plahning protection works near ungauged
sit'es.. Channel size is represented by the top width of a cross
section; the top of the gross section is variously defined by
channel bars{ by b;eaks_in_bank-slope, or-by the lower limit of

permanent vegetation. It has been found that this method is_mhdh.

useful in semiarid regions.
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3.0 REMARKS

bue to quick response of the catchments to the causative
intense rainfall, flash flood forecasting is  a difficult' task
both for m;e'teorologist and hydrologists. A longer lead time of
forecast is desirable fox; flash floods. ' This can be achieved
by transmitting the recofded rainfall information to the forecasting
centre = without muéh delay, by using Qﬁaﬁtitﬁtiﬁe..Precipitation
Forecasting techniques, by employing comﬁutatibn efficieht hydrologic
models and by using efficient warning system. Geotagaﬁﬁkbs ‘and
Hudlow (1983) indicates that while the currently availabié cpe:a; f
tional_ QPF information is useful in the' planning of hydroloogic
opera;tions, it falls short of meeting'“so.me of.1.:h.i=.- -requiremehts desired
for real time hydroloéic forecasting applications. - It.'appears
that ;hat is needed for the future is a hlerarchlal and more directly _:
.coupled approach to. the problems. Slnce numer1cal inputs of ralnfall'
are de51red in real time for many hydrologlc forecastlng appll;
'cations, it is reasonable to conclude, ' atleast conceptually,_r

~that mbre tlghtly coupled QPF -and hydrologlc forecastlng procedures

. are needed in the future for efflcxent flash flood forecastlng

Wlth regard to the dam break flood forecastlng,_ it is

_essent1a1 to do the exercise of pre—determ1natlon of warnlng time;,f

assum;ng- a various hypothet1ca1 dam break 51tuat10ns, so that.; '

in the eventuallty of dam fallure one can 1mmed1ate1y forecast
the potential flood threat wlthout the_need for 901ng 1ntq ‘tedious

computations. -
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