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THE NWS SIMPLIFTED DAM BREAR FLOOD FORECASTING MODEL
FOR DESK-TOP AND BAND-HELD MICROCOMPUTERS

Jonathan N. Wetmore and Danny L. ?ruadl

SYNOPSIS

The National Weather Service (NWS) has developed a simplified procedure
that utilizes desk-top or hand-held microcomputers for predicting downstream
flooding produced by a dam failure. This procedure, known as the Simplified
Dam Break (SMPDBK) Flood Forecasting Model, produces information needed for
delineating areas eadangered by dam break floodwaters while substantially
reduciag the amouat of time, data, computer facilitcies, and cechaical
expertise required in employing more highly sophisticated unsteady flow
routing models. With only an inexpensive microcomputsr and a minimal amount
of data, the user may within minutes predict the dam break floodwave peak
flows, depths, and travel times at selected downstream points. This
capacity for providing results quickly and efficiencly should make the
SMPDBK model a useful forecasting tool in a dam fajlure emargency when
warning response time is short, little data are available, and large
computer facilities are inaccessible. However, the SMPDBK model should
prove even more useful for "pre-event” dam failure analysis by emergency
management personnel engaged in preparing disaster contingency plans when
the use of other flood routing models is precluded by limited resources.

The SMPDBK model is designed for interactive use (i.e., the computer
prompts the user for information on the dam, reservoir, and downstream
channel and the user responds by entering the appropriate data values), and
it allows the user to enter as much or as little data as are available,
automatically using preprogrammed defaults when the response to a prompt
indicates the data is not available. Using the internally set default
values, SMPDBK is capable of producing approximate flood forecasts after
reading in only the dam height, reservoir storage volume, and depth=vg.-
width data for one cross-section of the downstream river valley (determined
from on-site inspection or topographic maps). If however, the user has
access Co additional information (i.e., the reservoir surface area,
estimaces of the final width and depth of the breach, the time raequired for
breach formation, the turbine/spillway/overtopping flow, the slope of the
channel and the Manning roughness .coefficient, flood depth (depth where
flooding becomes a problem), and elevation=-vs.-width data for up to five
downstream channel cross—sections), the model will utilize this information
to enhance the accuracy of the forecast.
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Ia producing the dam break flood forscast, the SMPDEK model firse come
pucas the peak cucflow at the dam, based on the reservoir size and the tem
poral and gecmecrical description of the breach. The computad floodwave and
channel properties are used in coanjunction with roucing curves o detarmine
how the peak flow will be diminished as it moves downstrsam. Based on this
predicted floodwave reductiocn, the sodel computes the peak flows at speci-
fied downstream points with an average errtor of +10 percsnt or less. The
model then computas the depth rsached by the paak flow based on the channel
geometTy, slope, and roughness at these downstream points. The model also
computas the time required for the peak to reach each forecast point and, if
the user entered a flood depth for the point, the time at which that depch
is reached as vwell as vhen the floodwave recedes below that depth, thus
providing che user with a time frame for evacuation and fortificacion cn
which the preparednass plan may be bdasad.

The SMPDBEK model has perforzed well in test simlations of the flooding
produced by the failure of Teton Dam and the 3uffalo Creek "ccal wasce” Dam,
as vell as in numerocus theoretical dam failure similations whers the
prograssion of the floodwave was not significanely altsrsd by backwacer
effects creatad by downscream dams or bridge embankments, the prasencs of
which can substantially reduce the model's accuracy. Its speed and ease of
use racommend it well for use in emergencies. However, emergencias are noc
the only situacions where it can be useful; planners, designers, emargzancy
zanagers, and consulting engineers responsible for predicting the potantial
effects of a dam failurs may employ the model ir sizuacions whars backwater
effects are not significant for pre-event delineation of areas facing danger
should a particular dam fail,.

I. INT0DUCTION

The devastation that occcurs as impcunded researvoir water escapes
through the bdreach of a failed dam and rushes downstream 13 quick and
deadly. This potencial for disascrous flash flooding poses 2 zrave threat
to zmany communities located downsCream of dams. Indeed, a raporz Sy the
U.S. Army (1975) Lfadicates 20,000 dams in che U.S. are "3so0 located chat
failure of the dam could resul: {n loss of human life and appreciabla
propercty dasage ...” This repore, as vell as the tragic descruction
resulting from the failuras of the 3uffalo Creek coal—vasca dam, zhe Toccoa
Dam, the Taton Dam, aand the Laursl Run Dam, underscores che real need for
accurace and prompt formcasting of dam=break floodiag.

Advising the public of downstream flooding duriag a dam failure amer~
gency is the responsibility of the National Weather Servics (¥WS)e To aid
NWS flash flcod hydrologists {a forecascing the inundation resulzing from
damefailures, the numerical NWS Dam~3reak 7lood Torscascing Model (DAMBRXK)

- (Tread 1977,1980) was developed for use witch large, high-speed computars %o
aodel the ocutilcw hydrogrash produced by a zize-dependent, parzilal daa
breach, and route this hydraograph downstream using the complata cae~
disensional unsteady flow equations while accountizg Sor cthae effacts of
downstream dams, bridges, and ofi=channel scorage. Iowever, L1 some sizua-
tions the real-tize use of the DAMBAX =odel 2ay be srecluded because
varuning—rTesponse tize (3 extramely short or adequate compuciag facilities
are a0t availabla.



To alleviate this potential problem and attempt to improve upon the
accuracy and versatility of existing simplified dam breach modelling
procedures, the NWS has developed the Simplified Dam-Break (SMPDBK) Flood
Forecasting Model. With this model, the user may within minutes produce
forecasts of the dambreak flocodwave peak discharges, stages, and travel
times. It should be noted, however, that the use of the NWS SMPDBK model is
not limited to NWS flash flood hydrologists. Plaannars, designers, civil
defense officials, and consulting engineers who are concerned with the
potential effects of a dam failure and who have limited time, resourcss,
data, computer facilities, and/or experience with unsteady flow models may
also wish to employ the model to delineate the areas facing danger in a dam-
break emergency.

This document presents an outline of the NWS SMPDEK model's conceptual
basis. Appendix I gives a step-by-stap guide and example of the computa-
tions involved ia the mcdel, Appendix II presents the FORTRAN computer code
for the automated (mini/micro-computer) version of the model and an example
run of that version. Appendix IIl presants the BASIC computer code for the
microcomputer or programmable hand-held computer version of the model.
Appendix IV presents the HP41C hand-held computer version of the model.

II. MODEL DEVELOPMENT

The SMPDBK model retains the critical deterministic compounents of the
numerical DAMBRK model while eliminating the need for large computer
facilities, SMPDBK accomplishes this by approximating the downstream
channel as a prism, neglecting the effects of off-channel storage, concern
ing fcself with only the peak flows, stage, and travel times, neglecting the
effects of backwater from downstream bridges and dams, and utilizing
dimensionless peak-flow routing graphs developed using the NWS DAMBRK
model. The applicability of the SMPDBK model is further enhanced by its
minimal data requirements; the peak flow at the dam may be calculated with
only four readily accessible data values and che downstream channel may be
defined by a single "average” cross-section, although prediction accuracy
increases with the number of cross—sections specified.

Three steps make up the procedure used in the SMPDBK model. These are:
(1) calculation of the peak ocutflow at the dam using the temporal and geo-
metrical description of the breach and the reservoir volume; (2) approxima—
tion of the channel downstream of the dam as a prismatic channel; and
(3) calculaticn of dimensionless routing parameters used with dimensionless
routing curves to determine the peak flow at specified cross sections down-
stream of the dam.

2.1 Breach Description

Most investigators of dambreak flood waves have assumed that the
breach or opening formed in a failing dam encompassed the entire dam and
occurred instantaneously. While this assumption may be valid for a few
concrete arch dams, it is not valid for the exceedingly large number of
earth dams. Because earthen dams generally do not fail completely nor
{nstantaneously, the SMPDBK model allows for the invesctigation of partial
failures occurring over a finite interval of time. And, although the model
assumes a rectangular-shaped breach, a trapezoidal breach may be analyzed by
specifying a rectangular breach width that is equal to the average width of



the trapezoidal breach. Failures due to overtopping of the dam and/or
failures in wiich the breach boczom does not erode to the bottom of the
reservolir may also be analyzed by specifying an appropriata "H" parameter
which is the elavation of the reservoir water surface elavation when hHrsach
formation commences minus the final breach bottom elevation (i.a., "H" is
the depth to which the breach cuts).

The model uses a single equation to determine the maximum breach
outflow and the user is required to supply the values of four variablas for
this equacion. These variables are: 1) che surfacs area of the reservoir;
2) the depch to which cthe breaach cuts; 3) the time required for breach
formation; and 4) the final width of the breach. (Noce: For “pre-avent”
analyses, the user must estimate the last chree variables above. To assist
in this estizacion, the following table of default values is provided.)

Table l-—Default Values for 3resach Description

Value Units Cescristion Cefault
q 144 Depth to which breach cutas Faight of dam
3. fe Final breach width 3 x breach depth (earth dams)
1/4 = 1/2 dam width (conccata
gravity dams) 2
Eacire dam width (concrate
arch dams)
ty¢ . minuces Time of fatlure B/3 (earth dams)

H/1000 (concrace dams)

Once the 2axizum outilow at the dam has Seen computad, the depch of
£low produced by this discharge may be decera:ined based on the geometry of
the channel {zmedilataly downstrTeam of the dam, the Mananing "a” (roughness
coefficiant) of the channel and the slope of the downstrezam channel. This
depch i3 then compared to the depth of water in che reservoir co find
whether 12 (s necessary to {nclude a submergencs zorreczion Saczor for
tailwacar eflacts on the breach ocutflow (l.a., 29 Iind vhecher the wacar
downstrean is restricting the free flow through the Sre=achk). This
coumparison and (if necessary) corraction allows the zodsl 22 provide the
mOSt accuracta prediction of zaximum breach outilow which properly accounts
for the effscts of tailwacer depch downscraam of the dam.

2.2 Channel Descriscion

The river channel downstream of the dam to the specified routing poinc
is approximated as a prismatic channel by definlang a siagls cooss seczion
(an average seccion that incorporates :the zeometTic sropercies of all
iagervening sections viaz a discance veighting lachnique) and fi:ziag a
machemacical funesion that ralaces the seczion's widzh o depeh. This
prismacic representacion of the channel allcws 2asy calculacion of :low area
and volume in cthe downstrean channel wnich Ls required 2o accuracaly predice
the amount of peak {lew acsanuation.

Approximating the channel as a prism raquires zhirse sceps. Ticsec,
copwidth vs. depch data =ust de obtained from zopographic 2aps or survey

&



notes. For each depth (hy), a distance weighted topwidth Bi is defined
producing a table of values that may be used for fitting (usSing leasc-
squares or a log-log plot) a single equation of the form B = Kh® to define
the prismatic channel geometry.

For rivers with very steep valley side-walls adjacent to the channel
(see Fig. la), an additional paramecer (h,) may be specified to indicate the
depth at which the channel geometry no longer follows the B = Kh®
relation. As can be seen in Fig, lb, this feature allows for a more
accurate representation of the true channel-valley shape.

Fig. la. Typical Downstream Cross-Section
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Fig. lb. Approximated Prismatic Downstream Cross-Section

2.3 Downstream Routing

After the maximum breach outflow and stage have been calculated, it is
necessary to route the flow downstream. This routing is achieved by employ~-
ing dimensionless curves developed using the NWS DAMBRK model. These
dimensionless curves are grouped into families (see Appendix Ia) and have as
their X-coordinate the racio of the downstream distance (from the dam to a
selected cross section) to a distance parameter computed using the equations
given in Appendix I. The Y-coordinate of the curves used in predicting peak
downstream flows is the racio of the peak flow at the selected cross section
to the computed peak flow at the dam.



The distinguishiag charactaristic of each curve family is the Froude
number developed as the floodwave moves downstream. The distinguishing
charscteristic of each member of a family is the ratic of the volume i{n the
teservoir to the average flov volume in the downstream channel. Thus it may
be seen that to pradict the peak flow of ths floodwave at a downstream paiat
the user must first determine the desired distinguishing characteristic of
the curve family and member. This determinacion is based on the calculatics
of the Froude number and the volume ratio parametsr. To specify the
distance in dimensionless form, the distance parameter must also be
computed. The equations required for these computacicns, as well as che
equations for detaraining the peak stage at forecast points are presentad {n
Appendix I.

The tize of occurrance of tha peak flow at a selected cross section is
deterained by adding cthe cizme of failure to the peak travel Ciae from the
dam to that cross section. The travel time is computad using the kinematic
wave velocity which is a knowm function of the average flow veloeity
throughout the routiag reache The times of firsc flooding and “de=flocding”
of a particular elevation at the cross section may also be detsrmined whan
the user provides the selacted elavation.

III. MODEL CONFIGURATIONS

The SMPDBK model was developed for use ian dam failure analyses when
tize i3 short or where main frame (large) computer facilitias are
unavailable to the user. 7For tha first reason above, che =odel's daca
requirements have been zept to a ainizum. For the second rsasca, the
model's computational resquirements have also been kapt to a ainimum such
that it caa be employed with small (aini- or aicro=) computer systams or
aven with a simple, non=programmable, hand=held calculator. To allow for
these three applications, the model has chree versions. The first version,
known as the “zanual” version, allows the user, employing cnly an inexpen=
sive calculator and the roucing curves provided {2 Appendix la, to produce
forecasts of the dam=break {loodwave peak discharzes, stages, and travel
tizes at seleczed downstream points. To accomplish this, the user simply
follows the step=by=scap guide provided i{a Appendix I for a=aking the
required calculations, providiang data input vhere necessary, and selects the
indicated values f{rom the routing curves.

Tha second versiom, knowa as che “TORTRAN Mini/Micro-computar”™ version
has been, as its name lapliss, developed for use on aini-cowmputars or aicro-
computers with 3 TORTRAN compiler. The computacional procedure fallowed by
this verion {s the same as that followed {2 the nanual versicn; however, the
computacions are zade by the computer rather than che user, thus signifi-
cantly reducing the Cize requized to prepare a forecast. This version was
developed for {ntaractive use and prompts the user for information (data) as
it is needed, autcmatically using defaul: values (vhere 3pplicable) when che
user 13 unabla zo provide them. Included L2 this version {s 3 “shor:”
cption that z=ay bde employed when the only channel crsss-=secczion data
available {3 that describiczg the dam face; the zodel assumes a conscant
channel configuration and provides forz:cast iaZormacion at seven user-
specified poincs downstreazm. A copy of che FORTRAN code for this version
and an example run are provided in Appendix II.



The third versicn of .the model, or the “"micro=-BASIC" version, has been
developed for use on micro-computers with BASIC compilers. This version
performs the same computations and requires the same data input as the
FORTRAN version and its storage requirements are small enough for it to fit
on most micro-computers. The “short” optiom available in the FORTRAN
version is provided in this version as vell. Also, a hybrid of this version
has been developed for use on a hand~held, programmsable computer (See
Appendices IIIa and IV). A listing of the BASIC code and an example run is
included in Appendix III.

IV. CONCLUDING REMARKS

In both real-time forcasting and disaster preparadness planning, there
is a clear need for a fast and economical methed of predicting dam=break
floodwave peak stages and travel times. The SMPDBEX model £ills this need,
producing such predictions quickly, inexpensively and with reasonable
accuracy. For example, in test analyses of the Teton and Buffalo Creek dam
failures, approximating the channel as a prisa, calculating the maximum
breach outflow and stage at the dam, defining the routing parametars, snd
evaluating the peak stage and travel time to the forecast points required
less than 20 minutes of time with the aid of a non-programable hand-held
calculator while the average error in forecasted peak flow and travel time
was 10-20% with stage errors of approximately ! ft. Furthsrmore, compari~-
sons of SMPDBK model results with DAMBRK model results from test runs of

theoretical dam breaks show the simplified model produces average errors of

10Z or less. The authors had the advantages, however, of prior experience
with the model and possession of all required input data, the collection of
which consumes precious warning response time in a dam-break emergency.

To help reduce the time required for data collection, default values
for some of the input data are presented in Appendix I. These default
values may be used by dam-dbreak flood forecasters when time is short and
reliable data are unavailable. Additionally, to help further reduce the
time needed to employ the model, computerized versions of the model have
been developed for FORTRAN-compatible mini~computers and for BASIC language
micro-computers and programmable hand-held computers (see Appendices II and
III.)

The SMPDBK model is not only useful in a dambreak emergency, it is
also suitable for pre—computation of flood peak elevations and travel times
prior to a dam failure. Pre-computation of dam failures allows those
responsible for community preparedness to delineate danger areas downstream
should the dam fail. Ideally, to obtain the most reliable estimate of
probable flood elevations and travel times, the sophisticated NWS DAMBRK
model would be used in a long-term disaster preparedness study where
sufficient computer resources are available. However, for short term
studies with limiced resources, the SMPDBK model will be most helpful in
defining approximate peak stages, discharges, and travel times.

In closing, the authors would like to stress that while the SMPDBK
model can be a very useful tool in preparing for and during a dam failure
event, the user must keep in amind the model's limitations (Fread 1981).
First of all, as with all dam bdreach flood routing models, the validity of
the SMPDBK model's prediction depends upon the accuracy of the required



ioput data, vhether these data be supplied by the user or provided as
default "most probable” values by the zodel. Ta produce the most raliable
results, the user should endeavor Co obtain the best estinates of the
various input paramscers that time and Tesources allow. Secondly, because
the model assumes normal, staady flow at the peak, the backwatar effects
ccested by dowastream channel constrictions such as bridge embaniments or
dams cannot be accountad for and the model will predict peak depths upstreanm
of the constriction that aay be substantially lower than those actually
encountared, while peak depths dowustream of the constriction may be over
pradicted. Finally, because the “slowing down" of the floodwave caused by
temporary off-channel dead storage is not accounted for by che model, the
prediccad time to peak at a cerztain point may be scmewhat shorter than the
actual time to peak. Racognizing these limitations and exercisiag good
engineering judgement, the SMPOBK zodel user may obtain useful dam bresk
£loed i{nundactiocn informacion with relatively small expense of tize and

computing resources.
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APPENDIX I

THE NWS SIMPLIFIED DAM BREAK MODEL
PROGRAM DOCUMENTATION AND USERS' GUIDE
WITH EXAMPLE PROBLEM



The following User Guide is intended to familiarize the user with che

Sizplified Dam Break Model's data requirements and the computatiocns it
performs in producing the information necsssary for delineating endangered
areas downstream of a failed dam. DBriefly stated the model calculatas the
paximum cutflow at the dam, evaluates how this flow will be reducsd as it
moves from the dam %o the downstream point(s) specified by the user,
detarmines the depth attained by this flow at the point(s) and finally
computes the time required for the flow to reach the point(s). All of thaese
calculations utilize information (data) supplied by the user, a summary of
which is givea below. The user should zots that whils the zodel supplies
default values for aany of these input variables, the most accurate results
are produced vhen the zost accurate data is entered and the authors stromgly
urge the use of the best possible estinaces of variable values for each
study case.

Table A. Sizplified Dam 3reak “adel Invut Variables

Dam Crest Elevation (Top of Dam)
Flnal 3reach Bottom Zlevation
Reservoir Storage Volume
Raserveir Surface Area
Final 3reach Widch
Tize Required for 3reach Tormation
Turbine / Spillway / Overzopping Flow (at zize of failure)

Topwidth (discancs between equal contours) vs. (concour)
Zlevacion daca for one or more downstraam river valley
cToss—sections

Manning Roughness Cofiicient (escizace Zor each given
crass=secszion)

Flood Depch (depth at which flooding Secomes a sraoblem)
at each crass—sec:zion

Jeight of Vallay Wall (required for routiag zhrough
canyons)

Channel 3oc:som Slope (required L only sne downstream
cross=seczion Ziven)



MAXIMUM BREACH OUTFLOW DISCHARGE AND DEPTH CALCULATION

To determine the maxigum breach outflow (Q ) from the dam the user
must first obtain the following data values:

A, - Reservoir surface area (acres) at maximum pool level

m
]

Depth (ft) of maximum pool level above final breach elevation
Average final breach width (f£t)
ty = Tize of failure (minutes)

o
]

Q, = Additional (non-breach) outflow (cfs) at time t, (i.e.,
spillway flow, turbine flow, and/or crest overflow) (optional
data value, may be set to 0.)

Defaults: The reservoir surface area may be estimated to be equal to twice
the reservoir volume divided by the dam height. The breach depth,
H, may be set equal to the height of the dams The average final -
breach width may be estimated to be cne to three times the height™ _
of the earth dam and the entire width of a concrete arch dam. The
time of failure may be estimated to be near zero for a concrete
arch dam (see following subsection on instantaneocus failure) while
the breach erosion rate for earth dams is generally around 2 feet
per minute (i.e., tg minutes = H/3).

These values are gsubstituted into the broad-crested weir flow equation to

yield the maximum breach cutflow (Qbmax) in cfs, i.e.

C
Qbmax Qo * 3.1 8: :E + C (1)
1] "
23.4 AS
where C = 3 (2)

T

I-3



Instancaneous Failure

Ia some situacions where a dam fails very rapidly, the negative wave
that foras ia the reservoir may significancly affect the cutflow from the
dame Ia such cases, 2 special equation (Eq. (la)) musc be used to compute
the maxioum breach outflow. The constraint that indicates whether 2q. (la)
should be used is as follows:

If cize of failure 1a min. (&) < 0.001 * Height of dam in feet (B,

then:

Qupax = 3+1 3, (1, 1) 8,372 . (1a)
whare:
.2 L3 32
I - [1.0 + 0.148 (3‘) (=) % - 0.083 ('a';) (ml)”z] (3)
3 1/2 3 1/4
3 A
3_ 3
-0.1634 (5—) (=!8« 0.0891 (-3-) (x1)t/18
.S 3/2
- 0.0486 (BJ-) (91)1/32} (4)

vhersa: 3. = 3reach width
3 = T3lley tcopwidth at dam cresc
34 = feight of dam

2 = Channel fizzing coefficiant

I-64



Maximum Depth Calculation

Once the maximum outflow has been calculated, the maximum depth (hpyy)
at the downstream face of the dam mist be determinede To do this, the cross
section (X-section) at the downstream face of the dam must first be "ficted”
(approximated) with an equation of the form B = Kh® (topwidth = K * depth®)
where K and @ are the fitting coefficients computed using the following

least squares algorithm:

(I 1ogn) (I 108 B,)

! ([(log h,) (log B ) - I
n = 4 . (s)
2 2
L (log h)) - (I 1ogn)
L
Z log B z log h

log K = ——I——L - m —'_I'L (6) .
K= 10(103 ) ‘ (6a)

where: Bi is the topwidth associated with depth hy, L = 1,2,3,¢¢I (total
number of topwidths)

For rivers with very steep valley side~walls adjacent to the channel
(see figure la), an additional parameter (hv) may be specified to indicate
the depth at which the channel geometry no longer follows the B = kn®
relation. As can be gseen in Figure lb, this feature allows for a more

accurate representation of the zrue channel-valley shape.
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Figure | (a) and (b)

Cunce the K and 2 parametars have been computed for the dam face cross
section, the flow (Q,) that produces the depth (h,) (showa above) mst be
avaluatad and comparad with Qhuax to determine whether the maxizum depth is
above or below h,. The flow Qv i{s evaluated using the Manniag equacion, i.e.,

- 1,49 1/2 R (mz + 5/3)
Qv n ((= . l)2/3) v

where: a = Manning roughness coefficient
S = Channel bottom slope immediately downstream of dam
X § 2 = Channel ficzting coefficlents

Nota: The Manning roughness coefficient may be estizatad to be 0.04 for a
cross-section located {n an area of pastureland, .07 for a
aoderately wooded area and 0.10-0.15 for a heavily wooded area (use
the highar value to aeccount for affacts caused by significant

anounts of debris in the downstream valley).

1s Qv is found to be greactesr than Qbmax’ then R, =usc be greater than
hnax’ and haxx is deter=ined using zhe relacion:

Q 1/%
:ax a

’ 1/ .
(a+1)
b =3+ 3/3 (19)



If however, Q. is found to be less than Qbux then h must be less than

hoax a8d Ny o 18 calculated as follows:

/S
hmx - p(Qbuu: Y hv (11)

1 3/5 .
where: p = (12)
[ a(m + 1)5/3 h m]
' v
m
Y e=TT (13)

and a is defined by Eq. (9).

Submergence Cortectionl

The maximum breach outflow must be corrected iteratively for submer—
gence resulting from tailwater effects if the computed maximum outflow stage

(hpax) L8 greater than (0.67 hveir) where h is the head over the weir

welir
(breach) at time t, as expressed by the following relation:

e 2
Reir C (14)
e *vE
where C {s defined by Eq. (2).
If the ratio of (hmax/hweir) i{s greater than 0.67, a sumbergence
correction factor must be computed as follows:
h 3
k" =1-27.8 | 225 - 07 (s)
s weir

1 Note: Submergence correction need not be made {a the event of an
instantaneocus failure.

“



This value for K * is subseizuted into Eq. (15a) to obtaia an averaged
submergence correction factor given by the following:

(15a)

whers the k superscript i{s the {teration countar and the first iteration value
for K,° is l.

»
Nota: In some situations, the corraction factor K’, uay be computaed to be
less cthan 0.8, in wvhich case it should be reset o 0.3 to pravent
over-compensating for submerzencs in the firsc iteration.

This correczion factor is applied to the breach cutflow £ computs the
corrected bresach ocutflow a2s follows:

=1
. - 4 - 4
Jhere: Qb - Qbuax {2 the firsc {zeration

The corrected breach ocutflow (Qb‘) {s then compared with Q,, and a new
outflaow depth (hnaxk) 13 calculated using 2q. (3) or (11). Also, Secausae
there {3 decrezased flow through the breach, there {s less drawdown. Thus,

the head over the weir (hweir) =ust e recalculated using the relacicn:

. . (sec.)
bd k-1 <=1 % C:

etz ~ Rieir Y = Qy ZAS (3gq.2iz.) (n
¥ow the racio of the two new values, h___%/% % {3 used ia Zg. (13) zo

2ax ' Jelir
compute a nev submergzeaca csrreciion faczor.

If the new zaxizum hdreach cutilow compuced via Ig. (15) (s
significantly diZferent (= IX) from that compuced {2 zhe sravisus izavacionm,
the procsdure i3 respeaced. Gmaerally, vizhia zwe or
three itarations the ¥y value vill converge and a suitable value for the
2axizum breach cutilow (Jy) Ls achieved which sroperly aczounts ior the

effeczs of submergence.

©



EXAMPLR MAXIMUM BREACH OUTFLOW DISCHARGE AND DEPTH CALCULATION

The following data on the reservoir and breach are gachered:

Reservoir surface area at max pool level,

Time to maximum breach size (time of failure),

Additional ocutflow at time tg,

These values are substitutad into Egs. (1} and ¢(

breach outflow, i.e.

~23.4_(350)
¢ - —23:4 (350

Qbuax

100 = 81.9
81.9 ’
= 3,1(100) 23—-—-‘§T75f +
50 *

/50

Ag) = 350 acres
Height of max pool level above final breach elevation H, = 50 ft
Average final breach width (estimated),

Ber = 100 f¢
tey = 45 minutes
QO’ = 5000 cfs

2) to detarmine the maxizua

5000 = 95800cts

From a topographic map the following cross-sectional data is obtained:

Table | — X-SECTION DATA FOR EXAMPLE PROBLEM
Mile 0.0 Mile 12.3 Mile 40.5
Elev Topwidth Elev Topwidth Elev  Topwidth
5532 0 5483 0 5370 0
5540 480 5490 400 5380 590
5550 900 5500 770 5390 930
5560 1300 5510 1330 5400 1440
5570 1350 5520 1400 5410 1460



To coumpute the K and m ficting ccefflicients for the X-section ac the
dowascrean face of the dam, the X-sectional data at mile 0.0 is reduced by
subtracting the channel invert slevation from the elavation associated with
each topwidth, producing table 2. '

Table 2 = TOPWIDTHE VS. DEPTH AT DAM FOR EXAMPLE PROBLEM

Denth Toowideh
0 Q
3 430
13 300
28 1300
38 1350

Examination of this reducsd data indicates that, because the topwidths

increase very slowly above a depth of approximacely 30 faet, a rmasonable
value for h, is 30. .

This reducad data L{s used i{n Zgs. (5)=(%a) to detarmine the X and 2
coefficients of the equation B = X,

Table 3 — VALUES USED IN LZAST SQUARES COMPUTATION
OF X AND M COEFFICIZNTS AT 2AM

R log by log h,)2 3, log 3,  (log 4,)(log 3,)
18 0.90 0.82 480 2.53 2.42
2 18 1.26 1.58 - 900 2.35 .71
- % - - - - -
&30 1.43 2.18 1310# 3.12 4.0
- 5.08 5.67 11.37 15.24

*inearly iaterpolatad.
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15.24 - <5-08)211.a7)

= 0.78

2
6.67 - (5008)

Log k = 182 - 0,78 (2=%§i = 1.98

R = 10 198 X o 95,76

To calculate the maximum depth at the dam, the value of Q, must first ba
determined using Eq. (7). The channel bottom slope immediately downstrean
of the dam, S, is determined from the X-sectional data, i.e.,

(5532 = 5483)

S = = 0.0008
(12.3) (5280)

and the Manning roughness coefficient, n, for the downstream channel is

estimated to be 0.045.

Thus Qv i3 calculated as follows:

1/2
Q, = 53%% (.0008) 33.76 5/3) 30y 978 *373) | 136976 cts
. €0.78 + 1)

Because Qv is greater than Qbmax (95800 cfs), Eq. (3) i3 used to determine
h

nax’ i-e‘,
1/2
a = 122 (.0008) 33.76  \a 33.31
045 5/3
(0.78 + 1)

b= 0.78 + 5/3 = 2.45

. _ 95800 (1/2.45)

max 33.31

h = 25.81 fe
nax
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To check for submargence, the head over the weir (breach), Rieipe 18
calculatsed using Eq. (14), i.e.,

2
81.9
h - = 44,1 fe
welr 45+ 81.9

1) 50

Then che racio of Ry, %0 Mugir 4o checked as follows:

h
max - 25.81 -
I rvwtl 0.59
Jelir

Because the ratio is less than 0.67, the tailwatar doces 1ot affsct breach

outflow.

of
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DOWNSTREAM ROUTING

The peak ¢utflow discharge determined in the preceding step may be
routed dowvustrean using the dimensionless :buting curves in Appendix Ia.
These curves ware developed from numerous exacutions of the NWS DAMBRK Model
and they are grouped into families based on the Froude number associated
with the floodwave peak. To determine the correct family and member curve
that most accurately predicts the attenuation of the flood, the user must
first define certain routing parameters.

- Prior to defining cthe routing parameters, however, the user must first
describe the river chaonel downstream from the dam to the first routing

point as a prism. To describe the river channel downstream of the dam as a
prismatic channel the user must reduce the topwidth vs. elevation data (see
table 1) for the first two cross—sections. This cross—-section data is reduced
(see table 4, p. I-24) to depth (h) vs. topwidth (B) data by subtracting the=
channel invert elevation from the elevation associated with each topwidth né.:
given cross-section. Ffon this reduced data, an average cross section may be

determined using the following algorithm.

For each depth (hi)' the average topwidth (Si) i3 given by the

relation:

)

(3
1,2 (18)

+
41 B

o)
[ ]

Where: hy is the tth depth, 1 = 1,2,3 ... I (number of topwidths per

X~-Section)
Bysy is the Lth topwidth (corresponding to the 1th depth hi) at the

j: X-section where § = 1,2

E is the average i:h topwidth

i

Note: The preceding calculation {s unnecessary when depth vs. topwidth

data is available for only one X-seccion.
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The table of values produced by defining an average topwidth (SL) for
each depth (hi) may then be used for fitting (using least squarss or 2 log-
log plot) a single equation of the form B = Kh? to define the prismacic
channel geometry. The fitting ccefficients K and a may be computed usiag
the following least squares algorithms

- L [(leg h,) (log 'B'é)] - (2 108 hl)r(i log 31)

Q= ;; (53)
¢, 2 _ (Liegn)®
L \V&8Z% b.i, - —I-_—-
- Z logg Z log h,
K = 1.0(1"’g K (6e)2

Using these average cross—section fitziag coefficients, the user =ust
recompute the maximuz depth at che dam using é':q. (8) ar (11). YNots,
however, that a new check for submergences need not be made. This radefized
value for haax 7ill be used {n computing cthe routing parameters given ia the
following sectian.

Routing Paramecers
The distance paramecer (Xc) is calculated using either Zg. (19) or

(l15a). If zhe heizhet (Ed) of the dam {s less than h (defined earlier), :the

discancs paramecar i{s computed as follows:

(z1) [voL, 5
% (22) = [ =2 - (19)
S\, T LT
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where: VOL. = volume in reservoir (cubic ft)
Ksa = average channel geometry fitting coefficients
Hy = height of dam (ft)

If the height (Hd) of the dam i{s greater thaa h , the equation for X,
is given by the following:

6 voL

X, (£e) = — (19a)
&R (m 5 mh")
v d ;*1

“Within the distance (Xc) in the downstream reach, the floodwave attenu-
ates such that the depth at point Xc is hx (see figure 2), which {s a function

of the maximum depth (hux). The average depth (;) in this reach is: =z
= Bogy * Ny
h = ——=—==§ h (20)
2 max

whaere 8 is an empirical weighting factor that must be determined itera=-
tively. The starting estimate for 8 is 0.95.

Figure 2

The average hvdraulic depth (Dc) in the reach is given by Eq. (21) or

e ———————

(22) as follows:
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casz I: If (Q < Q), them D = 32X (21)
baax % ¢ arl
. ' hv
CASE II: If (Qy >Q,), thea D =@8h _~-h +_—= (22)

The average velocity in the reach is given by the Manning equation, L.q.:

1/2 2/3

where S 1is the slope of the chaanel from the dam 2o the routing point.

The average velocity (Vc) and hydraulic depth (Dc) are substituted into
Eq. (24) to deteraine the average Froude number (?c> {2 the reach as follows:

-
-

v
I (24

<

5
where: g = 32.2 ft/sec” (acceslerazion of gravity)

The dizensionlass volume paramecer (V') that {dentiiies the speciiic
agember of the curve family for the computed Troude nuzper i3 the rTatlo of the
reservoir storage volume to the average flow volume within the xc reach. The
average cross sectional area of flow (Ac) i3 given 9y Zg. (25) or (28) as

follows:

CASZ I: £ (Qy N <Q,J, chena A" RCE TR R (2%
=3 2AWX [~

CASZ IT: 1£(Qy > Q,), chem a4 =T T o (2%)
aax

*
The volume paramecar (V ) i3 deceratned 3y dividiag :ie average Slow
volume (A,Kc) i{aco cthe raservolr scorage voluze (VOL_), L.a.:
- -



»

VoL
v 4

"1x @2n
(-3

c

To summarize this section on routing parameter calculation and to allow
for quick reference, the following table of equations is presented.
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Routing Curves

Kaowing the value of F, aad V*. the user may consult the specific curve
(see Appendix Is) defined for these values (interpolation may be necessary)
and check the original estimate of the value of 8 used in Eq. (21)-(27).
The ordinate of the routing curve at ' =1 is the ratio of the peak flow
(Qp) at x to Qbu; « Kaowing Q » the user may determine the stage (h ) at
x using Bq. (8) or (11) with :ho average channel fitting cocfficien:s. The
v;luc of 8 is checkaed by rearranging Eq. (20), f.e.:

h
6 = max X (28)

If there is a significant difference in the new value of 8 from the
initial estimate of 8 (e.g., £52), Eqs. (21)=(27) should be recalculated aand -
the new value of 8 rechecked. Generally, within two passes the value for 8 ° »

will converge.

Knowing the proper routing curve for predicting peak flow attenuation,
the user may then non-dimensionalize the distance(s) downstream to the
forecast point(s) using the relation.

E
X, = Y: (29)

where X, is the downstream distance to the 188 forecast point, = 1,2,3,...

To find the peak flow at xi,.:he user consults the proper family of
*
routing curves and finds the ordinate of the specific V curve at Xi'.
Multiplying the value of this ordinate by Q, produces the peak flow (Qp)

nax
at Xi miles downstream of the dam.

The time of travel for the floodwave to X, is computed by first
calculating the reference flow velocity at the midpoint between the dam and

X The user must determine, from the routing curve, the peak flow (Qx/z)

i.
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at (xi/2) miles downstream of the dame This flow {s multiplied by the
factor (0.3 + 3/10) and subscituted iato Eq. (30) or (31) to fiad the
reference depth (hrct)'

/%
I£ Q< Q,, thes «eo h = (-3-) (30)
where & and b are defined by Egs. (9 and 10).
I£ Q> Q,, thea «cc h =5 Q 373 *Y h (31)

where o and Y are defined by Eq. (12) and (13).

The refersnce hydraulic depch is given by Zg. (32) or Eq. (33) L.e.:

: h
CASE I: 1f h“t( h,, then Dx: — ‘ (32):=
. 5 : - - cm—— 1
CASE II: 1f hru. > h,, then D"L n“f R, * =T (13

The raference flow velocity is given by the Manning equation, f.a.:

v (se/e) =22 g2 o5 273 (24)
XL a xi

This value for in is substituced {2t cthe wave calarizy equation

(Eq. (35)) to find the vave speed.

Clai/hr) = 0.882 ¥, [5/3 - 2/3 (7'*’—) (19)
ot =+l

-

The time to peak 13 thea ziven Sy Zg. (38) as Iallows:
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xi(“i)
:Pi(hr) - tt(hr) + T lai/nr) (36)

where: ¢, (hr) = time of failure for dam (minutes)/60

To compute the peak depth at mile X,;, the user must fit K and a
coefficients for that X-section by substituting the specific depths and
topwidths at mile X, inco Eqse (5)-(6a). The peak flow at mile X, is then
compared with Q, (Eq. (7)) and Eq. (30) or (31) is used to find the peak

depth (hxi) at mile X .

The user may wish to determine the time at which flooding commences
and/or the time at which it ceases. To do this, the user must first specify
a flow rate, Q¢ that corresponds with flood depth at the X-section.

b <
Qe = a h, (37)
where hg = flood depth
and 8 and b are defined by Eqs. (9)-(10) using the K and =
coefficients fitted for the X-section at mile X .

This value for Q¢ is substituted into Eq. (38) to determine the time to

flooding, tgy4» as follows:

i
:fld(hr) tpi(hr) P :E(hr) (38)

where :P i3 the time to peak calculated in Eq. (36)
te 1s the time of failure for the dam, and

Q, is the nonbreach (spillway/turbine/overtopping) flow.

To determine the time flooding ceases, t,, the value of Qf is substituted

into the following relation:
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24.2 VOL QW%

e 0r) =t (hr) + [ ———= - ¢ (hr)) [ —E— (39)
d Py q - Q Q- Q
pp 9 p, o

vhers VOL, {s the reservoir storage volume (ac—ft).

To route the peak flow downstraam to cross sectious 3,%4,..., the user
must detarmine the distance weizhrced average cross section between the dam
and the routiag poiat and £it new g and a2 parameters to this cross
section. From the reduced data, a distance veighted average cross section
22y be detarmined using the following algorithm.

Por each depch (h,), the distance weighted topwidech (51) is given by
the relation:

(3, , +38, ) 3, ,_, +3, )
—-‘&IL——LhZ—' (Xa=X Y + eee * P i‘1-—- (x -X M '
g 2 - L J J‘l ’
B, = (40)
‘ (XI =X

Where: h, i3 the =R depch, L = 1,2,3 ... I (qumber of topwidths per
X-secziaon
Bi'j ts the t&0 topwidth (corvespondiag co czhe L:h depth hi) £
the j:h {-seczion vhere § = 1,2,3, ... J (ausber of {-sec=ions)

3, s the weizhead 1°7 ropwideh

X, is the downstrsam distance to che j:h L-saczion.

Lae =

The table of values produced Sy defining a discance weizhzad 2cpwidch
(51) for each depch (h,) may then be used for fizzing a single esquation of
the form 3 = T3 =5 define the prismatic channel zeomesry. The fissing
coefficients X and a 3ay bde cowputed using the least 3guares algorizha given

in Zgs. (Sa)=(6e).
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With these wveighted average £ ind coefficients, the user must then

recompute & peak depth at the dam and nev routing parameters using Eqs.
(20)=(27). The user may then route the flow to cross—section 3,4, ... J by

following the procedure given above.
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EXAMPLE SIMPLIFIED DAMBREAK DOWNSTREAM ROUTING

To route the flow from the dam to the cross section at mile 12.3, the
user must firsc define an averags cross section for the reach and thes

gie K and ; coefficients. Reducing the data givenm in Table l produces the
following table.

Table 4.—TOPWIDTH VS. DEPTH FOR EXAMPLEZ PROBLEM

Mile 0.3 Mile 12.3
Deptch Topwidth Cepth Topwidth*
0 0 0 o}
8 480 8 437
18 900 18 825 _
28 1300 23 1337 a2
38 1350 38 1407

" inearly iacarpolatad o agree with depth value at aile zaro.

To detaraine the average X-svection, the depth vs. copwidth data is
subscituctad into tha relacion givea in 2q. (13), Ll.e.,

for hl = 8,

3 = %80 + 837 45845

1l 2
for hz - 183;

_ 900 + 825

32 3 863
tor h3 - ;3,
100 - 1317
33 a.“—‘gg.—z—-l—'-'-'—-s 1318.53



The average cross section dats is used in Eqs. (52)=(6¢) to determine

the average K and ; coefficients for the reach.

Table S.— VAUES USED IN LEAST SQUARES COMPUTATION OF K AND M

1t h log hy (log hi)z B, log B, (log hi)(logsi)
1 8 0.90 0.82 458 2.66 2.40
2 18 1.26 1.58 863 2.94 3.69
3 28 1.45 2.09 1318.5% 3.12 4.52
- hv - -
4 30 1,48 2.18 1330.5 3.12 4,61
5.08 6.67 11.84 15.22
15,22 - (308 (11.80)
m= 2 = 0082
6.67 - Sé:%él_

= 11.84 5.08
log K = e .82 (—Z-a- 1.91

R =10198 K & 51,75
With these average K and ; coefficients, the max depth at the dam may
be recomputed using Eq. (8) as follows:

~81.75
(0.82 + 1)

1.49 1/2
a = 0.45 (00008) (

5/3) = 27.29

b= 0.82 + 5/3 = 2,49

(1/2.49)

95800 - 26.49

nax 27.29
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The data requirld far the flow routing computations are as follows:

VOL_ = 8750 sc=ft (reservoir volume)

By : = 50 £t (height of dam)

an‘: = 95300 cfs (max breach outflow)

Npgx = 26449 ftr (recomputed max stage at dam)

h, = 30 f¢ (height of valley wall)

a = 0.82 (ficting coefficient for average cross section)
3 = 81,75 (ficeing coefficient for average cross sectionm)

S = 0.0008 (channel bottom slope from aile 0.0 zo =ila 12.3)
n = Q.045 (Manning roughness coefficient)

he = 10 f£c (flood stage at mile 12.3)

5000 cis (inizial £low)

O
]
[ ]

Because (Bd > hv)’ Eq. (19) i3 used to compute xc.

8 VoL
r

a 2,
4 hv (33d -5 ;:r)

Xc(fz) -

§ (3750) x 43560 (fed /ac=fz)
- = 20600 f= (3.9 =2i)

l.32

The first estimate for 2 is 0.95.

decause (Q, < Q,) the hydraulic depth (Dc) is given Sy 2g. (21),
2ax

{.a.:

3 h J.35 (268.49)
D= s - = 13.33

1.32
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The average particle velocity in the xc reach is as follows (Eq. (24)):

1,49 (1/2 2/3 1/2 2/3
v_ - .;_2.3 ®,) o oas (0.0008)"/“ (13.83) 5.24 ft/s

The Froude number developed by the floodwave is determined by the
following equation (Eq. (24)):

VP 5.24
Fc = - = 0.25
v32.2 .8

Because (Qb < Q ), the average cross-sectional area (A ) of the wave

is given by Eq. (25), {.e.:

0.82

2
A" x(ehm)° D, = 81.75 (0.95(26.49)) (13.83) = 16158 (ft )

The volume parameter (V.)is as follows (BEq. (27)):

Lok, 8750 (43560
A X_ " TT6158) (20600) -

*
v

1.15

To check the original estimate for 8, the family of curves for
c = 0.25 {s examined to find by interpolation the ratio of Q /Qmax for
(V = 1,15) at (x = 1)s This ratio is found to be approximacely 0.60,
indicating that the peak flow at Xc is

Qp 3t Xg = (Q,/Qy ) (@, ) = 0.60 (95800) = 57480 cts

Because this peak flow is less than Q, (Eq. (7)), the depth reached by
the floodwave at X, is given by Eq. (8) as follows:
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. A —————— .

a®= u-g‘ 31/2(-:—5_5—/'3')- 27.29
2 (a+1)

bea+S/Ie 2,49

. 57480 1/2.4%
xc 2729

= 21.61
hxc

This value of h, is subscitutad into Eq. (23) to re—evaluata the

original estinzace for 2 :

- h‘< 268,49 + 21,81

2 -
C) 7,
hm‘ Z (.6."9)

= 0,91

hﬂa
T

Jecause the re—evaluated 3 is wishin (23%) of the original escizace
for 3, che fnitial calculacions are aczeptadle and :zhe aczanuation of the

flood peak zay de predicted using the curves for T, = 0.25 and {aterpolating

V' - 1.15-

The dizensionless distances (XL*) 2o ag aile 12.3 {3 as follcws:

123 12.3 ]
"¢y - 205(0} = 3.15
¢ ( 5230
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The ratio of (QP/Qb ) at x* = 3.15 1s found by interpolation to be 0.34,
{ndicating the pesk flow at mile 12.3 to be (0.34) (95800) = 32572 cfs.

To determine the time to peak at the forecast point, the velocity of
flow at the midpoint betwaen the dam and the forecast point must be
determined The ratio of the average p.ak flow (Qx/z) to Qb in the 12.3
mile reach is found on the curve at x = 1,58,

*
X, /2 = xi/zxc = 12.3/2(3.9) = 1,58

This ratic is approximately 0.5, indicating the midpoint peak flow to
be (0.5 x 95800) = 47900 cfs. This flow i{s multiplied by the factor (0.3
+ @/10) to compute the reference flow Qg = (3 + .82/10) 47900 = 18297,

Because this flow is less than Q,, Eq. (30) is used to determine the
reference peak depth in the reach as follows:

/v 172,49
= 13.65 f¢e

The midpoint reference hydraulic depth in the reach i{s found using
Eq- (32), {.e.:

o
CPrer 13.65
Dref ™ "o+l " T.82 = 7430

The average particle velocity is determined by substituting this value
of Dy 1into Eq. (34) as follows:
1

1/2 2/3 1/2 2/3
1.49 149
vxi- =25 (ox) - £22= (.0008)  (7.50)

V= 3,48 ft/sec
X4
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Thus, the wvave cslerity as decerained with Zq. (35) is:

C = 0.682 (3.48) [5/3 2/3 (f;z)] = 3.25 @i/nz

The time of travel for the flocod peak to the forscast point at mile 12.3 is
given by 2q. (36) as follows:

12.3 12.3
:P (X=12.3) = rf #——-——- 0.75% 4.__?

cp » 4,54 hrs
To écupu:l the peak stage at aile 12.3, the user =n:e'firsc couputa the
K and a coefficients for that cross section. This is done by first reducing=:

the X-sectional data at aila 12.3 from cable | as Sollcws:

Table § — TOPWIDTE VS. DEPTH DATA AT MILZ 12.3

Daoch Tepwidth
7 Neo]
17 770
27 1330
37 1400

Substituting this reduced daca inco Zgs. (5)=(8a) produces a X valua of
71.96 and an a value of 0.87. These values are substituzed with che peak

£low into Eq. (8) co compute the peak depth at =ile 12.2 as follows:

(008) 71.96 - -

9.87 = 1)°73

-~
“
[N

1.
0"
b= 0.37 + 5/3 = 2,53
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1/2.53

» 57 - 7.69
B12.3 (23.12 !

To determine the time to flooding (£loodwave reaching flood stage), the
flow, Qg, associated with the flood stage, hy, (10 ft) must be computed.

Q = a(hzf - 23.12 (10) 233
Qg = 7834 cfs

This value for Q; is substituted {into Eq. (38) to calculate time to
flooding, te1qr 38 follows

i

e me - L "% .
47 % 7 \o - o) G

32572 - 7834

= 454 - (32572 - sooo) (0.75)

:fld = 3,87 hours

The time at which the flooding ceases (floodwave drops below flood
stage is calculated using Eq. (39), f.e.,

24.2 VO Q. -Q
wone [ ] (a2
P P o p o)

. 24,2 (8750) _ ( 32572 - 7834 )
3.54 [(32572 -~ 5000y - 073 GI577 = 50007
td = 10,76 hours

Routing the flow to mile 40.5 requires the ficting of K and a

parameters to the distance weighted average cross section for the resach.

The reduced cross—secticnal data for the reach is given in table 6.
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Table § — TOPWIDTE VS. DEPTY FOR EXAMPLE CHANNEL DESCRIPTION

Mile 0.0

Depth Topwidth

8
13
23
38

0
480
900

1300
1350

Mile 12.3
Depth  Topwidehw
0
437
18 828
23 1337
38 1407

Mile 40.5
Depth  Topwidth#
Q
] 472
13 862
23 1333
33 1456

*Linearly iatarpolated to agree with depth value at amile zero.

To deteraine the distance weighted average X-section, the depth vs.
topwidth data is substituted into the relation givenm in (Eq. (40)), f.e.,

fcr hl - 8,
480 + 437 437 + 472
3 ez (12.3 20.0) + T (40.5 - 12.3) 455.7
! (40.5 = 0.0)
for hz = 13;
9300 + 325 . 3§25 = 362
- 2 Z. - . 2 (s 03 - Zo
3, (12.3 = 0.0) (40 12.3) 349.3
(40.5 = 0.0)
for h: - 23.
1300 + 1337 1237 + 1338
- e 12.3 = 0.0) T 3 (50,5 - 12,
3, - ( ) 2 3 L3317
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Examination of the X-sectional data indicates that, because the topwidths
increase very slowly above a depth of approximately 30 ft, a reasonable value
for b is 30.

The distance weightad average cross-section data is used in Eqs. (Sa)=(6¢c)
to determine the K and a parameters of the equation B = Kh™.

Table 7 — VALUES USED IN LEAST SQUARES COMPUTATION OF K and a PARAMETERS

t b log B, (log hy)? B, log B,  (log hy)(logB,)
18 0.90 0.82 455.7 2.66 2.39
2 18 1.26 1.58 849.8 2.93 3.67
3 28 145 2.09 1331 3.12 651 -
- h, - - - - -
4 30 1,48  2.18 1383 3.1 4,64
5.08 6.67 11.85 15.23
| 15,23 - (3:09) (1.85)
a = 7—— = 0.86
667 - (3208

- 11.84
LOS K= & - 0086 ( %

R =10198K 25,2

With these distance weighted average K and ; parazeters, the new peak
depth at the dam is found to be 26.53 feet. This value is used in Eqs.
(19)=(27) to compute the following routing parametars.
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X

20605.6 = 3.9 o

[
Gha‘: = 25.20

< y 4
tn’n ﬂqﬂ

13.70
3.22
0.25
16110
l.15

The dimensionless distance to mile 40.5 is (40.5/3.9) = 10.4. The
ordinats of the Qp/Qbmax curve at V& = .15 and £* = 0.4 is i{nterpolated to
be approxizactely 0.15 indicating the peak flow az =mila 40.5 is 95300 x 0.15
The aidpoint flow (at mile 40.5/2) is found to be 21737.S.

The reference flow is (.3 + Q.1 * 0.84) x 21737.4 = 8347.16 which produces a
refersace depth of 10.05. This value is used Eqs. (32)=(36) to find a time

= 14400 cfs.

to peak ac a:ile 40.5 of 16.21 hours.

The true X and 2 coefficients at mile 40.5 are 92.1 and 0.80,

respectively.

These values and the peak flow value ars substituted iato

Zg. (30) to compuce a neak depth at =ile 40.5 of 11.98 faeec. Flnally, the
tize of flooding is found 2o be 15.35 hours and the cize to “defloodiag” is

found co be 28.48 hours.
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APPENDIX I (a)
- THE NWS SIMPLIFIED DAM BREAX MODEL
FLOW ROUTING CURVES

la=?
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