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Abstract

Three representative dam-break models, HEC—1, DAMBRK, and SMPDBK were analyzed re-
spectively in their theories and then applied to the failure of Teton Dam for which some
observed data exist.

From the results of this study, it can be concluded that:(1) HEC—1, which uses the hydrologic
routing method, produces stable solutions for almost all the cases that were tested in this study;
(2) DAMBRK, which uses the dynamic routing method, is most accurate among the three models ;
(3) SMPDBK, which uses the generalized dynamic routing relationships, is most economical and

easily applicable.

valley. The potential for the flooding has re-
1. Introduction cently been brought to the nation’s attention,

and in many countries it has been required by

Catastrophic flash flooding occurs when a law to analyze the flood wave caused by the
dam is breached and the impounded water potential dam failure and to map the floodplain.
escapes through the breach into the downward In Korea, notable dam failures occurred at
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Hyogi-Ri in Namwon-Gun on July 13,
1961(DongA-Ilbo, 1961) and Mushim-Chun in
July 23, 1980(HanKook-Ilbo,
1980), both of which brought large damages.

Boun-Gun on

Unfortunately, no technical reports exist on
such floods. So, it is required to predict the
potential damages caused by dam-break and
mitigate them if they should occur.

There are not a few models which have been
developed, among which the representative
models are HEC-1, DAMBRXK, and SMPDBK.
These medels are evaluated comparatively in
their theories and then applied to the Teton
Dam failure which occurred in Idaho 1976 and
has the flood data accumulated following the

failure.

2. Review of Previous Studies

Previous studies on dam break include analy-
tical, physical, numerical, and statistical
models.

Ritter(1892) obtained an analytical solution
for the problem of instantaneous release of wa-
ter assuming that the flow is frictionless.
Dressler(1952) developed a “dam-break func-
tion” using the perturbation techniques to cor-
rect the resistance effect on the whole flow re-
gion except the negative wave front. US Army
Corps of Engineers(1960, 1961) used physical
models to conduct an extensive investigaton of
floods resulting from suddenly breached dams.
Cristofano(1965) attempted to model the par-
tial, time dependent breach formation in ear-
then dams. US Army Corps of Engineers(1981)
developed the program HEC-1 which simulates
the precipitation-runoff process and routes
flood hydrograph using the hydrologic method.
Fread(1984) developed the NWS DAMBRK
model which assumes the rate of growth of the

breach to be time-dependent with either rec-

tangular, triangular, or trapezoidal shape and
uses hydraulic methods {for routing flood hydro-
graph. Wetmore and Fread(1983) developed the
simplified model SMPDBK which assumes the
breach shape rectangular and routes down-
stream using dimensionless peak flow routing
graphs which were developed using the
DAMBRK MacDonald and

Jennifer(1984) collected data on a number of

model.

historical dam failure. Based on the result of
their analysis, they developed graphical rela-
tionships to predict characteristics of erosion-
-type breaches and relationship to estimate
peak outflow from dam failures.

Wurbs(1987) presented a comparative evalua-
tion of the alternative state-of-the-art methods
for predicting the flow characteristics of a
flood wave which results from a breached dam.

In Korea, Ko(1986) applied the model HEC-1
to the potential failure of Paldang Dam.
Han(1986) developed a dam-break flood fore-
casting model and applied it to the failures of

Teton Dam and Hyogi-Ri dam.

3. Description of Dam-Break Models

3.1 Breach Simulation

A model must include some mechanism for
representing the flow of water from the
breached dam. However, most existing models
do not have capabilities for predicting breach
characteristics. Rather, the user must determine
the characteristics independently of the model.
Three models, HEC-1, DAMBRK, and
SMPDBK can simulate the breach by overtop-
ping. DAMBRK also has an additional option
for simulating a piping failure.

When a dam failure emergency occurs and
the warning response time is short, little data
are available and large computer facilities are

inaccessible. In this case. using the internally



set default values, SMPDBK is capable of pro-
ducing approximate flood forecasts after read-
ing only the dam height, reservoir storage

volume, and depth vs. width data.

3.2 Reservoir Routing

Reservoir routing is accomplished by either
the hydrologic storage or dynamic routing
methods. HEC-1 uses the hydrologic routing
method and DAMBRK uses the hydrologic
and/or dynamic routing methods. In this study,
DAMBRK uses the hydrologic routing method.
SMPDBK has the other routines which calcu-
late the maximum breach outflow and the depth

using broad-crested weir flow equation.

3.3 Downstream Routing

HEC-1 has five methods for downstream
routing. They are Muskingum, modified Puls,
working R & D, average-lag, and kinematic
wave methods. Among them, modified Puls
method is used in this study(Lee, 1988). In the
method, a storage indication is computed by

SL=C %

M

where SI; is the storage indication in cfs, S; is
the storage in the routing reach for a given
outflow in acre-ft, O, is the outflow from rout-
ing reach in cfs, C, is the conversion factor
from acre-ft / hr to cfs, At is the time interval
in hours, and i is a subscript indicating corres-
ponding values of storage and outflow. Storage
indication at the end of each time interval is

given by
SI, = SI; + 1 - 0, (2)

where I is average inflow in cfs, and sub-

scripts 1 and 2 indicate beginning and end of
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the current time interval. The outflow at the
end of the time interval is interpolated from a
table of storage indication vs. outflow. Storage
is then computed by

=s1- At ®)

When storage data are given, stages are in-
terpolated from the computed storages.

DAMBRK uses the St. Venant equations
which consist of the conservation of mass equa-

tion

2Q + oA+ A,)
Ix ot

I
o

)

and the conservation of momentum equation

2Q 2(Q*/A)
_aT+ dx

— gL =0 (5)

+ A( +S;+Se)

where Q is discharge, A and A, is the active
and inactive flow areas, respectively, q is the
lateral flow per linear distance along the chan-
nel, h is the water surface elevation, S¢ is the
friction slope, S. is the expansion-contraction
slope, L is the momentum effect of lateral flow,
g is the acceleration of gravity, and x is the
longitudinal distance along the channel. The
friction slope is evaluated from Manning’s

equation.

5 = Fakl, ®)

where n is Manning’'s n and R is hydraulic
radius. The expansion-contraction slope is de-
fined as

keA(Q/A)

Se= 7 2gAX

()

where k.(Morris and Wiggert, 1972) is the ex-

pansion-contraction coefficient varying from 0
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to t1. The momentum effect of lateral flow
has the following form: (1) lateral inflow, L =
0:(2) seepage lateral outflow, L = —0.5qQ / A
;and (3) bulk lateral outflow, L. = —qQ / A.
Eqs.(4) and (5) constitute a system of partial
differential equations of the hyperbolic type. Of
the various numerical schemes, Preissmann
scheme(4-point implicit) with time weighting
factor @ = 0.6 is used.

SMPDBK uses dimensionless curves which
were developed using the DAMBRK model.
These curves are grouped into several families.
The X-coordinate of the curves is the ratio of
the downstream distance (from the dam to a
selected cross-section) to a distance computed
using the equations given by Wetmore and
Fread(1983). The Y-coordinate of the curves is
the ratio of the peak flow at the selected cross-

-section to the computed peak flow at the dam.
4. Model Applications to Teton Dam Failure

Teton Dam failed on June 5, 1976, when the
reservoir was at E1.5301.7 ft, 3.3 {t below the
spillway sill. The Report to US Department of
the Interior and State of Idaho(1976) concluded
that the failure resulted from piping. Of the
three models, only DAMBRK has the capabil-
ity to treat piping failure, so it is assumed in
this study that the failure resulted from over-
topping.

The following breach parameters were used
to reconstruct the downstream flooding due to
the failure of Teton Dam(Fread, 1984): t(fai-
lure time) = 1.25hrs, B,(breach width) = 150
ft, z(side slope of breach) = 0, Hy(final breach
elevation) = 0 ft, Hywater surface elevation at
the dam site when breach begins) = 261.5 ft,
and Q.(initial discharge) = 13,000 cfs. Cross-

-sectional properties at 12 locations (11

Peak Flow (¥1000 cfs)

reaches) shown in Fig. 1 along the 59.5 mile
reach of the Teton-Snake River Valley were
considered.

There are three points, 8.5 miles (section No.
3), 43.0 miles (section No.10), and 59.5 miles
(section No. 12) downstream of the dam which
have estimated peak discharge and observed
time to peak. The results of model applications

are shown in Figs. 2, 3, 4, 5, and 6.
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Fig. 1 Teton-Snake River Basin
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Fig. 2 Peak Flow for Teton Dam Failure.
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Fig. 3 Peak Elevation for Teton Dam Failure.
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Fig. 5 Reservoir Outflow for Teton Dam Failure.

At the immediate downstream of Teton Dam
(Fig. 5), three models yielded similar values of
peak flow and time to peak. But, as the flood
wave moved downstream, increasing differences
among the three models were found. At Shelly
Gaging Staion (Fig. 6), compared with the
observed data, DAMBRK vyielded +3% error of
peak flow and -3% error of time to peak, while

SMPDBK yielded +170% error of peak flow

Time Lo Peak (hrs)
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Fig. 6 Hydrograph at Shelly Gaging Station for

Teton Dam Failure.

and -37% error of time to peak and HEC-1
yielded +230% error of peak flow and -60%
error of time to peak. These results show that
DAMBRK is most accurate, while SMPDBK is
the second and HEC-1 is the last.

CPU time was checked as an indicator of the
computer running time. When executed with
MV 8000, SMPDBK, HEC-1, and DAMBRK
required 1.9 seconds, 23.4 seconds, and 191.9
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seconds, respectively. SMPDBK is capable of
producing approximate flood forecasts with the
least amount of data. In these respects,
SMPDBK is most economical and easily ap-
plicable.

5. Sensitivity Analysis and Discussions
From the data of Teton Dam and Teton-S-

nake River Basin, the three models were com-

pared using the sensitivity analysis of the para-

Table 1. Sensitivity to Failure Time(ty) for Teton

Dam Failure.

meters. The following parameters were consi-
dered : (1) failure time (t;) ; (2) breach width(B,)
;(3) final breach elevation (Hy);(4) elevation
of water at the dam site when breach begins(Hy)
- (5) initial discharge(Q,);and (6) Manning’s n.
The results are shown in Tables 1, 2, 3, 4, 5,
and 6.

From the analysis, it can be concluded that:
As t; becomes longer, peak flow becomes smal-
ler and time to peak is lagged by nearly the

same change of t;; Larger By, lower Hy, higher

Table 2. Sensitivity to Breach Width(B,,) for Teton

Dam Failure.

Section ¥0.1 Section M0.3 Section M0.10 Section N0.12
!fhes! . FSIN Tine . Flvlf Tise . Flow Tise . Flov Tine
(107 cfsy | hrs) J"103¢ts) | (hes) [€*103cfs) | (hrs) [(*103 cts) | thrs)
REL-1 1632 0.5 .7 1.5 wm 13.00 18 15.50
0 |[pwBRX]| errur | error| errur | emor{ erur error | errur | error
9r08X | error | error | errur | erur | error ermur |  errr | error
HEC-1 104 0.5 9% 1.5 a0 N ] 190 15.75
0.0] |[DNBRK | error | error| emor | error | emur | error|  error | ervor
PRk | 19% 0.0 135 14 06 2.4 m 20.87
HEC-1 1% 0.5 oM &~ Pl prA ) 194 15.5
0.1 jovesx [ 1935 0.10 965 Lz 14 0.9 [ .5
w0k [ 1945 0.10 107 1.82 o 12.62 1% 20.9%
HEC-1 1664 1.00 1080 2.00 20 n.s E.] 15.7%
1 IDNBRK} 1710 1.00 7 2.% 107 0.7 ] 1.8
ek | 1670 1.0 1146 2.4 44 .Y 150 4.9
HEC-1 1% 2.00 108 7% 8 1.0 a 16.50
2 |DMBRK | )48 2.00 89 3.8 12 3.1 [ u.5
SPeK | 1422 2.00 ] 3590 B 15.45 w2 3.2

Table 3. Sensitivity to Final Breach Elevation (Hy)

for Teton Dam Failure.

st Section N0.1 Sectim M0.3 Section NO.10 Section ¥0.12
v . Ilr Tim . l'lin/ Time R Flow Time . Flow Time
1010 Jcfs) | thrst | (%10 cts) | {hes) 410 dcts) | (hrs) {(*10 cfs) | (hrs)
HEC-1 12 1.5 116 4% & U 4 a.n
10 | DAtBRX 12 1.5 18 4.8 % 6.4 o 9.8
SDBK 142 1.5 % 3.8 k] a4 ] 2.1
HEC-) 1140 1.5 817 2.5 A |MB] 1% .67
100 [oveRx | 168 13 un 35 w .04 ] 3.9
ek | 148 15 ™ 2.8 X8 50| 1B a.n
HEC-1 X656 1.5 188 L% a4 RSl W U
500 {overx | X074 1.3 141 .4 116 2.6 n R.14
oFmex | 24 1.5 un .68 58 BB 18 4.8
HEC-1 B8 1.00 an 1.5 n RO[ 24 14.50
1000 {ONBRK | 3487 0.9 1960 2.5 18 2.3 B 3L.%
SPDEX | 126 1.5 L4 P ) k) 5.4 | 2.8

Table 4. Sensitivity to Water Surface Elevation (Hy)
at the Dam Site when Breach Begins for

Teton Dam Failure.

14 Section NO.1 Section NO.3 Section ¥0.30 Section N0.12
l'lgl;:lsl 'l‘;:) (*1511"::;: Hn:l l'llriliuc'fs) R:) l'l(')l":fs) '(‘:a:)
HEC-1 1601 1.5 1062 | 2.00 Y ns| 2z .00
5288.5 |DNBRK | 1646 1.5 27 [ 3M 106 | 0.% ® .8
SPex | 1602 1.5 ne | 2.: 418 15| 18 22
HEC-1 197 1.5 Wi | 2.00 ki) PR R - ) 5.5
53 (DvERK | 77 1.5 13 ] 3.0 163 .60 18 .20
sk | 193 1.5 s | 2.6 4% ney = 4.3
HEC-) x40 15 1783 | 2.00 6 12.5] W
5338 |oaBRK | 2750 1.5 81 | 2.9% X (U8 W n.2
SRk | 287 1.2 nM j 2.6 55 nasl = 2.7

Sectfon §0.1 Section N0.3 Sectim W10 | Sectim .12

it Flow | Tine | Fiow | Time [ Fw | Tie | Pl | Tiee
1103 ¢ts) | (hrs) [(*10%cfs) { (hrs) | (*10° cfs) [ thrs) 410 cfs) | (hrs)
el | ne (15| ™ |em | m o [uwm| W o (ns
seg fovenx | u® [ 15| &7 |38 % (nul % |m9
roek| U | 15| wm |2m | |4 1 |uz
HEC-1 ™ 1.5 506 2.0 1% BO| 1B 8.5
S138 | DMBRK ki 1.5 4n 1% 6 ».57 45 B.5
08X ™ 1.5 171 2R A 16.0] 106 6.04
wl| a4 1B B |2 s {ns| 9 |25
ams fovenx | 4 J1m| B |3 s B9 B |4
aex| & |15 | ®= Jan| w |[ne)] s |3
wel | 16 15| m | 3% 6 |axs| & |2
somiwe| 1% |15 (| m |3am 5 |Bm| a |e®
seek| ™% |13 | 15 |um n |asxl s [zn6




Tabie 5. Sensitivity to Initial Discharge (Q,) for
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Table 6. Sensitivity to Manning’s n for Teton Dam

Teton Dam Failure. Failure.
Section NO.1 Section N0.3 [ Section NO.10 Section N0, 12 Section N0.1 Sectin N).3 Section N0.10 Section NO.12
('mul%m anu Tim Fl‘m Time 1 . Flow Tine . FINW Time b R rl;w Time . FI‘m Tee {  Flow Time Flov Tiwe
(*107 cfs) | (hrs) [4*10% cfs) | (hrs! [(*103 cfs) | thrs) [(°10% cfs) | (hrs) (*103crs) | (rs) [0°10F cfs) | (hgsd [1°103 cfs) | (hrs) ((*103 ¢Fs) | (hrsh
HEC-) 1594 15 lo4 | 2.00 19 nn 184 1.9 HEC-1 1601 |15 1B 15 36 8.5 34 10.00
0.1 |ONBRX | errur | error| error | error] emur | error| error error 0.02 |DVBRK | error | errur | errur | ermur [ errur error | error | ermor

K| 1580 1.5 B 2R 415 uy 181 2.4

0K 6L | 1.5 186 | 1.8 5 8.17 53 9.2

HEC-1 195 1.5 106 | 2.00 21 n5 186 16.50

V-l | 1600 |15 ] MM | 2.0 20 w lan

1 {onsex error | errur{ errur | error| ermur | errur| ervor error

0.06 | DVBRK 1646 |15 | IM 9.4 % §3.80

SF0BK | 1500 1% 8 | 2% 415 Hne 181 2.8

SP0EK e 1S 0 (2B 19.01 62 B0

HEC-1 1600 L& DU I ) 0 nn 18 16.%

2l8|g|8

HEC-1 1601 | L3 &8 | 2.% .50 8 B.7%

10 [pwveRxy 1645 1.5 % (31 10¢ 3.3 ] .0

0.10 [DWBRK | error | erur | errur | error | ermur error [ error | error

arex | 139 13 Nt 1 am 4 L] 181 2.2

SPORK 62 [ 1.5 g | 3% 204 .2 aQ 0.3

HEC-1 1651 1.5 ny ;2.0 1 R 3z JUNS]

HEC-1 60 | 1.5 nl | 2.7 (3 Q.0 6 52.00

100 lousek | 1679 1.5 ® {313 a7 2.2 7 3%

0.14 |0¥BRK | error | error| ermur | errur | error error | error | ermur

ek | 1639 1.5 usr {am 43 N1 ] 2.1

wnex w2 |15 (4% 4 40.31 ] .U

H;, or larger Q, produces larger peak flow and
shorter time to peak ; As the flood wave moves
downstream, the above effects on peak flow de-
crease but the effects on time to peak do not
decrease ; Manning’s n has little effect on peak
flow, but it has a large effect on time to peak.
HEC-1 produces stable solutions for almost
all the cases considered in this study, but
DAMBRK and SMPDBK do not always pro-
duce stable solutions. This results from the fact
that HEC-1 uses hydrologic routing methods.
DAMBRK could not produce the flood
waves by an instantaneous dam failure (Table
1), which can be inferred as follows : DAMBRK
uses “through computation” methods which are
based on the principle that the numerical
method should take care of the shock without
any special programming for it. But the
methods cannot give a reasonable solution for
large shock. So in case of large shock, shock-
-fitting method or pseudo-viscosity method
should be used(Cunge, 1975: Cunge et al.,
1980). DAMBRK could not produce the flood
wave for small initial discharge(Table 5) or ex-
treme Manning coefficients(Table 6), which

proves that the model is sensitive to both ini-

tial and boundary data in spite of the implicit-
ness of the numerical scheme.

In SMPDBK the given value of B,(= 1,000
ft) was changed to final value of By(= 708 {t).
It was due to the model’s scheme:If a given
B, is greater than 1.2 % [B(2, 1) + B,(2, 1)]
where B(2, 1) and B,(2, 1) are the second
lowest topwidths of active and inactive cross-
sections immediately downstream of the dam,
respectively, the final B, is changed to 1.2 %*
[B(2, 1) + B,(2, 1)] to restrict the final breach
width. This seems reasonable. For concrete
dams, however, total failure is possible. So, the

limitation of all the cases is not convincing.

6. Conclusions and Future Studies.

The three representative dam-break models,
HEC-1, DAMBRK, and SMPDBK were analy-
zed respectively in their theories and then ap-
plied to the failure of Teton Dam.

All the models do not have capabilities for
predicting breach characteristics but can simu-
late the breach by overtopping. DAMBRK also
has an additional option for simulating a piping

failure. DAMBRK is most accurate among the
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three models, while HEC-1 produces stable
solutions for almost all the cases considered in
this study and SMPDBK is most economical
and easily applicable.

The followings are suggested in order to im-
prove the capabilities of the three models: It is
necessary to better understand breach mechan-
ism from the structural and geotechnical en-
gineering perspective ; Erosion and sediment
transport simulation should be added to dam-
breach {lood forecasting models ; DAMBRK
could simulate an instantaneous failure if
shock-fitting method or pseudo-viscosity
method were included in the model; Two-

dimensional unsteady flow modeling is needed.
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