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Table 1- Important equations to estimate peak outflow caused by the dam failure in the world
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Table 2- Information of broken earthfill dams in the world

9 KWOPNH ComSd Sl
R(;v; Dam I\Tame Cause of failure o Vi o P
\ Apishapa, Colo. piping 6,850 22,200,000 28
Y Baldwin Hills, Calif. piping 1,130 910,000 12.2
Y Davis Reservoir, Cal piping 510 57,973,646 11.58
¥ Frankfurt, Germany piping 79 351,542 8.23
o Fred Burr, Mont. piping 654 750,000 10.2
5 French Landing, Mich. piping 929 16,000,000 10.8
s Hatch town, Utah piping 3,080 14,800,000 16.8
A Hell Hole, Calif. piping 7,360 30,600,000 35.1
a Ireland No. 5, Colo. piping 110 160,000 3.81
Ve Kelly Barnes, Ga. piping 680 777,000 1.3
N Lake Avalon, N.M. piping 2,320 31,500,000 13.7
WY Lake Latonya, Penn. piping 290 4,090,000 6.25
WY Lawn Lake, Colo. piping 510 798,000 6.71
'Y Lily Lake, Colo. piping 71 92,500 3.35
\ Little Deer Creek, U piping 1,330 1,360,000 22.9
\d Lower Latham, Colo. piping 340 7,080,000 5.79
WY Lower Two Medicine, piping 1,800 29,600,000 11.3
YA Prospect, Colo. piping 116 3,540,000 1.68
A Quail Creek, Utah piping 3,110 30,800,000 16.7
e Belci overtoping 1,200 2,200,000 15
A Butler, Arizona overtoping 810 2,380,000 7.16
Yy Castlewood, Colo. overtoping 3,570 6,170,000 21.6
Al Gissigheim overtoping 80 134,579 10.7
vy Goose Creek, S. Caro overtoping 565 10,600,000 1.37
Yo Laurel Run, Penn. overtoping 1,050 555,000 141
\te Mauer overtoping 1,300 600,000 10
Y North Branch, Penn. overtoping 29.4 22,203 5.49
YA Puddingstone, Calif. overtoping 480 617,000 15.2
ya Sallies Oliveira, Bra overtoping 7,200 71,541,947 38.4
Y. Sandy Run, Penn. overtoping 435 56,740 8.563
¥y Schaeffer, Colo. overtoping 4500 4,440,000 30.5
Yy Sepulveda overtoping 300 158,000 19.8
Yy Buffalo Creek, W. Va permeation 1,420 483,525 14.02
vy Elbe-Seiten-Kan permeation 200 400000 13
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Figure 1- Scatterplot (matrix)
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Table 3- Top models presented in this paper

\ dai” VA% A

Model 1 Q, =YV ¥/ Vv a/YARH, " asr/ £V,
\

v Q, = (VEY/e0r Y/ s0H )Y wvaa/ AV, ) ey
Model 2

" s /ey V/YE

=-Ff0/8V0+Y0/ YAV, H

Model 3 Qp (Vy, w )

i Hw =M ) Vw >\“~~,...mr s va/s <Qp <w.
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Table 4- Statistical characteristics of the proposed models

o393 o3l
s O e g YW F VIF 3,15 bino! SoS dlold S35 0 wd
Model Adjusted R Square  pyrbin Std. Cook'’s Distance  Centered Leverage
Watson Residual
0.862 1.716 104383 1.283 [-1.975,2.908] [ 0,0.569] [0,0.363]
0.860 1.744  102.545 1.283 [-1.824,2.834] [0,0.608] [0,0.363]
0.864 1.687  211.048 1 [-2.202,2.699] [0,0.527] [0,0.335]
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Table 5- Descriptive statistics of model (2)
oebe EYVRE o) | P

N
Mean Std. Deviation
Q" 1135.0 1403.94 34
WO 4383 0.92 34
H, %7 229.58 298.96 34
(V)N aoYs T Jgun
Table 6- Model (2) summary
I R R OFierd MBI s
Model R Square Adjusted R Std. Er_ror of the Durbin-Watson
Square Estimate
1 0.905a 0.819 0.813 606.972 1 744
2 0.932b 0.869 0.860 524.891 :
(7)sg il sl Julos —V Jgan
Table 7- Model (2) ANOVA
Pl Olaspo 2o df Olrypo (uiile F Sig
Model Sum of Squares Mean Square '
O”‘“’s_ ’ 5.326x10’ 1 5.326x10’ 144.554  0.000
Regression
ool
Residual 1.179%107 32 3.684x10’
K
Total 6.505x10’ 33
O9s S
Regression 5.650x10’ 2 2.825%10’ 102.545 0.000
ool
Residual ; ;
P 8.540x10 31 2.755%10

Total 6.505%10’ 33
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Table 8- Model (2) coefficients

S )bl el ps 3, ikl ol g 20,50 ylineds! dlold
Model Unstandardized Standardized t Sig. 959 Confidence Interval
Coefficients Coefficients forB
gl ok oS Yuols
B 5 a5 tus! Beta Lower Upper  VIF
Std. Error Bound Bound
ol (Constant)  159.435 131.983 1.208 0.236 -109.404 428.275
Hw' 4.249 0.353 0.905 12.023  0.000 3.529 4.969 1.000
cob (Constant)  -1403.44 469.244 2.991 0.005 -2360.4 -446.412
2 Hw' 3.691 0.346 0.786 10.659  0.000 2.984 4397 1.283
vw! 385.816 112.360 0.253 3.434 0.002 156.656 614.975 1.283
S Wiy 55N g (15205 Latlg ) RMSE -4 Jou
Table 9- RMSE of the proposed models and empirical equations
) 29 @ Sl o g Gl ol 035 (e bl RMSE
\ (\.RW) _%;g SyS Q p=\/\'5"/\(HW+'/Y‘)”A VYAY
Crick Parick (1977)
(VAAF) sl 520 2 ,SY 5 Wligd Ko Q, =\/o¥(V, H, )™ VALY
v MacDonald and Langridge- e £ 0\
Monopolis(1984) Q, =¥/6M(V,, H,) ‘
v (W)l Q, =/ VY(V, )™ Y00
Ivance (1986)
¥ (V4AA) USBR b, Q, =)a/\(H,)"™ YV¥
> (Vaaa) &doyd Qp =./?.V(VW~/Y'\A.HW\/YF) s
Frilich (1995)
s (v~ .\‘) Sowge 5 (ol Q- '/~FAVVg'/AHWW/M.VW'/"H VYV
Shamsaei and Mousavi (2004)
Model 1
(¥) 550 L
A Model 2 Q, = (N F-r/FRr e/ 0H, P araa/ sV, )T v¥a
Ve (1) 55 75
Moddel 3
Dependent Varibie: Op Dependent Variable: Op Dependent Viariable: Cp
10
E 1 ovG i
I LTS ¢° —
E E oo "
E ! & 3 = = a8 E
E % E oo s
i - 3. > :
l:: 3 Q i é OD{‘(’ =
e a2 .
H
¥ ]
- :: . " . n: Ohn:od cu:,:pmh . " Er;milan ;umrui.:ldﬂul;ual

(») lb.:”i).g Jlo 15 Wossilo AL 4 (“"‘”5);;""" BILTVY ‘(C«m‘)))@.i Cdb oy g4 uwl...w u_u.wi S 15505 -Y JsG
Figure 2- Diagnostics diagrams of model 1: histogram (right), crouch diagram (middle) the estimated residuals (left)
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Figure 3- Diagnostics diagrams of model 2: histogram (right), crouch diagram (middle) the estimated residuals (left)
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Figure 4- Diagnostics diagrams of model 3: histogram (right), crouch diagram (middle) the estimated residuals (left)
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Table 10- The relative efficiency of the three models presented in this paper and models of the other researchers

9 JJU,.} S» 3 Lﬁl o
6)"; 9 .\JU,: Se 9;0 @;y . . .
S5l o g SY N ol s, &y SF9
Row  Model Crick udil (v) lvance  (yapp)  Frilicn ~ Shamsaei
patrick ) MacDonaldand  (1986) (1995) and
(1977) (1984) Langridge- Mousavi
Monopolis(1984) (2004)
) Y sl 0.586 0.156 0.013 0.090 0.075 0.582 0.179
Y Y sl 0.338 0.153 0.013 0.088 0.074 0.571 0.176
Y A 0.350 0.159 0.013 0.091 0.077 0.592 0.182
)I)Bdu)f))ymm)‘wbg&;d)wupwlm M(Y)dﬁld])‘jw‘o.\.oillbﬁldl)lf\' J}J‘?)')

5 PS40 P15 gy b it 5 s il (a8,
2 oS dw b 03l o3l Wodls y Spss.16 158l #4551 edlatl
5 LangSUl as oly L b ygojl inls L 1) ,ldy oy yias coles

(") oS g cl o)L oSN ol a8 dad o L5 (V) g6
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Figure 5- Computational and observational values of Q, for the models listed in figure compared to the the proposed models
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Figure 6- Computational and observational values of Q, for the models listed in figure compared to the the proposed models
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Introduction: Dam failure and its flooding is one of the destructive phenomena today. Therefore, estimating
the peak outflow (Qp) with reasonable accuracy and determining the related flood zone can reduce risks. Q, of
dam failure depends on important factors such as: depth above breach (H,,), volume of water above breach
bottom at failure (Vy,), reservoir surface area (A), storage (S) and dam height (Hy). Various researchers have
proposed equations to estimate Qp. They used the regression method to obtain an appropriate equation.
Regression is a mathematical technique that requires initial test and diagnosis. These researchers present a new
regression model for a better estimation of Q,,

Materials and Methods: The data used in this study are related to 140 broken dams in the world for 34 of
which sufficient data are available for analysis. Dam failure phenomenon is a rapidly varied unsteady flow that is
explained by shallow waters equations. The equations in the one-dimensional form are known as Saint-Venant
equations and are based on hydrostatic pressure distribution and uniform flow under rectangular steep
assumption. Although hydraulic methods to predict the dam failure flood have been developed by different
software, due to the complex nature of the problem and the impossibility of considering all parameters in
hydraulic analysis, statistical methods have been developed in this field. Statistical methods determine the
equations that can approximate the required factors from the observed parameters. Multiple regression is a useful
technique to model effective parameters in Q,, which can examine the statistical aspects of the model. This work
is done by different tests, such as the model coefficients necessity test, analysis of variance table and it creates
confidence intervals. Data analysis in this paper is done by SPSS 16 software. This software can provide fit
model, various characteristics and related tests in the Tables.

Results and Discussion:This paper proposes a new relationship with better estimation of discharge peak (Q,)
based on H,, and V|, factors. Results showed how to choose the appropriate model (fitting the model) and the
initial required tests, according to the diagnostic model. And it compares the estimated error (relative efficiency)
of the researchers’ models with the proposed models. The number of models can be classified to three
convenient linear, multiplicative and transformed bases on Vy,, H,, and Q, (nonlinear terms Qp). The best models
for each of the three models were selected. Their corrected determination coefficients (Adj R”) are close together
and are between 0.86 until 0.864. The relative efficiency criteria based on the root mean square error (RMSE)
was used to determine the best model. This standard was also used for other researchers” models. RMSE of the
three models presented in this article is lower than that of other models (from 745 to 759). Diagnostics analysis
of the three models is not possible due to the large volume, so some statistical analysis for the model 2 are
presented in detail. The results are given in the following Tables. Test level has been assumed to be 5%. From
the point view of hydraulics, it can be said that the final equation for Q, should be proportional to Hy 3 So
although the model (2) has the lowest RMSE, but the model (3) of the hydraulics viewpoint seems more logical
and its RMSE is not very different from the model (2), so this model can be selected as the best model. Figure 1
show diagnostics diagrams of model (3). The right Figure shows the homogeneity of residuals (follow the normal
law) as a histogram. This homogeneity is confirmed by the crouch graph (center Figure). The left graph shows
the stabilization of residual variance. According to the preliminary and diagnostics tests results, the model (3)
has been selected. Its determination coefficient (0.864) also shows good strength.
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Table 1- Top models presented in this research

Modell
Model2
Model3
Note: 29/4<Qp<7360 , Hy>5" , V,>300,000™
Table 2- Statistical characteristics of the proposed models
Centered Cook's Distance Std. VIF F Durbin Adjusted R model
Leverage Residual Watson Square
[0,0.363] [ 0,0.569] [-1.975,2.908] 1.283 104.383 1.716 0.862 1
[0,0.363] [0,0.608] [-1.824,2.834] 1.283 102.545 1.744 0.860 2
[0,0.335] [0,0.527] [-2.202,2.699] 1 211.048 1.687 0.864 3
Dependrt Varakl: &5 Dependent Variable: Op Dependent Variable: Op
E 5 om- wDO | ]
: 3 . B
i) s, 2] 7. N
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Figure 1- Model 3 diagnostics pattern diagrams: histogram (right), crouch diagram (middle) the estimated residuals (left)

Conclusion: In this study, data from 140 broken dams were used to provide an appropriate model for
estimating the peak outflow of dam failure. Standard statistical principles including preliminary tests, diagnostic
and the efficiency of the models are the innovations of this paper. Analysis showed that the three models are
competitive, and that the best of them was selected. The determined coefficient of these models was from 0.86 to

0.864 ranges. Relative efficiency was calculated by the RMSE index. The results showed that these models are

more accurate than the models presented by other researchers. The model (3) was presented in this research, the
best result was estimated for Qp and its error was less than the other models.
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