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Abstract

Balin Dam break cause the sediment goes down, and the upstream channel
severe erosion. This is a big concern about head-cutting behavior after Balin
dam break. Balin Dam is a 38 m-height dam, which is one of the dams on the
upstream reaches of Shihmen reservoir. Balin dam broken because of the ruin
of dam foundation and damage by flood events. In this paper, we will focus on
simulating upstream channel evolution by using a quasi-two-dimensional model
(NETSTARS) and analytical solution to compare with field observation, further
to explain the river-bed evolution after Balin dam break. Owing to the transition
of flow situation and severe landform variation, the output of model will be
shaken. In case the simulation is more meaningful, choosing a stability index
not only to evaluate the output of model, but also to estimate the river bed
stability. In addition, Diffusion equation is developed as an analytical solution
of riverbed evolution model so as to explain here the river bed evolution hourly
after Balin dam break. Furthermore, to evaluate the head-cutting behavior by
observing the motion of knick-point (or erosion threshold position) and finally

find out head-cutting behavior is a power-rule distribution.

Keywords : Dam break, NETSTARS, Diffusion equation, Analytical solution,

head-cutting, stability index.
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- ~ § AR G 2 g (steady flow)pF >

2
i s s Z-po i

87— ’ —00< X< (1)

He .
z=F(xt,D,H)
H: s
D : 47 T #ic=kq

q- Hrriging

AodniE L Z(X t):{HJFZo_SuD(X—XO), X,_Sx<x0}

2
2, - S™M(X=X,), X, SX<Xg @
F1&4 S F2 38 7 fp 4o (Superposition) » & ¥ ARLA7 4 0F 2 5
H z,-S"(x—X,)
Z(x,)=z,(x,t)= 3y 4+ ,(H=21" 0 4
(X,1) (X1 {0 3) (X% {ZO—den(X—XO) 4)

LR G) s RIS B R A RIS 0 B 7t B AR Bt 2 R

H
Z“” ‘&év f’:}:‘ ii N Zl = > X< O ) t:o (3)
0, x>0

He o
AR VAR
H: 4403 %

F ko w2 H(z, X, t, D H) & FI= A 49 18 5

Z X
L .
"IRANGTE ©®)

& QZ:E - o Z:Hf(ég(xat)) (6)

B (6) At 2 x A
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oz df o df 1 x 1
*Hera M I "
o dog | df x
ox  dé& ox dé /Dt
o’z d*foc 1 dif 1

ox>  dE2 ox /Dt dE2 Dt ®)
#-3(7) > (8) #® (1) ¥ %4 PDE # 5 ODE ¥

@—Di— IH,df DHd’f _

ot oxt dé Dt dé&?

d’f

de? i) dg_ ©)
£ g(f)_d/gg - F# ODE 5%(9) # % - F# ODE 3%(10)

dg

d§+2§g 0 (10)

1.,
9(¢)=Cexp(—, &) (11)

R L =
f1# error function % % % erf (y)= fj exp(-n*)dn (W 3.19 57 & B -
e psEdE) BAADRAS BT #

f(§)=f9(§)d(§)+5=Aerf(%§)+5 (12)
#Y A-B: #Fa ik

RIHRBIT AN X2ZFFT EFS B Rge

f(—0)=1, f(x)=0 (13)
F 5 erf (too) =41 » #54(13) #» FA2)FE  A=-12> B=12

A F(@= et 6= erfe0d) (13)

HA¢ o erfe(n)=1-erfc(y) (B 320 27 ABE? niiTi i)

Bois 8N (14) R N(5) TE S N

Z,(x,t) :%erfc(

X
2\/5) (15)
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z, PHKBARE
S B A dnnt R R B
gawn . BIE A7 he e T PEF R HR
Xy,Z, © » % 7% Bh(knick point) sk

Xg, X, + +7F ﬁ?‘é?}@_ﬁ%—

F PR B A R T AEH R A B R A E] PR R

SUP < Smin < den
-2 42 58 1 21 (Voller etal. » 2004)# 5% (16)

zz(x,t):f X _
o e @

f(o) 1 @ B a5k

() =24Dt
2,000 = f (%)f(t) = f(0)&()
Hes(1T) 4 B3 X~ Uiles
%=l o @]
%: f'(0)
ZL 11
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2 #8(18) ~ 58 (19) & » 4 4258 (1) 4% ODE
%?h@ﬂ—d(aﬂ—éDV@ﬂzO

f'(o)+of (o)-2f(c)=0 (20)
dQO)F NG - PEEf(o)=-0

¥ 4= pF ODE # 5 — F# ODE {4 17— i f2 % 5 (21)

f(o)= Ao+ B[Mﬂf[erf (o) —1]} — Ao + Bierfc(o) Q1)

N

_ 2
Y » 2K ierfc(ﬂ):Mw%[erfc(i)—l] v HIER B

N

d 7 Hdele o Bl ﬁv&if;f;fﬂgi&:‘i%? SMN s 2 Rk B AT A B
7% Bh(knick point) » H ¢ p% i Bhenix B X =5(t) ©

WA BECEIERE LTSN VEEREENQ2) Q23
S(oo0,t)=-S™" (22)
Z,(—oo,t) = =S"x (23)

2o o:x<s(t) S aHA

Wi haiE N (4) BB EENQ2) ) X(23) F r RQDT RO F ik

A~B
A__den
_ (den —SUp)ﬂ,

ierfc(A)
FI* & 5 2 (image method) » & &&= A £ > 4oB] 318 #7710 A fE
BAEL R (Xe,Zp) IR H G0 o Bt 1M RA R ASB K w5 (17)

w7 2
L

4

— Yoy B\/ﬁierfc(—zxR 58 (24

X
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2~/ Dt
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B 3. 18 Image method 7+ %, )
QRIS ts T E
Z,(X,t)=z2,(X,t) + z,(Xx 1)
d 3 f gt IBeh ¢ gk T Bh(knick point) il B & EFIES L 0 4 € F W) 7
200 NS & S>S L PEIRAT AR A g ARk 0 F R
2,(%,1) =2, — S (X=X,) + Z,(X,1) (25)
A iril > B{sV B A Y 2R fE

2(x,t) = min{z, (x,1), 2, (x,1)} (26)

=~ § P g 5 2 E 0k (unsteady flow)pF »
v % W% b 5 % 5 (Unsteady flow) BF > d *t 3477 8(D) € &

AR RS & ot Ui VA < -

oz 0%z
E_D(t)__o (28)

£ r(t)z_t[D(t*)dt* ’ %= D (29

#-1 X(29) kw (28)

0z 0’z

or ox*

v @

P

t
— ES *
7 K- E v (steady flow)iar g > 4250 Sl 3 5 t=>r= '([ D(t)dt
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v i * 2t g § ;% (Unsteady flow) °
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