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RS Why barrier dams?

Tsinghua University

Flooding hazards raised by the Tangjiashan barrier dam
during the “May 12, 2008” Wenchuan Quake

Tangjiashan Barrier Lake
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Why barrier dams?

Yigong Zangpo barrier dam (2000, Tibet)

the known largest peak discharge in the mainland

Yigong landslide in 2000 - barrier lake (storage 2.9 billion m3)
- Outburst peak discharge (124 thousands m3/s)
- The air surge leveled off trees above the channel on both sides
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%4z Why barrier dams?

Tsinghua University

Dam failure: Overtopping or piping

43% failed 60% failed 90% failed Dangerous
in 10 days in 2 months in 1 year
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%1% Why earthquake-triggered?

Tsinghua University

India Plate: moves northward and collides with the Euroasia Plate
Qinghai-Tibet plateau: Continuous uplift (i.e. tectonic uplift)
Yalutsangpo River: Continuous incision
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kg Why earthquake-triggered?

Tsinghua University

Earthquake larger than Ms 6.0 since 2008

(Data source: http //www CSI ac. cn/publlsh/maln/813/3/|ndex html)
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LRk Why earthquake-triggered?

Tsinghua University

Dam clusters in a area

Wenchuan Earthquake (2008)
» 34 quake lakes and 9 blocked rivers.
» 20 were in moderate or high-risk of dam failure.

May 19, 2008




Why earthquake-triggered?

Dam chains along a river

Potentially a chain of dam failure
i Wenchuan Earthquake (2008

‘:?d:;'
%, 2 Guanzipu
o, Baiguoshu
' . Tangjiawan
Kuzhuba EJiwe
Zhicheng ‘ \

N

langjiashan Beichudn citv = .
| Yanyangta Sunjiayuanzi
Xinjiecun
Xiaojaqiao %
Anxiamgounty

=K
=
=




Features of emergency

One barrier dam - dangerous
Cluster/chain of barrier dams - much more dangerous

Emergency: = How to do?
1) Limited time for risk analysis and hazard mitigation

2) Increasing risk with time
3) Lack of field data

Field data (topographical, geological, hydrological...)
» difficult to get access to or bring in equipment
» existing gauge stations were damaged
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(EES 2.1 Overview

Tsinghua University

Dlstrlbutlon of the maln shock and aftershocks
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2.1 Overview

Wenchuan City
before and after
the earthquake




2.1 Overview

Beichuan City
before and after
the earthquake
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er“’ 2.1 Overview

Yingxiu Town

the epicenter area

Yingxiu Town

after the earthquake



EXS 2.1 Overview

Tsinghua University

Subsequent flood hazards -~ .. . Landslide dams
caused by barrier lakes =~ . More than 30
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2.1 Overview

Tangjiashan barrier dam
on the Jianjiang river, upstream of Beichuan City
The largest and most dangerous quake lake

Length Width Height Storage
/m /m /m /m3

803 611 82-124 >320 million




2.1 Overview

Xiaojiaqiao barrier dam
on the Chaping river, An County
The second largest quake lake

Length Width Height Storage
/m /m /m /m?3
272 198 67 >10 million
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Lake chain:

9 quake la
formed in 1

Kes
0-km

reach of Chaping
river, An County.

The chain of lakes
would have more
horrible threat than

one lake.
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2.1 Overview

Emergent threat from unstable quake lakes

@ Increasing volume of inflow into the lake
the inundation of upstream areas
the increasing risk of dam failure

€ Heavy rainfall in upstream mountainous area and
aftershocks




Tangjiashan barrier dam

Located on Tongkou River A -
€ 17 km from Zhicheng upstream
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Second largest city in Sichuan Prov.
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2.2 Tangjiashan dam

Tangjiashan before earthquake
(in April, 2008)

-.24.37 million m3

e

Tongkeu River: asymmetric "V shape valley,
100-130 m wide.




EET ..
; 'M“ 2.2 Tangjiashan dam

‘Volume of the landslide deposit 24.37 % 10° m>
Elevations of crest/toe, measured at the highest crest surface of the left deposit 793.9/669.6 m

Elevati : : it dhoe : ¢ the rioht deposit 753.0/663 C

Length along the river valley (bottom of the deposit) 803 m
Length across the river valley 611 m
Ratio of length over thickness near the left abutment 8.9
Covered area 3.07X 10° m°

By courtesy of J.X. Zhang
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2.2 Tangjiashan dam

Potential highest water level without intervention work 133 m

Potential storaee of water without intervention works 326 X 10° m°?
Elevation of the original river bed 663 m
Area of the reservoir water surface 3.550 km?
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2.2 Tangjiashan dam

Rising water level in the lake:
“*initial rate of 1.2 m/day, and final rate of 0.5 m/day
s*about 1 m/day on average

How about dam failure ﬂbo? e ,.:”#

r

Rising water level ’}/




. Any pOSSIbIhty f seepage failure?

On May 29, a seepage
hole was 1dentified at
the elevation of 700 m.
The seepage flow rate
was also increasing!



2.3 Disposal process

How to control flood and relieve disaster?

1) Dam safety & potential risk?

2) Hydrometeorological situation”?

3) Hazard relief
Mitigation planning
Structural measures

4) Imminent forecast

o1 {f@ ¢ 29/109



2.3 Disposal process

1) Dam safety and potential risk assessment

Rapid matrix tabulation approach (three indices):

used for emergency case with insufficient data and time

Hazard Level Storage Capacity/10°m3 Material Composition Dam Height/m
extremely high >100 mostly soil >70
high 10~100 soils with some boulders 30~70
moderate 1~10 boulders with some soils 15~30
low <1 boulders <15

Tangjiashan barrier dam: extremely high risk

Xiaojiagiao barrier dam: high risk

30/109



2.3 Disposal process

1) Dam safety and potential risk assessment

Dam failure analysis: Different failure scenarios

For a single barrier dam, five scenarios were considered:
100%, 50%, 33.3%, 20%, and 10% of the dam collapsed
Instantaneously.

Flood routing was implemented using a modified
McCormack Scheme with artificial viscosity.

31/109
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: 'Mf’ 2.3 Disposal process

1) Dam safety and potential risk assessment

Dam failure analysis: Different failure scenarios

300000 | Max flow discharge i 1 (0%

250000 =—20%
4339
200000 50%
—e—100%
150000

100000 Mianyang City
l flood control capacity

50000 of 10,000 m3/s
0 900 .

0 10 20 30 40 50 60 70 80 a0

Maximum flood discharge (m3/s)

Distance from the Tangjiashan Quake Lake (Kkm)

Distribution of peak discharge under different failure scenarios of the Tangjiashan barrier,dam




2.3 Disposal process

1) Dam safety and potential risk assessment

Dam failure analysis: Different failure scenarios
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) oo 2.3 Disposal process

1) Dam safety and potential risk assessment

Dam failure analysis: Different failure scenarios

600
——10% Peak arrival time
300 20%
100 | —4—33% 300,000
——5()%% Miany ng City people
300 e 100%

200 ¥ __

100

Arrival time of peak flood (min)

Distance from the Tangjiashan Quake Lake (km)

Distribution of arrival time of peak flow under different dam failure
scenarios of the Tangjiashan Quake Lake

evacuated




2.3 Disposal process

2) Hydrometeorological monitoring & forecast

Remote sensing: Overall information of quake lake...

On-site survey and monitoring: geological-hydrological data...
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Field monitoring:

Obtain real-time data of rainfall,
inflow, water stage, etc.
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%4z 2.3 Disposal process

Tsinghua University

2) Hydrometeorological monitoring & forecast

Rolling forecast: incoming flow 4 In case of no rainfall
based on weather forecast # Only base flow was calculated
4)@’11!@&” QA In case of rainfall according to
QK; ﬁl‘_f:/”f I weather forecast
%ﬁafﬁ‘iéf \,'f @{T;{; % Three scenarios of rainfall
;%;&g ;; %;%D\i“] | were designed for the next
ﬂﬁfg“:‘?w:;f%f:f%h"?%}ﬁ{“’dﬁ\ 7% 0 Based on real time data from
*‘*‘é‘?ﬁ!}ié“’ s ATy ;ﬁﬁ*}x %\%fa%J emergency hydrological station

near the Tangjiashan barrier dam,
the predicted water level were
reported.

37/109



2.3 Disposal process

2) Hydrometeorological monitoring & forecast

Rolling forecasted water level in the lake:

s Water level: predicted against observed
KAV (m) — LK Ar
— Bk
742 -
741.5
741
740.5 r
i ]
740
2008-6-7 0:00 2008-6-7 12:00 2008-6-8 0:00 2008-6-8 12:00 2008-6-9 0:00
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%4z 2.3 Disposal process

Tsinghua University

3) Hazard relief: Mitigation planning & structural measures

Catastrophic dam-failure flood =
Man-controlled dam-failure flood

Expected natural
hydrograph

Flood peak

7\~ attenuation Flood control
capacity
downstream

objective

Discharge —»

- “Man-controlled
hydrograph

Time (hr) —»
i [ W E 39/109 I



EPE :
'Mf‘ 2.3 Disposal process

3) Hazard relief: Mitigation planning & engineering measures

Diversion channel on dam crest
was excavated.

Diversion channel:
Side slope: 1: 1.5
Elevation at inlet: 740 m
Bed slope (on crest): 0.006
Bed slope (downstream face): 0.24

40/109
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'Mf‘ 2.3 Disposal process

Excavatio started on May 26 and comted onJ 1.
Elevation at the inlet: 740m; Channel bed: 7~10m wide




Diversion Channel
Excavation started on May 26 and
finished on June 1.

Bottom width: 7~10m

Channel depth: 13 m

Bottom width: 8 m
Channel length: 584 m




EPE :
'Mf‘ 2.3 Disposal process

3) Hazard relief: Mitigation planning & engineering measures

A man-controlled flood was created, preventing from catastrophic
consequences (< flood control capacity downstream)

Time Events
7: 08, June 7 began to drain, water stage: 740.37 m
8: 00, June 10 water stage reached 742.18 m, kept for 1 hour
9: 00, June 10 Water stage decreased sharply from 742.17 m
12: 30, June 10 peak discharge: 6500m?/s, water stage: 735.81 m
20:00, June 10 failure virtually terminated

43/109



2.3 Disposal process

3) Hazard relief: Mitigation planning & engineering measures

A man-controlled flood was created, preventing from catastrophic
consequences (< flood control capacity downstream)

I |
— Incoming hydrograph
— OQOutburst hydrograph

(4)]
o
o
o

Discharge (m3/s)

2008-6-6 2008-6-7 2008-6-8 2008-6-9
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%f‘*’ 2.3 Disposal process
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Breachlng pro.c‘e'ss

Jne 10(,*1)() . :30; (b 9:30; (¢) 10: 30f(d) 1 00 () 11: 30 (f) 12: 00'?'?1 ..

Liu N, et al. Draining the Tangjiashan Barrier Lake-Docume 'eicﬁl
Journal of Hydraulic Engineering (ASCE), 2010,136(11):




2.3 Disposal process

47/109



‘ % .
'Mf“ 2.3 Disposal process
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s o 2.3 Disposal process




2.3 Disposal process

3) Hazard relief: Mitigation planning & engineering measures

‘The channel was deepened and widened.

L
™.
Rt v

New channel:

145~235 m wide
(from 7-10 m);

Elevation at inlet:

Reduced to 710 m
(from 743 m).



2.3 Disposal process




2.3 Disposal process

Diversion channel on June, 13 fter fai
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2.3 Disposal process

4) Imminent forecast

== EHHRE K —m—100F—1BMK

l 4

Not fully-understood mechanisms:

» statistical model | Easy to use

> parametric model Large uncertainties

» physically based model

¢ have the potential to simulate in
details

¢ hampered due to lack of
understanding about the comphcated

mechanlsms =
ey =il



2.3 Disposal process

1D Flood Routing : Saint Venant Equations

» Conservative, with water stage
and discharge as variables

oZ 0(Q/B) 0B

ot * ox -—Q/B’ % » HLL (Harten-Lax-Leer) Solver
Q.0 (Qz) _ a2 _ . v High shock resolution

ot ox A : OX i v’ Capability to treat complex

topography

v Ease of implementation

v’ Time-saving

> ﬂow

LARNRL il



2.3 Disposal process

Erosions in the longitudinal and vertical directions: Xiao
Huangxiong’s formula

Lateral erosion: Osman & Thorne (1988) method
Water level at the inlet: Storage-capacity curve

Model parameters: calibrated according to the
preceding observed data (try-and-error method)

Osman & Thorne (1988) method o Tu

56/109




2.3 Disposal process

4) Imminent forecast

The man-made flood would be under control (< the flood
control capacity of 10,000 m3/s) downstream.
Flow hydrograph

8000

Water stage at the inlet

76.5

nof  try-and-error method

%
5000 | 76

T &
2 T
o L
= 5000 % 7551
© o
D) 4000 - £
_(CU c 751
Q
@ so000f =
()
3 s}
2000 =z
e
L
1000 I 1 I 1 I 1 1 74
12 13 14 15__ . 16 17 18 19 20
Time (h)

735

« - »

Calibration stage | Forecast

stage ol U 57/109



2.3 Disposal process

4) Imminent forecast

2D Flood Routing : Saint Venant Equations

Difficulties:
Unknown material composition of the dam,

High water level difference and large flow
velocity which correspond to complex flow
patterns, and

Quick deformation of river bed.

58/109



2.3 Disposal process

(1) Lateral erosion: Osman & Thorne (1988) method
(2) Movement of rocks in bed load

2 1/3
y | V(' -VO)(D
0 =237 (ﬁj ANgeR R 97

h 1/6
V. =1.14\/LgD (—j
Vs =V D

A=1.54In(D)+28.48
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2.3 Disposal process

Prediction of dam breach process

10 20

10 20 750

780 - ' \ ' ' T
o - o
740 o 740
©o
O
3 E
N 730 N 730
(¢]
(6]
720 - °o o . 720 |
© o
— ‘+§ 1 " 1 -
6000 6000 _ -
m\;E/ 4000 “’\\; 4000 |-
]
2000
2000 -
of °°o b
1 0
10 20 1 . 1
t(h) 10 20
A
Predicted peak discharge is 8830 m?3/s Modified prediction according

on June 10. to observed data
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2.3 Disposal process

Cross-section development of channel

800
160
E
S 790 ——— | —
4 ——1=0. 5h
T=1h
680 T=1.5h —
— 1=2h
0 50 100 150 200
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2.3 Disposal process

Head cutting erosion

The erosion develops from downstream to upstream.

Peak discharge occurred when head cutting erosion reached the inlet.

750 -
740 -
730 -
720 -
710 -
700 -]
690 -]
680 -]
670 -
660 -

! | ! | ! | ! |
0 200 400 600 800
x(m)

Detailed information but long computation time
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2.4 Subsequent research

Updated 1D model for dam breach simuiauon
The model can reasonably reproduced the breach process.

Four phases in the flow hydrograph

r
7000 105 Breer | BrEn | BrEenn | ey
Simulated discharge 745 . ’ — -
©  Measured discharge —— Simulated entrance of the channed |
6000 ======= Simulated water level T ikt downstrecr 187.3m |
b 740 Simulated: downstream 362.5m |
A Measured water level a0 . chsarved [
5000
735 @ 75 |
= T E
= 4000 H =
£ P 5
2] 730 £ ‘E’ 730
& o
% 3000 3
[=]
< -1
725 & &
2000 S
T2
720
1000
0 715
0
Tiot L
Time () &:00 00 1300 1400 Z0:00
Tirme ()

Initial Stage Breach Stage Terminated Stage




2.4 Subsequent research

750 T T T T 1 I
Original channel bed at 7.00
+  Simulated channel bed &t 9:00 < .
740 T — — - Simulated channel bed &t 11:00 || upward CI'O Sl()n On the CreSt,
by % +  Simulated channal bed at 13:00
# —— — Sirmulated channel bed at 15:00

- st [ downward deposition at downstream;

| a point with no
1 significant deposition

 § @
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Channel bed elevation {m)
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70l \‘___ +++++T+:_LH i :'*:‘i;ii d Computed elevation
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Distance from entrance (m)

The crest eroded almost linearly
before 14:00, indicating the validity
of a parametric model.
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EPT.
'Mf‘“' 2.4 Subsequent research

O Parameter sensitivity analysis

Manning coefficient velocity lag coefficient
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2.4 Subsequent research

O Parameter sensitivity analysis

(a)oco : e :
o erodibility coefficient:
6000 i ——n.0
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2.4 Subsequent research

Comparison of bedload transport models

modified MPM formula g*=3.97(z*-0.0495)
active layer model q*=4.36(J7" ~+/0.01)
12000
arger exponent, p—
maller value

— E 8000 -

;} 6000 -

v E 4000 -

MPM formula 2000

underestimates erosion 0"
6.00 g

rate in the initial stage.

1.5

Wong & Parker (2006)

observed data
active layer

—modified MPM

1200 1400  16.00 18.00

Time (h)

! ~
00 10.00 20.00
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4% 4 %
'Mf“ 2.4 Subsequent research

For practicability and computational simplicity, the Walder and
O’Connor’s parametric model was used in real time simulation.

— ﬁ — ﬁ wlr'" [E] r(D. — h; + czhcot ng]_.-gh3.-'2 - Q—I.fl 1}
dt - dt B (mvﬂ) [h " b}rn—] | J
, , Quue = [617(D, — b) + c;h cotB]g'2h*'? (2)
Simulation —
Model Wi, t < Ty
bit) = ¢ Wi— %LH ~Tp), Tost<T;+T, (3)
N w; — Dy, t = T+ Ty
[ Dy o Dy
Case 1: TO<TP<TO + Tf = =7 Toz =T
. Trn  Th
Correlation
among — Case2: TP>TO + Tf Never occur,
parameters D D
Case 3: TP = TO + Tf T.=7, To=To Te+Tp=Ton+T;
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2.4 Subsequent research

In most cases, parameters should be calibrated in real time

orediction.

received new observed data

!

use optimization model to get
new parameters

v

use new parameters to predict

whether the results convergent?

YES ]

use calibrated parameters as
exact ones to simulate

NO

optimization calibration model:
mﬁin SSE (/1) = Z[Q (Tobsi ’ﬂ’) o Qobs (Tobsi )]

SSE: sum of error squares;

A :parameters to be calibrated

Y LT 69/109
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Tsinghua University

2.4 Subsequent research

d prediction of Tangjiashan Quake Lake (without
measurement errors)

7000

5000

Q_, (m’s)

2000 |-

1000 -

4000

3000

[
.....
||||
ai

Q- Observed data
= Simulated hydrograph

1h 1;
t (h)

| Results from
| simulation model

have good

| agreements with
1 observed data.
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2.4 Subsequent research

3mﬂ B s 1u
2500 | + + Error of Eeak discharge
© Error of time to peak
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3.1 Overview

Niulanjiang River: Tributary of Jinshajiang River

« Asymmetric “V" shape valley
« Left bank: 35° ~40° right bank: 50° ~ 60°

right bank
left bank




3.1 Overview

Hongshiyan barrier dam:
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Volume of deposit: 12*10% m3
Elevation of dam crest: 1222 m
Length along the valley: 753 m

~ Length across the vaIIey 286 m
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Hongshiyan barrier dam:

Elevation of the original river bed: 1120 m
Dam height: 83 ~96 m
Potential water storage: 260 - 106 m3

Drainage area: 11,832 km?
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Dam material: sediments from boulders to clays

Size percent
>30 cm 45%
2~30 cm 40 %




3.1 Overview

Affected dams and hydropower stations:

Upstream and downstream of the quake dam
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3.1 Overview

Hydropower stations that might be affected by the
quake dam.

ResServoir Dam height Elevation Normal water  Reservoir storage
(m) of dam crest (m) level (m) (10*m?)
Xiaoyantou 35 1285 1282 286
Hongshiyan 32.77 1146.8 1137.5 69.3
Tianhuaban 107 1076.8 1071 6570
Huangjiaoshu 65 775.0 770 3625
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How to keep from potential disaster?

1) Dam safety & potential risk?

2) Hydrometeorological situation?

3) Hazard relief
Mitigation planning
Structural measures

4) Post-emergency treatment

3.2 Disposal process




3.2 Disposal process

1) Dam safety & potential risk assessment

Grade classification of quake lake

Grade level Reservoir storage (10°m?3)
Large scale >100
Middle scale 10~100
Small scale (1) 1~10
Small scale (2) <1

Hongshiyan belongs to the “large scale” due to its water storage (260*10%m?)

o U 82/109



3.2 Disposal process

1) Dam safety & potential risk assessment

Indices
Risk degree
Grade in scale Dam material Dam height (m)
Extremely high risk Large Mostly soill =70
High risk Moderate Soil with boulders 30~70
Moderate risk Small (1) Boulders with Soil 15~30
Low risk Small (2) Mostly boulders <15

Hongshiyan belongs to the “extremely high risk” due to its dam height (83
~ 96 m) larger than 70 m.

83/109



Classification of severity of landslide dam breach

Dam
breach

severity

Extremely

severe

Severe

Relatively

severe

Common

TE LS

Tsinghua University

Population in

risk

>106

105~106

104~105

<104

Cities

Prefectural-level

city

County-level city

town

village

3.2 Disposal process

Hongshiyan belongs to the
“extremely severe” with many
ydropower stations upstream
Factors and downstream of it.

Infrastructure

State-level traffic, electricity, oil line, industrial,
hydraulic infrastructure, large-size chemical
plants
Province-level traffic, electricity, oil line,
industrial, hydraulic infrastructure, middle-size

chemical plants

City-level traffic, electricity, oil line, industrial,
hydraulic infrastructure, small-size chemical

plants

Other infrastructures

: 84/109
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Classification of quake lake risk

Quake lake risk Barrier dam risk
Extremely high danger
: High & moderate danger
Extremely high danger
High danger
I Moderate danger
Lowe danger
High danger
I Moderate danger
Lowe danger
IV Lowe danger

Hongshiyan belongs risk “T”

Dam breach loss severity
Extremely severe & severe
Extremely severe
Relatively severe & common
Severe & relatively severe
Severe
Extremely severe & severe
Common
Relatively severe & common
Relatively severe

Common

3.2 Disposal process

85/109



3.2 Disposal process

1) Dam safety & potential risk assessment

Barrier lake risk Flood reoccurrence interval
| >5
I1 3~5
I11 2~3
IV <2

According to standards in China (SL450-2009), the Hongshiyan quake lake should
be treated using floods with recurrence interval larger than 5 yea¥s.
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3.2 Disposal process

2) Hazard relief for emergency

Non-structural measures + Structural measures

1) Evacuate people living nearby

2) Use the upstream reservoir to store income flow

3) Empty the downstream reservoirs, in case the quake dam
might failure

4) Implement monitoring system

5) Make disposal plans

6) Repaire the roads to quake dam which was destroyed during
the earthquake

: & I 87/109



3.2 Disposal process

2) Hazard relief for emergency

Non-structural measures + structural measures

No.l Bulkhead gate was removed to increase the drain discharge

No.2 More water was drained through the surge shaft once it was
submerged




3.2 Disposal process

By August 14, 2015, water stage raised to 1180m, and was still
raising with the incoming flow.

When the upstream Hongshiyan hydropower station was under the
water stage, its surge shaft (18 £FF) began to drain the water.
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: 'Mf‘“' 3.2 Disposal process

2) Hazard relief for emergency

Non-structural measures + structural measures

No.3 Clean floats on the water to make sure the outlet was not blocked
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3.2 Disposal process

2) Hazard relief for emergency

Non-structural measures + structural measures

No.4 excavate diversion channel

[ Cross section is trapezoidal
with side slope of 1: 1.5;

1 4 plans were made, with
channel depth of 6m, 8m,
10m, and 12m.

1 Excavation time for the
four plans were 4 days, 5
days, 7 days, and 8 days,
respectively.




3.2 Disposal process

2) Hazard relief for emergency

http //plc people. com cn/n/201 4/0826/
25537558.html il ¢
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3.3 Flood routing

Flood routing supporting channel design

Saint Venant E ions:
enant Equations » Conservative with water stage

oL i o(Q/B) __Q/B? oB and discharge as variables
ot OX OX » HLL Solver
2
oQ I 0 (Q )= _gAa_Z_ gS, v High shock resolution
ot ox A OX

v Capability to treat complex
topography

v" Ease of implementation

v’ Time-saving
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Tsinghua University

d Consider the 5-, 20-, 100-, and 200-year recurrence interval
floods, respectively
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3.3 Flood routing

Flood routing among the dams

Upstream and downstream of the quake dam
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TEZ 3.3 Flood routing

Tsinghua University

d Dam breach process

With the inflow discharge, water stage in the barrier lake will
increase gradually, until it reaches the bottom of the diversion

channel and then overtopping occurs.
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3.3 Flood routing

1 Dam breach process

| flood | pesk Beharge
m3/s hour level (m)
5.6
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200-year 10470 4.2 1218.2 inflow conditions
12000
10000 _5515_-@
—205F—i&
8000 —— 100F—i&
——2005—18

5000

it (m3/s)

4000

2000

0

B (8] (h)




TE LS

&/ Tsinghua University

4 Flood routing to
the Tianhuaban Reservoir

3.3 Flood routing
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When the dam breach flood arrives at the downstream Tianhuaban
Reservoir, water stage will raise until overtopping occurs.
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3.3 Flood routing

4 Flood routing to the Tianhuaban reservoir

Max Water Level /
Flood Above Dam Crest* Max Inflow Max Outflow
T (m*/s) (m3/s)

S-year 1077.4 /0.6 7817 5706
1078.0 /1.2 8196 6219

100-year 1079.8 /3.0 9932 8324
200-year 1081.1/4.3 11184 9518

Flood Characteristics of Tianhuaban Reservoir in different floods f N
]

* Means not reach dam crest \ K .
il ~ ' i N
‘. |
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1 Flood routing to
the Huangjiaoshu reservoir

3.

3 Flood routing
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When dam breach flood arrives at the downstream Huangjlaosnu
Reservoir, water stage will raise until overtopping occurs.
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3.3 Flood routing

4 Flood routing to the Huangjiaoshu reservoir

Max Water Level /
Flood Above Dam Crest* Max Inflow Max Outflow
m (m?/s) (m?/s)

764.8/-11.4 5699 4627
766.4 /-9.8 6213 4953
772.2 /-4 8313 6257
776.0 / -0.2 9508 7177

Flood Characteristics of Tianhuaban Reservoir in different floods ‘

* Means not reach dam crest . T i‘
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3.3 Flood routing

1 Comparison of plans with and without diversion channel

Compare the dam breach process for the plans with (8 m depth) and

without diversion channel.
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3.3 Flood routing

d Comparison of plans with and without diversion channel

Flood routina to the Tianhuaban Reservoir
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4% 3.3 Flood routing

L Comparison of plans with and without divert channel (dc)

Flood routing to the Huangjiaosh Reservoir
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1. Earthquake-triggered barrier dams
2. Case 1: Tangjiashan barrier dam
3. Case 2: Hongshiyan barrier dam
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4. Summary

dThe disposal of two barrier dams is presented.

0 The major measure of the disposal was to
excavate a diversion channel on the dam crest for
creating a man-controlled flood.

dTwo challenges were addressed: lack of field data
and lack of understanding of the failure
mechanisms.

d A coupled monitoring and simulation method for
flood forecast is promising.

d Although diversion channel works well, reasonable
estimation of dam stability subject to overtepping
or piping is still desirable.
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