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Abstract

Taiwan is located at the boundary between the Philippine Sea Plate and the
Eurasian Plate. The movement between these plates results in Taiwan’s terrain being
characterized by steep slopes and high river gradients. Combined with short-duration
heavy rainfall events such as typhoons, many areas frequently experience flooding and
debits flow disasters. This study focuses on the Gangkou River watershed in Pingtung
County as the research area. By using a two-dimensional hydrological and sediment
model, on-site explorations, and consolidating the opinions of local residents and
relevant stakeholders, the study analyzes the issues faced by the entire watershed and
identifies corresponding adaptation strategies.

Commonly used two-dimensional hydrological and sediment models for watershed
analysis include HEC-RAS 2D, SRH-2D, FLO-2D, and CCHE-2D. After
comprehensive consideration, HEC-RAS 2D was selected as the two-dimensional
hydrological and sediment model for this study. HEC-RAS 2D was used to simulate
flooding and debris flow disasters in the watershed, and historical disaster data, as well
as previous governance planning reports from government agencies, were utilized to
validate the model. After validation, it was confirmed that the results obtained through
the two-dimensional hydrological and sediment model analysis are reasonably reliable.
Based on these results, appropriate adaptation strategies were designed.

One adaptation strategy is the flood-prone area. As the name suggests, a flood-
prone area is a region submerged by water. Unlike detention basins, flood-prone areas
go not significantly delay peak flows or reduce the flooding extent of protected area.
Their primary function is to determine the compensation fees for landowners based on
the designated area, thereby reducing the funds required for repairing engineering

structures such as levees damaged by water and sediment disasters. This approach aims
1l
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to achieve a cost-saving and ecologically friendly win-win situation.

Among the various models for simulating the impact area of debris flows, HEC-
RAS 2D was also chosen for this study. This allows for easy comparison with the
previous flood simulation results. The debris flow model of HEC-RAS 2D, compared to
other models, and simulate larger areas in a shorter time. After verifying the simulated
debris flow impact area with historical disaster date, the suitability of existing debris
flow evacuation locations and routes was examined. The results indicate that the
evacuation route on the loft bank of the downstream Gangkou River near the estuary
passes through the debris flow impact area. However, there are currently no more
suitable shelters. Therefore, residents need to be extra cautious during evacuation.
Future efforts will involve using the simulation results to discuss other solutions with

government agencies.

Keywords: HEC-RAS, two-dimensional hydrological and sediment model, flood-prone

area, debris flow, evacuation route
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2.2.3 Nicholson et al. (2015)
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FATI0IE L AR ATEG R FEY fé;&ifﬁ#—iiﬁ%@vizx AT F M B
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RTAAIREAR R AE S WY LR ok IR .
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Mok DR REE L RAF S G 3R Sk ot 4 i fek e f
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VRFER B2 E P BRET O BERERFEFE N EFALREAT
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\
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TARRCT AL AL A AR K2 B KSR S G L B R

24 = BoREE BRE R

IS L e AR L

W

BEEHS > TURR LAY 2F RE
PR BER o - MENE N NPT R R BRI EER
Bos 2 BEA A K AT G B R o T EUR KR SR BB
MAEZ fa I Z MBEG B G AF e o ¥ T E0RE Tk > HIRELL VR
B SRR RS % o (FRAeiE 0 2023)
FTEINAFTARBREREKEF CRFPEI RIS I RN ERR
* o ARILR RN RS 1 2B -
¥ TR 2 - kIR AR § 7 5480 ¢ § HEC-RAS 2D ~ FLO-
2D + CCHE-2D ~ SRH-2D ¥ » & A#7§ % § #oip = ka2 afia 2 < o
FoFERET AL G - KRR WA TS FHELLE o
2.4.1 HEC-RAS 2D
HEC-RAS 5 % W3 1 42f7 Bk 2> 1 427 & (Hydrologic Engineering
Center > f§ # HEC) B 2@ "' A 47 k5> & i - T &/ (Steady Flow) ~ — ‘&
2 - a% g% (Unsteady Flow) fﬁﬁ?ﬁiﬂ FiztE o~ KRR E K %fr?@ﬁis?]ﬁ%}ié‘é 4 (kA

HEF 2§ 5 2016) 0 2 2> HEC-RAS 6.0 452 {5 » A7H{ 7 - @2 - @2t 40

ﬁ&

We o (B3 B2 kL EFESE 2022
1. B3 A& (2020)

fI* AWE-GEN Hdg s % 3 5 24 /| a2 p € M IE2 S A £ 0 70 i
* 4 HEC-RAS /K32 2 ﬁi%]m%x:;‘ ¢ > %48 HEC-RAS 2D fift 2z B %R Z Wi A

AR IERT R AR Bk
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SRR e o I a‘r"‘f 50%"% & 4 £ 2. HEC-RAS #-5% 7 K %
% o BEARR I er o # % SOBEK #-4t 2 # -k B4 Bl iE {7+ > HEC-RAS
ek g it Bid kRFia F o SOBEK B & TR 2 @R F350 & =
TR OHFFE %% HEC-RAS Hig 2 S g wim{ 24002 o
2. Desalegn and Mulu (2021)
FE RN R TR 2E b 5ap 354 (Fetam River, Upper Abbay
Basin, Ethiopia) » & * ArcGIS ~ HEC-GeoRAS 14 2 HEC-RAS & {7 4% > %8

GPS AR B 2 Bchh 1 2 TB sk eh TR 17 5 BN OB 2 %3 o

Ze 4

e

SR ARTFEBRORGEE F o B OREFAE 0 T A 100 &

TRPEEGIIET > ERFERE 534 0% > HiR2E GG F A B 2 R 7 B

o

FowFP L ERGEEI R A BEEN P R K% 0 Y bk
B2 HEPEF 02 B AU RG] RS E A Rendp 4 o
5w (2022)

82016 & 3] 2022 4 B ¢ F ¥ ] HEC-RAS 2D ficft 2 % & » {1 *
HEC-RAS2D 2 W £ FIFF 7 "2 k2 fo 2 THEE - B T HEFE 0 F
PFILZ R o G (TN S loenE %k o

B3R G R AT R A TR > e AR B R A 0 2 U weh
PR RS (oM e a IR LR BRABT LNy 32 %
ERF O AR ETE W BEFIER T A I Be E 2 REE {5
ME o
4. Phyo et al. (2023)

FE%E :Ea o SwaChaung ~ 3 > F 3 ) A HFenp hi G § AR
Ko THET R RF A ER T A FRIERLEIRITY L R S HHRRE S
Fgreg » BXx 2P vy 2t AP HERFFE S RBTT) 0 Rk
WL R o
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2.4.2 FLO-2D

FLO-2D # -k 5% €4 O’Brien etal. (1998) #1#7 4 2. = i -k & T sz
P T RN R S BORT REIE S 1R SRR~ RRIA R Pk

MR A ESE A LT R BRI LR SN GRS E LN & BT A I S T

2 E R e CRFIHET 2 ¢ 0 2007)
13%& L (2013)

% & HEC-RAS 1D £ FLO-2D Jig * *t & Fi%k » f1% A @ 97 & + e Ameh ~
AR IS EE P RR F AR9 E LI R R B TR S 0 E 2 f R AL
AT PERILFE kRS 0 B Y BB (HEC-RAS 1ID) 2238 ¥ i
(FLO-2D) R -kim 23k 2 4] > LA b 5 F 345 B $Hd R B8 -

B R FLO-2D Trp i B 5 PFRV b 2 FlE > 7 R 3R W2 ARG HE R
k2 8K BRI REIEFFNGE FARP UBRH R EE T 2P R
KR SRR T2 5T
2. BUAFE (2015)

B3EE L (2013) A7 f 2 @ o 4% HEC-RAS ID Bl k 3 3- 8 4
FiRis > £ 41782 FLO2D 2 m B S 58 A i B s BT w44 47
W Al .

dBEEFkRSSBE 2 IHANERELPTEE  EI T RE

T B (THERRF 0 V4% HEC-RAS ID 2 FLO-2D #fe @ * » #4758 %
2 FE o

3. Erena et al. (2018)
Rz o d £ X7 (Dire Dawa City, Ethiopa) » &% i FLO-
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TEEER G Bt M KR 4T 0§ R KR S R S e
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TS FE PSRRI T RIS

¥ F% (2019)

f1* HEC-RAS ID 12 2 FLO-2D 5% 3¢ B L A0 it JE K ko Shig {7 k3 e

170 NFRE A P LRI FEZ R 2B 420 £ Y ’?gﬁl K BB ke 7RIS

EOREE TR 0 AR BB R RREIF RIS RN H
,E'lgﬂ? S %o 4 4‘:1?«‘}’* ]\ ’ a;‘; 7]4'5—11 #E J\i/ﬁ‘ﬁf_‘mfﬂ x P\ 10 # i‘jﬁ.‘

WEE R & » TR T HFE 25 E 2 RMEEE R EE T @ F R o
2.4.3 CCHE-2D

CCHE-2D * $M®Bd v * Ep MR35 -k#% 2 147 < (National
Center for Computational Hydroscience and Engineering, NCCHE) #7# & 2. = f-k
Mz gzg]p;ﬁt;v (&7 > 2012) - H B4V HEAFF S RRB 2 pd kg
Znid o~ BE) KR G B E ] CRAIE 0 2016) 0 T r AR AP 8
FHBEAR SRR Z R EFPETRA AR (GREE > 2022)

1. péF 3 (2012)

R B ks ﬁ]w #-3% > ¢ 3 CCHE-2D ~ FESWMS-2DH -~ MIKE
21~ TABS2~ 4 /7 7 7 £ > #53F & & ¥ £ /¢ (Unsteady flow) fistic #
PR AR R W R T S 2 - o bt BEGY T VR E
R m ﬁ*“ﬁiﬂzﬁﬁ; #Alz. 4 £ > CCHE-2D Ap >t @ 538 § 4e 2 > RE)
FAEFTEH - PN ERRA > FHF RRPREFAREZ R T 22T
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W B hgcip & CCHE-2D 4p b 2 % & » S CCHE-2D Apfrt 1 =
GRS 128 AR S #p/a@@qm& P AL
2ok 2 EEER S 2 R R R ORARR o I
P CET AT E AT

aﬁiﬁaﬂf’mﬁp"&
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TN B EFRRATIROR 0 AL 0 1R B T

o

¥ T e B B

3.8 2% (2022)
it % CCHE-2D ~ FLO-2D ~ MIKE-21 » NETSTARS % SRH-2D » T 5% B

2 Q> M2 AT 2 5% 0 ¥ L CCHE-2D iv 5 #4571 &
f1* CCHE-2D #i-3¢ » &5 :§ & 1@?]/?; AFVENSLES &1 ﬁ;f]/?) S Bcis o T

"‘”Li_%_j\?;@‘;/ °

AR R W RS R T A kR

2.4.4 SRH-2D
SRH i fst £d k{15 2 £ MBAT L FBE2 2B 4
CREEF R BERAITE > FRIL

Focag o 2

fe @ FEP N RIE S PELARESN TR
RIETE > B e TR LR R B o CRAIRBRS AT 2019)

% % ¥ (2018)
FI* p 7 F %2 CAMPIDF - /7 #icig fi-;¢ » &% %% HEC-RAS 2 SOBEK

FHRTH VBRI BFFEEREFE o £ 1% SRH-2D 7 if # & $cld i

PR LIRS PRR R R R 7 R R 25 IR R
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ZUATR B AT 0 BT RIIRGT o
f1* Wuetal. (2000) ~ Wilcock & Crowe (2003) % Parker (1990) ﬁi;‘]w =1
A HRE TR e £ ILEPREE KR B0 B % Bt 0 Wuetal. (2000) B RR R oNE R

WEF > PR L o ARREE T B L T RIFAR - Wilcock and Crowe (2003) #di

A EKEEA BN TR TR 0 B RN 8048 T Parker (1990) R i 2
KB ATRECE IR R IR g o
2. % £33 (2023)

v #% SRH-2D ~ SMS ~ FLO-2D ~ CCHE-2D ~ EFA-2D # RESED-2D » % & 2
1R A (LRI A AR % > i L SRH-2D £ CCHE-2D il i3+
f > H ¢ SRH-2D 4.2 3 "4 42 (Finite volume method) & (7 #ciE & > 4P
3t CCHE-2D 3 "1~ % ;> (Finite element method) » & F »c5 { % 2 B4 -
(Frisani et al. » 2015)

Y- MRk RILF S 2 & o VRO W (S R IEIR % 2 R
ARG TR P GRS 0 B B R R W H e

2 BRI ) T > B AR T R RS SRS 0 MR

-

IR T ea R BB

-~

A

2.4.5 SOBEK

SOBEK #_+# ji f§ WL|Delft Hydraulics #74 & » 5 - B H & 7@ "~ 483 3
kE BB IR anE S > ¢ FRER DN S PR E RS ‘ﬁia] ity
FLERE  HOKPIE KFRFEY b F IR AR AR Y A
Es F oo CRAIHEF 2 € 0 2007)

1. +hw dr (2017)

I RBETRTRENE L RSP R - BN > 38 SOBEK #3t 2
TR EE 2 R N RIS SRR TS 0 B - HokIRE R S
R FECEE R 5 B T ik (t R R R
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2. R N4 (2017)

F PR G AICR T R FIRA % #72 SOBEK = @ RV F 5 7 7 A#
%ﬁiéiggﬁfif‘.alﬂgEFIF.?/FH”“EF P ERFH R MR = R RSB
SOBEK = i ki ¢ Bkl 4o T HKERM o

% SOBEK et 7 e -k ®HdIA 2 B2 8% » vhife- @ "Rz~ - a2
RFF TR RGF A BRFREF2AREFFR > P UEP FR* 6 {
Bokwmitm- By - A » inE ks (SOBEK) > ¢ EREFZ %S &
RN AIV] R OR TEFRGE B RPN EERE 2 E
2.4.6 3Di

3Di 5 54 f4+ # (TU Delft) Guus Stelling 4% 2009 & 5 & » 12
SOBEK % i # { #7i% & /4 » ¥ % & Quandtree ;* ¥ Subgrid ;2 - 22 SOBEK #p
oo Bt R B o (HieiE 0 2023)

1.8 53 (2022)

Mpd R et RRIEFELIEY RS R AR AT (DEM) o I

- & HEC-RAS fr= & 3Di A 7K L4558 2 Hofeid -k B4 1 B0 2 T4« &
PACE R iR oAl AR Al 2 AT

F2 7 %% Bom HEC-RAS 2D OSSRl enit LR R + » &g findp
34T R o0 @ 3DiRIZHC eolg o ) R i % % 0 #2 3Di * HEC-RAS 2D
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2. HhAeiz (2023)
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BlE R IT 5 B PR 2 PTG Sok ) R R K Al
SRR JIE Wt LI o Sl S

Wi 3D B E RN T % E 2 Bk E A A EARY A (runoff
yield) £ &% (runoffconverge) 2. A A= T UBEHNEBEFLH G L & 2 -k
2R RERF AR F AL AR LR REL > AR T
BB R AR R AT REF RS R Rk RS R R 20k
2.4.7 River2D

River2D 3¢ £ d 4c £ < j-k# 7 #7 (Freshwater Institute > f§ # FWI) ~ & i@
¥~ 81 A&2%8 % (Civil and Environmental Department of the University of
Alberta) ~ 2 B Fd 4 5K ¢ 302 45 ¢ < (Midcontinent Ecological Science
Center of the U.S. Geological Survey > f #i- MESC) ~ & 4 /4 ¥ 3% (Fisher’s
Division of the Alberta Government) + F #74F 22 B[3& o (¥ % > 2006)
1. m# % (2006)

41* HEC-RAS ID kI3 % &£ RHABSIM 1D vk 458 2 155 3 0
B BRI k> B 1% River2D /7 g BN RS BRI kR
¥R AR R AT

Fr %7 % River2D &F i-lwmeni 253 2B 2 iR ™ > 7 % B s
B % A > AT RHABSIMID £ & p 378 E » 7 "2 M8 B4tz
VIR e
2. K& & (2011)

FrwREs o0 3% 58— 2 k258 HEC-RAS frir " = st
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3.2 HEC-RAS 2D #ic#%
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21§ 2 4238 (Momentum equation) » 4 H|4c T #751 C
1. & =53 4235 (Mass conservation equation)

3T OREFIRL 2 A S S oY 3. 4

dH 0d(hu) d(hv) (X 3.1)
—_— 0 X .
7 tTx Ty T4

FPtEFF ouA xRl EROVEY T w2 RE oqsHE R

ByS
e
R
#

PR NAT o PN 3.2 FroT

aH+V (hW)+q=0
ot 1=

B V=@ ViR Av® Vie RlAEF » &z BFRT >

0 0
- )
2. % & 3 #£;% (Momentum equation)
BB P ARFERT A e R AL 2 e R R T LG ELE D e 2 if
B TBEERMEEFELRA SH 288 E 3 355408 3.3 2 (38 3.4 497 o

2 2
du ou ou 0H (6 u 6_) S (% 3.3)

E+u& V@=—ga—y+vt W-I-ayz

c

37
doi:10.6342/NTU202402613



6V+ 6V+ aV_ aH+V 82V+82V +f :?“ 3.4)
ot Yax T Vay T By T t\gxz Tayz) VT

HY vuix?pFt g2z @3 R vaiy et gz E R g aE At
ﬁ}iﬁ Vtw }\l"?’/ﬁllw‘!"/%‘é‘gﬁ’cfﬁ%%@ '4‘$’I’f %JJ‘K:@’:"?%P

e e g AT 0 PlAe(GY 3.5 fror

v N
—o VTV = —gH + VU2V — iV + flox V (39
Ao v= (= %ykéiiiéizﬁﬁéi°
A M FEEAY o Hiped o e A APEEOL 2 2N (diffuse

wave equations) % = 2 ¥ 23 > f£3;% (Saint Venant equations) » 4o(;% 3.6~(3% 3.9
b N A A FEMEE Y 3 U2 (Finite Volume Method » FVM) » 12 ™ 4443

AR (T AR o

Diffuse wave equations: C = VAAXT <2 o(g C4 b s 0) (7 3.6)
AX BV
T="(% C=20) #37)
\Y
Saint Venant equations: C = VAAXT <1 o(g CHh=ic 3_0) (74 3.8)
AX BV
Tzv(g C=10) (% 3.9)

H¢ C L E9# (Courantnumber) » V 2 jd:# » AT 235 e » AX 5 T 15
ko I
MPFACA S BN IR RS 2 > HEE R RL T ETHE 0 S
£ LS SARRE L A1 S RN E s CaTFas NI - fArdEantE
E O VR ONHE R B NS a0 L g REERMAT L > EREKE E o
T R A EREFF R )R EFR SR o (F 55K 0 2022)
1395 HEC-RAS 2D 6.2 "k & * £ » HiZR¥ 30 fips-n 5 f258 JRie (7
B PRfpicsm s sz i wAfS > TP RIPFVAFRTRY s S
AR M- L e > T R ERP
38

doi:10.6342/NTU202402613



1. Highly Dynamic Flood Waves:
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PR gl gt > DEFREOEESE R BT Fie 2 AR o
2. Abrupt Contractions and Expansions:
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4.Tidally Influenced Conditions:
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5. General Wave Propagation Modeling:
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6. Super Elevation around Bends:
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8. Mixed Flow Regime:
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2 34 prEnga iAo A2 #ER 4L
I & i (km?) 18 & (%)
1850P001 P 2.17 2.14
1850P002 T " 34.07 33.50
467590 % (1) 34.07 15.78
1865P003 2% (2) 16.05 48.58
&3 101.69 100.00
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#3 4 % | LOG-NORMAL | PEARSON | LOG-PEARSON | EXTREME
€ IR E [T (mm) I (mm) I (mm) I (mm)
2 213.0 209.8 214.7 217.3
41




5 295.2 295.7 296.7 309.3
10 352.3 355.6 352.5 370.2
20 408.8 413.7 407.2 428.6
25 427.0 432.2 424.8 447.2
50 484.2 489.2 479.8 504.2
100 542.8 545.9 535.8 560.9
(SSE) 7497 9322 7972 14270
(SE) 13.2 14.72 13.62 18.01
Mean Value = 231.935

Standard Deviation = 93.64

Skewness Coefficient = 1.518

(FAKR T E R ke RkRinmbd ) BARE R B v Zk iR E)

£ 36 BriiB tERPE- PEAEFEBILAGE

# 3 & % | LOG-NORMAL | PEARSON | LOG-PEARSON | EXTREME
& Y EE I1I (mm) I (mm) III (mm) I (mm)
2 288.6 284.1 295.8 294.9
5 387.6 387.8 394.8 406.3
10 457.4 461.6 458.4 480.1
20 527.2 534.0 518.0 550.9
25 549.9 557.1 536.7 573.4
50 621.5 628.9 593.8 642.5
100 695.4 700.6 650.1 711.2
(SSE) 37930 42420 35120 44400
(SE) 29.7 31.41 28.58 31.77
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Mean Value = 312.63
Standard Deviation = 113.44
Skewness Coefficient = 1.635

(FR KR T3 ke Bk iy d ) BARE R B Bk RBIFE)
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)
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20 711.614 1.482 0.4616
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25 685.197 0.542 0.4508

50 603.573 -2.998 0.4175

100 544.380 -5.060 0.3888
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Tp : B4k 38 % 58 4 2 p& i (hr)
D:HEiaupih) 273 23R - R
Te: R 242 1 R 2 PR (h)
Te : & P (hr)

BY a3 HE %A Dd TezfaE BT RAER o

T, > 6hr D = 1.0hr (4 3.16)
3hr < T, < 6hr D = 0.8hr & 3.17)
1hr < T, < 3hr D = 0.4hr (4 3.18)

T, < 1hr D = 0.15hr ;4 3.19)

BB Tod ¥ S IARBIR L PR L 4 DB R 25 (3 3.20 44

0.8713\ %% ,
Tc=< - > (% 3.20)

L Bokw P RS P 25T 4] 2ok T e (km)

Ht ok p ki b 982 £091 83 424 (m)

EFE AN Bk RS W £ RS 4ok 3-8 977 o £ 4
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170 | 101.69 | 31.18 400 5.02 0.8 341 5.69 9.10
$ois %
69.03 27.27 390 4.34 0.8 3.00 5.02 8.02
T
Wi=ix
39.61 20.65 364 3.23 0.8 2.34 3.91 6.25
Eyﬁ‘:‘;rl ELN
Ak %
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Wizix
10.22 4.20 100 0.84 0.15 0.58 0.97 1.55
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2 39 cAMEERFMEVEL LSRR A
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oAk JE o 445 569 636 696 714 767 818
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AR ED T 275 343 375 401 409 429 447
ﬁl’: i 150 186 202 217 220 233 243
(FA kR T2k Tk Rin@er g ) BARE P B0 iR A RAIRE)
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ArcGIS B k%A 2|2 # i 2 ArcMap ¥ #cB a2 28 » S THBEH
Fro T UHE- BREARKFCRSEBT ERE o N EBHEY 6 R
2B RS o
(1) Fill

Flh 4~ DEM ¢ ¥ ¢ 3 & F & > gxif i Spatial Analyst Tools, Hydrology, Fill 2
Foag o RFEE L ML A G B oK R PR o
(2) Flow Direction

1% Fill 4 = 2. #77 DEM #% % > 51§ Spatial Analyst Tools, Hydrology, Flow
Direction > # = /i o
(3) Flow Accumulation

I P EHBRA &2 ke 0 %8 Spatial Analyst Tools, Hydrology, Flow
Accumulation 3+ 5 it £ 4p 4c o
(4) Raster Calculator

i% i Spatial Analyst Tools, Map Algebra, Raster Calculator 3+ & £ + £ -k % e~
o T TREREKZPEE VERKBLFE LR -

(5) Stream Link

FiI# % FR47 i 3] 2 Stream Raster £2 L % 5 Flow Direction » i% i Spatial
Analyst Tools, Hydrology, Stream Link 3+ & £ i+ & K % 2. B M2k »

(6) Watershed

F1* Flow Direction ¥ Stream Link - i% i Spatial Analyst Tools, Hydrology,
Watershed 3+ &5 & B+ kw227 o

HEr fﬁﬁ.ﬂ? v o] 3-5~B] 3-10 97 0 R A2 BoR R A S HR S
Bk B2 LIS Bk R 0 FEERET 2 g E 2 G 4P
% A m BBz RN E 2 R ARG R ;‘ﬁiﬁi%] S
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B 3-5ArcGIS *» 2]+ § -k % % 2 1 (Fill)
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W 3-6 ArcGIS *» 2|3 &k % # 2 2 (Flow Direction)
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B 3-7TArcGIS > 4|3+ &k %% .?f 3 (Flow Accumulation)
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W 3-8 ArcGIS *» &+ k%% Ef 4 (Raster Calculation)
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W 3-9ArcGIS *» 3|3 &k % H Z 5 (Stream Link)
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W 3-10 ArcGIS 7 2|+ k%% 2 6 (Wastershed)

5. % B ik S8R T
(1) 2 Bz A
ERUNSS 8= CUEN 2 XU & L R S SRR N

PR L P PR B > GRS G A 4oB 3-11 5 o
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Class| diam {mm) | Class Fraction 1001
1|Clay | 0.002-0.004 Legend
2| VFM 0.004-0.008 Gradation Curve
3|Fm 0.008-0.016
4/Mm | 0.016-0.032 201
5/cM | 0.032-0.0625
6|vFs | 0.0625-0.125
7|Fs 0.125-0.25
8|mMs 0.25-0.5 0
a|cs 0.5-1 #
10| vcs 1-2 10 i
11|vFG 24 13 o
12|FG 4-3 16 a0
13| MG 8-16 20
14| cG 16-32 25
15|vCG 32-64 0
16/5C §4-128 45 204
17|LC 128-256 80
18|sB 256-512 100
19| MB 512-1024
20(LB 1024-2048 0 . . . . . . . . .
 o%Fner @ G — 12 5 10 20 50 100 200 500 1000
Yafiner <—>% Grain Size (mm}

W 3-11 2Ry s iFd &R

@ kintwi

HEC-RAS 2D it #% 4~ if & i% i (Sediment Boundary Conditions)® # 3 @k /i
FHECELES Jf;éja?] » > 3% 2wl % Rating Curve ~ Sediment Load Series »
Equilibrium Load - Capacity Ratio 12 2 Clear Water (no Sed) > 4-@ 3-12 #7757 » 14
TR BIGP e

(a)Rating Curve

Rating Curve &_17 ik #)i& # & (tons/day) & -k ® 7 #) ik B (mg/1) 1% & ﬁi%] IS -
R e 7R S S Y R A R 74 ST S

(b)Sediment Load Series

Sediment Load Series Fr % 14 ik #) 18 # & (tons/day) 2 -k ® 3 #) ik B (mg/1)1F &
ﬁa?] R ﬁa?] ek d R b 0 3 e 20 B>t Sediment Load Series ¥ g BF
R RARES S b FERRITRE T AR R

(c)Equilibrium Load

Equilibrium Load  HEC-RAS 2D f # k4 £ % -] fo & s feit ¥ 4 #)3@

Fagt FLORMEHE > BT LA 2 HOA) R > AR * Equilibrium
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Load » #c { P @ HH S5 % o

(d)Capacity Ratio

Capacity Ratio 2 p 7R T8 A2 2 kR » & % £7 Equilibrium Load 2.
v g o B & KR Capacity Ratio » & Equilibrium Load =1- #& °

(e)Clear Water (no Sed)

Clear Water (no Sed)#-:# Jr 2 Z 7))k RARL & B » ¥ S G kin P (02 )
EH o LR EEA R

REERE AL I B2 N RIATR R E RS

Bt Ap 2. 7 By kon 28K B Rating Curve °

Rating Curve 4p i ¥k ¢ » B2 E ;‘ BRIy AT 2 5% @

RSP E R STERGIFL 2 FR SR TS ﬁa?l >FH o heB] 3-13 #on o

Sediment Boundary Condition Types

Rating Curve | Sediment Load Series | Equilibrium Load | Capacity Ratio | Clear Water (no Sed)

W 3-12 kix g7 £ HEC-RAS2D 2% §

Rating Curve for taian larger scope inflow

Number of flow-load points |3 sets 'I

Flow (m3fs) 10 100 1000
Total Load (tonnes/day) 7000% 70000 7000000
1 |Clay (0.002-0.004)
2 |VFM (0.004-0.008)
3 |FM (0.008-0.018)
4 |MM (0.016-0.032)
5 |CM (0.032-0.0625)
6 |VFS (0.0625-0.125)
7 |FS (0.125-0.25)
8 |Ms(0.25-0.5)
9 |CS (0.5-1)
10 |VCS (1-2) 10 10 10
11 | VFG (2-4) 13 13 13
12 |FG (4-8) 16 16 15
13 | MG (3-16) 20 20 20
14 | CG (16-32) 25 25 25
15 | VCG (32-64) 30 30 30
16 | 5C (64-128) 45 45 45
17 |LC (128-256) a0 30 30
18 |58 (256-512) 100 100 100
19 |MB (512-1024)
20 |LB (1024-2048)

[~ Define Diversion Load (% Load (~ Concentration  Conc<—>Load Plot ... oK Cancel

W 3-13 Rating Curve $#cik %_
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4 HEC-RAS £ ¢ 2 A5/ % %
2.5 %9k % o H ¢ & 7 Transport Function ~ Sorting Method ~ Fall Velocity
Method ~ Unsteady Computation Options and Tolerances # Transport Energy Slope
Method » # 4% # 3|2 %%’ 5 HEC-RAS2D 2 f% » @i 78 i s o

BT SRR AT

Transport Function : Wu

Fall Velocity Method : Active Layer

Fall Velocity Method : Soulsby

Transport Energy Slope Method : Averaged (Centered)

2 ** Unsteady Computation Options and Tolerances » H x# 2. S 7 + &
2D Flow Options 2_ ‘o3 > 4@ 3-14 #7175 o

HEC-RAS Unsteady Computation Opti

puons and TC‘IE-'EII"CGE

General 2D Flow Options | 1D/2D Cptions I Advanced Time Step Control I 1D Mixed Flow Cptions |
I~ Use Coriolis Effects (not used with Diffusion Wave equation)

Parameter (Default) Taian sediment

1|Theta {0.5-1.0) 1

2| Theta Warmup (0.5-1.0) 1

3| Water Surface Tolerance [max=0.08](m) 0.003

4| Volume Tolerance {m) 0.003

5| Maximum Iterations 20

& | Equation Set Diffusion Wave

7 | Initial Conditions Time (hrs)

8| Initial Conditions Ramp Up Fraction {0-1) 0.1

9 |Mumber of Time Slices (Integer Value) 1
10| Turbulence Model MNone
11| Longitudinal Mixing Coefficent 0.3
12| Transverse Mixing Coefficent i 1
13| Smagorinsky Coefficent 0.05
14|Boundary Condition Volume Chedc r r
15| Latitude for Coriolis (<20 to 90)
16| Salver Cores All Available All Available
17| Matrix Solver PARDISO (Direct) PARDISO (Direct)
18| Convergence Tolerance &2.00001

19| Minimum Iterations

20 [ Maximum Iterations
21|Restart Iteration

22| Relaxation Factor

SOR Preconditioner Tterations

| ey, | L

=1 = A
nl ™

A =S

CK I Cancel I Defaults ...

#® 3-14 Unsteady Computation Options and Tolerances % #cX &
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CHER TS = TS SEd

2RO TR R R B R R A B B F R (TR A DR
WE AP SRR T 08 S BT B~ 2 Sodicd 4 HEC-
RAS < o B30 2 7 55 g ende bl > 4ol 3-15 557

A7 i 3 R RHCRRZ 2R RSB 0 P T At (Bingham Fluid)
2%t 5 B3 g F % > 4258 (0’ Brien Equation) ~ # % /ii(Clastic Grain-Flow) ~ - 4
A AR -7 51555 5 (Generalized Herschel-Bulkley) ¥ » iE4% % % /i 0k %] 5
FERLANGEPS > BSES TG BRA AP E TR T o E 8 Sk
FnH B RS SN T 2 - T BEEF{ Baoofars s o D Wb 5 apka Y
FRnMEF LI BN E LR T HIT L AT 2 b AR K e

Mon-Mewtonian Methods and Parameters

Non-Nevitonian Method =

Concentration and Bulking

Velumetric Concentration (Cv) (9%) Ir Cg;:i"t

Select Bulking Method: ||}° Mot Bulk ﬂ

Shear Components
Yield Strength: || vield ﬂ - |95. Pa

Midure Dhynamic Viscocity: |User Diefined Viscocity ﬂ K |1.91 Pa-5

1

Representative Grain Ii._I Mz Cv (%) [ o
Size - ds (mm): - (Opt): B

Generzlzed HerschelBulkley Parameters: K |:' n |:'
Clastic Methods: | Coulomb J i
OK | Cancel |

W 3-15 2 ,,.Lfi&ﬁ » 3k
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in FEENH

4.1 HEC-RAS #:5 5% #
FERBCE R B R G - OV R R 0 AT R TR R RS R T
SRR ¢ B KBRS BRSOk R R o R B2 REE
kR T 2wk TR R FF
411 % L BEE %P
AFTRED R ERPEEZ fE > DAY BIRARAFERE 2 F RS SR TS

AR RN B 0 d B T ER KRR REREL S EERY T 1 28

BoRF oSS0 EERYFFLFR O PRE SRR AR iR 50
ﬁ'_ Rﬁﬂ&r";f?%&‘i% "’b’/r'Im J»g_‘:ijg\ry r’»«i' J\ [ﬁ:r %@@F’ ”Lﬁi v 4@ 4-1 2 B
4-2 #15p o

IR Y BT B kR LB (B 4-2) A FL T AFARA G
T HGF R R A G
mﬁ@ﬁ%awg%’$¢aﬁ@m2ﬁ(@§ﬁ&@é—a)
AT LR LR kR 10 28 (BEAE s 2 F

\
el
N

BT IABE HE RS H0 20 2T (B FAES ARG ZF)
BUETHEINACE D F kR F 25 T (LIS R F)

% i A% 7 HEC-RAS 2D %k fic#t 2 # RS B % (B 4-1) 3% & k&S
TR EXEERPFL AL Y R FREEFREILR T AER
Fel P A o R e
- ARG AR L 206 20F 0 BRI L L 3%

S RARRFHE 101 20F > HILERBIEFRL AL 1%

ZRAkGFHE 18] F > EILERLERL AL 9.5%

RFCORR NG 23.6 20 0 BN TEARERE AR £ 18%
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SN Y
SHERAE R kR P EBT A S AR 28T K AT ] SRR R

R TR RES - 0 L kPR

W 4-1Q50 # Kk BFHHHMESFAFERY FF
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B 4-2 inmARPEL 23 kFEFAT LR

412 5 g B

RHAT N v AT SRR A R (1Y AR R B STLARAR 2 ¢ ch

B A 2 Mo R 5 Normal Depth > & ﬂ TR AoR] 4-3 2 B] 4-4 47

Y RAEHE A 2 100 & ERPEE - A F 2 5 R AL S Ap i o
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» & ti@ * Normal
Depth ¥ ;

ki e AFEE FE BT EIpEA
LIRS P B RN A BT BB sk HEP KA 2208 0 @
~# % F1* Normal Depth i® 5 178 %

T 2 50

BT

Fdirdiae 2 ki BEE

EFELRPFES L 22 o8

DR REEE A& 20 100 & I EER] &

5
23 @R o ARk R FIREE P AR -
os RASMapper Plot - [m] b
P T |
Flow aleng 'GangKeu outflow test’
f.'"".ll _ iEEss
" Nommal-Depth
600 =

Flow |CM5]
.
2
|

200

Time (2023910

W 4-3Q50 il FiR T2 R
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Pt | Tabe |
Flew aleng 'GangKou outflow test”
MEEES
800
Normal-Depths+!
600
)
=
o
£400 -
200 -
05 T T T T
Time [(2023/9/10)

B 4-4 Q100 i A& T2 v Rk

413 k> % g

BSOS P R RS 0 AP RRJIY RS R ki 2 R
EFHRE  E LB TG 0 {1 RS R BRI L B TR Aok
A-1 557 > BEARGSTERAIR A ¢ R AR A O TR B R 2 ok i g i A p
i B s G AR e AR E o

% 41 k=2 i@ %E

feits & LA R JE S
(il ‘K i (m) i (m/s) ‘K i (m) o1 (m/s)
A HCS )}% 2.83 2.52 4.19 2.53
ki 3.90 4.36 4.56 4.70
A5 )}% 3.01 3.17 4.24 3.03
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414 %k X B

FTEIMRARF B oF 2 o A LHREUE T IER KR G F L RBRE kP LT
ek ¥ TAFIOLEF L2 X FRE 0 BE RS R B ERE R U FE G

Foo Ao 4-5 2 B 4-6 “rm 0 BB EFEFAR L o
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; k '/ N
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L kwm (W E
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W N \ m 2012588240 XEMERKEE
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40
Km

W 4-6 HEC-RAS #3% X #=% B # -k % 3
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4.2 HEC-RAS % 5 H$t

Tk fickk » HEC-RAS ¥ a5 Adeniitst » X TP Rhire i Egas
Ui o T S EHGHOR D KPR

AT HHR 10 E ~25 & S50 # 2 100 £2 % b ERY > TS EHERSF Y

AR 2 L AT ROR AL ] AP H B Kk

421 W E S

B EREC EE K% P LRI IEZ B KBS > 4oB] 4-7~F] 4-10 #77F ©

Bl 4-7 Q10 % -k BA IR * Fl 4-8 Q25 ¥ -k A IR B *
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W 4-9 Q50 i# K BHHIEL % W 4-10 Q100 % -k 4 B 3 %
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LR QN DR L 5 R U G TR R B S e L R

] N

Sl

T+

N

3
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W 4-14 B vz ] BIERinA Q100 -KiFE$
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W 4-16 & v %3 ] BERI A Q25 g B 1
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W 4-18 B v X2 | BIX BN & Q100 jiiik 8 i
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