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Abstract

In recent years, floods occurred frequently and caused huge casualties and property losses in China. Flood
simulation is profound for flood risk management, which could help reduce flood disaster losses. Based
on DEM with 90 m accuracy and 2D module of HEC-RAS model, the flood simulation model of the Pang-
toupao storage and detention area in the Songhua river basin was built. According to the simulation re-
sults, statistical analysis and evaluation of flood losses were carried out in this study. Under the four typi-
cal floods of 1956, 1960, 1969 and 1998, the flooded areas of the Pangtoupao storage and detention areas
are 792.68 kmz?, 740.29 kmz, 800.87 km?2 and 796.01 km?, respectively. Compared to the other three typi-
cal floods, the Pangtoupao storage and detention area suffers the most serious flood losses from the typi-
cal 1969 flood process, which led to the influence on 87,500 people, flooded land area of 223.99 km? and
GDP losses of 2.061 billion yuan. Townships of Yishun, Minyi, Xinzhan and Haode are badly affected by the
typical disaster of 1969, and most of the water depths are above 4.0 m. The results obtained in this study
show that HEC-RAS model can be used for flood simulation in flood storage and detention areas with high
efficiency and convenient operation. The research results can also provide a reference for the local early
flood warning, risk avoidance, personnel transfer and other management works.
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TSR, REBKREFEREFERERHA RGN =HRE. SKEME TR EE, BREEK
REWREK . AZXETI0 miEEKIDEM K HEC-RASELEY 1) 2 DA B T YA TR IR 3L B8 it X PRt 7K AR
BR, HARBEULE RGP R IR . NS R E/RTE1956. 1960, 1969 DL K 19984E JUA- LAY vk
AT, LB RRX RS 5~792.68 km2, 740.29 km2, 800.87 km2, 796.01 km2. HH,
R4 519695 S A K FEAH R K e, BELREHEXMBARENTE, ZRAO8.75HN, 2Rt
HiEAR223.99 km2, ZEMGDPAN20.61/470; XRREZ. RES. FuiE. BRI ABHERX A ZRE™
BEWSHE, HEKERED 4.0 mPl L. FIRURFHEC-RASHEE FBRINRT. BAESE, THTEH
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1. 518

TR K K R AR B E M E K 2 —[1]. IR, BT 2R NS SR E 0, i R
SRR, R R KR A MBI, 4 A1 R T ERM A~k [2]. B, 2018 4E3[E L H
I 39 EBEAK RS, 1ERA EIEA 3526.2 3 NIRAZ BB 55 H I sgm, HARgET: N4 338 N, RERAEL 42
N, 142 FANBE 2w B, hombf /K B85k F 3G & 6.4 51155 R EI3E, 78.9 JilF b5 BRI, &k
T30t 1060.5 12T B AL B R[3] .

BEABEAUFN R A VP AT B AR AR LR BRI BT B, LI BKAE B, TR T R A B
OB S TAESR LRI AR HE[4] [5]. B, 2015 4F, 2K ER[6] i 4 2 22 YR KA o B (AR AL X VAT o i b X (1)
BB AR DXHEAT 1 K R 73 BT RIS R PP Ail, R 7 kK R B, AR AR X I SE PRI A5 2., AT WD e
KX AR 22 B PRI RS R LR, W 90 B RN B LR X ) 2 R K e BT R B 110525 - Re s A AP AR
AT RS s 2017 4, SEMEEE[7]6EE T 5 T ) Sl R 0 & i vt DX St /K U PRAR AR AL, S T JRIVE 20k A%
S PR B 3t DX PN AR 1 80 S5 T A 7 437 2k (R RO PPy, AT HET B S W i vl A R Ay, A7 B T2 X
BEKARGAEFE; 2019 4F, ZRFALEBIERHEET TVD Kbk xR =4k /K 3l fy A BB T 3 33051 &5 A vt X vk /K
EHEE R, B X T R TRYE, SRR R A RO PR R AR

PR ) FE AR IR =V 5 AR T B R LA P AV AN I R, DRI A AR T B e
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SR TR AN 1T I AN 1 L O 7= I A ) PO = 02 0 = A i = i A= i
SR M AR AR O B TR S P AR 1) T ¥2 il 2k DA K WA JE 459255 A5 [10] o YR E A S AR T VLR
THERLAA] Y i HE K Y RTHSR . SENE TR 32 SR FHAK S MK 2 A 7%, oK o078 32 22
BFREEIT 2670, I BT 2R BRI BT 2Ry SRR S AR R MK BV, T OK J1 2 07 1R TR K T R
HEAT SR i FH FRIRT D B8 HE 7K IRV v B ¥ R B i AR 2 0 S 4 oy R 2 B T A T R ARV
BT BRI PHIDRES, Y2 AT R RT3 KEIVE SR AR Y, 32 ZEALHE — ZE KB (I SWMM).
T YEKBEAY (40 EFDC) Al —4E . —4ERE & 197K 3) f1 2488 (DHI MIKE, Infoworks). S48 DHI MIKE F1 Infoworks
R 2 F LU A AR, (R R X B3 OO TR RO R R, A beAen it BRITAE — @ R R B RR A 1
VG, EFDC AR IEAC iR A& 70 82> 2D X3, AR THA E A5 [11]. 171 HEC-RAS 2 —&K
WA, BARTHAT SO ATE . B BETTE. T 5 ArcGIS #& 550 R [12] [13]. BHitL, A3
K H HEC-RAS #E RS HEAT i Sk v 28 i vk DX L /KSR 7

AL VINAAETT IR Sk v B8 i 3L X R T G R b AR5 e B R VPAS R . 1 %G, BN Y37 S Ayt
KRR, T HEC-RAS I 4ERI R S B it X it KB ok, A& B ArcGIS X HEC-RAS #5284 AR
SERPAT IS AL, eI AT AL, AT B, B2 BN KR R A R, IR AT R
KRAE . R TR E RN R I)m, AR KBADN 45 S0 12 & Wi vk X gk AT ik /K ¢ 35 401 2R VAl

2. IREXEBESHE
2.1 WRXEHR

JRE Sk 2 i vk DXL T BRIV AR KPR T AR B PG AL, BT MAETL TR e R [14]. WARE 2. H15 2.
IS 2 RN, B ShEEL KM S, iES . R, KRBT, URZE S 2. B S . XU 2
138 M S XA TN 2029.6 km?, AR THK N 64 km, mEdbE N 58 km. kit Ak KR4 X
X, FE, 4 FHRIE 5.1°C, ETFHMKEL N 4655 mm. MHEKRZAZ, PUILHAMIT, JL3AR 5K
B, ZRERE LN, REEEONAMETT, PERE SN e, BRI XHHEER S, AR, EAREE.
PO FE 7 )& KK, FRAR/K SO TSI R B il X 40 m (il ikgkig oid . LA 1.
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Figure 1. Distribution map of main counties and water system in the Pang-
toupao flood storage and detention area
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2.2. WEHEE

T X B S T 3 [ - W =P S 4R 90 m 235K DEM %Rk, BES I Bt X b3 A F Euis
S, EARAK, W5 X E R E S AR LE 33 m £ 201 m 22 [a]. DEM $E4: ArcGIS #.37)5 5 A\ HEC-RAS i,
2.3. NRMhiiab R &Y

R IAETT RIS P sh /K k), 1EHY 1956, 1960. 1969 LA K 1998 4F PUAN B2 vt /K i 72 R ik Syl B vt X
FE1 vt vt e AT HE ZK I B T R o AR R RS (N TR R I A 46 o (E 3Tk AT e /KR BE N B T X, AT DL A% 1)
WILEKIRME N ERINE 0. DU SR gy e AR a0 1 2 Fros
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Figure 2. Diagram of flow process for boundary condition
2. MRFHRELIEE

24. HREFHIE

AR BEER S B L X 2018 AR A TR L. BRI B X AT 2 B A, A0, A
TR ) GDP Hdls i 1 fiiz . AW TR BENCER %4> 2 B GDP $udls, R3] 1B & ik X IR
(f] GDP %#fi /v 52.76 1275, Mk, FERATHOKRFHRIEALRS, ASBBSA 2 8K GDP K 5 A1 1 B
SRR B, T fi] Sl A 2 BR1K) GDP il

Table 1. Social and economic situation of Pangtoupao flood storage and detention in 2018
F= 1. 2018 RSB E TR EARER

WK AR [X. P A T AR/ km? A /x10* HFHL A km? GDP/x10?
RE2 171.28 1.90 68.33 —
2 28.46 0.49 11.88 —
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Continued
S 2 200.89 1.45 40.65 —
I 224.67 211 74.67 —
BB 404.05 6.10 177.33 —
LEH 98.10 0.80 27.13 —
KM% 54.74 0.38 11.87 —
s 125.91 0.67 13.16 —
Ly} 285.84 2.29 89.48 —
RBATHA 19.88 0.71 5.34 —
Mgt & 266.40 1.33 38 —
¥ 2 46.77 0.27 15.63 —
Bk 2 102.60 391 0.03 —
P/ 2029.59 22.41 573.50 52.76

3. HEC-RAS &%
3.1. BB RN

HEC-RAS & 3 [ it 4 T F2 s /K SC TR 0T 1995 AR FF R A TR 2R i 4 446 . 78 2016 4 4 H K
Al 5.0.1 AN 7 2D BEH, AIHAT 4R XOB. —4ERN 4R ARTE E R A S A IR I B R
S, EHTIRA X FETIEACE R AR R SIS KRS . KL E AR T 4

TR AR E IR AR R R4 ) T R R SR Uy AR A B & T B A [ 15]

1) YL IR

o o(hu)  o(hv)
ot OX oy

A HFIRKI R, h RoRKER, u M v 9 ARERIKIRAE x Ay AAFR L IRF 2, o ARRITR, AR
FERESNERIIER .
2) eI

+q=0 (1)

X J7 1) By P4 «
ou ou  au oH ou o
—+U—+V—=-0—+V, | —+— |-Cu+ fv )
ot ox oy OX ox“ oy

Y 7 e By A

o U oV oH oV 0%
—+U—+V—= +V,| —+—|-Cc,v+fu ®)
ot ox oy oy oy

X HERKI R,V ZRsIENEREL o R BEEREG u M v 2008 x Ay J5 R P21 . A
270N, BEERH C, W HERIR AKX TTA):

(4)
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A n TR 8T RH, g RoRENMERE, R IWKIER.
32. REMERSYRE

3.2.1. HEIHGE

B AR s OMIEEE: S M E AR SO WGS_1984_UTM_ZONE_50N; @# 37 2D i
X @MY : IEART 1913 MM, KRR IEIELA 2.33 km?, S/ HEALN 0.59 km?, ~FH544N M
TR 1.03 km®; @i AL B RIS BE, Sl R4 02 ©MNDREE LEMEEE: SR
LA AL X KRR O B T S AL X B S BR B L, RERE WP ECN 0.06; ©fffE B AP 274
FERSRI TR TR BERRRE M, NS (3 H 10 3 SR e R P N TR (AT 52 A 24 h TSR TR [
WA Lmin, Z5REHEREN 1 hs OPATIEE CRBRL, K45 F SN ArcGIS 34T 5 b3 .

322 B¥EE

2017 4, TR EFDC BRI e kit 253 vt X 0E AT 7 K BT 72 [16]. RAI T (3T EFDC )
JPE S 8 B i [X St K ERIIT 7T ) 18 S rh RIS X HEC-RAS BRI S HGHAT R, SEBUH [FI vt K
FEAE L A4, B 1957 4E SRS HOKGERE, WP 3 FoR. KA RIS Bt (FET EFDC AR LI & it X it
IR T ) 45 AT L, B A IR A, I AR SO F (M S 402 & 3

Bt AR FE AN B R X S, e b B AR A RIE Y B, SR IR [ R AR AR TL S %, B 4
BoK IR MR R T FTsiES . MEERiiE e 2, MALEERIIKE. S 17 KE, KFEHIH
Ko ZIEBHHREERRWE A, &Rk X A K ERETRA, KA R A A R 2 48R, it D s,
TR I & B E B X A T 0 RN 2R e AR AL
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Figure 3. Flood routing process in the Pangtoupao storage and detention area under typical flood process in 1957
3. 1957 F M AVHIKITIE T I SLB B X AR E S 12 E
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4. BOKREMK TG
4.1, FEIGRHKERER I

V37 81 A KT FE N B Sk v & ik X A B O B IR BN 1 4 B NIRRT DR, T AR w7 B
S B X R E b B AL, PEER VAR I K. & NIRRT FE R, TSI 5 v X 1 7K IR KB 046
SARAE 2.0m B k.

(a) 19564F (b) 19604F

HEE KRR RE
(m)
CJ10-0.1
1 0.1-05
B 05-1.0
B 10-20
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Figure 4. Maximum submerged depth map of four typical flood processes
4. MO~ #EHIK G IR R KR KIRE

FIH ArcGIS H [ RIMS 1 5 2e 4 % K% 43 9 0~0.1 m. 0.1~0.5 m. 0.5~1.0 m. 1.0~2.0 m. 2.0~6.0 m L\ %.>6.0
m NNEE . ARIEFIR “ LRI E IR X Gt 7 T RGEHHAS R KRN N AR Ve B, it 48 Ran & 2 frs.

Table 2. Submerged area with maximum water depth in the Pangtoupao under four typical floods
3 2. WA EEHKGEIE TSGR E X & KHE SR BN B R (km?)

TR RHEBKIAE(m)

<0.1 0.1~0.5 0.5~1.0 1.0~2.0 2.0~4.0 4.0~6.0 >6.0 bBUSS
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Continued
1956 4F 5.16 46.87 61.82 106.38 177.91 128.72 265.82 792.68
1960 4E 6.64 72.27 31.43 100.92 166.93 118.20 243.91 740.29
1969 = 4.92 38.00 72.13 107.87 180.02 130.03 267.90 800.87
1998 4F 5.72 48.60 59.68 106.77 178.56 129.35 267.33 796.01

1956 4E SR PRI RE R, Sk A X S A B AN 792.68 km?, i RSk IR TR 1 39.07%. IE4F,
19601969 J 1998 4F =37 di AU P /K FE T, Skt 25 i ik [X A0 8 ¥4 THT AR 43 31l M 740.29 km?, 800.87 km? 1 796.01
km?, 5 RS A T AR A ELAT1 20 598 36.47%. 39.46% 41 39.22%. [Alitk, MR A EKE, 1969 4F Atk
TR B S B it X 52 o) e R E, 1960 A SR U A FE T IR S 2 R

Forpr, 1956 AE LR OKITFE R, ZKIRAE 0.1~0.5 m 2 8] (1 #E 1 Yu FEl A 46.87 km?, i RSk b s A 4 T AR 5.91%;
JKIRAE 0.5~1.0 m 2 [8] (% T A 61.82 km?, 5 SV SLIHI ALK 7.80%; /KIEFE 1.0~2.0 m Z A fvE B N
106.38 km?, i 13.42%; JKIRAE 2.0~4.0 m 2 [ (A BTG 177.91 km?, 4 22.44%; JKIRTE 4.0~6.0 m Z[A] )
AT 128.72 km?, 15 16.24%; JKiR > 6 m (AR TUEN 265.82 km?, 15 33.53%. 34 3 AR KT
TR, B AL X 27K IR > 6 m M0 BBl K, H IR ZKIRAE 2.0~4.0 m 2 [RF) s i Ja L, 7K IR AE 0.1~0.5
m 2 [A] (R PRI Y T e /S o

4.2. BKRREMI TG

T 2018 4FJE Sk v B L X RN LRI B 18 DLdE ATk K ¢ B4 R VPA o K e K e K IR B RN 2 B IX R &
o, dEE N GG A ) b ) B AT SR VP AL B A X B R TR R, AR KR A R K [17].
DA 1998 4 Mt ACH B, Giit A 2 BIK R FH RGN, WAL 3. PRI AAGERE T, 2018 LI
B DX AR AR LI A L2 4

W 4 Frw, kA 1969 7 LR kK I FR [FVRE R /N BRI K IRE, e Sk v 25 v vk X R4 A Il fe Ay B . L
Hr, BN 8.75 JN, X PLE AT 38.42%; 2K B miAR 223.99 km?, (5 X A S B K 38.95%:;
5200 GDP i 20.61 147C, & GDP ] 39.01%. K41 1960 4 M ALk /K G R [RIFE R /Nt K IRE, JRE Sk &
BRI R I U

Table 3. Flood inundation loss in Pangtoupao under typical flood process in 1998
e 3.1998 FF ARV IZ TSR E TR R BRI KRB R R

X 284 529 TR AR /km? 5Z9¢ N M/x10°* 2R B A km?
RE2 85.05 0.94 33.93
L 1.18 0.02 0.49

Sl JUE 52.10 0.38 10.54
GRS 71.98 0.68 23.92
B 178.78 2.70 78.46
KEH 37.45 0.31 10.36
M2 27.39 0.19 5.94
e 66.10 0.35 6.91
LA 97.41 0.78 30.49

KBAFHE 7.29 0.26 1.96

MU 2 132.07 0.66 18.84

¥ 2 4.60 0.03 1.54
B 2 34.67 1.32 0.01

DOI: 10.12677/jwrr.2020.91005 49 TK YR 5T


https://doi.org/10.12677/jwrr.2020.91005

JL T HEC-RAS F B Skt & it ok X PR B, 5 R A Al

Table 4. Economic losses of Pangtoupao flood storage and detention area in 1998
4 BSBETEHXTE 1998 FRBBUK THHKSEFINKBERR

JRPR AR ZRNATN SR B km? W GDP/x10°
1956 4F 8.84 226.30 20.82
1960 4F 8.17 209.18 19.24
1969 4F 8.75 223.99 20.61
1998 4 8.61 223.39 2058

BRI R AL SUER 2 o PUEHTuE . PURARII IR 2 . P BBt 2 02 KK A 32 BB X,
IKRKER > AGLE 4.0 m DAL, O™ HEgUhS N Edr 4. o, W2 1952 KR & &t X A ns1E 2
SRR 52.50%, ot B0 52 S AR o 23t X AR st RS THT AR 44.25%, SUSE 2 1Y) 32 0T AR b & it X
W SUIEE T 2 s AR 49.58%, [ 2 132 R AR L & it IX A RO 2 (R T AR 1 49.66% . R HEAT B it X
BRI, AR RO SibiX 4 A 2 BN DSNE . EHERIX BN DR g By A (5 1
RV BIRITREBUK DRI SE R Bt

5. &5iE

1) ACHIEE T HT HEC-RAS 5! 2D LB 1) S v B ik X b KUY, FAR PR AL A2 SR i3k AT 1 3t
IR FERR VAL o W50 RCR AT S 7 S T R A o BB U . N R S H TR S 2% . B HE,
TR KAST A A 7] B T AR ) B A X

2) VU7 Rt AR R, RSk I X (A T AR 53 7 792.68 km?, 740.29 km?, 800.87 km?, 796.01 km?,
MR 1969 A SR KL FR FRE /N KT, RSk & A vt X g R ol B o P, BIAZ 9 N1 8.75 1
N, 2250 GDP 4 20.61 127G, ZRHHBMN 223.99 km?. XZFEH 2. RE 2. Bk, Wil 2 N2k i™
HI S, KIRKERT A 4.0m L b

A YA R F I 7KFA B2 9 90 m ) DEM £dfs, I8 2% FE Hh 3 G 5 B Bk i SRR B 52 i, 38
PG RAFE— T iR ZE . S Jait— LU ARIEHE, v LI EX DEM BHTIEIE, DUEH AT DUR B K g5 55
Xt KRB B FE R .

E&UH

AT I AR [E 5K 5 AUE R TR A (2016 YFC0402203) . [H 5% [ SRR} 4 75 4F T H (51708086) . H e ik
FARRBHIF L % 2% (DUT18RC(3)072) 1) % B T 52 BT o
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