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Impact of deep tunnel drainage project on flood control and drainage situation in mega cities//XIE Song', WANG
Leizhi®, QIN Guanghua', MIAO Lu’, GUO Jing*, SU Xin®, GUO Weijian*, HU Jianwen® ( 1. State Key Laboratory of
Hydraulics and Mountain River Engineering, Sichuan University, Chengdu 610065, China; 2. State Key Laboratory of
Water Disaster Prevention, Nanjing Hydraulic Research Institute, Nanjing 210029, China; 3. Jiangning District Water
Bureau, Nanjing City, Nanjing 211100, China;4. POWERCHINA Huadong Engineering Corporation Limited, Hangzhou
311122, China)

Abstract: In order to explore the impact of deep tunnel drainage projects on urban flood control and drainage situations,
taking the South Drainage Deep Tunnel Project, the first deep tunnel drainage project under construction in the western part
of Hangzhou, China, as an example, a hydrological and hydrodynamic model that incorporates the deep tunnel drainage
project was constructed, and quantitative simulations were carried out under various schemes. The spatial patterns of the
improvement in drainage capacity and drainage standards by the deep tunnel drainage project were analyzed, the essential
differences in drainage effect between deep tunnel drainage projects and conventional drainage projects were revealed, and the
general laws of the impact of deep tunnel drainage projects on flood control and drainage situations in mega cities are
summarized. The results show that the deep tunnel drainage project can significantly improve the drainage standards in the
western part of Hangzhou, with the drainage standards increasing from less than a 20 a return period to a comprehensive 20 a
return period, and even reaching a 50 a return period in some areas. The improvement effect of the deep tunnel drainage
project on the drainage capacity is related to the terrain and distance from the water inlet. The lower the terrain and the closer
the distance to the water inlet, the more significant the improvement effect on drainage capacity. The difference between deep
tunnel drainage projects and conventional drainage projects is that conventional drainage projects transfer flood risks from
upstream to downstream, while deep tunnel drainage projects can eliminate local flood risks and maximize drainage benefits.
Key words: deep tunnel drainage project; flood control and drainage; mega city; western part of Hangzhou; the South

Drainage Deep Tunnel Project

UTARSR , BRI T B I AR AN KRB I, ki T SRR AL SRS A e 2
RAMER, TEPCHEMATA TS 5T @R DORIY 3k, WRZENT, 3T R R P B O FE B 2021 4E

EETE - PRGN s ERHIFBETRHIR D 55 3% 4 5 4000 H (523005, Y523007 ) ; B 58 fE #lE CRERHIF 0T H
PEB BT AL (1998—) , 53 LA 5E Ak, FE MBI T SY . E-mail : xiesong@ stu. scu. edu. cn
BEMEE. FHEZ(1991—) B &% TR, it FEMNFKOKEEFS, E-mail : wanglz@ nhri. cn
- 111 -



FAT7 « 207 RERER N K 3 BT R4 150 A~ E (T
[X)1478.6 T NZZH , HIRKIET K BR 398 N, Hi%L
TR gk =ik 1200. 6 127652023 47 H 29 H, b5t
TS 370 1 DX 38 38 ¢ AR R RN, b T 33 ASE
T2 18 AR ER ;2023 AR MEIH AL &4 7 - 217
R TR 3 R, JR i X 24 h PR K R 0t
250 mm , A 24 FAAE [ ] 3 A~ H YRR R B0 4
B L ARIE I I R 2 4 O p B A 1 it A2 3 ™ o
IR, 249 8 J7 P R el Az e B s i, 15CA I AH G4
R AERERAT R I 15 3 B 28 B G i iR EOE
{C3ET0, ARG, 3 Tl Tk 97 [ 8 2 Ry 4 Bk i
A AR T R AR A DR 1 B B R T i T 5 A 3 it A
N B A W 7 2 4 ) s ™ FE JE M .

Sk A A58 X 3 T A Y [ A A% R RS A TR
ST B L HE ST TRE 51 G a4 A v ) T
57 R ATRAEN /5 A A 08 0T 3 K AR 3 Ao V2 T T
DL si Ak 25 sl A0 HE R J7 K 30 i T 5 32 B A0S X
B, AN, AR K E A TR W &
VR LR T RO A S T 0 R A B R TR
FEl A2 M Ik T R T R S R O T — 1 A
BT BRI il W o A N R R 2R L S
(AR T 7 At TR A v A e it 8 LA B ) 24 i
Rk I EBRAR T 5, I e & R 40 3 T A
5 = B T % fifp 1T N S A8 R S DR 3k A s ) A
e ity % W T 430 T G 7 RS L 0 A Y A 4k T P i
THREXTRE ST 5 FEUR, 3 AR SR 3 T T £ T 5k R
P S B T I ALR & A= ARk V03 R B
PR, UGV R AT N, IR T RN R AR A AE
FEARERR MG 5T, A Ge s i B ik HE ST TR A HEK
AE 77 EME AT BT H 25 3G 8 HE K 5 5K, kT it
YilalEH #5

TEMTT 5 R IRREHED TR A2 M2k | 1% TR
TG MR T T R A Y T T R U BT B B A
W ANT 5 B R X Y X ek, A TS s TR,
URbE TR A HMHERE 25 B4 PR I 0 o3k 57 17 4R R
s TR 2 AR e HEST TR 2l i 2R
il | 3 55 VAT SR Tk 7 A0 HE 2 B S b A AT A
DX, AR o2 b T 5 A v XU DX 8% 28 IR XU X, T
TRBE TR DI Pt 15 S HE 28 5 X BT X i SR IX.
B, A, TR TR AE i e R o R T A
) b 45 I Mk S T 38t DAY pht L A
Bk, R, % H AR XSRS ik
B B ARG, PRI A+ o3 e B, E AT 32 T
BRI, AR B A BSOS
BEXTER IR T REHE 7 SRR AT 5% 28 B A A R

2 FATVEE X TR TR A 45 4 22 4 T X 3 i o

S 112 -

HEBR B AR fE R JF ) T — RN 5, [HHH
SV I T R IE 2 A R 12 i 1o R R A
LN R O T, STWAAL - e (Al A S R i)
JieEREE ) R i K A7 L A B S 1 ) 3 S B A
AT BT BRI T B k4 . Hu %5732
JER A BRGNS BT A e il #7
TR T RANGEHE K B8 TR 1) 128 4 XU DA A
W Li U R FALAS 2 S R R R T AR UK 5L
i 500 P 3t O 2 2% P A TR BSR4
W HEK RGEaTH 2, Wu 25 RN K A
PRALTR B BERl b, EST T ) M T AR VB T B T AR
PR PEAL TS R B U A 2 50 T IR TR &
PR ZE K BRI RS TR 12 i X A ¥ T8 577 8 AN HE 7K
PRUESR T 1 2 a ZE WU T E B, I (90 3 R KA
RS Y ) AT D T 30% ~40%, Yang 2500
5% T URkE TREOL Tk V8 B 42 17 5 s i B 5 AR, &5
FAVRRE T RENE A5 F R GE 0 P 7 ARG 6 T 2 B0 I
1 AF—B4E T3] T 10 4E—i,

i LTk, MR TIREE TR MR 2L T
o B a5 T, WA /D 5T 3 1 B AR
PR T H Mo X S EHEB bR A B THE T (H DG TR
W% TR Bt HE T 52 W (BT 2T AT R Bk 2 22 8 1k AR
AME S — 7T, TS T AR A Ik i 7 [ R ) i
A 1 TFB, XT3 B RS Ry 23 [R5 e KA o
T BB 5 5 — 5 1T /A — PRk i HE 5 150, TR B% T
5 E RS TR TE B L HE R A e Ly 22 R A Ff
TRAGT . JETF e AR SCRE UM 3% — B RVRE A T
3P b DX A A 1 N SR B HE W TR —— R HEIR
W T AR AR FEXT G, o b IR s TR e 0 3k vl o7 T
AE A ZS [ e R , B R RS TR A — R HE DY
TREAEHEBEE LA 3], LA AR AR RS TR
TEBHEHEST T BV SR AR 2

1 R SHEFRIE

1.1 HRERHER

BUMN T3P e IX b A 390 X S P R (81 1)
£7F 30°10'N~ 30°25'N . 120°0'E ~ 120°10'E, LA Ji
R M BIREE SN 2.0~ 10m, FERGHE M K H 1L
PRI, WF5E X N3 AL Kz T | v i) 45 B 2K
T PE BB LA, T 58 X s, IRPE X8 A
WA, BEAK TR, R R IR L i ] R
IR, 7—10 H 52 G NEMEZE, PHoRIX
SEATCIM P HE 5K e %) FE DS, BT B B AR AR
BH TSR R AL AL P T I, R WA 5%
PR PR R R R RIS 1 B o i X Iz
— o BRI, I AR Bl A R ORI R, AR KT



SRS S ()RR, 3 T Y A R, S O g
J DX T Rk T E BT RCE AN 1999 4F B
2007 4F“ B P57 5 R,2013 < R B KRG F 4
TR T E AP OCE A X R T R
A IZ TR

& 43

@ il
BRI Rl
@ HkH

— M HER RS TR
DEM/m

1 ARRRRBIETEE
Fig.1 Sketch of research area and deep

tunnel project

A U AP e DX Tk 1) A, AN T R
TR R — 25 MV R 1t 30 R T A0 e T TR s HE
KA, RV HER B TR, 1% T AR 2 [ P HE BT A
e K R A2 e R R TR 5 K TR 2 R T HE K R 48 T
o HE EREIA K 2 11 km, B TP A X 76 R0
M, A TRV AR 1 m, A 4 0K T
L FERYETT I LR 47, ZE RS FBr R HEET s )
K 200~300 m*/s FHEDT I3 FEAT 38 P4 A DX 7
Bk HE = R I,
1.2 HEFKIERE

B £ EALRE A AR MBI R K SR E L
KOoKF T AREE , Forb oK Hb BRES HE Fn <5 K SCEk
it EEH TR EK SOK Sy BRL KR TR s &
BT AR T S0 & DL,

a. FARMFHEHE, (DDEM %4 (25 4 3%
30 mx30m) AT X I BCHE 32 ok R T 9 PR A S B 2
5oy . QK 2B IR TN ARk K
FilJRy, LA FEATINIRPG F XA DX YA K &

Sipe g2
(= HE

b, SGIKSCEE . DR FE A A IR T AT i
Aol K F Ry, 3B 45 SRR R (e JERE T B
JRO) R KR e A 3 I 45 SRR A UL . 7Kk Aoz il
TN TR A S5y, B FE T X N 457K
S R R BRI f e KR 2 AR A AR
R i AW E S P N T

c. KA TR EcHE . OBUHIRPE F X B5 it HE o

AR AN BORRAR PR T AT T AR K R L4
I AR TR BOR L RO G TR IR B I, @
HEGREE T AR AR IR TN AL AR Ry, 32 241
FETE R A AR S TARRIEK OO & TREAH S AL
I BE RN S5 AV R i S0 7 S8 0 LU A FL AL

2 MIRAE

2.1 KXIKENHHEE
2.1.1 #AFES

BUHIIRPE F X Az P 7K 2R 90 R, 7K 3 EL A
HEIE AR TEE P57 0k e S MR M AL S B i
Hepid A rysh 281k, R, A SCR FH—4EE1E
FE TR BN 1 2EAE A S T T IS P T R K S
KB IR, ZARR SR R o U T 7
Fr X AR B RBUR 2, R 2 1 X 73K 0 pY 2 P G
R ARG, T ST AR 486 km? , Horp il
DX AN 104 km? | J5 DT AR 382 km?, 7EAR Y
SRCRFETT T, FE RS BT WIS BUE AT,
FEH ISR 5 5200 7K A7 B0 247 2 5 FRIE, DL
ORI S5 R & B0 . TEIN AR HER BE T2
Jei BT A SRl L 4 A REAK T T A R
JK R it e ke S BLHRBT AL
2.1.2 HBAIGE

BRI R R SERE B 2013 4F 10 H 6 H
8 I 10 J 9 H 7 Wy JERe” 5 Wt G, %yt
K SOK BN BB AT AR . A Skl i & UL
1, S e KA S e im /KL W3R 1, Sk v
ARSI R SRR L RE 2 WL 2, ik 1 AE 2 T
HL,3 A SR K AL AR B TR R AR BT
0.9, H e /KA BT (E-AS SSEAH 22 80N, P E W)
B R SCENL K SOK B IR K AR E /S
BORA I, 7] T IR ST ST S5 0 H

®1 SIEHXNRSKEMTERSKAE
Table 1 Measured and calculated highest water level

at reference stations

kv SEK AL/ m KA /m 2Z{EH/m

PRI 4.25 4.22 -0.03
P s 3.95 3.95 0

JA R Y ) 3.70 3.75 0.05

2.2 EHAREE

AR TESRHT IR RS TRE S Ik T B it HE e 1
FsZn , Bt B 2 % R TR T
Bl R, A T A T b AR X A T X HE B
J1(FRUE) 052, J7 Z2 90038 T [F) A i T2 F g A
FMFATIEE . S TR IE X IR HE B A5 S A
20 4F—38 1 7E TR B TR s TR ik 3 50 4R

- 113 -



— SRR e LKA

5 —
R?=0.94
4+ oy
£
& 3F
<
2 -
1 1 1 )
N AN X
N N o N
éQ %QQ Q&Q "f}Q
S S N A
N Q O O
&W N &O N
P 1)
(a) [AHR
4
g 3
4\:_{
X ,L
1 1 1 J
RN O N @
N N o \B
éQ %QQ \Q&Q \"1(5%
3@P AN N W
\ N N
N » P
s ]
(b) FEF
ar
g 3T
4\:_{
ES 5L
1 ' 1 1 )
N I\ N S
N <& N R
o o Q 3V
S S N A
o Q Q Q
o> 2 > o
N \
N N N -

At i)
(e) JAZIEM
B2 SAEASLFTEK G R4
Fig.2 Measured and calculated water level curves at

reference stations

— I8, PRI 20 4F— B 50 AF — 3 T A HE T 2
PR AR FREA TR, HATr S B s AT

a. JIE 1:20 FF—B BT WE L T ABLR T
Bt , BTN S8PG F DX IR 5 948 R 7 T RS 3 2
TR ZITREE R TR AR BB TR IR
J DX TR E 20 4E— B HRBIRIE

b. Jr% 2:20 BB REE LT IA G
TREMTO, ZHRETR TR, B
P HERBE TR i HEDF AR AE A SR TSR

c. Ji% 3:50 B BT F A BLR DT
%o MECT IS 1, %07 SR B0 R i A S h
TEHE 50 4 —i8, TR 5 IR AL 50 4F—18ik
TR N HERE T

- 114 -

d. % 4,50 FF—iB TN IE N T IA R
TRAOFE, METHE3, R EETREHE
TRBE T 15 BE 75 K0 3k V8 A X HE 35 A i B T =
50 4F—if

e. T 5.20 F—HIIH RGN, RH—
P HERE T AR I T e K HE R sl btis i, %%
RS i FIRE ) 5 TR RE TR T RE I AR TR, 22
MT5HE 1A% 2 470 e, A58 —eHERS T
SRR AR TARTERARHET SR 25

HR A X PR TAT I B4 8 T S A B HEHE 5 v i)
B AR SGEIUT 24 AN T8 HEST T8 ) A3 0k
S VAR T BURLE I A HE R (LR TR RR
1025) 25 AR AT IRIE , WF ST 0 AR A
Sy A DLIEN 3 o BERE R S A7 T 7 T R
SZ (1 Ry £ N R (VA W= S T VA
3.16 m; HAy 24 Al sS4 53 A TE I PG X 3% 8 Tl
W PR, HARSIE K A4 3. 5 m,

41
WFFEu R
— A
= W]

0 45 9.0km
1

Zeylicg

B3 HRbESH
Fig.3 Distribution of research stations

2.3 BhstHES XU E 8 R AE

SR XU, B2 2 R AE B T B XURS: , O LAt AR
o BT TR BEHEDE RS B HEHEDS AU B2, XU
JE e SORAERLE 1 25 18 FTRLE B 8] Y, R GEA
RESEIITUE DI RE MM . FEAR S, 2 —Yg itk
{4 HE I, 2 TR WA T ) i e Ko7 e e S B i
A AUt R AL U DA 1230 T DB 1 R PH 3 7 XU
H A R B A 2% 1 TRT 3 I RE 8 3 A8 e v ZK LA
[Fi), PR AH T S DR T 7 HH b 7 KU A I 25 5, A
Sk 157 JRURSE /I ) A 3 XSS B 14 5 R A
o R Bk T A g Rk X 25 05T
FEUTTE B By it XURS: B AT BRI D BRANE .

T MK SOK S IR E — 7 T 2
PERE R KL I B AR BCEE K AL R, IF 45 2 —
KABGE :

S* =8 (1)
Mg = hg (2)
.S Mmook AL ;S R S St IEA G



FRME s s e o Bt K A2 2 A (9 B0, $ B B IE 28
or AL,

HR2 MR I By R A A s B 7 K
{7 R4 R AZIEXBOE S A AL, 4 r” =R,
r N R SRS ARSI

FE]3 MREXOE S A B, ] SRR
SR R eREL SHA A SXEUER S

BHE w AT 22 o HUANTF K FR
A=lnp - a’/2 (3)
£ =Ihn(1+a"/p’) (4)
TG HE RS HSE A, Ay
Ap =l —03/2 (5)
Ag = Inug _Ué/z (6)

K opp oy 23510 R B0 BOE S0 i b #5192
BRI EIE AR TT 22 505 .0 TP S GRPBOE S0 A1
AbBRR BB R EIE AR D7 2%

B4 HETR AR ZAIE oy
O g g, TER AT
op=1"%s (7)
o5 =8 (8)
wr =1 (1 =Inr* + Ap) (9)
e =S (1 =1nS™ + Ay) (10)

R g, &g AR S R0, BRI I 405 3 T 5% W9 BT 2R
25 2%80. 25,
F]|S HHHE TR,

ap =0/ oy +o (11)

ay =— 0y oy 0 (12)

(c) HE3

A oy 20900 R S BT IAYTX
B 6 ITH MR 8.

B = (i = ) /o) +075 (13)
BT R MST
rt o= py - oy (14)
ST = + ayBog (15)
TS ETIFEAARM M ST TR
ETTR, BRI R B H/N T I8 i
DRZEIRAE, 7 Al (A
ST FHESEHE AT SEER AR B 1T AR
JE P

Pi=1-¢(B) (16)
N @ AR IE A HE A5 B R

3 HBRE5HMm

3.1 REHEG TR THES R ENRA R

4 Ty 28 RIS 0l 1 A B 1 7K AT 5 2 A K AV Y
ZAHM A WE 4 B, E 4 FTLUE 1, 7E
PR 20 A — BB RN, %R 1 P A
AFF 9 3k 10 118 e e 7K S A e R UE 7K A, 28 B BEAR B
YRV R X HERT BE ) R 52 ik B 20 4F— BTt
PR, TS 2N AR HEREE TR MR AL T, 3k
VG 5 DX A 0T 5% 3 A 1) 35 g 7K 7 359 AS 8 3 A 7K
7, 22 W r HEGR R TR B vI K 3V DX HE 25 b
HERTH T 2 20 4F—, 7EH S 3 1150 4F—ilik
TR A BUR T 003804 X B R 52 3 1

KAV ZE (B /m
@ -0.45~-0.20
© >-0.20~0
@ >0~0.35
@ >(0.35~0.71

DEM/m

N .
10 20 30 40 450
0 45 9.0km

(d) HE4
B4 4R THRBEARESKEERSKEEENTELSH

Fig.4 Spatial distribution of difference between highest water level and safe water level at research

stations under four schemes

- 115 -



e A AR PRIE KA, 16 5 4(50 AF—l i
THREFAIET A HEG RS T2 ) vh ) S48 it
58 X B I R K B AR K A7 B 5 7% 3 A EE, K
A7 5 E FRAR, HLAS PRIE KA B 22 (E 5 HI7E 0. S m LA
P, T A5 X1 e e 7K A 2 BB 4 il 78 TR IE K
(A D e 11 = 7 (A A R N VA S =
(1) 1t DX 7K A7 B 25 5 i 2t AR IR 7K A 1 B il AT 7
X AR )18 Z 3k T B G sg ), 28 L, HETR
WE T FEREAE MR 22 M W08 e X HES7 7, K 3k 04
X B HE S bR v AN JE 20 4F — 38 $2 T 2 4 i A 3
20 i R X F Ik F] 50 4R — AR, H
TRATAS L LASK F] 50 4F— 38 B ARt
3.2 REHFIEXNETHZEARANTE
bYILES
3.2.1 HeEak RIS AR ZIKH X £

R T IEBRAIFFE s S TR T AR K AR Bt
EIL A DAGEIN i A B A W A I
K43 R WS B3 o LAV (0 45 1 ~4 3 A5 10 ~
18) NG =y LAAR (0 85 5~9 3 i 19~25) , Hor
LRI LAV B AIF 5 0 I R s TR R K 1 4
T, AAR R 5 0 i R B TR s TR K 3R, 7
50 BT R INAE LT, 6 b HER RS TR A
HIJG (BN 528 3 FIJT 58 4) A WFF0 i s 1) fie e 7K Aor o
I, 4550 B 5 s, B S ATLUE T RS TR
X6 7RANE KAV 8 2550 S B A T 9 3l o v 2 ) 8 T g A1
(BB T, A 25 FRESHEK 0K ORI A%
FETE R |, 26 W IR B% HE D TRE 0 M X HERS 6E 1 (0 42
T35 5 12 b DX A A7 1) b A3 D) A 5, b $A
R b DX e e 7K A7 AR A 3K, HE 7 18 0 48 T80k
LT
3.2.2 HEAARI IR K DZIEH K Z

R T T BRIl A A v AR 4 R ) 5 3
W AR N e BT ST oG 5 1~ 7 i 5 10~ 18 3t
16 DM, AT 73 A, 2 BIF 98 o s PR B ik /K
(R B 5K S FEARME R C R A 6 s, ML 6 th
ATLLE Y, It e AR R 2 i A5l A5
TRASE B AL A 2 0 s Bt 5 A 5l S K R
(R HE I IRE/ N 1) s 3 | R W R Bk T 78 i S I ¥ gk 7K
I BRFS0T 4957 7K HE 2 28 A1, o B 28 2E K 0 483 1) b
X HEBT RE IR THACR BN B3
3.3 RBBHES TRM—EHE TENX

KRG Bk S 1 TR 2 RO %E
5 AT XS b, 25 R gk 2 iR, R R 1
558 2 AT FE S | AR HEDR IR TR, 05 K 4
FEAMHE RV, LR U 45 A 9Tl T B X
Wz J3E 8 S B R B A AT, SR W R B TR A I

- 116 -

0.44
0.42

0.40

IKAV BEEARAE /m

0.38

0.36 A
35 40 45 50 55 60

WFFT 2 R R m
(a) Sy LAVE IFSE s 5

0.40

0.35

0.30

0.25

IR R /m

0.20 . . . . )
25 5.0 75 100 125 15.0

WEFE st 5 e P /m
(b) ZEhms LAARBFITI 5
B5 MRGRKUERESSEXR

Fig.5 Relationship between water level decrease and

elevation at research stations
0475 r
0.450 -
0.425

0.400 |

IKALFEARAE/m

0.375 |

0.350 : . . . . ;
0.25 0.50 0.75 1.00 1.25 1.50 1.75

WFFE sk S5 K 0 B km

Bl6 WRimKEIEERESHAKOBEBHXR

Fig. 6 Relationship between water level decrease at

research station and distance from research

station to inlet

®2 mEKLXEETEE

Table 2 Calculated risk value of maximum water level
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VA FE L FE2 FLES| WA OFE1 HE2 HES
1 100 40 43 14 100 18 22
2 100 27 31 15 100 15 25
3 100 60 64 16 53 11 15
4 100 41 42 17 53 9 13
5 5 1 10 18 44 8 15
6 5 1 10 19 22 8 25
7 4 1 8 20 15 10 19
8 1 0 1 21 13 2 18
9 0 0 1 22 5 1 8
10 100 44 49 23 3 1

11 100 30 35 24 1 0

12 100 22 24 25 24 20 30
13 100 18 23
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