This presentation participates in OSPP

City-scale urban dual-drainage modeling increases the accuracy and THE HONG KONG

EGU detail of flood predictions under extreme rainstorms ) UNIVERSITY OF SCIENCE

a
-

Andrea Canlas', Limin Zhang?, Jian He’, and Yuanen Pang'

Outstanding Student & PhD
candidate Presentation contest

Introduction Methods Results

Climate ch , od to sienificantly i b o A 24-hr simulation of the black rainstorm 1s conducted from 7 September
1m nge 1s ex 1gnificantly icr recipitation -drai :
Al CHange 15 EAPLCIE 1O SISRILICANLY METedse Neavy: precipriatio Dual-drainage Modeling Framework Surface Model Setu 2023 15:00 to 8 September 2023 15:00 and the results are shown as follows.
globally, with high to medium confidence (IPCC, 2016). This shift in . .. . . P ,
. . Lo . Model used: Erosion-Deposition Debris Flow Analysis (EDDA 3.0) (Chen & N e 0 500 1000
rainfall intensity 1s likely to lead to secondary hazards, such as flooding. . - =& G
. . ) Zhang, 2015) « The Digital Elevation EE s
Hong Kong, characterized by a subtropical climate, has already Model of th d )
experienced severe rainfall, exemplified by the record hourly rainfall of Data Acquisition Surface Flow Underground Flow vrodael ¢ t.e Sm y atea 1s
158 mm during the black rainstorm of 2023 (Hong Kong Observatory, S underground first discretized mto 30 m . e L R i
2024) As extreme weather events become more frequent, Innovative Rainfall Data Infiltration Module §; Surface X 30 m raster grld CeHS. fﬂl;;fgsodr)epth(m) ‘ i i )% . ,31"'
. . o t% water depth X 020 . ih 0% 7 L ,W P
approaches to flood modeling and impact assessment are essential. = 0.5 m? — P rf _. A B
Terrain Data | Dve;;f{;cllﬂl;low » _ Tes ° The geOlOglCal =?'(5)2:1.22 iil;fI i j e -':;‘-{J- J : % r
c o . . . o i ’ ’ 1 e : - T
City-scale dual-drainage modeling 1s crucial for deriving flood depths o _ o7 | | Orifics fow Weiz flow via information and the =1.50-2.00 %%*:3’ G e % _.<
. . . . — - - : =>2.00 .o = -
from rainfall data. The dual-drainage model, which integrates a 2D e Flow via inlet fnlet : \ ; £ 4 -
. . | | terrain slope layer are also A
surface hydrodynamic model with a 1D underground stormwater ¥ : T ' :
: : : : Unsteady P processed using the same o
network model, 1s particularly suitable for urban areas as it allows for Drainage Dats N jteady Pibe g luti
o . . . o oW oaulie
bidirectional flow between surface and subsurface systems (Knight et al., 2 resolution.
2021). However, developing a physics-based dual-drainage model that 2 No
c . . . . = Undereround . . . . .
includes thousands of pipes and inlets poses significant challenges. These 3 HOT e - The infiltration capacities
D . o . E_ﬂ - 1 sl 2 . . . .
challenges stem from the extensive data collection required for drainage 3 QRIS Elevation and roughness coefficients o " X3
pipe characteristics and the fine grid resolution needed for densely = of soil groups were aiepvn i
distributed inlets (Qiang et al., 2021). , _ assioned based on  the — Yoo 500
Surface Flow Equations Underground Flow Equations : g e . | — >5.00
. . . . "= simplified geological ma
Alternative methods have been proposed to account for underground Depth-integrated mass conservation equations (Egs. 1, 2) St. Venant's equation (Eq. 5) N - P 8 2 P
: . . : : Momentum conservation equations (Egs. 3, 4) ' ' Pluf \ of the Study area.
drainage capacity, such as subtracting the water volume in pipes from o oD i) 0 o on on . AN
. . . . . Uy vy) . SoHgAS; — 2V — — V2 + gA =
surface runoff (Chen et al., 2009) and using an equivalent infiltration rate %t ox T oy~ Ul +U -GSl HAGaHA-Gasd D) at wom e
to represent drainage capacity (Qiang et al., 2021). However, these Sy Do) Cm) Rainfall distribution
. v vty vty t . L] .
approaches do not accurately capture the physical flow of water ot T T ey -l tdGu @ Infiltration Equation A | i
underground. dve Oy 9[ sgn(n)s,, — 20 - Richard’s (Eq. 6) and Gardner’s (Eq. 7) equations The rainfall timeseries of the 34 ® " L
E XE - - L dx * * urrllc?;nrm;: e m
) o o stations in the study area were ® <oath T
o e . . . vt + (1 = Cp)spl + AlCya + (1 = Cun)sal) 5(;{5) +55005 f=— (6) . . 0.30 - 1.00
Existing dual-drainage models in the literature h obtained and then interpolated o 100-2m
. . . | @ >2.00
Authors Modeling Approach and Size 6;1: + v},% =g [—sg n(vy)Ss, _'5*(23—;';1} (4) k = k.e@ @ Spatlally lntO hOllI'ly I'aStGI' gI'ldS e —_
) Used a physics-based approach using virtual sewer network; Size of study area: approximately 0.6 km?; Total length ” d 7
Montalvo eval. (2022) of conduit considered: 11 km (real), 8.57 km (virtual); Total junctions: 444 manholes (real), 149 manholes (virtual) il + (1 = Cy)spl + AlCos + (1 = Cup)sall Of the SAMme reSOIutlon’ }:Ra:]g:gjs LGVE] Of detail
Qiang et al. (2021) Used equivalent drainage method for simulating drainage capacity; Size of study area: 47 km?; Conduit considered: " aCCOfdlngly ji$§ )
. Goa b : . .
T T ““pd‘ l‘ef — « __ mie The reduction of flood inundation s .
oupled one-and two-dimensional hydrodynamic model for generating traming datasets; >i1ze of study area: 1-d3 . . : ",;?'{5,‘_;.- »
Wang et al. (2024) approximately 18.34 km?; Total length of conduit considered: 357 pipes; Total junctions: 358 manholes Bi-directional ﬂOW between Surface and underground extent due to the 1n00rp0rat10n Of vt 4 ﬁ i
Developed a surrogate model using graph neural networks (GNNs) for real-time hydraulic prediction; Total . 0o 0 o . morc detaﬂed draina c network iS 77;:})‘.2350 S 4 ;
Zhang et al. (2024) manholes: 105 Surface to Underground Flow Underground to Surface Flow Tlme SenSlthlty AnalySIS illustrated 1n thlS secti(%n =?§§§§§ bE R
He et al. (2020) Used a pipe-surface coupled hydraulic model for detailed flood simulation; Size of study area: 47 km? omiming fos i(:‘{::llilr:\w?lul B oS L f 2=
fully submerged) / t:il‘zl1];;:!::1:::1:; HGL of underground flow f Complex Drainage Network \ / Sensitivity Analysis \ . .
Enhanced 2D surface models to achieve comparable outcomes to dual-drainage models with less data; Size of study \ 2 _ e s oM, Requires Smaller Time Step i v v The ﬂOOd extent 1s deflned to be the
Oberauer et al. (2024) _ N . : ) A ‘ R, woRRa> | 35- |
area: 98 km?; Total length of conduit considered: West - 28 km, East - 53 km s S 3.9 $ . . vetio , 1w L | . .
A i b S - o P {0 \ ) areal sum of grid cells with
° ° ey oy Grid Cell 1 Grid Cell 2 Grid Cell 3 Wctace, H\,I<n.s m rid Ce Grid Cell 2 Grid Cell 3 & X £ 1 g % N
Research Ob]ectlves : — 1 —_— —7 ™ Gudedll § T ........................................... o ‘][‘ ............................................... il T .......... w: gé “b--vQ@ At < C? EM-‘ maximum depth equal or greater i --mr {J :
. N e | f o / than 0.2 m. i et G
. Develop a dual-drainage flood model for Hong Kong Island (99.5 [ T omenns | 25 CFL condition Vi B o | _ Sy
km?) that incorporates 31,279 conduits and 34,364 junctions O i 3E ® satistied 7 : — G W A
) ) : L : ® . . . . Flood extent of model without —E ¢ S Y]
- Consider three drainage pipe classifications which have not been £ FF e A ® - o o 0 . , ) v it 1l
: SR T e i he ;g / ==t drainage network: 7.482 km
included yet 1n existing urban flood models i | e B il A - : AT
. . . . Flood extent of model with ;
. Generate detailed flood results by stress testing the model against an e : ‘ | .
: cr L simplified drainage network: L a4 &
extreme event (September 2023 Black Rainstorm) Validation 6.508 km? S S Y S
° Max Flood Depth (m) * «* . & W N ™ ]
. . <=020 - A Vi Ll M 2
H Kone’s Drai Pine Classificati Model Setup Event: Black Rainstorm (7-8 September 2023) - Flood extent of model with e | _‘;\ 7T
ong Kong’s Drainage Pipe Classifications | _. - M Lo it 2 K S 4
8 8 g€ r'1p Underground Model Setup S o PP i RTTT Goeres J actual drainage network: 4.146 |@o | - SLAE RN
1 . Major dralnage J‘::':;ie‘;“s 1 oi.;f':lr]; o1 Intersection Layer’s Attribute Table h . . 11
tunnels M ﬂ_iOl‘ l)rﬂiﬂﬂg(‘ \“: -/ ‘--\ Upstream an ; Intersection 0:1 CO:ljuit Ve\:ex J“njcltion — .Batc proceSSIH.g ln GIS a (.)WS Summary
12 D>7m s~ ARSI . o T a w on instant connection of multiple , , ,
. = \ P & i e v . An actual city-scale urban drainage network of Hong Kong Island 1s
b I t k . d.t d « [ |¥ [ puller aver 2 V2 OF1 dralnage elements. . . .
. Intakes: adits an | A4y o e Wong Chuk Hang QRS Wan Chei IR CHai wan successfully integrated in EDDA 3.0. The model follows a dual-drainage setup
vertical dropshafts e W W = - \ ‘ | ' which integrates a 2D surface hydrodynamic model with a 1D underground
c.Interception — | WP NFE u R Drainage Element Comections stormwater network, enabling two-way flow between them. The total drainage
S — ’ . <\ / ‘ Ay ) T — nfiltration - 2 ot Conduit Inlet Outlet 1 1 1 . .
approach ol AT ‘% % " '-b;f O A = . network processed consists of 31,279 conduits and 34,364 junctions. This
2. Trunk pipe system 24 HE B S - n o amounts to a total conduit length of 454.285 km which covers all three pipe
aD>18m . = classifications 1n the study area. Flood results were obtained by simulating the
b. Desi ' RP: 200 T How i ) - Models with different level of September 2023 Black Rainstorm. The level of detail in pipe network
e ' C _, = network  detail were setup Location Observed Flood Depths Simulated Flood Depths considerations has significant effect in the reduction of surface runoff.
Junctions .
ycars | System dinel f ; Wan Chai 0.7 0.36
3 . Branch pipe System Conduits D < 1.8m) accor .lng y Or Compara IVe Happy Valley 07 099
a D < 1 8 m Floodwater to Sea anaIYSIS. References
¢ ¢ : M A : Causewa Ba 03 038 en an : Integrated simulation of debris flow erosion, deposition and property changes. Geoscientific Model Developmen —
b. Design RP: 50 . Simplified: major tunnels and dtid E{Elpsi//i;ffﬁg‘fifgl94“’}’g§15.“§.‘8(229‘).12%)1'5EDDA[:'O‘I;gdtdd“ft b f: bd ! d ’dpl ft d ‘1”’ perty changes. © h t//fd M d/”’ 1/ phdt’lg(”’ o
. : . Victoria Park 0.5 0.33 Chen, J., Hi ,A. A., & Urbano, L. D. (2009). A GIS-based model for urban flood inundation. Journal of Hydrology, 373(1-2), 184-192. https: 01.0rg/10.1016/j.jhydrol.2009.04.021
tI’llIlk plp e Syst em Only Etc‘:i)SJ/,/d(glle(l:g}l(ﬁ)(iolfg/j),J hI;d’r 0%1218;(’)182’5 78IL3Zhang, L. (2021). A stress test of urban system flooding upon extreme rainstorms in Hong Kong. Journal of Hydrology, 597.
years WOIlg Chllk Hang 0.6 0.68 IPCC. (2016). Sixth Assessment Report for Asia. https://www.ipcc.ch{report/ar6/wg1/downloqu/factsheet;/IPCC_AR6_.WGI_Regional_Fact_Sheet_Asia.pdf
(96. 439 km) : : fIl(éléilll;, Iér‘lst';aI;Ifiocu’ e(r}t%r]rg;l;lsé(:r{v lzfers'(’s&iglgﬁghdsj (122(2111)). ﬁtstse:j}g%itgf /uls(;t 3%f9 (()1/13311-3(11r1211122%e modeling to determine the effects of green stormwater infrastructure on roadway
A l 11 h . Quarry Bay 0.6 0.81 Montal%o, C., ReyesI?Silva, J. D.,' Sanudo, E., Cea, L.,’& Pueftas,I)J..(2024). %rb.an pluvial flood modelling in the absence of sewer drainage network data: A physics-based approach.
L. . . . Legend o . : : Journal of Hydrology, 634. https://doi.org/10.1016/j.jhydrol.2024.131043 . _ . .
1. PhD S tu den t, Dep t. o f ClVll an d EnVII‘OIlmeIl tal Englneerlng Ci(m(;z;i)rpmmﬂge_run“e's = f Ctu.a. .a, t rec plpe Chal Wan Rd (Bus) 0.3 0.84 }%?S?/I/lggi-oléﬂ 0?01165/?;}1331?&2(})324%3213)8 Enhanced 2D-models as alternative to. dual-drama%e systems. 'for .urban flo.od s1mule.1t10n. Journal of Hydl“ology,. 645.
2. Professor and Head, Dept. of Civil and Environmental Engineering e tpg 28 classificaations (454.285 km) e e st Sutgs events, Jounal of Hydeologs. 597 heipaiidot o 101016/, yarel 2031 126305 | or o cifles using an eauialent drainage method upon comoined rainfall
. . T . = o & 1 hen, P, Zhang, L., Chen, H., an, R. (2018). A 2.0: Integrated simulation of debris flow initiation and dynamics considering two initiation mechanisms. Geoscientific Model
(corresponding author). Email: cezhangl@ust.hk Chai Wan 04 0.28 Development. 11(7), 28412836, htps/doiorg/10.5194lgmd- 1128412018 ationand & ferne two it eosientlic Mod
: 7. . . . Sh K B W 0.7 0.64 %:?e%li;g?&g,;ggﬁiﬁ{ E}}dﬁ?i’rgi’oﬁiélsé}'%v ;l;?é)s, 2];) 2(‘%012252)61]§‘nhancing real-time urban drainage network modeling through Crossformer algorithm and online continual learning.
3' ResearCh ASSIStant PrOf essor? Dept Of ClVll and EnVlronmental Englneerlng au cl an ) ) Zhang, Z., Tial’l, W, LuI,) C., Liao, Z.,' & Yljl'an, Z. '(2024‘). Graph neural network-based surrogate modelling for real-time hydraulic prediction of urban drainage networks. Water

Research, 263. https://doi.org/10.1016/j.watres.2024.122142



