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Interactive comments on “Numerical simulations of potential contribution of the

proposed Huangpu Gate to flood control in Taihu Lake basin of China”

Zhang Hanghui, Liu Shuguang,
Department of Hydraulic Engineering,
Tongji University, 200092, Shanghai
August 20, 2017
zhang_hanghui@hotmail.com

RE: hess-2016-310

Dear Editor:

We appreciate much the comments from both reviewers. We all agree that these comments indeed help
us improve the quality of our manuscript, and hence all comments from Reviewers have been considered
and incorporated into our newly revised manuscript. In this round of revisions, our manuscript has been
through very serious, word-by-word revisions from head to toe. We believe our current manuscript is in
a much better shape close to the publication level than all our previous versions. We invite the Editor
and both Reviewers have a read on our newly revised version of manuscript. Meanwhile, we have
provided point-to-point detailed responses to the Reviewers” comments below. We also made efforts to
correct the mistakes and improve the English of the manuscript. Finally, we have made some minor
changes on the title of this manuscript.

Yours sincerely,

Zhang Hanghui and Liu Shuguang
On behalf of all co-Authors
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Part | Responses to Referee #1

Main Comments:

Authors refer to two types of floods in the Taihu Lake basin (i.e. monsoon-induced and typhoon-induced
floods), and the basin is impaced by both marine (e.g. tides, storm surges) and river flooding &
waterloddging. The methodology section leaves the reader with an expectation of applications of the
HOHY model to investigate the potential impacts of different operating modes of the gate to the flood
control of the basin for typical flood events mentioned above, such as the 1999 flood, the 1991 flood.
However, this expection goes unfulfilled in the result analysis and discussion sections, and the reader is

left wondering why scenario analysis was made only for the 1999 flood event..

A: Thanks for your comments. The Huangpu River is the main shipping and drainage route to the
port city Shanghai in China. The main role of the proposed gate is to block tide intrusion. Considering
the shipping function, it is impossible for this gate to operate like other gates along the Yangtze River,
which are operated more frequently for other purposes. Moreover, the dike also can protect Shanghai
when normal floods occur. In this study, the proposed gate will be operated only if the flooding
conditions in the Taihu Lake basin are very severe. The 1999 flood is the largest flood in history for
the study basin, and the total rainfall during the 43-days monsoon period reached 670 mm, three
times more than the long-term (1954-2010) average during the same period. The return period of the
1999 flood event was estimated to be 200 years. From the viewpoint of engineering design as is the
main purpose of this study, only the most extreme situation such as the 1999 flooding condition is of
our main concern. That is the main reason we choose only the 1999 flood event for our model

simulation.

Responses to Specific Comments:

Q(2) The introduction should point out the issues you want to study, review the research advances in
international hydrology society, and present the main research content of the paper. In this regards, it is
suggested for authors to review the techniques and approaches adopted for impact study on flood control
by operating estuary barries in Japan, England, Netherland and other countries, and evaluate the
innovation or new findings in this applied research. In other words, it should indicate why the reader
should be interested in reading the paper?

A: Thanks for your comments. Yes, we have reorganized the chapter, which can be found on

Page 2-3 in the newly revised manuscript.

Q(2) Detailed about the study area of the Taihu Lake should moved from Introduction to Study Area
section.
A: Thanks for your comments. Yes, we have modified this chapter, which can be found on Page

3-5 in the newly revised manuscript.
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Q(3) More information about the typical floods in the Taihu Lake basin (e.g. the 1999 flood , the 1991
flood) should be given in Study Area section, including the causes of the flooding (e.g. Rainstorm,
astronomical tide, storm surge).

A: Thanks for your comments. Yes, we have added more information about the causes of the
flooding, which can be found in the sections of Introduction and the Study Area in the newly revised

manuscript.

Q(4) General information about sedimentation in Huangpu river and estuaries is needed to supplement
in Study area section.

A: Thanks for your comments. Yes, we have added more information about sediment, which can
be found on the Page 5 Line 14-17 in the newly revised manuscript.

Q(5) In 3.1 Scenarios description (Page 4 Line 20-35 ), authors describes five scenarios used in the study.
The reader wonder about the criteria or principles of proposing the five scenarios. What are the main
factors to be considered in the gate operation scenarios design?

A: Thanks for your comments. The scenario “base A” means the estuary gate would not be
constructed at the outlet of the Huangpu River, which is used as a basis for comparison. Scenario “Al”
and “A2” are designed to quantitatively analyze its benefits of draining the floodwater from the Taihu
lake and the upstream areas. Scenario “A3” is to analyze quantitatively its role to block tide intrusion.
The last scenario is just a case to calculate the potential maximum benefits to flood control of the

basin.

Q(6) In 3.2 Model description (Page 5 Line 12-35 ), authors should also say if this is the first presentation
on the HOHY model in an international Journal. A brief introduction on the HOHY model’s structure
and methodology, and further development of the model by authors in this study are also recommended
to be added in the paper.

A: Thanks for your comments. As for the HOHY model, “Cheng et al. (2006)” is the main
reference which provides a lot of information listed in the reference of new manuscript (Page 12 Line
5). We have added some necessary and important information of this model, which can be found on
Page 7 Line 17-23.

Q(7) Page 1 Line 19: Change “access” to “assess”

A: We have changed “access” to “assess” on Page 1 Line 22.

Q(8) Page 5 Line 6: “the ehorage” . What does it mean?
A: Thanks for pointing out, and we have corrected it. The “Anchorage Ground” is the name of
a place; in Chinese it is called “&KA4i 454 ” . We have modified into “It is called anchorage ground in

the unpublished master’s thesis with English abstract (Hu, 2006)” which can be found on Page 6 Line
24-25.
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Q(9) Page 1 Line 5: change “Ministry of Water Resources” to ”Ministry of Water Resources of P.R.
China”
A: Thanks for your comments. We have changed “Ministry of Water Resources” to "Ministry of

Water Resources of P.R. China”, which can be found on Page I Line 7.

Q(10) Figure 1(a) and (b): Please show rivers of Wangyu and Huangpu, location of Huangpu Park station
in the map. Boundaries of six hydrology units and rivers are not clearly distinguished in the fig. 1. Can
they be refined with amendation?

A: Thanks for your comments. Yes, it has been done, please see the new Figure 1.

Q(11) Problems with References: the following references were not mentioned in the main text of the
manuscript.
(1)Duinker Peter and Greig Lorne: Scenario Analysis in Environmental Impact Assessment: Improving
Explorations of the Future, Environmental Impact Assessment Review, 214, 2007

A: Thanks for your comments. We have deleted this reference.
(2)EA (Environment Agency): Summary of Thames Barrier Flood Defence Closures, Retrieved June 21,
2012, from http:// www.environment-agency.gov.uk, 2012

A: Thanks for your comments. This reference is mentioned in Page 3 Line 3 of our revised
manuscript.
(3)JinKe, Wang Chuanhai, Yu Xiaoliang and Lin Hejuan: Application of Joint Regulation Model of 20
Quantity & Quality in Emergency Water Diversion from Yangtze to Taihu, China Water Resource No.1,
18-20, 2008

A: Thanks for your comments. This reference is mentioned in Figure 2 of our revised manuscript.
(4)JinKe: A Methodological Study to Improve Flood Management of the Taihu Lake Basin (Unpublished
master’s thesis), The International Centre for Water Hazard and Risk Management (ICHARM), Japan,
ICHARM Master Paper No.13, 14, 2009

A: Thanks for your comments. This reference is mentioned in Page 7 Line 3 of our revised

manuscript.
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General Comments:

Writing improves a lot in this version and most of my comments are addressed in an appropriate way.
However, the response to my general comments on parameter sensitivity and uncertainty is still not

convincing.

Responses to General Comments:

A: Thanks for your comments. The simulation results are indeed dependent on the model parameters,
and the most sensitive parameters in this study is the roughness coefficient for channels. The smaller
the roughness coefficient is, the stronger the carrying capacity of the channel is. Meanwhile,
uncertainty exists for determining this parameter due to river deposition, channel curvature and so
on. In the HOHY maodel there is a fixed roughness coefficient for each channel segment, which is
based on a previous comprehensive river drainage test. Since the year of 1999, the capacity and shape
of the TaiPu Canal and Huangpu River have changed little. As a result, the parameters determined
previously should not have the need to adjust. On the other hand, in this study we focus on the potential
impacts of constructing an estuary gate on the flood control in terms of evacuating flood discharge
and reducing peak water levels under five different scenarios, all of which are based on the identical
HOHY model simulations with the same parameters set. Therefore, we did not put substantial effort

in analyzing the sensitivity of parameters in this study.
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Part 111 Marked-up manuscript version

Numerical_SimulationsAnalysis of Potential Contribution of the
Proposed Huangpu Gate to Flood Control in the Taihu Lake Basin_of

China

Zhang Hanghui®?, Liu Shuguang*, Ye Jianchun®?, Pat J.-F. Yeh?

! Department of Hydraulic Engineering, Tongji University, 200092, Shanghai

2 Taihu Basin Authority of Ministry of Water Resources of P.R.China, 200434,
Shanghai

3 Department of Civil and Environmental Engineering, National University of
Singapore, 117576, Singapore

*Correspondence to: Liu Shuguang (liusgliu@tongji.edu.com)

Abstract

The Taihu Lake basin (36895 km?), one of the most developed regions in China located in the hinterland
of the Yangtze River Delta, has experienced increasing flood risk. The largest flood in history occurred
in 1999 with a return period estimate of 200 years, much higher than the current capacity of flood defense
with the design return period of 50 years. Due to its flat saucer-like terrain, the capacity of flood control
system in this basin depends on flood control infrastructures and peripheral tidal conditions. The
Huangpu River, an important river of the basin connecting Taihu Lake upstream and Yangtze River
Estuaries downstream, drains two-fifth of the entire basin. Since the water level in Huangpu River is
significantly affected by the high tide conditions in estuaries, constructing an estuary gate is considered
as the most effective solution for flood mitigation. The main objective of this paper is to assess the
potential contribution of the proposed Huangpu gate to the flood control capacity of the basin. To achieve
this goal, five different scenarios of flooding and the associated gate operations are considered by using
numerical model simulations. Results of quantitative analyses show that the Huangpu gate is effective to
evacuate floodwaters. It can help to reduce both the peak values and the duration of high water levels in
the Taihu Lake to benefit the surrounding areas along the Taipu Canal and Huangpu River for more than
100 km2. The contribution of the gate to the flood control capacity is closely associated with its operation
modes and duration. For the maximum potential contribution of the gate, the net outflow at the proposed
site is increased by 52%. The daily peak level is decreased by a maximum of 0.12m in the Taihu Lake,
by a maximum of 0.26-0.37 m and 0.46-0.60m in the Taipu Canal and Huangpu River, respectively, and
by 0.05-0.39m in surrounding areas along the two rivers depending on local topography. It is concluded
that the proposed Huangpu gate can reduce flood risks in the Taihu Lake basin and the surrounding areas
along the Taipu Canal and Huangpu River significantly, which is of great benefits to the flood

management in the basin and the Yangtze River Delta.
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1 Introduction

The Huangpu River, located in the downstream part of the Taihu Lake basin, FheTFaihu-lake Basin;

a-length-of- 113 -km.-it-flows through the urban core of Shanghai city, which is evaluated as one of the

most vulnerable metropolises to extreme flooding in the world (Balica et al., 2012). Wang et al. (2012)

Anotherresearch-predicted that half of Shanghai will be flooded and 46% of seawalls and levees will be
overtopped in 2100-AVang-etal—2012) causing serious urban flooding. Typhoon is one of main naturrual

factors to trigger flood disaster in this area. When typhoon is-cemingcomes, the storm surges caused will

be driven into the Yangtze River estuary to further —causingincrease storm tide levels—to—increase
additionally-because-of due to the shallow waters and confined dimensions within the estuary (Nai et al.,
2004). When this eenjunctscoincides with the astronomical high tides, the storm tide traveling into the

Huangpu River can easirapidly raise water levels in river and possibley cause inundation of the urban

areas of Shanghai. It has been reported that along with global climate change, the frequency and intensity

of typhoons have increased substantially (Qin et al., 2005).

FathutakeTaihu Lake is located about 80 kilometers away west of the Shanghai city center (Figure
1). The Huangpu River is aet-enby-the major river draining lecal-floodwaters_of both the-Shanghai city
but-alseand Taihu Lake basin-the-majer—routine-that-drains-thefloodwater from-thelake. After the
completion of eleven_key projects for the integrated water resources management in FathutakeFaihu
Lakethe basin, the discharge from the upper reach of Huangpu River increased-cerrespondingly, which

resultsing in a considerable rise-ef-water level rise in the Huangpu River (Zhou et al., 2016). The river

embankments, which—is-an traditional flood defense infrastructure, has—beenwas built along the

Huangpu River sinee-inthe 1950s. Its flood control capacity, however, is-has been decreased by
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increasing storm surges and extreme tides, man-made changes in the estuary, land subsidence, and aging
infrastructures. Currently, the river embankments need to be periodically raised to withstand the
increasing water levels.

The designed return period of the Huangpu River embankment approved in 1985 is 1000 years;
which-was-approved-in-1985. The historical highest water levels recorded are-was recorded during the
11th typhoon in 1997. At the Huangpu Park observational station near the Shanghai city core, the water

level reached the historical height of 5.72 m; (-0.5 m higher than the second largest record in 1981) and
only 0.14 m lower than the design water level at this location (Nai et al., 2004). Based on the revised
hydrological analyses which extended the water level series from 1912-1983 to 1912-2002, the
embankment height in its original design corresponds to less than 200-year return period due to the newly
recorded high tide_in 1997 (Shao, 1999; Yao, 2001; Lu, 2008). In 2004, the standard of 1000-year
recurrence level was foundinvestigated to been degraded to the 100-year level mainly due to-because-of
sea-level rise and land subsidence (Tang et al. 2014), indicating_that the flood protection capacity was
reduced. To enhance the currflood protection capacity of thein Shanghai city, the height of embankments
needs-has tote be raised to meet the standard of 1000-year return period. However, the continuous
increase of the height will not only require huge economic cost but also affect urban landscape and water
environment, -with Anether-another potential risk ef-high-riverembankmentisbeing that the extreme
dam-break flooding will be more devastating. Mereoverin addition, the reliability of the reinforced
embankment structure is in question because of the-its aging foundation-and-core-of-the-embankment;
which-was built in-thearound 1950s (Zhou et al., 2016).

A combination of the flood defense walls and estuary barriers has been used-proposed as an
alternative measure to against the reduced capability of flood controlfleed-centrelinfrastructure in
the low-lying regions in Japan-England, Netherland, Germany, among-and other countries (Xiao,
2017; Jin, 2016). The Thames barrier in UK, for instance, has been operated for more than 30 years

with a significant flood control capacity for protecting the large cities upstream. It can effectively

mitigate flood risks caused by discharge from upstream areas and high tides caused by storm surges
(EA, 2012). Xiao (2017) reported that an area of 125 km? in London can be protected against the

high water level of 1000-year return period when the Thames barrier is completed. After the

completion of the Delta Storm Surge Barriers project in the Dutch delta, the protection standard was

increased from once in the return period of 1250 years to ence-in-that of 4000 years, protecting one

third of the areas of Netherlands as well as 4.5-million people. The Aames tidal gate in Germany

has raised the level of protection against storm surge from the North Sea up to 3.7 meter above the

mean sea level. Inspired by the above international experiences of flood protection, Hispired-by
thatsince 1998 the Shanghai-Municipal Government of Shanghai city has been investigating the
feasibility to protect this area with a storm surge barrier at the mouth of the Huangpu Riverproposed-to

d-a storm ge barrierin-the mouth-of the Huanapu River so-as-to-increase-the-cityv’s-des ]

As the Huangpu River runs through one of the most important metropolitan areas in ChinaSinace-the

1990s, numerous studies since 1990s have demonstrated the significance of constructing an estuary gate
to enhance the safety of the Shanghai city-which-i is




10

15

20

25

30

35

River (Chen, 2001; Shao, 1999; Shao and Yao, 1999). Chen{2002) presented-an-economicandefficieney
i idal-gate-at-the-estuary-of the Huangpu-River—Chen (2001) and Shao (1999)

carried out comparative studies based on the experiences_of the well-known Thames Barrier in UK and

the Delta Storm Surge Barriers in Netherlands. Jin (2016) conducted an in-depth analysis of typical large

tidal gates built globally on the aspects of planning and design, investment and construction, and
operation and maintenance-outside-China. Chen (2002(a)) analysed-a-rough-estimated-of the economic
benefits in terms ofbased-en- the protected areas by the proposed tidal gate at the estuary of the Huangpu

River.

Most afore-mentioned studiesresearch on the importance and necessity of constructing the estuary

gate are based on comparative and qualitative analyses only. Although some previous research provided

guantitative estimation for the potential benefits of the proposed gate (Chen, 2002(b); Cui, 2012), the

majority of them only considered the role of the gate in blocking the tide intrusion for the local estuary

areas of the Huangpu River. Few research have provided a holistic evaluation on the potential

contribution of the proposed gate to flood control for the entire Taihu Lake basin, in particular_the

synergistic effects for the upstream areas of the basin due to gate construction. As the Huangpu River

connects the Taihu Lake with the Yangtze River estuary to drain floodwater from both local and lake

upstream areas, the investigation of potential contributions of the proposed gate to flood control for the

entire basin is of great engineering significance, and this is the main thrust of this study. To achieve this

goal, various scenarios of the monsoon-induced floods are analyzed in this study and their impacts are

guantified through numerical modelling simulations.

2 Study Area

The Taihu Lake Basin, located in the hinterland of the Yangtze River delta, is one of the most developed
areas in China. The Taihu Lake is located in the center of the basin, surrounded by the Yangtze River on
the north, the Hangzhou Bay on the south, and the East China Sea on the east, as shown in Fig. 1{z}. This
basin is not a sizable basin with the total area of 36,895 km?,-whiech-is only 0.4% of the national total (Hu
&-and Wang, 2009). However, the Gross Domestic Product (GDP) is up to RMB 6.69 trillion by the
end of 2015, accounting for about 10% of the national total, and the regional per capita GDP being
more than 2.5 times_of the national average. This region is of great significance for the social and

economic development of China._However, the extensive urban development has contributed to the risk

of increasing flood magnitude and floed-frequency overin this region.

The Taihu Lake Basin is characteristic of a-dense-waterweb-and-a-flat saucer-like landform,forming

a complex hydro-system that includes interlaced rivers, dense water nets, and dotted depression lakes of

different sizes (Qin, 2008). The water networksystem and drainage system in the basin possesses the
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following unique individual-properties: (1) it has a saucer-like landform, and the elevation of more than
half of the floodplains is lower than the water level of flood control; (2) it is a typical river plain region
with a high river net density of 3.2 km/km? and the total river length ofis about 120,000 km; (3) the
surface gradient is about 1/100,000 - 1/200,000, and the river flow velocity is only 0.3 - 0.5m/s in flood
seasons; (4) the daily drainage time of the peripheral outlets in the basin is about 13 - 14 hours due to the
semi-diurnal tides. Overall, the capacity of flood control system in the basin is dependent to a large extent
on the flood defense infrastructure and the peripheral tidal conditions-to-a-certain-extent._ Based on the
characteristics of-the topography and-the water networks, the basin is divided into eight sub-areas, namely
theand-they-are Huxi, Wuchengxiyu, Zhexi, FathulakeTaihu Lake, Yangchengdianmao, Hangjiahu, Puxi,
and Pudong (as shown in Figure.-1a). TAmeng-these-he irrigation systems were built which control the

water exchange amongef these sub-areas-{Fig—1{a)}). The special-unigue saucer-like topography of the
Taihu-LakeTaihu Lake dictates thatmakes the water storage is easy to accumulate but difficult to drain,
hence rendersse the surroundings flood-prones-oceurreadily-inthis areas (Gao et al., 2005).

Theis Taihu Lake basin lies in a subtropical climate zone anrd-is-thus-characterized by mild arnual
temperatures, high humidity and abundant rainfall (long-term average with—an—precipitation—of
1177mm/year). The basin is prone to te-suffering-both monsoon-induced and typhoon-induced floods.
Major flood disasters, with the inundation areas greater flooding-more-than 3000 km?, have occurred
more than ten times during the twentieth century (Yu et al. 2000). The largest flood disaster occurred in
1999 and-tresulted in damages with direct economic loss of 16 billion USD (Wang et al., 2011). There
are 239 typhoons hittaffeeting the basin during thefrom 1949-t0-2013 period,-averaging on average about

3 to 4 per year en-average-(Ye &and Zhang, 2015). According to the recent assessment report (AR5)

compiled byfrem tFhe Intergovernmental Panel on Climate Change (IPCC, 2013) where the flood control
of coastal systems and low-lying areas is addressed, the-floed-control-of coastal-systems-and-low-lying
areas-is-addressed—including-the Yangtze River deltadelta—which is identified as one of the highly
vulnerable coastal deltas in the world-{2007}.

Generally, the basin is characterized by thea monsoonal climate with the period concentrated in
summer_(-from June to July), lasting several weeks or even months. Consequently, the broad--scale
rainfall events occur frequently are-prone-to-eceurring-with andue-te excessive magnitude arairfnd a al

with-long duration, -which-contributinges to the basin-wide floods. Meanwhie-the-monsoon-floed-risks

basin—The_-largest flood in history occurred in 1999, and the total rainfall in a the-43-days monsoon
period reached 670 mm, which—was—three times more than the long-term (1954-2010) average
precipitation- during the same period of time-of the yearin-the-1954-2010-perieds. The return period of
1999 flood event is estimated as 200--years (Evans and& Cheng, 2010), much highlarger than_both the
current-capacity-of 50-year design return period of the flood control capacity ofin the basin-with-50-years

2008). MTotal-ean totalsaverage—rainfall of the 7-day, 15-day, 30-day, 45-day, 60-day and 90-day
accumulated rainfall in 1999 all exceeded the historical recordsvalues+ecerded (Wu, 2000). During this

10
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flood, the high water level in Taihu-LakeTaihu Lake set a new record of 5.08 m, -which-exceedinged the
previousrecord-setin-the-1991 floeddesign water level of 50-year return period by 0.29-43 m.

In the basin, there are numerous tidal channels-that linking -the lakes and the coast (bay, estuary),

and most outlets are controlled by the floodgates subject to tidal locking-tide-lecking. The Huangpu River

meandering s-through the downtown area of Shanghai City -and-connects the westward-located Taihu

Lake with the Yangtze River estuary in the North East, as shown in Fig. 1{a}. The Huangpu River is 113
kilemeterskilometers long, with a depth of 5-15 meters; and a width of 300-500 meters (800 m at the
estuary), formed by —His-bern-frem-the convergence of Xietang riverRiver originated from the Taihu
Lake and-Area Area Yangchengdianmao, Yuanxiejing Creek and BamMaogang Creek from—-Area
originated from Area Hangjiahu. The river then-flows preeeeds-through the downtown Shanghai before
and-finally injectflowings into the YangzteYangtze River at the estuary mouth of Wusong, -meuth-as

the only one without an estuary gate in the basin. The tidal effect complicates the flow patterns of the

Huangpu River, and helps to keep the floodwater in the river. Generally, the river can naturally drain

floodwaters only for 13-14 hours per day. The Huangpu River-as-the-only-one-witheut-an-estuary-gate;

flows-inte-the-Yangtze-Riverestuary-and experiences two high tides and two low tides each day (semi-
diurnal tides) -and receivinges about 40.9 billion m® of tidal water from the Yangtze River (Zhang, 1997). ;

Yangtze River{Zhang,-1997)-The total tidal influx of the Huangpu River is about 47.47 million m®/per
year, and the total inflow from its upstream area is about 10.02 billion m?/-peryear._Its sediment

concentration upstream is of 0.049 kg/m?®, and that is of 0.213 kg/m® downstream (Yan, 1992). The

problem caused by sediment and siltation is not serious in this river because the inflow from the upstream

area is far more than the tidal water from the estuary.

3 Methodology

3.1 Description of five scenarios

It is instructive to investigate the potential contribution of the proposed Huangpu gate to the flood control

of the Taihu Lake basin, which is still in the preliminary demonstration-of-benefit stage currently.

The main research strategy used in this study is the scenario analysis_based on numerical model

In total five different scenarios are are-considered used-in this study as summarized in Table 1. Among

them, the firstene scenario considers the case is-the-case-without gate_construction, and all the remaining

f—Four scenarios considerare the cases with_with-propesed-gate construction, but each with different
operational rulesferthe-comparison-to-others. TSpecihe alyspeaking-s-Scenario “base A” is used as the

11
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basis for comparison with other scenarios (Table 1). It represents the casereans that the estuary gate is
woeuld-not be-constructed at the Huangpu River mouth—which-is-used-as-a-basisfor-comparisen. The
s‘Scenarios “Al” Zand “‘Seenario-A2” Z-are designed for the quantitative analysis_of tanabyze-heits
potential benefits due to gate operation in draining the-floodwaters from the Taihu Liake and its-the
upstream areas. The s<Scenario “A3”2 is designed tto guantitatively-analyze theits contribution (function)

of gate construction_to block tide intrusion. The last sscenario, “A4”, is thejusta case for te-analyzinge

the potential maximum benefits to flood control of the basin. TAH-he numerical simulations for the five

different the-scenarios are all based on the_conditions_during_the 1999 flood event, which is; the largest

flood in history for the study area.

For the s‘Scenario “base A”.>: the estuary gate iswould not-be constructed at the outlet of the
Huangpu River. Thus, the water in the Huangpu River and-the Yangtze River estuary can exchange
naturally.

For_the s*Scenario “Al1”>.: the proposed gate will be operated in the rising stage of the lake levels

according -whi
based-enseveral-days—due-to weather forecast. In the model simulation of the 1999 flood-event, it began

to operate seven days in advance before_the lake level reached its peak value.

For the s‘Scenario “A2”,2: the proposed gate will be operated when the large basin-wide floods
occur with the lake level higher than 4.50 m, which-meanings a severe and urgent flooding -situation inef

the Fathu-LakeTaihu Lake which requires is-very-severe-anthe acceleration of floodwater drainage -of

the major downstream rivers; including the Huangpu River.

For the s*Scenario “A3”, a’: portionart of the tidal water intrusion would #-be blocked; by the gate,

and the gate will remain opennet-be-closed to prevent tide intrusion until the tide rises to a threshold
(defined in this study as 4.0m). That is, the gate will not be closed for blocking tide intrusion every day;

instead, it will only be_closed underfer the situationease when the high water exceeds the tide threshold

and is forecasted to continue rise.

For the last s*Scenario “A4”.> the gate would prevent all the-intrusien-eftidal water intrusion during
the flooding period, representing a hypothetical extreme case since it is not practical in implementation
owing to the difficulty inef frequent operation (e.qg.,+e- to close twice every day) of such a huge gate with
a width of about 400—500 m. This scenario is merelyjust a case for analyzing the potential maximum
benefits to flood control of the basin. Indeed,Furthermore; it is not necessary to blockprevent all tidal

water intrusienintrusion-which-would entirely resulting-in-a-stop-any —of water exchange-between-the

. Under suchthis condition, it is also likely to produce-a
negative impacts on both waterway transportation and water environment system.

Considering the time needed for making policy decision and gate construction, it is highly likely

that the Huangpu gate will not be completed and start to_operate-work after in-2025. For this reason, the

proposed flood control projects in the plan designed by in-thePlan{(MWR_(;-2008) will also be
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incorporated as the are-also-simulated-in-the-scenarios of aflood defense-infrastructure in this studys.
TAlso;-he model parameters inof the numerical simulations medel-in this study are specified as the same
as those used in the design plan by in—the—Plan~(MWR_(-—2008). Hu (2006) proposed the
Aanchorageehorage Gground located at the mouth of Huangpu River (as shown in Fig.ure 1) as the best

site for the gate construction since -sinee-itis-in-the-firstregular-bank-and-hence-theits negative impacts
to the shipping and navigation are the least due to its location. Cui (2012) and Lu (2008) proposed the

sameimilar location for gate construction. Similarly forla the numerical model simulations in ef-this

study, the estuary gate will also be constructed-simulated at the Aanchorageeherage Gground, the place
name in the unpublished master’s thesis with English abstract (Hu, 2006), which is-place-which-is about

5-6 km from the Huangpu Rriver eutletmouth.

3.2 Model description

The HOHY model; developed by the Hohai University_in ;-China; is used in this study. This model has
beenwas tested for numerous regional applications since 1970s, and was applied to study the whele-Taihu
Lake basin in ]1997\[Y31]. It is one of the main productiens of a three-year water study atin the Taihu
Llake basin, supported by the World Bank and ;-which-were-jointly undertaken by the Hohai University
and the Delft Hydraulics_in-the Netherlands. The HOHY model can simulate the cycle of flood-waters
well. Meanwhile, the model can provide sa broad-scale—ata-broad-scale;a reasenable-simulation of the
flooding control system in the FathutakeTaihu Lake basin-floeding-system. It can simulate not only

simulate complex hydro-systems with numerous interlaced rivers and lakes, complicated relationships

between river nets, hilly topography and tidal boundaries, -and-also thesimulate complex operational

rules of control structures, such as sluices, pumps and siphons. This model h#-as beenhas-been utilized

inused-in a variety of past studiesfields, such as the preliminary demonstration-of-benefit stage of water
works in the Taihu Lake basin. In particular, the model has been successfully applied in the flood control
planning of the Tathu-lakeTaihu Lake basin as—which-was approved by the-Ministerof-\Water-Reseurees
of P.R.C-in-2008WMR (MWR, 2008).

The model is composed of two parts: a hydrological part for simulating runoff generation and
routing and a hydraulic part for simulating channel flows. Each of them can run independently. The
schematization of the model is shown in Fig. 2. More details of the model can be found in Cheng et al.
(2006) and Jin (2009).

Runoff is generated when precipitation exceeds the infiltration, interception and depression storage.
The basin land use is classified into four types: water surface, paddy field, non-irrigated farmland and
constructed land. Each of them employs different parameterizations to calculate runoff generation.
Runoff is then routed according to basin topography. In hilly areas, the instantaneous unit hydrograph
method is used, considering the store and drainage processes of reservoirs and large ponds. In plain areas,
the method of runoff curve number is used for each computed area.

After the runoff from the hilly and plain areas flows into river networks, the hydraulic method is
applied for simulation of river flow. Only those lakes with larger water surface are considered as

possessing the function of storing floodwater, while the others are considered as intersections like the
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links among rivers. The operation of water-engineering works such as the simulations of gates, pumping
stations and siphons will be simulated in the model. The Saint Venant Equations are used as the
governing equations for the 1-D unsteady open channel flow, including the continuity equation_(1) and

momentum equations (2) as follows

o

ox Ot ‘ [6))
o 2 z n’lQQ

R LGl SARAY Al e e @

Mhere[YJZ] x is the distance along each channel; t is the time; A is the cross section; Q is the flow rate;

Z is the_water level; & is the tmomentum correction coefficient; R is the hydraulic radius; MHLB}L is

the lateral inflow per unit length of channel; Vx is the velocity of the lateral inflow in the x-direction;

and g is the gravity acceleration.

The model['YJ4] calibration data are from two consecutive years 1984 to 1985, and the validation
data are from 1995 and 1996 (Liang et.al, 1993). The model is tested for three-the 1999basin-wide flood

events by n 9990 ha 099 ood—event\wa miHated-bv-Ou-and-\Au 00 which also-contain

detailed comparisons between model simulation and observational data simulated by Ou and Wu (2001).

Fig.3 compares water level differences between model simulations and observations in 1999 flood at
eight representative stations in the basin (see Fig.1 for the locations of eight stations)-{z}. Fig.4 shows
the difference in river discharges between observations and simulations at the Taipu Gate and Wangting

Siphon_(as shown in Fig.1), respectively{z}. The comparison of simulated water levels and discharges

with observations demonstrates that the HOHY model simulations are of sufficiently high accuracy for
the following analyses.

Among the five scenarios considered, the operational rules in the scenario A3 are the most complex
to simulate since the following different operational rules of the gate will be applied for the flood tide
and ebb tide respectively. If the high water in the flood tide is higher than the tide threshold, the gate will
be closed. Once the gate is closed, it will not be re-opened until it has the natural water-expelling ability
to drain floodwater in the ebb tide (until the tide level falls to be lower than the water level in the upstream
of the gate). Hence, the HOHY model needs to modify in order to enhance its capability for this purpose.

The model modification focuses on the part of flood routing related to the algorithms of unsteady
open channel flow, and the control rules of gates related to the tidal conditions. The main program was
improved by adding a function to judge the stage of tide before running the gates (i.e. in the flood or ebb
tide), which makes the specification of the control rules of gates more flexible. The original program is
modified based on the flowchart given in Fig. 2.

The modified model is tested by using a simple case of which the tide threshold is assumed to be
4.0 m. The simulation results are presented in Fig.5 and Fig.6. The first figure describes the case when
the gate remains open since the high water in this tidal period is always lower than 4.0 m. The second

figure, as a comparison, is the case that the gate should be closed when the rising tide is higher than 4.0
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m. The gate will re-open to drain floodwater when the gate has the natural water-expelling ability to
evacuate floodwater in the ebb tide.

The model results including the gate discharge, the tide water level at the estuary, and the difference
of water levels between the upstream and downstream of the gate, show the reasonable relationships of
the operational rules of the gate. The results in Fig.5 demonstrate that the discharge at the gate resembles
a sinusoidal curve as affected by the tidal boundary. It is likely that the gate needs not to be closed since
the high water in this tidal period is less than the tide threshold of 4.0 m. Fig.6 is another case of the gate
operational rules of which the high water is about 4.70 m. At 2:30 am, 15/August/1999, the tide level at
the river outlet in the flood tide slightly exceeded the tide threshold of 4.0 m, and the gate has to be
closed. It was not re-opened in the ebb tide until 8:15 am, 15/August/1999 when water level in the
upstream is higher than that in the downstream near the proposed gate, meaning that the gate has the
natural water-expelling ability to drain floodwater at this moment (see the red bars in Fig.6). Overall, the
modified model has demonstrated the ability to simulate the complex operational rules of the proposed

gate.

4 Result analysis and discussion

Based on the topography and water systems of the study region, the Huangpu River receives floodwaters
from the Tathu-LakeTaihu Lake and the surrounding areas draining into the Taipu Canal and Huangpu
River, in particular those low-lying areas in the southern part of the Yangchengdianmao catchment, the
northern part of the Hangjiahu catchment, and the western part of the Puxi catchment (Fig. 7). Therefore,
the potential contributions of the proposed Huangpu gate to the flood control capacity will be analyzed
in the following section with respect to three target regions: (1) the Fathu—takeTaihu Lake, (2) the

surrounding areas, and (3) the Taipu Canal and the Huangpu River.

4.1 Potential contribution to flood control of the Faihu-takeTaihu Lake

Table 2 summarizes the peak lake water levels and the duration (the number of days) during the June-
August period in 1999 when various control water levels were exceeded under five different scenarios
considered in this study. Fig. 8 plots the simulated water levels at the Fathu—akeTaihu Lake
corresponding to five different scenarios during the 1999 flood event from June to August. As seen, the
lake levels in the scenarios Al, A2, A3 and A4 are all lower than that in the base A scenario. Similarly,
the durations when the water level is higher than certain control levels were also reduced. Compared with
the maximum daily water level of 5.03m (occurred in early July) in the base A scenario, the maximum
water levels in other scenarios were decreased by 0.04 m, 0.01 m, 0.03 m and 0.12 m, respectively, for
the scenarios A1, A2, A3 and A4. Thus, these four scenarios contribute to the flood control capacity of
the Fathu-LakeTaihu Lake and its adjoining low-lying areas to the west.

It should be noted that the differences in the design water levels corresponding to different return
periods are not significant for such typical of shallow lakes located in the low-lying plains. For instance,
the design water level of 100-year return period is 4.80 m, 0.15 m higher than that of 50-year return

period. For this reason, the decrease in the peak lake level by 0.04 m in Scenario Al as well as by 0.12

15



10

15

20

25

30

35

m in Scenario A4 is significant for the flood control of the lake. Additionally, the western adjoining
floodplains also benefit from the proposed gate construction. Due to the relatively lower flood control
capacity of the western adjoining areas, those regions are likely to be inundated when the sluices cannot
yet control the water intrusion from the lake to the adjoining areas once if the lake level is too high. The
flooding in the western adjoining areas will be even worse once if the lake breaches the dike.

From the viewpoint of flood control of the lake, it can be concluded that the Huangpu River with
an estuary gate is more effective than the natural river without a gate. The extent of gate contribution to
flood control depends largely on the total operation time of the gate. The longer the gate is operated, the
more tidal water will intrude into the Huangpu River estuary. The gate operation will prevent and reduce
the amount of tidal water from entering the upper estuaries that are already with high water levels caused
by high river flows. Clearly, the floodwaters in the lake will be drained slowly by the Taihu Ceanal and

the Huangpu RiverRiver, which haveing high water levels due to tide intrusion. Overall, the scenario

Al is a good example to examine the potential contribution of the proposed gate. In the simulation of the
1999 flood event, the Huangpu gate is more effective to reduce flood risk in the lake by operating the
estuary gate in advance. Even with the case of operating the gate by a relatively short period of time,
such as one week as in this study, the contribution to reduce the peaks and slow down the rising rate of

lake levels are rather significant.

4.2 Potential contribution to flood control of the surrounding areas

Floodwaters from the following surrounding areas are also drained into the Huangpu River: (1)
Yangchengdianmao, (2) Hangjiahu, (3) Puxi, and (4) Pudong catchment, as shown in Fig. 7. Therefore,
the safety of these four catchment areas against flooding is also closely linked to the capacity of the
Huangpu River. Table 3 lists the peak water levels at the four representative stations (S1 to S4, shown as
the star-orange circles in Fig. 1. each for one of the above four surrounding areas respectively)(b). Fig. 9
plots the simulated daily water levels during the 1999 flood event at these four stations, from which the
similar trend as the water level in the Fathu-LakeTaihu Lake (Fig. 8) can be observed. The scenario A4
represents the maximum potential contribution of the proposed gate, i.e., the maximum decrease in the
daily peak level at the four stations in the surrounding areas is 0.32 m, 0.19 m, 0.39 m and 0.05 m,
respectively. In contrast, the improvement in the flood control capacity at station 4 at the Pudong
catchment is the smallest among four stations due to its unique terrain. The local floodwater in the
Pudong catchment draining to the East China Sea has the priority over that draining to the Huangpu River
due to its natural water-expelling ability. Generally, the flood capacity of station 4 does not depend much
on the drainage capacity of Huangpu River as the other three stations.

In contrast, for the scenario Al in which the gate is operated in advance, the gate can play a notable
role in reducing the peak water levels by the amount between 0.15m and 0.35m except for the station 4,
while for the scenario A2, the gate only decreases the peak water levels by 0.07-0.15 m. However, the
scenario A2 has more advantages in speeding up the drainage rate of floodwaters at the recession stage

and shortening the waterlogging time.
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4.3 Potential contribution to flood control of the Taipu Canal and Huangpu River

Fig.10 plots the simulated daily water levels in the Taipu Canal and Huangpu River at the seven cross-

sections (as marked by the purple rectangular in Fig. 1){c}). The daily water levels at the Taipu Canal and
Huangpu River decrease to various extents when the gate is in operation. The scenario A4 represents the
potential maximum contribution of the gate due to the complete prevention of tidal water intrusion. In
this scenario, the maximum reduction of peak water level is 0.26-0.37m for the Taipu Canal is 0.26 -
0.37 m, and 0.46-0.60m for the Huangpu River.

The Huangpu River benefits more from the proposed gate construction than the Taipu Canal because
the latter is located relatively farther away from the gate. The potential contribution of the gate can be
attributed to the reduction of tidal water intrusion during the flooding period. Generally, the tidal
intrusion is mainly concentrated on the lower reach of the Huangpu River, although the intrusion can
propagate upward as far as more than 100 km from the estuary. The water level will rise in the upstream
reach of Huangpu River when the gate is closed, and then the discharge rate will increase when the gate
re-opens again due to the relatively large difference in water levels between the upstream and
downstream side near the gate. Therefore, the gate can decrease the water levels of Huangpu River more
markedly than that of Taipu Canal.

In the scenario A1, the gate is operated in advance during the rising stage of the lake level, and the
peak flood level in the Taipu Canal and Huangpu River can be decreased considerably due to the
enlargement of drainage capacity of the Huangpu River. In the scenario A2, the gate is operated when
the lake level is higher than 4.5 m, and its contribution to the peak water levels is less than the scenario
Al, while the draining rate in the recession stage is faster. If the gate is operated by blocking the high
tide during the flood period (Scenario A3), the peak water levels at the Taipu Canal and Huangpu River
are decreased during the spring tides. This conclusion is completely consistent with those discussed in
the previous sections on the contribution of the proposed gate to the flood control of the lake and the

surrounding areas.

4.4 Analyses of the inflow and outflows in the Huangpu River

Table 4 describes the inflow volumes from the upstream tributaries to the Huangpu River during the
flood period. In addition to the Taipu Canal, there are many upstream tributaries originating from the
northwest and southwest upstream areas of the Huangpu River (Fig. 7). In the scenario A4, the inflow
volume from the southwest tributaries into the Huangpu River is up to 3.25 billion m3, more than twice
of that in the scenario base A (1.50 billion m®). The inflow from the northwest upstream areas in the
scenario A4 is about 1.05 billion md, increases by 78% in comparison to that in the scenario base A (0.59
billion m?). The inflow volume from the Taipu Canal is about 5.0 billion m®, only increased by 27.2%
compared to that in the scenario base A (3.93 billion m3). In terms of the major inflows into the Huangpu
River, the inflow volumes from the southwest and northwest upstream areas increase significantly in
comparison to that from the Taipu Canal, suggesting that the Huangpu River plays a dominant role for
these two upstream subareas.

Table 5 describes the tide intrusion and outflow volume at the site of the proposed gate during the

flooding period. The proposed gate helps to improve the drainage efficiency of Huangpu River by
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preventing the river from tidal water intrusion. Compared to the scenario base A, the net outflow volumes
at the gate site during the entire flooding period under other four scenarios are increased by 4% (scenario
Al), 8% (scenario A2), 22% (scenario A3) and 52% (scenario A4), respectively. Fig.11 shows the
comparison of simulated river discharges at the site of the proposed gate between the scenarios base A
and Al from June 27 to July 3 in 1999. The difference in river discharge between these two scenarios
clearly reflects the difference in the drainage efficiency of the Huangpu River. Although the river
discharge in the scenario Al is only increased by 4% for the entire flooding period (increased from 7.20
to 7.46 billion m®). It should be noted that the influence on the flood control during the gate operation
period is more significant because the net outflow volume is nearly doubled by changing the bi-

directional flow to the unidirectional flow.

5 Conclusions

Compared to a natural river channel, an estuary gate can prevent tidal water from intrusion into the
upstream estuaries. This study shows that the construction of an estuary gate at the Huangpu River is an
effective measure for evacuating floodwaters and reducing peak levels in the upstream reaches of the
river. The potential contributions of the proposed gate are closely associated with its operation duration.
Regarding the maximum potential contribution, the net outflow at the site of the proposed gate is
increased by 52% for the entire flooding period in 1999, and hence the efficiency of the drainage capacity
from the Fathu-LakeTaihu Lake to the Yangtze River estuary is significantly improved.

Constructing the proposed gate will benefit the Fathu-LakeTaihu Lake, the surrounding areas, and
the two major river channels, namely the Taipu Canal and the Huangpu River. The inflow volume from
the upstream tributaries into the Huangpu River is increased by 27% (in the Taipu Canal), 78% (in the
north part of Hangjiahu catchment) and 117% (in the south part of the Yangchengdianmao catchment),
respectively. Meanwhile, the daily peak level is decreased by a maximum of 0.12 m in the Taihu Lake,
by 0.05-0.39m in the surrounding upstream areas depending on local topography, and by 0.26-0.37m and
0.46-0.60m, respectively, in the Taipu Canal and Huangpu River.

The potential contribution of the gate depends on the operating time of the gate. For the scenario
Al, it is beneficial to decrease the peak flood level and slow down the water level rise during the rising
stage. For the scenario A2, it is helpful to speed up the drainage rate during the recession stage, to reduce
the duration of high water level, and to decrease the flood risk of the lake and its adjoining upstream
areas. For the scenario A3, it appears that the flood control is more effective during the spring tides.
Generally, the contribution of the gate is more notable in August than in other months.

Overall, it is significant and effective to build an estuary gate at the outlet of the Huangpu River to
improve the capacity of flood control against the basin-wide large floods. The implementation of the gate
needs further investigation, including the feasibility assessment on the economics, environment and
navigation. When the operation rules of the proposed gate are formulated, much attention should be paid

to the navigation in the river so as to mitigate the adverse influences on the shipping.

18



10

15

20

25

30

35

Acknowledgements

This study was sponsored by the Chinese National Science & Technology Pillar Program (No.
2014BAL05B02) and the program of the National Natural Science Foundation of China (No. 41672230).

References

Balica, S. F., Wright, N. G., and F. van der Meulen: A Flood Vulnerability Index for Coastal Cities and
its use in Assessing Climate Change Impacts, Nature Hazards, doi: 10.1007/s11069-012-0234-1,
2012.

Chen, MeifaM. F.: A Compelling Call for Constructing a Tidal Gate at the Estuary of the Huangpu River,
Shanghai Water, 1-3, 2001{n-Chinese).

Chen, WeiminW. M.:; The Analyses and Evaluation on Economic and Efficiency of the Proposed Tidal
Gate at the Estuary of the Huangpu River, Shanghai Water, 1-5, 12, 2002(a)-(in-Chinese)}.

Chen, W. M.: Economic benefit analysis of the estuary gate at the Huangpu river mouth, J. Econ-. Water
Resources, 53-58, 2002(b).

Cheng, W.H., Wang, C.H., and Zhu, Y.: The Fathu-LakeTaihu Lake Modeling, Hohai University Press,
2006-(in-Chinese).

Cui, BengD., Zhao, GengrunG. R., and Lu, YenginY. J.: Preliminary Analysis of Efficiency of

Construction of a Tidal Sluice in Estuary of Huangpu River, Advances in Science and Technology

of Water Resources, doi:10.3880/j.issn.1006-7647.2012.01.012, 2012-(in-Chinese).

EA (Environment Agency): Summary of Thames Barrier Flood Defence Closures, Retrieved June 21,

2012, from http:// www.environment-agency.gov.uk, 2012.

Evans, E.P. and Cheng, X.T.: China/UK Scientific Cooperation Project, Scenario Analysis Technology
for River Basin Flood Risk Management in the Taihu Basin, Summary Report. Government
Office for Science, London. Retrieved May 8, 2012, from http://

www.nottingham.ac.uk/shared/shared _cpi/documents/discussion_papers/Discussion_44 Harvey River

Basin.pdf, 2012.
Gao J., Chen Y., K Takara, I. D. Cluckie and H. F. Smedt.: Impact of land use changes on runoff of the

Taihu basin, China, International Conference of GISis and& Remote Sensing in Hydrology, 219-
226, 2005.

Hu, Qingfang-Q.F., and Wang, YintangY.T.: Impact assessment of climate change and human activities
on annual highest water level of Fathu-LakeTaihu Lake. Water Science and Engineering, doiBol:
10.3882/j.issn.1674-2370, 2009.

Hu, XinX.: Study on the site selection of the estuary tidal sluice in Huangpu River (Unpublished master’s
thesis), Hohai University, China, 2006.

19


http://www.environment-agency.gov.uk/
http://www.nottingham.ac.uk/shared/shared_cpi/documents/discussion_papers/Discussion_44_Harvey_River_Basin.pdf
http://www.nottingham.ac.uk/shared/shared_cpi/documents/discussion_papers/Discussion_44_Harvey_River_Basin.pdf

10

15

20

25

30

35

IPCC (2013), Climate Change 2013: The Physical Science Basis. Contribution of Working Group | to
the Fifth Assessment Report of the Intergovernmental Panel on Climate Change, edited by:
Stocker, T. F., Qin, D., Plattner, G.-K., Tignor, M., Allen, S. K., Boschung, J., Nauels, A., Xia, Y.,
Bex, V., and Midgley, P. M., Cambridge University Press, Cambridge.

Jin, H., Wang, J. P., Jiang, F. R., Liao, S. H., Liu, D. W., Li, F. P.: Drawing on experiences from

foreign countries for large tidal sluice, China Water Resource, 56-60, 2016.

Jin, KeK., Wang, ChuanhaiC. H., Yu, Xiachang-X. L., and Lin, HejuanH. J.: Application of Joint
Regulation Model of Quantity & Quality in Emergency Water Diversion from Yangtze to Taihu,
China Water Resource, No.1, 18-20, 2008.

Jin, K.e: A Methodological Study to Improve Flood Management of the Tathu-LakeTaihu Lake Basin
(Unpublished Mmaster’s thesis), The International Centre for Water Hazard and Risk Management
(ICHARM), Japan, ICHARM Master Paper-Ne-13-14, 2009.

Liang, RuijuR. J., Cheng, W. H.enhui, Cai, Wenxiang\W. X., and Ma, >deyao-X. Y.{1993}: Hydrological
System Model for Taihu-LakeTaihu Lake Drainage Basin--, Journal-J.ef Lake Sciences, Vol.5, No.2,
Jun., 99-107, 1993-(in-Chinese-with-Enghish-abstract).

Lu, ¥YenghnY. J.. The Defense Situation and Countermeasures against Storm Surge in Shanghai-—,
Shanghai Water, Vol.23, No.4, Mar. 2008, 6-10, 2008-(in-Chinese).

MWR (Ministry of Water Resources of China): The Approval of the Flood Control Planning in the
TFaihu-LakeTaihu Lake Basin, Retrieved March 1, 2012, from
http://www.gov.cn/gongbao/content/2008/content 928455.htm, 2008-(in-Chinese).

NaiAt J. Y., P. H. A. J. M. VanAN GelderELDER, P. J. M. KerssensERSSENS, Z. B. WangANG, and
E. VanAN BeekEEK: Copula Approach for Flood Probability Analysis of the Huangpu River during

Barrier Closure (Coastal Engineering 2004 (4-Volume Set), Proceedings of the 29th International
Conference), Volume 11, 2004-1591-1603, 2004.

Ou, Yanlun-Y. L., and Wu, HaoyunH. Y.: 1999 Catastrophic Flood in the Fathu-LakeTaihu Lake Basin--,
China Water Power Press, 2001-{in-Chinese}.

Qin, B. Q. (eds): Lake Taihu China Dynamics and Environmental Change, Springer Science + Business
Media B.V., 2008.

Qin, D. H., Chen, Y. Y., and Li, X. Y.: Chinese climate and environment evolution. Science Press,
Beijing-, 2005-(in-Chinese).

Shao, ChangkanC. K.: Revisit of the Necessity to Construct an Estuary Gate at the Mouth of the Huangpu
River, Shanghai Water, 18-21, 1999-(in-Chinese}.

Shao, Changkan-C. K., and Yao, Weicheng\W. C.: Discussion of the Possibility of Constructing a Tidal
Gate at the Estuary of the Huangpu River, Shanghai Water, 13-16, 46., 1999-(in-Chinese).

Tang, Y. Z., Xu, G. Q.,and Gao, C. C.: Assessment of present capacity of flood control system in Pudong
New Zone of Shanghai, Yangtze River, 26-29, 2014-{in-Chinese}.

Wang, J., Gao, W., Xu, S. Y., and Yu, L. Z.: Evaluation of the combined risk of sea level rise, land

subsidence, and storm surges on the coastal areas of Shanghai, China, Clim. Change, 115(3 - 4),

537 - 558, 2012.

20


http://www.gov.cn/gongbao/content/2008/content_928455.htm

10

15

20

25

Wang, LiangL., -Cai, YenghY. L., Chen, HengguanH. Q., Dag, Daler, Zhao, Jingmin]. M., and Yang,
Juan).: Flood disaster in Taihu Basin, China: casual chain and policy option analyses, Environ Earth

Sci., doi BO64-10.1007/s12665-010-0786-x, 1119-1124, 2011.
Wu, FataiT. L.: 1999 Catastrophic Flood in Taihu Basin and the Consideration for Taihu Flood Control

Planning, Jeurnal-of. Lake Sciences, Vol.12, No.1, 6-11, 2000-(in-Chinese-with-Enghish-abstract).
Xiao, Y., Feng, W., and Zhang, Y. Q.: Benefits of building estuarine tidal gates in China and other

countries and its impact analysis, China Water Resource, 25-28, 2017.

Yao, WeichengW. C.: The sStudy on the eEngineering dBesign of eEstuary gGate at the mMouth of the
Huangpu River, Shanghai Water, 21-24, 2001-(in-Chinese).

Yan, Kat.: China coastal engineering, Hohai University Press, 1992-(in-Chinese}.

Ye, Jianehun-J. C., and Zhang, HanghuiH. H.: Practices and thinking of flood risk management in Faihu
LakeTaihu Lake Basin, Advances in Science and Technology of Water Resources, Vol. 35, No. 5,

DOI:10. 3880/ j. issn. 1006 7647, 2015-(in-Chinese-with-English-abstract).
Yu, X. G., Wu, T. L., and Jiang, J. H.: 1999 flooding Heavy in the Taihu_Basin: investigation, analysis

and future suggestions on the_integrated harnessing in the basin. J Lake Sci 12(1):1-5, 2000-{ix

Zhang, ChenghuaC. H.: Case Study II* - Shanghai Huangpu River, Water Pollution Control - A Guide
to the Use of Water Quality Management Principles Edited by Richard Helmer and Ivanildo
Hespanhol, Published on behalf of the United Nations Environment Programme, the Water Supply
& Sanitation Collaborative Council and the World Health Organization by E. & F. Spon, ISBN 0
419 22910 8, 1997.

Zhou, Z.Z -zhengzheng, Liu, ShuguangS.G., Zhong, GuthuiG.H., and Cai, Y.i: Flood Disaster and Flood
Control Measurements in Shanghai. Natural Hazards, ISSN 1527-6988, -2016.

21



L7
N -
e ) <
- -AreaHuxi - ] - ) T Wi
il s T Area Wuchengxiyu

Chgngzhou

Area Yangcheng-
dianmao

Taihu Lake

Taipu Canal

*2
Area Hangjiahu

* Water level stations in the
related surrounding areas

W 0 25 50 km
i > s‘ 2 2 Area Yangcheng-
B BV dianmao
] Lake Taihu
" 2e Th—a : Y4
7 Yuanxiejing Creek | by gor Area Pudong
7 divad e o
**"Vi””‘-’i'l,-gg L E *2 [ ——
S A ‘52_{:’iaxing)a" Area Hangjiahu related surrounding areas
Area Hangj iahu- - e e —
) e sk o 0 25 50km
: Figure -1(cb): Location of water level stations in the related
surrounding areas
" . T’
- ‘ M Area Yangcheng-m\\x ‘

T

Changzhou

Area Huxi

*Tulhu
Taihu Lake

S Wazhen i
Area Hangjiahu

Area Zhexi

21



Plain Area

R

irrigated

+ Water Surface
Paddy Field
Non-
Farmland
Constructed
Ground

]

Regulation and Storage

Runoff of Plain Area

River Networks of
Plain Area

1 Lakes of Plain Area

Water Conservancy
Structures

| Water Surface |

Rainfall

Northwest Hilly Area

Runoff Model

irrigated

Paddy Field
Farmland
Constructed
Ground

Non-

[

Regulation and Storage ‘

With Reservoirs
| Without Reservoirs

Runoff of Hilly Area ‘

Southwest Mountain Area

Distributed Rainfall-

* Boundary Conditions of River Networks of Plain Area

Downstream Boundary Condition: Tidal Level

Controlling Rules of Water Conservancy Structures

A

Find high water in
each tidal period

No

igher than the
control level

4

Gate keeps open
during this tidal
period

|

Flood tide

l

Ebb tide

elling ability or

r

-1

has natural watej

=

[~ "1

Gate keeps
open

Gate start
to close

Gate continues to
keep close

Gate starts to

re-open

Figure 2: Schematization of the extended HOHY model (Modified from Jin et al., 2008)

21



water level (m)

water level (m)

water level (m)

water level (m)

Taihu

5.50

observed
5.00 - - - :simulated
4.50
4.00
3.50
3.00
250

6/1 6/11 6/21 n 71 7121 731 8/10 8/20 8/30
date (mm/dd)
Wuxi

5.00

observed

- - - simulated N

250
6/1 6/11 6/21 n 71 7121 731 8/10 8/20 8/30
date (mm/dd)
Ganlu
5
observed
- - - +simulated
45
R? = 0.9436
4
35 .
!I \\
\
3
25
6/1 6/11 6/21 mn i 7121 7131 8/10 8/20 8/30
date (mm/dd)
Jiaxing
45
observed
43

- - - simulated "

R? = 0.8476

6/1 6/11 6/21 mn 71

date (mm/dd)

7121 7131 8/10 8/20 8/30

water level (m)

water level (m)

water level (m)

water level (m)

21

Changzhou
6.00

observed

5.50

- = - simulated

3.00
2.50
6/1 6/11 6/21 mn 711 721 7131 8/10 8/20 8/30
date (mm/dd)
Suzhou

5.00

observed

- - - simulated

250

6/1 6/11 6/21 mn 711 721

date (mm/dd)

7131 8/10 8/20 8/30

Pingwang
4.50

observed
4.30

- - - +simulated
4.10
3.90
3.70
3.50
3.30
3.10

2.90

270

0
6/1 6/11 6/21 7 71 7121

date (mm/dd)

731 8/10 8/20 8/30

Wuzhen

observed

- - - simulated

45
R? = 0.8417

35

25
6/1

6/11

6/21 mn mni

date (mm/dd)

7121 7131 8/10

8120

8/30




Taipu Gate
800

serv '
700 observed

== =-simulated

discharge (m?/s)

00
6/1 6/11 6/21 7/1 7/11 7/21 7/31 8/10 8/20 8/30
date (mm/dd)

Wangting Siphon

600
observed

500 1 __ = Simulated N\
400

—~

>

= 300

E

© 200

o

g

S 100

o

20

o

0
6/1 6/11 6/21 7/1 7/11 7/21 7/31 8/10 8/20 8/30
date (mm/dd)

8000 - r

6000 - mmmm gate discharge  ——tide level at estuary +delta h of gate

4000 -
0

discharge at gate(m3/s)

: | | i _

-2000 -
-4000 - -

-6000 -
00000000000000... ,...0000000000000000_

-8000 -
-10000 - -

6/6 0:00 6/6 2:00 6/6 4:00 6/6 6:00 6/6 8:00 6/6 10:00
time (mm/dd hr:min)

o = N

elevation(m)

[aEN

21



N

o

o

o
I

mmmm gate discharge

—=— tide level at estuary

3

delta h of gate

discharge at gate(m3/s)

LR BT I Y

I
ooy

00

te

*
.

8/15 4:00

.

8/15 6:00

.

* *
sigpitd

time (mm/dd hr:min)

8/1580

0

..oooootootoooo
+ 9

elevation(m)

Yangtze River

Huxi

Zhexi

Wucheng

21




5.2

5.0

4.8

4.6

»
IS

water level (m)
w o ow ow s
= (=)} (o] o N

w
[N)

Lake Taihu

\k\ 0.12m

T

7/1

7/21 7/31
date (mm/dd)

7/11

8/10

8/20

Station 1 (in the Yangchengdianmao Area)

Station 1 (in the Yangchengdianmao Area)

50 =
45 L N | N N N N A AN NN R base A
1
1
240 | Al
£
3 35 /\I/
3 1 > —- A2
530 (S :\ !
g / .
H LR 1 ~. / A3
25 4 /T 1 -
- i ! v
2.0 —-nd
: 1
15 1 .
6/1 6/11 6/21 7/1 7/11 7/21 7/31 8/10 8/20 8/30 9/9 6/21 6/23 6/25 6/27 6/29 7/1 7/3 7/5 7/7 7/9 7/11
date (mm/dd) date (mm/dd)
Station 2 (in the Hangjiahu Area) Station 2 (in the Hangjiahu Area)
5.0 —— 4.9
\J/ a7 l 0.19m
4.5 { ------ base A 45 4+ W e base A
4.0 I
B 1 —aA1
<35 1
2 1
§3'° M bt —- A
H | [
25 i 1 A
1
2.0 !
1 1
1 —-n4
15 | I .
6/1 6/11 6/21 7/1 7/11 7/21 7/31 /10 8/20 8/30 9/9 6/21 6/23 6/25 6/27 6/29 7/1 7/3 7/5 7/7 7/9 7/11
date (mm/dd) date (mm/dd)
Station 3 (in the Puxi Area) Station 3 (in the Puxi Area)
5.0 43
4.1
5 4+t . base A
3.9
4.0
B —a1 37
335 T35
3 3
530 s g 33
K kS
H 331
25
" 29
2.0 27
—-m
15 25
6/1 6/11 6/21 7/1 7/11 7/21 7/31 8/10 8/20 8/30 9/9 6/21 6/23 6/25 6/27 6/29 7/1 7/3 7/5 7/7 7/9 7/11
date (mm/dd) date (mm/dd)

21



Station 4 (in the Pudong Area)

Station 4 (in the Pudong Area)

50 [t 37
1
45 i : ------ base A 15
4.0 ! !
1 1 —aA1 33
35 1 b

water level (m)
w
°
g
?<—
o
=3
5
&
'
1
>
9
water level (m)
w
&

2.9
25 1 1 X A3
! 1
20 1 i 27
1 — - -A4
1

._.
w

~

W«

6/1 6/11 6/21 7/1 7/11 7/21 7/31 8/10 8/20 8/30 9/9

date (mm/dd)

6/21 6/23 6/25 6/27 €/29 7/1 7/3 75 77
date (mm/dd)

7/9 7/11

Cross-section 1 (at the middle of Taipu Canal) Cross-section 1 (at the middle of Taipu Canal)

5.0

45 4 N =====baseA | | TR e base A
a0 AL
£
3 35
4
3 - A2
g30
H

25 A3

2.0

—-n4

15

6/1 6/11 6/21 7/1 7/11 7/21 7/31 8/10 8/20 8/30 9/9 6/21 6/23 6/25 6/27 €/29 7/1 7/3 7/5 7/7 7/9 7/11
date (mm/dd) date (mm/dd)
Cross-section 2 (at the downstream of Taipu Canal, clsoe to the outlet) Cross-section 2 (at the downstream of Taipu Canal, clsoe to the outlet)

50 —_——

45 4 v eeeebaseA YT g e base A
A4.0 —Al
£
335
3
% —- A2
530
H

25 A3

2.0

—-n

15 .

6/1 6/11 6/21 7/1 7/11 7/21 7/31 8/10 8/20 8/30 9/9 6/21 6/23 6/25 6/27 6/29 7/1 7/3 7/5 7/7 /9 7/11
date (mm/dd) date (mm/dd)
Cross-section 3 (at the upstream of Huangpu River) Cross-section 3 (at the upstream of Huangpu River)
45 42
40 4 e base A 40 \L 046m base A
38
36
3 AL ~ AL
B E34
=30 =
H Y 32 - A2
525 530
g 22
20 A3 26 A3
24
15
—-na 22 — A4
1.0 T L 2.0
6/1 6/11 6/21 7/1 7/11 7/21 7/31 8/10 8/20 8/30 9/9 6/21 6/23 6/25 6/27 6/29 7/1 7/3 7/5 7/7 /9 711

date (mm/dd)

date (mm/dd)

21



ol
o

Cross-section 4 (at the upstream of Huangpu River)

Cross-section 4 (at the upstream of Huangpu River)

! 1
4.0 : ------ baseA % L e base A
1
3 1 AL —aA1
E )
30 rf\/\/ -
3 \,\,! A2 - A2
325 3
=
H
20 ' A3 A3
5 —-A4 —-A4
10 2.0
6/1 6/11 6/21 7/1 7/11 7/21 7/31 8/10 /20 8/30 9/9 6/21 6/23 6/25 6/27 6/29 7/1 /3 7/5 7/7 7/9 7/11
date (mm/dd) date (mm/dd)
Cross-section 5 (at the middle of Huangpu River) Cross-section 5 (at the middle of Huangpu River)
45 r= === 4.0
1 1 38
40 1 I (N A N A S base A 1 1 17 1 10 1 1 1 1| 1| == base A
1 36
35 1 AL 34 AL
£ 1 E
£ =32
3 30 1 =
3 : e A2 230 R
525 {7 / 5
2 I g238
H K I H
20 4 ; A3 26 A3
s 1 24
) 1 1 —-A4 22 —-Ad
10 L ! 20
6/1 6/11 6/21 7/1 7/11 7/21 7/31 8/10 8/20 8/30 9/9 6/21 6/23 6/25 6/27 6/29 7/1 73 7/5 7/7 7/9 7/11
date (mm/dd) date (mm/dd)
Cross-section 6 (at the middle of Huangpu River) Cross-section 6 (at the middle of Huangpu River)
45 — 36
| 1
20 : 1 34
1
35 : ' " 3.2
B L 0.41m Eso0
30 A f 3
H WAV o I 328
pu kY 1T ' =
£25 B I AN . ]
g . AN - J N 26
s | [AWAREN SN N A g
20 4y I ¢ ~ 3 24
15 !
- 1 I —ona 22
! 1
10 —-_——— 2.0
6/1 6/11 6/21 7/1 7/11 7/21 7/31 8/10 8/20 8/30 9/9 6/21 6/23 6/25 6/27 6/29 71 7/3 7/5 7/7 7/9 7/11
date (mm/dd) date (mm/dd)
Cross-section 7 (at the downstream of Huangpu River, before gate site) Cross-section 7 (at the downstream of Huangpu River, before gate site)
45 35
...... b 33 JR—
40 ase A 0.60m base A
3.1 X
35 AL 29
E E
S0 27
3 A2 325
25 P
g g23
H H
2.0 A3 21
19
13 —-A 17
10 15
6/1 6/11 6/21 7/1 7/11 7/21 7/31 8/10 8/20 8/30 9/9 6/21 7/1 7/11 7/21 7/31 8/10 8/20
date (mm/dd) date (mm/dd)

21




discharge at the site of Huangpu gate
(md/s)

15000 -

10000 -

5000 -

-5000 -

-10000

!

-15000 -
6/27 0:00

6/28 0:00 6/29 0:00 6/30 0:00

---- baseA

7/10:00 712 0:00 7/3 0:00 714 0:00

date (mm/dd hr:min)

Taihu lake Changzhou
35 6.0
50 ——observed 55 | ——observed
- ’E - - —simulated
£ - = = simulated - 50
< 45 El
>
2 2 s
-
s 40 3
] k]
] g 40
35
35
3.0 3.0
25 25
6/1 6/11 6121 mn 711 7721 7531 8/100 820 8/30 6/1 6/11 621 mn 711 721 75310 810 8220 830
date (mm/dd) date (mm/dd)
Wuxi Suzhou
5.0 50
T 45 | ——observed 15 observed
E - - - simulated a - - —simulated
] =
E 4.0 S 4.0
£ =
2 g 45
3. ﬁ El
z
3.0 3.0
25 25
6/1 6/11 621 7 711 721 731 810 820 830 6/1 611 6721 M1 711 721 731 810 820 8430
date (mm/dd) date (mm/dd)
Ganlu Pingwang
5.0 45
= e 2 =
E4s o_bscnui , " observed N R* = 0.9044
= - = -simulated /N R* = 0.9436 [~
z E - - -simulated
w2 40 3
g Z 35
?3s s g
‘ =
' \| N z
vy 3.0
3.0 A4
25 25
6/1 6/11 6121 m T 721 7531 810 820 8430 6/1 6/11 621 m 711 721 7310 810 820 830
date (mm/dd) date (mm/dd)

30



Jiaxing

——observed R = 0.8476
4.0

- - -simulated

water level (m)

3.0

7o 121 751

date (mm/dd)

8/10

820

8/30

water level (m)

Wuzhen
——observed R? = 0.8417
- - -simulated
LY
’
‘
. ’
61 611 621 71 711 721 731 810 820 830

date (mm/dd)
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Figure 9: Comparison of the simulated daily water levels during the period from June to August in 1999 at
four stations (as shown in Figure 1) under the five scenarios considered in this study.
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Figure 10: Comparison of the simulated water levels during the period from June to August in 1999 at the

seven cross-section points (as shown in Figure 1) along the Taipu Canal and Huangpu River under five
scenarios considered in this study.
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Figure 11: Comparison of discharges at the site of the proposed gate between the scenarios base A and Al

from June 27 to July 3 in 1999 (The negative discharges means the tidal water intrusion)
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Table 1: The definitions of five different scenarios considered in this study.

Scenario Definitions

base A without the_construction of the proposed-estuary gate at the estuary of-the Huangpu River

AL with the gate, and-it-will-be operated to prevent tidal intrusion 7 days in advance before the lake level
reaches the peaks-value

A with the gate, and itwit-be-operated to prevent water intrusion when_the large basin-wide floods
oceur-occur (defined as the large-basin-wide-floods-here-meanthatlake levelis higher than 4.50m)

A3 with the gate, and it will not be closed to prevent tidal water intrusion until the tide rises to a pre-
defined the-tide-threshold (defined as the-tide-threshold-here-egual-te4.0m in this study)

Ad with the gate, and it will always be closed whenever the tidal water -intrudess

Table 2: Peak lake water levels and the duration (the number of days) from June to August of 1999 when the
lake water levels are higher than a certain control level under five scenarios considered in this study

peak value. flood control level high water level design water level design water level
Scenario 3.5m 4.0m 4.65m (1/50) 4.8m (1/100)
w (days) (days) (days) (days)
base A 5.03 81 37 12 8
Al 4.99 81 35 11 8
A2 5.02 81 34 11 8
A3 5.00 81 31 11 8
Ad 491 70 28 10 6

Table 3: Peak water levels at the four representative stations under five scenarios considered in this study

(unit: m)

Scenario Station1 Station2 Station3 Station 4
base A 4.22 4.46 3.78 3.38
Al 4.00 431 3.43 3.38
A2 4.12 4.39 3.63 3.38
A3 4.09 4.35 3.62 3.37
Ad 3.90 4.27 3.39 3.33
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Table 4: Summary of the inflow volumes of the tributaries in the upstream of the Huangpu River from June
to August in 1999 under five scenarios considered in this study (unit: billion m3)

Scenario base A Al A2 A3 A4

outlet of the Taipu Canal 3.93 3.99 411 4.43 5.00
Tributaries in the

tributaries from the sub-area, northwest of
upstream area of 0.59 0.62 0.64 0.77 1.05

the Huangpu the Huangpu River

River tributaries from the sub-area, southwest of
) 1.50 1.63 1.83 2.24 3.25
the Huangpu River

Table 5: Summary of tide intrusion and outflow volume at the site of the proposed gate from June to August
5 in 1999 under five scenarios considered in this study (unit: billion m?)

Outflow volume at the gate site

Times to close the Special explanation about the

Scenario tide total outflow net outflow
gate gate close rules
intrusion volume volume
base A 17.49 24.69 7.20 /
Al 15.58 23.03 7.45 14 from Jun. 27t to Jul. 3
A2 14.14 21.94 7.80 30 from Jun. 30™ to Jul.14t
A3 10.78 19.58 8.80 74 until high tide rises up to 4.0m
A4 0 10.95 10.95 184 from Jun. 1% to Aug. 31
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