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Abstract

The southeastern margin of the Qinghai-Tibet Plateau is characterized by complex geo-
logical conditions and frequent disasters such as landslide-induced river blockage and
subsequent barrier lake breaching. With the construction of cascade reservoirs in the ba-
sin, the potential impacts of historical barrier lakes under the current flood control system
remain unclear. Reconstructing the breaching process of barrier lakes is of great guiding
significance for regional flood control and disaster mitigation, risk management, and the
safe operation of cascade reservoirs in the basin. In this study, the Mogangling landslide
barrier lake in the Dadu River basin was selected as the research object. We constructed
breach flood hydrographs for the 300 m and 600 m breach scenarios and established a one-
dimensional and two-dimensional coupled hydrodynamic model of the barrier lake
breach flood based on the integrated flood modeling system (IFMS). The model was used
to simulate the propagation and inundation processes of the breach flood under natural
propagation without reservoirs and under the joint operation of the cascade reservoirs.
Spatially distributed socioeconomic data were then combined with the model to assess
flood impacts and the potential disaster mitigation effect of the joint operation of the cas-
cade reservoirs. The results show that the joint operation of the cascade reservoirs can
reduce the peak discharge of the barrier lake breach flood by 30.7-97.9%, decrease the total
inundated area of downstream riverside towns by 70%, and reduce the GDP losses and
the affected population by 89% and 87%, respectively. In addition, artificial excavation of
a spillway channel can reduce the peak discharge of the natural barrier lake breach by
approximately 30%.

Keywords: barrier lake breach; Dadu River; IFMS; hazard analysis; joint operation of
cascade reservoirs

1. Introduction

Barrier lakes are common geological hazards in mountainous areas, usually formed
when landslides triggered by rainfall, earthquakes, snowmelt, or other factors block river
channels [1,2]. Barrier lake breaching is generally characterized by strong abruptness and
enormous destructive power; it can release a large volume of stored water within a short
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period, generating floods with large discharges, high peak flows, and long propagation
distances, thereby posing serious threats to downstream infrastructure as well as to hu-
man life and property [3-5]. The southeastern margin of the Qinghai-Tibet Plateau is
densely covered by high mountains and deep valleys with large topographic relief, strong
seismic activity, and complex geological environments [6,7], making it highly prone to
landslides and barrier lake disasters. Large rivers such as the Jinsha River, Yalong River,
Dadu River, and Min River deeply incise this region, and landslide-induced river block-
age and barrier lake formation occur readily under the effects of earthquakes and intense
rainfall [8,9]. Historically, this region has experienced numerous large-scale landslide-in-
duced river blockages and barrier lake breach disasters. For example, the 1786 Mogan-
gling landslide barrier lake event on the Dadu River caused severe casualties and property
losses [10]. In 1933, the Diexi earthquake triggered multiple landslides that blocked the
upper reaches of the Min River and formed several barrier lakes, some of which subse-
quently breached and caused severe disasters in downstream areas [11]. The 2008 Wen-
chuan earthquake formed 257 barrier lakes, among which the Tangjiashan barrier lake
posed a major threat to downstream areas [12,13]. In 2018, two successive large-scale land-
slides blocked the Jinsha River at Baige, and the resulting barrier lakes and breach floods
inundated multiple downstream towns, destroyed numerous bridges, houses, and farm-
lands, and caused substantial economic losses [14,15].

In recent decades, advances in computer technology and numerical methods have
made hydrodynamic models core tools for studying flood propagation and inundation.
Representative models, including the Integrated Flood Modeling System (IFMS) [16],
MIKE FLOOD [17], HEC-RAS [18], and LISFLOOD-FP [19], have been developed, form-
ing a relatively complete methodological framework. Their clear physical basis, ability to
describe the spatiotemporal evolution of floods, and flexibility in scenario simulation have
been central to this development. For example, IFMS, developed by the China Institute of
Water Resources and Hydropower Research, includes multiple functional modules for
one-dimensional river hydrodynamic simulation, two-dimensional surface flow simula-
tion, and one- and two-dimensional coupling [20]. Currently, many scholars have used
hydrodynamic models to conduct extensive research on barrier lake breach floods. Chen
et al. [21] reconstructed the dam-break model of the Sedongpu landslide barrier lake on
the Yarlung Tsangpo River in 2018, simulated the routing of the breach flood along the
downstream channel, and analyzed the flood risk under different breach scenarios. Mei et
al. [22] developed a three-dimensional numerical model based on physical principles for
calculating the breach behavior and morphological evolution of landslide dams, and val-
idation against experimental cases showed that the calculated results agree well with the
experimental data. Zhang et al. [23] investigated landslide dam breaching and down-
stream flood propagation through a combination of physical model experiments and nu-
merical simulations, and further analyzed the effects of channel topography and upstream
inflow conditions on the breach process and flood propagation. Ma et al. [24] investigated
the breach process of the Tangjiashan landslide barrier lake and its downstream impacts
by coupling a dam-break model with a two-dimensional unsteady flow model. Existing
studies have primarily focused on the evolution of barrier lake breaches under natural,
unregulated river channel conditions, clarifying the disaster-forming mechanisms, breach
modes, flood routing characteristics, and hazard assessment of barrier lakes, thereby
providing an important theoretical basis and technical methods for barrier lake hazard
assessment and emergency response.

However, since the 1980s, a large number of reservoirs and hydropower projects
have been constructed and put into operation [25]. In particular, in the large rivers of the
mountainous southwestern China, the formation of cascade reservoir systems has signif-
icantly changed the propagation characteristics of floods in natural channels. Previous
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studies on barrier lake breach floods under natural channel conditions are difficult to ap-
ply to the complex hydrological evolution scenarios after the construction and operation
of cascade reservoirs. Therefore, it is essential to conduct research on barrier lake breach
floods under the influence of the current basin reservoirs. In recent years, some studies
have begun to focus on the regulation effect of downstream reservoirs on barrier lake
breach floods. Chen et al. [26] analyzed the mitigation effect of pre-releasing reservoir
storage and joint operation of the cascade reservoirs in the middle Jinsha River on the
Baige barrier lake breach flood. Gan et al. [27] used a one-dimensional hydrodynamic
model to simulate the impacts of the Baige barrier lake breach flood under two scenarios:
natural discharge and interception by a downstream high dam, and the results showed
that reservoir regulation can effectively reduce the flood peak and delay the arrival time
of the flood peak. Zhang et al. [28] used the DB-IWHR and HEC-RAS models to assess the
risk of different emergency scenarios, including excavation of a spillway channel, removal
of a downstream cofferdam, and pre-release of storage from a downstream hydropower
station; the results further showed that reasonable regulation of downstream reservoirs
can significantly reduce the socioeconomic impact of barrier lake breach floods. Overall,
downstream reservoir projects play a crucial role in reducing breach floods and mitigating
the potential impacts on downstream areas.

Although existing studies have recognized the important role of downstream reser-
voirs in reducing barrier lake breach flood hazard, they mainly focus on typical events in
recent years with relatively complete monitoring data, and the reconstruction and analy-
sis of major historical barrier lake breach events remain relatively limited. In particular,
there is a lack of analyses that place historical extreme breach floods within the current
cascade reservoir system, thereby revealing the regulation capacity of the modern basin
water conservancy project system when facing historical extreme floods. Moreover, bar-
rier lake breach floods are not only significantly affected by the regulation of cascade res-
ervoirs, hydropower stations, and other water conservancy projects along the river [27],
but are also controlled by the breach mode of the barrier dam and the channel topography
[23,29]. With the continuous construction of cascade reservoir systems and the long-term
evolution of channel topography and underlying surface conditions, the channel topog-
raphy and engineering conditions at the time of historical barrier lake events have differed
markedly from the current conditions [30], and there is insufficient understanding of the
potential impacts of historical disasters under the current basin flood control system.
Therefore, it is necessary to explore how the modern water conservancy project system
responds to historical extreme barrier lake breach floods, and to further develop a tech-
nical pathway and methodological framework that can provide a reference for the hazard
assessment, emergency regulation, and disaster prevention and mitigation of similar sud-
den river-blocking events.

The Dadu River basin, located on the southeastern margin of the Qinghai-Tibet Plat-
eau, has experienced multiple barrier lake breaches in its history. With the construction of
cascade reservoirs in the basin, the channel storage and release conditions and the condi-
tions for flood propagation have changed markedly. Existing studies have not yet clarified
the propagation of breach flood peaks, riverside inundation, or population and economic
exposure under joint operation of the cascade reservoirs. Therefore, it is urgently neces-
sary to assess the disaster mitigation effect of historical barrier lake breaches under the
current cascade reservoir conditions in the Dadu River basin. The 1786 Mogangling bar-
rier lake breach is one of the major documented landslide-induced river-blockage disas-
ters in the Dadu River basin. Its breach flood propagated over a long distance along the
river and severely affected downstream riverside towns and settlements. Cascade reser-
voirs have now been constructed upstream and downstream of the Mogangling dam site,
providing conditions for analyzing the combined effects of upstream inflow reduction and
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downstream flood retention. The Mogangling event therefore provides a suitable case for
basin-scale analysis of the propagation characteristics of historical extreme breach floods
and of the disaster mitigation effects of joint operation under current cascade reservoir
conditions. On this basis, this study simulated breach flood scenarios under the current
basin topography and hydraulic engineering conditions. First, two barrier lake breach sce-
narios were established based on historical data, and the breach discharge hydrographs
were reconstructed. Second, considering IFMS has demonstrated good applicability in
previous flood simulation studies [31,32], IFMS was selected to simulate the propagation
of the barrier lake breach flood in river channels and floodplains. Scenarios of natural
routing without reservoirs and joint operation of the current cascade reservoirs were es-
tablished. The propagation and inundation characteristics of the breach flood and its im-
pacts on downstream flood hazard and population and economic exposure were com-
pared and analyzed. The benefits of joint operation of the cascade reservoirs were then
evaluated in terms of reducing the flood peak, retaining floodwater, and mitigating flood
disasters. In addition, emergency response scenarios such as the artificial excavation of a
spillway channel were established to further examine how engineering interventions can
mitigate barrier lake breach hazard. This study can effectively fill the gap in basin-scale
hazard assessment of large barrier lake breach floods in the Dadu River basin under the
current cascade reservoir conditions. It also provides a scientific reference for hazard as-
sessment and emergency response planning for similar barrier lake disasters.

2. Materials and Methods

2.1. Overview of the Mogangling Barrier Lake

On 1 June 1786, a strong Ms 7.75 earthquake occurred in the Kangding-Moxi region,
triggering a giant landslide at Mogangling in Detuo Township, Luding County [10]. The
landslide mass blocked the main channel of the Dadu River and formed a large barrier
lake. After impounding water for 9 days, the barrier lake began to overflow by overtop-
ping and breached on the following day, causing catastrophic damage to riverside towns
including Shimian, Ebian, Leshan, and Yibin, and resulting in more than 100,000 fatalities.
It is one of the most severe documented landslide-induced river-blockage events in Chi-
nese history. The Mogangling barrier dam is located in the lower reaches of the Dadu
River at 102°09'41.19" E and 29°37'30.73" N. The original channel at the site is a deep U-
shaped valley with a relative relief of up to 800 m. The earthquake caused instability and
collapse of the high mountain slope on the right bank of the Dadu River, which rapidly
blocked the river and formed the barrier lake. According to Zhao et al. [33], who investi-
gated the depositional characteristics and formation mechanism of the Mogangling land-
slide, the landslide volume is approximately 45 million m?, with a length of approximately
450 m and a width of approximately 1000 m. After more than 200 years of evolution, sub-
stantial landslide deposits remain on both banks of the river (Figure 1).
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Figure 1. (a) Overview of the Dadu River basin and distribution of cascade reservoirs; (b) present-

day conditions at Mogangling. The satellite image is from Google Earth.

The hydrological station nearest to the study area is the Luding station, located ap-
proximately 40 km upstream of the Mogangling barrier lake; therefore, discharges from
this station were used as the inflow boundary condition. According to observed June dis-
charges at the Luding station from 2020 to 2025, provided by the Sichuan Provincial Water
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Resources Department, the annual mean June discharges ranged from 645.34 to 2889.51
m?/s, with medians ranging from 544 to 2910 m?/s. For June records from 2020 to 2025, the
mean discharge based on valid records was 1779.46 m%/s, and the median was 1808.8 m?/s.
Considering that the Mogangling barrier lake formed in June, a discharge of 1800 m?/s
was adopted as the representative inflow under the baseline scenario for simulations of
the barrier lake breach flood and reservoir operation. Several large reservoirs, including
Dagangshan, Longtoushi, Pubugou, Gongzui, and Tongjiezi, have been built in the river
reach downstream of the Mogangling barrier lake, and four reservoir hydropower sta-
tions, namely Houziyan, Changheba, Huangjinping, and Luding, have been built up-
stream. The storage parameters of the reservoirs downstream of Mogangling are shown
in Table 1 (data provided by the Sichuan Provincial Water Resources Department).

Table 1. Storage parameters of the reservoirs downstream of Mogangling.

Reservoir Total Storage Capacity (m?)  Regulation Storage Capacity (m?)

Dagangshan 7.77 x 108 1.17 x 108
Longtoushi 1.40 x 108 0.17 x 108
Pubugou 50.32 x 108 10.80 x 108
Gongzui 3.10 x 108 0.96 x 108
Tongjiezi 2.02 x 108 0.55 x 108

2.2. Data

This study used DEM, land use, population grid, GDP, and building data. The 5 m
DEM was obtained from the Sichuan Provincial Bureau of Surveying, Mapping and
Geoinformation and represents 2020 conditions. The land use, population grid, and GDP
grid data also represent 2020 conditions and were obtained from the Resource and Envi-
ronment Data Cloud Platform (https://www.resdc.cn/). Land use data have a spatial res-
olution of 30 m, whereas the population and GDP grid data have a resolution of 1 km.
Building data were obtained from the National Tibetan Plateau Data Center
(https://data.tpdc.ac.cn) and represent 2023 conditions. Dataset resolutions, times, and
sources are summarized in Table 2.

Table 2. Details of the datasets.

Dataset Resolution Time Source
Sichuan Provincial Bureau of
DEM 5m 2020 Surveying, Mapping and
Geoinformation
Land use 30 m 2020 Resource and Environment
Population grid 1km 2020 Data Cloud Platform
https://www.resdc.cn/) (ac-
GDP 1km 2020 ( cefsed on 10 March 20)2(6)
National Tibetan Plateau Data
Building - 2023 Center (https://data.tpdc.ac.cn)

(accessed on 14 March 2026)

2.3. Simulation and Hazard Analysis of the Barrier Lake Breach Flood
2.3.1. Calculation Method of the Breach Discharge Hydrograph

In this study, the DAMBRK dam-break model was used to simulate the breach dis-
charge hydrograph. First, parameters such as the breach duration, breach side slope,
breach bottom elevation, and final breach bottom width were predefined. It was assumed
that breaching begins when the water level of the barrier lake exceeds a preset value, that
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the breach bottom width expands from the initial state to the final bottom width within
the prescribed breach duration, and that the breach bottom elevation is incised from the
initial elevation to the final bottom elevation [22,34]. The breach discharge hydrograph
was then calculated using the broad-crested weir formula [29]:

O0=3B.(H-H_.)"+2tan o (H-H,. > (1)

where Q is the breach discharge; B. is the bottom width of the broad-crested weir; H is the
reservoir water level; H. is the bottom elevation of the broad-crested weir; a is the angle
between the breach side slope and the vertical direction.

The inflow and the total outflow jointly regulate the change in the storage volume of
the barrier lake, satisfying the water balance equation:

1-O=ds/dt @)

where [ is the inflow discharge; Q is the total outflow; ds/dt is the rate of change of the
barrier lake storage volume.

2.3.2. Development of the Hydrodynamic Model
(1) Model principles

IFMS can simulate flood propagation in river channels and the spreading of overbank
flow across floodplains while calculating hydrodynamic variables such as discharge, wa-
ter level, water depth, and flow velocity. Roads and levees can be represented as flow-
blocking structures, and breaches, gates, and weirs can be represented as hydraulic struc-
tures. The built-in GPU acceleration strategy substantially improves computational effi-
ciency, making IFMS a powerful tool for flood simulation. The one-dimensional hydrody-
namic module describes river flow using the Saint-Venant equations, represents channel
geometry and flow resistance through channel cross-sections and hydraulic parameters,
and solves these equations using the Godunov scheme of the finite volume method [35].
The one-dimensional Saint-Venant equations are [36]:

B—+=2= @

80 0 (a0’ oz |olo
=== gl === 4
6l+6x< 4 >+gA o AT @)

where Q and g are discharge and lateral inflow, respectively; Z is water level; A is the
channel cross-sectional flow area; « is the correction coefficient; K is the conveyance; Vx is
the component of the lateral inflow velocity in the flow direction; and B is the channel
water-surface width at the current water level. B is determined jointly by the cross-sec-
tional geometry and water level and can be expressed as B = 0A/0Z. Therefore, for natural
rivers, B generally varies with longitudinal position and water level, i.e., B = B(x,Z). Meas-
ured channel cross-sections were used to describe channel geometry and its longitudinal
variation.

The two-dimensional hydrodynamic module is based on depth-averaged two-di-
mensional shallow water equations and describes flood propagation in the horizontal
plane. The equations are solved numerically using the Godunov method and Roe solver,
and terrain and friction source terms represent the interactions between flow and surface
conditions [37]. The two-dimensional shallow water equations are [36]:

oh ¢ohu ohv
+ +—=0

ey ©®)
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where /1 is the water depth; u is the flow velocity in the x direction; v is the flow velocity
in the y direction; s, sy are momentum source terms in the x and y directions, respectively;
Sox and Sy, are bed slopes in the corresponding directions; and S¢, and Sy, are friction
slopes in the corresponding directions, which can be calculated using the Manning for-
mula. The bed-slope and friction terms represent the effects of topographic gravity and
bed resistance on flow, respectively.

(2) Model development

One-dimensional hydrodynamic models are suitable for simulating flood propaga-
tion in the longitudinal direction of a river and offer high computational efficiency. Two-
dimensional models can characterize the spatial spreading and inundation of floodwater
in floodplains but require greater computational effort. Considering the long propagation
distance, complex channel topography, and possible overbank flow in local reaches of the
Mogangling breach flood, this study used a coupled one- and two-dimensional hydrody-
namic model. This approach balances computational efficiency for long-distance flood
routing with detailed simulation of local floodplain inundation. The one-dimensional
model simulated longitudinal flood propagation along the main channel of the Dadu
River, while the two-dimensional model simulated the spatial spreading and inundation
of overbank flow in riverside floodplains. The models were coupled by lateral connections
to enable water exchange between the channel and floodplain.

Considering the attenuation characteristics of the flood along the river, the Mogan-
gling barrier lake dam site was taken as the starting point of the model and Jiang’an
County in Yibin City as the end point of the model. The modeling area includes key riv-
erside towns such as Detuo, Shimian, Hanyuan, Jinkouhe, Shawan, Leshan, Wutonggqiao,
Qianwei, and Yibin (Figure 2). The one-dimensional hydrodynamic model covers a chan-
nel length of 586.6 km with 1998 cross-sections, and the average cross-section spacing is
about 300 m. For the two-dimensional surface model, combined with the actual terrain
and the distribution of riverside towns, a range of 3-6 km on the left and right banks of
the main Dadu River was selected, with a modeling area of about 3550 km?2. The modeling
area was meshed with a grid size of 100 m, and the grids within 2 km of the important
towns and the two river banks were refined to a grid size of 20 m, resulting in a total of
1.26 million grids. A 5 m resolution DEM was used to interpolate the elevation of the grid
cells, the roughness was assigned according to the land use type with a value range of
0.03-0.12 (Table 3), and the grid edge elements were corrected according to the levee flood
control standard. Initial water levels and discharges in the one-dimensional channel were
determined by steady-state calculations under prescribed background discharges and
used as the initial conditions for unsteady flow simulation. The two-dimensional flood-
plain was initially set as dry land with zero flow velocity. The upstream boundary used
the calculated barrier lake breach discharge hydrograph, and the downstream boundary
used a free-outflow condition. The total simulation duration was 96 h, with a computa-
tional time step of 10 s.

https://doi.org/10.3390/w18212739



Water 2026, 18, 2739

9 of 28

f Huangjinping

29°30'0"N

h

N’

Legend
® Barrier dam
& Reservoir

29°0'0"N
L

@ Township seat
— River network
~— Cross-section
[ Hydrodynamic model area
DEM (m a.s.l.)
. High : 7439

28°30'0"N
L

“ Low: 219
40 10 20 40 60 80
km

102°00'E 102°300°E 103°00°E 103°300°E 10400 [ 104300°E 105°00'E

N

(b

1

Figure 2. (a) Model domain; (b) local view of the 1D-2D coupling.

Table 3. Roughness coefficients for different land use classes.

Land Use Class Roughness Coefficient
Paddy field 0.04
Dry farmland 0.06
Urban land 0.12
Rural residential area 0.09
Other construction land 0.12
Forest land 0.10
Grassland 0.08
Water body 0.03
Unused land 0.06
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(3) Flood inundation depth classification method

This study followed the approach of Beden et al. [38] and Peker et al. [39] to classify
flood hazard based on inundation depth and developed a depth-classification scheme
suitable for the scenario comparisons in this study by considering the characteristics of
barrier lake breach floods. Compared with basin rainstorm floods, barrier lake breach
floods are typically more abrupt, have larger peak discharges, rise and fall sharply, and
have shorter durations; local inundation depths can also be large in mountainous gorge
terrain. Because this study focused on the inundation intensity of extreme breach floods
and the response to reservoir operation measures, the maximum inundation depth was
divided into six intervals: <2.0 m, 2.0-5.0 m, 5.0-10.0 m, 10.0-15.0 m, 15.0-20.0 m, and >20.0
m, which were designated Grades I-VI, respectively (Table 4).

Table 4. Classification of maximum inundation depth.

Flood Depth (m) Level
<2.0 I
2.0-5.0 II
5.0-10.0 I
10.0-15.0 IV
15.0-20.0 \
>20.0 VI

2.3.3. Development of the Flood Impact and Loss Assessment Model

Flood impact analysis was carried out using spatial overlay and aggregation statistics
methods. By spatially overlaying the flood inundation extent, administrative boundaries,
and land use data, a refined spatial dataset with topological information was constructed;
combined with socioeconomic data and flood inundation parameters, flood impact indi-
cators by administrative region, land use type, and hazard-bearing body were obtained
through aggregation statistics, including the inundation area, affected population, af-
fected townships and affected villages.

Flood loss assessment adopted the loss-ratio curve method [40]. This method estab-
lishes relationships between flood inundation depth and the relative loss ratios of hazard-
bearing bodies, thereby reflecting possible asset-value losses under different inundation
conditions. Existing studies have generally established relationships between loss ratios
and indicators such as inundation depth for different hazard-bearing bodies based on his-
torical disaster loss surveys, insurance claim data, field surveys, expert judgment, and
comprehensive analysis [41,42]. This study used loss-ratio curves provided by the Sichuan
Provincial Water Resources Department, as shown in Figure 3. The flood loss ratio is de-
fined as the ratio of the value lost by a hazard-bearing body under flood impact to its pre-
disaster asset value and is calculated as follows:
| SoS:

So

(10)

where L is the loss ratio of a certain type of property; So is the pre-disaster value of the
property; 51 is the post-disaster value of the property.
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Figure 3. Flood loss-rate curves.

2.4. Joint Operation Scheme of Cascade Reservoirs Under the Breach Flood

To respond to the sudden breach flood of the Mogangling barrier lake and to reduce
the flood hazard of the downstream channels, towns, and cascade hydropower stations, a
multi-reservoir coordinated joint operation scheme of “pre-releasing storage upstream,
peak staggering and peak reduction step by step, impoundment by core reservoirs, and
auxiliary flood control by downstream reservoirs” was formulated, which maximizes the
comprehensive disaster mitigation efficiency of the reservoir group through advance pre-
release, graded regulation, and coordinated flood retention (Figure 4). The pre-release dis-
charges set for the reservoirs are 2000 m?®/s for Dagangshan, 3000 m?/s for Longtoushi, 4000
m?/s for Pubugou, 5000 m%/s for Gongzui, and 5500 m?®/s for Tongjiezi, by releasing water
in advance to vacate reservoir storage for flood retention. Among them, the Dagangshan
and Longtoushi reservoirs respond the fastest and can be quickly drawn down to the dead
water level within 24 h; the operation periods of the downstream Gongzui and Tongjiezi
reservoirs are relatively long, and they can be steadily drawn down to the dead water
level within 48 h to complete storage release; the core regulating reservoir Pubugou can
add 80 million m? of regulation storage per day; and the Dagangshan reservoir can be
continuously operated for 96 h to reach the limit dead water level. The above reservoirs
vacate a total of 620 million m? of storage, providing sufficient storage space for flood
retention. Considering that the upstream hydropower stations are primarily used for
power generation and have relatively limited regulation capacity, while also ensuring the
basic ecological flow requirements of the upstream river reaches, this study establishes a
reference scenario in which upstream reservoir operations reduce the inflow discharge by
20%. With this reduction from the June average inflow of 1800 m?3/s, the inflow into the
barrier lake is calculated as 1440 m3/s.

When the barrier lake breach flood propagates downstream, the reservoir group ac-
tivates a graded coordinated regulation mechanism, forming a flood control system with
layered defenses. First, the most upstream Dagangshan and Longtoushi reservoirs release
water at their maximum discharge capacity to stagger the peak, carrying out the first
round of peak reduction on the breach flood; the residual flood after the initial regulation
by the Dagangshan reservoir can be completely retained by the Pubugou reservoir, real-
izing effective control of the breach flood; the downstream Gongzui and Tongjiezi reser-
voirs, as the last flood control barrier, maintain low-level operation throughout the pro-
cess and reserve sufficient flood control storage, assisting in retaining the residual flood
and steadily regulating the downstream channel water level to avoid flood overbanking
and inundation. The overall operation process realizes the temporal coordination and
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functional complementarity of the upstream and downstream reservoirs, retaining the
breach flood step by step, effectively controlling the flood hazard, and greatly reducing
the hazard of downstream channel inundation, town disasters, and damage to and shut-
down of cascade hydropower stations.
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Figure 4. Flowchart of the joint operation sequence of the Dadu River cascade reservoirs.

3. Results
3.1. Simulation of the Breach Discharge Hydrograph

Through investigation and analysis of the existing literature and topographic
changes [10,33,43], the breach shape and development process at the time of the barrier
lake breach were inferred, and the backwater inundation extent and storage capacity
curve were derived in combination with the current topographic elevation (Figure 5). The
calculation results show that the backwater length upstream of the barrier dam is about
34.7 km, and the upstream end of the backwater extends to Lugiao Town in Luding
County, affecting Jiajun Township, Lengqi Town, and Chuni Township.

On the basis of the existing literature on Mogangling, and combined with an analogy
analysis of typical barrier lake breach events such as Tangjiashan and Baige, the breach
parameters of the Mogangling barrier dam were comprehensively determined. It is esti-
mated that the total storage capacity of the Mogangling barrier lake is about 1.15 billion
m?, the dam height is about 167 m, the overtopping breach water level is about 1300 m,
the breach bottom width is about 300-600 m, and the breach duration is about 5-10 h.
Therefore, two breach simulation scenarios were set in this study: Scenario 1 is the most
likely breach scenario, with a breach bottom width of 300 m and a breach duration of 10
h, giving a simulated peak discharge of 67,100 m3/s; Scenario 2 is the most unfavorable
scenario, with a breach bottom width of 600 m and a rapid breach duration of 5 h, corre-
sponding to an extreme flood peak discharge of up to 128,400 m?%/s. This study assumes
progressive breach development, with the breach geometry evolving continuously over
the prescribed breach duration. The breach discharge is calculated using the barrier lake
water level-storage relationship and the broad-crested weir equation. The resulting
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breach hydrograph is output at variable time intervals, with a 1 min interval during the
first 8 h and a 5 min interval during the subsequent 8 h. The breach processes of the two
scenarios are shown in Figure 6.
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Figure 6. Breach flood hydrographs under different breach-width scenarios: (a) 300 m; (b) 600 m.

3.2. Simulation of the Breach Flood Routing

The breach discharge hydrographs obtained above for the 300 m and 600 m breach
scenarios were used as boundary conditions to drive the hydrodynamic model, and the
inundation under the no-reservoir natural routing and cascade reservoir impoundment

https://doi.org/10.3390/w18212739



Water 2026, 18, 2739

14 of 28

scenarios was simulated separately. Figure 7 shows the inundation extent and water
depth distribution in the reach above Pubugou under the 300 m and 600 m breach scenar-
ios, with and without cascade reservoir regulation. Under the cascade reservoir impound-
ment scenario, the breach flood passes through the Dagangshan and Longtoushi reser-
voirs and is finally completely retained at the Pubugou reservoir; under the no-reservoir
impoundment condition, the breach flood continues to propagate downstream after pass-
ing through the Pubugou reservoir. Affected by factors such as channel regulation, valley
widening, and flood propagation attenuation along the river, the overall inundation ex-
tents under the 300 m and 600 m breach scenarios are relatively consistent, and the differ-
ence is mainly reflected in that the inundation depth along the river under the 600 m
breach scenario is generally higher than that under the 300 m breach scenario, with the
difference in inundation depth between the two breach scenarios being most obvious un-
der the no-reservoir regulation scenario.

é (a) ’ {;ogangnng \ & % (b)

102700 102°120°F 1027340°E 102°360°F 102°350°E 0200 102120 027240 027360°E 1022450
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Figure 7. Distribution of maximum inundation depth in the reach above Pubugou under different
breach widths and reservoir regulation scenarios: (a) 300 m breach width without reservoir regula-
tion; (b) 600 m breach width without reservoir regulation; (c) 300 m breach width with reservoir

regulation; (d) 600 m breach width with reservoir regulation.

To further analyze the influence of cascade reservoir regulation on the flood inunda-
tion characteristics of key riverside towns, taking the 600 m breach scenario as an example,
the maximum inundation depths of riverside towns such as Detuo, Shimian, and
Hanyuan under the with- and without-reservoir regulation conditions were compared
and analyzed (Figure 8). It can be seen that the responses of different areas to reservoir
regulation show obvious spatial differences. Detuo is located near the downstream of the
Mogangling barrier dam and in the upstream part of the cascade reservoirs, so the inun-
dation extent and water depth distribution under the with- and without-reservoir scenar-
ios are generally similar. As the breach flood propagates downstream and gradually
passes through the cascade reservoir regulation, the peak-reduction effect of the reservoirs
gradually emerges. After being retained by the Dagangshan and Longtoushi reservoirs,
the inundation depths of Shimian and Hanyuan decrease significantly, and the inundation
extents are also relatively small.
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Figure 8. Inundation depth of riverside towns upstream of Pubugou under the 600 m breach-width

scenario: (a) with reservoir impoundment; (b) without reservoir impoundment.

Under the no-reservoir regulation scenario, after passing through the Pubugou reach,
the Mogangling barrier lake breach flood continues to propagate downstream along the
Dadu River and successively affects riverside towns such as Jinkouhe, Shawan, Leshan,
Wutonggiao, and Qianwei, and is finally completely attenuated by the time it reaches Yi-
bin (Figure 9). Because of the long-distance propagation and the influence of factors such
as channel regulation and valley widening along the river, the differences between the
two breach scenarios gradually weaken. The overall propagation paths and inundation
extents of the floods under the 300 m and 600 m breach scenarios are basically consistent,
and the changes in inundation depth are also relatively small.

Taking the 600 m breach scenario as an example, inundation characteristics varied
markedly among different river reaches, and flood arrival times also differed considerably
(Figure 10). Jinkouhe is located in a deeply incised gorge with steep terrain on both banks,
where the inundation depth within the channel was relatively large; the flood arrival time
(FAT) was 14.2 h. After passing Shawan, the flood began to enter the plain area, the inun-
dation depth decreased markedly, and the inundation extent expanded. Low-lying areas
along both banks of Shawan, Leshan, and Wutongqiao were inundated, with FATs of 28.4
h, 31.7 h, and 34.5 h, respectively. Owing to flood peak attenuation and the longitudinal
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spreading of floodwater during long-distance propagation, the breach flood reached Qi-
anwei after 37.8 h, where only limited inundation occurred. The breach flood reached Yi-
bin after 51.2 h and was completely attenuated there.
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Figure 9. Distribution of maximum inundation depth in the reach below Pubugou for different
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Figure 10. Inundation of riverside towns downstream of Pubugou under the natural routing sce-
nario (600 m breach width): (a) Jinkouhe; (b) Shawan; (c) Leshan; (d) Wutonggiao; (e) Qianwei; (f)
Yibin.

https://doi.org/10.3390/w18212739



Water 2026, 18, 2739

17 of 28

3.3. Flood Hazard Analysis Under Different Scenarios

The flood inundation disaster losses under the 300 m and 600 m breach scenarios,
under the no-reservoir natural routing and with-reservoir impoundment scenarios, were
evaluated (Table 5). Under the 300 m breach scenario, the inundation areas under the no-
reservoir natural routing and with-reservoir impoundment scenarios were 361.58 km? and
107.75 km?, respectively; the numbers of affected townships were 111 and 21, respectively;
the numbers of affected villages were 469 and 71, respectively; the numbers of inundated
buildings were 3701 and 843, respectively; the affected populations were 77,259 and 9464
persons, respectively; and the GDP losses were 388,705 x 10* CNY (58,091.97 x 10* USD,
the reference exchange rate on October 16, 2026, was adopted at 1 USD = 6.6912 CNY) and
43,378 x 10* CNY (6482.84 x 10* USD), respectively. Under the 600 m breach scenario, the
inundation areas under the no-reservoir natural routing and with-reservoir impound-
ment scenarios were 365.52 km? and 109.94 km?, respectively; the numbers of affected
townships were 111 and 21, respectively; the numbers of affected villages were 471 and
72, respectively; the numbers of inundated buildings were 3787 and 903, respectively; the
affected populations were 77,693 and 9947 persons, respectively; and the GDP losses were
390,087 x 10* CNY (58,298.51 x 10* USD) and 44,118 x 10* CNY (6593.44 x 10* USD), respec-
tively.

Through comparative analysis of the statistical results, compared with the natural
flood routing scenario, under the joint operation of the cascade reservoirs the inundation
area of the breach flood was reduced by about 70%; the GDP loss was reduced by about
89%; the affected population was reduced by about 87%; the number of affected townships
was reduced by about 81%; the number of affected villages was reduced by about 85%;
and the number of inundated buildings was reduced by about 76%.

Table 5. Comparative analysis of disaster losses under different scenarios.

300 m Breach Scenario 600 m Breach Scenario

with Reservoirs Without reservoirs with Reservoirs Without Reservoirs

Inundated area (km?)

107.75 361.58 109.94 365.52

GDP loss (x10* CNY [x10¢ USD]) 43,378 [6482.84] 388,705 [58,091.97] 44,118 [6593.44] 390,087 [58,298.51]

Affected population (persons) 9464 77,259 9947 77,693
Affected townships (No.) 21 111 21 111
Affected villages (No.) 71 469 72 471
Inundated buildings (No.) 843 3701 903 3787

For the most unfavorable Scenario 2, the water level and discharge routing processes
at key cross-sections along the river under the with- and without-reservoir regulation con-
ditions were compared and analyzed (Figure 11). The results show that the flood peak
discharge and water level processes at the cross-sections differ significantly between the
two conditions: under the no-reservoir condition, the flood peak discharges at the Detuo,
Dagangshan, Longtoushi, Shimian, Hanyuan, and Pubugou cross-sections were 121,735
m?3/s, 121,029 m3/s, 113,744 m3/s, 94,320 m?/s, 60,609 m?%/s, and 31,650 m?/s, respectively.
Under the joint impoundment of the cascade reservoirs, the flood peak discharges at the
above cross-sections became 121,726 m3/s, 83,922 m3/s, 73,523 m3/s, 60,930 m3/s, 32,106
m?/s, and 659 m?/s, respectively. The comparison shows that the flood peak discharges at
the Dagangshan, Longtoushi, Shimian, Hanyuan, and Pubugou cross-sections were re-
duced by 30.7%, 35.4%, 35.4%, 47.0%, and 97.9%, respectively.
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Figure 11. Water level and discharge hydrographs at key cross-sections under Scenario 2 (600 m

breach width): (a) with reservoirs; (b) without reservoirs.

It can be seen that the Detuo cross-section near the barrier dam site upstream is rela-
tively less affected by reservoir regulation; after the flood enters the reach regulated by
the cascade reservoirs, the flood peak attenuates significantly along the river, and the
Pubugou reservoir shows the most prominent peak-reduction effect, being able to almost
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completely retain the breach flood. Overall, the basin cascade reservoirs have a strong
capacity for peak reduction, flood retention, and peak staggering of the barrier lake breach
flood, significantly reducing the overall flood hazard of the basin.

Under the no-reservoir impoundment condition, the Mogangling barrier lake breach
flood continuously propagates downstream along the channel, causing increases in dis-
charge and rises in water level at key cross-sections downstream of the Pubugou reservoir;
the flood routing processes at these cross-sections are shown in Figure 12. The flood peak
discharges at the Jinkouhe, Gongzui, Tongjiezi, Shawan, Leshan, Wutongqiao, Qianwei,
and Yibin cross-sections were 14,493 m3/s, 16,763 m3/s, 15,106 m3/s, 13,789 m3/s, 14,025
m?/s, 12,920 m?/s, 12,373 m?3/s, and 7778 m?3/s, respectively. During the routing of the breach
flood along the river, there is a certain degree of attenuation and peak-time lag, but the
middle and lower reaches such as Jinkouhe, Gongzui, Tongjiezi, Shawan, Leshan,
Wutonggiao, and Qianwei still maintain high flood peak discharges, and the flood has a
strong disaster-causing capacity. Therefore, without the impoundment of the cascade res-
ervoirs, the towns along the middle and lower Dadu River and the main Min River would
face considerable flood conveyance pressure and flood control pressure.
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Figure 12. Water level and discharge hydrographs at key cross-sections downstream of Pubugou
under Scenario 2 (600 m breach width) without reservoirs: (a) Jinkouhe; (b) Gongzui; (c) Tongjiezi;
(d) Shawan; (e) Leshan; (f) Wutonggiao; (g) Qianwei; (h) Yibin.
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4. Discussion
4.1. Disaster Mitigation Effect of Joint Operation of Cascade Reservoirs

Under the current water conservancy project conditions in the basin, if a large barrier
lake similar to Mogangling were to form and breach again, it could still pose serious flood
hazard to the riverside towns upstream and downstream. With the continuous advance-
ment of urbanization in the basin, the population, towns, and important infrastructure
along the Dadu River and its downstream reaches are highly concentrated, the exposure
to flood disasters keeps rising, and the vulnerability and potential losses of the riverside
towns also increase accordingly. In recent years, extreme weather events have shown a
trend of frequent and repeated occurrence [44], with their abruptness, extremity, and ab-
normality continuously intensifying [45], which places higher demands on basin flood
control safety and the emergency operation of water projects. The comprehensive basin
emergency joint operation, considering upstream reservoir interception and downstream
reservoir impoundment, reduced the barrier lake breach hazard by more than 70%, indi-
cating that the joint operation of cascade reservoirs significantly enhances the capacity of
the basin to respond to extreme events. Existing studies have shown that cascade reser-
voirs play a crucial role in the basin flood control system. Upstream reservoirs can reduce
the inflow intensity by regulating the released discharge, thereby relieving the flood con-
trol pressure on downstream channels and control projects [46,47]; downstream reservoirs
can reduce the impact of floods on downstream riverside towns and important infrastruc-
ture through advance pre-release of storage, flood peak retention and reduction, peak-
staggering operation, and flood volume redistribution [26,48]. In the Dadu River basin,
with the operation of the upstream Shuangjiangkou reservoir, the inflow discharge can be
further reduced in future scenarios when a flood event of the same magnitude occurs,
thereby further reducing the flood hazard.

However, the disaster mitigation effectiveness of water projects in extreme sudden-
onset disasters is determined not only by the project scale and storage capacity but is also
jointly constrained by multiple factors such as the spatial layout of projects, storage and
release capacity, and coordinated operation of multiple projects. Chou and Wu [49]
pointed out that reservoir pre-release can vacate storage in advance and increase flood
regulation space. During the 2020 Yangtze River floods, the 22 upstream cascade reser-
voirs significantly reduced the flood peaks through advance storage release, graded im-
poundment, and peak-staggering operation, and effectively relieved the flood control
pressure in the middle and lower reaches [50]. This case shows that sufficient water project
conditions and multi-department coordination are important prerequisites for fully real-
izing the flood control potential of reservoir groups. In contrast, retrospective studies of
historical floods also show that when the spatial configuration of water projects is insuffi-
cient, the potential mitigation benefits of reservoirs may be difficult to fully realize. In the
great 2011 Thailand flood, the huge downstream flood volume mainly originated from
local rainfall and was outside the control range of the two upstream reservoirs; even if the
operation of the two large reservoirs had been changed, the downstream inundation area
would have been reduced by only about 3.68% at most [51]. This indicates that the miti-
gation effect of reservoir operation has clear spatial boundaries, and especially when a
large amount of disaster-causing water originates from local rainfall outside the reservoir
control range, relying only on upstream reservoirs is often insufficient to achieve the de-
sired mitigation effect. Unlike the 2011 Thailand flood, the main disaster-causing flood
volume of the Mogangling barrier lake was concentrated and released in the main Dadu
River, and multiple cascade reservoirs, such as Longtoushi, Dagangshan, and Pubugou,
have already been built downstream, so the project system has a high degree of spatial
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overlap with the main flood propagation path. Therefore, the purpose of the scenario reen-
actment of this historical extreme event under modern conditions is not to precisely re-
produce the disaster process of 1786, but to use a real extreme event to test the emergency
regulation capacity of the current basin flood control system when facing unconventional
sudden floods.

On the basis of fully utilizing the regulation potential of the existing cascade reser-
voirs in the basin, for sudden extreme disasters such as barrier lakes, emergency engineer-
ing measures such as excavation of a spillway channel on the barrier dam and temporary
diversion can also be comprehensively adopted according to the disaster evolution stage,
so as to further reduce the intensity of the disaster source, cut the breach flood peak, and
alleviate the downstream flood hazard. The emergency response practices for barrier
lakes such as Tangjiashan and Baige show that the artificial excavation of a spillway chan-
nel can lower the barrier lake water level and the water volume to be released in advance,
and reduce the breach flood peak by controlling the overtopping location and the breach
evolution process [52,53]. For the Baige “11-03” barrier lake, excavation of a spillway chan-
nel about 13.5 m deep reduced the breach flood peak by about 24% [53], demonstrating
the important role of proactive engineering disposal in reducing barrier lake breach haz-
ard. In this study, referring to the emergency excavation approach of the Baige barrier
lake and comprehensively considering the traffic conditions, construction organization,
and emergency rescue capacity in the Mogangling area, 30 excavators were set to work
continuously for 3 days to excavate a spillway channel 100 m wide and 10 m deep on the
barrier dam (Figure 13). The results show that under this scenario, after the barrier lake
water level rose to about 1270 m, overtopping and discharge occurred about 2.5 days later,
and the breach discharge hydrograph after excavation of the spillway channel is shown
in Figure 13b. The breach flood peak discharge was about 47,000 m?/s, about 30% lower
than the 67,100 m?¥/s of the most likely breach scenario, indicating that excavation of the
spillway channel can release part of the water volume in advance and constrain the breach
development process, effectively reducing the breach flood peak and regulating the
breach flood hydrograph. Under the combined conditions of spillway channel excavation
and advance pre-release of the reservoir group, the Mogangling barrier lake breach flood
can be more fully regulated and its peak more fully reduced and absorbed along the river.
Compared with the natural breach scenario, under the combined regulation condition the
Longtoushi reservoir can avoid breaching, and the downstream flood peak, water level,
inundation extent, and disaster losses can all be further reduced. Therefore, in the disposal
of extreme sudden events, combining the joint operation of the basin cascade reservoirs
with emergency engineering measures can further tap the flood control potential of the
basin.
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after artificial intervention.
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4.2. Uncertainty and Limitation

This study reconstructed breach flood scenarios for the 1786 Mogangling barrier lake
under current topographic and reservoir conditions using the coupled IFMS one- and
two-dimensional hydrodynamic model to analyze the potential disaster mitigation bene-
fits of joint operation of the cascade reservoirs. Because the historical event occurred long
ago and observational conditions were limited, continuous measurements of water level,
discharge, breach evolution, and inundation are unavailable. Reconstruction of the disas-
ter process therefore relies mainly on historical documents, disaster records, and residual
geomorphic evidence [10,54]. Accordingly, uncertainty in this study mainly arises from
breach-process reconstruction, terrain representation and hydrodynamic parameteriza-
tion, reservoir operation conditions, and estimates of exposure and economic loss.

First, uncertainty exists in the reconstruction of the breach flood process. Parameters
such as the barrier dam geometry, initial reservoir water level, breach width, breach
depth, and breach duration are important for determining the breach flood process. In the
absence of historical measurements, these parameters usually need to be estimated from
literature, empirical relationships, topographic inversion, or physical models [55,56]. In
this study, some parameters were determined from historical records, existing research,
and relevant topographic conditions; however, these estimates cannot fully capture the
internal structure, material composition, and breach development of the historical barrier
dam. Uncertainty in these parameters may affect the breach peak discharge, total outflow,
and shape of the flood hydrograph and may propagate through the inflow boundary to
the downstream flood routing and inundation simulations. In addition, this study pre-
sents a scenario reenactment that places a historical disaster event under current basin
conditions. Although the study area is located in a high-mountain gorge with a relatively
stable river, more than two centuries have elapsed since the event; the basin DEM, local
landforms, channel morphology, vegetation cover, underlying surface conditions, and hy-
drological and climatic characteristics may therefore have changed to varying degrees
[57,58]. Therefore, even if landslide-induced river blocking were to occur again at the same
location in the future, the landslide volume, barrier dam morphology, and breach mode
may not be exactly the same as those of the historical event.

Second, terrain representation and hydrodynamic parameter settings may introduce
uncertainty. The model was constructed using existing high-resolution topographic data
and measured channel cross-sections, and local grid refinement was used to improve ter-
rain representation in key areas. However, owing to limitations in the accuracy of the un-
derlying data, computational scale, and the schematization of engineering structures, the
local flow-blocking effects of some bridges, buildings, and other small-scale structures
were not fully represented, which may affect simulated local water levels, flow velocities,
and inundation extents [59]. Manning roughness coefficients were assigned empirically
based mainly on land use type, land cover characteristics, and existing literature. Because
measured data were insufficient for fully calibrating the model under the scenarios con-
sidered here, the spatial variability in flow resistance among river reaches and floodplains
may not be fully captured. These uncertainties may affect flood propagation speed, peak
arrival time, and inundation characteristics. In addition, because historical observed dis-
charge, water level, and inundation extent data for comparison are lacking, it is difficult
for this study to carry out direct accuracy validation of the simulation results for the
Mogangling breach flood scenario. However, many studies have applied IFMS to river
flood routing, flash floods, and reservoir breach flood simulation and have compared and
tested the results against measured data or post-disaster survey data, all achieving good
simulation performance [20,60]. These results provide some reference for the breach flood
simulation in this study.
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Third, the disaster mitigation benefits of joint operation of the cascade reservoirs are
affected by scenario assumptions and actual operating conditions. The upstream inflow-
reduction ratio, initial reservoir water levels, and operation rules used in this study corre-
spond to specific engineering and hydrological conditions. The 20% reduction in inflow
to the barrier lake by upstream reservoirs represents a reference operation scenario and
cannot be directly equated with the regulation capacity attainable under all actual operat-
ing conditions. The pre-release scenario for downstream reservoirs assumes that water
can be released 24-48 h in advance to create the required storage space. However, actual
emergency operation is constrained by the timeliness of monitoring and warning, deci-
sion-making and instruction execution times, real-time inflow and forecast errors, dis-
charge facility capacity, allowable drawdown rates, operating conditions of hydraulic and
electromechanical equipment, and the safe discharge capacity of downstream channels
[61]. These constraints may prevent the pre-release target from being completed within
the prescribed time. In addition, the overall storage and regulation performance of the
reservoir group depends on coordination among cascade reservoirs [62]. If a key reservoir
cannot participate according to the prescribed rules because of equipment failure or oper-
ational constraints, the downstream inflow process, peak superposition relationships, and
overall disaster mitigation effect may change. The results therefore represent potential
mitigation benefits under favorable operating assumptions, and their practical attainabil-
ity must be evaluated with reference to specific events, real-time operating conditions,
and engineering safety constraints.

Fourth, spatial data for hazard-bearing bodies and loss-ratio curves affect estimates
of exposure and economic loss. The spatial resolution, reference year, and spatial alloca-
tion errors of the population and GDP grids may affect the identification of population
and economic activity within inundated areas, particularly where settlements are concen-
trated in narrow river valleys, and gridded data may not accurately capture spatial differ-
ences in these areas [63]. Population and GDP exposure calculated from these data mainly
represent the potential scale of affected populations and economic activity and cannot be
directly equated with casualties or actual economic losses [64]. For economic losses further
estimated using loss-ratio curves, existing curves may not adequately represent the actual
vulnerability of hazard-bearing bodies in the Dadu River basin because of differences in
building structures, asset types, socioeconomic conditions, and flood characteristics
among regions. The reported results are therefore estimates of potential economic loss
under the specified scenarios and loss relationships.

Overall, this study primarily conducted scenario simulations based on the recon-
struction of a historical event and current engineering conditions, focusing on the poten-
tial disaster mitigation effect of breach floods under joint operation of the current cascade
reservoirs. Because directly validating data and systematic parameter sensitivity analyses
are unavailable, the simulation errors and the relative contributions of different uncer-
tainty factors cannot yet be quantified. Future work should strengthen model calibration
and validation by incorporating improved hydrological observations, topographic sur-
veys, modern barrier lake breach cases, and reservoir operation data. Perturbation exper-
iments and uncertainty quantification should also be conducted for key factors such as
breach parameters, Manning roughness, and initial reservoir operating conditions. Addi-
tional unfavorable scenarios, including insufficient pre-release time, non-participation of
key reservoirs, and equipment failure, should be considered to improve the reliability of
the study conclusions and their applicability to engineering practice.

https://doi.org/10.3390/w18212739



Water 2026, 18, 2739

24 of 28

5. Conclusions

In this study, the 1786 Mogangling landslide barrier lake in the Dadu River basin was
taken as the research object. A numerical model of the barrier lake breach flood was con-
structed based on IFMS, and a coupled one- and two-dimensional hydrodynamic model
was used to reproduce the propagation of the breach flood under natural routing and
reservoir impoundment scenarios and to evaluate the disaster mitigation effect under the
joint operation of the cascade reservoirs. The main conclusions are as follows:

(1) The total storage capacity of the Mogangling barrier lake is 1.15 billion m?, and the
flood peak discharges of the 300 m and 600 m breach scenarios are 67,100 m3/s and
128,400 m?/s, respectively. The breach flood has a high peak and a large volume and
is extremely abrupt and destructive; it is a typical above-standard flood that poses a
great threat to the flood control safety of the towns along the middle and lower Dadu
River and the main Min River.

(2) Under the natural routing scenario without considering reservoir regulation, the
breach flood propagates continuously downstream along the Dadu River and finally
reaches Yibin, with a propagation distance of about 586.6 km. Under the reservoir
impoundment scenario, after successive regulation by the Dagangshan and Longtou-
shi reservoirs, the flood peak discharge and total flood volume gradually attenuate,
and the flood is finally completely retained at the Pubugou reservoir, with a propa-
gation distance of about 140 km. Compared with the natural flood routing scenario,
under the joint operation of the cascade reservoirs the flood peak discharges at the
cross-sections from Dagangshan to Pubugou are reduced by 30.7-97.9%, and the im-
pact of the breach flood on downstream towns and infrastructure is reduced by 70—
89%. This indicates that the joint operation of the cascade reservoirs can significantly
reduce the flood peak along the river, greatly reduce the inundation extent and dis-
aster losses, and achieve prominent overall mitigation benefits.

(3) When site conditions permit, excavation of a spillway channel can reduce the storage
volume at the onset of breaching and cut the breach flood peak, further reducing the
disaster and weakening the disaster-causing capacity of the flood at the source; it is
an effective engineering measure in emergency response. When combined with the
joint operation of the cascade reservoirs, it can significantly reduce the flood hazard
of the downstream area.
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