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ABSTRACT Deep excavation dewatering in highly permeable sandy gravel strata faces two major chal-
lenges: distorted parameter estimation and inaccurate prediction of water inflow. This study investigates
four representative deep excavation projects in Shenyang --Zhonghai Huanyu Foundation Pit, Xinlipu
Bridge Subway Station, Shenyang University Subway Station, and Chang’an Bridge South Subway
Station. An intelligent dewatering monitoring system was introduced to obtain high-frequency groundwater
level and flow rate data. A quasi-steady-state identification method based on a sliding time window was
developed, and a segmented hydraulic conductivity inversion model was established using the reverse
large well method. The results reveal significant vertical heterogeneity in the stratigraphy at all four
sites, with hydraulic conductivity in the middle and lower layers generally higher than that in the
upper layers. The overall weighted hydraulic conductivity values are 79.44, 115.01, 87.02, and 114.21
m/d, respectively. The hydraulic conductivity values suggested by site investigations were generally
overestimated, with an average correction factor αk of 0.9034, recommended as 0.90. Water inflow
calculated by the conventional large well method was generally overestimated, with an average correction
factor βQ of 0.641, recommended as 0.65. A three-dimensional transient seepage model established
using GMS-MODFLOW achieved coefficients of determination greater than 0.90 for simulating the water
level variation processes at four observation wells. The inverted parameters and analytical calculations
show high consistency in both magnitude and vertical variation patterns. The proposed technical
framework--”field monitoring inversion→parameter correction→numerical validation”--provides a reliable
methodological support and engineering reference for dewatering design in deep excavations within highly
permeable sandy gravel strata.

INDEX TERMS Reverse large well method; deep excavation dewatering; highly permeable sandy gravel
strata; parameter inversion; water inflow correction; numerical simulation

I. INTRODUCTION
The rapid development of urban rail transit has led to deep
foundation pit engineering becoming increasingly deep,
dense, and situated in complex environmental conditions.
As a key technology for controlling construction safety
and environmental impacts in underground engineering, the
rationality of dewatering design directly affects foundation
pit stability and the safety of surrounding structures [1].
In Shenyang, Quaternary alluvial-proluvial sand-gravel and
rounded gravel strata with high permeability are widely dis-
tributed. These strata are characterized by coarse particles,
well-developed pore channels, high permeability, and signif-

icant vertical heterogeneity. Under such site conditions, the
dewatering process is influenced by multiple factors, includ-
ing stratified hydraulic conductivity differences, recharge
from nearby rivers, seepage around cutoff structures, and
well interference, leading to a complex actual seepage field.

The conventional large-well method has been widely used
in foundation pit dewatering design due to its simplic-
ity and clear formulation [2]–[5]. However, its idealized
assumptions have gradually revealed limitations in highly
permeable sand-gravel strata. For example, the equal-area
equivalent radius method for elongated foundation pits fails
to adequately capture the long-side control effect. The
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radius of influence, often determined by empirical formulas,
may deviate from actual recharge boundary conditions in
high-permeability sites. Furthermore, well interference and
non-Darcy effects under high hydraulic gradient conditions
can lead to systematic discrepancies between theoretical
calculations and field responses [6]. Existing research has
primarily focused on modifications to the model form itself,
such as equivalent radius adjustment, boundary condition
optimization, and well group superposition methods [7],
[8]. However, the issue of inadequate parameter repre-
sentativeness has received relatively limited attention. In
highly permeable sand-gravel strata, the deviation of the
conventional large-well method likely stems from incon-
sistencies between geotechnical investigation parameters,
stratified water supply characteristics, and actual conditions
during the construction period.

In recent years, the application of intelligent dewatering
monitoring systems has enabled continuous acquisition of
high-frequency data at construction sites, including well
group flow rates, water level changes, and equipment oper-
ation status [9], [10]. This provides a data foundation for
parameter inversion based on monitoring constraints and
enables the transformation of traditional analytical calcu-
lations from empirical estimation to dynamic calibration.
Although progress has been made in parameter inversion
studies [11]–[13], most research has aimed to obtain overall
average parameters, with insufficient attention given to strat-
ified permeability differences and their influence on water
inflow evolution. The causes of differences between inverted
parameters and investigation values, their engineering equiv-
alence significance, and how they can be used to modify
conventional design methods remain inadequately discussed.

Therefore, based on four typical deep foundation pit
projects in Shenyang, this study established a reverse large-
well method for the segmental inversion of permeability co-
efficients using high-frequency data from an intelligent de-
watering monitoring system. Engineering correction factors
for permeability coefficients and water inflow were proposed
and validated through three-dimensional numerical simula-
tion. This research aimed to address two core problems—
inconsistency between geotechnical investigation parame-
ters and actual construction responses, and deviation in
water inflow predictions using the conventional large-well
method—thereby providing a reliable methodological basis
and parameter guidance for dewatering design in similar
projects.

II. MATERIALS AND METHODS
A. ENGINEERING BACKGROUND AND
HYDROGEOLOGICAL CONDITIONS
This study investigated four typical deep foundation
pit projects in Shenyang: Xinlipuqiao Station, Zhonghai
Huanyu Foundation Pit, Shenyang University Station, and
Chang’ anqiao South Station. The strata at each site are
dominated by Quaternary alluvial-proluvial sand-gravel and
rounded gravel layers, characterized by high permeability

and significant vertical heterogeneity [14]–[17]. The basic
characteristics of each site are summarized in Table 1.

TABLE 1. Basic Characteristics of the Four Typical Project Sites

Project site Excavation
depth/m

Major aquifer Investigation
permeability
coefficient/
m·d−1

Hydrogeological char-
acteristics

Xinlipuqiao
Station

-18 rounded
gravel⑤5、⑥5

130 Adjacent to Hun River;
strong lateral recharge

Zhonghai
Huanyu
Foundation Pit

-15 gravelly sand、
rounded gravel

95 Urban built-up area; en-
vironmentally sensitive

Shenyang Uni-
versity
Station

-26 gravelly sand
④4、⑤4

85 Distant from river; lim-
ited recharge

Xinlipuqiao Station and Chang’ anqiao South Station are
located adjacent to the Hunhe River and are significantly
influenced by lateral recharge from the river. The aquifer
is dominated by rounded gravel with high permeability.
Shenyang University Station is located away from the
river, with relatively limited recharge conditions. Zhonghai
Huanyu Foundation Pit is situated in a mature urban area
with dense surroundings and high requirements for defor-
mation control.

B. INTELLIGENT DEWATERING MONITORING SYSTEM
The intelligent dewatering monitoring system for foundation
pits consists of four components: a sensor network, a
data acquisition and communication unit, a cloud platform,
and an intelligent analysis and early warning module. The
system deploys water level sensors and flow meters in the
foundation pit area, and the collected data are transmitted in
real time to the cloud platform via IoT gateways, enabling
real-time monitoring and control of water levels, flow rates,
and pump power, as shown in Figure 1.

Fig. 1. Schematic Diagram of the Working Principle of the Intelligent
Dewatering Monitoring System.

Compared with conventional manual monitoring, this sys-
tem offers the following advantages: (1) real-time capability:
second-level or minute-level data updates capture rapid
dynamic changes in groundwater;
(2) accuracy: automated acquisition reduces human error
and significantly improves data quality; (3) continuity: unin-
terrupted monitoring throughout the entire dewatering pro-
cess, from startup to stabilization; (4) economy: intelligent
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control of pump startup and shutdown based on actual
demand, with optimization of operation schedules using
peak-valley electricity pricing.

This study acquired high-frequency monitoring data
throughout the dewatering processes at the four sites, in-
cluding hourly flow rates from each dewatering well, water
level changes in observation wells inside and outside the
pits, and equipment operation status, providing a reliable
data foundation for parameter inversion.

C. REVERSE LARGE-WELL METHOD FOR PARAMETER
INVERSION
1) METHOD PRINCIPLES
The conventional large-well method simplifies discrete
pumping wells in a foundation pit into a single equivalent
large well, establishing the relationship between water in-
flow and drawdown based on Dupuit’ s steady-state flow
theory [18], [20]. For a fully penetrating unconfined well,
the expression is:

Q = 1.366K
2HSW − S2

W

lgR− lg r0
(1)

where Q is the total water inflow into the pit (m3/d),
K is the permeability coefficient (m/d), H is the aquifer
thickness (m), SW is the design drawdown (m), R is the
radius of influence (m), and r0 is the equivalent radius of
the foundation pit (m).

The conventional method is a forward prediction ap-
proach, and its results are highly dependent on the accu-
racy of input parameters. The reverse large-well method
proposed in this study uses monitoring data as constraints,
transforming the forward analytical process into a parameter
inversion: the measured total water inflow Q and regional
drawdown S are taken as known quantities, and the perme-
ability coefficient K is solved inversely. The core of this
method lies in dividing the aquifer into several segments
along the depth direction and inverting the permeability
coefficient of each segment step by step using data from
quasi-steady-state stages.

2) QUASI-STEADY-STATE IDENTIFICATION AND
SEGMENTATION METHOD
In the segmented inversion of formation permeability, the
selection of the drawdown increment △hi directly affects
the identification of permeability differences between layers.
This study did not preset △hi empirically but instead adap-
tively determined segmentation nodes based on monitoring
data. A moving time window was used to perform real-
time statistics on the total well group flow rate series Q(t)

. The mean Q(k) and standard deviation σ(Q,k) of the data
within each time window were calculated. A quasi-steady
state was considered to be achieved when both flow stability
and drawdown stability criteria were satisfied within a given
time window [21].The flow stability criterion is:

ηQ,k =

∣∣Qk −Qk−1

∣∣
Qk−1

≤ εQ (2)

where ηQ,k is the relative change rate of the mean flow
between adjacent time windows, Qk is the mean flow within
the k-th time window (m3/d), Qk−1 is the mean flow within
the (k-1)-th time window (m3/d), and εQ is the threshold for
the relative change rate of mean flow.

CVQ,k =
σα,k

Qk

≤ CV Q (3)

where CV Q,k is the coefficient of variation of flow within
the k-th time window, and CV Q is the flow fluctuation
threshold used to exclude unstable periods where the mean
flow changes little but local fluctuations remain significant.

The drawdown stability criterion is:

ηs,k =
|Sk−Sk−1|

max(Sk−1,0.5)
≤ εS , ∆sk ≤ s0

(4)
where Sk is the mean drawdown within the k-th time

window (m), ηs,k is the change rate of mean drawdown
between adjacent windows,εS is the threshold for drawdown
change rate, △sk is the range of drawdown within the k-th
time window (m), and s0 is the upper limit of allowable
minor fluctuations (m).

In this study, the moving time window △Twas set to 24h,
the flow change rate thresholdεQwas 0.05, the coefficient
of variation threshold CV Qwas 0.10, the drawdown change
rate threshold εS was 0.02, and the drawdown range upper
limit s0 was 0.10 m. The drawdown difference between
the representative times of adjacent stable segments was
defined as △hi, thus achieving adaptive determination of
the segmentation.

3) SEGMENTAL PERMEABILITY COEFFICIENT
INVERSION
For the i-th segment, using the corresponding drawdown
increment △hiand the total pumping rate of the well group
Qi, the permeability coefficient Ki of that segment was
inverted based on the steady-state flow model for a single
well:

K ′
i =

Qi

π
[
H2

0−(H0−
∑m

i=1 ∆Hi+Sw)
2
] · ln Ri

rw

(5)

Ki =
K′

i·
∑m

i=1 ∆hi−
∑m

i=1 Ki−1·∆hi−1

∆hi
(6)

where K’
i is the horizontal equivalent permeability co-

efficient of the formation within the drawdown range∑n
i=1 ∆hi(m/d), Qi is the water inflow into the pit during

the drawdown process
∑n

i=1 ∆hi (m3/d), H0 is the thickness
of the unconfined aquifer before dewatering (m),

∑n
i=1 ∆hi
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is the drawdown of the equivalent large well (m),Sw is the
well loss of the equivalent large well (m), Ri is the radius
of influence corresponding to drawdown

∑n
i=1 ∆hi(m), and

rw is the radius of the equivalent large well (m).

Fig. 2. Schematic Diagram of Stratigraphic Layering (Left) and
Back-Calculation of the Permeability Coefficient of Soil Layers (Right).

The overall equivalent permeability coefficientKW was
obtained by thickness-weighted averaging:

Kw =

∑n
i=1 Ki ·∆hi∑n

i=1 ∆hi
(7)

whereKW is the overall weighted permeability coeffi-
cient(m/d), Kiis the inverted permeability coefficient of the
i-th segment (m/d), ∆hi is the thickness of the i-th segment
(m), and n is the total number of segments.

D. THREE-DIMENSIONAL NUMERICAL SIMULATION
1) MODEL SETUP
A three-dimensional transient seepage numerical model was
established based on GMS-MODFLOW [22] to indepen-
dently validate the inverted parameters. The model covered
a plan area of 177m × 22m, consistent with the study
area. Vertically, the model was divided into five computa-
tional layers corresponding to the stratigraphic structure and
aquifer characteristics.
(1) Boundary conditions: A general head boundary (GHB)
was applied to the four sides of the model, with a reference
head of 40.00 m (initial groundwater level), uniformly set
across all five computational layers to represent lateral
recharge from the external groundwater system [23], [24].
(2) Pumping conditions: A total of 42 dewatering wells were
installed around the foundation pit. Pumping data were input
based on field monitoring records, including total discharge
and partial single-well pumping rates.
(3) Initial parameter assignment: Permeability and storage
parameters for each layer were set according to stratigraphic
characteristics and inversion results. Horizontal permeability
coefficients Kh ranged from 52 to 102 m/d, and vertical
permeability coefficients Kv were taken as 0.2 times Kh to
reflect anisotropy.

2) MODEL CALIBRATION
Model calibration was performed using water level mon-
itoring data from four observation wells (J1, J30, J37,
J42) throughout the entire process. The simulation period
spanned from October 29, 2024, to October 6, 2025, a total

of 342 days. The fitting quality was evaluated using the root
mean square error (RMSE), mean absolute error (MAE), and
coefficient of determination (R2).

III. RESULTS
A. SEGMENTAL PERMEABILITY COEFFICIENT
INVERSION RESULTS
The segmental inversion results for the four sites are shown
in Tables 2–5.

TABLE 2. Segmental Permeability Coefficient Inversion Results for
Xinlipuqiao Station

Layer Water Level
Range /m

Thickness
∆hi(m)

Stage Inflow
Q(m3/d)

Inverted
Ki(m/d)

K1 44.37–39.15 5.22 33680 95
K2 39.15–35.56 3.59 26170 120
K3 35.56–31.67 3.89 28710 135
K4 31.67–29.72 1.95 11630 119.5

TABLE 3. Segmental Permeability Coefficient Inversion Results for
Zhonghai Huanyu Foundation Pit

Layer Water Level
Range /m

Thickness
∆hi(m)

Stage Inflow
Q(m3/d)

Inverted
Ki(m/d)

K1 36.70–33.56 3.14 17025 67.5
K2 33.56–29.41 4.15 25450 85.19
K3 29.41–21.56 7.85 43820 95.8

TABLE 4. Segmental Permeability Coefficient Inversion Results for
Shenyang University Station

Layer Water Level
Range /m

Thickness
∆hi(m)

Stage Inflow
Q(m3/d)

Inverted
Ki(m/d)

K1 41.50–36.84 4.66 16330 55.02
K2 36.84–30.26 6.58 26930 75.01
K3 30.26–23.64 6.62 27560 95
K4 23.64–19.01 4.63 14140 88.04

TABLE 5. Segmental Permeability Coefficient Inversion Results for
Chang’anqiao South Station

Layer Water Level
Range /m

Thickness
∆hi(m)

Stage Inflow
Q(m3/d)

Inverted
Ki(m/d)

K1 43.86–40.11 3.75 8997.16 85.4
K2 40.11–35.47 4.64 13751.89 105.1
K3 35.47–30.26 5.21 19117.7 129.9
K4 30.26–25.16 5.1 18411.78 114.2

The inversion results for all four sites showed significant
vertical heterogeneity in permeability, with permeability
coefficients in the middle and lower layers generally higher
than those in the upper layers. At Xinlipuqiao Station, the
K3 layer reached 135 m/d; at Chang’ anqiao South Station,
the K3 layer reached 129.9 m/d, both serving as the main
water-conducting layers. At Shenyang University Station, K
increased from 55.02 m/d (K1) to 95.00 m/d (K3), and at
Zhonghai Huanyu Foundation Pit, K increased from 67.50
m/d (K1) to 95.80 m/d (K3). These results indicate that it is
unreasonable to simply treat highly permeable sand-gravel
strata as a homogeneous aquifer.
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B. OVERALL WEIGHTED PERMEABILITY COEFFICIENT
AND CORRECTION
The calculated overall weighted permeability coefficients
Kw are presented in Table 6.

TABLE 6. Overall Weighted Permeability Coefficients and Correction
Factors at Each Site

Site Investigation
Kc /m·d−1

Inverted
Kw /m·d−1

Inverted
αk

Site

Xinlipuqiao
Station

130 115.01 0.8847 Xinlipuqiao
Station

Zhonghai
Huanyu
Pit

95 87.02 0.9159 Zhonghai
Huanyu
Pit

Shenyang
University
Station

85 79.44 0.9346 Shenyang
University
Station

Chang’anqiao
South Station

130 114.21 0.8785 Chang’anqiao
South Station

The correction factors αk at the four sites are all less
than 1, with an average value of 0.9034, indicating that the
recommended permeability coefficients from geotechnical
investigations are generally overestimated. Considering the
convenience of engineering application, a recommended
correction factor of 0.90 is suggested for similar highly
permeable sand-gravel strata in Shenyang, i.e.,K‘ = 0.90Kc

C. WATER INFLOW CORRECTION MODEL
A comparison between the theoretical water inflow cal-
culated by the conventional large-well method and the
measured stable water inflow in the field is shown in Table
7.

TABLE 7. Water Inflow Calculation Results and Correction Factors at
Each Site

Site Theoretical Inflow
Qt/m3·d−1

Measured Inflow
Qa/m3·d−1

Correction Factor
βQ

Xinlipuqiao
Station

69981 43201 0.6173

Zhonghai Huanyu
Pit

45870 30888 0.6734

Shenyang University
Station

58545 38459 0.6569

Chang’anqiao
South Station

64288 41528 0.6406

The correction factors βQ at all sites are less than 1,
ranging from 0.6173 to 0.6734, with an average value of
0.641. Considering the convenience of engineering applica-
tion, a recommended water inflow correction factor of 0.65
is suggested, i.e.,Q = 0.65Qt. This corrected value can be
used for pre-construction dewatering design to guide well
group layout and pump selection, while the theoretical value
should still be used for safety checks of key components,
balancing economy and safety.

D. Q-T CURVE EVOLUTION CHARACTERISTICS
The Q-T curves of the dewatering processes at the four sites
exhibited different evolution patterns (Figure 3), reflecting
the differences in boundary recharge conditions and strati-
graphic permeability structures.

(a) (b)

(c) (d)

Fig. 3. Q-T Curves of the Four Sites: (a) Shenyang University Station;
(b) Xinlipuqiao Station; (c) Zhonghai Huanyu Foundation Pit; (d)

Chang’anqiao South Station.

(1) Shenyang University Station: The curve was relatively
flat overall, with a significant and long-lasting plateau. In
the early stage of dewatering, the inflow rapidly rose to
approximately 4.0 × 104 m3/d and then stabilized between
3.5×104 and 3.8 × 104 m3/d. This indicated relatively low
permeability (55–95 m/d) and limited lateral recharge at this
site, with inflow mainly sustained by the release of stored
water within the pit and limited lateral recharge.
(2) Xinlipuqiao Station: The curve exhibited a "hump" shape
characterized by an initial rise, followed by a slow decline,
and eventual stabilization. The initial inflow was approx-
imately 3.5×104 m3/d, rising to a peak of approximately
6.2×104 m3/d at T ≈ 8000, then slowly declining to a stable
value of 4.0×104 m3/d. This reflected the strong lateral
recharge in the high-permeability site adjacent to the river:
during early dewatering, large-scale lateral recharge was
activated; as the hydraulic gradient decreased, the inflow
slowly declined but remained at a relatively high level.
(3) Zhonghai Huanyu Foundation Pit: The curve exhibited
significant multi-peak oscillatory characteristics. The inflow
rapidly rose to 3.0×104 m3/d in the early stage, then
declined. During the middle stage, it rose twice to 4.5×104

m3/d, and finally stabilized at approximately 3.0×104 m3/d.
This reflected that different layers contributed to the water
supply sequentially during the dewatering process: after
the shallow layer was rapidly depleted, the middle–deep
high-permeability layers were gradually activated, and the
inflow declined when the available water in these layers was
exhausted.
(4) Chang’ anqiao South Station: The curve showed an
initial increase, followed by a mid-stage rise, and then a
high-level stabilization. The inflow rose to 2.0×104 m3/d in
the early stage, reached a peak of approximately 5.5×104

m3/d at T≈ 9000, and then stabilized at approximately
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4.2×104 m3/d. This reflected the combined effect of initial
stored water release and strong external recharge.

The Q-T curves not only reflected the influences of stored
water release, external recharge, and stratified water supply
but could also be used to characterize site hydrogeologi-
cal conditions and identify dewatering stabilization stages,
providing an important basis for parameter inversion.

E. NUMERICAL SIMULATION RESULTS
1) MODEL CALIBRATION
The fitting results (Figures 4–7) showed that the model
successfully reproduced the overall water level variation
processes at the four observation wells, capturing the char-
acteristic stages of rapid initial decline, slow mid-term
adjustment, and gradual late-term stabilization.

Fig. 4. Fitting Curve for Observation Well J1.

Fig. 5. Fitting Curve for Observation Well J30.

Fig. 6. Fitting Curve for Observation Well J37.

Fig. 7. Fitting Curve for Observation Well J42.

The fitting error statistics for each observation well are
presented in Table 8.

TABLE 8. Fitting Error Statistics for Observation Wells

Observation Well RMSE/m MAE/m R2

J1 1.064 0.721 0.94
J30 0.466 0.327 0.93
J37 1.18 0.863 0.92
J42 1.654 1.222 0.91

The coefficient of determination R2for each observation
well exceeded 0.90, and the RMSE values were within 2
m, indicating high fitting accuracy. J30 showed the smallest
errors, while J42 exhibited relatively larger errors, but
its R2remained high, suggesting that the deviations were
mainly local amplitude differences rather than overall trend
mismatches.

2) VERTICAL RESPONSE AND FLOW FIELD EVOLUTION
The variation in average water level across different layers
(Figure 8) showed that the groundwater system in the study
area exhibited significant vertically differentiated response
characteristics. The upper layers responded first to pumping,
with relatively rapid water level declines; the middle and
lower layers showed a delayed response, indicating that
pumping disturbances propagated downward through inter-
layer hydraulic connections. As pumping continued, water
levels in all layers gradually converged to lower levels, and
the system transitioned from layered response to overall
reorganization.

Fig. 8. Variation in Average Water Level at Different Layers.

Flow field evolution at typical times (Figure 9) indicated
that at the early stage (4.2 d), pumping influence was
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limited to the vicinity of the well group; at the middle stage
(29.2–119.2d), the low-water-level zone gradually expanded,
and the flow field transitioned to a pumping-controlled
state; at the late stage (341.2 d), the flow field tended
toward dynamic equilibrium, consistent with the stage-wise
variation patterns reflected in the observation well fitting
curves.

(a)

(b)

(c)

(d)
Fig. 9. Flow Field Evolution at Typical Times: (a) 4.2 d; (b) 29.2 d; (c)

119.2 d; (d) 341.2 d.

3) PARAMETER COMPARISON ANALYSIS
A comparison between the parameters inverted by numerical
simulation and those obtained by analytical calculation is
shown in Table 9.

TABLE 9. Comparison of Parameters from Analytical Calculation and
Numerical Simulation

Layer Analytical
K/m·d−1

Numerical Kh
Range /m·d−1

Numerical Mean
Kh/m·d−1

Analytical Value
Falls Within Range

Layer1 55.02 52∼58 55 Yes
Layer2 75.01 70∼80 75 Yes
Layer3 95 88∼102 95 Yes
Layer4 88.04 82∼94 88 Yes

The analytical results for the first four layers all fell
within the numerical simulation parameter ranges, demon-
strating high consistency between the two methods in terms
of magnitude and interlayer variation patterns. Numerical
simulation further revealed intra-layer spatial heterogeneity
through layered zoning parameters (three zones per layer),
providing a more detailed representation of heterogeneity.

IV. DISCUSSION

A. CAUSES OF DEVIATION IN GEOTECHNICAL
INVESTIGATION PARAMETERS
The permeability coefficient correction factors αk at the
four sites ranged from 0.8785 to 0.9346 (average 0.9034),
indicating that the recommended values from geotechnical
investigations were systematically overestimated by approx-
imately 10%. This deviation arose from the following fac-
tors:
(1) Scale effect [25]: The radius of influence of pumping
tests during the investigation phase is limited (typically
several tens of meters), whereas foundation pit dewatering
involves a range of several hundred meters. When high-
permeability interlayers exist, small-scale tests cannot fully
capture their contribution to hydraulic conductivity, but
large-scale dewatering can activate these high-permeability
pathways. This study found that high-permeability layers
(K = 95–135 m/d) are commonly present in the middle and
lower parts of the sand-gravel strata in Shenyang, and their
contribution to overall hydraulic conductivity is fully real-
ized during the construction period. However, investigation
parameters cannot fully capture this characteristic.
(2) Stratified water supply characteristics [26]: Investigation
parameters are mostly obtained from single pumping tests,
reflecting the overall hydraulic conductivity of the aquifer.
In contrast, construction dewatering requires progressive
drainage of different layers, with distinct contributions from
different layers to water supply. In this study, the deep high-
permeability layers contributed over 60% of the total water
inflow, serving as the dominant factor controlling total water
inflow.
(3) Boundary recharge conditions: The near-river sites (Xin-
lipuqiao Station and Chang’ anqiao South Station) are sub-
ject to constant-head recharge from the river. Investigation
tests struggle to simulate this continuous recharge condition,
leading to parameter overestimation.

B. MECHANISMS OF WATER INFLOW DEVIATION
The water inflow correction factors βQ ranged from 0.6173
to 0.6734 (average 0.641). The sources of deviation in-
cluded:
(1) Geometric generalization error [6]: The aspect ratio
of subway station foundation pits can reach 10:1. The
equal-area equivalent radius method (r0 =

√
ab
π ) simplifies

the elongated pit into a circle, underestimating hydraulic
losses along the long side. In elongated foundation pits,
groundwater flow is characterized by bidirectional flow
perpendicular to the long side rather than radial convergence
toward the center. This leads to a smaller denominator in the
logarithmic term, resulting in an overestimation of water
inflow.
(2) Well interference effect [27]: The conventional large-
well method assumes that the total water inflow of the
well group equals the sum of individual well inflows,
neglecting the reduction in individual well capacity due to
interference. The interference effect is more significant in
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highly permeable strata, resulting in actual total inflow lower
than the theoretical superposition value.
(3) Recharge condition limitation: The radius of influence
R determined by the empirical formula (R = 2S

√
KH)

is overestimated for highly permeable near-river sites. In
reality, the drawdown cone expansion is limited by the river
boundary, leading to overestimation of theoretical water
inflow.

C. ENGINEERING APPLICATION RECOMMENDATIONS
Based on the findings of this study, the following recom-
mendations are proposed for engineering applications:
(1) Parameter value: For dewatering design in highly per-
meable sand-gravel and rounded gravel strata in Shenyang,
it is recommended to first take 0.90 times the investigation-
recommended permeability coefficient as an initial value,
and then make minor adjustments based on site conditions
and engineering experience.
(2) Water inflow prediction: Before construction, the the-
oretical water inflow calculated by the conventional large-
well method can be multiplied by 0.65 for correction, which
can be used for well layout design and pump selection.
For safety checks of key components, the theoretical value
should still be used.
(3) Dynamic control: It is recommended to use an intelligent
dewatering monitoring system to track water inflow and
water level changes in real time, identify dewatering stages
based on Q-T curve morphology, and perform dynamic
parameter correction when necessary.

D. APPLICABILITY AND LIMITATIONS OF THE METHOD
The method presented in this paper is applicable under
the following conditions: (1) foundation pit engineering in
highly permeable sand-gravel and rounded gravel strata; (2)
use of a well group dewatering scheme; (3) availability of
intelligent dewatering monitoring conditions.

Limitations include: (1) The correction factors are based
on statistics from four sites in Shenyang and require vali-
dation with local conditions when applied to other regions;
(2) The blocking effect of cutoff walls on seepage is not
considered; appropriate corrections should be introduced
when cutoff walls are present; (3) The influence of non-
Darcy flow may be more significant under extremely high-
velocity flow conditions and requires further investigation.

V. CONCLUSIONS
(1) This study established a reverse large-well method
analytical framework based on monitoring constraints, trans-
forming the conventional analytical method from forward
prediction to parameter inversion. The quasi-steady-state
identification method using a moving time window achieved
adaptive determination of drawdown segmentation, over-
coming the arbitrariness of empirical segmentation.
(2) The inversion results at the four sites showed significant
vertical heterogeneity in the sand-gravel strata in Shenyang,
with middle and lower high-permeability layers dominating

the total water inflow. The overall weighted permeability
coefficients were 79.44, 115.01, 87.02, and 114.21 m/d,
respectively, indicating that a single average parameter from
the investigation stage cannot accurately reflect the actual
seepage characteristics.
(3) The average correction factor for permeability coeffi-
cients αk was 0.9034, with a recommended value of 0.90;
the average correction factor for water inflow βQ was 0.641,
with a recommended value of 0.65. Both correction factors
exhibited stable statistical patterns and can guide the design
of similar projects.
(4) The Q-T curves exhibited four evolution patterns: the
limited-recharge gentle type (Shenyang University Station),
the near-river strong-recharge "hump" type (Xinlipuqiao
Station), the stratified-water-supply multi-peak oscillatory
type (Zhonghai Huanyu Foundation Pit), and the mixed-
recharge increase-stabilization type (Chang’ anqiao South
Station). These patterns can be used to distinguish site
boundary conditions and identify dominant water-supply
layers.
(5) Three-dimensional numerical simulation validation
showed that the model achieved R2 values greater than
0.90 for water level fitting at four observation wells. The
inverted parameters were highly consistent with analyti-
cal results in magnitude and interlayer variation patterns,
confirming the reliability of the parameter identification
results. The proposed technical pathway of "field monitor-
ing inversion→parameter correction→numerical validation"
provides a reliable foundation for dewatering design in deep
foundation pits in highly permeable sand-gravel strata.
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