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Abstract; [ Objective | The utilization of stormwater resources plays a critical tole in enhancing integrated small watershed
management and alleviating water shortage in semi-arid regions. The small watershed ecosystems are highly sensitive to
groundwater level fluctuations, making the evaluation of stormwater resource utilization for groundwater recharge essential. This

[ Methods ] An

underground reservoir project in a small watershed within northern semi-arid regions was selected as the study background.

also constitutes a key aspect of feasibility studies for underground reservoir construction in semi-arid regions.

Surface runoff generated by rainfall from 1981 to 2023 was analyzed using a modified SCS-CN ( curve number) model. The
Pearson Type III (P-III) curve fitting method was employed to determine representative runoff values at 25%, 50%, and 75%
rainfall frequencies under different conditions. A coupled surface water-groundwater numerical model was established using the
MODFLOW boundary condition method to simulate groundwater flow field variations under different conditions. Furthermore, the
potential of groundwater reservoirs to regulate stormwater during flood seasons and balance seasonal water availability was
quantified. [ Results ] The result showed that: (1) utilizing regional analytical rainfall data instead of rain gauge observations
effectively addressed issues of data anomalies and high dispersion, with average monthly and seasonal rainfall fitting coefficients of
0.73. (2) The initial abstraction ratio in the modified SCS-CN model was determined to be 0. 02, and the predicted runoff result
closely matched design runoff values derived from the hydrological analogy method. (3) Groundwater recharge through stormwater
conservation significantly increased groundwater levels, with a stable rise of 1. 66 m under different rainfall frequency conditions.
Additionally, runoff retention in flood detention areas showed exponential growth, accounting for 41. 9%, 73.2%, and 109. 15%
of total runoff, respectively. [ Conclusion ] The result demonstrate that the modified SCS-CN model accurately predicts rainfall-
induced surface runoff in arid and semi-arid regions, especially for small agricultural watersheds where direct measurements are
challenging and soil information is limited. The coupled surface water-groundwater model established using the switching
boundary condition method effectively captures variations in upstream groundwater flow fields before and after the implementation
of stormwater conservation project. Furthermore, stormwater collected in detention areas can be converted into a water supply for
the non-flood season, ensuring the rational utilization of stormwater resources. Therefore, the collection potential of surface runoff
is crucial for the construction of underground reservoir and largely determines project feasibility. The findings provide theoretical
support and technical references for integrated watershed management in northern semi-arid regions and similar mountainous small
watersheds.

Keywords : stormwater resource utilization; modified SCS-CN model; rainfall; runoff; coupled surface water-groundwater model ;

groundwater flow field; underground reservoir
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Fig. 8 Establishment process of coupled surface water-groundwater model
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Table 3 Physical and mechanical properties of different

soil layers

BiEEH/m - 47! 2K E ek
EyCUR . s 4 Ak ,
Ko E /m /m
¥t w4+ | 30.00000 | 5.000 00 0.161 0. 000 450
Mg+ 0.02000 | 0.007 00 0. 030 0. 002 600
XA EA | 50.000 00 | 10.000 00 0. 200 0. 000 036
R A A 0. 000 28 0. 000 28 0.210 0. 000 002
BRI KA,

) PEST FRE P AL A A vE AT 2 AU . I
Z | Mk, XHTROKALHAT SO E T, R4S F)
TS IR ARG M T K, BEAAL
HEFISIESS AN E 10 s, KHE PR EA 95% 1 &
fEIXIE], AKSKiR2ZREIFN 0.5 m, Hid 10 A~ HARE
REWFEN, REFESMO, 34 HIRTENFZ5b,
HIRZ/INT 200% , R2ZEFEH O, KISRME IR
BRZESRAEH ADULINAE by, SRIITHSEK A T e Bl
RHLFOKAL, (HEERIRZETE RVIEFI LN, BERFLE
A SRR 4 XHR 220 0. 41 m, XM
YR ZE N 0.13 em, PP R R L (NSE) N
0.97, A RER H0.998,

N 10 mTRAHEWT, 38K 57K 2 R 7K 3k 1a] R AR
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Fig. 10 Model calibration and validation
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Fig. 11  Groundwater level flow field in baseline years
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Fig. 12 Groundwater level flow field in design years
R4 HREXIEBEIGREHTKAXFEE m
Table 4 Comparison of groundwater levels before and after project implementation in the study area m
£y IKAR AT 1(F LX) PATE 2 (RN I ) HoT 3( ML) AT 4( bR
ILARAE 288. 69 294.23 293.92 294. 31
2017 B4R 292.53 296. 13 295. 49 296. 30
TRAN 22 3.84 1.90 1.57 1.99
IUARAE 288.23 293.20 292.95 293.27
2004 B4 289.91 294. 90 294. 39 295. 03
IRAV 22 1.68 1.70 1.44 1.76
BARAE 288. 00 292. 67 292.45 292.73
2011 B4R 290. 11 294. 28 293.72 294. 44
KA 2 2.11 1.61 1.27 1.71
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Table 5 Comparison of groundwater balance in the study area under wet, normal, and dry conditions for baseline

and design years

E IKFAE SRNG SRR FFR A WKkZE K itAs

ILARAE 349 920. 00 296 105. 40 284 152. 50 310 943. 50 53 814. 60

017 B4 813 161. 55 350 545. 80 428 780. 35 351 568. 00 462 615.75
AR Ak 463 241.55 54 440. 40 144 627. 85 40 624. 50 408 801. 15
RIS 1.32 0.18 0.51 0.13 7. 60
BARAE 295 098. 00 255 994. 20 248 054. 00 250 937. 50 39 103. 80
B4 568 794. 93 295 171. 20 379170. 82 303 570. 50 273 623.73

2004
Ak i 273 696. 93 39 177. 00 131116. 82 52 633. 00 234 519.93
RIS 0.93 0.15 0.53 0.21 6. 00
PR 268 461. 60 229 981. 20 225 497. 00 226 628. 50 38 480. 40

o011 BEiH4F 518 559. 00 275 270. 40 347 826. 30 292 219. 00 243 288. 60
b 250 097. 40 45 289.20 122 329.30 65 590. 50 204 808. 20
Ak A 0.93 0.20 0.54 0.29 5.32
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