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Fig.4 Annual average water level change chart of monitoring Wells in over—mining area of Litang Town
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Fig.5 Rainfall-groundwater production—groundwater level of Litang Township dynamic change
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Fig.6 Map of water level fitting and water level prediction in overmining area of Litang Town
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IK RO BT (REAR BN 13, BB MK EHL 0.05, LA H 5 S ME R R =0.77) , H4E(3) %t
BRI B DR AL A T 4 A 2R AT 0

(1) KA

KA [ TR B2 A B B A 1429 mm, HRAE 2001—2019 4R 1500, F4& I 46 o B BUIR AS R K A7 b T
MR ME 0.57, b —A4FKALAHT R Hy 2019 AE SN K A7 100.77 m, 4545 BEYEAE T A SE PR Redit, A SCH
SE B U R X 2020—2025 AEJF SR HIAE 2 T m’/d, BIAETJF SR H 730 Tm’ LI, bt
2020—2025 4 B AF T K ML IAE , UL 1 AIEL 6, T AR B K A AR AR 25y B Y 7 AR K A7 AT
A, HFZE B4R 2019 4EK L2, 2020 45K A7 H BAS IR BE N RE, 2021—2025 4F (1 7K £ A8
FRAR/N, S RAE A 0.19 m, 5 BRI FOM AL A 15 22, AKOTAEAR 2280/, TEIR 22 SRR BN o AR T
B AT A ] 2021—2025 4R F- X HEER(E Ry 4.97 m, ZHR S 2017 4F (77 R K 8 OR X B A4 P AL
Tt 5 58 ) A R R A AR 25 0.02 m,

F 1 RYEEMORIX 2020—2025 45 /K AF /K A 2 45 A 15000

Table 1  Predicted value of annual water level control index in over—mining area of Litang Town from 2020 to 2025
Ay
THRIH
2020 2021 2022 2023 2024 2025
[ i P, /mm 1429 1429 1429 1429 1429 1429
[ W 4 Ry 0.57 0.57 0.57 0.57 0.57 0.57
4K Hy_, /m 100.77 100.15 99.96 99.91 99.89 99.89
FRAE Qi) /T m’ 730 730 730 730 730 730
FKAL T E H, /m 100.15 99.96 99.91 99.89 99.89 99.88
AE O 2R /m 4.74 4.93 4.98 5.00 5.00 5.01
IKALAEAE 2 AH, /m -0.62 -0.19 -0.06 -0.02 0.00 -0.01
(2) A fml FAki 2

H 38 2P K AR B KL I RCR , KA FEA R ERF AR, AT BRI EDRCR KBUIR E AR IO RFIE, L
AR R 7K AR A K AL AR 28 8 E R B LG A0 9 AR, AR 0 2 (3) Ml 90300 3 S8 A /K 4 R 2 /K AR Y 7K
FLAEbR o Al ZK AR K T I AR R T i 2R 91 TS % M8 A X B 1054 mm , 34 SEAR /K AR5 00 T 25 I AR Y I A 4
S AT RIRERT AR PR, R 0.57 5 SFORAFFE R U AR [ R B R 51 25% J0 AR AR WA 1584 mm, 3 22 K AR
500 T 25 JEAE N 22 51 43 AT A B R AR vh B2, I 0.20 31575 31 i S Al /K 4F 7 i 2 2 K 48 1 /K A3 48 B L
P2, RIME 6, MG HR, 2021—2025 4FJE LA KA K AR AR AL 23 0] 5 20 T R R _E T Y
B, I RATEAREIRRE o 2021—2025 4E7E % SEA K 4 J 0 R 22 /K AR 25 1 T 19 7 28 1 TR A 23 )
N 5.47 m F12.26 m,

IR R W B SRR R X 2021—2025 4R KA ) 2578 A B AT 5 A R X R AR K AL S A RRAE
HIARALAEAZ 22 B8/, FEK LA 1R 22 SUVEIE Hl SOK AL s i 0.5 mo P, 25 B3 T 45 22 i ok
AN E R, AN SCHORT BT ) 2021—2025 45 B {E AR Dy 78 4F 7K A 228 il 48 AR (B RRCR , P 7K AF 42 1 L9
RO TG B/ MERIE R0 4.97 m| 5.47 m, 2.26 m,

A 2007—2019 4F R B R K AL TR GERE, RS ZFME . I m oRIE . Dy s /ME, 0k
3.66 m, 4.84 m, 2.47 m. MGARRR XOK AL WG bR 8 2 T3k, RN ZAFRF B TR [ if %5 1§ 0.5 m 22
W&, YRR SE R, B 4.16 mo 22015, BORPEMIHR N 5.35 m, H/NEHRA 1.97 m, JEH
B /N R R B R WA TS B R P 8 AR AR 22 0.12 m, 0.29 m, VKA i TR % B
MAENSAAFPEER, B5H R 0.8 me HBTR MR, ASCEMEPRITHERER AL, T H.
A2 U 1 M S5 3T K B A TR o AR R N — A5 i DX TR K M, 2R 4% T PR A E A B Y
R KAl R A
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Table 2

RYEHURR X 2020—2025 A 7 S Ak /K AF 7K 37 4% il 5 A 19000

Predicted value of water level control index in continuous dry year from

2020 to 2025 in over—mining area of Litang Town

WA
2020 2021 2022 2023 2024 2025
[ 2 P;/mm 1054 1054 1054 1054 1054 1054
[R5 Rycp 0.57 0.57 0.57 0.57 0.57 0.57
4K H, /m 100.77 99.78 99.48 99.39 99.36 99.35
FFRAE Qp i) /T 730 730 730 730 730 730
KA AE H, /m 99.78 99.48 99.39 99.36 99.35 99.35
R I R A /m 5.11 5.41 5.50 5.53 5.54 5.54
IKALAEAE 22 AH, /m -0.99 -0.30 -0.09 -0.03 -0.01 0.00
3 RRIYEHEMER X 2020—2025 4 % 2 T K AR K A 45 i 48 AR 5004
Table 3 Predicted value of water level control index in continuous wet years from
2020 to 2025 in over—mining area of Litang Town
T H
2020 2021 2022 2023 2024 2025
FE M & P, /mm 1584 1584 1584 1584 1584 1584
[ W 4 B Ry 0.20 0.20 0.20 0.20 0.20 0.20
4K o Im 100.77 102.17 102.59 102.71 102.75 102.76
FFRE Qp iy /T m’ 730 730 730 730 730 730
KA T AE H, /m 102.17 102.59 102.71 102.75 102.76 102.77
HH R R A /m 2.72 2.30 2.18 2.14 2.13 2.12
IKALAEAE 2% AH, /m 1.40 0.42 0.13 0.04 0.01 0.00

A SCRR A BRI B SR DXV [T A 190 7 S M R R AR AR 22 L [ R R L R K TSR AR 1R R A1 DL K Ao
PR BE, M 15T AP B T K LG T AR, WFSERRSE 1 M R KA P B . 2 A

W

(1) BEIE RO R X TR Sh A R EEFAB N E, M 2001—2019 4E K R F MM GERDORE , X
TR S AR R BT R, A3 AT R BOR 2 A BT R B

H 2006 4 J5 7K 7 Fe A 5 B OE H 9 8l

WA MR K T SR 47 il £ 5 BR AR A FIECE P SRR R S DR M K T S B R EAR .

(2) BT REFRE . JPRGE . R 48 b B2 2 R 2K 28 A0 (] U 0k A 8 ) 8 0 0 DX 3t K o B A 8
AR . MRIEPOKAR | SRR KAR L JEZE S OKAR =R AR 2021—2025 AR BRI 4 XK A7 #42 l
FEARPEAT B, 8 DX I K AR P ] IR L B R R L B /N IR IR 200y 4.97 my 5.47 m

2.26 mo X HAM M AN R D7 3k AR AR AEL, AN A8 B R A T B OR & B

2 % x #:

[ 1] ZFui3, FaEmE, WEM, % AT FKERMKEE SRS K2 285 [ T]. o EKF K
WFFEBE A4k, 2019, 17(3) . 178-187. (LIL Q, WANG Z Z, HE H X, et al. Research on urban water supply

security based on hydraulic extraction and water source displacement[ J]. Journal of China Institute of Water Re-

— 366 —



10 ]

11 ]

13 ]

sources and Hydropower Research, 2019, 17(3). 178-187. (in Chinese) )

BRI, DEZE, BOUL. MK AR R i kL] KRR E AR, 2018, 49(3): 26-32.
(LIAO Z L., MA Z 7Z, CHENG S H. Control critical groundwater level and determination method[ J]. Water Re-
sources and Hydropower Engineering, 2018, 49(3): 26-32. (in Chinese))

P, FEZL, WM. 3T 30 4 nk 6 2 T K Sh AL X R A [T, Hh KR K R B 22 B 5 B
4R, 2020, 18(3): 192-203. (SHANG Z, TANG Y, YANG S S. Analysis of groundwater dynamic character-
istics and influencing factors in Turpan Basin in recent 30 years[ J]. Journal of China Institute of Water Resources
and Hydropower Research, 2020, 18(3): 192-203. (in Chinese) )

JESERE, BN, THIEN. JETIHERM ML R KRR AL H & Tk [T]. P EKF], 2015(9): 30-32. (TANG
K W, HOU J, YU L L. Determination method of groundwater control level based on function[ J]. China Water
Resources, 2015(9): 30-32. (in Chinese) )

MM, SRR, B, . VLR T KK AR AR R ER S LI]. P EAKR, 2015(1): 46-49.
(SHI X Q, FENG Z X, YAO B K, et al. Study on demarcation of groundwater level control red line in Jiangsu
Province[ J]. China Water Resources, 2015(1): 46-49. (in Chinese) )

TR, WORTR, b, S TR 4 FH TP R X T KR A K AL [T KR 2 4R, 2014, 45
(10): 1205-1213. (FANG Z, XIE X M, MA Z, et al. Study on groundwater level of controlled management in
Plain area of Anyang City, Henan Province[ J]. Journal of Hydraulic Engineering, 2014, 45(10) . 1205-1213.
(in Chinese) )

EweHE, #RJy, £, F. P X R KK i ARG BEE R AR E BT — LN R B At B [T]. 7k 3¢
T TRE M, 2020, 47(2): 17-24. (WANG X W, SHAO J L, WANG Z R, et al. Study on determination
of dual control index of groundwater volume and water level in Northwest China: A case study of Mingin Basin[ J].
Hydrogeology and Engineering Geology, 2020, 47(2): 17-24. (in Chinese) )

P, R e TR AT R X R K EE R AR AT ST (T o B KRR B R 2 B B R (3 s0),
2022, 20(1): 79-87. (SHANG Z, TANG Y. Study on groundwater control index in Turpan Basin Plain area.
ason[ J]. Journal of China Institute of Water Resources and Hydropower Research, 2022, 20(1): 79-87. (in
Chinese) )

B/NE, WA, AT AL IR b R IR K K R RE O EEX RS (7). R K, 2020,
42(1): 59-62. (MA X L, MENG JS, FU D P. Comparative study on demarcation methods of groundwater con-
trol level in typical areas of central North China Plain[ J]. Underground Water, 2020, 42(1): 59-62. (in Chi-
nese) )

XA, HFEME, BRI, FOFLFER X T AKEAFH RS AR T]. T ERF KRR
Bi2F 4k, 2016, 14(6) . 412-418. (LIUH R, BAIM J, SHIY, etal. Analysis of spatial variability of ground-
water depth in Fengnan district of Tangshan in abundant and dry season[ J]. Journal of China Institute of Water Re-
sources and Hydropower Research, 2016, 14(6): 412-418. (in Chinese) )

FhEEH, PhEE, 2E, . BETKMEIHBEN T 52 T R X R R AWM [T]. KR 24k, 2014,
45(6): 701-711. (LU CY, SUN Q Y, LI H, et al. Evaluation of groundwater recharge in arid and semi-arid
areas based on water cycle simulation[ J]. Journal of Hydraulic Engineering, 2014, 45(6). 701-711. (in Chi-
nese) )

FRIBYE, XU, GREEYE. BT A 5 RSB AY B R B S R B R K AL [T ], A B K M K e B 5 B
4%, 2019, 17(1).: 51-59. (ZHANG Z X, LIU Y, ZHANG F X. Prediction of groundwater level of Baotu
Spring in Jinan based on time series model[ J]. Journal of China Institute of Water Resources and Hydropower Re-
search, 2019, 17(1): 51-59. (in Chinese) )

Jevusr, FEE. )TV R KSR RIE L], )P KRIK A, 2016(3) : 26-28, 45. (LONG S L, WANG
L. The delineation of prohibited groundwater mining areas in Guangxi[ J]. Guangxi Water Resources and Hydro-
power, 2016(3) . 26-28, 45. (in Chinese) )

2, EUIER, WS, B S AUG IRV IR DA I IR I VE S M R OT R R B R K R eI 1] R
AW, 2009, 28(1): 11-16. (LI Y, LENG M T, JIANG X Z, et al. Evaluation on the vulnerability of karst

collapse and the safety of exploiting karst groundwater in overburden karst plain[ J]. Carsologica Sinica, 2009, 28

— 367 —



(1): 11-16. (in Chinese) )
[15] HWX R R EIE S rrE[M]. dbat: g at, 1983, (CAO H X. Data Analysis Methods
for Local Weather Forecasting[ M ]. Beijing: China Meteorological Press, 1983. (in Chinese) )

Study on water level prediction and control index of groundwater

over—exploitation area based on stepwise regression

LI Chuanke', XU Yang>’, LU Fan’
(1. Guangxi Water & Power Design Institute, Nanning 530023, China;
2. Department of Water Resources, China Institute of Water Resources and Hydropower Research, Beijing 100038, China;

3. School of Resources and Earth Science, China University of Mining and Technology, Xuzhou 221116, China)

Abstract: In order to determine the control index of regional groundwater level under different hydrological condi-
tions, a statistical analysis model of groundwater level using stepwise regression method is constructed and applied
based on the analysis of exploitation and utilization of groundwater and dynamic change characteristics of groundwa-
ter level in Litang Town, Binyang County, Nanning City, Guangxi Zhuang Autonomous Region. The research re-
sults show that the groundwater extraction control has played an important role in achieving the balance between pro-
duction and replenishment and filling the groundwater deficit caused by historical over—exploitation. The established
statistical model has a good simulation effect on the regional groundwater level. Based on the model prediction, the
annual control burial depth, maximum control burial depth and minimum control burial depth in the over—exploita-
tion area of Litang Town are determined to be 4.97 m, 5.47 m, and 2.26 m, respectively. Compared with the con-
trol index value determined by considering the natural fluctuation of groundwater level, the result of stepwise regres-
sion method is basically reasonable. The results of this paper provide a basis for the assessment of groundwater man-
agement and control indicators in this area, which can be used as a reference for other similar groundwater over—ex-
ploitation areas in southern China, and has a good application value.

Key Words: groundwater over—exploitation; karst water; water level control; stepwise regression; changes of

wet and dry
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