e 5t = 430 5

Caj-cdiET2ZHETI
HYDROGEOLOGY & ENGINEERING GEOLOGY

REFSTER & B RIKRESISATH R

258, £2R, & &, FaE, 59

Application of the grey theory to dynamic analyses of the Baiquan Spring flow rate in Xinxiang
LI Zhichao, JIANG Baoliang, PAN Deng, LU Jinge, and WANG Xiuming

TEZR L View online: https://doi.org/10.16030/j.cnki.issn.1000-3665.202205047

AT RE RSB HAN S R

Articles you may be interested in

T R LR R SR U T /K U T 7K (32 3h 250

A dynamic analysis of groundwater levels in a large fractured—karst groundwater wellfield in Henan

LFER, BT 7, /N, W, ke, 220l KOO BT TAR M BT 2021, 48(2): 37-43

T RS S SRR E 3T S HAE VR B8 R S

A sensitivity analysis of conduit flow model parameters and its application to the catch area of the Xujiagou spring
R, BEH, M, MG KSR TR 2020, 47(2): 68-75

LT A R AR 18— 2 B A S i 4800 I 73 By

Dynamic load response analysis of 1-D loess based on the equal speed line model

FEICIN, AR K SCHLET TARHLET. 2019, 46(5): 113-119

IR IR Y 2 HAE M R TR T v 4 157

Gray model with fractional order and its application to settlement prediction

O, FFET, FREHE, TR, ABZE KICHT TREHLIE. 2019, 46(3): 124-124

ST R AR ] 4 3t R KA R S AR AN M AT S

Quantification and reduction of groundwater model structural uncertainty based on Gaussian process regression
PORIR, BHkEE, REF KSUBI TR, 2019, 46(1): 1-1

SET 2R U A U 1| B DX S T PO s R

A early warning model of regional landslide in Qingchuan County, Sichuan Province based on logistic regression

Jr R, XM, 937G, BEA K SCH BT T RS 2021, 48(1): 181-187

KA ARS, B LR E


http://www.zgdzzhyfzxb.com//article/doi/10.16030/j.cnki.issn.1000-3665.202205047
http://www.zgdzzhyfzxb.com//article/doi/10.16030/j.cnki.issn.1000-3665.202007046
http://www.zgdzzhyfzxb.com//article/doi/10.16030/j.cnki.issn.1000-3665.201904062
http://www.zgdzzhyfzxb.com//article/doi/10.16030/j.cnki.issn.1000-3665.2019.05.15
http://www.zgdzzhyfzxb.com//article/doi/10.16030/j.cnki.issn.1000-3665.2019.03.17
http://www.zgdzzhyfzxb.com//article/doi/10.16030/j.cnki.issn.1000-3665.2019.01.01
http://www.zgdzzhyfzxb.com//article/doi/10.16030/j.cnki.issn.1000-3665.201911034

Vol. 50 No.2 FRK o TR %5046 52
Mar., 2023 HYDROGEOLOGY & ENGINEERING GEOLOGY 2023 4E 3 A

DOI: 10.16030/j.cnki.issn.1000-3665.202205047

ZH, ZER, T, F KON A5 R AR KIRE A8 0 R [J]. K SCHERT TR AT, 2023, 50(2): 34-43.
LI Zhichao, JIANG Baoliang, PAN Deng, ef al. Application of the grey theory to dynamic analyses of the Baiquan Spring flow rate in
Xinxiang[J]. Hydrogeology & Engineering Geology, 2023, 50(2): 34-43.

KEBLEFIARRKRENSTTPAINEA

FERVEZEZRE OB, AR, 259
(1. fedbRAARE KFHEAFE T PR, Fh KM 450046;2. FT& 4 B AR FTR BN Fo B L #8
B2, 7T #R M 45001653, AT T o AR EE R, Fd R 4590105 4. FF R K K TR By A,
i R 459099 )

WE: s aREAMK. RIE. ASC iRNE RS LR IRE, UF50 H IR KGR sh A, g7 SR K sl A AR A, Xt R
BOKFIRITM AR K TR R EATEEE L, BT PP & 0 RRBRE T R S B RE . WM IR I8UE 7K
BEUR, He T 1964— 1978 AF: S5 7K AF 347 S5 I Ui e R S B0 AT B R K et WEORL, ok 2 28 1A 3 A, B SRR R R R B R R
AU 1AEREOK A, IR 138 20 AR B, ] 5 A0 5 Wl 35 7 38 A0 Il VA 43 17 A iy b ST 7 SR KO0 3= 3l A5 0000 /) GMI(l,
2) B NSGM(1, 2) A B FT GM(0, 2) 1180 . 45 L. 1964— 1978 451 S IR /K i 1t 3h 45 2 B A2 S vk s o, L AR K i et
i E REIK L AR, R T RARARAS T IR K S A RAAE . 3 il (RS oG B S5 8 Ry e % (f) o 1964— 1978 4F 1 S S 7K 52l
TN 2.347 ~ 6.448 m¥/s, -4 K 3.904 m’/s; i A [m] A T (E S 1.882 ~ 6.383 m'/s, -4 3.904 m’/s; GM(1, 2) B L 75
{89 2.327 ~ 6.448 m/s, V-2 J3 3.939 m*/s; NSGM(1, 2) B H HUI A 4 2.133 ~ 6.448 m/s, V-1 3.927 m/s; GM(0, 2) 45 % Fi i)
{H ]9 1.787 ~ 6.448 m¥/s, V-3 3.907 m¥/s. &5 [l ARE T FITTIA 3 Pl LT (14 F- SRR X3 25 43 3R 7.794% . 7.292% ., 7.122%,
7.797%, ¥J<10%, ] FHF SR K H BB 2T Hh NSGM(1, 2) #2055 L b il 48493 5 B AL A o AR A 4 b A R T
DB 1964—2030 4F SR /K it 12, DA AR S0 BE O ¢ 71 SR SR 8 VA /K A T SR 0 TR AN A5 0 1.69 m¥s. BIF 9 SR 1T o SR K i o
BN T AR K B VR PR AN 4R AR ARG, i mT S S0l IX M R K Sh ST It 5%

KB B2 @A B AT GM(, N) B8 NSGM(1, N) B85 GM(0, N) FE8Y; P- T 24 il &

FESES: P64l.8 XHERRRRD: A NEHE: 1000-3665(2023)02-0034-10

Application of the grey theory to dynamic analyses of the Baiquan
Spring flow rate in Xinxiang

LI Zhichao', JIANG Baoliang', PAN Deng’, LU Jinge’, WANG Xiuming*

(1. College of Geosciences and Engineering, North China University of Water Resources and Electric Power,
Zhengzhou, Henan 450046, China; 2. Henan Provincial Institute of Natural Resources Monitoring and Land
Management, Zhengzhou, Henan 450016, China; 3. Hekou Village Reservoir Management Bureau, Henan
Province, Jiyuan, Henan 459010, China; 4. Jiyuan Hydrology and Water Resources Survey Bureau, Jiyuan,
Henan 459099, China)

Abstract: The Baiquan Spring in Xinxiang has many functions, such as water supply, agricultural irrigation,
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humanities, tourism and ecology. It is of great significance to study the dynamics of the spring flow rate and
establish a dynamic prediction model for the spring water resources evaluation and protection. In order to further
study the dynamic characteristics of the Baiquan Spring flow rate in Xinxiang and evaluate karst water resources
in the spring area, based on the data of annually measured spring flow rate and annual average precipitation in the
spring area from 1964 to 1978, the main influencing factors of the spring flow rate are determined by using the
stepwise regression analysis, and a stepwise regression model is established, with remarkable regression effect. On
the basis of the stepwise regression analysis, this paper establishes the GM(1, 2) model, NSGM(1, 2) model and
GM(0, 2) model for the dynamic prediction of the spring flow rate. The results show that (1) from 1964 to 1978,
the Baiquan spring flow rate was mainly controlled by the precipitation in the spring area, and the spring flow rate
lagged behind the precipitation for one year, reflecting the dynamic characteristics of the spring water in the
natural state. (2) The accuracy levels of the three grey models are the highest (excellent). (3) From 1964 to 1978,
the measured discharge of the Baiquan spring ranged from 2.347 to 6.448 m’/s, with an average of 3.904 m*/s. The
predicted values of the stepwise regression model range from 1.882 to 6.383 m’/s, with an average of 3.904 m’/s.
The predicted value of the GM(1, 2) model varies between 2.327 and 6.448 m’/s, with an average of 3.939 m’/s.
The predicted values of the NSGM(1, 2) model range from 2.133 to 6.448 m’/s, with an average of 3.927 m’/s. The
predicted values of the GM(0, 2) model range from 1.787 to 6.448 m’/s, with an average of 3.907 m’/s. (4) The
average relative errors of the stepwise regression model and the three grey models mentioned above are 7.794%,
7.292%, 7.122% and 7.797% respectively, all of which are less than 10%, indicating that they can be used for
dynamic prediction of the spring water. Among them, the NSGM(1, 2) model has a higher accuracy and better
fitting to the inflection point of the curve. (5) According to the spring flow rate from 1964 to 2030 predicted by the
four models, the exploitation resources of the karst water in the Baiquan spring area should not exceed 1.69 m’/s
from the angle of spring protection. The research results can not only provide scientific basis for spring flow
dynamic prediction and spring area water resources evaluation, but also provide reference for the study of
groundwater dynamics in similar areas.

Keywords: Baiquan Spring in Xinxiang;
Model; GM(0, N) Model; P-III Curve

stepwise regression analysis; GM(1, N) Model; NSGM(1, N)
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Fig. 1 Simplified hydrogeological map of the fissure-karst groundwater in the Baiquan Spring area in Xinxiang
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Table 3 Comparison results between the predicted and measured values of the spring flow rate from 1964 to 1978

o Rk %WF B Il AR GM(1, 2) i NSGM(1, 2) 544 GM(0. 2) Y
fmm S0 ST g (s ) HIRHEZ/%  BOUE/ (mtsT) HIRRE%  BUUE/(mes™) MRHRZE% B (mts™) HIRGR2E/%

1963 12400 — — — — — — — — —
1964 886.0  6.448 6.383 1.016 6.448 0.000 6.448 0.000 6.448 0.000
1965 340.0 4575 4.612 0.817 4.156 9.158 4.678 2251 4.656 1.770
1966 4700 2370 1.882 20.583 2.327 1.814 2.133 10.000 1.787 24.599
1967 540.0 2347 2.532 7.892 2.585 10.141 2.520 7.371 2.470 5.241
1968 590.0  2.504 2.882 15.016 2.876 14.856 2.870 14.617 2.838 13.339
1969 755.0  3.537 3.132 11.443 3.126 11.620 3.126 11.620 3.101 12.327
1970 807.0  3.976 3.957 0.469 3.996 0.503 3.899 1.937 3.968 0.201
1971 935.0 4349 4217 3.027 4271 1.794 4.198 3.472 4.241 2.483
1972 660.0 4711 4.857 3.108 4.948 5.031 4.806 2.017 4914 4.309
1973 560.0  3.733 3.482 6.716 3.493 6.429 3.602 3.509 3.468 7.099
1974 666.0  2.833 2.982 5.269 2.964 4.624 3.049 7.624 2.943 3.883
1975 10300 3215 3.512 9.247 3.525 9.642 3.487 8.460 3.500 8.865
1976 950.0  5.232 5.332 1.920 5.451 4.186 5.181 0.975 5.413 3.459
1977 7350  5.509 4.932 10.466 5.028 8.731 4.954 10.074 4.993 9.366
1978 5480 3219 3.857 19.830 3.890 20.845 3.956 22.895 3.863 20.006
BRI 12400 6448 6.383 19.830 6.448 20.845 6.448 22.895 6.448 20.006
f/ME 3400 2347 1.882 0.469 2.327 0.000 2.133 0.000 1.787 0.000
FEIE 7320 3.904 3.904 7.794 3.939 7.292 3.927 7.122 3.907 7.797

x4 REERBREERTESER

Table 4 Calculation results of the grey model test index

e P C Tij
GM(1,2) 1.000 0 0.265 3 0.997 4
NSGM(1, 2) 1.000 0 0.200 4 0.999 7
GM(0, 2) 1.000 0 0.274 7 0.996 3
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10 491 4.94 4.94 4.94 493
20 435 438 437 437 437
50 3.42 3.44 3.43 3.41 3.43
75 2.80 2.81 2.81 2.77 2.80
95 2.08 2.09 2.11 2.02 2.08
99 1.69 1.69 1.74 1.62 1.69
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