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Abstract

The underground water consists of phreatic water and confined water, and pumping tests are di-
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vided into stable flow and unsteady flow pumping tests. With the rapid development of construction
projects in our country, the scale of foundation pit engineering is getting larger and the depth of
foundation pits is getting deeper. The impact of foundation pit dewatering on the surrounding en-
vironment is increasing, which puts higher requirements on identifying the hydrogeological condi-
tions and parameters of the site. Usually, pumping tests are needed to determine the hydrogeolog-
ical parameters of the aquifer. Exploring the use of modern computational tools for hydrogeological
parameter calculation in classic groundwater stable well flow and Thies unsteady well flow pump-
ing tests has certain significance. Stable flow calculation is relatively simple and can be solved using
Excel linear regression method. The method for solving unsteady flow is relatively complex, and
numerical solutions require the use of nonlinear and optimization methods. The well function cal-
culation utilizes variable substitution to eliminate singular points in the integrand function, truncat-
ing infinite integrals into finite integrals with an integration truncation error of < 10-15, The inversion
solution of the hydrogeological parameters of unstable well water flow is carried out by using Mathcad
mathematical software to solve the local optimal solution and 1stOpt optimization professional soft-
ware to solve the global optimal solution. The results of the two optimal solutions are very close.
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Figure 1. Groundwater stable flow pumping test diagram. (a) Phreatic aquifer; (b) Confined aquifer
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s=c+m-Inr

) ___Q ___Q
AR = 27kM =k 27M -m ©)

c=-m-InR, :Rzexp(—iJ
m

Ao m——Z PR RE R
c ——Z MR T R I AR
Hop, RYERNFFFERER m R #RE ¢ 7T Excel BREORf#:
m = slope(y_data, x_data)
¢ =intercept(y_data, x_data)

22. REHRBESH

221 BKEEHRBRE
(sl 1) e H . SCHR[3], p. 40, fif8 6-3, 3 6-9; CHR[4], p.307, fl2, % 15-2.

1961 4F L ZR Bt Nl S v AUZ AT T — 2 5L 3 BRI KRGS . AR TE 190 m, WK
KZE 6.22 m, HKHFA TR, BT mA AL T S, ok 22 ECRIMS . #hoKIF, FEIR
20 £ m, H4%0.250m, MIFLFAT T, 14/% 200 Rk HEEE B4 %00 5 m J 50 m. sk Lk
177 5 AR, Bea 3 BRI AGRIGEAE E WL E 1o R EKEBE KRB 12

BH 28 M [ V51 2 A e B ) K SO 285008 W 2 1S 2 B () s AR 2 T RN 25 B 8 ) 23 R e

Table 1. Data of stable flow pumping test for phreatic water

1 BRI ERKIR I B

s o# 1# 24 R KA =
iR r/m 0.125 5 50 h
Kk m?/d /sr; /sr; /?121 ;:1(1) /r;rl1 /T;
1 3243 1.52 0.46 0.14 47 5.76 6.08
2 3517 1.78 0.54 0.19 4.44 5.68 6.03
3 4050 2.13 0.62 0.2 4.09 5.6 6.02

Table 2. Hydrogeological parameter calculation table for stable flow pumping test in phreatic water

2. BKRERMKRIEK SO RS R RER

L5 o# 1# 2# SCHERAR
5304 r/m 0.125 5 50 AR SR [T [BICfE  [4]CfE
m?/d Vo Vi Ve m ¢ mk/d 51 mk/d mk/d
1 3243 165984 55108 1.7220 25317 10.8485 407.74  72.61 34134 345
2 3517  18.9748 6.4260 23275 —2.8367 12.4974 39465 8191  319.09 326
3 4050  21.9603 7.3284 24480 —3.3229 14.3914 387.96  76.02  321.64 336

2, SCRRIEIE R K WIS
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Figure 2. Linear regression plot of v—Inr for stable flow pumping test in phreatic water
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222, BREKBEHRBE

[z 2] 26 E . SCHR[3], p. 36, I 6-4, % 6-2; SCHR[5], p.211, 12, % 5-3-3.
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Figure 3. Sectional view of observation hole for Huajiazhai pressurized water pumping test

3. feRFRE KK IR G YN FL A E E

Table 3. Test data of pressurized water pumping in Huajiazhai
= 3. feRFEAERIRERIKINTE BB

LA FI+ AZRA B Zk4
URUETR e 5 A2 A3 B1 B4 B5
FLEE r/m 0.20 17.34 60 5.3 60 300
B 374 m?/d S5 SA2 SA3 SB1 SB4 SB5
1 5530 10.25 3.76 2.51 474 2.22 0.64
7K 2 4088 7.44 2.85 1.88 3.52 1.69 0.50
3 1402 2.40 0.65 1.17 0.57 0.16
1 5530 10.25 3.76 2.51 472 2.22 0.64
3] 2 4088 7.40 2.80 1.82 3.47 1.61 0.49
3 1402 2.35 0.99 0.65 1.15 0.52 0.17
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Table 4. Calculation of hydrogeological parameters of pressure water in Huajiazhai

4 BERFREKRRBER KRS HRER

- . 313k [5]3CHk
V\é. = g | | vel [
A v Q k R kep Rep kep Rep  kep Rep kep Recp
Brec B g om © md m md m md m md m md m
1 5530 —1.0280 6.5598 42.81 590.53 33.73 594.00 34.65 42.19 42.19
fiAk 2 4088 -—0.7606 4.8891 42.77 618.78 34.00 623.24 34.75 4159 660 43.02 510
3 1402 —0.2479 1.6019 45.00 639.98 3591 592.71 35.49 41.89 42.09
1 5530 -—1.0236 6.5396 42.99 595.08 42.19 43.84
WE 2 4088 -0.7536 4.8133 43.17 594.06 41.36 41.36
3 1402 —0.2522 1.6247 44.24 627.91 42.09 40.75
TREIKFE T FEIK s—-Inr g2 & REKBERRE s-Inr LA
6
° y =-1.028In(x) + 6.5598 y = -1.024In(x) + 6.5396
> o.. s o..
4 Fe1 4 tht
€ 0 . f&2 € . . 2
<3 . <3 .
’ - 0.761In(x +4.8891 .. & s ’ - 07540 +48133 . & e
2 [r= 1 TR e wg gy 2 V7O [ T %1%t
1 s SR M (E2) 1 Pt s 5 (152)
y =-0.248In(x) + 1.6019 ‘S y =-0.252In(x) + 1.6247 K ]
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Figure 4. s—Inr linear regression chart of stable flow pumping test for pressurized water in Huajiazhai. (a) Pumping stage; (b)

Recovery phase

B 4. $ERFEHAEKRBERIMARI s—Inr LM EIVAE . (2) HKMEE; (b) REMER

3. IREHRMAKRE KRS HRESE

3.1. IERREFHA Theis {228

2 ARRESE Theis B, SKERNTC I AL EKIE, BOEEKIZE KT BB A FE
SEIE L AN, KRN E KRR KR SRR
1935 £ Theis 45t 1 I A& IS & KR (AR R € Sk i BEER L] [2] [6]:

Q.
=g

(6)
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M ——&7K)Z 5 (m)

r —EE(m)

t —— 7K AL ST [ 45 4 Yk S T[] (miin)
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3.2. Theis FHEHE

Theis F: 2 £(7) TR EF 55

1stOpt HARALE AL B 748 B 3 6 8 Expint() , Hofid v 5007 DL B 36 A 1% ek Bk

Mathcad t [ fi5 fa 50f3 4 BB EI() , (R BN H TR 585, BUETHEA e B R A .

Theis HeRE(7) N TEIRF Sy, AR BRELTE x = 0 AT, ks B I AUE T A A D R

Theis H BN EETHE, A2l — S 7e[7] [8], SREERUE, sidl& e 4 HEEH
A, AR E.

AL, Kt Theis F R IR 70 A8 EAT AR AR [9]

{yzln(x) N Wl(u):f&x_)()dx - fl(x):expi_)()
x=g’ Wz(“):f:(u)exp(—ey)dy fz(y)ze)(p(_ey)

ARG, R TR AR S AROHEGE TR ek R s VRS e B AR A5, LI 5.
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Figure 5. Curve plot of Theis well function as an integrand (double logarithmic coordinate)
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FESEFERE b, R ok ) T BR AR S 8 9 IR, B ERRIBCA
y' =4
x"=e!

I FF bR KN < w(u)=j:uexp(ey)dy (7-1)

I
HE R HU(T-1) R S BRITR 22 (R0 B IT R I0) & <107, 1 A50R B 2 DA A2 S B 3R
3.3. dERRRE Theis HRAKC RS BB E [FE

Theis FHAUBR, FEIR s SACCHURSH(T, S) NARLMER R M&4757E R K logs—logt T LAk
PORMSH ANRIEBKE, ATEH s—logt ALK, Bk, A —EREM&m, AREr AT
MR AN TELIERERR. NRRER,

FI s—t WM B A7 /D —SREM G, AR SN B, R AORIRE, SRR .

HIF(6), BRI ZH(T, S) k%L

s(T,s,t):%.w(T,s,t) (11)

FET /N IRIENSHCR AR, B S BER sg SERFRIR s B/ 3 H bR R 2L E /b
min E(T,S)=i(sgi—si)2 (12)
i=1

KA /N H bR R By SRS LA IR R, 2 H AT BB 7 .

Mathcad, &3t WRIFrS B8 2=t tHEARME 58RI 80k, e S ARE o tr e v
S et A e AT A FH B /0N iR 22 R Minerr ()R il JR il s L SEBmoR I, R0 SRS HUR 2 HWIME,
AR LS R, B A 8 A 6 /K ST B S A R dse DR i o

1stOpt, & —KE NG4SR RA B TR RIS BT T8, ERTE, ThEemsh. 23 4rm
I RRF AN 75 BN SRS BB BD o] RS R B4 R e AR, MERE S R A1 R 28 i L 2 AN i
[10].

3.3.1. Mathcad BRI XEREE
{8 H Mathcad (157N 7 R EL Minerr(), SREFSRACK SO S B0 Rl i,  HOCBARD A
1) RIS HE
Q:=22.6%24
r:=117.85

tg:=(8 10 12 15 20 25 30 40 50 60 --)'

sg:=(0.002 0.005 0.006 0.007 0.008 0.011 0.020 0.029 0.038 0.050 ---)'
2) € R

u(T,S,t):=%

4
n(u(T.St))

Q
4-7-T

w(T,S,t):= |, exp(—e” )dy

s(T.S,t)= -w(T,S,t)

3) WS HH)ME
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s) s,
4) & L HAreR

E(T.S):= (s, -50,)
5) KA IR A
Given
E(T,S):=0

(;j = Minerr(T,S)
6) TIHEMEE

JE(T, S) N ‘
RMS ::Tiué.\r%zfaﬂzd» A R

3.3.2. 1stOpt £ /J AL L BRD

1stOpt HALMACHD AR, i1 6 B H pL:

1) 5 B E
Constant Q=22.6*24 ;
Constant r=[117.850] ;

2) EXAH
Variable t,s;

3) TR BT

ConstStr  u=1440*r"2*SS/(4*TT*t) ;

ConstStr - w=Expint(u) ;

4) ZHIRPE S LR (S BORYME AR L 77)

Parameters TT=80.00[0,] ;
Parameters SS=0.001[0,1] ;

5) & ALk BR L (Theis IR 1 %K)
Function s=Q/(4*pi*TT)*w ;

6) gy K A6 s (A AN 4 Y K B Bt ) t—s

data;
It
8,10,12,15,20,25,30,40,50,60,

.
F}:[jﬂﬁ%ﬁﬁ%ﬁﬁﬁ%%ﬁ[

80,100,120,150,180,210,240,300,360,480,

600,720,900,1200,1500,1800,2100,2400,3000,3600,

4200,4800,5820;
Il's

0.002,0.005,0.006,0.007,0.008,0.011,0.020,0.029,0.038,0.050,
0.093,0.130,0.165,0.220,0.270,0.330,0.370,0.465,0.530,0.655,
0.755,0.880,1.000,1.150,1.220,1.320,1.390,1.450,1.510,1.670,

1.710,1.720,1.730;

T
S

0
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3.4. IEFRRE Theis HRAKIHE RS HBEH LA

Table 5. Water pumping test data of Theis well flow in unbounded confined aquifer in Feng County, Jiangsu Province

5. IIAFERXRAELKE Theis HimbKit st &z

H BFTE] IEZRE(a] PRERTE HoKEE WL RELNTE] RERE W1
FRIRAKAL B FFK AL BRI AKAL B F+ 7K AL
y-m-d  h:min  t/min t'/min Q/md/d s/im s'/m t/min t'/min s/m s'/m
0 542.4 0.000 Frith 5825 5 1.729 0.001
8 5424  0.002 5826 6 1728 0.002
10 5424  0.005 5828 8 1727 0.003
12 5424  0.006 5830 10 1725  0.005
15 5424  0.007 5832 12 1721 0.009
20 5424  0.008 5835 15 1719 0011
25 5424 0011 5840 20 1715 0015
30 5424  0.020 5845 25 1710 0.020
40 5424  0.029 5850 30 1706  0.024
50 5424  0.038 5855 35 1702  0.028
60 5424  0.050 5860 40 1698  0.032
80 5424  0.093 5865 45 1602  0.038
100 5424  0.130 5870 50 1685  0.045
120 5424  0.165 5880 60 1670 0.060
150 5424  0.220 5900 80 1.640  0.090
180 5424 0270 5920 100 1605  0.125
210 5424 0330 5940 120 1570  0.160
1976/11/6  9:40 549 5424 0370 5970 150 1515 0215
300 5424  0.465 6000 180 1.465  0.265
360 5424 0530 6030 210 1.400  0.330
480 5424  0.655 6060 240 1360  0.370
600 5424  0.755 6120 300 1273 0457
720 5424  0.880 6180 360 1200  0.530
900 5424  1.000 6300 480 1.080  0.650
1200 5424  1.150 6420 600 0980  0.750
1500 5424  1.220 6540 720 0895  0.835
1800 5424  1.320 6720 900 0794  0.936
2100 5424  1.390 7020 1200 0.650  1.080
2400 5424  1.450 7320 1500 0560  1.170
3000 5424 1510 7620 1800 0452 1278
3600 5424  1.670 7920 2100 0390  1.340
4200 5424 1710 8520 2700 0260  1.470
4800 5424 1720 10,040 4220 0090  1.640
154,
5820 5424 1730 o

DOI: 10.12677/hjce.2025.149249 2327 (0 N


https://doi.org/10.12677/hjce.2025.149249

(el 3 6 H: SCHR[L], p.136, MBI, /K, 3R 4-2; p.146, HI, k5, *4-5.

1976 SEAEVT I8 FEHAT T A& E S /K Z AR i gh/KiR S . KIS T 05 42 B Bl A4t
R BN R, R S /K2 R i S RS -0k +), KR 120 m, E A% 0.20 m, [ 1976 4
11 A 6 H 9 i 40 3 FFaadhoK, HKEEAT 7RSI . #i7KFES: 97 h, & 22.60 m¥h. MMIFL 1 7
7K FH 117.85 m. KR IGHHE VL7 5.

e ESCORE HEK R R, Toik RIS R 3L

K B B S AL B B AR B 485 SR VE L 2% 6 B¢ €] 6, Mathcad 5 1stOpt HIf b4 SR AR # B2k

Table 6. Calculation of pumping test parameters for Theis well flow in unbounded confined aquifer
% 6. TRAEEIKE Theis RS HBER

e S CLIEl 7K IR

fl S I7E T S T S RMS T S RMS
m2/d m2/d m m2/d
10 0.1 8492 1452E-03 0.006 8212 1565E-03 0.003

100 0.01 84.92  1.452E-03 0.006 8451  1.521E-03 0.002
Mathcad JaEkE i 1000 0.001 133.70  5.250E-04 0.030 84.53  1.520E-03 0.002
10000 0.0001 3089.00 0.000E+00 0.105 3096.00 0.000E+00 0.084

LR 84.92  1.452E-03 0.006 8451  1521E-03 0.002
1stOpt 2Rl 84.92  1.452E-03 0.006 84.36  1.531E-03 0.002
JEr N Tt 2kiz: 80.16  1.540E-03 0.007 88.56
TR IR 7K 2 — KR —0h A th 2 FRIE K E—IR R — A 2
10 10
1 l ++‘H"'M‘F.. 1 ezl
sgl SELail sg2 Rias
+++ ++++ RS +’Fy*'
s(T1, S1, t) - s(T2, 82, 1) o
04 —+} 01 =
T j.“* i ++¢T
0.01—= 0.01%=
10 100 1x103 1x10* 10 100 1103 1x10*
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Figure 6. Fitting curve diagram of unsteady flow pumping test for Huajiazhai confined aquifer. (a) Pumping
stage; (b) Recovery phase
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