Fir B (221 N | R T N A 5 Vol.11 No.1
20134 2 H Soutlrto North Water Transfers and Water Science & Technology Feb.2013

doi: 10.3724/ SP.J.1201. 2013.01104

RAHE, RS, X A, B, T4

(VPR M BB 27 5 7K SCH TR 58 B BRI X BT, A1 2K 050061)

s EERSORAT L A3 7 B B X M R 7K RE AR PTRESE TF R il B, 35T BROR &5 6 10 K S iR 4t 7K BK A 52 AR 36 ¢
Bl SR A oy BT T2, HoR T F IR R REUK IR AE AR — PERUIT SR B B TR AL . WF 4 R WL, AUAS
) A7 DX [l i /K A7 LA 2 Tl B — 1, it L, %5 IR0 0 IR AS [l R Bt A7 A6 W b 22 53 ZEBhK IR TR] /N 70 min
B, ZKs 3 KA BRIR KT ZKs 2 H MR, 70 min 2 S5, B8 45 K i (03800, ZK's 2 (10 /K47 BRI KT ZKs 3
FEM B, H = 2 2B R, R ZKs 2 HAL IS K REE L KR B F 38 & KM 59, ZKs 3 HAL 1 8 K
R s K RS T e KRR . AN FEHAL S K R S8 BA AN [ 1 TR 2 1« B 5 Ak 3656 O s,
ZKs 2 He 1 5 IR A B IR R AR A7 A 52 5T 75 B TR0 A I3 0, ALk UK A #1858 A TR B2 28 WA /KA IRAS; ZKs 3 H 1 K
PR B TE K F RV AKADIRES, HZWIUR7KAL IR BE B 4K 88 K, ARARE KA M ST 28 A e IR 2 B IR I Tl 52 P
Ao PRk, & BRI IR 45 0 5 AT R A2 7 b P DX R KB T TSR I 6

s RAT W e B IX 5 B A BRK s AL BRI 5 KRR S 5 A3 — s B i 1k
: P641; TV211. 1 ‘A : 16721683(2013) 0+ 0104 06
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Abstract: In terms of the issues of sustainable utilization of groundw ater in the hilly area of the Taihang mountains piedmont, the
characteristics of norr uniformity and vulnerability of the aquifers to dew atering in the area were investigated based on the quarr
titative comparison analysis of the pumping and recovery test data from the deep bedrock fissure groundwater wells. The re
search results showed that the spatial nomr uniformity exists not only in the groundwater storage betw een different wells, but ak
so in different depths of the same well. For the pumping time less than 70 minutes, the drawdown of groundwater level in the
well ZKs 3 was larger than that in the well Zks 2. However, after 70 minutes of pumping, the draw down of groundw ater level in
the well ZKs 2 was larger than that in the well ZKs 3, and the drawdow n difference betw een the two wells increased gradually
with the increasing pumping time. These results indicated that the upper aquifer of well ZKs 2 has more water than the lower
aquifer of well ZKs 2, while the upper aquifer of well ZKs 3 has less water than the lower aquifer of well ZKs 3. T he aquifer
systems in different wells had different vulnerability of groundwater to dewatering. With the increasing of pumping time, the
maximum draw down and the time for recovery of groundwater level in the well ZKs 2 increased, but the groundw ater level can
be fully restored to the initial level. H ow ever, the groundw ater level cannot recover to the initial level in the well ZKs 3, and the
difference between the recovered groundw ater level and initial level increased as well, but the recovery time of groundwater level
to a stable level were similar for different pumping tests. Therefore, the reasonable design and layout of wells is important to
prevent the aquifers to dewatering in the hilly area.
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TERAIERAT LR B XN T2, NIRRT
BT IR KT, S BE 150~ 550 m.o [A) I, 3% —3h XA 4
JEF b R K I 32 SR IR X, 11X 3 2 R K g 1 T Rp 4k
TERFIHAE 5200 . M 2011 AEH TR 45k 200 42 BRI-HiZK
I R, AL IR K 52 R IROR, /v F 12~ 390
w? /b, 1 HL, i ARE R R AR AR B T8RN KA T
PRI TR) A ZE 00K, R HE S M R KA IR 3 — PR R
KLy 2B UK AT 1 e B2 X R 7K A7 R85 —
PR JF R 52 BT R4 AE, 6 T X i R KB I8 A BRI B
FEAR AR .

e 5 LR X R AR L ML ALK RAT LD BT FE R IX, SRk 5
T T o A S Bk B A K ST A AN PR, FE B R AR M
X5 T 24 AN JEAr, LA 2 HR G BE 500 m 45 R854
LU KR PR SE R, SR X MR KR A7 1 AR —
PERITF R 5 TR AE
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WFFEIX ——%% 5 BLo, Ak I b4 A 5K FEH X () DS R
B, S A I Py S L MRME AR, JBEE A K T X 44 km,
PEIG L PE 4 5 AT ARG 114025 - 11431, db 4 37 26 -
3741, (A 102 km? o % X g BE L 7 2F W53 22 X BOK ik
Sk, FEFET R 2K, ERRE 13.3 C, FEXFFKE 568
mm, BEK EZ TR T A8 A6

FT S TR IR 42 TSR R K, H RRAZHEER M 20
2070 AFARAVE 20 m, & FBE R H BIHR T 75 m, B E H i
76350 m LI, e HA L 840 m, (HH ZKE AL 80 m?/ ho

KRG E AR E I ZKs 2 F1 ZKs 3, 7300 Ar T4 5L
ELARBIBR SRR 200, A7 F RAT AR Fel X, M &
T 76~ 132 m, P[0 A0 B 3.89 kmo P ZKs 2 JF frth i
FER RAKIE R M Z AT X, Rk F2 W, Wil HH 9K 500 m,
SERRE R BE 484 mo ZKs 3 7ML AbSE = R W R )2
I3 A X, BErE R 500 m, SEFRiE RERRE 523 me ZKs 2.ZKs
3 A MIHEAT T 7 RIRA S BRI 4 S K S AR 51
W= KA RS {5 1k KK A2k 54 1R, BiE
HiKEE 80 m3/ ho Fli7KId AR Bl &3 AR 0 W B 1) 1) B, 23
12 0.1.3.5.10.20 min H! 30 min ] Fg, 34k 3 M%) LLE
PR W) 5 SR 2 1) ZE A S A DAy b 7K B 2 5 A A 1 b o
I P 75, 35 AL 3 R B 7 I T PR R BT KR B
B 17 HE 7K KR R L R A
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DULe ok AR L, T 9878 e~ AR A SR . 7E WIS IX 1 G R 3,
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B, A AR AR AT KA A R AR RS 2E . #E
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B AMEVRIMEUZ . AU, SRR “RERT
AKIGRWET A= A, R il 4 5k 41 FR R4 K
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Fig. 1 The stratigraphic lithology and distribution of geological

structures (a) and stratigraphic profile (b) in the study area

2 MR /K SCHFFL R 5 5 K 2 BN AR AR R & R
RAMKIR KA, Hoh ZKs 2 QLXK ARl Rk B4l IR
HIRE A GEMKIARR T HA &8 Asib g =N
T ZKs 3 FFAL X ULSE = R A KRR o ( HOATAL T TR
&) A RV 2 L S K )R L LR 1.
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3.1 HTF KR AIEH—I

B ZKs 2 5 ZKs 3 AL E 2 (8] AU ARER 3. 89 km,
R 7E AR R 7K 3R AR R K R B IR B 254 9 JF = ikdilik
TR 1) 1R A KA B PR IR A% PR AH 22 8. 67 m( KR MIE FE 120
m) 9. 97 m( KZEHIFIE 135 m) 1 10. 52 m( KZERIRE 150
m) , ZKs 2 F- KA BRI I 5K T ZKs 3 JF IR IR, 230k
28. 63~ 30.44 m 1 19.92~ 19.96 m( % 2) »

TERZK K 0~ 70 min I, ZKs 2 FF 1) K47 BEER U
ZNT ZKs 3 W B R, Hoh A8 =k KR P K 10 min
W ZK's 2 FFHIK A BRI 5 50l B ZK s 3 IR 7K A2 B /N 9. 57
m<11.87 m F1 10.21 mo F/KZE 10 min I, ZKs 2 =R
AR I K A B R 55 My 6. 37m < 6. 47m F17. 48 m, ZKs 3
I = 0l 7K B 7K A7 BRI 23 030 O 15,94 m 18,34 m A
17 69 m(F 2). XEMW, ZKs 2 FIKJZA MK BEE KR
T ZK's 3 JFHOKZ A0 BB s K.

EHI7K ¥ 100 min.200 min #1300 min i, ZKs 2 JFK
RN 5t 5 BIRA &, 430 KT ZKs 3 H BRI, i 5 2
FZ5r M 3.56~ 3.84 m+6.23~ 7.41 m Al 7.68~ 8.80 m.
FlACI [a) K, K AL B E W PR UK, ZKs 2 I 3 R 7K A7
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1 ZKs2
T able 1

ZKs 3
T he stratigrap hic lithology of the wells ZKs 2 and ZKs 3

ZKs2 JHRi(E114 27 11,9
N37°3932.6 , Hulli i P 84 m ) M2 5 PEASAE

ZKs 3 JRi(E114°29 05. 2
N37°38 03.8", i F2 78 m ) Ha 2 A AiE

W2 0 \ W 2 ,
W JE I/ m F R K ST HE R AE W JEPE/ m e BRSO TR AL
ENLEN) 46 il e VSN IALY/ EHLEN) 32 il e ST IALY/
KANALE 54, 16 IR EAPENT IR IR W=FRR 115 AR TR, FLERBR T -
4L 35 B LR B IR, AR AR A LA KB E - )R RECE K
ey PR IR 2 G AETE IR e )2
: B FRRIRAICH s R BT,
b A JEE Y R A VR UEE Oop 143 HKPEAR . AR A R A
KEALE 168 s B e B I RRIR S TS 11 200 A IR
- TR IR ARG BIR A B B o JRHEE: S AH, BUE K A A
i B KA, SR IR . WA A BRI
it L IRERBCIRTE A WS W Ll R PR U IR
€ e N S5 ECE IAR A S UK S £ 217 e KA A G A SR
RS DA . g 1841 0o ERBR T, WK
¥ JR: F A I ACE, SR TTIL
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- 34 KRV o — —
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L€, ” o L TR 14103, #o A
- S B ORI, LA T JRH: HZ R E A, RS
VRS 0 12 S A SR o o
K PRERUEY Ny FEF S EPRE S FeH ~ QN EPN W NI E PN SR R
Yk FOVEH A KA TR JZ LA SR 4104, MILLER &
= > 70 ek A A SRR
Ch oz A9 s R AT, = R _ IR IR A 2, iR A e
KRS Oy HEA R
BEE/ m > 480 BEE/ m > 520
2
Table 2 The different drawdowns of groundwater level and their proportions of
the total drawdown at different times from the multiple pum ping tests at different wells
i 7Ks2 I ZKs 3
I
sk K5 72 KKK 7 3 KR 7 4 HAKIRK: 5 2 KR 53 KRS 54
51/ min 29 HEEE O B HARE O B SRR R SERR Bib SRR B SRR
FeR/m EEH (%) BHR/m WE(%) X/ m WE(%) BEm WE%) BEEm E%) BER/m HE%)
10 6.37 22.25 6.47 21.43 7.48 24. 41 15. 94 80.36 18. 34 91.93 17. 69 88.81
20 10. 76 37.58 11.58 38.36 12.53 40. 89 17.23 86.32 18.72 93.83 18.37 92.22
50 17.09 59. 69 17.93 59.39 18.35 59. 89 17.55 87.93 19. 17 96. 09 19. 28 96.79
100 22.08 77.12 22.89 75.82 23.25 75. 88 18.24 91.38 19.33 96. 89 19. 47 97.74
200 25.72 89. 84 26. 14 86.58 27.06 88.32 19.49 97.65 19. 49 97. 69 19. 65 98.64
300 27.50 96. 05 27.67 91. 65 28.49 92.98 19. 82 99.30 19. 63 98. 40 19. 69 98.85
400 28.34 98.99 28.55 94.57 29.34 95.76 19.96 100.00  19.95 100.00  19.92 100. 00
500 28. 60 99.90 28.92 95.79 30. 01 97.94 19.96 100.00  19.95 100.00  19.92 100. 00
600 28.63 100.00  29.92 99. 11 30. 44 99.35 19. 96 100.00  19.95 100.00  19.92 100. 00
148 kAT
WQ&ZK{\L 76. 15 76.13 76. 17 84.87 85.16 85. 48
HEYR/ m
IKAEBE
e 120 135 150 120 235 150
RS/ m

Vi ZKs2 FFRUUKZ L 93~ 484 m, ZKs3 JHIHUKIZAL 134~ 523 m, AL BRI, J L1k BHAL, G dis K FLRE 15

FERACE B2 o, Bl R KA N B, I K A AS IR
ROV ot R IR ALR U, AR K BOBZ 1 257K fiE D72
AN o e /K Bt = 2 /K RE ) i, dih /K 51 Rk

TRIRE AR T ZKs 3 FHKRALEE(R 3) « XK, ZKs 2
HBUKEMM FEE KM T ZKs 3 HBUKZE ALK FBE
K
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3 ZKs2 ZKs 3
Table 3 T he difference of drawdowns of groundwater level between the well ZKs 2 and well ZKs 3 at differ ence times
n
HKA g 2 TR K 3 TR 4
%ﬁ—}mlk 7ZKs?2 7ZKs 3 e e ZKs?2 7ZKs 3 N ZKs 2 7ZKs 3 o e
FI/ min Kbrwve  Akpmw PREE lerir okpmw REE g okmp  MREM
10 6.37 15.94 - 9.57 6.47 18. 34 - 11.87 7.48 17. 69 - 10.21
20 10.76 17.23 - 6.47 11.58 18.72 -17.14 12.53 18.37 - 5.84
50 17.09 17.55 - 0.46 17.93 19. 17 - 1.24 18. 35 19.28 -0.93
100 22.08 18.24 3.24 22.89 19. 33 3.56 23.25 19. 47 3.78
200 25.72 19. 49 6.23 26. 14 19. 49 6. 65 27.06 19. 65 7.41
300 27.50 19. 82 7.68 27.67 19. 63 8.04 28.49 19. 69 8.79
400 28.34 19. 96 8.38 28.55 19.95 8. 60 29.34 19.92 9.42
500 28. 60 19. 96 8. 64 28.92 19.95 8.97 30.01 19.92 10. 09
600 28.63 19.96 8. 67 29.92 19.95 9.97 30. 44 19.92 10. 52
TR I v R 120 135 150

T ZENIMEATR ZKs 2 H RN T ZKs 3 HFIRE; ZE N IEELTR ZKs 2 FHMERRRT ZKs 3 HIMFR.

IKAE B /N, A2 I 220 8 R oy B TR L 36 B A /DN 45K g
JIREES, HUR KK (9 B MR AR, 1 B 21 By s 5 IR I Ll
iy A0 ZKs 2 f1 ZKs 3 PIHR I = W Kk B
IR, ZERIK 10 min I8, ZKs 2 HF 17K 7 B3R 15 1% I 5 0%
BRI 21.43% ~ 24.41% ,7ZKs 3 FF24 80.36% ~ 91.93% ;4
K 20 min B, ZKs2 I K 07 B 3% & iz o B BRI B
37.58% ~ 40.89% , ZKs 3 JI 4y 86.32% ~ 93.83% (K 2),iX
LW ZKs 3 IFBUKIZAL M L Be4hK e 1 59T ZKs 2 HFHOK
SO LB K . ZEHIZK 100~ 400 min W17, ZK s 2 FEMH
TR o 1% s BRI IR 18, 92% ~ 21. 87%, ZKs 3 Hh
2 26% ~ 8.62% , XHEW ZKs 3 IBUK EOL0 T Brgsk e
W] 25k T ZKs 2 FFBUKZ N N B K.

A K I FR R KA T B A R E, ZKs 3 JF B K
T ZKs2 (Kl 2(a)), % 1.5.10.20.30.50.70.250 min Fll
%5400 min ] ZKs 3 H5 ZKs 2 HoK A7 B3 LhAE, 2 514
9. 68.4.50.2.80.1. 66 1. 31.1. 07.0. 86.0.69 F1 0. 69( & 2
(b)) o ARHIETEAXHER AT 0, T WIF HK =40 7, 4117
7K HF (] bR AR A BEERAS 8], BT B ZKs 2 HFEOK)Z 601 -
BBk g ZKs 3 HIOK 20 B4 KEE R 1.07~ 9. 68
5, TBUE0.69 5o

T4, N ZK s 2 A ZK s 3 H 1K W S ik FR 4 AR (b s
HEAT LAAS B HE— 20 sE, RIREE IR IE . ZKs 3 FFRIK
PER R BIHIUE KA, AR 5~ 7 min, ] ZKs 2 0 K47 %
S BIWIUHIKAL, B 240 min BLE (B 3) o ZKs 3 9 KA
WAL FH I, UG W A M2 K R 4K BE )R, ZKs 2
FH AL I, Ui 2 A7 2 KPR 45 7K i D03
59, 6 7 TR R TR YU R K I AL, B R
7ZKs 3 R LR KT L, B HfLH T KK ALk ST it
TR AR R A 2 I )

3.2 HTFRGHET HAFIE

f%ﬁiﬂjzk% 80 m*/h M KIZHIT, B KR X
BIRBE( B 120 m 135 m F1 150 m) ¥EK, ZKs 2 Hi =
YR 7K di K R AR RS R, 43 014 28. 63 m<29. 92 m Al
30. 44 m(3K 2) , eI IWKE 241 4H7K AL H I B) AH Y. 3 K, 43

W2k 250 min. 480 min F1 610 min, 2 FLH B &89 5 g Tk .

Fig.2 The variation process of draw down rates of groundw ater
level at different wells (a) and the dynamic process of ratio

of drawdowns between two wells (b)

R, ZK s 2 FF 1 = R 7K AR 6 i 52 11 dg 28 7K A HR 43000 ok
76.13 m.76. 17 m f1 76. 16 m, F£WH ZKs 2 HALH &K R YL
A TFR B R R .

ZKs 3 I =0 KR dsK BRI WA B WK IR K
BRI WK, 43 90 19. 96419, 95m A1 19. 92 m( F
2), TR B AILG KAL)t ¢ 7 Bl 45 7 /K 58 1 B R T 34
K n, 4350 6 min5 min 1 7 min, & £ 5 10 5 5
T 2, ZKs 3 1 =AM KR 501 510 18 28 /KA 3 %
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3
Fig.3 The recovery process of groundwater level

from the pumping tests at different wells

354 85.01 m.85.45 m Fl1 85. 67 m, B M1 HIEAERE E
84.29 m.84. 42 m 1 84. 79 m J5 &1L B ha e KA, XK
W ZK's 3 FFALI0 3 /K R et AEAE Sy 11, 7T JF SR i 2
FHXE BRI, FUA 5 K I 2 5 24 B0 7 0 o R B K o T
ZKs 2 S IK RS .

MHLR K S J1 2 4 o0 T, ZK s 3 -8 KRG8 R KR
B 3B3E PERUK IR E RS T ZK s 2, {H 2 HK R #h v
AU ZKs 2 AN K IR G T, R Siab K g5 K e 7155 T
ZKs 2, HIEIE 8 ZK s 3 b K 1] K47 T B A 45 1 HihakoK
Pt SRS EARZS T I TR W B2 B AT A 7K AR 1 22 B
SRR M ZK s 2 135 K BRI SR & K, JhlK TR K AL R
BRI A5 1 K K AT R A TR 25 9 P 0 IF ) R i K R
R AL E 2K BBV AR AR, Bl ZKs 2 RIAH
B M5 THREAE, 117 Z Ks 3 A B Bt ik M g TR AE

4

Wi IR, SR A RAT L AR R I BB X A 2B
KB WA AR 8 — R F R B BT

(D) ek J7 10 B, ZKs 2 307 X5 ZKs 3 JFALIX (15
KRG R KR AE B W 500 R3S 1 A T[R9 KR
AR ZKIE Ve B UK B 4 T, T = O Kl 6 4 SR 3R 1
ZKs 2 JE 0 K AL BRI KT ZKs 3 I BRIV, 23 ol A
28 63~ 30.44 m 1 19.92~ 19.96 m; £E3E 1 J5 7 b, W1
5 B FLN AN R B AR AR W IR 25 5% ZK s 2 AL 3K
R R E KR T ZKs 3 A7 FEK, 10 ZKs 2 FEAr &
KRG R E AKPESS T ZKs 3 HAL R K 2k

(2) ZKs 2 fl ZKs 3 IR M5 KRG AA A FIRIFR
ST . B KR IR R R RN, ZK s 2 1 B KK AL
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BEERAK I K, KA P B2 3 PR IS D) A T, LR R
KA BE 58 AP A B AT KA IRAS; B A il Kl B e T o 1
I, ZKs 3 HE K R KALA BESE 4k & 240 K AR, H
ZBAIUG R AL B ARG R, AR AR R K Pk B2 2 e R
AT BRI 1) AT W AR A2 4K

DRI, A 1 B DK BRI T R MURT R, 5 455 X
PRIRAF A3 — PRI R Dy i T4k 4 a5, 3 2 Bt i oK
BB K ARAIUE K B AK AEBE IR L, 8 G B R K B
PR Iy g /K BE 1T R AR, B 1k T 0T A R 7K
SR A .
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