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HELE (BERTESE BLUAREEEARLEMTRE, XMW KEEFER
FRUYER. EREFEKTEHER. 1993 FARELEAMHARN 2.154X10°m’, AT R #E
AR 1.985X10°m®, HEBE 92%;: 1994 FEAKEREN 1.893X10° m*, LB K
1.519x10°m®, HEEBEBH83IY ., MELANKEES, b FAKAFFKE 1993 X 0. 208 X 10
m’, HEBUKBE9.7%; 1994 FHTF/AKIFK 0.284 7X10"m’, HEHBUKEM 15.6%.
WA AR FERAABRKER, LTHESIRER, BRI ZEFHIIHEH 1.8X10°
m*, X FHRTFAKREMWERTESFLMNE. IHBOKFRBRAILEE.: O HREHRT
KRBEERERARSARA, e P KEEREXBERETERAN . SR L FRAELBAL.
MAREM AR RXFELY: @ AWELJLES S BT, #BIRE 1997 FE 2 A
7TERCHH, CXRRERTAKNETRERAFKITHAMA. Hitt, AL EXNHTKER
HITHERENSSEFL, FNSEFEA AT KR T 8% 4 X UK S5 H S % i
EABPAABRENRLEL.

WARBEHT AREREENLCEOVBYIREE LKL M1 K EFEM " (This project supported by Water Resources
Management Office of Zibo City. Shandong Province),
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2 WIRXHIM, M. KICHTARN

BEFEBLE RN S/NNERZE, HEMBRFERERA 5, HR 846.84 km’, XK
BRI HBNFE, AR R M A REREZN 1/7 000, MIE R 12
mEAf. BHEENTREREERAIKRK ., BRHEESKE, TFEFYEREHR 579.5mm, £
EHRESCHA~IH, AELERKEN 74.5%, MEFEKEN1325.6 mm. BEFRFEK
B 2.3 M5, X—1HOWHRE T 4 X e/ ol R i st =K .

HRAXEHMNEBHENARFE=ZRUIAYEZ, HPREBIRYWEAOm, £E
b AP, SERFENLARK. ARGV, FEHBTKERR, WREHT
KUEEEHRE. KFRREE. KSBKIEKETEMHARE. BREAFIBREBRA
BT KEBRESEAFMMBSE. A FRARTAFRED, KERE, —K1m~3
m, REIMEXLTFERGBREZUN. B, BKkELZIHEEHM TR, H5 RER
FoKEEREE/DMEE D AR, EREAK.

3 MWTFAKEEFNSEETK

3.1 MERIMEY
MTEEFXHNBHKEKE, BRERS. 2. &4, TREIRSORENZAAS R
BRARRMER. SIRXKIEMMEIE AT, AR NDENE D ABAR IR
BR. HEEREZLBF, ORARNER. MAKFERERD, TEAZTERHR.
il 72 PEALFBE WA R IE MM B R RO BE LA RS, MHBERER I RRMT .

a | aH d IH | aH
ﬂK@FJmZJ+@PﬂH~&%@%wP+M—C&—d—ﬂa—
(r,y) €D (3-1
H(xr,y,0) = Hy(x,y) (r.y) e D (3-2)
\ H(x,y.t) = H(z,y,t) (r.y) €T (3-3)
a
Kg:-q(r.y,t) (x,y) € I'y, (3-4)
IH
?I—zo (_I,y) e FZZ (3’5)

RHP KHEKEMBERE. B m/d; H T KKLL, 86K m; B ASKES
BT &, BALR m; o HREKABHERE, XBH; P ARKE, Bk m; A HER
EIRERY, XBMN; | hEBRKER, UKBEE, BN m: C IEKBLRE, LRHN;
E, REZEKE, Bl m; Q REKHRRBE, BKEEE mit: ¢ Y EKENBKE, X
BH: Ho AMHEKk, Bihm; H AE-RBOR EHERKEL, B m; ¢ HEZK
MALBNKEMEERE: » FAFNMER T D AHTERE: I AE—-LKOR; T
NEHREIR; T ATERIA.

PLERBESER (3-1) ~ 3-5), RCHAXRSHE. MalFAERATE BB
i B & Bt 2Kk
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3.2 BEMESHHBE

INFRAHBY THERHEE T 1991 4
~1993 F /G HIT T MK EH ZILHK
RE, I HF A 1986 F~1992 FH R
KM, 25087 56 M AR
HREARBEABHEKABRE. BE
BEXESE, T 1993 £ HYEEIT
ATREFRERBX AT KR, K
RERMYERTREN2.0%, RHAH
ERASHILEA S KR, B, Hi1H
HAEREHNEKZENE. T KKK
NESHHEH, BEXRAH 1728 (B D, FXHSHALEL.

1 ZAESN—RE

Tab. 1 The parameters related to the aquifer

1 FKEBERSEE

Fig-1 The zonation map of parameters

SXS BERUK BKEr KRUEABRM« | 4KES BERMK LKEr BEUABENM.

/med! /med!
1 6.75 0. 05 0. 32 10 11. 29 0.02 025
2 10. 91 0. 06 0. 36 11 8. 35 0. 05 0- 32
3 3. 38 0. 05 0. 32 12 8. 00 0.02 0.28
1 7.54 0- 05 0. 30 13 6-17 0. 05 0. 32
5 12. 94 0. 05 0.32 14 7. 28 0.05 0. 30
6 12. 89 0. 06 035 15 11. 66 0. 06 0. 30
7 9. 24 0. 02 0.28 16 5. 86 0. 05 0.15
8 8.23 0. 05 0. 30 17 3.38 0.05 0. 30
9 11. 90 0. 05 0. 32

EEERE, Ks8| ZEH
EHAMERES RS S E MK
HTHEX, —f K 0.18~0.35, ZEF K
X TKEEMENRWRED. TTHIL N
HARFK, BIMNMMEXHFHEERK
H0.24, XRHBRTFH,

BAKEAREXAREHTHE
EHEE. 8 1986 £ ~1992 (7] 100 1
TREA. KB HHENEKELERERK 020 3040 5o 60

AR AN

BER. WAEL RS T KHOEIE AR
MEREREHEAX, MHP LT K B2 HREXRRBESERLRMK
ML mEEK. %[ﬁfu%ﬁ er'ﬁ Fig. 2 The correlation between evaporation
XTI RN, AR E 3 & fatE coefficient and buried depth of water table

MEHERFEHELRRBSERENXAREX (H2),
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3.3 SEITMBTKRIE
3.3.1 VEMHTFKERMERN S 3BT X B L BRE AL, £ 5 2 TR AT #u R K IR PE M
B, BATAANE EXELIT RN .

(D BAEZELN KBV & RHTHRA;

(2) BREAHT, tU T AKMEBIR, BARERBRBHFED, HEES YKL T X
P, EEANEKEERANERANEKER, R XABESTKAEBED K

(3) REREKAAREENFBI, Bl RIE K FEK R 5B A T K 5T IR T
R
(O RUIFAEBEELSFKEPHABRALE, A LA FEHHENEKR. EFEHFTK
BAXE/N, WEARE/D. FHAEARERHEL;

(5) EFREBEHXMEERE, FEFRIVR. EKRE%E;

(6) i TR T M HeT B @R K, Wi H BB RE, AHEBEE BRI RS
&4 BEAT RN .
3.3.2 WTF/KEERMIENER R

W KA % 418 MBTE, 243 4 T

Ao HESKEN 1A, BEXSER Y e e

AEREERTERHE. REARY 0 7 o 0

ERAUBASHIERS, AAEEs | T TN N )

BUERUSRTAFRER AR [ N, L T T

59 64K (3. RN A N
BIER & LSS BRAAY 1956 45 TRl e T T

~1995 fEHIRE KBRS 4T . RATSERA

1975 4 ~ 1989 4F3X 15 4 B M K & 51 | FARBHESER

VE Wk 15 SEMEH Bk B R A Fig. 3 The zonation map of groundwater exploitation
(A FR), X—RFIHELHFEKER 521. 39 mm, HEEFHE/KER 579. 5 mm B 95%,
E— T REERERT,

ZAZRATLE, EEBRARZASIRER GGRA-D WEET, BT KEF
WAFFREN 1. 425X10°m*, HFFRBABRE 2. R 15 FEi T KBRS HHE
WA 4. HHEMEH, ARSI AER (TRA-ID, ANKEERBAQHES RER
AE, BEIERBE /RO 12 4, THMA TG B H & 6 T KA o] BARRERE.

£2 FRATIEFRBEASER 1X10°'m*)
Tab. 2 The distribution of groundwater exploitation of scheme A—1I (1X10* m*)

A %
PRS
7 8 9 10 11 12 1 2 3 4 H 6
1 2.5 2.5 2.5 4.0 4.0 4.0 4.0 4.0 11.0 11.0 11.0 11.0
2 1.0 4.0 4.0 8.0 8.0 8.0 8.0 8.0 18.0 18.0 18.0 18.0
3 5.0 5.0 5.0 9.5 9.3 9.5 9.5 9.5 24.0 24.0 24.0 24.0
4 1.0 1.0 1.0 2.0 2.0 2.0 2.0 2.0 5-0 5.0 5-0 5-0
3 1.0 1.0 1.0 1.5 1.5 1.5 1.5 1.5 3.0 3.0 3.0 3.0
6 2.0 2.0 2.0 1.0 1.0 4.0 4.0 4.0 8.0 8.0 8.0 8.0
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Fig. 4 The comparison of buried depths of water table between the current situation (a) and

the extracted situation for scheme A—1 after 15 years (b) (before the rainy season)

BEBIHEAFENATAREN1.28X100m’, EFRESREARLME 2, KAHBE
EKLUAE 4.

MERKERFIRALELHEAR 579.5 mm XE—IRF] BHR), BRBEAES
B, AR TRMS A FREYHHELT, ZXKAESIHRER B-1H5F) AARETIRE
B BN HFE) m, BTKHLEARFFRESFIN 1. 684X10° m® f 1. 400X10° m
3.3.3 WTFABERIEMSFROGEEMT TERMNEBUA-TFTRAA, Ko
FTAEHREM S A HA R EEME.

(1) HERSMARFREKEDIE E2). NEBFREBLSERE, 7A~9 AW
BRZ, MIEYEBRNT KEHENE/D, 10 AREREN 2 AR ALEDR, AR/, W
HARBHMEKR, T3 A~6 ARNESE, ANXEEEY, REDERKRREEENEEX
SBKHHARBREERVEE, BRAREBHEMBER. AEFXWFARBLERE, 1 K
FEREFHFEN, BT KOS FERT, HFRBE (BAIafE AR R
FB) BA; 4 KEl/ME, FARRRET/NEWH T K, HHT/MEAKEEE
BEYe, KA THIE/DNEREAKMEHET K, ARFRBEATEAD. 5 KARBRKEFIFR
K, TEXNTUHER, BREEMNIFRY 228X10'm* £, HEMBEESRT, FRT4E
HIREE IR S X B 27 MR UTRE , DI O Bl 1k 7= A R B SR B3R , 5 X i IF R 38 BE AR X
IR/

(2) BNFRAX T KRS AENZETHNEKRERELITH AT KE
W, XFEARFREMEN. AE4TUEE, FRUREH T KKEBERENEN 6 A
B) KA 2m~4m, MEZEMNER, — B 1m~3m, ZHEEZEFHY 1.581X10°
m® # T KR TR M. MARRET T KRB ER 3 m~5 m, BEITR
B, MM TEELHENBEEAE 0.481X10° m® T KEFAEFRLHR, HIFRATH
30.4%, HFZREGKENBEERR, FNEGIENEELGESREREB AT
%, FEilt, AR LR, N, A g nbmiikE. wRNEEARKINE
b R

) BIEENFRFRAKBFERARAWHEGEE. AR ITLIEN . 61 5 43
TABEERAHE, 5TX8 1.240X10° m®, T AKAREMK, FERKEH1.219X10°m
W B 0. 441 X 10° m®, NTTHE T B0 Wk B & KA S b a7 R R W K BTIR J5 10 £ 1)
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KEFEH OEKBAAR0.216X10°m*, REBRE—ERNTE, FR/KE{L 278. 5 mm,
AEBE 10 FKBTFERABAYE 0.273X10° m*, BEX—-FEIFFAK. BLi#HE 10
FHTKBBRXERTE, T RIKAEE “BE”, IFNEFHEF R RAIKLLRELT
UZAERZERANATEA. Bk, MREXK I5ERRTERKRS], EHRESHEIRESIK
EENFETHHARE, IRAXH T KLSFENARFIFRE 1.425X10°m° REESHY.

3 ARA-IKETEER (1X10'm")
Tab.3 Water balance of scheme A—I (1X10*m*)

B 2
£y REE AFMA RBREAR EBESB E(t)%_g HRRE HEERHEM ARE E(J:E)ﬂ%; K&
F5 (mm) )] (€3] (3 (5) (6) &) (9=4—18)
(1+2+3 (5+6+7)

570.8 1620.80 14 473.90 3 420.00 19514.70 140.00 12 192.04 14 250.00 26 582.04 —7 067. 34

669.6 1620.89 17 724.44 3 420-00 22 765.33 140.00 9 607.32 14 250.00 23 997.32 —1 231.99
596.4 1620.96 15 786.83 3 420.00 20827.79 140.00 7 416.37 14 250.00 21 806.37 —978.58
565.9 1620.99 14 979.49 3 420.00 20 020.48 140.00 6 109.42 14 250.00 20 499.42 —478.94
419.9 1621.05 11 114.84 3 420.00 16 155.89 140.00 4 408.34 14 250.00 18 798.34 —2 642. 45
658.0 1620.98 17 417.39 3 420.00 22 458.37 140.00 4 634.18 14 250.00 19 024.18 3 434.19
411.9 1620.91 10 903.08 3 420.00 15943.99 140.00 4 671.14 14 250.00 19 061.14 —3 117.15
395.5 1621.01 10 468.97 3 420.00 15509.98 140.00 3 390.46 14 250.00 17 780.46 —2 270. 48
620.1 1620.90 16 414.17 3 420.00 21 455.07 140.00 3 682.40 14 250.00 18 072.40 3 382.67

O 00 N R e W N

—
(=}

680.7 1620.74 18 018.26 3 420.00 23 059.00 140.00 5 323.92 14 250.00 19 713.92 3 345.08

—
—

496.3 1620.74 13 137.16 3 420.00 18177.90 140.00 4 686.50 14 250.00 19 076.50 —898.60
368.7 1620.83 9759.56 3420.00 14 800.39 140.00 3 969.25 14 250.00 18 359.25 —3 558. 86

-
W DN

639.2 1620.79 16 919.75 3 420.00 21 960.54 140.00 3 984.81 14 250.00 18 374.81 3 585.73
449.4 1620.73 11895.71 3 420.00 16 936.44 140.00 4 343.03 14 250.00 18 733.03 —1 796.59

—_—
LIS

278.5 1620.91 7 371.95 3420.00 12412.86 140.00 2 855.85 14 250.00 17 245.85 —4 832.99

UESHEY, RIONEBEHTAERKIENFEEXHNERLR &G, FRTRE
BEEEH.

4 HZwE5ai

(1) REFEREKAREAAL, XHEBRKBEMT K, EFK (AKX BEBKE
BREFAE LB MM ERELWUABERREA AR EXFHASENBUKESH . A
REMAR A E 3G A B Rk O A 1 s PG + SRR AL

Q) MAEXEREM T KERMFNEREN, AXHB T AERENFE, MAEKFT
FAABNAKATTREN 14 ER, ERABRKNTRES . ERIEKBIHNERN
ZHET. RAFRERRT K, BEANBKERRKBEIELNEROITRER, BRE
MTAETERRKATS, ERFERPREITER, UBLHRKHEH ABHB TR KRS
B, fERBEERRIL T RKGHAR, KEKLL.

Q) HTHTAERAFTFRENRE S HREROAKTE, HRFARBTAFA
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REEeEHERIFIARMK. RNBURHFEAFTEFLRAREHNES B KRBT KFR
B, ESVHGIE:; ARERE. EYtkRREIAANERE. SRISHEMBARFAK,
IR A KA KTE.

(LD FEHFRBT KRB - T EATUEREFERBEABAMIENRKETFE.
EEBMM. FKIBRPED "BE”ER, KXRBETAKRROBUFHAREY. H5—F
E#E 5| AT E N ST KR, BERETENR, AEFRXKEERKNIF
EAABGI AN ENREHRBATSI AL TKSSHIBREGHRE, FRTH
Hipyth, AREMAETR, FERFOESFERM.
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RATIONAL EXPLOITATION OF THE PHREATIC WATER
IN GAOQING PLAIN, SHANDONG PROVINCE

Wu Jianfeng Zhu Xueyu Chen Yudao Liu Jianli
(Dept. of Earth Sciences, Nanjing University, Nanjing 210093)

Key words evaporation discharge, ground water table. ground water resource evalu-

ation. water balance. rational development and utilization
Abstract

On the basis of qualitatively analyzing the recharge, run-off and discharge conditions of
ground water in Gaoging Plain, authors propose that it should be regarded as a principle of
ground water resource evaluation to transform useless evaporation of phreatic water into avail-
able water resource. Then the mathematical model describing two-dimensional unsteady subsur-
face flow in the heterogeneous aquifer was established in accordance with the hydrogeclogical
conditions. Also rational parameters were selected in the light of a vast amount of actual materi-
als. Meanwhile finite element method was employed to quantitatively predict the water table and

buried depth after different exploitation schemes.
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On the premise of guaranteeing the water quantity balance and by comparing the different
water table depths after all plans, the conclusions how to rather rationally extract water re-
sources were reached based on the two different hypothetic precipitation series: (1) the precipi-
tation series from 1975 to 1989; and (2) the average precipitation series coming from several
decades.

Subject to the hypothesis (1), the allowable exploitation in the phreatic aquifer is about
142. 5 millions cubic meters per year in case that the Yellow River keep flowing and can be chan-
neled from it for irrigation, while 128. 0 millions cubic meters per year in case that the Yellow
River dry up. Similarly. subject to the hypothesis (2), the allowable exploitation is about 168. 4
millions cubic meters per year in case the Yellow River keeps flowing, while 140. 0 millions cu-
bic meters in case the Yellow River dries up.

The research results manifest that the ground water is rather abundant and the extraction
in current situation accounts for about one forth of the allowable exploitation of the phreatic wa-
ter. As a result the phreatic aquifer has great potentialities for exploitation. At the same time.
the water table would become lower and the evaporation discharge become smaller with the ex-

ploitation of ground water, which would be bound to produce positive environmental effects.
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RelE, B, 197 4, AAERNKEARBERBIARE. CER " AAFEORBEABERR
KERPHFHERURFRS BT REREN” FRX.



