40455 310
202046 H

K
JOURNAL OF CHINA HYDROLOGY

Vol.40 No.3
Jun., 2020

DOI: 10.19797/j.cnki.1000-0852.20190121

WRE N

TR R R &k R R EK R

Roo#D, EFEMY, vhiE?

9

(LB AF, B WX 710069;2..0 K4 Ewmim TR KR, LA &M 272100)

B OE.LAAUT R RERE R EWARERK LRI TRy EoH & TANABRAZHERE
S KR E R K, FFRAKEB GKA I L3 TFRE RS BT T R THES LA R E LA
T o F R E L, R ABILAAKIKIE T AT IS0 E KR MR B AR ESUIR KR Z R AR A B F , BRI
RIG 6 B AR K38 AR AR 3 T K AT, LA & E K 3F 694K 3 ik X 4 A6 47-F ¥ 4H% 1.07
A% AR IE A ) R B LN FUARAL T AL 5 Hh R AR — B0 iR B LI FUARAL R A & B 69 FUAN A T A
SN, EEILH 2 A KL SRS, WA B BRI IR IFFKE PR EILR ARG ANSZ LS L LT
K FTZ 445, KA G R AR ER 18] RAL B & BACHAE  FhoR R E PR EILRRANSZ LI
¥ R R IREILR KT LA R A2 P 22X BEILMOR R e, (2% 7T 38 i A 22 0k /KR 35 47K B Z 18] 6 7K
HBER,

KRR AL AR AR IS FUIR AR B bR R A BR &

FE 225 .P641.8 XkFRIRED: A X E 4= . 1000-0852(2020)03-0082-06

AT RO ) AR A A T Bl 5 JE A A B AR
Y, &KW E R0, KR Z KRR A 25,0
HAEFE ILZRAE PG L S PG R B B T X R L
SRR SRR, T BB AR K X 22 2 S K Z YK SC
M BTRRIE BR K ST | LR BOK T FRIR K S AN
[F] 5 7K 2= ) B R R TG e 4 i A T R R AT
Kim S5HZ5 -G 7K SCHUBT S8R FHAK R 7R B e S
Hb BRI - 45 7 YRR Ina % s ] ] e AR AR
228 KZ K SCEEIA IR ; Contoux 5P AR AUy
PRt LR Z M BT 7R bl 22 23 5 7K 2 K e gk A 7 1
WY 5 P40 G BRI T AKOK B s 2 W | M 1 4
PRI 71 56 A R 4 DR 1) S0 ek g ik AR
ISR K A A 20 20 70 AR LR R B8 10~20m,
EXRREZ 0.4m, JFR M T KE R L2148k,
TN b BB JZ A ) T kg 2 R R 2 — sk Rk
SEESHT T 08 TR AR L T K AR S M L R IR K
BRI, AR U R b IR KK BT S AN AR 2
A, B R IR K BT IR A SR A T
TR 7 F1OEN R K SR IR IR K K

W75 B H7:2019-04-22

LK B AR AR T DR 2 £ Hh SR T2 M R K 5
TR JZ K ]2 TR K A B 5 A0 g 25 e 3
HEHIEHL AR 15 QAR Bs B | Xt 1k 7O RLAL
YRR LA IE 5 T8k N R RILEI AT T 5T, I
1ETRAS B AL A 3 JZ= 95 Y AN /N, o K et B
I A S RO K 3 122 IR 455 M R K 3R SR
[l 2 2R B AR AT T T AL X BRI 5 e o R B ik
o, BRI 45 R oK 3 T 5TkoK
A BT K R R IEIE 050K R E G g BRIKK
e M WA | 5% 2% R A IR AR AL JF AN R] 35 K =
8] K 1 28 RJZ IROK AL MR JK T 3582 T A A
MAEBEAT TIRASI T,

— 7 TI AT S A FE R JRK DX T {55
PR R LR S K2 B IROK (ER BT A 22
S 1 XSO TE R 5 55— 07 A 2 E PET T % K
JZE ] 7K 73R 2 ST R K A L EAL ] UL
PEA R o AABESE I8 i TR R = FLER K B R FL A 7K 3
5, S AT R LR S K JEAR AL DK B AR AL, B
S WA 2 ALK X )= A LBK B2

EETE I RE T AKFE A A AN (BT )T B (B-H13(2016)02 5 ) ; LA VLB T KB A A 52151 B (KY201940)
YEE BT R (1980-) , 8, ZeBE N Wit I g TREIM , S-S 5T J 1) /K SCK B, E-mail ;54371828@qg.com
WIESE  TRN(1962-), 5 BRpGpa 2 A 4 2042, EZ5E 7 m /K SCHb S TREbET . E-mail ; 2685982291@qg.com


mailto:54371828@qq.com
mailto:2685982291@qq.com

53 R A5 < LR A SO e AR I LB 5 K22 K DR S 83

1 W IX AN

WSS AL T g AR L b 5 6 DY R~ Jataed 2
A, AR BN Fe e L X, PG R PG G T 3 e B i L
BFBARREE (UL 1), ARk, XN HER T 45
FAAR N Rt AR LR R Tk 150m DAL, #5
JEAEE VU BN R T 0] LA 225 KZ (WL 2),

b

o3: 5

/IEH

TN e @
= &
@ PWLiKI R4S
@ ODL FRZMM I Fedhi
©O0SLEEMI

som  1000m

1 BRI ALK IR K FIL I S A 4

Fig.l The location of pumping and observation wells in the study area
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Fig.2 The hydrogeological section map of the study area

TRIZALBUK (4 40m DAk — ] T4 FHEE | %
JZESLEK (40~150m) — M TIdE R £ M ARG )R
FLBIK B2 AR KA IR (198 45 5 TR 2= AL B
7K B A7 LU A0 00 [ A2 3 R 25 RN 2 7K )2 1
AN . AMNA T AN B0 K 2 Z AR K o 22
5t RIZILBUKE KR — M 2~7 m, TDS — L0
500~700 mg/L, A 400~500 mg/L, KAk
SO,-HCOs;—Ca-Mg Y | ZR)ZFLBIKEF K A 8~12m,
TDS —f% 200~350 mg/L , i fifi BE >4 150~350 mg/L , 7K1k
227k HCO;—Ca 8 HCOs—Ca-Mg %Y |

2 LA A B

Bt RE K IR A K 12 AR HR 130m; ph i
] 40m ARt kG Bk koK, BEFLAKIR 5 A B

TP 1~6 SRR EIF HE 6 IRALK R
FEENRFL R RIZ AL, LAIX N E A 1Y 4 IRAHES R
RIZOL S (WL 1), OS1 S Uil - 60m, BT 28 T
RETRZ S /KZ IS PWL S4h/k 4y 150m, i
K A IEAK 2] 40m, UL REFLHI/K S OS1 5 @ i
SV E K Z SHK IEAHIE , OS1 5 Wi 7K o7 2332 4l
KIS KB R EW R A KT 40m,
NSO B W, ] BE 23 il 2o MO ) O A 4G
WIZIK o Bt KO E bk RO stk &
HRY TR B LI 1,
x1 K FRWNHER (M)
Tablel The overview of pumping wells and observation wells

1Rk

= JRR . Al FERKIFES &
PW1~PW6 130 0~40 kI 0 it T 4L
oD1 130  0~40 FREMWFL HEPW22530 i TAHFL
OD2~0D6 130 0~40  ¥EZWfL 200~500 e T A5 fL
oD7 130 0~40  H)EULIIAL #4 2500 e T A5 L
0S1 60 ARik/AKk ERIZVINAL BEPW1Zy150  KEEI:
0S2 40 RibKk ERZUVINAL  BEPwWA£5 100  AKHEI:
0S3 40 Rk ERIZUVINAL  BEPWS 25150  AKiEI:
0S4 35 KIbK  REMFL £ 2000 A HEI

FEALA KIS TEA K 227 AT, 7E 0T b T 7KK
NI 3d J5, JFRS PW1.PW2 PW3 PW4 PW5 PW6
PSRBT HEATHIK , Stk i 17 088mYd (M5 2),
FK K AR . K B K IR K
AT KA SA A T 1 ORI, X W00 = 447 7K A U
W, IFHEA TR AR A I 5% 5 LA /K g% Dy sk 20d , #F £L
KI5 AR PEA TR AR O, B FL A 7K 0 1A
B FH BB /K HEA 1.000m SHEK V4, e 2 i3 HE
IKIAHEA WG], k¥ G HEZK B2 X 1T K KA ™ A 5%
M, ALK /T IS 23 5% PW1~PW6 Sk 3 it
ATHURE 3T

Fx2 BHHEKE(m-d?)
Table2 The water yields of different pumping wells

= PW1 PwW2 PW3 PwW4 PW5 PW6 At

i 3024 375 3420 2688 1920 2280 17088
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Fig.3 The water stage duration curve of the pumping wells during
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the group hole pumping trail
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Fig.4 The water stage duration curve of the deep observation wells
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during the group hole pumping trail
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Fig.5 The water stage duration curve of OD7# during the group hole
pumping trail

2 1#l,0S1,0S2 083 i F 4t = K Pt N5, 0 il i
PW1.PW4 PW5 24l 7K Jf 150m .100m,150m,0S4 -
FHFE/K R 2 2 000m,

A& 6 T LA Y ZEREFLIM KR 96301 8], OS1 5
MBI uN Sl S SR LStV G RN ] RSN 2SI
Im, F53h KA T AR B 5 PR ZE KA — 2
AR RN, EEJE A 0S1 S F IR 60 m il
1 IV & 7K 2 AH 1% 38 ;052,083 S UL H K Az e 6 T+ s
FHA TR, A R OEH IR BB 5 TRZK
S AT FLK A7 e 24T B T BB AZ M /K 2815 X 3% 2
H T KRR RS20 0S4 S0 B A 9K ik shah &
T TR, RIS R, R KR,
R EKIZ RN E A, FERIRZFLBRU R R 2 A
TEFE KDL |

46 4 eeeeeenn 0s1

45 -\-/___¢——\——_’—\-_~—-\_&\l
44 4

/m
I

e St et e e

i

% 234 T T TTTEsTE= LR - -
bR R i em e
41
40 T T r T T r )
0 5000 10000 15000 20000 25000 30000 35000
PR /min

P 6 FEAL AR e 0T il v 22 OLI-FL K Sz s i 2
Fig.6 The water stage duration curve of the shallow observation wells

during the group hole pumping trail
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BT TDS HBVMEE FRESN, HE S & fepr k2
IUARFFEEE R TR, BEFLA KR i 5 /K B A de ok
Ko PWL S 3F K B A B/ B K I
PWA4 5 ALK 50 i 5 45 4 22 A dse K i R
R, T8 FRAEfbte /NG Ry TDS; BEFL K B6 /T )5 PW3
SHBBRAE R K, PWL S 11K 2 40m, 5
PW1 SHHRITHY OS1 S HJZ/KFH T 60m, FFARIRK,
BAETTR TR FIRE &K, BEALAA e i
WV EKEER, RZKEEZmRZEK, FEit
PW1 53K /K i R A2 bRk
AR A kg mK Bisbr e EoHES Tk
JEALBUKOKR BiEbR (W35 4) e TIRIEFLBUK , IRtk
JERIZIKOK B 22 AR E FLB K BUR A A TR Z KA K
*3  BEFLIKETRAKBRITEE (mg-LY)
Table3 The water quality comparison before and after the
group hole pumping trail

R4 REFLBEK(0S3#)KERIEHRFE (mg-L?)
Table4 The water quality indicators of shallow pore water

(OS3#)
H HREAR HET SRR DS
0s3 138.97 38.46 431.26 645.18

i . HIL1k
=) 4 /B 24 fifi iF
= R BT BMEE TDS e
BEWhRT 1478 2591 236.17  329.46
PW1  FfS  36.89 66.26 389.49 513.15

VETL} 2.50 2.56 1.65 1.56 2.07

BEMG 9.86 2028  217.69 320.99
PW2 B 2393 3250 264.85 353.73
V=) 2.43 1.60 1.22 1.10 1.59

ey 7.88 10.99 184.83 248.59
PW3  BEHlE 2492  16.04 20773 28452

VETL} 3.16 1.46 112 1.14 1.72

BEWhET 2661 17.75 21358  310.18
PW4  BEHRE 3290  17.30  212.92 302.37

VETL} 1.24 0.97 1.00 0.97 1.05

BT 9.86 9.09 16429 238.07
PW5 BEHhE 2791 12224 190.07  259.33
JGIT  2.83 1.35 1.16 1.09 1.61

BEHIET 1577 11.83  202.28  259.40
PW6 BEHhE 2692 16.88 22331  304.35
JGIRT 171 1.43 1.10 1.17 1.35

34 ZREBEKMNREKIEGEST
TR I BB K A B R Z KRR Z K A

Qm=Qu+Qx (1)
FHAR 8 o S
QiXCys= QuxCiyet Qi XCiy (2)

A Qu WA /K & Qu IR )Z K & i 5 Qu N TR Z 7K Ab
S cu M BEFLAAK)S 1 B8 IR B oo MK AT VR 2
KIS FHRBE, SRFH 0S3 S H-ABE ; oo A K AR
JEKI B TR

SR AR A FH A K Aok TS A SR 2
IKA T , 3K (1) ~(2) THR A K & iR 2 K
() Ee M o L L3 5, BEFLIMAKSS K BTHE PRI,
IR TCIRIZ KNG  BEFLAOK S K i bR K T2
AR FHEFR , WA KK it 438 1 2 KR

M5 LEH, FETHHEN PWL K IHHERE
IKAMNE B A IR —HE A T 17.8%~100% 2 7], B
K (PWA BRI TR RRIZ KA & 5 HR 10%4E
i, IR BRI R PWL HlK )2 KT
el R, R BASE IV & /K238 T 0S1 45 PwW1 2
(B PR AR (A5 PWL BRI 7R 2K BE R S AMATRIZ K
 PUSHE R A PW HK B 2K kb i
Ltk 63.6%, Hot 5 HRAH/K AR 2K R 4t o L
4 12.7%, B PWL /K IR Z KRG & ] H e
o 4 A ER A LK T D 80% TR IZ KN
3.5 K FREEHRIT

FELAH KRS 11 S5 K K BT B A8 Ak 3R 2

Viiny
ﬁi\lﬂc 231 156 121 117 o A 025 L A S N . .
ikl o} FLBR K 2B A b 25 TR JZ= AL B K s PWL S I K i S
R FHFHIMKEREBRKIEER L
Table5 The shallow water recharge and proportion of pumping water in each well
Jpi ik &t HRIEAK SR (mYd) Bk He%
2 )
/m-d ik BT JEXGUES DS

PW1 3024 538.37 17.80 3 024.00 100.00 2 376.54 78.59 1 759.40 58.18
PW2 3756 409.32 10.90 2 524.66 67.22 829.39 22.08 379.32 10.10
PW3 3420 444.56 13.00 628.72 18.38 317.81 9.29 309.84 9.06
PW4 2 688 150.48 5.60 0.00 0.00 0.00 0.00 0.00 0.00
PW5 1920 268.42 13.98 205.92 10.73 185.41 9.66 100.27 5.22
PW6 2 280 206.35 9.05 432.37 18.96 209.40 9.18 265.66 11.65
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Study on Inter-layers Hydraulic Connection of Porous Aquifers in
the Wensihe River Alluvial Flood Plain in Shandong Province

CHEN Hao*? WANG liading!, YE Jinxia?

(1.North West University,Xi’an 710069,China;2.Lunan Geological Engineering Investigation Institute of Shandong Province ,Yanzhou
272100, China)

Abstract; The Quaternary thickness of the axis part in alluvial flood plain is relatively large in the Wensihe River, and its pore
groundwater is stratification-distributed. The water quality of each layer is various due to different recharge and runoff conditions. It
is of great significance to study the hydraulic relationship between aquifers on water resources management and sustainable
development and utilization of high-quality groundwater. This paper conducted a group hole pumping test to study the hydraulic
relationship between shallow and deep pore water in the Yuanzhuang water source. The water quality indexes of the 6 pumping
wells after pumping was higher than that before. The highest one was cross-strata well nearby with 4 indicators averagely increased
by 1.07 times. During the pumping test, the water stage in the deep observation hole was consistent with the pumping well while
that in the shallow observation hole showed a natural fluctuation except the slight decrease in the cross-strata well. The recharge of
shallow pore water near the cross-strata well was four times higher than other pumping wells. The quality before and after
pumping, dynamic variation rule of water level and the recharge proportion of shallow pore water in the pumping well indicates that
deep pore water is affected by shallow pore water in the process of development and utilization. However, the hydraulic relations
between the aquifers could be weakened by reasonable impervious method.

Key words: group hole pumping test; porous aquifer; impervious; hydraulic connection

(3% 70 W)
Study on Grey Model of Summer Maize Evapotranspiration Based
on Hydrometeorological Elements in Huaibei Plain

FAN Yue', LI Wei?, WANG Zhenlong®, LV Haishen', XU Yingying', MEI Haipeng®, HU Yongsheng®, WANG
Yining*

(1.Hohai University,Nanjing 210098,China; 2. Information Center (Hydrology Monitor and Forecast Center) ,MWR ,Beijing 100053, Ching;
3. Water Resources Research Institute of Anhui Province ,Bengbu 233000, China; 4. Nanjing Hydraulic Research Institute, Nanjing
210029, China)

Abstract; Accurate prediction of crop evapotranspiration is critical to developing irrigation schedules and increasing water use
efficiency. In order to reflect the dynamic change of the daily evapotranspiration of crops and consider the impact of meteorological
elements on crop growth, grey correlation method was used to analyze the correlation between corn evapotranspiration and 14
various Hydrometeorological elements. 12 GM (1,n) models were established to predict daily evapotranspiration based on the data of
large-scale weighing lysimeter and weather monitoring station in Wudaogou hydrological experimental station. The results show that
the gray correlation degree between summer corn evapotranspiration and various influencing factors in Huaibei Plain arranged in
order is; water vapor pressure difference > daily maximum temperature > ground temperature 100cm > ground temperature 30cm >
ground temperature 10cm > ground temperature 50cm > daily average temperature > relative humidity > absolute humidity > leaf
area index > saturation difference > daily minimum temperature > sunshine hours > wind speed. The modeling results under
different combinations of influencing factors indicate that when the input elements are range from 4 to 8, the model prediction is
qualified, the posterior difference ratio C is less than 0.45, and the small error probability P is greater than 0.8. When using the
GM (1,7) model, C is about 0.327 and P is about 0.984. And the model has the highest prediction accuracy. It can be used for
evapotranspiration prediction. The model has the highest prediction accuracy and can be used for evapotranspiration prediction.
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