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Calculation of backwater range of phreatic water under conditions of
continuous changes of river level

ZHANG Wenzhe' , WANG Jinguo', XU Shuo’
(1. College of Earth Sciences and Engineering , Hohai University, Nanjing 210098 , China ;
2. College of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing 210098, China)

Abstract; A model was build for the calculation of the phreatic backwater range of the Kuihe River under the
conditions of continuous changes of the river level. The model was solved by the second linearization method of the
Boussinessq equation and the range was reasonably forecasted. The calculation results show that the backwater
range of the phreatic water of the Kuihe River was about 65 meters. Groundwater within this range must be affected
by water pollution over a long period. The backwater range was mainly affected by the permeability coefficient and
specific yield. According to sensitivity analysis of the two factors, the permeability coefficient had a decisive

influence while the specific yield had a limited influence on the backwater range.

Key words: phreatic water; analytical method; backwater range; permeability coefficient; specific yield

TEHLF IR K AP AR AR TR R DL T

KRR ek S s e, w1 DR

T 7K ASE o 1 TR S I AT KR PR OK, 5 R HE 7K
(AR AR, XA B AR oK K, [ KSE
BT KA 1 S K AT S BAR T, 52 BT K 75 5
SR i A PP VB K O R A 0 T = 1 AL
JEIH 15 Ry B R AP A T PR B 5 RS B
SRR IR A SRR AL P [ K AT
AW FETS Genia 1% (0K 30 1 2 PFe 3Rl 5 xf
TG PR TAER S

FETH KA 25 PEAT L BHIF L5 (200901064 ,201001020)

W RVET =W, m AL et M midreg 7+
FLIHE A LXK, A 22 O T M T AR
s, 20 HHEZC 90 AFACLARY, YAl ) 45 Ff 5 K A 225
R4 3R B HE A K 3 U™ S T, 85 YRy
TRAUIR T M KA T H LA 12 SCRh 45
K T R M ORI EAL . XA T
i A AR T LGS T R R AR R BB

BIFFE DXL T P T 0 L XK g ) = B BRI P

YEZ Ty Tk SCHE (1989—) |, 58 A58 A= BF 9 7 1) /K SCHLS . E-mail ; hhuzwz@ sina. com

<41 -



5 e f ™ F A TR] B AT A 3 2k W T, 4 4%
) T A S UL L, % R K S A AT
I S A Ry R AR ) LU 5 R 2 W 5 - £ L
IO 5 R 20 ~40m, RS, %
DX 3l T I T 2 v e R, AT R VT )
) U G R, K 2 R R AR 6—9 H L, 4
R 70% , 78 ASRIRE T, BRI 2 I8 15131 7t
A, 45 T 5 T A7 i FE R T AR It LA S R b T UK 1)
AN E T A K ) 75 VR T 22
WK, 48 TR, SECTK AN TR K, HF
IR DL 78 R HEE N =

2 [E/kiEE

R T K ASE S T /K S LI Ak , 76 2011 4F- 8 H
21 H—9 H 23 H (Al 32 B TR 52 i ] 7K 47 2 46
Tt IR B KK, e EIT] WK A — ik
TEIK 38 Bl AT 5 T KA 32 25 A8 A I T 2 B
KRR E IE 8,
2.1 KITHRIEE

WK 1K & A AE AT P I, Sy f Ak I R B
T PHEAT FAGE FEITHAE . S WK [ 7K i 1 BT
BIRL N 1 PR, w1 aG B 2 KAk R (0,0) ¢ B
ZIAIKAL N R (0, 1) ¢ B 2B AT — BB « Ab 1Y
WKBLR h(x,t) o BFRFGE K R R IX, 2k
DLSE U ZEAA B AR o 2, B KA B &2 D) Ok R 42
AN R ED SR L R LB S A A e A I
HCHE 5 K EREAL A 349 57 4% 1) [R] A BT, T AR A Y
BKPERZE MR K BRK 2, MRS S AW
IUFLXS P K AN A RN, [0 7 ) s i o5 B 1) 33
PN BB/ F K 1« BiR

e 2n 3% 1% 5%
sy Y v
By R
S| %
55
v i S
o x_#xo , x/m

E1 EKERTEE
AF 5T B AN T M5 - QO [l K i 2 ik s 58 BRI 5
QK R AR A AT T8 U B A IR i 2 5
KFR,
2.2 PR
ARTES T WK V- 2%, £F & Dupuit B, ¥
JK #9312 5] FH Boussinessq 7 A2 R
o (h ey ) = CH (1)
o MK BB 0 AL B (o, ) AT — I &
42 .

AR 8] ¢ TR IKASE s H oA 7 T 80 o 1 ) s o s W
HBEIK K K2 B3 B A E KB,
HI TR B TRI R 1K | K i [l B v | 9 3 b 3k
() K3 AR R 43 A M 26 4% 3 i =X il i, AT AR
oy A BRI AT K, 8 (1) w=0,
RT3 A, R Boussinessq 77 FRHYSE —Fh & M1k

ﬁ&éwzgﬂm%LﬁM@%ﬁﬁﬁ@&%%
S

2
o _ R
ot ox’

et = 3 TR Cet) = 1(x,0)]

pu(x,0)=0

u(l,1)=0

p(0,0) = JALR(0,) ]

X a WEKRENES R,
28(2) Hhoy RS T A A R i, 2 574
R (x,0) =h*(%,0) + A(K*(0,8))F(A)  (3)

(2)

H F(A) = erfcA
A=
2at

KA F () AR ZE PREL A ] KA X P 7K 152
M) 24K

L(3) WhRgE R 4 AR,
2.3 [EIKEERIS

R i T 7K i 7 14 s R 5 K N g B 8 R
TN RS R X [R) R 43k 5 AN BE (B 2) , B RF BRI
FAITR] AR ASE A kg o AL, A 215 B[] B =2 ] 118 AR A AR £k
117 BRI RIK SRR FH B 2 B A0 1 IRlK ik
SRR ZR (B 3) o BB B K FEER AT LA
M= (3) Fom, &0 B [l 7K 2 At 2 2> [l ok
AR RS R AT A5

W (x,1) = h*(2,0) + Y, [h(x,i) -
i=1
hz(x,i_1>]F()‘i-1) (4)
Kb (x, i) AR (x,i=1) 53 5 B ¢ -1, F
t —t, T IKA
87211 8728H 9A5H 9A13H 9A2H 930 (a0t

IllllllllIIIlll}lllllllllllllllllllllllll >

"o t t; t ts N ) B

B2 EARRES
3 EukSERE T

[ 7K L A 31, SRR LK i BeafeA T4 o
FHAEAN I BT K AL A S (EAE i LR KA



h
<
< | 2
<
W l .
lt > p
l—1,
13
4
Is

B3 FAMBERKRERKGELENHLE
TE 1, BB, KT I 20 A T K S0 7K A A R [l 7K A
R AL Y A7 B DL K ) 46 5 220 1) 3 R 7K
LU 1, BEAR ZEE I [ KRR TR R B o
IFIR] ¢ B R KR, AS [] R E B0 B AL 280 3l R AT 1T 5
FEH 3 BB FLK LR T — i BOZ B FLA) f ik 21
KA, MR AEAT IR SRR B i Beas A B
FLBITEIKAL , I WG I 220 AT K 5 AT UL, 227l
AN BEA [T T2 i [E1K 2 P ) A5 ]k
LR/
R1 MARREEFLE KA

BifLam 5 TBKA2/m Z T O/ m
1 27.13 20
2 27.31 35
3 26. 74 60
4 27.31 110
5 27.71 210

[ 7K ABE 7 v ) 7K SC kb 5T 2 0 T A v K R
JE B RPN K EE TS DX 0 K 2 s A
AT, T L3R B AR, 0046 e 0P 7K -3
JEEE h 2} 27.31 m, B35 R BN Z5 7K BEAR P55 L 5%
BRI , TR LA 2, AT
R IB 5 R BN HARFH 22 A K, SR 5T W
RRBIERBEN B ERY, FHBERBK
HLO0. 20 m/d, 257K w B 0. 15, EVAILLE 3 Ak
AT LASR AR 5 K 2 A5 3 R A, 40T, Bk
EEIMESRE 0 7 36.41,

W LIRS EAEICA K (4) it & SR K
TR 85 A IF B AS ) 4l LK A7 A K I 235 S L3R 2,
Pa e 22l ml ok il 2 (AR R ], P 4) , M 4
ATLAE 1, oty 1y I BB KA A A TR 1Y) F 3 1,
(0 ME3T ) AR e [ - S B e 1 =" b 2 4
KRS ¢ B BT, L E P A BR L TE
— AN KA B, WK il 2 2 5 T 5 s TR A
B SR A K TR B SEBRRE DAHAT . BE A BE R 0 3
K, 11K A BE W/, I AE 65 m ZE4 B F&
AR R Z5E, MK IEFTE 65 m Z2 47

x2 HEER(UEFHEZEAG)

‘ S EEHK Rk /m
HfLgw s
[ I I I s
12K 0.23 0.42 0.5  0.39 0.22
2% E 0.07 0.14  0.18 0.13 0.07
3EE 0.00 0.0l 0.01 0.01 0.00
45E 0.00  0.00  0.00  0.00  0.00
5EE 0.00 0.00  0.00  0.00  0.00
0.6 "
05 -
£ 04
\_EE@
B 03t
4\:_1
% 0.2
01}
0

15 25 35 45 55 65 75
B /m

4 FEKEEHIE 7K #

4 FIMEERRERES T

a1 7K [ A K/ INaZ 2 R 2R () T, 22 (9 52
M) A1 28 A YT KA 1 AR AR B2 8 05 R AN 45 K B2,
T 7K A7 14K P 2 B AC D) ] 7K A 3 TR K 33X 02 1
M5 UL . 355 2 BOM 8 K 2 K TS 3 e
B PIAS EZ R SEL, TR R TR, W55 KA
BB HEREBOKBE I ARR, LR EEHE A
35 1% 7R RN 5 7K B 2% 1R, Il K 9 181 A A2 Ak 1
‘/ﬂ‘[s-ﬂ 3
4.1 BERBBBMESH

B 15 1 RR I R/ INSZ M T A5 R 1R 5 ) S TR 4 5
HJZ B3 REER K AR I AA LR A T
HB B, ST KE w B 0. 15 3335 28 0. 01 ~
5.00 m/d I 5 FidE Sl AT SO B, 1A
GERN 95158 R B M 0. 05 m/d 0. 10 m/d 0. 20
m/d.1.00 m/d 5. 00 m/d i, 5 (4 8] 7K 78 Bl 43 5]
H37m.55m.65m. 164 m 243 m,

HH LR 8 [ 7K 91 L Bt 12 425 28 00 ) 34 DR i 4
KB R 22 2 DB )2, Helm] K LA
22200 m D b, FHERIAFRLT A 58 R 50
BRI IBE R BUE R KSR B2,
4.2 HIKEBBEMEST

WK KIZ G KB —Mh 0. 05 ~0.25,F
YIBiEFREK BL0.20 m/d, X /KBEFE 0. 05 ~0.25
TFEI N 5 G O TR S BT, THIRZE R . 45
JKBE 435124 0. 05,0 10,0, 15 ,0. 20 0. 25 s, X 7 4
] 7K S Bl 23909 115 m 95 m .65 m .61 m .57 m,

(T#% 48 W)

.43 .



AR LA Ik [T ], K R “7 4, 2007, 38 (12) : 1421-
1425. (GU Li, HUA Zulin, HE Wei, et al. Routing
optimization method for determination of longitudinal
dispersion coefficient in river [ J].
Engineering, 2007 ,38(12) :1421-1425. (in Chinese) )

[ 4] 5Py, THLRE, ZE 0. o AT N 1) B 0 3R B A A
K RBAATE [ T]. KB 2000, 11 (4) :387-391.
(GUO Jianging, WANG Hongsheng, LI Yunfeng. The

correlation coefficient extreme value method to determine

Journal of Hydraulic

the dispersion parameters of river[ J]. Advances in Water
Science,2000,11(4) :387-391. (in Chinese) )

[ 5] 3@, 22, T, & R R0 e 0 T
KBS E PRI [ ], KA K B R R 2007, 27
(6): 1-5. (GUO Jianging, LI Yan, WANG Hongsheng, et
al. Application of particle swarm optimization algorithms
to determination of water quality parameters of river
streams [ J ]. Advances in Science and Technology of
Water Resources, 2007,27(6) : 1-5. (in Chinese) )

[ 6] SRIT L. 703 B e 00 A o ] it 2 ) 28 180 2% ) B 4l 2 Jon
L[] B2, 1994, 15 (4) : 66-68. ( ZHANG
Jiangshan. Accelerated simplex algorithm to determine the
longitudinal dispersion coefficient in a river by tracer test
[J]. Environmental Science, 1994,15 (4):66-68. (in
Chinese) )

[ 7] BELLEE B XIGRAR , %6 B AR T A A I 285 AR
A BR2E 43 - B AR [ )] A T 5440 AR

Bl2z i ,2012,13 (2) :214-218. ( XUE Honggin, ZHAO
Chen, LIU Xiaodong, et al. Finite difference method-
simplex method for determination of longitudinal
dispersion coefficient in natural river[ J]. Journal of PLA
University of Science and Technology: Natural Science
Edition,2012,13(2) :214-218. (in Chinese) )

BT, HEAELAR. TORIT A v 2 AR A 1 Ty vk RO BIF S
PERE[ 1], KRR i B R, 2007,27 (2) : 85-89.
(GU Li, HUA Zulin. Advances in determination of

longitudinal dispersion coefficient of natural rivers [ J ].

[8

[

Advances in Science and Technology of Water Resources,
2007,27(2) :85-89. (in Chinese) )

[ 9 ] ZHOU Yinkang, MA Zhiyuan, WANG Lachun. Chaotic
dynamics of the flood series in the Huaihe River Baisn for
the last 500years[ J]. Journal of Hydrology,2002,258 ( 1-
4) .100-110.

[10] P, 2, Tk, 4. IR SO0 A0 S5 1 0 e VT
IR ZHL[T]. KT K L2741, 2004 ,23 (4) :92-96.
( GUO Jianging, LI Yan, WANG Hongsheng, et al.
Chaotic optimization for parameter estimation of water
quality model of river [ J ]. Journal of Hydroelectric
Engineering,2004 , 23(4) :92-96. (in Chinese) )

[11] sKB R INERAE. M- B AP [ M]. P92 Y%
AR AR 20001314135,

(KR A 12013 -07 -01 4k tk  18)

(L#F 43 7)

F LG T 2R T R B 2 2 7K R R B4 R /)
Y5 IKBEAY 2R 0,05 F10. 25 B[] /K 5 Fl 2 A 22 A 5]
60 m , X & B XT F— M AT K B K2, 45 /K BE X [l 7k
JWEZ A K, 25 L Prs i 45ie, 52 mKiE
Rl B R IR BE RAL, UK TG FI A 1207 R E0Y
KIMHGK, 7K BEXT R Rl s2 A FR

5 4 it

AR G IS EHT I A B T KA E S AR AR
F 78K Bl KA RS | Boussinessq 77 #2157 2 Ak
A5 B X B AT SR Ak, X6 2 T0] 114 ] 7K S L A
T, THERAURER AR AL E S PR
WK K G FITE 65 m 2245, i T K 32 3 ™ 8 5
Y 0 N AT K B A 3 32 BRI K 5 B 52
HETE A e W 2 ) EAT I I AR I e R A
KA BTN GRS F AR, AN, IR 5 Y 22
ZRONG I Z BN 25 K B 88 2 % 81K 9 Y
RN E AT BT AT 118 375 Z B50ONT [m] K 0 LA e 1 1Y)
SO 25 7K R ] 7K R s el A B

. 48 -

SE Lk

(1] BEERE. KB 2 M. dbat . #u BT kit ,2005.
(2] VERREE DG, il 45, K SCH s (ML Je st 7
A RRAE 1985,
[3] SRR T /K AR E I 5 R T K BEIRIEAN [ M ].
AESTBReF A, 1983,
(4] BZ 5. MR KT 2Ae [ M. st Blas it 2011
(5] BRI . ZKFRRZKZ G LT WK AR E T 1K 58 538 7
T[T K SCH T TR M JiE, 1957 (4) 2 33-34. (HU
Peiging. A new calculating method of steady phreatic
backwater in the horizontal impermeable layer circumstance
[J]. Hydrogeology and Engineering geology, 1957 (4) :33-
34. (in Chinese) )
TR H H, R A 8 VR K 11K B2 S K
PRI A 0 BEAE [ T]. 7K SCHl B T R% M 5, 1960 (1) :44.
(Bindman H H, LU Jiankang. The necessity of reservoir

(6

[

shore recycling in the circumstance of predicting phreatic
backwater [ J]. Hydrogeology and Engineering geology,
1960(1) :44. (in Chinese) )

(W B 352013 -04-29 %k 1% 18)



