Analytic solution of phreatic surface in
the slope of reservoir bank

Tang Xiaosongl , Zheng Yingrenl , Shi Weimin’
(1. Department of Architecture & Civil Engineering, LEU, Chongqing 400041, China;
2. Institute of Engineering Designing, Military District of Lanzhou, Lanzhou 730000, China)

Abstract ;: In most cases, the slope stability of reservoir bank is analyzed on the premise that the location of phreatic sur—
face is obtained. But many designers generalize a line as the phreatic surface through their experience to analyze the sta—

bility, which is unsafe in the project. To find a solution of the phreatic surface which is convenient to put into use and

in accordance with the practice, the article, based on Boussinesq equation, infers analytic solutions suitable to the water

level at different ratios and achieves an analytic solution equation through fitting curves. The correctness of the equation

is also proved by the experiments of sand and sand-clay models and the inaccuracy of empirical generalization is ana—

lyzed quantitatively. The calculation results show that the inaccuracy through the method of experiential generalizing is

so large that the designers should be awake to it.
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1 Introduction

At present many researches on the analytic solu—
tion of phreatic surface are conducted in dam construc—
tions ' . Since the phreatic surface in the dam is
comparatively not very slanting, it can be simplified as
one dimension and obtained through Boussinesq equa—
tion. This method can be used in specified structural
style and boundary condition, but is not suitable to the
slope of reservoir bank.

Some experts adopted the methods mentioned a—
bove to research the analytic solution of phreatic sur—
7. Shi Weimin

simplifies the problem as a one dimension unstable

. . [
face in the slope of reservoir bank

seepage through Boussinesq equation and obtains the
analytic solution through Laplace transformation equa—
tion. While establishing the mathematical model, it is
assumed that the water level changes at a constant
speed. But in fact, the water level fluctuates and cas—
cades continually. The water level seldom changes at a
constant speed. So the further studies on the analytic
solution of phreatic surface in the slope of reservoir

bank are necessary.

2 The derivation of analytic solution of
phreatic surface in the slope of reservoir
bank

2.1 Basic equations

The following are premises before the derivation of
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the analytic solution;

1) The water bearing layer is isotrope and the side
direction extends unlimitedly which is above the hori—
zontal confiningbed. The inflow of the upper boundary
can be ignored.

2) The initial phreatic surface is horizontal and
hydraulic gradient is zero before the change of reservoir
water level.

3) The water level rises or descends instantane—
ously by Ahy, =hy, —ho o and it remains constant after
the change.

4) The seepage is a one dimensional flow.

From the premises, we can find that the water
level is assumed to change in the period of Az by Ah,
instead of at a constant velocity (if water ascends, Ah,
>0;if water descends, Ah; <0;if water remains still,
Ah; =0). As a result, if Az (the time during which
Ah; takes place) is split, the water level change veloc—
ity can be illustrated through this method.

The flow of underground water in the above situa—
tion can be described by Boussinesq equation. The dif—

ferential equation under no inflow condition is;
oh ko ,, oh
Yl I@( hl) (1)
It is a second-order nonlinear partial differential
equation which has no analytic solution at present. So
it should be simplified and linearized. By approxima—
ting h in Eq. (1) to a numeric constant, it can be re—

placed by the average thickness of water bearing layer



h,, and moved outside the sign of differentiation on the
premises that the change of water level Ah is less than
0. 1h(h is the thickness of water bearing layer) . So
Eq. (1) can be linearized as:
dh _ h kh.,
—=a _—5 ,a=

Jt Ox 1

This method is called the first linearization of
Boussinesq equation. The choosing of calculation coor—

dinates is showed in Fig. 1. In the beginning, ¢ =0, the

(2)

initial height of phreatic surface is hy,, which is

showed in the second premise. The amplitude of phre—
atic surface at the section of the time ¢ can be shown in

the following equation. (x is the section’s distance

from the original calculation point)
u(x,t) =h,, —hyo=Ah,, (3)
The amplitude of phreatic surface at the section of t =0

18

u(x,()) :hng—hovg =0 (4)
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Fig.1 Calculation coordinates of phreatic surface

If the water level remains unchanged after the in—
stantaneous rising or drawdown, the amplitude of phre—
atic surface at the section of x =0 is u(0,t) =hy, —
ho.o = Ah,, after the seepage occurs. And the ampli-
tude is u( o0 ,) =0 at the section of x = %,

By converting the viable, u(x,t) =h., = hoo,
the unstable seepage of the underground water which
remains unchanged after instantaneous rising or draw—
down in the semi-infinite aquifer can be induced ac—

cording to Eq. (2) to Eq. (4) as the following:

a—uzailf O<x<oo >0 (5)
ot ox ’

u(x,0) =0 0O<x<oo (6)
u(0,1) =Ah,, t>0 (7)
u(oo ,1) =0 t>0 (8)

In the expression, a = is conductivity factor.

2.2 The solution of mathematical model
Converting the variable ¢ in the mathematical mod—

el by Laplace.
(9)

Eq. (9) could be multiplied by exp (=pt) on the
both sides. Then integrate ¢ in 0 ~ % as the following.

5

u = J' uexp (- pt)di
0

@

" u du
fo Eexp(— pt)de = (IJ'O JGXP(— pt)de (10)

The left side of the equation is integrated by

parts. The following can be obtained through the origi—

nal conditions:

® du
—exp(—pt)dt =
[ Bepic )

uexp (- pt) , +

=pu (11)

pfo uexp (- pt)de
The right side is:

@ 2

ajo gjlfexp(— pt)dt =
2 2
d { * J du(x,p)
< _ = q 2L 12
a P jo uexp (= pt)de a P (12)
Converting Eq. (7) and Eq. (8) by Laplace
When x =0.
f u(x,t)exp(=pt)de = f Ahg exp(=pt)dt =
0 0
Ah B - Ah N
B exp (- pt) = — (13)
P 0 P
When x = o .
J' u(x,t)exp(=pt)di = f 0 x exp(—pt)dt =0
0 0
(14)
So the above mathematical model can be simplified as
2 —
du_p, 0 (15)
dx a
- AhOL
u(0,p) = (16)
u(e p) =0 (17)

Eq. (15) is a second-order linear constant homo-
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geneous coefficients differential equation, whose secu—

lar equation is ’yz ~ L =0 and the solution is v =
a

+ pr So the general solution is;
a

- 1
u(x,p) =Aexpl (p/a)?x] +
1
Bexp[ (p/a) 7x] (18)

Inducing the conditional expression with fixed so—
lutions (16) and (17) into the above equation, the
result is:
B — Aho,z

p
And inducing A and B into Eq. (18), the result

A=0,

iS;

Aho.,

u =

expl - (p/a)Tx] =
Aho.,

(19)

1 1
exp( —ap?) ,a=x/a”

At last converting inversely Eq. (19) by Laplace,

the following can be achieved ;

w=L '[u] =Ahy L[ Le ] =
P
a
Ahy erfe(—=) (20)
2l
or:
w(x,t) = Ahy erfe(4) (21)
In the equation
/1=x/2(at)%=(x2/4at)% (22)

erfc(4) is error function complement, which can

be defined as-

erfe(A) = 1 - erf(4) = A (23)

e

Considering F( Ay = erfe(

x 2 7 e
=——] e d
Brki= LS

PR _{0.126 64 -0.689 84" +1.29554" ~0.603 04" —0.958 34 +0.985 9

0.0
So, Eq. (25) can be transformed into;
J hoo + AR, (0.126 64”0689 8 4' +1.295
B h(),()

X,

2.3 The analytic solution of phreatic surface

during the change of water level

Eq. (27) is the calculation of phreatic surface
when the water level rises or descends instantaneously
and then remains constant. But in real project, water
level does not remain constant and there must be fluc—
tuation at uneven ratio. As it is showed in Fig.3, non-
cascade changing curve can be transformed into cas—

cade curve by splitting time period, although the
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it changes in accordance with time tand distance x,
which is showed in Fig. 1. So Eq. (21) can be trans-
formed as:
u(x,t) =Ahy F(4) (24)
In practices, which conductivity factor known,
the change of phreatic surface as a result of the water
level change Ah,, at any time or distance can be ob—
tained. First F(4) can be founded out in Table 1 with
P
2 u
induced through Eq. (24). So the following can be ob—

tained :

and the amplitude of phreatic surface can be

hoi=hoo+Ahy F(A) (25)
Table 1 The numerical value of F/( /'L)

A A’ (A A A’ F(A)
0.003 162 0.0010 0.9643 0.5000  0.25  0.4795
0.040 0 0.001 6 0.9549 0.6325  0.40  0.3711
0.050 0 0.0025 0.9436 0.7746  0.60  0.273 3
0.06325 0.0040 0.9287 0.8944  0.80  0.2059
0.07746  0.006 0  0.9128  1.000 1.00  0.157 3
0.08944  0.0080 0.8994  1.140 1.30  0.106 9
0.100 0 0.010 0.887 5  1.255 1.60  0.073 6
0.126 5 0.016 0.8580  1.378 1.90  0.0513
0.158 1 0.025 0.823 1  1.483 2.20 0.0359
0.200 0 0.040 0.7731  1.581 2.50  0.0254
0.244 9 0.060 0.729 1  1.643 2.70  0.0202
0.282 8 0.080 0.6892 1.732 3.00  0.0143
0.316 2 0.010 0.6548  1.789 3.20 0.0114
0.400 0 0.16 0.571 6

It is inconvenient that direct calculation with the
definition equation of F(4) needs integral calculus. In
order to get an expression which is practical, the fitting
curve (Fig.2) can be drawn by fitting polynomials.
The fitting equation is;

(0<A<1.8)

(A=1.8) (26)

54 -0.60304"-0.958 34 +0.9859)(0<A<1.8)

(A=1.8)
(27)
change of water level is not at an even speed.
By this method, w; (x,t) (i =1,...
sponding to(t —ty) ,(t =141 ),...,(t—1t,-)should be
worked out first as showed in Eq. (28) to Eq. (31).

So the whole amplitude of phreatic surface u (x,1) is

,n) corre—

added by amplitudes of respective time periods u, (x,t)

(i=1,...,n), which is showed in Eq. (32) .
w = Ah, F( & )

2 la(t—t,)

(28)
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Fig.2 Relationship curve of 4 and F(4)
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Fig.3 Generalizing the change of water
level as cascade curve
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U> =Ah2F -
(2 a(l—tl))
. =AhF e
! ( a(l—tz))
w, = Ah, F( £ )
2 Ja(t-t,_y)

u=u, +u, +us +-°+u, =

n

EAh,‘F(é)
2 a(t —t;y)

(29)

(30)

(31)

(32)

The following can be got by inducing u(x,1) =

hx'L _h0,0 into Eq (32) :

h(x,t) = hoo + Z{Ahf(ﬁ)
(33)

m

In the equation, a = is conductivity factor.

Eq. (33) is the analytic solution of phreatic sur-—
face during the change of reservoir water level. By
splitting Az in accordance with the amplitude Ah;, the
equation of analytic solution can be adopted to calcu-
late phreatic surface with different rate of water level

change.

3 The verification of analytic solution
formula

. o] . .
Sand launder experiment ~ is used to verify the

analytic solution formula of phreatic surface.

3.1 Brief introduction of sand launder
experiment

The sand launder is made up by cement mortar
and bricks with 3.7 m long, 1.5 m wide and 1.5 m
high. On a side of the launder, there is a piezometer
tube, which makes it convenient to observe and meas—
ure the water level, to determine the height of water
head. The even distance between each piezometer tube
is 0.3 m. On the other side of the launder, a glass
window is fixed to observe the change of the phreatic
surface. To drain smoothly, 5 taps are installed on a
side, which makes it possible for the sand launder to
sluice and drain. Having been built, the launder is
filled with water and kept for 24 h to ensure that it does
not leak. After the preparation, the experimental mod-
el can be constructed in the launder, which is showed
in Fig. 4.

Fig.4 Sand Launder experiment

Vol. 6 No.3,Sept. 2008 79



The experiment is carried out step by step as the
following ;

1) Built a retaining structure made up by wood
frame and gauze in the launder so as to hinder soil and
make water pass though.

2) Fill some infiltration material in the launder
hierarchically with 300 mm for each layer. The model
is constructed by tight layers.

3) Turn on the feed valve and instill water into
the launder till the water submerges the model. After
some time, water in the launder will infiltrate into the
model so that the water level will descend. So add wa—
ter again to keep the water level the same height with
the model.

4) Drain water by pump or tap and record the wa—
ter head level of different piezometer tubes at different
time.

The experiment is carried out on bigger sand mod—
el with high filtration coefficient and smaller sand-clay

model with low coefficient.

3.2 The result and analysis of sand model

experiment

The experiment on sandy clay is carried out ac—

cording to the methods mentioned above. Fig. 5 dis—

plays the model.

I [T _‘E "
Bl § © L S z
. . . . -+
* Piezometer tube | - i -
1 2 3 5 7 8 9710111
© 5 o 6 0 % o © o o
A s o - 0 v YL —
-

2550
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T 1

k4(l 1150 l
T 1
Fig.5 Sand model

Since the filtration coefficient of sand model is
high, the fall in water level is made respectively by one
pump and two pumps. The contrastive analysis of ex—

perimental value and value of analytic formula can be

found in Table 2 and Table 3.

Table 2 Contrastive analysis of experimental value and value of analytic formula with one pump

The number of piezometer tubes

Time/min Water level/m Calculation items
4 5 6 7 8 9 10 11 12

0 1.400 Initial value/m 1.400 1.400 1.400 1.400 1.400 1.400 1.400 1.400 1.400
Experimental value/m  1.193 1.245 1.273 1.286 1.296 1.303 1.308 1.311 1.312

5 1.182 Calculation value/m 1.211 1.265 1.295 1.309 1.321 1.329 1.335 1.338 1.339
Inaccuracy/ % -1.51 -1.61 -1.73 -1.79 -1.93 -2.00 -2.06 -2.06 -2.06

Experimental value/m  1.009 1.141 1.198 1.223 1.240 1.252 1.260 1.265 1.267

10 0.972 Calculation value/m 1.024 1.159 1.218 1.244 1.264 1.277 1.286 1.291 1.293
Inaccuracy/% -1.49 -1.58 -1.67 -1.72 -1.94 -1.99 -2.06 -2.06 -2.05

Experimental value/m  0.840 1.033 1.126 1.167 1.192 1.208 1.220 1.227 1.230

15 0.795 Calculation value/m 0.858 1.062 1.164 1.212 1.239 1.256 1.269 1.276 1.279
Inaccuracy/ % -2.14 -2.81 -3.37 -3.86 -3.94 -3.97 -4.02 -3.99 -3.98

Experimental value/m  0.668  0.888 1.034 1.107 1.145 1.167 1.182 1.191 1.195

20 0.627 Calculation value/m 0.683 0.911 1.063 1.139 1.179 1.202 1.218 1.227 1.231
Inaccuracy/ % -2.25 -2.59 -2.80 -2.89 -2.97 -3.00 -3.05 -3.02 -3.01

Table 3 Contrastive analysis of experimental value and value of analytic formula with two pumps
The number of piezometer tubes
Time/min Water level/m Calculation items
4 5 6 7 8 9 10 11 12

0 1.400 Initial value/m 1.400 1.400 1.400 1.400 1.400 1.400 1.400 1.400 1.400
Experimental value/m  1.175 1.240 1.274 1.292 1.304 1.313 1.322 1.326 1.327

3 1.160 Calculation value/m 1.186 1.253 1.288 1.307 1.319 1.328 1.337 1.342 1.343
Inaccuracy/ % -0.94 -1.05 -1.10 -1.16 —-1.15 —-1.14 -1.13 -1.21 -1.21

Experimental value/m  1.012 1.146 1.202 1.227 1.244 1.256 1.267 1.272 1.275

6 0.905 Calculation value/m 1.025 1.168 1.232 1.262 1.281 1.293 1.305 1.310 1.313
Inaccuracy/ % -1.28 -1.92 -2.50 -2.85 -2.97 -2.95 -3.00 -2.99 -2.98

Experimental value/m  0.747 1.030 1.129 1.167 1.191 1.207 1.223 1.230 1.234

9 0.665 Calculation value/m 0.760 1.056 1.164 1.209 1.237 1.255 1.271 1.279 1.283
Inaccuracy/ % -1.74 -2.52 -3.10 -3.59 -3.86 -3.98 -3.92 -3.98 -3.97

Experimental value/m  0.491 0.860 1.045 1.111 1.144 1.166 1.185 1.194 1.198

12 0.420 Calculation value/m 0.500 0.884 1.082 1.156 1.191 1.214 1.234 1.243 1.247
Inaccuracy/ % -1.83 -2.79 -3.54 -4.05 -4.11 -4.12 -4.14 -4.10 -4.09
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3.3 The result and analysis of sand-clay ~ £ j:
model experiment . B . . )
. . . Filter A " . Sand-clay * =
Some clay is added into sand to reduce the filira— R =
tion coefficient and change the character of filtration of 12 3 4 5fszomter tubs, 10 11 1.2 -
sad. The ratio of sand to clay is 1:3. Water is drained — .o. i O. 2 - O‘ ks .o —— j -
out respectively by one tap and two taps because the Ll e | 5320 bad
filtration coefficient is low. The contrastive analysis of T T T
experiment value and calculation value of analytic ex— )
pression is displayed in Table 4 and Table 5. Fig.6  Sand-clay model
Table 4 Contrastive analysis of experimental value and value of analytic formula with one tap
The number of piezometer tubes
Time/min Water level/m Calculation items
5 6 7 8 9 10 11 12
0 1.200 Initial value/m 1.200 1.200 1.200 1.200 1.200 1.200 1.200 1.200
Experimental value/m 1.127 1.133 1.137 1.141 1.143 1.145 1.146 1.147
1 1.120 Calculation value/m 1.145 1.151 1.156 1.160 1.162 1.163 1.165 1.166
Inaccuracy/% -1.60 -1.59 -1.67 -1.67 -1.66 -1.57 -1.66 -1.66
Experimental value/m 1.072 1.085 1.095 1.103 1.108 1.113 1.115 1.117
2 1.040 Calculation value/m 1.090 1.106 1.117 1.125 1.129 1.130 1.131 1.132
Inaccuracy/% -1.68 -1.94 -2.01 -1.99 -1.90 -1.53 -1.43 -1.34
Experimental value/m 1.025 1.044 1.059 1.070 1.078 1.084 1.089 1.091
3 0.965 Calculation value/m 1.043 1.063 1.084 1.098 1.117 1.119 1.120 1.121
Inaccuracy/ % -1.76 -1.82 -2.36 -2.62 -3.62 -3.23 -2.85 -2.75
Experimental value/m 0.987 1.007 1.025 1.040 1.051 1.059 1.065 1.068
4 0.890 Calculation value/m 1.008 1.030 1.051 1.063 1.069 1.071 1.072 1.073
Inaccuracy/% -2.13 -2.28 -2.54 -2.21 -1.71 -1.13 -0.66 -0.47
Table 5 Contrastive analysis of experimental value and value of analytic formula with two taps
The number of piezometer tubes
Time/min Water level/m Calculation items
5 6 7 8 9 10 11 12
0 1.200 Initial value/m 1.200 1.200 1.200 1.200 1.200 1.200 1.200 1.200
Experimental value/m 1.076 1.092 1.103 1.111 1.117 1.122 1.126 1.127
1 1.049 Calculation value/m 1.098 1.121 1.142 1.154 1.157 1.158 1.159 1.160
Inaccuracy/ % -2.04 -2.66 -3.54 -3.87 -3.58 -3.21 -2.93 -2.93
Experimental value/m 1.006 1.029 1.048 1.062 1.073 1.081 1.088 1.091
2 0.900 Calculation value/m 1.036 1.057 1.076 1.082 1.087 1.090 1.092 1.093
Inaccuracy/% -2.98 -2.72 -2.67 -1.88 -1.30 -0.83 -0.37 -0.18
Experimental value/m 0.957 0.980 1.003 1.022 1.036 1.047 1.056 1.061
3 0.762 Calculation value/m 0.995 1.035 1.054 1.065 1.074 1.076 1.077 1.078
Inaccuracy/ % -3.97 -2.78 -5.08 -4.21 -3.67 -2.77 -1.99 -1.60
Experimental value/m 0.913 0.937 0.964 0.987 1.004 1.017 1.029 1.034
4 0.630 Calculation value/m 0.957 0.978 0.991 1.002 1.011 1.014 1.015 1.016
Inaccuracy/% -4.82 -4.38 -2.80 -1.52 -0.70 0.29 1.36 -1.93

According to Table 2 to Table 5, the calculation
value of analytic expression is a bit much more than the
experimental value and the inaccuracy is no more than
5 % generally except for some points, which increases
as the water level descends. As the horizon distance
increases after the water descends to a level, the inac—
curacy becomes larger and the location of phreatic sur—
face in the rear of the slope does not change dramatic—
ally. Through these results of these two experiments,

the analytic solution has higher calculation accuracy

than that in the Ref. [9] since it has taken the influ—
ence of the changing ratio of the water level into con-

sideration.

4 Contrastive analysis of analytic solution,
numerical solution and experiential gen—
eralizing

The seepage module of ground water of PLAX-
FLOW is adopted to further test the correctness of ana—

lytic solution and contrast with the solution of experien—
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tial generalizing.

In real projects, technicians from different depart—
ments often generalize through experiences in different
methods. Some regard the line between the water far a—
way the reservoir slope and the ultimate water after
change as the location of phreatic surface; some take
the initial water level as the phreatic surface; and the
others choose the one-third of the height of the sliding
mass. Here the first method is used as the solution of
experiential generalizing to compare with the numerical

solution and analytic solution.

S The initial water level

The initial phreatic s;r?zﬁ/é';mm ater level after drawdown
-

The phreatic surface through experiential generalizing

Fig.7 The phreatic surface through
experiential generalizing

Example: as showed in Fig. 8, the grading angle
is 45°;

b

the filtration coefficient of the soil is k, =k, =

(a) The phreatic surface after drawdown one day

r.

(¢) The phreatic surface after drawdown three days

¥

0.005 m/d; the water in the front of the slope de—
scends at the speed of 3 m/d by 15 m; the rear slope
is the constant water head boundary and A =15 m.

The initial
water head X 4
11
20 m
' The boundary
- of constant
water head
h=15m
2 3

Impervious boundary

Fig.8 Calculation model

In Fig. 9, the locations of phreatic surface of dif-
ferent time are displayed, which are acquired by in-
stantaneous analysis of seepage module of underground
water through PLAXFLOW.

Table 6 illustrates the comparison of analytic solu—
tion, numerical solution and the solution of experiential
generalizing, whose inaccuracy is compared by the nu—

merical solution at the same level.

(b) The phreatic surface after drawdown two days

(d) The phreatic surface after drawdown four days

(e) The phreatic surface after drawdown five days

Fig.9 The locations of phreatic surface of different time

Table 6 The calculation results of phrestic surface
(a) The height of phreatic surface after drawdown one day

Horizontal distance/m Remarks

Calculation methods

Coordinates of

0 10 20 30 40 60 70 90 110 130 150 . .
spill point
Numerical solution 0.0 10.0 14.6 14.9 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 (12.1,12.1)
Analytic solution 0.0 10.0  14.1 14.3 14.4 14.6 14.8 14.9 14.9 14.9 15.0 (12.0,12.0)
Inaccuracy/ % 0.0 0.0 -3.42 -4.03 -4.00 -3.33 -2.67 -1.33 -0.67 -0.67 -0.67 0.0 (-0.8,-0.8)
The solution of experiential

. 0.0 10.0 12.2 12.4 12.6 .8 13.0  13.3 13.7 14.1 14.6 15.0 (12.0,12.0)

generalizing
Inaccuracy/ % 0.0 0.0 -16.4 -16.8 -16.0 -14.7 -13.3 -11.3 -8.7 -6.0 -2.7 0.0 (-0.8,-0.8)
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(b) The height of phreatic surface after drawdown three days

Horizontal distance/m Remarks
Calculation methods Coordinates of
0 10 20 30 40 50 60 70 90 110 130 150 ) .
spill point
Numerical solution 0.0 10.0 13.7 14.5 14.8 14.9 15.0 15.0 15.0 15.0 15.0 15.0 (10.5,10.5)
Analytic solution 0.0 10.0 12.7 14.5 14.8 14. 14.9 14.9 15.0 15.0 15.0 15.0 (10.1,10.1)
Inaccuracy/ % 0.0 0.0 -7.30 0.0 0.0 -0.67 -0.67 -0.67 0.0 0.0 0.0 0.0 (-3.81,-3.81)
The solution of experi—
. . 0.0 6.3 6.9 7.5 8.1 8 9.4 10.0 11.3 12.5 13.8 15.0 (6.0,6.0)
ential generalizing
Inaccuracy/ % 0.0 -37.0 -49.6 -48.3 -45.3 -40.9 -37.3 -33.3 -24.7 -16.7 -8.0 0.0 (-42.9,-42.9)
(¢) The height of phreatic surface after drawdown five days
Horizontal distance/m Remarks
Calculation methods Coordinates of
0 10 20 30 40 50 60 70 90 110 130 150 ) )
spill point
Numerical solution 0.0 9.7 12.7 13.9 14.5 14.7 14.9 15.0 15.0 15.0 15.0 15.0 (8.9,8.9)
Analytic solution 0.0 9.2 11.8 13.5 13.9 14.3 14.7 14.8 14.8 14.9 14.9 15.0 (8.6,8.6)
Inaccuracy/ % 0.0 -5.15 -7.09 -2.88 -4.14 -2.72 -1.34 -1.33 -1.33 -0.67 -0.67 0.0 (-3.37,-3.37)
The solution of experi—
. . 0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 9.0 11.0 13.0 15.0 (0.0,0.0)
ential generalizing
Inaccuracy/ % 0.0 -89.7 -84.3 -78.4 -72.4 -66.0 -59.7 -53.3 -40.0 -26.7 -13.3 0.0 ( -100.0,-100.0)
It can be concluded through Table 6 that the re— ing the period of Atz (if water ascends, Ah; >0 ;if water

sults of analytic solution and numerical solution are
similar. However the inaccuracy of the solution of ex—

The

more water level drawdown is, the bigger inaccuracy

periential generalizing is larger comparatively.

is, which reaches 80 % in the front of the slope. As a
result, the analytic solution and numerical solution ac—
quired by instantaneous analysis of seepage module of
underground water through PLAXFLOW are dependa-—
ble and can reflect the hysteresis effect of the change of
the phreatic surface. In Table 6 the spilling points of
the phreatic surface according to numerical solution
and analytic solution are higher than the water level in
the front of the slope, which displays the hysteresis
effect. If experiential generalizing is applied to analyze
the slope stability, such as the slope of reservoir bank
in the Three Gorges area, the potential dangers would

be caused to people’s life and property.

5 Conclusions

While deducing the analytic solution of the phreat—
ic surface in the slope of reservoir bank, we assume
the water level mostly change at a constant speed V,,
which does not correspond to the actual situation. So in
this paper, the analytic solution of phreatic surface is
further studied and the following conclusions can be
drawn .

1) By inducing the change of water level Ah; dur—

descends, Ah; <0 ;if water remains still, Ah, =0). As
a result, if Az(the time during which Ah;takes place)
is split, analytic solution is suitable to locate the phre—
atic surface on the condition that water level changes at
a changing rate.

2) The correctness of analytic solution is tested
through the model of sand and sand-clay, which shows
the calculation results of analytic solution are larger
than the experiential value and the inaccuracy is no
more than 5 % . In addition, the inaccuracy increases
as the water level descends. As the horizon distance
increases after the water descends to a level, the inac—
curacy becomes larger and the location of phreatic sur—
face in the slope rear does not change dramatically.

3) The numerical solution of the phreatic surface,
which is acquired by underground water seepage mod-—
ule of PLAXFLOW, is compared with analytic solu—
tion. It can be concluded that these two results are
close to each other and the hysteresis effect can be il-
lustrated during the drawdown of the water level.

4) By comparing the results of analytic solution,
numerical solution and the solution of experiential gen—
eralizing, the inaccuracy of experiential generalizing is
evident and will become larger as the water descends e—
ven exceed 80 % . So if the method of experiential gen—
eralizing is adopted in the slope of reservoir bank in the

Three Gorges area, it will result in many potential dan—
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gers even geological disasters.
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