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Analytic solution of seepage calculation for dams and levees with
mound drains on impervious strata

WU Shi-yu, SONG Xin-jiang
(Anhui and Huaihe River Water Resources Research Institute, Bengbu 233000, China)

Abstract: The seepage calculations of dams and levees with mound and layer drains on impervious strata are introduced. The
slope angle of drain boundary is greater than 90° . The main contents and results are as follows: (1) For the mound drain with
the downstream water depth H,=0, according to the Kochina’s theory g/k=uh,, the reciprocal of ratio x between the flow
quantity and the height 4, of release point is calculated, and the relevant fitting formula for 1/u is presented. By means of the
transformed hypergeometric function, a formula for the exit gradient and its distributions with slope angles of 90° , 135° , 180°
is given. (2) The conformal mapping method is employed to get the critical water depth Hc of the mound drain, and its
derivation process is much simpler than that of the Novmurov’s method. (3) For the mound drain with H>H¢, according to the
Novmurov’s theory AL,=D,Hy+D,q/k, the proportional coefficients D; and D, of additional length of downstream seepage path
are calculated, and two fitting formulae for D, and D, with enough precision are presented. The conformal mapping method is
used to get the exact seepage solution in downstream district with mound drains, combined with the corresponding solution by
Normurov in the upstream district of dams and levees, an example is calculated accurately to get the flow quantity ratio g/k,
height of release point 4, distribution of exit gradient 7, coordinates of the whole phreatic line and its inflection points to check
the corresponding program of finite element and other approximate methods. (4) For the mound drain with 0<H,<H¢, two
approximate formulae for the height 4 of release point and the additional length AL, of downstream seepage path are presented.
The calculated results agree with the results of the finite element methods.
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Fig. 1 Dams and levees with mound drains with H,=0
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Table 2 Exit gradients of mound drains with slope angle of 135°

(H,=0)

e yihq V1, —I I Wiff o /(° )

0 0 oo oo oo 45
0.0004 0.0019 10.942 9.942  14.784 47.74
0.0060  0.0141 5.556  4.556 7.185 50.65
0.0300 0.0474  3.705  2.705 4.587 53.87
0.1000  0.1186  2.719 1.719 3.217 57.70
0.2000 02038 2256 1.256 2.582 60.89
0.4000  0.3599 1.839  0.839 2.021 65.48
0.7000  0.6042 1.495  0.495 1.575 71.68
0.8500  0.7531 1.347  0.347 1.391 75.55
0.9500  0.8885 1203 0.203 1.220 80.42
1.0000  1.0000  1.000 0 1.000 90

o =1 (13), THERFEARK R B H
TR -

nF( ) F(OO ;6)
I=1-il = : 1 3
r (1)F( ) fF(2 SEHS)

\/7 arcsin \/_ 2 arcsin \/— . (15)

N3
Hllo=1-¢ AL (14), ﬁﬂm»o E’W}KE, 5

X x_D__H F(l,l, ;0)de
b % h r(s)F( )I

_ p'/sinme I4 arcs1n\/7
Jrr(e)2

AFIC ¢ =sin’ O 15
—-X 4 0 4 . 2
_:_2J 20d9:—2(arcsm\/z) . (16)
Xy T Jdo T

K (15) fRAR (16), 8

T=1-il, =i (17)
—X

R (17) RS AR A A 5 o R AR £
Lho =12+ RN (13D, TR K 1
TR -

T=1-il, = qr(lﬁ) (i-—)-
F2(5+g)1"(1—s) ne
11
F(——s,——s;l—s;g)
2 L (18)
§F( 1+g§) e



i1 R4y,

S5 ANBAKHEE BT HEARB RS BB T S R 105

JEIF B, HFHCe—0 IR, 13
I=1-il, LN (0.50+0.32184¢7 +

1
T 2KGS)

0.24089¢7°+0.18927¢ 4 40.15640¢°+0.13297¢° +
0.11562¢740.10227¢£540.09166¢°+0.08306¢ " +

R,,)+lln§+i , (19)
L

A, Ry AEL 11 LS AR IR, AR B 2 5L 8,
9, 10 TEEAE ARt 2 th<k, 4R Ryy.
Flho=12 Az (14), 1§
11
u I§F(2’zsls§)d§
Eroro’t g

I%K(f)

ylhy =

BILE =k, aﬁtuu=1.346894t‘)\, 4

Vihy =4—§‘J Kok - au LS e -
" Jo w2 3x2* (1)

“ye |

(2nh)’¢"
5><28(2!)4 @2n+1)x2* (n1)*

(2n!)’¢"
== >< 1.34689 1 ,
\/7[ Jr,12:‘(2n+1)><24"(n!)é‘} (20)

%50 (19). Q0D ML RA TR 3. %K 3 W I,
AT MR R glk=1.34hy, FFLBAE 1.34689 hy
I

R 3 RENAW HIRERRYKRE (H,=0)
Table 3 Exit gradients of mound drains with slope angle of 90°
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Table 5 Coefficients of downstream additional seepage path for mound drains with H,>H
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R (29) D, 0.3333 0.3666 0.3984 0.4262 0.4520 0.4773 0.5
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Table 7 Exit gradients of Example 2 with A,=5 m
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1.0001  -36.840  18.607 18.646 18.638 T ALy M ALyco (Hy=0, q/k=4.271m), ALy=1.496
1.001 -24.245  15.651 15.669 15.677 X 1+0.0423 X4.271=1.677 m, ALc=0.2794X3.007+
1.01 -13.832  12.700 12.705 12.718 0.4263 X 4.170=2.618 m.
1.1 -5773  9.799 9.840 9.835 - . Yot b e s
2 -0223  7.263 7.306 7.207 X /Eﬁﬁt (35), (36) st (1) (J*EEEP L E&,ZLO)
" I , l { 4
FRER | sy 6.547 6578 6390 ﬁ%‘ﬂ q/k M A HNTR 9, HFIHABRICH TR 4R
3.44664 DL b
10 2.520 5.841 5.871 — -
100 3.864 5258 583 — 9 B3 B9 glk F Ao (O<Hy<He)
1000 4.434 5.081 5.094 — Table 9 ¢g/k and &, of Example 3 with 0<H,<Hc
10000 4707 5.026 — — R him A qlklm  qlkim 45
oS 5.000  5.000 5.000 — Hom hfm AG2) -y A(1) PG
0 1.496 1480 4271 426
kL . 1 1.697 1.653 4.234 4.24
3 TiEKIR O<H<H: £HETHyIE{LIE 2 2254 2320 4201 421
47 3 3.001 3.000  4.171 4.17
TE ¥ Hc=3.007 3.007 — 4.170

3.1 HRSSE A
h (R TE S5 2R A8 TR I A 5 5 SR P g o 35
FaW:

R A 1% LR S5 A OB IE IR BOR £ Bty
JPRgzile X1 O<Hy<Hc ITEOL,  HIRBC S FEER AR
TESSNTCEE A, A% 3 (o) R 1A 1 i adk 1



513

KAy, SE ANE KL E AT HKR RS B T S0 B R 109

Bi=§lsi B, C, D, EW¥il%. B i 1=0; I="1; [
FIERRETY, & C 5 L=oo; [ =0, L/, =tanom; T
o] NIRRT, 2 D O RAE s 1 D AR ST,
#ilt E 5 L=o0; =00, [/l=tanoT .

4 45 it

(D) ST FUKIR H=0 MR KRB, 2K
FOMREA TS glh=uho PR AL 1o FEAHN HIER
HAT BRI PLA X, DMET N N A
LA BRI H R B R B R, IR BT
no=90° , 135° , 180° (K Mk PEI 4o

(2 I R 3 5~ T A 48 165 2 7 v e R HE /AR A
Il SRR

(3) R FEKE Ho>He AHEK I 5L, 4%
B K ALy=D\Hy+Dog/k ¥5HATHE NI sz
(I R AL Dy R Dy, FEAHDY M B H AT 08 K T (10
3o AR A AR 48R IR B AR U DX IR RS A
AT T B R B T I B R TR R Vi DX IR 2R S L R
BWrie GRS B RS AR, 45— BARE,
RS gk, IR AR by HURBCHERE 1
AT 26 S 4 s AR KR, T A5 LURAZ I R e
BIAT BRI R AL e AU R e S LT
SORERE

(4 T KR 0<Hr<He BARHK I, $2
HH IR S b R B DB AR ALy (P I AU
. W gk T by, SR ICIITE S
TR

Bt ASCHBOICTH SR o RS, B E R
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