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h : Total head
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x,y.z-direction, resp.
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t : Time

He] HER s o] &5 FA5E Darcy
Halg gEstojol gt} AN E Y 38 2o
T Darcy H3¢9 Aol E7Fs38 A-57F o,
ety o X]'O"}—r*" &4 Reynolds 57} 1~102]
Rl FHE ERHY] g @ 712 9he 52

A5 'H’ﬁ;"ﬂ WA Z Darcy BE 9 282 F
27} 91tk (Cedergren, 1975: $-44F, 1998).

I AA L 71245 AEF| gk FX]s)4]
2 AR 57, F5EE, 7% AFHEE 5
S 7ol g 9 e A S HES =) o) &
Hy f-3te Ao At o g o]%g_u].

- Gl ) AEFe] FEa | F 71A] uhgol
Adet. s AT HE ‘%‘”doﬂ ujel ¥£3} F
S AAE g o2 sl 2Hfpdo] HskehE B4
FHE Wlshs X3} AFF Aol ohE &
U X3} GEnt opg} £33} 9% At o
o A7) 23} - EX 8 AFH Aot

A D 9 7|20 AEF L AH DA

rio

2k AHy+2 (g, 2Hy=g ©)
ax X ay 2
374,

h : Total head
Ky. Ky * Hydraulic conductivity

@ AA e ArHA - h=Z(x,y.t)
@ A=A 81 AAAPA4 - h=h(t)
@ AA 71z ZARS

Ky zh Ly +EK, a}; ly=q
1714,
q : unit flux across the side of an element
Ly, 1y vertical line in boundary surface

Sa(AANR) ke 1 by Bk g =g

Fig. 1. Seepage equation in fill type dam
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o7]A, (K] = Element characteristic matrix
{H} = Vector of nodal heads
{Q} = Applied flux vector
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Fig. 2. Typical cross section of fill dam curtain grouting ‘
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Table 1. Hydraulic conductivity of each material adopted in
the model(GEO-SLOPE International Ltd, 1998)

Constitution of . Hydraulic
Material .
dam conductivity(m/s)

Clay core cutoff  [Well graded clay 7.00x107
Embankment  |Sandy clayey silt 1.50x10°
Filter Fine sand 4.30%10%
Toe drain Gravel 4.22x10°

Foundation ground | Soil and rock | 8.00x107~1.00x10°
Underground cutoff | Grout curtain 1.00x107

Analyss Typs  Sleaay-State
Analysis View 2-0.mens.on

Fig. 3. Typical cross section of seepage analysis in fill dam

Anctysis Typs Steady-State
Arziyss View 2-Dmonsion

Fig 4. Finite element mesh net of seepage analysis in
fill dam foundation
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Fig. 5. Boundary conditions of FEM seepage analysis
in fill dam
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q : Rate of discharge

K : Hydraulic conductivity
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Table 2. Comparison of flow net and seep/

w solution results

ltem Flow Net | SEEP/W
Total seepage rate(m/sec/m) 457x10% | 4.41x10®
- Total head(H) 27 27
- Nurmber of flow line(Nr) 6.1 -
- Number of equipotential space(Nd) 18 18
- Interval of equipotential line 15 15

ful water ievel
+

Anatysis Type Steady-Siata
Anaiysss View 2.Dunension

Nf

Fig. 6. Flow net solution of fill dam seepage

Anatysis Type Steady-State
Analysss View 2-Oimension

Fig. 7. SEEP/W computed head distribution and flow
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Fig. 8. Typical seepage fiow line through dam
foundation before curtain grouting

Anats Type SteadyStato
Anatyss View 2-Dimension
water tavel

Fig. 9. Typical seepage flow line through dam
foundation after curtain grouting
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I. Classification of dam drainage type
(drain, filter)
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. Classification of dam foundation ground
(soil, rock)

«

. Selection of model factors (dam componentﬂ

«

Selection of input parameter values in model
(permeability, water depth, grout curtain depth)

]

«

V. Seepage analysis (seepage discharge)

Fig. 10. Process of seepage analysis in fill dam with
grout curtain
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grout curtain
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Fig. 17. Uplift at dam bottom for a range of grout depth
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Fig. 18. Uplift at dam bottom for a range of grout depth
(foundation K=1x10"m/sec, K-anisotrophy=0.1)
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