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The Estimation of the Uplift Pressure and Seepage Discharge under Gravity
Dam : Development of a 3-D FDM Model in Heterogeneous Media

ICE 3

Kim, Sang—Jun

Abstract

The purpose of this study is to suggest the methodology for the computation of uplift pressure and discharge
of the seepage flow under gravity dam. A 3-dimensional FDM model is developed for this purpose and this
model can simulate the saturated Darcian flow in heterogeneous media. For the verification of the numeric
model, test simulation has been executed and the mass balance has been checked. The error does not exceed
3%. Using the developed model, The uplift pressure and seepage flow discharge under gravity dam has been
calculated. The uplift pressure shows the similar pattern, comparing with the result of flow—net method. As
the length of grout curtain increases, the uplift pressure decreases linearly, but the seepage flow discharge shows
the non-linear decreasing pattern. The coefficients of the formulas in the dam-design criteria have been an—
alysed, and o=1/3 corresponds to the value when the length of curtain grout is 70% of the aquifer height.
The uplift pressure near the pressure relief drain has the big curvature vertically and horizontally. The developed
model in this study can be used for the evaluation of the effects of seepage flow under gravity dam.

Keywords : gravity dam, seepage flow, uplift pressure, grout curtain, relief drain
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Fig. 2. Flow-Net and Uplift Pressure (SentUrk,1994)
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Table 1. Soil and Groundwater Model (Flow and Transport)

Name Content
ABCFEM two—dimensional transient finite element flow and random walk transport
ASM two-dimensional transient finite difference flow and transport
FTWORK three-dimensional transient finite difference flow and transport
MULAT three-dimensional steady-state finite element flow and transport
NETFLO three-dimensional steady-state flow in fracture networks
PLASM two—-dimensional transient finite difference flow; IGWMC version
RADFLOW | two-dimensional radial transient finite difference flow
SUTRA two-dimensional transient hybrid FE/FD flow and transport
TARGET series of two- and three-dimensional integral finite difference flow and transport models
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Fig. 4. Flowchart of the FDM Algorithm in This Study
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Input parameters:
x—direction: Az (1 m) X 50=50 m
y-direction: Ay (1 m) X 30=30 m
z—direction: Az (1 m) X 34=34m
specific storage: A=0.0001
Boundary Condition :
const. head: wall A: total head=70 m
wall D: total head=35m

At=1day

impermeable:
Initial Condition :
Pumping Rate:

total head=35m

wall B, C, E, F |G, surface and bottom

S(z,y,2)= 200 m¥/day at z=25m, y=10m, 2=1m, 2m, 30m
S(z,y,2)=100 m*/day at z=25m, y=24m, z=1m, 2m, 30m
Test I (homogeneous) Test II (heterogeneous)
permeability: permeability:
K(zvyvz):lo m/day K(-%?/;Z): 5 m/d”'y (2:1 m, Zm, ’ 9m710 m)
K(z,y,2)=10 m/day (z=11m, 12 m, , 19m,20 m)
K(z,y,2)=15 m/day (z=21 m, 22 m, , 29m,30 m)

60
50
40
30
20

48 43 43 43 42 42 41 40 40 39 3/ X I’ 37 37 3 3B 36 3L 3L W 36 I} 3I® 35 I I I}/ W B 36 I}/ I} I S 3}/ I}/ I
44 44 43 43 42 42 41 40 40 39 59 3% 38 37 37 57 6. 36 6 36 36 56 5 55 35 3/ H I/ I/ 35 I/ P I H P P P I/ 5 I
44 44 43 43 42 42 41 40 40 39 39 3 38 37 I7 37 3 36 36 I I/ I 55 35 3I5 3/ 55 I/ 3/ IS 3/ B B P W/ P S I}/ I
44 44 43 43 42 42 41 40 A0 39 98 3 37 31 37 36 W 36 %6 ;W I/ IS5 I I/ I I H 5 ] I I O I/ B ¥ I/ X 3B FH W
45 44 44 43 42 42 41 40 40 99 3B F 37 37 I6 I I I/ 6 % I ¥ I/ P I I/ 5 I/ I 5 H F/ I/ P/ P L I/ [/ I
45 45 44 43 43 42 41 40 39 39 98 3y 37 35 36 35 W 36 96 35 3I5 35 35 35 5 I5 5 I/ 5 35 I5 5 35 3/ 3/ 3B 35 I I IS
45 45 44 434 43 42 41 40 39 33 38 37 36 36 36 36 3 35 B 3/ 35 35 3/ P IS 35 5 35 3} 35 3B F 35 B/ B B ¥ 3B B 35
47 45 45 44 43 42 41 40 W 3B 37 ¥ 35 S5 35 35 35 35 35 3/ 35 35 3/ 35 I/ 35 3/ 3/ 35 35 3/ O 3/ S/ 3/ 35 35 I/ 35 35
ot o 47 468 45 44 43 42 41 40 33 33 36 35 34 31 34 55 35 35 55 35 35 35 35 5 35 55 85 38 35 35 35 55 35 S5 35 5 35 3/ 5 IS
g1 = 51 48 47 45 44 43 42 41 40 309 37 36 34 32 33 34 34 34 35 35 3B 35 35 35 35 35 35 35 3/ 03X 35 35 3¢ 35 3}/ 3P\ 35 3B 35 35 35
57 S B 48 47 48 45 43 42 41 40 38 37 35 23 27 32 33 34 3 34 Y 3 IS S5 I K 35 35 3® 35 I I 35 I 3/ K I 35 I 85 3/ IS
57 E{ 52 49 47 46 45 43 42 41 40 36 37T 36 34 32 33 I3 4 M 34 34 9 I I ¥ ¥ I I B I/ I I/ I I} B B/ P I ¥ I F W
5T 5 82 49 48 46 45 44 42 41 4D 39 37 I 5 34 34 M 34 34 I 34 34 36 5 I 3}/ IS I 5 IS 3% I I}/ I}/ B/ P/ J P/ I}/ I/ B/ I
51 5&_ 59 Q? 48 45 45 44 42 41 40 39 37 36 S5 35 34 34 34 34 34 34 354 94 38 34 F I 35 55 35 36 35 3/ 55 35 P KL 3/ 5 35 35 36
57 56 52 43 45 46 45 44 42 41 40 39 35 37 X 35 35 34 34 34 34 34 54 34 34 34 34 M 35 035 3F P B H B B H XL B B FH B B
5:’, B8 S 82 48 48 46 45 43 42 41 40 359 37 37 35 3I5 35 34 34 34 34 34 34 34 54 34 3 34 34 3 35 3C 35 35 € 3/ 3/ X 35 I 3/ S5 I
87 SB 54 52 4? 48 48 45 43 42 41 40 38 37 36 38 35 34 34 34 34 34 54 34 34 54 34 54 34 34 34 34 35 35 3K 3 95 3/ K 3/ 3 35 3K I
57 56 52 43 47 46 45 43 42 41 39 38 37 36 3% 35 34 34 34 34 34 34 34 38 34 34 3 34 34 34 34 34 3B 3H5 ¥ X P L L 3}/ 3L 5 I
57 S5 s2 48 47 46 44 43 47 40 33 38 57 36 35 34 34 33 53 33 35 533 34 34 34 34 53 34 34 54 34 34 34 35 .35 35 35 3/ B 35 I/ 35 35
_57- Eﬂ_ 4 52 43 47 45 48 43 41 30 39 37 3B 35 M I3 33 35 33 33 33 33 33 33 M4 34 31 34 34 3 34 34 H 3B FH B/ P B B B BB B
57 BS 52 48 47 45 43 42 41 39 38 37 35 34 53 32 32 32 32 32 33 I3 33 33 93 34 34 34 34 34 34 34 94 34 3 3/ I .} I I} 3} X IS
T 55 3 51 48 46 45 43 42 40 39 % I}/ I I3 AN O OA M 3 32} T I OM MM RN MMM MIFTHBRHEBBS
108 o1 47 46 44 43 41 40 39 I7 35 M ! H 29 29°30 AN F I ¢ I I3 W I3 M M M 3} M 34 H W M PH FH P B B BB
55 =1 47 45 44 42 41 40 S8 37 35 33 3 Qﬂ A_Eﬁ 21 29 30 31 S_? 3 32 33 33 33 53 34 34 34 54 34 34 3 34 35 35 ¥ 3/ 31 35 35 I
46 44 45 42 41 33 3B 36 34 32 30 25 ;ﬁ 24 25 23 3 3 32 32 33 33 33 53 34 34 34 34 34 34 34 34 35 55 35 35 3 3/ [/ B
45 M 43 41 40 30 33 36 34 33 30 27 24 26 25 30 3 31 32 32 33 33 33 33 34 34 30 3 34 34 34 34 35 35 ¥ 35 IS 35 35 38
44 43 47 41 40 35 37 36 35 33 31 29 28 28 29 30 3} 31 32 32 33 33 33 33 34 34 34 34 34 34 34 34 34 3/ F/ 3/ 35 35 35 38
43 42 M1 40 39 38 37 36 35 33 32 F 30 30 30 3;M F 37 32 32 33 33 33 33 33 34 3 34 34 34 34 34 34 3/™W ¥} 3L IF® 3 [/ I
42 42 41 40 39 S8 37 96 35 84 33 s 91 H I H 3 82 32 82 33 893 53 853 33 34 24 54 34 34 34 34 34 3 ® I/ S 3/ ;W IS
42 41 4 40 39 36 3T I 5 M 93 W 2 32 I ST 2 32 33 333 93 033 I3 3 M 3 O3 M 34 ¥ 4 P W FH BB BB
41 41T 40 40 39 3B 37 36 I 3I5 34 3 I 3! IJ2 ! G52 32 W 33 33 FW I3 3 I3 34 N M 34 3 34 34 ¢4 I}/ I} I I 3B B I
47 41 40 40 39 3B 37 36 96 35 34 3/ 39 I3 32 2 O 32 33 33 33 3 93 93 35 34 M4 34 34 34 34 M 34 55 %/ I/ P B X B
4 41 41 40 30 39 3% 37 36 36 35 24 3 33 33 33 3 I 33 3 33 93 33 33 34 34 34 34 34 34 030 34 3B 3P I 3} 35 3B 3B

Fig. 6. Total Heads (meter) in Horizontal Plane (z=30m) [ Test II]
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al., 1998). dEE SAT A E AT 4-F, Lee and Oh (2005)E 7]
& ZAYEH 5FgAE AXste] oF 2d1tel] ZA
- ’“ih% @ A R S5, AS Avks BAsat o A3
ot = AFchhee) el A5 A59] Wl v
A7A, v B HISE, t= 9] 71AE, b3t b, W N7l jEEehH, 11 A7) o] 4] 9] 66~T0%0] o] =
et s ’“*‘Ollﬂr e 71 ol A AAl= = Ao R HuEdck g el H AA7]1E(Ministry
S =Ad] B Eq. (7)ol o3k A ghxc 2o of Land, Infrastructure and Transport, 2011)l 2]3}9,
& £°] Fig. 72 ¥4 AFA19] o & BT Q= A ) o] 2Rgol] o3k koS Fig. 83 2ol
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Table 3. Conservation of Mass (Flowrate: m¥day)
(1) plane A (2) plane D (3) Well Ratio (1)(;_)(2)
Test I (Homogeneous) 8,715 12 3,000 + 6,000 = 9,000 0.97
Test II (Heterogeneous) 8,626 130 3,000 + 6,000 = 9,000 0.97
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20

H ¢ uplift pressure

Hn :

hydrostatic pressure

L : distance from the heel
W : the length of dam base

Dam Grout depth  Drain_depth
Grand Coulee 300 ft 50 ft
Wheeler 30 ft 4]
Holtwood 0 0

Fig. 7. Uplift Pressures of Dams (Linsley, 1979)
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Table 4. Data for the Computations of Uplift Pressure

Input parameters :
Aquifer Dimension for Simulation
x-direction: Az(1 m)X70=70 m At= 1day
y-direction: Ay(1 m)X34=34m
z—direction: Az(1 m) x30=30m

Source : S(z,y.2)= 0 m*/day
specific storage X = 0.0001

Boundary Condition :
const. head : head = 60 m(water depth) + 30 m(the height of Aquifer)
. the Vertical Section of Aquifer at heel
head = 10 m(water depth) + 30 m(the height of Aquifer)
. the Vertical Section of Aquifer at toe

impermeable : The plane between dam and Aquifer
The bottom of Aquifer
The plane of Grout Curtain

Initial Condition : head=30 m

Case A-1 (homogeneous) Case A-2 (heterogeneous)
permeability:
permeability: K(x,y,2)=5m/day (z=1m, 2m, , 9m, 10m)
K(x,y,2)=10 m/day Klz,y,2)= 10 m/day (z=11m, 12 m, , 19m, 20m)
K(z,y,2)= 15 m/day (z=21 m, 22 m, , 29m, 30m)
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Fig. 12. Total Heads (meter) in Vertical Plane (y=15m) [Case A-1: B, B=0.5]
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