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Dam Failure modes

d Overtopping - inadequate spillways (1/3)

d Dam/Foundation failure (1/3)
= EXcess seepage through dam/foundation
= Piping - insufficient drainage/grading

d Others

Wave action

Erosion of downstream face

Bank stability

Seismic activity

Degradation - lack of maintenance

Material supplies sub specification

See videos



Dam Seepage Analy5|s
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-seepage through dams
-seepage through dam foundation
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Seepage - Piping = Failure (St. Francis Breach)




Seepage - piping (Teton Dam)




Failure: Piping - Hellhole dam

Dec 23 7:00 am

Dec 23 9:30 am Dec 23 3:30 pm
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Internal Drain - reduce piping

Compound Drain
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Seepage

Dam Type Drain Type | Seepage through dams
Homogenous No drain
Homogenous Toe drain v
Homogenous Blanket drain v
Homogenous Chimney and \V/

blanket drain /
Impervious Upstream
Core blanket
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Toe drain A
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Horizontal drain (Blanket)
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Chimney Drain
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Range of Permeability for Various

Soils
o Fermeability Coefficient, k Relative
“ cmisec) Fermeability
Coarse gravel Exceeds 107 High
Sand, clean 10" to 107 Medium
Sand, dirty 10° to 107 Low
Silt 107 to 107 Very low

Clay Less than 107 Impervious
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Seepage(Phreatic) Line
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A158919 Base Parabola
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Ingress Transition
Seepage Line-BC
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x =(a+Aa)Cos x; y=(a+ Aa)Sin «

Y Y%
20
HLNUAI X LAy Y avlusinunis Base Parabola
_ Yo =
a+ Aa _Al—COSOC (1) Proove it.
W c=— (2)
(1 o C))’o

1—Cosoc. :1—Cosoc
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i: For 90° < ¢ <180° -

| Determine Intersection of the Basic 0.4
*ksﬂ | Parabola with Discharge Face, and

\\%}\ Reduce by Aa Using ¢ Value from 0.3
l \ Chart. Basic Parabola '
: \ z= Lt S <c]’
2Y,

1 - 4+

| S Yo=Yd'+ 4 d 1k "

: . \ AR .

i S 0.1

} | Overhanging Slope 0.0
30 60° 9Q° 120" 150° 180°

a = Slope of Discharge Face

C=0.5-0/360 (a1 1nailszunean)
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A1 C AN LAZINANS

a | c(Graph) ¢=0.5-0/360

30 0.360 0.417

60 0.325 0.333

90 0.255 0.250
120 0.175 0.167
150 0.090 0.083
180 0.000 0.000




Discharge Face
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Toe Drain

Discharge Face Discharge Face

=2y=32 (\/h?+d=d)
For &« = 90° For 90° <« < 180°

=90, c=0.5-90/360=1/4=Aa/(a+Aa)
a=0.75y,, Aa=0.25y,
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Chimney drain

d=(03h+2z)Cot8 +W + (h + z)Cot < -L

R=vh2 + d2 L (1—=c)y,
60<0<90 1 —Cos x4
Yo =R-—d Ag = CYo
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fquUdiunauni1ss919 Phreatic Line
1.2fayansans {h, z, W, 0, o}
2.AN7AUIAL Base Parabola
m=h.Cot(0); d=0.3m+z.Cot(0)+W+(h+2z)Cot(a)
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2Y0
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28



ANSANLIANERS1N15 MaduaasiinKiu
MLau
calculation of Seepage Rate

Darcy’s law
g = KIA

g=Seepage rate (m3/d/m)
K=Permeability coefficient (m/d)
iI=Hydraulic gradient (dy/dx)
A=Cross sectional area of flow(m2</m)
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Homogeneous dam(No drain)+Isotropic

v . e y \
=== 1 / (X:Y) S y2 yz
,. y -{/ T
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X (0 0)

For 30<a<180

A:y=Jy§+2xyﬂ For a<30

Y Yo Q=K.a.sin?(a)

dx \[yZ + 2xy,
g = KiA = Ky,
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Approximation method(For a<90°)

‘ Assume e=h/3 \

0.3m

1 v H

L

h ‘‘‘‘‘‘

! \a
e e:h :a ™
@i w— 32
| d=(0.3h+2)Cot(6)+W+(h+z)Cot(c)* 71,
o el
L=¢-2Cotlal o)

q=KiA, i=(h-e)/L,
A=(h+g)/2

q=K(h2-e2)/2L,
q=4Kh2/9L
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A15111 Phreatic Line waz Seepage Rate
ns6l K, <> K, (Anisotropic)

2. wilaeszazsu (X) 628 p KiIa X'=p.x
3. %1 Phreatic line au3annanuuan

4. @UWIUUT q NJNNS
1. q=Ky, (30<a<180)
2. g=K.a.sina. (0<30)

3 K=K, Ky
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ardasdu K, /K,

1. nsdlunamaaLiauaIe Tamping
Roller

K /Ky =0.10-0.50 1a&e =0.20

2. Malundanltliaualg Pneumatic
Tired Roller

K /K, =0.03-0.05 1a&e =0.04



T e Line of seepoge
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Transformed section |
X'=p.x=x/3
Position of phreatic line in uniform embankment with impervious foundation

Line of seepoge
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True section 34

Transformed section

X'=p.x=x/3




EXAMPLE 1: 1 Transformed Section when K, <>K
Iaufuiifiduay True Section @5l [911 Transformed Section

61 K, = Ky/3 w3a p = /K, /K;=/1/3=0.5774, X'=p.X

30
True Section —e—Dam dimension
20 ——Floor
Water level
10 / X=210 m.
QO e ®
0 50 100 150 200 250
30 .
Transformed Section —e—Dam dimension
20 ——Floor
Water level
10 /4
e X'=142.4 m.
QO e o
0 50 100 150 200 250 35



2.EXAMPLE

Seepage Calculation



Range of Permeability for Various

Soils
o Fermeability Coefficient, k Relative
“ (cmisec) Fermeability
Coarse gravel Exceeds 107 High
Sand, clean 10" to 107 Medium
Sand, dirty 10° to 107 Low
Silt 107 to 107 Very low

Clay Less than 107 Impervious
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EXAMPLE 2: Homogeneous Dam-No drain

139519 Phreatic Line wazmuinmonsing lvia
suiiuveun (Seepage Rate) salisreazioon

7= m— ="

h

23 m.

[:3.5

0.3111#

Yo.-

Cam dimension

Floor

— 5t v

----- Phreatic line

—i— Paint Co

Paint C

Permeability Coefficient(K)=1.25x10-5cm/s. (Low permeability)




EX.2: sam Phreatic Line/Seepage Line

0=15.9(V:H=1:3.5), a= 18.4(V:H)=1:3)
m=h.Cot(0)=23x3.5=80.5 m.
d=0.3m+z.Cot(0)+W+(h+z)Cot(a.)
=0.3x80.5+3x3.5+6+(23+3)x3=118.7 m.
R=(h?+d?)%>=(23%+118.7%)°>=120.9 m.
y,=R-d=120.9-118.7=2.2 m.
a,=0.5y_=0.5x2.2=1.1 m.



EX.2: msasie Base Parabola

x=(y2-y.2)/2y,; y,=2.2 m., y=(y 2+2xy )0

Phreatic line

Y X

23 118.7
18 72.2
16 56.8
14 43.3
12 31.5
10 21.5

Phreatic line
y X
8 13.4
6 7.0
4 2.5
2.2 0.0
1.0 -0.9
0 -1.1
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Discharge Face

EX.2]|s

10
—e— Discharge Face

----- Phreatic Line
a+Da

+a

0
175 185 195 205 215 225

a+Aa=y_/(1-Cos(a))=2.2/(1-0.949)=43.04 m.
c=0.5-18.4/360=0.4488

Aa=c(a+Aa)=0.4488x43.04=19.3162 m.
a=43.04-19.3162=23.7242 m.



EX.2: smuavin Seepage Rate

a=Ky,

K=1.25x10> cm/s = 0.0108 m/d
Yo=2.2 m.

q=0.0108 x 2.2=0.0239 m3/d/m



EXAMPLE 3: Homogeneous Dam-90 Toe Drain

139519 Phreatic Line wazmuinmonsing lvia
suiiuveun (Seepage Rate) salisreazioon

Aa31
30 e W=6 m.
20 = e 9
W P P | 5l O . 3
° h=23m. L35

=30 m.

90-Toe: Toe height=10 m., Toe length(L)=30 m.
Permeability Coefficient(K)=1.25x10">cm/s. (Low permeability) ..




EX.3: s Phreatic Line/Seepage Line

0=15.9(V:H=1:3.5), o= 18.4(V:H)=1:3)
o1=90(Toe angle)
m=h.Cot(0)=23x3.5=80.5 m.
d=0.3m+z.Cot(0)+W+(h+z)Cot(a)-L
=0.3x80.5+3x3.5+6+(23+3)x3-30=88.65 m.
R=(h?+d?%)%~>=(232+88.652)%>=91.59 m.
y,=R-d=91.59-88.65=2.94 m.
a,=0.5y,=0.5x2.94=1.47 m.
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EX.3: msase Base Parabola

x=(y2-y.2)/2y,; ¥,=2.94 m., y=(y 2+2xy )0

Phreatic line
Y X
23 88.65
18 53.73
16 42 14
14 31.92
12 23.06
10 15.57

Phreatic line
y X
8 0.44
6 4.67
5 2.79
4 1.26
2.94 0.00
1.50 -1.08
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Discharge Face
12
N ——T—
EX . 3 I A Discharge Face
10 5 - = = Phreatic Line
7 \'\\ 90-Toe drain
\
° ke —@— a+Da
\'s
7 \
N -
6 ""“’»
N
5 \
- '*‘-,\\
3 N
' oy
2 \_\\
1 \
\\
0 N
190 195 200 205 210 215 220 225

a+Aa=y_/(1-Cos(90))=2.94/(1-0)=2.94 m.
c=0.5-90/360=0.25
Aa=c(a+Aa)=0.25x2.94=0.73 m.
a=2.94-0.73=2.21 m.



EX.3: smuania Seepage Rate

q=Ky,

K=1.25x10> cm/s = 0.0108 m/d
Yo=2.94 m.

q=0.0108 x 2.94=0.0317 m3/d/m



EXAMPLE 4: Homogeneous Dam-135 Toe Drain

139519 Phreatic Line wazmuinmonsing lvia
suiiuveun (Seepage Rate) salisreazioon
A451)

N N
o o

Dam dimensicon

_3 .
= m. gt : - Floor
gt ™ — Water level
h—23 m. s R A B e | MR 1}3 ------ Phreatic line
- ‘\‘\ - ~y
T —&— Point Co

Point C

| L i /A L=40m. > s 135-Toe drain

135-Toe: Toe height=10 m., Toe length(L)=40 m.
Permeability Coefficient(K)=1.25x10">cm/s. (Low permeability) ..




EX.4: sm Phreatic Line/Seepage Line

0=15.9(V:H=1:3.5), a= 18.4(V:H)=1:3)
o1=135(Toe angle)
m=h.Cot(0)=23x3.5=80.5 m.
d=0.3m+z.Cot(0)+W+(h+z)Cot(a)-L
=0.3x80.5+3x3.5+6+(23+3)x3-40=78.65 m.
R=(h?+d?%)%~>=(232+78.65%)%>=81.94 m.
y,=R-d=81.94-78.65=3.29 m.
a,=0.5y,=0.5x3.29=1.65 m.
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EX.4: msasre Base Parabola

x=(y2-y.2)/2Y,; ¥,=3.29 m., y=(y 2+2xy )0

Phreatic line
Y X
23 78.65
18 47 .53
16 37.21
14 28.10
12 20.21
10 13.53

Phreatic line
y X
8 8.07
6 3.82
5 2.15
4.5 1.43
3.29 0.00
1.70 -1.21
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Discharge Face

X4

14

~
13 B Discharge Face
2 b - - Phreatic Li
11 ~ . - = Phreatic Line
10 e 135-Toe drain

9 NG

g \.\\ —— a+Da

7 - 5\\.\\ a

6 K'\-._

g ™NG

.

4 E .

3 N

2 N

1 S

O "~

180 185 190 195 200 205 210 215 220 225 230

a+Aa=y_/(1-Cos(135))=3.29/(1-(-0.707))=1.9296 m.
c=0.5-135/360=0.125

Aa=c(a+Aa)=0.125x1.9296=0.2412 m.
a=1.9296-0.2412=1.6884 m.
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EX.4: smuavin Seepage Rate

q=Ky,

K=1.25x10> cm/s = 0.0108 m/d
Yo=3.29 m.

q=0.0108 x 3.29=0.0356 m3/d/m



EXAMPLE 5: Homogeneous Dam-Blanket Drain

139519 Phreatic Line wazmuinmonsing lvia
suiiuveun (Seepage Rate) salisreazioon
A451)

25
20
15

10

Dam dimension

W=6 m
7= 3 m __,,_77-.\_\“ - Floor
= ‘T“ i ——\[\/ gt er level
h:23 m. = ‘~-“~\\ N = === Phreatic line
. e . iz PoiNt Co
~ X
% i 3 e Point C

\ oy
! .‘-.-':;4@—[‘%}%— — e B| 2 nket drain

Blanket Drain: Length(L)=40 m.
Permeability Coefficient(K)=1.25x10>cm/s. (Low permeability)
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EX.5: sam Phreatic Line/Seepage Line

0=15.9(V:H=1:3.5), a= 18.4(V:H)=1:3)
a1=180(Blanket Drain)
m=h.Cot(0)=23x3.5=80.5 m.
d=0.3m+z.Cot(0)+W+(h+z)Cot(a)-L
=0.3x80.5+3x3.5+6+(23+3)x3-40=78.65 m.
R=(h?+d?%)%~>=(232+78.65%)%>=81.94 m.
y,=R-d=81.94-78.65=3.29 m.
a,=0.5y,=0.5x3.29=1.65 m.
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EX.5: msasie Base Parabola

x=(y2-y.2)/2Y,; ¥,=3.29 m., y=(y 2+2xy )0

Phreatic line
Y X
23 78.65
18 47 .53
16 37.21
14 28.10
12 20.21
10 13.53

Phreatic line
y X
8 8.07
6 3.82
5 2.15
4.5 1.43
3.29 0.00
1.70 -1.21
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Discharge Face
EX.S5s ~
‘ 14 “‘\\ —@&— Discharge Face
13 B — = = Phreatic Line
12 .
11 \\ em@e Blanket drain
10 NN
9 S a+Da
8 TN 1
7 .
6 —S
5 ~
4 .
~]
3 \\\\
2 S
1 —
0 a -
180 185 190 195 200 205 210 215 220 225

a+Aa=y_/(1-Cos(180))=3.29/(1-(-1))=1.647 m.

c=0.5-180/360=0
Aa=c(a+Aa)=0 m.
a=1.647-0=1.647 m.

56



EX.5: smuanin Seepage Rate

q=Ky,

K=1.25x10> cm/s = 0.0108 m/d
Yo=3.29 m.

q=0.0108 x 3.29=0.0356 m3/d/m



EXAMPLE 6: Homogeneous Dam-Chimney Drain

139519 Phreatic Line wazmuinmonsing lvia
suiiuveun (Seepage Rate) salisreazioon
A451)

30 Z 3 m W=6 m. Dam dimension
25 = L _gr——ayl - Floor
20 = e i b h — Water level
- h:23 m B 2 - ! A O L Y e = Phreatic line
% \\\ e 50 -Chimney
10 ] S .
g b - e’ —4&— Point Co
S 13 > 9] L 3 S —&—— Point C
0 ; 60 -=-60—|’-T:]._ e P |30 ket

Chimney Drain: Angle(al)= 60, Height=15 m., Length(L)=60 m.
Permeability Coefficient(K)=1.25x10>cm/s. (Low permeability)

58




EX.6: sam Phreatic Line/Seepage Line

0=15.9(V:H=1:3.5), o= 18.4(V:H)=1:3)
o1=60(Chimney Drain)
m=h.Cot(0)=23x3.5=80.5 m.
d=0.3m+z.Cot(0)+W+(h+z)Cot(a)-L
=0.3x80.5+3x3.5+6+(23+3)x3-60=58.65 m.
R=(h%+d?%)%>=(232+58.652)%>=63.0 m.
y,=R-d=63.0-58.65=4.35 m.
a,=0.5y,=0.5x4.35=2.17 m.
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EX.6: msa31s Base Parabola

x=(y2-y,2)/2y, ; Y,=4.35 m., y=(y 2+2xy )0

Phreatic line Phreatic line
y X Y X

23 78.65 8 8.07
18 47.53 6 3.82
16 37.21 5 2.15
14 28 10 4.5 1.43
12 20.21 3.29 0.00
10 13.53 1.70 -1.21




EX.6

Discharge Face

25
Discharge Face

20 \ — = = Phreatic Line

\\\\ e 60-Chimney
15 \ a+Da
.\\ .
e
10 I~ \\'\ Blanket
~
e

“\ N

\l s

155 160 165 170 175 180 185 190 195 200 205 210 215 220 225

0

a+Aa=y_/(1-Cos(60))=4.35/(1-0.5))=8.70 m.
c=0.5-60/360=0.333

Aa=c(a+Aa)=0.333 x 8.70=2.7821 m.
a=8.70-2.7831=5.9141 m.
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EX.6: munanin Seepage Rate

q=Ky,

K=1.25x10> cm/s = 0.0108 m/d
Yo=4.35 m.

q=0.0108 x 4.35=0.047 m3/d/m



3.Zone Type Dam

SeuRuBedeuiuiiertiavans lou (Zone
Type/Comp05|te Section) azfunu
e (Imperwous Core/Clay

Core) iiean Seepage riusaideusast



Outter

K,(Permeability Coefficient) vea Impervious Core Ty
M K, we1 Outter Shell 1nn (e1viiosnimarsionm) muu

Outter Shell §umilorhsaumn Lifinane Seepage e uaziii
. 2
TnagurmuununuizJlEuintiaann

=

A A D = ¥ & A & =< 3
1uﬂ15@@ﬂllﬂﬂl%@uﬂu%uﬂu‘ﬂﬂuTlfﬂullﬂu fﬂgalﬂﬁﬁlzwﬂﬂljblwaqfﬂu%ﬂwﬁlg
1 A d g’z =< % 1 3j/
ﬁjuﬂlﬂu%u(ﬂﬂuﬁ]lcﬂquu
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msm Seepage Tu Outter Shell §wsteh

|

Outter

I N
Impervious PT}}Shell G

Pl o —— — — — —

.q_KZIA Llensy q, K,, d, uaz L azaursannen h, 14
|=(h2'd2)/|— -A1 h, azti 13 lunsnvueAngeresszuy
A=(h2+d2)/2 seunginlu Outter Shell
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EXAMPLE 7/: Phreatic Line in Impervious Core

Dam dimension

W=6 m
725 —{:3 m— = o N _/;/ N Floor
i /?|“\ Water level
20 //// 7 I TR s
; / s AL I \1\_\1 . reatic line
1: 5 ! 1 O} 13 —O— Point Co
h=23 m. /3 ! b :
10 // K2 \ \ K> - Point C
// / \-. \‘\..\ Core zone
5 > N
e N
oL Yl L~ ] ?‘? N
. - I - - ] |
Impervious Foundation | ¢ = |

asmwans (1) Phreatic Line (2) Discharge rate (3) Depth of
flow in downstream outter shell #sedavsindruiing (d,)sinan 0.6 m.

K,=2.0 x10"5 cm/s, K,=1.25x103 cm/s
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m=h.Cot(0)=23Cot(45)=23 m.
d=0.3m+3.Cot(45)+6+(23+3)Cot(45)=41.9 m.
R=sqrt(232+41.9%)=47.7976 m.

v.=R-d= 47.9-41.9=5.9 m.

a,=0.5*5.9= 2.95 m.

Calculation of Point Co

discharge face y(C,)=(a+Aa)Sin(45)=14.2381 m.
from Graph=0.35 Point C

a+Aa=20.1356 m. y(C)=e=a*Sin(45)= 9.2547 m.
Aa= 7.0475 m.

a=  13.0882 m.




Base Line

Calculation
y X

23 | 41.9000
18 | 24.5200
16 | 18.7550
14 | 13.6681
12 | 9.2596
11 | 7.3096
10 | 5.5292

Base Line
Calculation
Y X
9 | 3.9184
8 | 24771
7 1.2054
5.9 | 0.0000
3.0 | -2.1858
0 | -2.9488
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Seepage Rate(q) through dam

K,= 2x10° cm/s

K,=2x10°x 24 x 3,600/100 = 0.01728 m/d
Y,=5.8976 m.

q=K,iA=K,;y,=0.01728 x 5.9=0.1019 m3/d/m



anwuanvenily Outter Shell awmenin (h,)

q =K2lA =K2

L 2 2L

g=0.1019 m3/d/m

K,=1.25x103 cm/s
K,=1.25x107x24x3,600/100=1.08 m/d
L= 26%(3-1)=52 m.

d,= 0.6m.

(hy —dz) (hy +d3) K (h% — d3
= Ky

h, = /2qL/K, + d%=,/2 *x 0.1019 = 52/1.08 + 0.62
=3.1896 m.

)
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Discharge Face

30
Discharge Face-core
zone
AN T T T T T T 1T e Phreatic Line
20 a+Da
-
15
Dam dimension
10 i PO iNT CO
g @ PointC
& e Depth of flow in outter
0 : ~ shell

140 150 160 170 180 150 200 210 220 )




mamuiu Seepage Rate
#ugmsn (Foundation, qg)

= Dam
AT\ — Flo
; P / \\\ —— Water level
// \ ------ Phreatic line
// X \\\ —0— point C
\
./// \\ \\\ ~&— Point C
."-/ \ \\\
7/ / KZ Kl \ K2 L Core z
\ 'S
L s N 8
£ Uy /i
—> kB >

Seepage through foundation (q¢)

qe=K51A
OQ1=0p*q¢

1o
q.= Total seepage
dp = Seepage through dam

q.= Seepage through
foundation
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Example 8: mﬂmammauiu Example / 23U
Seepage Rate Wiugiusin a1 uAIog U LT INKU

(D)=12 m. aa K, = K,= 2x10 cm/s

Ty (11111 lu=h L. .=26+6+26=58 m.
3 z7=3m. Z/ '\
20 )'7|1j\1\‘~\\ NG h2—3.1896 m.
NEDEEEE AR =(23-3.1896)/58=0.3416

; / »5 o Ain m?2/m=12x1=12

A veriows roundtion gt G (m*/d/m)=Ky.i.A

D_V ——=K3 =0.01728x0.3416x12=0.0708
qr=K;5iA

KF=2x10'5 cm/s Ar=Ao*dr

3 =0.1019 + 0.0708

=2x10~x24x3600/100=0.01728 m/d

i=(h-h,)/L =0.1727 m3/d/m.

core
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Example 9: mﬂmawamauiu Example / 23U
Seepage Rate Wugiusin a1 uAIog LU LT INKU

(D)=12 m. @A K, = 1.25x10 cm/s

I Y A O I I I I =
z=3'm Z] I\
//7| Sy N
20 ST R
T4 R E S N
: h=23 m 1:35~ 3 K1 ] =%
10 - K2 ! \\\ K2
" \\7
; / 3 |
0 o
. :
A - . : d |
Pervious Foundation | R = |
D I
— K3
q.=K,iA

K3=1.25x10* cm/s
=1.25x10*x24x3600=0.108 m/d
i=(h-h,)/L

core

L. .=26+6+26=58 m.
h,=3.1896 m.
i=(23-3.1896)/58=0.3416
Ain m2/m=12x1=12

qr (Mm3/d/m)=K,.i.A
=0.108x0.3416x12=0.4427

ad:=4dp*q;
=0.1019 + 0.4427
=0.5446 m3/d/m.
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NMISAANS IHATURIUGIUTIN

%\ adangrusnily Pervious
\M Material dan Permeability
o , , - Coefficient(K) g4 sirazluads

HIUFIUSINALAATIFY WAsLALNpD
n15inm Piping

Impervious
Cutoff Core

AENISRADFATINIT LURTN HIUFIUSIN

Impervious material

// AAN1TDN LALALINITASNS
HEskRm 7 / | 1.Impervious Cutoff Core

Blanket Relief

L
ML 7z, vl

NTa
#EU 2.Impervious Blanket

Impervious material
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msaams lasueug s Inals Impervious Blanket

1.Blanket asviuodatios 5 Wa vse 1.524 m.

)+Impervious Blanket
+X)>8h

3.anuesves Blanket(X) duegiusasinms naduiidecldmsanaq w1
lanngas:

2.a1ueves Impervoius Core(Lcore

(X) >8 miwesnrudnfusngagavenimiuien(h)nse (Leore

1_
X =L.yre (Tp ....5ee prove next page

/

! q QU 1 [=\ L=
e p = =, q= a5 lvadurugiusinnsdllii Blanket
ar

q’ =gnsnisluadutiugusnnsaidl Blanket
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h .
Blanket Impervious
Core
7 | 2
D X Lcore

Without blanket: qz=K(h/L

With blanket: q =K (h/(L
Equation (2)/(1)
p:q,F/qF:Lcore/(Lcore_I_X)

1-p

X = Lcore( D

)

core

core

)D
+X))D

(1)
(2)
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EXAMPLE 10: senuuu Upstream Blanket iitean g, 1u
EXAI\/IPLE 9 1¥wae 75, 50 uaz 30% auudliRanNNEn

ﬂTL!‘I/HfJ‘Lﬂ

an EXAMPLE 9: q,=0.4427 m3/d/m, L__ =58 m.,h=23m.
q'c X(m.)=
p (m3/d/m) L .(1-p)/p | (X+L_.)/h
| 0.4427 0.00 2.52
0.75 0.3320 19.33 3.36
0.5 0.2213 58.00 5.04
0.30 0.1328 135.33 8.41

avnenaesgan Outter Shell Snumierin =(3.5-1)*26=65 m.
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o1 X=65 m.
P=Lyre/ (Lo tX) =58/(58+65)=0.4715
o' =p*q; = 0.4715*0.4427

=0.2087 m3/d/m



4.Flow Net

(Approximation Method)

AEN15ALATIZIINIS LUATNURIUINIURAY
1A u?mhugmmna@ﬂiﬁéﬁﬁ@u Tael

38 Graphic dsazlvialnslszunn
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Flow Net

LEquipotentiaI Line
lu Graphical Method lunismansinisluadsuaasinsng
dAauuazgiusn Tnannsaine Flow line uas
Equipotential line nas

Flow line Aatdunugaasiuanisluaduaaiin
Equipotential line Aaidunuansaianuautinmigmi
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Flow Line VS. Equipotential Line

——— -

W4

Impervious Foundation
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Js2lawives Flow net

1.Auaumn Seepage rate (q)
2.A1u2tuin Seepage velocity

3.AMurninanuauil (Head) luaauvzagiu
51N



naanlinves Flow net Qﬁ@

Equipotential Line

1.Flow Line ssanni Equipotential Line

2.Flow Line azsiarfiu Equipotentijal Line vliifnsdamass
nFalaeszannd thleausananlugldwaendnia idusatasduda
NUAUYIA

3.lufinslnadinu Flow Line visa Flow Line agldsinriu

4.Equipotential Line Tusinnu

5.Head ﬂjmi‘iﬁ‘ﬁ'mmazmw Equipotential Line #la- winriu
winriu Ah @sBandn Equipotential Space

6.Seepage rate szndna Flow Line 4la- (Flow Channel) &
AN Ty Ag
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mumumﬁasn
Flow Net

A
™

1. @suglsiniaau /

2 . 4519144

Top Flow Line(Phreatic Line)

Bottom Flow Line
First Equipotential Line

Last Equipotential Line

3.annéu Flow Line 3-5 éu Tnadseunoin AQ aesusias Flow
Channel wihfiu

4. anidu EqUIpotentlaI Line mmﬂﬂu Flow Line
5.15uuAa1ls Flow Net # mmmmummmmmum
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VHADU
=\
MY

Flow
Net

Arrows show

Pl Head Line

Ah
Maximum W 3 Ah
E tenti 1L
quipotential Line 90°§ G \ : 75,
N )90 qu1polenl|als 1 | Ah
~ |\90° \4\.90° \90" Ah
5

directions of
needed

correction

Number of full !
flow channels /




o (Y] 1 (Y] ¢ 9
ﬂTiﬂWH’)ﬂlﬁW@@]iTﬂTﬁqﬁﬁ“?ﬂJNW%@]’JL@@H@’J& FIOW NEt

Ag=Kia ; (channel flow)

i=Ah/AL ; a=AD

Ag=K(Ah/AL)AD = KAh =K(h/Ne)

qg=Kh(Nf/Ne) ; seepage rate per unit width

Nf=No. of flow channels (Nf=3)

Ne=No. of equipotential line intervals (Ne=6) .



Impervious Foundation
: o f"f'"-.':'-.'i. > N¢=4
= TR Feious e Ne=11

T — i Filter or
- ey Drain

AN AN RGNS G 4 v (2 ". [ z T ;"’
Impervious Foundation Sand e g e S LA N
Gravel

Nuadd

= — e
—_— em— — e— = Pervious
I
Blanket Drain
Lv Lt e e 8 tar @ rh @ e s, A " 9", ®a "8 g
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EXAMPLE 11:Flow Net-Seepage Through Dam
Impervious Foundation

6 nﬂ
= A )
— - AR :
, Core 1 h
1:3.2 K=2x10"% M ah 55
cm/se ~ Ak :
oS
Shell 230 o S Sl
K=1.25x10-3 ’iK=1.25x10' cm/sec, |
cm/se():(, ‘ ﬁ\ > Tanlwater)
LN SN N NN N N NS NN NN NN S TN N AN
Impervious h2=3.1896 m.

N=3.5 ¥**  N_=7
h=23-3.1896 = 19.8104 m.
K=2*10" cm/sec=2*10~*24*3600/100= 0.01728 m/d
q,=Kh(N,/N_)=0.01728*19.8104*3.5/7
=0.17116 m3/d/m
(From EXAMPLE 7 Calculated q5=0.1019 m3/d/m)
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EXAMPLE 12-Flow Net-Seepage Through Dam and Foundation
Permeability of foundation same as core zone

o Ah represents Equal
3‘m. — e Increments of Head
135 5Core _ h 343 Where Equipotential Lines
— K=2x10" Ak ' Meet Flow Line.
2 . Shell . X, Shell
i Ro1.25x104 L T{ K=1.25x10"4 i
J cm/sec. , cm/sec. Jallwater
E 7= ORIV T _._}
Permeability
12 m. Same as Core )
K=2x10"> cm/sec. h2=3.1896 m.
ENLELNE/N A N

Impervious
N=4, N =7, Ah=23-3.1896 = 19.8104 m.
K=2*10> cm/sec
=2*107°*24*3600/100= 0.01728 m/d
g,=KAh(N,/N_)=0.01728*19.8104*4/7=0.1956 m3/d/m
(From EXAMPLE 8 Calculated g;=0.1727 m3/d/m)

90



EXAMPLE 13
Redraw

Flow Net for
EXAMPLE 11

N=3, N_=9
h=23-3.1896 = 19.8104 m.
K=2*10" cm/sec=2*10~*24*3600/100= 0.01728 m/d
q,=Kh(N,/N.)=0.01728*19.8104*3/9
=0.1141 m3/d/m
(From EXAMPLE 7 Calculated q,=0.1019 m3/d/m)
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EXAMPLE 14
Redraw

Flow Net for
EXAMPLE 11

Impervious Foundation

N=4, N =12
h=23-3.1896 = 19.8104 m.
K=2*10" cm/sec=2*10~*24*3600/100= 0.01728 m/d
q,=Kh(N,/N_)=0.01728*19.8104*4/12

=0.1141 m3/d/m
(From EXAMPLE 7 Calculated q,=0.1019 m3/d/m)
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EXAMPLE 15/
Redraw
Flow Net for|

/ (3
/ ') I
S / l 2.
( I | ia
) / A %
0 . N O
110 115 120 125 130 135 140 145 150 155 160 165 170 175 180
-5

Impervious Foundation

N=4.5, N =14
h=23-3.1896 = 19.8104 m.
K=2*10" cm/sec=2*10~*24*3600/100= 0.01728 m/d
q,=Kh(N,/N_)=0.01728%19.8104*4.5/14

=0.1100 m3/d/m
(From EXAMPLE 7 Calculated q,=0.1019 m3/d/m)
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EXAMPLE 16
Redraw

Flow Net for
EXAMPLE 12

N=4.5, N_=9
h=23-3.1896 = 19.8104 m.
K=2*10" cm/sec=2*10~*24*3600/100= 0.01728 m/d
g=Kh(N;/N_)=0.01728*19.8104*4.5/9

=0.17116 m3/d/m
(From EXAMPLE 8 Calculated g;=0.1727 m3/d/m)

94





