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Abstract

(Seepage and slope stability analysis of Klong Siyat Dam, Chasoengsao Province)

Klong Siyat Dam, located in Tha Takiab District of Chasoengsao, is a zone earth
dam with the length and height of 2,460 m and 27.50 m. The reservoir capacity is about
420 million cubic meters. The impound, maximum and minimum water level are at
the elevation of +65.100 m, +65.450 m and +51.500 m above mean sea level,
respectively. As there is a Leakage at the downstream toe, it is necessary to investigate
the cause of the leakage. The study is carried out by an application of the field
observation, soil boring logs, piezometer data and seep/w. The amount of the leakage
passed through the contact zone of the dam and the foundation is about 500,000
cubic meters per year. The factor of safety of the dam at water level of + 65.450 m
(MSL) of the cross section at the STA 0+600, STA 1+050 and STA 14240 show the value
of 2.186, 1.595 and 3.110.
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iosnindesieiangAnssudeuildnuldlutiagy fifvusinduedosilo
YangAnssunisivady Fefuluuniftsldiasdamuslutiegiudemginssunisivaduves
ICOLD (2012) unviaustiaifuguanuidmiunisiauinnudlanginssuiidou
Waneen

2.3.1. idunensluadu
Wumansivaduunuatu 3 @ums suldun
- mslwadusiusudou (Seepage through embankment)
- m‘ﬂm%mhugmmm%au (Seepage through dam foundation)

- Mslwadunudldeuggus e (Seepage through embankment into dam

foundation)

- 4 =] v E: = o 1 - e v
lagdnalafvinlviisunszuiunisvesnisivaduaudilugnisfiddla uazgnns
ﬂ' = Ei' ey 5 v = 5 1 ‘4 -] 1 L =Y
novausveAIelelddnn Tneidunnisiveduvisanudadnszurunsiilugnisidn
4 Junu lawn

o
= i [

s o = 1Y - Y
- Initiation YUNDUNNITARLGILLTUAUTY ‘EN‘UUE]EJH‘ULE‘N‘I/]N‘UFNﬂ’]'ﬁl%ﬁ s e

U

- Continuation Tuneumsinizaeiies Judunasinnisnses (filtering)

- Progression Tusaunisimeisiaun Auignineglideudofudulnsauasd

[

VAU

- Breach formation and Failure Tunaun1siinn1sita Tangaidsluainnisiiany
o ' Y v - - ) w ¥ J o ve v v v oA I
uwlﬂqﬂﬁw'gmm‘uaaauL‘naumamaﬂaaummﬂﬂfnmuqua UM U NT LU DUl
1 8/ =P -l as ar l'i
uwrazidunansinaduaviinsianduandluguin 2.4 s 2.6



INITIATION — CONTINUATION — PROGRESSION — BREACH/FAILURE
Concentrated leak Continuation of Enlargement of the Breach
forms and erosion erosion erosion hole to form mechanism forms
initiates a concentrated leak
m\ - g‘ s
INITIATION — CONTINUATION — PROGRESSION — BREACH/FAILURE
Leakage exits on Continuation of Backward Breach
downstream side of erosion erosion mechanism forms
core and backward progresses to
erosion initiates form a pipe

= e P { i 1 s a
UM 2.4 nsvuaun1sniAveaauiiasainnisivadududaau (Fell et al, 2005)

INITIATION —» CONTINUATION — PROGRESSION ~ —» BREACH/FAILURE
Leakage exits from Continuation Backward erosion Breach mechanism
the foundation and of erosion progresses (o form a forms
backward erosion pipe.

initiates

o a wa < a P I a
gﬂ‘lﬂ 25 n's::mumiwummwauLuaﬂmnn'rﬂﬁawmug'm'mnwau

K —>» el
INITIATION —» CONTINUATION —»  PROGRESSION —» BREACH/FAILURE
Leakage exits the core Continuation Backward erosion Breach mechanism

progresses to form a forms
pipe. Eroded soil is
transported in the

into the foundation and of erosion
backward erosion
initiates as core erodes

into the foundation foundation

ni o olay d d = " at d d
E‘U‘VI 2.6 nszmumswummmwaumaamnm'a"lwmmmum'mamjg'\uﬂnwau



2.3.2 nalnn1siauAuMsnaLng

lunsuseidiuanuvaendsideusenisiviannisivaduidndudesssyliladn
A v & a v T [ & | a v oo 1% a o ) & e
Wweauldiihgduneunisidudulinitiation) wdwield nrasuduivinlidefusugnianiid
nalnvesn1siin wusliidu 4 dnwae laun

- Concentrated leak \un1sfaizainmslvaduriutanidsesunn uazwinian
Lifauauulsafesinivaduriiuseswantiuld nsfaesfagSuay

- Backward erosion \Jun1sinnzainganseeniiegamuvinethdaunauludainu
=5 g ot A O 1 <l a a v .
wilewn Tangninenylifianumies deduigydsaiivsnmgnialiassdaoenly

- Contact erosion {un13inig 1z MintuusiiusosdovesTagiaudun
waneai W seesesevinsAumliswnuleuiugiusniilunsin anuiwenisiva
= o = L s 1 1 L2 - 4 as
Fuvhidanugninniwag Jaglaverundtlddutannseweadaduiigniam

- Suffusion Wun1sWandnAuazBunpanaINUIaRY NHauInAasluAluduTy
nseslusiies (Self-filtering)

N. Concentrated leak

= = I o o W ' | a =
nalnfsanannsivaduiindulansevinRadsrasrasinanisluulaiu wse
NUNYBITDULAN mnLgioﬁoﬁﬂ'wmmﬁmwa%ﬁﬂﬁﬁmm'iﬁ'mmslﬁl,ﬁmﬁugﬂﬁ’mww’mmﬁ'&l@f

nasAdelutlyiuldaguiuusddyissynisiamivesdefumidsaiau
Frunuussisveshiiluadu fia Critical shear stress vosiu favaaouldluiesufifnisi
Tnsnsnisimensfinaiu w ﬁixﬁwﬂammﬁauﬁwﬂ W adesdle rotating cylinder
(Masch, Espey and Moore, 1963) pinhole test (Reddi, Lee and Bonala, 2000) Hole
Erosion Test (HET) and Slot Erosion Test (SET) (Wan and Fell, 2004a, 2004b) wafilgann
manaaouiiuduhsusadouvenirdiviliAudugnitann daiaesndluguit 2.7 Tneden
mieusadeniii citical shear stress dalagialuuuasaaziien critical shear stress a8
5¥11774 0 D14 150 N/m? ﬁaﬁqxﬁuagﬁuqmauﬁﬁmaaﬁu 1A Arumile (Plasticity) Uuna
yoadiafumiled (Clay content)
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0007 -
e
0.006 Edrly stage of the tst when the =]
diyturbed and loose|materials d
arpund the|preformied hole are e
, removed by erosion| o4 Period during which both [€ and t are increasing/ ”
3 s "
0005 Pl

z
4
i’

0004 yi

0003 \ ’//

Z
P

Coeff of soil erosion, C,

’
P
N / defined as slope of best-fit
0002 7 straight line

/ Skope = 3.74E-5 sim
N for time 2410 - 5700s
A
~

Coeff. of determination

0001 Critical Shear Stess a

T¢= 150 Nim2 - 995
’ Erosion rate index,
l ! Lk et = -LOG(C,) = 4 43.
7

Estimated Rate of Mass Removal Per Unit Area, & (kg/s/m?)

? A I L I

80 100 120 140 160 180 200 220 240 260 280 300 320 340
Estimated Shear Stress, T (N/m?)

0.000

ot ]

gll‘v"i 2.7 f9E19Man1sNAFBU Hole erosion ey Critical shear stress (Wan and
Fell, 2004)

a ¢ o o ) o a a v ora
N153WA51E9MT Critical shear stress @ usunsalunudumniednlidfisesunn
Reddi, Lee and Bonala (2000) Wa@A4nN15IASIENN shear stress 31nn1sn5vadaluiilofiy
FalauuAlAuiidun 198

__APR

T B

ilo T = wall shear stress, N/m?
AP = hydraulic pressure difference, N/m?
R = radius of the pore tube, m
L = length of the pore tube, m

Y

d a o 5 a . . . . v as
diafasanamdutvesdu (intrinsic permeability) Tduwusivu pore tube
P=TE.

ila K = intrinsic permeability, m?

N = porosity of the soil

wazAMUAURUSTENINANT L vesRuiudUUsE AN S A uT LA
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k
K== 3
pPg

o k= hydraulic conductivity, m/s
1 = viscosity of fluid, kg/m.s (1.005x10-3 dwuth)
P = density of eroded fluid, kg/m’

WNUANNIST 2) way 3) Tuaunisi 1 aele

1

7 =14142 (£)g)

P " a iy
Tuvaeh Khilar, Floger and Gray (1985) lalauani1sitAs1gun critical
hydraulic gradient 910 critical shear stress 3MNANNITATUEI TITLATIERATBUUINS
ey
1

i = _Tc_(E)E____ﬂ
g 2.828y,, \K

E!! e e = 1 s 1 1 =l d =l
Felunaufud i, seliAngaunn (W1nnan 200) degraulunsilveatouns
uauUNIIUsEININNAT i lwinfu 212 Astunisiansanaulaonisvestoudelidinsd
= 1 = =l d 1l =
nsbvaduruunuAnmdembiisosunnunfian s

dmiunsaiunuAumileIniisasunn sELANTIAIINNITNIARINLANAIN 58Y
WANATNYIWAAATUIINLTINSEVUAUAUL Waa1n hydraulic fracturing U7 WO
< 1 s A A @
wilevie outlet vsoMlUauwilogiusnidy

Wan and Fell (2004) l@UawuuINgDd aMSUIAIIENN shear stress V99N
Plvarutaalavsasasuwnnlunisnagau hole erosion %38 slot erosion FIANNISAILA

¢
Tt = PwdSt=, 6

A
bl
T¢ = hydraulic shear stress at time t, N/m?

Py = density of eroded fluid, kg/m’
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S¢ = hydraulic gradient across the sample at time t
¢, = diameter of the preformed hole at time t, m

TuauunIsiin concentrated leak i}zLﬁmﬁuwé’dmﬂnixmuﬂmﬁmaﬂLLmﬂ
viefinnalusnidu veiin hydraulic fracturing ud3auinnsyuaumsinene Faasiudy
Ifnmisusaiouvasiiiidrgandn critical shear stress vasiuay wnuRumieaild
critical shear stress #1371 20 N/m? gesifinnsimansldlasde winnmsuasaaudly
aensAauAudl critical shear stress 11nn31 200 N/m? msiianisiasnzdamiululsenn

ANTUTLLANTNTIAIUNTANT ARAEYBY hydraulic shear stress 598

wanuszaadlaann
W,.H
T PwWeH o,
af
al
Bh)

T = average hydraulic shear stress along the surface of crack, N/m?
W, = width of uniform open crack, m

H = hydraulic head at the upstream end of the crack, m

L = length of the crack, m

Vertical transverse crack

_ PpwgH?

T 2(WHH)L =)

= o o as 1 = [ A s a
vnvessesunnintuladvddyrenisiinwsudounniwessosunn Jade
= & [} ' ' < ] =l s < ot
NUIABFUITNVITBI TDUVELNENUAZNA (Bench) wasnyuug1ugulen (Abutment)
a1adunii 30 eamn dewvhlviiinsesunnlidredaguil 2.8 da Fell et al (2005) liuugin
a L 1 ‘J
YUINYDITRUULANANUS NYNIEVDITOUVILTNT199 2.1



Vertical crack due to lateral straining

Lateral straining caused by differential settiement

1
2
3 Vertical crack due to desiccation
4

Vertical crack due to sliding of core along steep

abutment wall with steps (protrusions)
5 Horizontal cracks due to sliding of core along steep
abutment wall with steps (protrusions)

6 Dam core

JUN 2.8 dnwairdymuesgusisvesgiusinieu

A1599 2.1 vwavessesuenuangluiilieon esngusvesgiusniliou
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Description

Situations
similar to
those shown

in parts of:

Maximum Likely
Depth of Cracking

Below Dam Crest

Maximum Likely Crack
Width at Depth Shown

Below Dam Crest

1.5m

2m

6m

Uniform abutment without
benches, gentle abutment
slopes < 30° dam less
than 15m high

m

2mm

1mm

Wide bench low in
abutment, moderate
abutment slopes 30° < to
< 45°% dam 15m to 30m
high

Figure 2-5

5m

20mm

5mm

Wide bench high in
abutment, steep abutment
slopes 45° < to < 60°;
dam 30m to 60m high

Figure 2-5

m

40mm

20mm

2mm

Wide bench near crest in
abutment, very steep
abutment slopes > 60°
dam >60m high

Figure 2-5

10m

60mm

35mm

mm
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9. Backward erosion

suuuuAsvRanmsivaduriugusndou AGuAnnsiavesAugiu
snanfuineiudaiadeundiludiumitot (Backward erosion) dshiugiusinduiin
thil3undh gemeeen (Exit point) lifiafiosnm gaydomiaussUseAvinauazisunsiia
Wannananusuhdnuay Boiling

Tunmanguijues Terzaghi (1925) leasutedn wafissnmuesaudlifinam
‘o (Cohesionless soil) n3edudifian Pl esnin 7 sziniuminainseiuy
(hydraulic gradient) finraeon (exit gradient, iea) HAUBENIAIINGR (Critical hydraulic
gradient) fsauniseuans Jelasvblugndianussana 1.0

. Yb
i, =g
H Yw

il

ic =Critical gradient when flotation occurs
Yb=Buoyant weight of the saturated soil
Yw=Unit weight of water

Perlzmaier (2007) #asaunisues Terzaghi Togludnsunianioussue
31 Tudvlaifiaaudenudy pash Anduidlpaudutinainnisivaduyialsm
vAnSH Auhdusud Tuussiisrduiulufumdeiiniioussssansnadunug
AunIsiia hydraulic fracturing

— A Fs—vw)
Yw

Ly -9)

Lflla
Ys=Unit weight of the particle

Tufuniiiatesniwnelu A1 i dwmdumsivaduluwunsdiaieglugig 0.83
4 1.2 undmsunsivadulununinussninafuunulauiutunses A1 I, 8dAIaIniinis
Inaduluwuane fiAegszning 0.58 s 0.96

i. = (0.7 to 0.8) wﬂ-—m)
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ugannsnegeuluiesl jUuRn15ues Skempton and Brogan (1994) wu11
ynidufuitiatosnmnigly (intemal stability) fian i Tunislvalunnsuaziimuszana
0.70 wituilsifiafiosnmanglutinternal instability) asiian i, dosnd1 0.17 eedlsfinu
mndunsasliaenuuuauanasgiuniseonuuuiia liidudunsesiinervauiuly mawan
ponndunsasayliAndy

w A - | a : v od a a
muludi@auvsalusasunuaialin Backward erosion l@ilaRuuwnuay
WREEAT Pl 1aun31 7 wagiani99an luusnaLNUAUUTeInSoTauny ANAULNYINTA
LﬁmﬁmﬁmaﬁaimwLLazQﬂﬁ’m@ammLmuﬁumﬁmlﬂ

I3
s a

° - w a ™ vl a g
dmsuauuindnvadn lufianudululéfaziin Backward erosion twine
A1 P UBaRuUBAA §andT 7 981NN

A. Contact erosion

Contact erosion \fntiu a1 SesresereRusiaveufuAuaaBon wasdl
msluadurutusessetu viliiAansimesluduiudeanden Wy nslnafuriiugi
sinfdudufunsinaznou &?iqa’mﬁ’mlﬂmg'}u*ﬂaaﬁumﬁmLmuv?l‘aulﬁ inf wenagniam
onalumudufiunsiamznoumniy Filter Aufuunuidey USafienaiin Contact erosion

Teuandluzui 2.9
a)

Core

Shoulders

Drain
Foundation
Permeable layer

Flow
Possible location for
Contact Erosion

3UM 2.9 USliuianaifia Contact erosion

a | o Ve a L) o & & | s
mmL%’J'anmﬁwﬂmummmiwmwﬂﬂwmsmmﬂmmmaammmuwgﬂﬂﬂ
o s _— A 1 A 1 1 o L7 = d d
WY F1USUAUT BITANU@auLUY WU nssazden wazAuwmdedmsuiunianudeu
LU AIEUNNS

U. = 0.65np fpsl:pwgdso dusuAunlafirnudeunyu --11)
w
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Nnp the porosity of the gravel layer
Ps the density of the sand layer
Pw the density of the water

ds the median diameter of sand grading curve

U, = 0.65n, |Z=gd, (1 + Lz) dmsuRunidanandeuwu-—
Pw Ay
12)
P
g

2 = ql € s s fJ 1 -
B the empirical parameter MduflsAduiuamaudenuturesdiu (5.3 X 10

dy the effective diameter (harmonic) Taruanilaain

F. i
i = (Z}?’;l(—é) —13)

s A 1 s du -] ¥V a = 4 a 4 a
Naﬂ35V]U%']ﬂﬂ¢]L°U']3ﬂ'iaEJﬂ@aﬂ‘l‘}mgu"\lﬁﬁﬂ'ﬂﬂLﬂ@IWiQUSL?mmiWUWﬁL‘U@U@Q

= a & W a i 1Al = v v
JUT 2.9 uasnquauenfinlu nsineziisesneeravesaudulnsedioslufeiuring

o <4 at © d o [} = P s a o
U viemuduitluaiadeugruhlignisnaatesnmuesainilion nsiawdafiuvi
Timsseuvgndu

a) Sinkhole b) Piping
s = _ﬂ
_;] ¢) sliding
Contact erosion initiation i
L’ - 50 ;’x%hl‘. —}J

3U7 2.10 Wan32NUaINN1T Contact erosion
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4. Suffusion
a :‘; = [ aa o el A a & a 1 = 1
WnduluAudaverundouinnaslud vSelidafudrwmiaiely lasewie
a - 1 °F P o o =l a =1 e A =3 s = a [
yasiudinueulideiiia m’lmauaumumemuaaaagmﬂﬂwﬂmmLaﬂmgﬂw 2-11 fAule
AYLDUANILT

2

Usrapstipgazgniianiviasiinilaviiey  \eannfudnuaeillidu Fitter Tu
o aa oo A "y - = e aa d
e udlneundnundadenuneasidunuilowasiivnnnasia  susidugiusiniidy
Tanlusahazgnymeenislaiansannalndnuned dee grain size distribution Yeaiani
ffnenwiasiin Suffusion wandlugun 2-11

Flow direction

9 ¢ )

AN

Internal suffusion External suffusion Contact suffusion

sUfl 2.11 Anwaizn1siin Suffusion (Busch, 1993)

FINES SAND GRAVEL
100 ——rrrrprrNE__IMEDUME © | FINE 59""5,%‘3 100

& 90 : 190
€3 4
- 80" -t A J .80
5 | | ik
o 0 R T —— 170
g |1 1’; |
> B0} bogde-d R 460
L0 ; ' !
o | |
c S50 g 1 150
= 10 _ —1 |
w ' i \ A2 || | B1
o [A - F oy ' 1 1 \ 1
D 30 14A - I S WIS E— a0
& silii =110
g | AN | (1]
= i L L= - r L1l b
d‘:‘ 10 i = .- 4 ; _‘_:'_,_,—-—'—""'" ‘_—HE 410

| o] i | I ' 1 |

0 0.0020.005 0075 0.425 20 475 19 ?50

(b) Grain Size,d (mm)

' ]
o o =

JUN 2.12 fagraaunaaziiifneniwiianfia Suffusion (Wan and Fell, 2008)
Li and Fannin (2008) lmauaisulanisgamiansvesnisiin suffusion 7
BUAUIINAINTEAVUIINGANINT Terzaghi Us Fannin and Li lnaavauliainszauiningd
voviannlaifiedivsnimaigly sudadiuvemiheussssansnanmeluiudeasiden
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5 2 Y
e = aticr = a:~

o
5]

¥’ the buoyant soil specific weight

Yw the water specific weight

a the reduction factor Fadaduwmsizniiswsauseansualuwuifaniely
a av o a ~ W ° v ' a a
aunldfiafesnimaelunadugnasneuluiiesainlasiasng vilimiiousssedndua
s¥nInliafuazidunanas (Skempton and Brogan, 1994)

o = aoy’

P

o)

oy’ iusssyansnalunuifeesnanu

Jf’ wheusUseanSNalululfsssnIdafuvuiaan

1%
a a

Arladenisanneudingn (a) Tuegiudnvusvedlasaiiadefiu au
yueednAuvuaAnLasInRuILA LG

a=385%5_0616

Oso
Lflla
dgsthe d85 of the finer fraction

Oggthe effective constriction size of the coarser fraction
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2.3.3. NanNISHANISNALYNZABDLLBY

2
=

naeInn1siateglaiudu (initiation) n1siaezeravgansetintusala

(Continuation)

TuBYAUNTNNIULBINIINTEY MINVUIAYEITeIINntulutunsauinwanioven
a .
WA (Base soil) 7

@

gniawinnlanisnisaeeiagvgaas (No erosion) lumnemsaiudiu dunsasd
sanuuuldiganlivinldnisiawnsngala nisinwivasdniuseluluszdusieg dufy
UseAnSNnaaan1snsey Aaeansain1sunniasvastiunsasluszauniee Al

No erosion - unsaagan1siawele

Some Erosion — tunsaamgan1siaizlavdainniswigliua Inganalisn
N3 bvaduiina (e1agseluiia 100 Usec)

Excessive Erosion — gunseangan1sineigla uinasainiianisiawigliunnud?
ansnslvadunnsiainlaenaasds 100 &1 1000 Vsec.

Continuing Erosion — Bunsaafifiafuneuiiuldauldainsaneanisiaenzla
19N MaTumILsnsINgendn 1000 Vsec wazdnsinisivaduuilidniuiy

Wit afiddyesuneuilfesnsmsivafuilinfiniu uavsesuanutu
vouTisadunann wnautuinndeukansliifuidleuniadiadugniniezeanuun
dues luaunudsesinisassasuiuiidenduiedeutazanuguuesiilveduvie
$a)

Cd d 1 o vV a s 1 A s
ICOLD (2012) lsiaguiouluvasnisnsasnaglivinliinnisdaieizsaiiiasly ¢
wandlumsnad 2.2 Tuniseenuuussdesiasaniteulaveanmsssuremeiieliliniusiy
g u d
Wazanluiivou



20

715199 2.2 Waulunisiian1snawnzmarilios (Continuation Erosion)

Base Soil

Proposed Criteria for

Excessive Erosion

Proposed Criteria for

Continuing Erosion

Soils with dgs>2 mm and

fines content >35%

D15 > the D5 value which
gives an erosion loss of
0.25¢/cm? in the CEF test
(0.25¢/cm? contour line in
Figure 2-12)

Soils with dgs>2 mm and

fines content <15%

Dys > 9 dgs

Boundary Boundary
Soils with dgs<0.3 mm Dis > 9 dos For all soils: D5 > 9 dgs
Soils with 0.3<d95<2 mm Dis>9 dgo

Soils with dg¢s>2 mm and
fines content 15-35%

D15 > 2.5 Disdesign, Where
Disdesign IS given by:
Di5design=(35-pp%0.075
mm) (ddgs - 0.7)/20+0.7

Notes:

(1) Criteria are directly applicable to soils with dgs up to 4.75 mm. For soils with

coarser particles determine dgs and dgs using grading curves adjusted to give a

maximum size of 4.75 mm.
(2). CEF is Continuing Erosion Filter test.

[

5 -} DF15=0.Tnmn —~——0__

Range of DF15 for dans with
poor filter performance

Average DF15 for dams with

[m]

— poor filter performance

g 20

; 1 Range of DF15 for dans with

]

= 15 <+ good filter performance

=k

E 10 + No Eroswon B a o t
[ Boundary = < Hyttejvet -
[ ) -] = , B
t for Soi Group 2 :;:: 2 Hills Creck

-]

Juktan

Viddaksvaln

-ll}mlu‘

fud Mountain

= Contours of

Erosion Loss

frrom Filter
Tests

Juklavatn Secondary

“hurchill Falls FF11

LA i.Og-ﬂn:

- 0.5g em’

0.25g cm

3

0.1g/em’

Brodhead

Songa
-

10

15

20 25 30

45

Core mate rinl % fine - me divan sand (0.075 - 1.181mn)

sUf 2.13 Com

U

parison of erosion losses measured in filter tests to dams with

poor and good filter performance (Foster 1999, Foster and Fell 2001)
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vasiolnvossesunnfiazilalidanuvosnuaumdsariulule

2) Mmsfimerudugiusniidutuiudianey seaurensinisaviuey
o & A v a o al 1 1 4 v =l
Aufudiaveufivzeygaiidaauvesunuiuwmiemiululsanniesiiesda
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1 U B A a ﬂ!‘ 1 as = lé’ 1 5
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2.4. Wiz lUsunsy SEEP/W 2012 wag Slope/W

Typical Applications

SEEP/W can model almost any

groundwater problem including:

© Dissipation of excess pore pressure
after reservoir drawdown

= Changes in pore-water pressure
conditions within earth slopes due
to infiltration of precipitation

2 Mounding of the groundwater lable
beneath water retention structures
such as lagoons and tailings ponds

o Effect of subsurface drains and
injection wells

@ Drawdown of a water table due to
pumping from an aquifer

o Seepage flow quantities into
excavations

o Use AIR/W and consider the true
matric suction (Ua-Uw) mecha-
nisms

@ Integrate with TEMP/W and
consider flow in freezing and
thawing solls

2 plus many more

GeoStudio

One Model. One Tool. Many Analyses.

SEEP/W 20712

Groundwater seepage analysis.

Comprehensive and Powerful

SEEP/W Is a finite element CAD software product for analyzing groundwaler
seepage and excess pore-water pressure dissipation problems within porous
malterials such as soil and rock. Its formulation allows you to
consider analyses ranging from simple, saturated steady-state problems to sophis-
licated, salurated / unsaturated time-dependent problems. SEEP/W can be
applied to the analysis and design of geotechnical, civil, hydrogeological, and
mining engineering projects.

Saturated / Unsaturated Flow

SEEP/W can model both saturated and unsaturated flow, a feature that greatly
broadens the range of problems that can be analyzed. In addition to traditional
sleady-slate saturated flow analysis, the saturaled / unsaturated formulation of
SEEP/W makes It possible to analyze seepage as a function of time and 1o con-
sider such processes as the infiliration of precipitation. The transient feature
allows you to analyze such problems as the migration of a wetting front and the
dissipation of excess pore-waler pressure.

Easy to Use

Defining a Seepage Problem

Beginning an analysis is as simple as defining the geometry by drawing regions
and lines that identify soil layers, or by importing a DXF™ file. Then graphically
apply boundary conditions and specify material properties. Material properties
can be estimated from easily measured parameters like grain-size, saturated
conductivity, saturated water content, and the air-entry value.

Viewing the Results

Once you have solved your seepage analysis, SEEP/W offers many tools for view-
ing results. Generale contours of x-y plots of any computed parameter, such as
head, pressure, t, velocity, and conductivity. Velocity vectors show flow
direction and rate. Transient conditions can be shown as a changing water lable
over time. Interactively query computed values by clicking on any node, Gauss
reglon, or flux section. Then prepare the results for your report by adding labels,
axes, and pictures, or exporl the resulls into other applications such as Microsoft®
Excel® for further analysis.

Integrated with Other Applications

Dissipate excess pore-water pressures generated by SIGMA/W or QUAKE/W

Excess pore-water pressures generated by static loading (e.qg., fill placement) or
ic motion during an earthquake can be brought into SEEP/W 1o study

how long it takes lo dissipale the excess pressures.

Use SEEP/W pore-water pressures in SLOPE/W

Using finite element ed pore-water pressures in SLOPE/W makes it possi-

ble to deal with highly irregular saturated / unsaturated conditions or transient

pore-waler pressure conditions in a stability analysis. For example, you can

analyze changes in stability as the pore-water pressure changes with time.

Use SEEP/W dala inside a CTRAN/W model for contaminant transport or a
TEMP/W model for convective heal transfer analysis.



Requirements

© Microsoll® Windows® 7, Windows Vista®, or
Windows® XP with Service Pack 3

B intel* Pentium® 4 or better, or AMD

Opteron™ or Athlon™ &4 or better
(GeoStudio Is optimized for multi-core Intel
processors)

2100 MB hard disk space
©1024x768 saeen resolution
© Microsoft® .NET 4.0 is required for Add-Ins

B An Internet connection s required to activate
or renew a license

s GeoStudio

One Model. One Tool. Many Analyses.

SEEP/W Is part of GeoStudio, an
integrated tool containing GEO-
SLOPE’s leading suite of
geotechnical modeling software
products: SLOPE/W, SEEP/W,
SIGMA/W, QUAKEAW, TEMP/W,
CTRAN/W, AIRW and
VADOSE/W. Using GeoStudio
means you can run all of these
products in one environment,
creating one model that is shared

among all products.
For example, geometry and

e Sy

1400, 633 - 6th Avenue S W.
Calgary, Alberta, Canada T2P 2Y5
Tel: (403) 269 2002

Fax: (403) 266 4851

E-mail: info@geo-slope.com

Features

@ Analysis types include steady-slate
confined and unconfined flow, tran-
sient flow, 2-D flow in a cross-
section or in plan view, and 3D
axisymmelric flow

° Boundary condition types include
total head, pressure head, or flux
specified as a constant or a function
of time; pressure head: transient
flux as a function of computed
head; review and adjustment of
seepage face conditions

o Volumelric water content and
conductivity functions can be
estimated from basic paramelers
and grain-size functions

a Adaplive time stepping to ensure
the use of optimal time steps in
transient analyses with sudden
changes in boundary conditions

@ Flow path delineation
o plus many more!

Join a growing network
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Formulation

Soll Properties

The hydraulic conductivity of the soil
is a function of the negative pore-
waler pressure in the unsaturated
regions. The rate of change in water
content Is dependent on the pore-
waler pressure during transient pro-
cesses. Hydraulic conductivity can be
defined as anisolropic in two orthogo-
nal directions.

Iterative Process

The nonlinear nature of the finite
element equations is handled using
an efficient radial search iterative
scheme. Graphing lools are available
during run-time to help you judge if
convergence has been achieved. This
has proved to be extremely useful in
solving highly nonlinear flow systems.
Flux Quantities

SEEP/W computes the total flux
across single or multiple lines drawn
through the mesh.

By acquiring GEO-SLOPE software, you are joining a group located in more than
100 countries, including practising engineers, university professors, regulators,
researchers and students. You can be assured that we will support and continue
to enhance the software's engineering capabilities, making it even more powerful
and easy lo use.

Get help when you need it

When you need assistance with your model, we have helpful services available.
Attend one of our workshops, or communicate directly with our experienced
numerical modeling professionals. We'll help you 1o creale better models and 1o
gain confidence In your results.

Try out SEEP/W now!

Experience SEEP/W for yourself today! Simply visit www.geo-
slope.com/downloads/ to download the free evaluation software.
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Typical Applications
SLOPE/W can model almost any
stability problem, including:

© Natural earth and rock slopes

& Sloping excavations

@ Earth embankments

@ Open-pit high walls

© Anchored retaining structures

o Berms at the toe of a slope

@ Surcharges at the top of a slope

© Earth reinforcement, including soil
nails and geofabrics

o Seismic and earthquake loading
o Tension cracks

© Partial and total submergence

@ Line load at any point

© Unsaturated soil behavior
© plus many more!

@ GeoStudio

One Model. One Tool. Many Analyses.
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- SLOPE/W 201

Slope stability analysis.

Comprehensive and Powerful

SLOPE/W is the leading CAD software product for computing the factor of safety
of earth and rock slopes. SLOPE/W can effectively analyze both simple and
complex problems for a variety of slip surface shapes, pore-water pressure
conditions, soil properties, analysis methods and loading conditions.

Using limit equilibrium, SLOPE/W can model heterogeneous soil types, complex
stratigraphic and slip surface geometry, and variable pore-water pressure condi-
tions using a large selection of soil models. Analyses can be performed using
deterministic or probabilistic input parameters. Stresses computed by a finite
element stress analysis may be used in addition to the limit equilibrium computa-
tions for the most complete slope stability analysis available.

With this comprehensive range of features, SLOPE/W can be used to analyze
almost any slope stability problem you will encounter in your geotechnical, civil,
and mining engineering projects.

Easy to Use

Defining a Stability Problem

Beginning an analysis is as simple as defining the geometry by drawing regions
and lines that identify soil layers, or by importing a DXF™ file. Then choose an
analysis method, specify soil properties and pore-water pressures, define rein-
forcement loads, and create trial slip surfaces.

Viewing the Results

Once you have solved your stability problem, SLOPE/W offers many tools for
viewing the results. Display the minimum slip surface and factor of safety, or view
each one individually. View detailed information about any slip surface, including
the total sliding mass, a free body diagram and a force polygon showing the
forces acting on each slice. Contour the factors of safety, or show plots of com-
puted parameters. Then prepare the results for your report by adding labels, axes,
and pictures, or export the results into other applications such as Microsoft”
Excel” for further analysis.

Integrated with Other Applications

Use pore-water pressures from SEEP/W, SIGMA/W, QUAKE/W or VADOSE/W
Using finite element computed pore-water pressures in SLOPE/W makes it
possible to deal with highly irregular saturated/unsaturated conditions or transient
pore-water pressure conditions in a stability analysis. For example, you can
analyze changes in stability as the pore-water pressure changes with time.

Use stresses from SIGMA/W or QUAKE/W

Using finite element computed stresses in SLOPE/W allows you to conduct a
stability analysis in addition to a static deformation or dynamic earthquake
analysis. For example, you can compute the minimum factor of safety that will be
reached during an earthquake, or you can find the resulting permanent deforma-
tion, if any, using a Newmark-type procedure.



Requirements
2 Microsoft” Windows" 8, Windows" 7,
Windows Vista®, or Windows" XP with SP 3

9lntel* Pentium® 4 or better, or AMD
Opteron™ or Athlon™ 64 or better
(GeoStudio is optimized for multi-core Intel
processors)

© 100 MB hard disk space
©1024x768 screen resolution
S Microsoft® .NET 4.0 is required for Add-ins

“ An Intermet connection is required to activate
or renew a license

GeoStudio

One Model. One Tool. Many Analyses.

SLOPE/W is part of GeoStudio, an
integrated tool containing GEO-
SLOPE's leading suite of
geotechnical modeling software
products: SLOPE/W, SEEP/W,
SIGMA/W, QUAKE/W, TEMP/W,
CTRAN/W, AIR/W and
VADOSE/W. Using GeoStudio
means you can run all of these
products in one environment,
creating one model that is shared
among all products.

For example, geometry and
material properties created in one
product are immediately available
in all other products. Sharing the
data lets you run several analyses
in another, or import files created
by previous versions of the soft-
ware.

R aOORE

1400, 633 - 6th Avenue S.W.
Calgary, Alberta, Canada T2P 2Y5
Tel: (403) 269 2002

Fax: (403) 266 4851

E-mail: info@geo-slope.com
Web: http://www.geo-slope.com

Features
o Limit equilibrium methods include

Morgenstern-Price, GLE, Spencer,
Bishop, Ordinary, Janbu, and more

= Soil strength models include Mohr-
Coulomb, Spatial Mohr-Coulomb,
Bilinear, Undrained (Phi=0),
anisotropic strength, shear/normal
function, and many types of
strength functions

© Specify many types of interslice
shear-normal force functions

© Pore-water pressure options include
Ru coefficients, piezometric lines,
pressure contours, a grid of values,
spatial functions, or finite-element
computed heads or pressures

 Define potential slip surfaces by a
grid of centers and radius lines,
blocks of slip surface points, entry
and exit ranges, fully specified
shapes, or automatic

= Use probabilistic soil properties,
line loads, and piezometric lines

© Transient stability analyses

© plus many more!

Join a growing network
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Formulation

SLOPEW is formulated in terms of
moment and force equilibrium factor
of safety equations. For example, the
Morgenstern-Price method satisfies
both force and moment equilibrium.
This general formulation makes it
easy to compute the factor of safety
for a vanety of methods and to
readily understand the relationships
and differences among all the
methods.

SLOPE/W can use finite element
computed stresses from SIGMA/W or
QUAKE/W to calculate a stability
factor by computing both total shear
resistance and mobilized shear stress
along the entire slip surface.
SLOPE/W then computes a local
stability factor for each slice.

Probabilistic analysis can be per-
formed by using normal distribution
functions to vary soil properties and
loading conditions, Using a Monte
Carlo approach, SLOPE/W computes
the probability of failure in addition to
the conventional factor of safety.

By acquiring GEO-SLOPE software, you are joining a group located in more than
100 countries, including practising engineers, university professors, regulators,
researchers and students. You can be assured that we will support and continue

Get help when you need it

When you need assistance with your model, we have helpful services available.
Attend one of our workshops, or communicate directly with our experienced
numerical modeling professionals. We'll help you to create better models and to

gain confidence in your results.

Try out SLOPE/W now!

Experience SLOPE/W for yourself today! Simply visit www.geo-
slope.com/downloads/ to download the free evaluation software.
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Piezometer (Reading ) uUaadlu ArAuiu (Pressure) Aeaun1s
Liner Calibration Record

P(kPa) = C.F.(Li-Lo)-[Tk(Ti-Tc)]+[0.1(Bl-Bc)]

Liner Calibration Factor CF = 0.20284kPa/B unit
Rograssion Zero At Calibration Bi = 8857.9 B unit
Temperature Correction Factor TK = 0.27802kPa/C® rise

B unit = Hz?/1000
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a0y | srezeanaIn | sEau | A0 o (Hz) | a39n 2 | (FA2/1000) Head
27UAN (ksc)
(m)
P-1 14050 | U/S 27.00 | 40.00 | 3800 51.185 2563 2563 6568.97 16.28 1.63
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F097 8 FftguINMsATITAASaT 2

%9971 9 B unit = (Y8sfl 8)A2/1000

Yo7t 10 unuAly aunsi (z.1)

P(kPa) = C.F.(Li-Lc)-[Tk(Ti-Tc)+[0.1(Bl-Bc)]

P(kPa) = 0.20284kPa [(4047l 6)A2/1000) — (91 10)]

Wasumhodu ksc agld 1596.56

16.28 ksc

994 11 Water Head = W59611/10
=1635m

1596.56 x 0.010197

0.20284kPa[(3800/2/100)-( 6568.97)]
1596.56 kPa
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o 1 v B . = av v oA
NI 3.2 ANTEAUUT VDY Piezometer Waudsn 71U 20 UNT1AU W.A. 2554

Judt Reservoir Level Piezometer off set (m) | Total Head (m)
20 4.A 54 +62.710 P1 27 5b
P2 -16 54
P3 0 b3
P4 8 52
R5 27 51
P6 -20 50
P7 -12 a9
P8 -4 a8
P9 al ar
P10 12 a6
P11 22 a5
P12 -8 44
P13 0 43
P14 8 42
P15 0 41
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M15199 3.1 89 A19799 3.3

d e - o s o o d a GJ
M9 3.3 AMFNUATBINUATNTUNILUUIIADUTBUAUDU W STA 0+600

Staion/ | Soil | Water Content by Volume Unit Weight wm) Permeability mvsec)  |Phi (° ) |Cohesive
Zone Group | Range Value Average Range Value | Average Range Value Average |<average> Strength{t/m3
0+595
Core CL,SC | 0.300 - 0.464 0.45 1.93-1.97 1.96 9.02x10% to | &.5x107 16-26 4.2-8.7
a.26x107 <l6> <4.2>
In(ssy | sGcH oa 1.85-2.07 1.95 8.67x10° 27 8.1
Il (D/S) | GM, GC 04 1.82-1.98 1.91 8.63x10° to | 2.05x10° 27 4
1.1x10”
Chimney SM-SP 0.38 1.65 7.84)(10-5 38 0
Blanket SM 0.38 1.65 1 30x10° 38 0
Contact SM 0.314-0.422 04 1.9 6.5x10" 30 0
2 m thick
Foundation | CL,SC 0.317-0.551 0.42 1.90-2.26 206 1.8 1x10-5 to 4.45)(10-5 7 18
0.00




30

Soil Type vs Permeability(K)
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i Staion/ | Soil | Water Content by Volume Unit Weight (t/m) Permeability ~ (m/sec) |Phi @) |cohesive

! Zone | Group | Range Value Average Range Value | Average | Range Value | Average [<average> Strength(t/m’)

1+040

|Core CLSC | 040048 0.45 1.88-197 19 25%10% to | 63x107 16 4.2

' CH, GC 1.04x10"

l(uss) |CLCH| 045055 05 1.86-1.92 19 8.63x10%to | 5.0x10° 27 8.1

' sC L.1x10”

§||| (0s5) |6M GC| 0304 04 185186 185 | 863%10% to | 2.05x10° 24 6.9

| sC 1.1x10”

‘Chimney SM-sP 04 165 | 448x10"to | 1.0x10° B8 g
4.95x10°

|Blanket | SM 04 165 | 78x10°to0 | 1.1ax10% | 28 e

I 4.95x10°

Contact | SM | 031a-0.402 04 19 6.07x10%t0 | 1.4x10° 30 0

i 6.89x10”

|Foundstion | CL,SC | 0.317-0.551 045 2.00-2.06 202 | 495¢10%to | 7.0x10” 7 18
1.02x10"
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Staion/ | Soil |water Content by Volume Unit Weight (/m) Permeabilty  (m/sec) |Phi (©) |Cohesive
Zone | Group | Range Value Average Range Value | Average | Range Value | Average |<average> Streng'ch(t/m:)
1+234
Coie CL,sC 0.40-0.48 0.45 188197 1.9 23310% to | 6.11x107 18 11
4.25x10"
(s |CLcH 0.3-0.45 0.35 1.76-1.87 1.83 86310° to | 4.72x10° 27 8.1
sc 1.1x10"
M) |GMGC| 0304 0.5 185 4.18x10°to | 1.1x107 20 5
5C 1.1x10°
Chimney| SM-SP 0.355 165 | aa8x10°to | 1.0x10° 38 0
4.95x10°
Blanket | SM 04 187 | 78x10°to | 2ax10® | 38 0
sC 6.11x10"
Contact SM 0.4 1.9 1_19)(10'5 30 0
2 m thick
Foundation | CL,SC | 0.317-0.551 0.45 2.00-2.06 202 495¢10° to | T.0x107 7 18
1.02x10”
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Soil Type vs Permeability(K
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uil Reservoir Level | Piezometer | off set (m) | Total Head (m)

204.m 54 62.71 P1 =27 41.63
P2 -16 40.41
P3 0 40.65
P4 8 39,77
P5 27 41.64
P6 -20 44.8
P7 =1.2 44.79
P8 -4 44.66
P9 4 44.79
P10 12 44.69
P11 22 44.64
P12 -8 -
P13 0 -
P14 8 -
P15 0 -
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4.2 namsinaniasesiiadn Standpipe Wells
1.) funiaviguiang B1-B12

Standpipe Well
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Offset-Dam Axis | Flevation | Pipe Tip depth () | Cround water Depth. mat]  Elevation Head, MSL
Bore Hole|  STATION Kermark
U/s /5 Jabove, mst] st stase | 2odsteze | 15t Stage UndStage | 1st Stage Znutage
B1 0+594.807 | 7872 67.795 290 250 120 14.2 55.845 53.595
B2 0+594.249 7.605 66.707 285 - 15.2 - 51.507
B3 01 5%3.954 36.743 54.136 16.0 11.5 6.6 8.1 A47.536 46.036
B4 0+588 174 65 544 47.102 98 65 2.0 18 45102 a5.302

< 1 7] L7 g . v o L7 g 1 g
3U% 4.3 mszaulsinuunues standpipe well a1 guanviny. 0+600 seauthlugraiuidn +53.73 wns (svn)

Standpipe Well
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Offsct Damn Axis | Flevation | Pipe Tip depth (m) | Ground-Water Depth, m at Elevation Head, MSL
Bore Hole STATION Remark
/S /5 |above, msl] Lst Stage | 2ndStage | 1st Stage 2ndStage | 15t Stage 2ndStage
B5 14+040.162 6.311 67.673 265 22.0 11.2 133 56.473 54.373
B6 1+042.218 a4.718 67.B78 2.5 23.0 14.3 16.8 53.578 51.078
B7 1+040.734 38.186 53.649 18.4 1.9 10.4 12.1 43,209 41.549
B8 1+041.079 84.869 42.516 8.3 4.0 0.9 1.1 a1.616 41416

nE 1 s L7 g & o/ A s g 1 g
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ERRLH
e ron
}uﬂﬂﬁ_w Ig;g—g
uIATIE Y "n" WIMTIE Y
seduiiienn Standpipe well Measured  July-3, 2016
Offset-Dam Axis | Flevation Pipe lip depth (m) | Ground-Waler Uepth, m at Elevation Head, MSL
Bore Hole STATION Remark
/S D/S above, msl] 1st Stage | 2ndStage | 15t Stage 2ndStage 1st Stage 2ndStage
B9 14234.630 7.063 67.025 28.5 24.6 13.4 16.6 53.625 50.425
B10 1+234.379 5.266 67.644 29.8 25.0 14.8 17.2 52.8a4 50.44a4
B11 1+234.652 37.562 53.742 18.5 14.1 6.7 6.3 47.042 47.442
B12 1+233.437 70.137 ar.arr 10.0 6.0 0.1 0.0 ar.az27r arary

= 1 s ar ‘o‘ - Qs n‘ a g [ g
UM 4.5 ATeAULIIRUUITeY standpipe well & JUARYINY. 1+300 syauilugnafiudi +53.73 wns (smn)

v o

2.) A mgethan Standpipe Wells Mifudoyn a Yufl 15 fura w.e. 2560

M15197 4.2 A1ANEIIAN Standpipe Wells Avfiudoya o Juil 15 funau w.e. 2560

Record of Water Head at Standpipe Wells Measured  15-1.A.-16 Reservoir = +56.4 m MSL

Bore Hole|STATION Offset-Dam Axis  |Elevation | Piga Tip depth (m) Tip Elev, m (M5L)  |Ground-Water Depth, m at| Elevation Head, MSL |Height of |Cut-off

u/s D/5  |above, ms| 1st Stage | 2ndStage | 1st Stage | 2ndStage | 1st Stage | 2ndStage | 1st Stage | 2ndStage |Casing m |Elev., m
Bl |0+594.807| 7.872 67.795 | 29.00 24.75 38.8 430 | 1370 14,16 54.095| 53.635 0.570| 42,795
B2 |0+594.249 7.605 £6.707 28.50 38.2 n/a 14,79 51.917 0.570| 42.795
B3 |0+593.954 36743 | 54.136 | 16.00 11.50 38.1 426 | 877 7.68 45.366| 46.456 0.284| 42795
B4 [0+588,174| 65.544 | 47.102 9.80 6.50 37.3 06| 287 3.19 44.232| 43912 0.535] 42795
B5  [1+040.162] 6.311 67.673 | 26.50 22.00 41.2 457 | 1254 12.70 55.133| 54.973 0.524|  39.200
Bs 1+042,218 4.718 67.878 27.30 23.00 40.6 449 | 15.66 16.16 52.218 51.718 0.455 39.200
B7 1+040.734 38.186 | 53.649 18.35 14,80 35.3 39.2| 129 12.25 40,739| 41.399 0.505| 39.200
B8  [1+041.07% BL.B69 | 42516 8.30 4,00 34.2 385] 220 2.23 40.316| 40.286 0.551| 39.200
B9 1+234.63| 7.063 67.025 | 2850 2460 38.5 24| 1094 11.20 56.085| 55.825 0.702| 42.425
B10 |1+234.379 5.266 67.644 29.80 25.00 37.8 426 1897 16.69 48.674| 50.954 0.475| 42425
B11 |1+234.652 37.562 53.742 18.45 14.10 353 39.6 5.86 5.95 47.882 47.792 0.493] 42425
B12 |1+233.437 70.137 | 47.477 10,00 6.00 37.5 415 0.80 48.277 0.460| 42425
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= = P | . [ 1o o |
A13°99 4.3 M3LUTeulfisuan Phreatic level 911150152930 AU LUUTIADY ATAINNEIUDS
seauluvie Stand pipe finudonAaIlazAULALNAY

Bore Offset-Dam Stand
Hole Axis pipe well _—
Station Elevation | Elevation
U/s D/S Head Head
(msl) (msl.)
B1 0+594.807 7.872 54.095 54.544
B2 0+594.249 7.605 51917 51.033
B3 0+593.954 36.743 46.456 av.7i8
B4 0+588.174 65.544 43912 41.61
B5 1+040.162 6:311 54,973 52.879
B6 1+042.218 4.718 51.718 49.22
B7 1+040.734 38.186 41.399 42.05
B8 1+041.079 84.869 40.276 41.520
B9 1+234.63 7.063 5b.825 53.928
B10 1+234.379 5.266 50.954 50.964
B11 14+234.652 371.562 47.492 47.212
B12 14233.437 70.137 46.677 47.243

Relationship between Stand pipe Elevation Head and Model

Elevation Head (msl.)
s
<]

Bore Hole B1-B12

—&— Elevation Head by stand pipe ~—a— Elevation Head by Model

JUN 4.13 nsmanuduiusvesseauinfann vie Stand pipe fiv Model
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Piezometer head ( m )
Piezometer head ( msl )

Piezcmeter head ( m )
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Piezometer head (msl)
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