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Estimating Geotechnical System Response Probability of Internal
Erosion Risk in Fill Dam using Event Tree Analysis

ABSTRACT

Recently frequent collapse of old fill dams has taken place, which increases social awareness in the safety of the infrastructure. Fill dams
in Korea has been incautiously regarded as safe once the fill dam is considered to have a full capacity to retain a conservative design
flood determined by government authorities. However, developed foreign countries has been managing their fill dams by introducing
systematic risk assessment techniques over a long period of time. In this study, the system response probabilities of the deteriorated old
fill dams in Korea were systematically evaluated and analyzed by using the internal erosion toolbox based on the event tree analysis
technique. The probability of the existence of flaw and the magnitude of the hydraulic gradient through a potential crack can
significantly influence the geotechnical system response probability. The results of this study show that the probability of the existence
of flaw and the magnitude of the hydraulic gradient through a potential crack can significantly influence the geotechnical system
response probability and the risk of the deteriorated fill dam can be quantitatively assessed.
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Fig. 1. A Simple, Generic Event Tree (US Nuclear Regulatory Commission, 1975)
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(a) Sudong Reservoir Attacked by Typhoon Maemi in 2003
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(b) Saenggok Reservoir in 2006

Fig. 9. Examples of Erosion Failure Adjacent to Spillway Structure
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Fig. 10. Cross Valley Geometry of Yedang Reservoir (IM1)



Table 1. Potential Failure Modes (Yedang Reservoir)

Possible causes of internal erosion (Preliminary selection) Selected IM after intial screening
IM1
, , M5
Internal erosion through the embankment due to concentrated leaks in transverse cracks -
IM10
. . . IM13
Internal erosion through the embankment due to poorly compacted or high permeability zones Mia
Final Brief description of failure mod Related IM Not
PEM ef description of failure mode elate ote
Transverse cracking due to cross valley differential settlement break Abutment profile has a bench.
PFM#1  |internal erosion(IM1), Transverse cracking during construction due to IM1 & IM5 Pause period during construction
embankment staging break internal erosion(IM5) existed.
PEM#2  |Crest settlement due to earthquake break hydraulic fracturing. M8 Regardless of dam type, earthquakes
PFM#3 | Transverse cracking due to earthquakes break internal erosion should be considered.
Differential settlement causing arching of the core onto the shoulders break Specific issue for the type of core-earth
PFM#4 . . IM10
hydraulic fracturing rockfill dam
o . . Lack of d tati inci
PFM#5  |Poorly compacted within embankment due to break internal erosion IM13 acko . OCletel Ation convineing
compaction quality
P breach s RP
Yes — Internal
P. g erosion
failure
Breach
Pe
b Progression No | '
1
Priaw Yes Continuation No 4
Traverse Crack Initiation ,—4

In Embankment
No

—d

Fig. 11. Event Tree of the Failure Modes Due to Transverse Cracks
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S B4 7S ol8s Buel Ui A4 SREe] e ANEete AsE 99 $E AM
Table 2. Evaluation of System Response Probability for PFM#1(IM5)
(a) Priaw and Py
Estimated
. 3 Max likely Max EL. of . Df:pth of ll.kely-crack Crack
Reservoir | Probability of likely Reservoir | mid-level | width in core |length atthe| Average -
crack bottom of . . . | Probability of
EL transverse . crack level stage | flow from | for reservoir |mid-level of| Hydraulic e
. width the crack . . initiation
(m) cracking (mm) depth (m) (m) the crest stage being flow gradient
(m) (m) considered (m)
(mm)
l:’I'law Cmax D dp X Cdl Ldl ia\/g l:)]
23.06 0.00018 50 5.09 20.41 2.440 3.77 13.02 17.67 0.150 0.473
23.5 0.00233 50 5.09 20.41 2.000 3.55 15.18 16.99 0.182 0.542
24.5 0.00233 50 5.09 20.41 1.000 3.05 20.09 15.44 0.265 0.731
25.5 0.00233 50 5.09 20.41 0.000 2.55 25.00 13.89 0.367 0.875
(b) PCr PP, Pbreach and SRP
Probability of Progression (Pp) Probability of Breach (Pbreach) S
- ystem
.| Probabili -
Reservoir v Holda |No crack Instability of Sloughllng or . Overall | Response
of R No flow Gross unraveling of Sinkhole e o
EL (m) .. |roof overa| filling . downstream Probability | Probability
continuation . . limiting | enlargement downstream | develop-ment
pipe action slope of breach (SRP)
slope
PC PPR l:)PC l:)PL ch Psi l:)su Psd P breach SRP
23.06 1 1 0.9 0.1 0 0 0.5 0.00066 0.500 3.833.E-06
23.5 1 1 0.9 0.1 0 0 0.5 0.00066 0.500 5.684.E-05
24.5 1 1 0.9 0.1 0 0 0.5 0.00066 0.500 7.665.E-05
25.5 1 1 0.9 0.1 0 0 0.5 0.00066 0.500 9.181.E-05

HPIIE F)) $29jo)ch Wl e ToolboxolAli= #4=$]7} POR
Ho} =& 8BS Py, S FEe] A S7RICE P A% $1X)
A 2kgeh= it B BAKaverage hydraulic gradient, i,,,)ol
upe} 17k wEk, Table 2(a)ol AXE ARK i, & T3]
Sigtoltt Table 2(b)ell AAE P, P9k = A9 B 5734
o] =)ol whet ¥iskA] erom, s1o] Bl FEAE E33 A
ypre] B A5 Adeiel Feile] S Iy ol w72 2Rt
vpRjEke 2 PEM#L (IM5)] SRP:= Eq. (3)S ol&3}a] Al5=¢jo)
u}a} 3.83x10°~9.18x107°¢] ghoz ARk 4= ik

IM8Z} ZHd®l PEM#29} #30] gk SRP 4HgS $siAle=
s AR slge] =719} oo gk WA ShEo] HagH,
ZAIFF(MCT, 1997)7F #AXTEE A7 918 Aellx] o A4
A7} $IXIgE A9e] A7) 8 FHof A% 7RsE(peak ground
acceleration, PGA)2} 1 Z3}8E(annual exceedance probability,
AEP)E 34330tk PGAS] =7]o] wg wlivpie] Jebake
Swaisgood (2003)¢] AQlet A@A2E A3t FF3HATh
PEM#2= 587 WHnlF 3210l $JX]8lal(S;, Table 301X |4~
917} EL. 25.5mo)| a4 %e] 3l) ofwf Axle= ¢l HA<]
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Table 3. Evaluation of System Response Probability for PFM#3 (IM8)
Reservoir EL. PGA AEP Vert. Disp. Caused| Deformed crest | Damage class >.(RFXLF) Probability of
(m) (2 by EQ. (m) EL. (m) by toolbox by toolbox transverse cracking
Pfiaw
25.5 0.035 0.02 0.003 25.497 0 12 0.001
25.5 0.045 0.01 0.003 25.497 0 12 0.001
25.5 0.07 0.005 0.004 25.496 0 12 0.001
25.5 0.105 0.002 0.005 25.495 0 12 0.001
25.5 0.14 0.001 0.006 25.494 0 12 0.001
25.5 0.19 0.000417 0.008 25.492 0 12 0.001
25.5 0.23 0.000208 0.010 25.490 0 12 0.001
25.5 0.252 1.00E-04 0.012 25.488 0 12 0.001
(a) Prawand Py
Max likely |Max likely| EL of bottom | Reservoir | Depth of mid-level Estirr.lated. likely crack Crack lengthat| Average | Probability of
crack width |  crack of the crack | level stage | flow from the crest Wldth. i core fo.r the mid-level of| Hydraulic | initiation ina
(mm) | depth (m) (m) (m) (m) reservoir stage being | =g 00| oradient crack
considered (mm)
Cinax D dp X Cai Lai fave P
5 1.14 24.36 -0.003 0.57 2.51 7.76 0.147 0.169
1.14 24.36 -0.003 0.57 2.51 7.76 0.147 0.169
5 1.14 24.36 -0.004 0.57 2.51 7.76 0.147 0.170
5 1.14 24.36 -0.005 0.57 2.51 7.76 0.148 0.170
5 1.14 24.35 -0.006 0.57 2.51 7.76 0.148 0.170
5 1.14 24.35 -0.008 0.57 2.52 7.75 0.148 0.170
5 1.14 24.35 -0.010 0.56 2.52 7.75 0.148 0.171
5 1.14 2435 -0.012 0.56 2.53 7.75 0.149 0.171
(b) Pce, Pp, Poreach and SRP
Probability of Progression (Py) Probability of Breach (Ppreach) System
Probability of i Response
contton |43 0 e N flow| (S8t of el ot ol Proly | Probabily
action downstream slope of breach (SRP)
Pc Per Ppc PpL, P P Psu P Py SRP
1 1 0.9 0.1 0 0 0.5 0.00066 0.500 7.629.E-06
1 1 0.9 0.1 0 0 0.5 0.00066 0.500 7.631.E-06
1 1 0.9 0.1 0 0 0.5 0.00066 0.500 7.636.E-06
1 1 0.9 0.1 0 0 0.5 0.00066 0.500 7.645.E-06
1 1 0.9 0.1 0 0 0.5 0.00066 0.500 7.656.E-06
1 1 0.9 0.1 0 0 0.5 0.00066 0.500 7.676.E-06
1 1 0.9 0.1 0 0 0.5 0.00066 0.500 7.697.E-06
1 1 0.9 0.1 0 0 0.5 0.00066 0.500 7.711.E-06
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Table 4. Potential Failure Modes (Gosam Reservoir)
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Possible causes of internal erosion (Preliminary selection) Selected IM after intial screening
IM5
M6
Internal erosion through the embankment due to concentrated leaks in transverse cracks -
IM10
IM13
IM14
Internal erosion through the embankment due to poorly compacted or high permeability zones M17
M19
IM20
Final PFM# Brief description of failure mode Related IM Note
Transverse cracking during construction due to embankment staging break Pause period during construction
PFM#1 |, . IM5 .
internal erosion(IM5) existed.
PEME2 Tr@sverse cracking due to desiccation at the embankment crest break internal IM6 The crest s not paved.
erosion
PFM#3  |Crest settlement due to earthquake break hydraulic fracturing. M8 Regardless of dam type, earthquakes
PFM#4  |Transverse cracking due to earthquakes break internal erosion should be considered.
Differential settlement causing arching of the core onto the shoulders break Specific issue for the type of core-earth
PFM#5 . . IM10
hydraulic fracturing rockfill dam
Lo . . Lack of i inci
PFM#6  |Poorly compacted within embankment due to break internal erosion IM13 ack o fiocumer}tatlon convineing
compaction quality
Poorly compacted or high permeability zone adjacent to a conduit through the There are some records of leakage
PFM#7 . . IM17 . .
embankment break internal erosion around the conduit and the repairs later.
There is a likely possible opening
PEM#S Poorly compacted or high permeability zone associated with a spillway or IM19 between spillway wall and
abutment wall break internal erosion embankment produced during
remodeling work.
There is a likely possible opening
Crack or gap adjacent to a spillway or abutment wall due to break internal between spillway wall and
PFM#9 . IM20 .
erosion embankment produced during
remodeling work.
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Fig. 12. System Response Probability Against Peak Ground Acceleration
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