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A Comparative Study on Geotechnical System Response
Probabilities of Fill Dams in Korea Using Internal Erosion Toolbox

ABSTRACT

In this study the geotechnical system response probabilities (SRP) of the failure modes caused by the interal erosion in three dams with
different histories of defects in Korea were analyzed via the internal erosion toolbox developed by USACE. The calculated values of
SRP were compared with the values reported for other dams in worldwide and also the statistics on the past failures of dams and
embankments in Korea. The calculated values of SRP related to the internal erosion adjacent to the conduits or spillway structures are
as high as in the order of 107 that is significantly greater than the SRP values related to other mechanisms of internal erosion. The
statistical data showing that the interal erosion adjacent to the structure is the most frequent cause of the failure of the dam in Korea
could be a collateral evidence of this finding. In contrast, the values of SRP related to the internal erosion through foundation, one of
the major causes of dam failure in worldwide, are relatively as low as in the order of 107, This result could be comparable with the
rareness of the failure cases of dam caused by the internal erosion through foundation in Korea.
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INITIATION CONTINUATION

Continuation of
erosion

Concentrated leak
forms, erosion
initiates along walls
of crack

PROGRESSION BREACH

Enlargement of Breach
concentrated leak mechanism forms

(@) Internal Erosions in The Embankment Initiated by Erosion in A Concentrated Leak

INITIATION CONTINUATION
Leakage exits from Continuation of
the foundation and erosion
backward erosion

initiations

PROGRESSION BREACH
Backward erosion Breach

in progresses to mechanism forms
form a pipe

b) Internal Erosion in The Foundation Initiated by Backward Erosion Piping

N A

INITIATION CONTINUATION
Leakage exits the Continuation of
core into the foundation erosion

and backward erosion

initiates as core erodes

into the foundation

PROGRESSION BREACH
Backward erosion Breach
progresses to form mechanism forms
a pipe. Eroded soil is

transported in the

foundation

(c) Internal Erosion from Embankment to Foundation Initiated by Backward Erosion Piping

Fig. 1. Models for The Development of Failure by Internal Erosion (Redrawn from Foster and Fell (1999))

A 7FsAE etehs Aow ARk dgto] A @
A wo] TR S2 50] 34o] ARN(initiation)d 91,
B® zE9] BV} 9l A A3 3212k8continuation) 2]
Aol &= Qltk F2e] A&HW @ 550 FEE v A
E(progression)’d = o, o]Z QlE 6O HIE 5L W
ST ZdAbde] B 5o W] B (breach)7} HAYS = SlTk
574 sl 2300 iste] Sh Bl Ui o) ARG S
uel HEH R fe] Bt dod FES AaH SH FE

(system response probability, SRP)o|g} 3} Eq. (1) o]-83}]
Ak = 9tk
SRP: Pfluw X P]>< PC‘X PI/y'eadl (1)

o7 Py, = T B EE P Uiy F4je] AR(initiation)
= 35, P& 314J0] A&H(continuation)d HE, Py H2)e]

EH(progression)d BE, P, ... 48 345 53 @ 5

(breach)7} ¥k shgo|th & SRP+= 7149 1% z7lo] A4
WSS W o] EAPE U el ofef she] ==
A 937k WA Bgolck USACES] Ui 22 37} =1s
ARgste] ZF £7] ARl tigk 2E3 SRPE 2Pgsh= WS
B2 24 Atk AlkHE SRPe} 3 Eq. (2)E o]83ke]
U 02 Q1% SRS R s L (PR
s uid o] 71 ShE(probability of failure, 7)S 7+
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Fig. 2. Generic form of An Event Tree of Geotechnical Dam Failure by Internal Erosion (Redraw from Noh et al. (2015))

[ 1Overtopping and Appurtenant
[—_1Erosion and Piping
[ slide

[ Earthquake-Liquefaction
I Unknown
Il Bridge destroyed

[ JFlow Velocity
1 Poor Materials
I Piping

[ Lack of a Section
[ Settlement
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Fig. 3. Statistical Data on Failure Cases in Embankment Dams: (a) In Worldwide (Foster et al., 2000); (b) In Korea (KICT, 2003); (c) Geotechnical

Defects Causing Erosion and Piping
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L1219 3k EAIS HojFEr) 1800% 3% E 1986\A71A] B3¢
=2] 1367)1¢] thi(large dam)S ZA}3} Foster et al. (2000)<]]
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i o8 BaESct o714 thde ICOLD (1974)¢] Z¢]
o wt #o]7k 15m oPdo] Al 10mellx] 15me] Ato]o] d
% WolkE o]z} 500m oPde] W, A5 1007 m® o]
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65%+= HA| UFelx g 22jo] Alolqlt 71N FEE
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Table 1. Reported Cases of Failure of Reserviors in Korea for 2013-2014 (Kim, 2016)

Name of reservoir | Year of construction completion Year of breach failure Reported cause of failure
Jiso 1991 2013
Josan 1940 2013 Internal erosion in the reservoir adjacent to spillway
Goeyeon 1945 2014
Sandae 1964 2013
Bukgun 1971 2014
Internal erosion in the reservoir adjacent to conduit
Jangpung 1945 2014
Hwabon 1958 2014
Okcheon 1945 2013 )
Overtopping
Naedeok 1945 2014
Gucheon 1987 2014 Sinkhole due to poorly compacted layer

Table 2. Present Conditions of Three Dams Studied

Years since . Drainage |Total (effective) Flood Normal high | Pool of record
. Height | Length Crest level
Dam | construction (m) (m) area storage (m) water level water level (POR) level
(as 0f 2015) (km?) (m’) (m) (m) (m)
13,534,000
A 1 4 1.34 T 155.1 152. 1 150.51
9 55 07 301.3 (12.617.000) 55 52.6 50 50.5
874,000
B 2 . 2 29.4 ’ 11 114.2 112 113.
5 53.5 326 9 (748,000) 7 5 3.96
9,640,000
C 35 42 300 235 (8.140.000) 162 159.3 156.8 158.72
Qg AA FRe] FHE, UF Fo2 RuErkKim, 2016). 3.2 SIACHAL cHo| S5t U RN mim|PE MY
53] oo} BE o] rr QI3 Uiy 3d2je] 191 et £ Arelrs Iielr] $4 52018 S H(Barth Core Rockfill
9]

2] BEgko 2 o

1071 = 7702 71 wekow, tf

d ERko R Qs) ANA| )

FEE Pl WIS oPhe B AR A3 Bk

Dam, ECRD) #2]¢] &3t 37])

2} 9le) FH s neg

=]
R

A1
~

theh(large dam)& ATelt -

S U Ao A Y

HEAEE ARE B s 9)ek Noh et al. (2015)& ) 5 3¢
ApAlelA] AHEEFA] SRPE 371sllom of i Rtola]
s A2 gk SRPS 10°, TR Beko 2 218t 312l tjek
SRPE 1072 %7lsle] @ mjmje] F8 102 Ak

o Aejek Al 24 ARE FSME Tulelolx] BT 383
o2 iF F2o] 9 o] ARkgEkARl 4 Aotk 53]
ATEE X T2E QAP TN LR UiF- 32e] F4
Alelek Fule] A ot B 9 AlE ERS Uiy
AREE fshe 7 WA T8 ARloE MAE 5 vk Fuig)h
g o] AROIE 7]Z Akl ek Ul o] F9
ARlo =z metsQlnt e Alele] 44 AlFlE Fete] dAeke
s 2] s oigk SRPE 107~10° 5202 Arjdoz
e gRo = kT =] ARle] . I/ V1% Al
g Ui 3121 el F88F UR10 = tRRolR]A] ek
O T(Noh et al., 2015), 2] o2 <13 9 27} dhyst 712w
2] ok

2

1] Y= FrHe A% AWk SRPE Hrlskeich

Table 2= 4% Ao Hlo] AVddgks Hoferk A g
EAe T 85458 o g 199 optd doln, Ho]7}l 42m
oFRl tiolt): FA1E HE FF o]F HL 59)(Pool of Record
Level, POR)7} S 1 T} WHA| 7|15 30ck Ade] bzl
H31x|(Korea Infrastructure Safety Corporation, ©]3} KISC,
2010)9) w=w 3109 AE= A=t 7Fsde] SRk
FUEFH A SC (HEA 2ef)st CL (Y5740] & A=
EFEACE g AR AR} o R RFeA 4 olEs
7RI A= AAL] Ed2 AlE T R B3] 7108k
Ao 2 AAEE ]9} FA| AA| 2] 7]ZANA] T
U= QoRE EAsks 2o 2ARARITE B} Cllel] tigh 510
2 e A5 GHe AE AR SsiMe 2 5 itk
Biie] AEekRIe HurM(KISC, 2012)= B o= 5%
A e o] MAYG o]Ho] 9SS AAEkL Utk

A ES]
USACE®] Wi 34 57} =75 o]-8-8e] SRPE H7}sl7]
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g A4 W =2 olg3t S Bale] A

Qe Fo] © FeAY JeRE HRr) sk A
7% Kim (2011)0] A2 A2 FoJAje] J=irs 43
vl Qo) BEjAY] QBT = Bud vl givk uebd Al
FrAksE Agt o]Ho] glow =i FH7E AAlE Rowallan
dame] FojAe} Songa dame] HEJA]of thek Y= (Fell et
al, 20155 A 9 A5 J=REE=Z 7PYsIIcE Be} CHe
789, QAVIA AR AR U] 314 AP e easkor
e A=7h 715E0] Qs tEAQ] =l diEil] Adde]
AIE A ZoAe} HEjAe] P (Nippon Koei Corporation,
1974)2 Be} CY AFo] J=RE 2 73Tk

G b He] A SR eE T S92k AL A}
7] el o AURAAT Bie) 2% g olgsl] A4s
3 2 AAH TES Table 39 Ak A-CHiolA
b He) T 2 9 el ) ofR S sk Ay
AEE JPsle] T5A g HYE v e Case | (o7
ooz uhsh Ui Halo g <18k 53)), Case 2 (X%l 2]k
Tho = MG U 3202 Qg B3), Case 3 (o=}
AA T dE= g R 2o g Qg B-)e]tk Case
13} Case 3¢] g} =3= USACES] Uii- 312 %7} s AAE
IMIO(AIE. 7 dxfe| = gk ogelha IM21 (-5 AJA|<]
F5Ast ogk 7E)e] 2] AR AdAE 5 vk d9)
o APl wet A7 sl dE s EEE vhEA] dey
ofof sk g i 314 37} =te] IM8 (A|Xel] <] 7)o
Z7) AR AU L.E el Case 28 B Ho 35 dR=
2 dRskeick

Bé} Culil} g Ae] A9 FAeb] ofeke AlA o B
Z A shF- 712] A3t o]Ho] AR A Aol EAsIIAL,

o5 alefsle] Case 4 (A B B 52 755 Aol we

Table 3. Potential Failure Modes

0

5] Al S o] oijh vl it

ul 2oz gk B3))9} Case 5 (AA] 31-<] 71Z2A
HEEo] gl T3] Wi o w QI Sa)E skt
Case 49} 5% U 312 37} =749 IMI13 (A4 v E=h3t
IM23 (A]A] 3P T3 AN 271 AR ABAI2 5 Atk
a1 B (o= USACES] WiE- 4] 597} ol AAfshe
28709] 7] AR ARl (IMI~IM28)E A28, A~Ce]
A sy Re gus 27) AFdE EAEITH

4. HSIY HO| XHZoIA AAE SE HS(SRP) Tt

4.1 Case 1: TO{F o2z YliSH LY XlAlo=Z OIS
=40l 0|2E= AlLt2|2

Case 122 7/30] the stofAje} 3] R-538ke 510] o
ofx|7} AAEH o}x] shtol| 2R wtdo] WA ARk
TStk H(hydraulic fracture) 2R8-0 2 <Tsf Ui Z14jo] | F37b
2 A== Aug]elch AHkEsla] SRP A4S $13 3
BFFo 2 QI3 A5e9]e] WSI= POR o} -3m $IXFE] Hul
EakA 2 24819tk Table 4= POR ] &= ol F 34|
A917F IA]8E 785 2+ HlellA] Case 19]] thgk SRP] AR
At RS BefErh ZF B7xR1e] 8HE2 USACES] iy
Z12} H7h =75 o]83te] 233tk Table 404 Bl nfe}
2o] Case 19] 74 WY FE(Py,, )& 24 A5917F PORET}
E5 Wy A, wbx] 24917F PORELE st SRP=
0otk Ui Zaje] ARk SHE( P2 aoiAle] =/3x1eh T8
7], 2E)aL #hel| 2Meshe Bt T AAK 715 efsle
AAslof skng Ae9]d] we} gro] Eeikitk o] % E7|AK
et 85, 5 Pr, Pp Beus® 278 330 tieir= 7529
Argsteiek.

Case # of Related IM
Dam failure mode Brief description of failure mode according to Note
USACE (2009)
Hydraulic fracturing due to differential settlement causing
Case 1 . M 10
arching of the core onto the embankment shoulders Considering the sectional
A,B,and C Case 2 Transverse cracking due to an earthquake M8 properties and interfaces in the
Transverse cracking due to differential settlement adjacent to a dam studied
Case 3 . IM21
spillway or abutment wall
Lack of documentation
Case 4 Poorly compacted or high permeability zones within the core IM13 convincing proper compaction
control during construction
A only Lack of documentation
Case 5 Suffusion in a cohesionless layer in the foundation IM23 co.nvm.c m.g prf)per control ofgram
size distribution of fill materials
during construction
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Table 4. Evaluation process of SRP for Case 1
. . Probability of L . .. System
Reservoir gmbabﬂltty of initiation of PI‘Ob?blll?’ of Probab111t4y of Prott))ablll}tly of fesponse
Dam l(eve)l aw existence erosion continuation progression reac pI‘Obablll ty
m
P, flaw P, 7 P C P P P, breach SRP
50
A (<POR) 0 0.964 0.001 0.9 0.752 0
(POR=50.84 m) 35 0.00835 0.972 0.001 0.9 0.752 5.491E-06
49.5
B (< POR) 0 0917 0.0001 0.9 0.753 0
(POR=50.46 m) 53.5 0.0083 0.931 0.0001 0.9 0.753 268E-0
(> POR) 00835 : . . 75 5.268E-07
38
c (<POR) 0 1 0.0001 0.9 0.82 0
(POR=38.72 m) %) 0.0083 i 0.0001 0.9 0.82 6.165E-0
(>POR) 00835 . . . 165E-07
¢ dam B dam A dam Q= Aol ofef Aol F-5 s} BAYSIAL o] 2 Sl A
N ARl o] MEkaL o) B3l iR o] WYsle] Hx
soot 9 3o o)== Aufzlolck USACES] by 14 37} =g
o - I
& 45x10° | 0]83PH PGA (Peak Ground Acceleration)©. 2 EA1E 4
8 | AR sk s A Tbsd whe) )9k Aeg Y
C 8.0x10
§ 6.0x10” I Stk Table 5T A7} A B8] B winE 3L 9]¢
8 sono ke ol F 7hA] A9 A7 34 7ol e AukEsta SRPe]
2.0x107 A otk A w$l(high water level)ol|x] SRP+=
L 00 bRl ofs A WSlel 1A A4S ARlo s
Resemvoir Level (m) " AR T S Al Sb] weel Wi o] AR 7R
o] &7 | X Ea: A7 =
Fig. 4. Variations in Geotechnical SRP Plotted Against the Reservoir | 871 whEe]: Table Self ek wlet o] Aelk Holw
Level (Case 1) Fa1o| -.4 gk wf A H= B PI gro] CHe| FEo =t
Crlle] 739 ZAH2IQ) Ui 332 A ze] Aolrt B welxe] Holr.
Fig. 4= 85 sl 2 A A9 =old] we ARkeshs] =g HHM] 2T} Y EIRlAL o) 2 Q18 BES PIRkS:
SRP¢] Wis}E HofEr): Case 19] aj|i =) tieir] A, B, CHe] 7RIe) Ae] P g2 BRe] i} sked), o= ARie] szt
SRP:= ZHzt Hu)) 5.49x10°, 5.27%107, 6.17x107 2 Lehgt). 2R e A SC T CLE ERyo] Bl Fojz)(SC T

= o] A3 o]go] AR ¢ke B} C He] SRPE di=k
A3t o]go] gl Aol SRPET} oF 10v] A%
st} o]ejet Avh= Ao ARIS ARE Uiedella] sofAe] Ao
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A 3 W1l Wik & ojRle] H3t 7hsde HEA
o= SRPZ 10v] o} 272 &= HofET),

107 4z0

0)o 0
AT =2

4.2 Case 2: X[Zloj| o5t ZHZ LR
Salol| ol2= ALtz

ARl ofgk AR - 4] o] o) o= A

SME #HEt} Algde] wouz 7449 W 59 gk &
Ak A3}x)2) 8HA] HAvkS-B(critical shear stress)o] iAo =
7] wizo]tWan and Fell, 2002). 3b4]%t Table So4] &
T S0l T Holx] 2RIk 7(PGA) 2jelo) whe Akedt
2] SRP9] zjol:= =A| Ytk

Fig. 5% 1%k | A@dF71e] 271 8k 2231elA] #59] =019
wkE AglEsld SRPo] Wshe WolzEt) 1whd AJEsr]d s
1= A7 3 T/ A, B, CHlolA] 212 PGA = 025g, 0219,
0.248go]t}. Fig. 5el4] & &= od=e] AR aF53} e Case
29] mj¥m o] Yl SRPS] W3l= PORY} 2H 20l #A=
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Table 5. Evaluation Process of SRP for Case 2
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Probability of P.ro.b.ab.l lity of Probability of Probability of Probability of | System response
D Reservoir flaw existence initiation of continuation progression breach probability
am level (m) erosion
Prany Py Pc Pr Prreach SRP
499
(High water level) 0.01 0 0.001 0.9 0.752 0
A (PGA=5()5 041 @) 0.01 0.904 0.001 0.9 0.752 5.509E-06
55
(PGA=0.25 g) 0.01 0.905 0.001 0.9 0.752 5.511E-06
48.5
. 0.01 0 0.0001 0.9 0.753 0
(High water level)
B (pGASZ%SOIQ o) 0.01 0.999 0.0001 0.9 0.753 6.091E-07
53.5
.01 . .0001 . . .091E-
(PGA=021 g) 0.0 0.999 0.000 0.9 0.753 6.091E-07
35.8
(High water level) 0.01 0 0.0001 0.9 0.82 0
41
¢ (PGA=0.041 ) 0.01 0.887 0.0001 0.9 0.82 5.896E-07
41
(PGA=0.243 g) 0.01 0.892 0.0001 0.9 0.82 5.926E-07
PR pon” pox” 4.3 Case 3 : O}20t Mx| H&AE ZE2 LIS &40
. -
P T ] ‘ ZistElo] 3o ol2= ALzl
a0 AV | Case 3& A2 TR 792 7] e¥rzst AR Hto] Ho]
2 o0} SPISITL o2 Ea) U 4l0] Hehslo] 2% o] B} ol
e = Aufe]@oltk Table 62 9 ¥ 9jo] whZ x9keat] SRP
9 8.0x1071- i
£ T} S nofEr) Case 3] Uil A o] T H) SE(P,,.,)
6.0x10"|-
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o 7L
0t Qe ol FEE QPR WA ok ol 52 Tefsiol
T | e} ] vs) Be Aot L B B g Al Py, A
ool 4 a4 L ) adamadde L

34 36 38 40 42 44 46 48 50 52 54 56
Reservoir Level (m)

Fig. 5. Variations in Geotechnical SRP Plotted Against the Reservoir
Level (Case 2)
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Table 6. Evaluation Process of SRP for Case 3
.. P ility of .. .. .
Probability of ! ()P&lb} yo Probability of Probability of | Probability of System
Reservoir level . initiation of . : response
Dam flaw existence . continuation progression breach ..
(m) erosion probability
P, flaw P, 7 P C P P P, breach SRP
50 0.01 0.866 0.001 0.9 0.752 0
A (<POR) . . . . .
(POR=50.84 m) 53 0.1 1 0.001 0.9 0.752 6.768E-05
(> POR) . . . . . =
495 0.004 1 0.0001 0.9 0.753 2.709E-07
B (<POR) . . . . .
(POR=50.46 m) 535 0.04 1 0.0001 0.9 0.753 2.709E-06
(> POR) ' ' ' ' e
38 0.002 1 0.0001 0.9 0.82 1.477E-07
c (<POR) . . . . .
(POR=38.72 m) 42 0.02 1 0.0001 0.9 0.82 1.477E-06
(> POR) ' ' ' ‘ e
C dam Bdam Adam Adam
5 POR POR POR 5 POR
7.0x10 2.8x10 ‘
—m— Adam v —m— PFM#4(IM13) :
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Fig. 6. Variations in Geotechnical SRP Plotted Against the Reservoir
Level (Case 3)
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Fig. 7. Variations in Geotechnical SRP Plotted Against the Reservoir
Level (Case 4 and 5)
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Appendix 1. ZJ] Afi(Initial Mechanism, IM)Q] MEH
o] FYEUSACE, 2009)& 5 #40] ofat wle] o2

Frehs 28709 27] ARIIM)S AJAT8EIEE Table Al= 287)
o] IMoj tjgt Adv(description) 7]&38haL, B Ao g

Table A1. Selected Initial Mechanisms

29 - A%
el deie IMES BRI thd He] 23 o]} Aduglo]
A2 e &} 58 welsle] IMI107H IM21-S Heist 4= 9k

e

g S| 3 9 Bl vslel A4 sl viE IM
S 9T 5= 9Irk A el S A s} A B 7120
Fajel A1) vk 5 ok welsle] IM 133} 238 Helsiick

Selected IM
M Description Regardless of Considering Comments
historical defects | historical defects
M1 Cross Valley Differential Settlemen
™M Differential Settlement Adjacent to a Cliff at the Top of the
Embankment
IM3  |Cross Section Settlement Due to Poorly Compacted Shoulders
Differential Settlement in the Foundation Soil Beneath the
™4
Core
M5 Differential Settlement Due to Embankment Staging
M6 Cracking in the Crest Due to Desiccation
M7 Cracking on Seasonal Shutdown Layers During Construction
and Staged Construction Surfaces Due to Desiccation
™8 Cracks Due to an Earthquake Required by the dam safety guideline in Korea
M9 Cross Valley Arching Effect
M10 Differential Settlement Causing Arching of the Core Considering the sectional properties of the dam
(ECRD)
Mi1 Differential Settlement in the Foundation Soil Beneath the
Core
IM12 Differential Settlement in the Foundation Soil Beneath the
Core
Poorl High P ility L in th
IM13 oorly Compacted or High Permeability Layer in the O Saturated zone detected in the A dam previously
Embankment
Poorly Compacted or High Permeability Layer on the
M14 .
Core-Foundation Contact
15 Cracking in the Crest Due to Dessication by Freezing
IMI6 Seasonal Shutdown Layers During Construction and Staged
Construction Surface Due to Freezing
IM17 Poorly Compacted or High Permeability Layer Around a
Conduit Through the Embankment
MI18 Features Allowing Erosion Into a Conduit
IM19 Poorly Compacted or High Permeability Zone Associated with
a Spillway or Abutment Wall
IM20 Crack/gap Adjacent to a Spillway or Abutment Wall
™Ml Differential Settlement Adjacent to a Spillway or Abutment Considering the sectional properties of the dam
Wall (spillway structure)
™22 Backward Erosion in a Cohesionless Soil in the Foundation
in the fc i inthe A
™M23 Suffusion in a Layer of Cohesionless Soil in the Foundation O Saturated zone in the oun(.iatlon detected in the
dam previously
M24 Erosion in a Crack in Cohesive Soil in the Foundation
™M25 Scour Along Rock Defects Less Than 25 mm
IM26 Erosion Into Rock Defects Larger Than 25mm
Scour Along Contact with Open-Work Coarse-Grained
IM27 . .
Foundation Soil
IM28 Erosion Into Open-Work Coarse-Grained Foundation Soil
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Appendix 2. USACEQ| LIS &4 IIt =318 082t
SRP M8 &

n] FHe] Ui 312 %7} =7H(USACE, 2009)% ©}-8-3t
54 z7] ARl tisk SRPE Fig. Aldl AAISE AlME 584
e} AR 4= 9k 7F 871 ARe)] J3Re vxlE SL(factor)E
9] F o %ol 3t 715 F|(relative importance of factor)e} Z+
Q9159 WAl 7leAddl tidtk 71X (likelihood factor)S 33t
SR gk T 34 3 el Also] Sl 8 bgse)
dlzste] Fig. Alel A4 344 3 Dot #7] HEE, Py
Py, P, Pp, Py,.0)= AT T Utk o 0] Pl 309
AR FF, Wl A1) SJal o) gl B 7l
% o) aolge] Iejslo] AT, U A4 W) wE
ARSI T Y 27wl Hdf 7] & iEe R
A 4 oIk e P A ) eI U 24 9
< A A9 2H&(self-filtering)o] AT 7S A O
AP ghole, iR 04 W =reld Zofilel e B s}
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