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Who and what are in harm’s way?

PERFORMANCE How susceptible to harm are they?
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levee perform
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2) Federal Guidelines for Dam Safety Risk Management, FEMA, 2015,
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Sherman Island Levee
Vertical Land-Surface Change in Meters

from April 2015 to April 2016
Meters

-0.80
-0.70
-0.60

N -0.50

Sherman -0.40
_Island -0.30

/ Levee -0.20

-0.10
-1-0.00

[O3 21] UAVSARE 83t M ZLIEHZE (USGS, 2017)

O 94 7189 A AR 2UHY 7|9 3¢ F2 AW H3P(deformation), AR €
o] J(slide) 2 HF(seepage)dl =S T3 9771 IPH

O LiDAR(Bishop et al., 2003; Haarbrink and Shutko, 2008; Moser and Zomer, 2006; Royet et
al., 2013) 2 SAR(Closson et al., 2003; Hanssen and van Leijen, 2008; Jones et al., 2011,
Jones et al,, 2012; Lv et al,, 2013)& ©]-&3t WIS A sk A7 +2 44

O ¢o FAFIY dideS ZASHAY o &8ss A7) A 8 =2

HE golu A2 RE A slidng ZASHE B9 A% AT % HA] 2Egoly]

o %4
A& ol&st] AP dlidinge AAshs A7 1 JYPHT Sl
O Polarimetric SAR ©]m|A]E o] &3+ A dlidings ZHAIsh= A% My s

O Seepage detection® = Passive microwave radiometry (PMR)o] ESF ghpFHlo] wizislt &
AL o] gste] Aol <HlE RUE Y s= 7HHaarbrink and Shutko, 2006; Swart, 2007).
2 =] gA, 3 s =rt wa A eo)ldH sjAo] Bgeithe Bol s

O SARe] PMR#} 2 w FHollA Agai, B gnlo s 54 7HAa o,
2ol A= A-Foll ARGl ol zol A+

O #H< Polarimetric SARS ]88t T} Haste] Ao ESF rvlE SAsH A5
285} J-e{(Aanstoos et al., 2010; Mahrooghy et al., 2011; Jones et al., 2012)



Feet

10080 @ 400a

2001/2002 A

Slide at s;g'e’ ‘m 2002

St. 450/451 St:dds sslld; .;
Legend @
I slides -
B Oters 200 @ 200 400

(1" 22] 2to|CtE 0|8 MY [H8 23] 22#S OI8% MY AH
_OL_]?_=I| EDI-AI.(USGS 2012) %EfolE 7}%)51 J'c"§7|' 7E:'J—-'-|' (Hossain and

Easson, 2012)

100 feet ©




Soil maisture Cover qualily

tl%jgn!.} 71 Good
i 3 Poor
N9 (@) b}

Temperature Multispec. NIR/R

15h00 (in °C) B3

R 25 Ml

20 ©) i (d)

Visible G/R
PLl3

Boo

Hyperspec. WBI
B0
m0.92
te) (f)

(O3 25] Mg 1A EX] 2ot (@) F2 &+2 (b) cover BE (o) E3p7HHEL (d)
HEIZE ZtO2t (e) CIXIE ZIH2t () Z2F ZHH2F (Cundill, 2015)



| —

U A &4 AT ARASE 185 e/aidE 5% Ve

O AutzAt 2 gARd el 71E 71& 3 olue ol F4v FL A1
o] mlulgk £gAu] AHge] 13

O McCallum (2014)= CPTollA F7HIME Fabsle] 7]E A7Eyg & o Agd Ands 3
71e AN

- EdE Peo] OPT AAE ol gaie] AR Faust

- A= weh Ao Fw gl $rhAe vhEEg Qelud

O Bashaw et al. (2016)-2 Shoreline, nearshore zoned| A& 22 A&S 438 A% T8l F4

of ME AEEHS B S MBS FU:

b
o

- Sampling 23, thd ARk FrlEe T G HA=R o] FofA jdon, HE, HAE,

AEd HE f714 dE2 P49

=
- offshore zoneol A #YsFH o, A 30ft7kA BY e+



BOL GROUP NAMES & LEGENDS IGE BONDRNG TYPE “’“Eﬂg"ﬂéﬂm SANCTY GRAVEL T GRAVELLY 5400

1] eRavEL Il easmc syl e soioen e || SANDY GRAVEL OITCHAVELLY SAMDW T SLT
[ S0 T OREANIG = SALTY SAMD TO SLTY GRAVEL

7] ey ) o PECRLY HOMED AN TOSLTY SAND

| LI By . LRIBONDED IUNFACIEEN SILTY SAND TO SANENF SILT

|7 | ORGANG 8iLT ELAYEY SILT O SILTY ELAw

ELAY GR DRGANIS MNES

¢ Y . 0
& MLLW | 2
- 7 MUDLINE I =5 —F 7 '— -
E_ f 3 W | 1 ,mE
E— ¥ ES -12E
A & o
e ! ] 44
g - g 40§
82 - | 05
g 2 23
[ | 24 @
12
-28
<30
160400 170+00 180+00 230400
HORIZONT AL DISTANCE [FT)
[3& 27] CPT A= % boring2 &% offshore zone SAX|HO| X|&SA ArEY
(Bashaw et al., 2016)
O Isaksen et al. (2000)- Janssonhaugen, SvalbardollA] 5% 2 T FEZFL] &% Fo|E I}

oFstr] 98l 102 me] borholes H-F3sle] A

BUHYE S

- 183 boreholeS F3) A=9 HltiQ Fivel E9E& Sl visual description= <=3y

- AT ERORNH ARt FTRb) T} &
A

S7h asAT, 97

A=

(¢F 10 m Heh-



Temperature gradient (*Cm™ 1)
Temperature (°C )

i B B o BB G 3§ 0024 0028 0032 0036 0
0 ; bl bl it 20 . B + | l--__.'-__ﬁ
10 4 .
30-
20 - i
40
30
50
40
£ E
= 50 . ﬁ 60
£ |
@ , @
Q I (]
60 | |
70
70 -
| 80
Loy
90 90
1 100

(12 28] ME™ 25 30| 8! temperature gradient (Isaksen et al. 2000)

O A e 53 A A4 8 4 =3 /M 45 sidly #&3] 771
o]FA L glon, AW EFAL 7|& Jido] o

O Y& Yuichiro Fujita 5 (1984)& 3pxAe] B3)d o] thale] 231d 23S 2 Asle] A
W] Fdoll tal e
O Takao Uno £(1998)& aFdA% obAA B2 9ale] ALEAAYS 2AEle] B8]

Ake] obAA AEES 93 7| 2ATE S35}

O HT vl=olA MEE dE&Ende] A9, Xskr faslidad 2Hbiay 4 b AA(fully
coupling)ate] B33} A|uhEn} ole} 3}z ¢hike] EAS 1#d f-5(flux)-Ho|(strain)

16) (Antoine Wautier et al., 2018)



10

2 2
o @
T T

Mass passing fraction
o
B

10°
"'/rmeau

(28 29] (522

10’

O mZHe T 713US. Corps of Engineers, 1948) 5-& weiste] Ax= FEjo] w9}
ARk} A=AE of&ate] AR AR FF TS B = e
h<5 .. Stable M<:20 -.Stable %‘:25 . Stable
85(s) 15(s) 50(s)
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Desisy  Disir)

Soil Filter

Dissy  Dise

Soil Filter

Dsosy  Dsoie)

Soil Filter

For Dy, to pass through D, it shall
D
be ﬂmﬂsﬁm_
5
That is, D,5,/5 grainsize at lower layer is

larger than Dy, soil erosion would pos-
sibly occur.

For D, to pass through D, it shall
Disy
20

That is, D,5,/20 grain size at lower layer
is larger than D,s,, soil erosion would
possibly occur.

be > D5 -

For Dy, to pass through Dy, , it shall

Dﬁum

be -3 )
5 500s)

That is, Dsy,/25 grain size at lower layer
is larger than Dsg,,, soil erosion would
possibly occur.
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DEﬁ(Uﬂ DIS(L-’S) D5ﬂ(f."ﬂ
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Lower Soil % Disus Lower Soil | %1 Dhsis) Lower Soil ] Dsous
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D
be ISLLS))DES((:S)-

That is, Dysus/5 grain size at lower layer
is larger than Dy, . soil erosion would

For D s ;s to pass through D5, , it shall
D
be 15(L5)
20
That is, Dys.5/20 grain size at lower layer
is larger than D, , soil erosion would
possibly occur.

>Disws -

For Dy s, to pass through Dy, , it shall

Dsous)

be > Dy -

That is, D525 grain size at lower layer
is larger than Dy , soil erosion would
possibly oceur.

possibly occur.

Standard grain size > grain size at upper layer = Soil erosion condition
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TEE] 5E25 ZM 4
and pd>2009
(("Drone" and ("hyperspectral image" or "LiDAR")) OR
A3. EE2g =83l ("Microcrack" and "detection" and "levee") OR ("Levee" and
R A 2K "elevation" and "measurement”)) and pd>2009
EII'Al- 7|% ((IIE%II and (ll_j‘;__E_jél. Olnlxlll or IIL'DAR")) OR (llDlA_”E_OE:'n and
"EX" and "M OR ("M and "&7E") and pd>2009
("levee" and ("hyperspectral image" OR "crack" OR "leak" OR
A4, B4 7|8 M ] o ; "
detection” OR "CCTV")) and pd>2009
-
712 ("M and ("EZE" OR "#E" OR "+=" OR "5H" OR
"CCTV")) and pd>2009
S ((("Electrical resistivity" or "Electrical resistance") and "survey") OR
B1. A&

M7[H| XMt
EFAHDEPS)O| ot
ik PN =n PN]=4
Mg EHAL 7]

"Precision exploration" OR ("In-situ device" and "measurement
system") OR "Embankment damage" OR "Back analysis
algorithm") and pd>2009

(TIIHIXE A OR "HY AP OR (HE HH"

S{ZF XH|" and "EH
A AEM OR "M &4 OR "defjA 212[F") and pd>2009

(("water" OR "RIVER" OR "LEAK" OR "FLOOD" OR "LEVEE" OR
"embankment") and ("Precise investigation" OR "In-situ device

B2. Xﬂl?fLHl and measurement system” OR "Penetration-type smart sensing"
— AL a
OTTXIE' * OR "Imaging technique" OR "Converging sensors module")) and
FEES) T pd>2009
HYUHAE 98
%_CZ’I'X HI_|-EDI-A|-XOI-H| ((Il%ll OR ||7C>|-|| OR lle__)'\_u OR "%z[\—" OR lll:l:|-l|n OR "X'”l:él-") and
et CHYHZ OR MY HH L SHAAH" OR "YU ADIE
M" OR "O|0[X| &#F7|E" OR "85 MM ZE") and
pd>2009
((("estimation” OR "estimate") AND "embankment") OR ("Stability
analysis" and ("embankment" or "dam" or "levee")) OR
(("Seepage" or "Erosion") and ("piping") and ("model" or
B3. M| OHMA "modelling")) OR ("engineering performance" and "biopolymer"))
ESH 2M A|AH and pd>2009
(((llré:ljl_ll) AND ||X_||Ho|-ll) OR (HOI_I.IC-JAC! _E_&!Il and (le.”l:él-ll)) OR
(("xcl_%_ol:ll-" or HiH%u) and (ll_rC_)I_EH) and (IIE':%IEO_IH)) OR (n_g_'é_'!.&']
‘ds" and "HIO|2Z2|0{") and pd>2009
B4. N|dt . . . . . . . .
obMRICHS O|3t ("3D survey" OR (("embankment" or "dam" or "levee") AND
loT 7|8t X|3r ("geophysical" AND "monitoring”)) OR ("inversion” AND ("time
oAbt 7[H lapse" OR "4D"))) and pd>2009
B5. Mo

o Efopet 8

oY HEE

(("embankment" or "dam" or "levee") AND ("remote control" OR
"resistivity monitoring” OR "geophysical method" OR "resistivity

method")) and pd>2009




C.
= C2. 0jdE n4d % . L .
0= 7] Hf0|;;f—|;'|_i1g|< (("Microbial induced" or ("Biopolymer" and "based")) and
= = . . ..
ol ‘:O'dl X|bto| Zat ("strength"” OR "permeability" OR "hydraulic conductivity
wZof ML oL al sixt reduction” OR "durabiltiy" OR "economic feasibility" OR
ogt e | ©° a7t X =i "non-distructive monitoring" OR "physical survey")) and pd>2009
Mt mzr | B2 7Y e 9P g i
&
(("Microbial induced" or ("Biopolymer" and "based")) and
(xl& ("injection” OR "mixing" OR "grouting" OR "core" OR "ground
ojA2 . Gs. _ improvement" OR "constrution method" OR "key parameters"))
7|08 ol S/Hol2 =2 and pd>2009
moarm | O AEEF/EE - —
e A Y Th (‘DI¥E 7|8 or (‘HtOIRB2|0 7|¥H) and (‘FY" OR "ET"
i—cf— lec; OR ll:]_El__('D_Eo]ll OR IIAI:I |i:|||| OR llxlul_l.Ejol-ll OR ||A|_£_|:]‘=I-|H OR
=35 " ALOIX}") and pd>2009
71E)
(("embankment" or "dam" or "levee" OR "Microbial" or
R "Biopolymer" OR "MICP" OR "BPST") AND (("large-scale" AND
C4 27tk "model") OR "internal erosion” OR "site application")) and
Moz= g
oo oo X
HE3 7| &3

du

JleMz) N

(("Microbial induced calcite percipitation” or "MICP") or
("Biopolymer-based soil treatment" or "BPST")) and pd>2009

("M OR "D

"HFO|2ZZ|H" OR "MICP" OR "BPST")
AND (("HT2 2" OR "LHE A" OR "HEA|E") and pd>2009
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