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Change of Hydraulic Properties of Sand due to
Fine Diatom Particle Migration
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Abstract

During the process of gas hydrate extraction in the deep seabed, fine diatom particle migration occurs, which causes
the seabed slope failure and the productivity deterioration of the gas hydrate. Therefore, a study related with the changes
of the ground characteristics due to the fine particle migration is required. The objective of this study is to investigate
the change of hydraulic properties of sand due to the migration of fine diatom particle in sandy soils. In order to simulate
the sediments of the Ulleung basin gas hydrate in the East Sea, fifteen sand-diatom mixtures that have different diatom
volume fractions (DVF) are prepared. During the falling head permeability tests, the coefficients of permeability are
measured according to the DVF. In addition, for the simulation of the fine diatom particle migration, constant head
permeability tests are conducted by applying the hydraulic pressures of 3 kPa, 6kPa, and 9 kPa on a specimen composed
of two layers: a specimen with 50% DVF in upper layer and a specimen with 0% DVF in lower layer. Furthermore,
the coefficient of permeability and the electrical resistivity of the migration zone are measured during the constant head
permeability test. The falling head permeability tests show that the coefficient of permeability decreases as the DVF
of the specimen increases. In addition, the gradient of the coefficient of permeability curve decreases in the DVF range
of 10%~50% compared with that of 0%~10%, and increases above 50% in DVF. The result of constant head permeability
tests shows that the coefficient of permeability decreases and electrical resistivity increases in the migration zone due
to the fine diatom particle migration. This study demonstrates that fine diatom particle migration reduces the permeability
of the soils and the behavior of the migration zone due to the fine diatom particle migration may be estimated based

on the reversal relationship between the coefficient of permeability and the electrical resistivity.

2 X
Ao Al A|Hto| A ZkAstolEo|ES 56z A9 diatom3} -2 wlA| YA} o] 5o Qlsto] siA Al
A AL AszE WA 4= gleng, ulA] A} o FHIRE siA ARESA] ®iSlol| tigh A7t atE ek &
Aol A=, = =|Hte] tHoPO% 271 whalsk A] ulA] diatom A} 0]FO.2 QI3F x|Hke] 2z EXA WlE Hrlsial

A3, v tfetn AALs|skg3skt A ALY (Member, Graduate Student, School of Civil, Environmental and Architectural Engrg., Korea Univ.)
A3, vtfstn AALS|8kg 58k W (Member, Prof., School of Civil, Environmental and Architectural Engrg., Korea Univ.)

03], R AL ALY A G AR AR ALY (Principal Researcher, Korea Institute of Geoscience and Mineral resources)

A3, st Az /\]-Ei]ﬂﬁ—a—?ilf} HRA}S 5L 9] (Member, Postdoctoral Fellow, School of Civil, Environmental and Architectural Engrg., Korea Univ., Tel:
+82-2-3290-3838, Fax: +82-2-3290-5999, 01698788767 @korea.ac.kr, Corresponding author, WAIAA})

* B wgof i3t EolS Ysk: 3¢S 20184 8¢ 31U7MA] 1 Wg- SRR HulFAY] viguth Axte] AR g3t 37 =23 AAsie] =yt

5w —

Copyright © 2018 by the Korean Geotechnical Society

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

OIAl Diatom X+ OIS0l 28 2ehXIgte| S+~ S4 Bt 19



A} shsiet. <

AEDREE

Al Aol %LﬂOHAH 1* L xm o A

FAASE AR B4

FrolA 7127171 &bl Ao, diatom F-1]H] 7| 50%0]4F
3to] diatom YA} o]F FIHe] FpAlas

42 gRaAl7IE, 4 et

diatomo] ©|%
oIfe] 155 Aol A

T= a
Ao EPARE AL AZT & e Holzr,

59 8] sjoldol= 61
sl e} 157114 ARE w0 U R

waksly] 9lsto] 2R FEAR) diatom £ ARE

S33lHTt ESE diatom FHH] 50% U 0%2] S E

9 FHAPL FAToRH )4 diatom YA} 015
Astoct W49] F42 AF A, diatom®] Hju)7h

42 diatom F3]H|7} 10% o]5FY v 10%~50%

| o) 718717k SRR A R A A,

a8t A7RAFS S7ekATh 7 At mAl 4t
71HIAFe] R BAIE v e R A A} ol g

Keywords : Diatom, Electrical resistivity, Fine particle migration, Permeability

L.ME

Z, v A ALo] -8o]3t YEX| Q] AR} o]
ejo] Zhof| whet A 2k 7ol TRt =87} S}
It E3], daliA Ak 9 & AJHko]| vl of
7testo| Yol Ex HAZEAT) fSE ol AR
Bajol A%t A Fejo] oA 24, lem’
fol=ao] & Ujofl oF 170em’e] 7427} g5
A= kg Aot AlA Zh=9] A+
A5 o] ZhAstol o] EE AAY oy A] RS
2 28] 913t Aot 7 NS eEs] agska
ULk oA 2007 AFE F8l Fol &5 A
o Pt ShAstol=do)E RES Bska A
oleolE ARJE F= ol T AATIES Aty
QIck. 1eiuh, A Aol et FRsstol=elolE A
8 4] FpastolSelo] Bt el B o] ek 7k
7} AAE AL, A7 SHHEAS o8 £k glon
a7 Awe] T2 elsto] 2utuloh 22 A7} u
o 4 ok ole} 2 o2 AT o] 48
2 598 a4 tigt A47F Zasth(Yun, 20115 An
et al,, 2008). 53] AlsA] A[HtefA 7pAslo| =0l ES
%%SP': 75‘%’* E 39 uA| At o som A BE
EA] HILE o7|E 4= itk agE=
A ?JZP 1501] Ot Ao} =4 Hrh= A4t 71
Aol UojAl HpAor dieEofof o Algtolth
Alafoll YAt F3l &5 =A== crushed diatomo]
2 e AEA HESY AHEE F9 WEFOoR o
20 QIthBahk et al., 2013; Kim et al., 2013). Diatom

& 340} vith BAoIA] Fe £70) TAo] WA o

K

ofr
-

\ILI‘[I‘HM\‘

-7

fe 1>

;:O

il
ofr

il&l‘ﬂio

3:0

OJ:

20 gE=AgtEstel=Ed M4 H2s

A AR, Ao AR /1Y et 2R
sote 2 Al Ho B9 A%l st of
ZIthPalomino et al., 2011). Shiwakoti et al.(2002)
A3t 2 Ak AES 53l diatom] 17>
HEQ} §AS diatomS T2 A5} &3 A]
9] diatom O 2 & Z3HE-0] EAJX|of nf & FJkS
o8 masioth TEe B4 54 WS
9)3}0] Hsiao(2015), Boadu(2000), Wang(2009)
AE BEEY BEl-AdE S3MEo] B4 Al
RISt L Ak A 2 4l o U

WSl AL Fo) E7 5ol vt gelA A,
el 23} S A 4
2 =2 53] diatomy} HE,
] Al °‘XP7P Eﬂ@M =] 5ol

= A FRASHIAE, A YA o] F o

AHte] =] £4 WekE 7] flsiAle

4 ot
Roox

ofr
i
By

o M
S
1£)

I.
N
m_m

ot |m

N
ThE D
_‘Ogli%:'w:;g

>

m o 110

r{o

(Ao T o = r}01 o rlo o mN B x> rlo
i
1)4

ot of |m Py
oot
fo

SA At
sl QIR o) F BAE B9 S AAo] oo}
stk 2, vlA] QIR o)F-S mARAL o] els) AAE

YR B4 B4 B A7vt Aasic

Wl vego] SejmEol A7]uAa Apolo] 4
TIAE =&3517] ¢51e] Kim et al.(2013)-& FE231
ZALe} ThopRE 2740 Fetan|AE AMgSle] A4
S AT A7 A 24 AR, xmlﬂm
AR} Wi} QX 7)o] whe) EaeAge) Al
= Holtty B sttt A7 A3} 2wl A H
3}4] Yoon and Lee(2010), Kim et al.(2009b), 12|11
Kim(2011b)2 A7|8| A8} &A} ZAu|E 7 dstel 1, Kim
et al.(2011a)2 A 7|¥|A|5} Z 2B E Jdsle] 7l
o] ALY A2 9% A

AN

2

111



I, ZFEE GAREA ] A7IRA e 9% = A
© 2 YEePth =31 Salako and Adepelumi(2016)+= X
Ho] B S48 Tetstr] flste] A7|RIAR S4S
T35} 01, Park et al.(2004)-> A[RES] 7] H] A g o]
P HA = TR B5]7] flske] thekRt & A=
o] ZH=EY =5 A7IRAR, el E HIA AL
o A7HAS Sk O Ay v 2o w 23}
A zofA THEET AlEEe] el &9 A7) H|
Ao FFE vlAlE 5 2219l Aew FrHE ok
Kang and Lee(2015)= 0|5 thFshAl =47t =ef-
AE EFEor A8 sEES AL SA9
A7\AFS S5k L Ay A7HIAe 40l
R HE 29hE9] =S Hefsrle] autde
HolEQink whebA wiA] Rpet Hef E9kEo) (H=5E
I AR S wdely] Q13 a4 A7|RAg
of BgES sofel A7t Basich

B Aol F87 AR} diatom olgalo]

‘ R CREEES L)

ol
ERURS FRTORA YA 0lFS HARIES

T —

Coarse

° .
° Fine
® Particl

flow
q

(a)

], o]2 I3t Tl HIE F49] B A
& ol83ate A5kt ¢ AgollA mARgE Q) o]
T71e] diatom E3HH|E F=435H7] $]8}o], diatom-FF

A EEA EHRO] We9] BAYS SASIY &
3 QU ofF T2k B4 ok $iste] A7k TS
Stk 2 e wA 94 o] 5] Yeje) T
o]
=

& glatel % B4 U] whgal Aus thedh
2. O|Al YR} OIS

BlA] QA o2 fAlS] BBl efstel thE Uf
o 715% B3 vl A7E ol B AL TRtk
o FAFS HZSF 71, TRt 2 AAITe] TElA
we] B3t 3719] ofUBFATA doleekValdés,
2002). Valdés2002)e] T 014 1% ol % Bge
Fig. 1(@)S 2] vl4] Q2o §532 At o)
A= Fig. 1(b)9} 2o §A12} @7 o5 5tn, At
of oFret &t AA) Al oFAR F U

(b)

(c)
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Table 1. Index properties of Joomoonijin sand and diatom

Joomoonjin sand | Diatom
Specific gravity, Gs 2.63 2.12
Curvature coefficient, Cc 1.019 1.015
Uniform coefficient, Cy 1.47 2.52
Effective grain size, Dsy [m] 545.58 13.22
Liquid limit, LL NP 110.10
Plastic limit, PL NP 86.11
;Jyr!;‘éer:!SS|SIC<:SIaSS|f|cat|on sp MH

NP, MH, and SP denote the non—plasticity, the silty soil of high
plasticity, and the poorly graded sandy soil, respectively.



100

80 | —»— Diatom

—e— Sand

60 r

40 |

20

Percent passing finer by weight [%]

1ial L L a1 ggo

1 10 100 1000
Grain size [um]

Fig. 2. Grain size distribution of diatom and Joomoonijin sand

Al A}, = fine particle® & 4 Slth

21719 diatom Fujnjof] wE THE] TSt
WHSHE Fig. 3(a)oll, ZLe]aL =H]9] W3}E Fig. 3(b)oll
LFERU /1t Diatom F-3]H] 7} 0%~30% 2] F-7bof| A=
diatom ] F-ujn]7} Z7kglof| et ©HejFwrol 1Sk
7r=)7)F ZFAglc) Diatom F3|H] 7] 30% o] A of
diatom @] F-uju|7} Z7Hgte] whel @] SFo] s
Il ZHER7E 7183 o)+= diatom Fu{H]7} 30% 7}
2 7125 diatomo] FEX EEARS] S w9,
diatom 187} 30%S gol7}HA] diatomo| FE3I
EEAFe] QIR 7o) Bel: sl wAsHE Ao
=2, Boadu(2000), Lade et al.(1998), Salgado et al.(2000),
Kang and Lee(2015), 18] 1L Karim and Alam(2017)9]
aE ATl HE olajg AT Hop 4 9k 3]

T

20

Unit weight [kN/m3]
) >

(9]
T
v

0 1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100

Diatom volume fraction [%]
(a)

Tk B} Aol H]8f sand-diatom E3HEof| A= diatom &
E7F 30% wvkd uf 7k=u]o) FiAako] A4, diatom
B9} 30% ol o 7he] Z7bEo] =) ek
wie} o) oA IRkl diatomo] YRS 7He] 7=y}
QA YH o] 7S ZA]o] 7} double porosity 2] &
e 71X 2R, diatom F3H]7} A& o diatom W5
oz QIg 1] F7hEo] 7] wEolt. Et
Fig. 304} o] diatom FujH|7} 50% o]4fo] =H
SEFY A B 1EHG 7 712717 AAA
Hw, ol 4R AA 9] Th=o] B diatomo] IR
A8 = ] S7F 718715 9 ST 2
s 7ML Aem 5T 4 ok

Diatom F-ujH|o]| w2 FpAFE F7sl7] 9|6t
diatom F-3]H] 0%~100%2] & 157l EIE A5 T
ot W) B AES =439lt Fig. 4(a)eh 2ol Al
"ol W] =9 35S 7] fI3h ®igg] B AW
A& FH|FITE Diatom @] +E& 97| 9lsf porous
plate”} &4 =131 A &2} S Hoj filter paper=
2ksigich A Wil 217 50mm, o] 75mm 2 E?JE

& 2SO, AR Y ST 180mmE AR

il

SR 9I5ke] A% xE stk Eal, AR
Ap SRl 45 HANE 7Fs7] $15te] A ARl o
v lem’el B ATk Wagl Fa AR A
AL Fig 4b)ot 2Tk B2 AL U7 42 Yol AL
4
3
T
S,
o
kel
S
1
0

0 10 20 30 40 50 60 70 80 90 100
Diatom volume fraction [%]

(b)

Fig. 3. Unit weight and void ratio according to the diatom volume fraction: (a) Unit weight; (b) Void ratio

OIAl Diatom X+ OIS0l 28 2ehXIgte| S~ S4 Bt 23



)

plate
L

180mm
75mm

1<

Porous

- specimen

Porous

_J?
N

(a)

(b)

Fig. 4. Falling head permeability test: (a) Schematic drawing; (b) Photographic image. Figures are not in scale

sk Hael 3

oAl A oSl IRt RAASe) Mak E4e Wt
37 Slsto] 49 T B LAk A9 F
- O

5 M@ gIste] Fig 59 2

J7boll = diatom F-3]H] 50%¢] A]Z7}, &} 60mm
Zrolli= diatom F-ajH] 0%%] =27 AL AlR7} FH]
& ick Diatom®] F=5 97| sl A Alz9f st
o filter paperE 215t porous plateE B X|5HC) A]
7o AR=HE 50mm, 100mm ]3]0 +FAE HA]
Lo g2 FEZ FFAF A 52 £ 50mm F-7Hdiatom
YA o5 HhH Y T t ARE 2 ulA] 4R} o] Fofl
we B4AeE B4 4 =S st Diatomo] of
oAl wels vho} ol filler paper 0] clogeing
5 9] whgo] 1 Aake A4t $i8l, 100mm

24  E=XgEstel=Ed HM34E H2s

2)9] $=%A= 3} porous plate} 2t 10mm 9ol A
A= ek

EZ} AR AHEEE T5mm fJAo] =S AA[s)

Pressure
controller

Air pressure

piezometer

wwog

wwog

1<

Fig. 5. Measurement system of constant head permeability test.
DVF denotes the diatom volume fraction



of ul 4] I3} o)Fol k2 diatom I3} o5 77 A
718 A3 W3 EAS Hrlstc
A54) 4 A8 A o SR 9 g 5l

0
_|>i
X
HT
P\L
m
O
=2
)
S
>
N

A} o] % ;L A} 6]-_‘?401“19] A ZHAh) LAY
A =23}t

am[xz(l—n)aernO' +(1- n) AddlS )

A7, omvie & AAS] A7IAEE, o= & YA AA]
O] AV|AEE, 642 HE49] A7 EEo|n, n& 7t
=5E e & YA ST ge TR = 981
m/sY), haad & EHO AV|AEL, S,= & Qlxlo] u|¥
ot} 4] (2)2] -8 AMA F2 F U A<
ANAEE, Sy oo k4o AV AEE, 81
*ﬂ‘ﬂwﬂ upAah g2 A =27 HEY - A7) dA
0|35 AIE UEhd olrh =4l AHsid g
A7NAEE7F & AR A 9] A7 A EEe) o]FS &
ot ufe- Sohd £ S FA = Qo wEkA &
AA ] A7 AEEE H=EER 149 A7IdEREe
Hlgshe thaol A 3)2 U 4= QltkLee et al.,
2008).

O-mix = nael (3 )

TR & Aae) A AEES o]FF HikE
TLAEE 2= 9l TRl o] x)20] Ao, Archie(1942)=
4 @)sk ol H/IHmEe| &5l H7|uI A Bt
ABAE Akt

L= Shan IE=1

F=frogun @)

4000
£ 3000 |
S
=
[o R
5 2000 ¢
=
9 -
% 1000 | p [Q-cm] = 14.875 R [Q]
o
0 1 1 1 1 1
0 50 100 150 200 250 300

Resistance, R [Q]

Fig. 6. Relationship between electrical resistance and electrical
resistivity in constant head permeability cell

7| A, Fi= AZH| A& A4>(Formation factor)©| 1l py=
F9) A7 AR, priz 7HF42] Wo|HIAT, ne 2
£, a9} m& Fo| FRo| we} gels A7 Holt)
whebA Hg) B4 Aol FRALEA AR
Zoz )| o] olEF HES el
842N A7H AL o] 85t

A AT AR} e HFe) 17l
QA A AT, L A 4 (

Efjoj e,

-

o]
AR

i
oot
N\
ox

H-u _11)11
FRY

)

p[Q-cm]=acm]-R[Q] (3)

o714, R& A7 AZHQ), = Z2H EA
23 pi AZHAFHQ-em)ol ok, Hlﬂ%#
o] mof, A, AZ AolE Sof e LaH

o|tKKim et al., 2009a). ¢ £ AL ¢
A o] vlgAks a2 1817 95k, H=) ot )
LM AFTE)S o]83}o], A4 B4 AT AofA
2235 A7) A8 RI} A7) HAEEAZS o] &3lo] =43}
A7) AE L] 4= H7|u]| A3} o] TAE Fig. 69]
Hreb Qlek Fig. 63+ o] A4 o= 14.875em®) 3h&

g=(em

I:O fu 4o _IIFF[ 1<)
oy 1 oox
ol m}'_\“ O_>‘“_, r_)i
AR ) Q| g

il

.

4.1.1 A2 2 Al s
Diatom2] Fu|v]E Z At ZAE A& tf5to]

OIAl Diatom X+ OIS0l 28 2ehXIgte| S~ S4 Bt 25



60
——DVF : 0% —>—DVF : 4%
50 —o—DVF : 10% ——DVF : 20%
——DVF : 40% —a—DVF : 60%
20 % ——DVF : 80% —e— DVF : 100%
\

Quantity of flow, Q [cm®]
w
o

20
10
0 " . NV i 1 1
0 500 1000 1500 2000
Time [sec]

Fig. 7. Quantity of flow of Joomoonjin sand-diatom mixtures
during falling head permeability test. DVF denotes the
diatom volume fraction

Hap] £ A 3l B B Ay mhE fe
Fig. 79| Yelfeith Diatome] Hujnv|7} F71s-sE 7
AR TE e gastHon, T Hst e
diatom F-IJH] 0%~4%, 10%~100%2.2 37]] s
B Uo] gepkith & ko] 20t 5 2o V)
27]01A 2 Zpol7} HhAysRl o, diatomA vz}
0%~4%%1 7% 50ml2] 58] 200% oo RF F5
g o ehdeh

Z7to] Egu|R 2AE AR B4l G &
gt W9 g ATAZES ol §5te] Thewt ol

Axtd 4= Sl

=

al ) -log,, ﬁ (6)

K=2303———
A(t, -1, h,

7] A, K= E4A15(em/sec), at= H219] T % (em?),
& A|R9] #0)(em), A= AR T Z(em’), 6 i
73t Al7Ksec), hiit bz 917 F(em)E Uebdlch &
FHA EOA AT} A7) TE E5AI4E Fig. 8o Ure
Welck EAlgr AT diatom F-3]H|7F 10% o]} o]
Hhel Ae= 34 % F7hoR URo] & 4 gl Diatom
BalH| 7} 10% o4l A$ T4 Zubo] £5AG7}
sl ashe A Helth o] AR URko] Al

2 chg@Ako 2 Qlslol $¢ lTﬂ A7 s
7¥ 1-51-/\] E—J
JXWFHOHH XA

103
'Y ——DVF:0%  —%—DVF:4%
= 102 ——DVF:10% —a—DVF:20%
o) ” —+—DVF :40% —=—DVF :60%
% 101 ——DVF:80% —e—DVF :100%
O
¥ 100
2
= 107
Q 2
®
g 10?2
)
o 10°
104 . . .
0 500 1000 1500 2000
Time [sec]

Fig. 8. Permeability of Joomoonijin sand-diatom mixtures determined
by falling head permeability test. DVF denotes the diatom
volume fraction

4.1.2 Diatom §-3|u]o)] w}E FA4=2] H3)

Diatom @] Fu|u|7} t}2 Z 157]9] &3 A|=(DVF:
0, 1,2, 4,8, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100%)<]
IS vigto 2, SpAR7 S
= bl thsto] HiHgkS FHstke] diatome] Fuju]o]

2 A5 APt 11 Z3kE Fig 9ol YER S
th. Fig. 9o Aet Zro], ¥4=9] F4= A3 ollA] diatom 2]
FaH]7E 10%9}F 50%S 7|eo2 Fujulo] ohE Fa
Alg= W3t ofgol Depsich FEA AR diatom©]
BA=]7] AZFSH= 0%~10% L7Fo| A= diatom -5 H]
7F 10% solUHAl FpAl57E 1008 7hg Zashe
TE5T fa P B o]F et 718715 /A
slt}7} diatom F-3]8]7} 50%E @A =H 7]&7]7F o]
e vlsll S71sHAl et o] diatom®] YA7F 27

BEAE) AT AY HA EaARe] 9% 7

9] T A

y=0.016e052x

y=0.00013e0-016x
y=0.00049¢0042x

Permeability, K [cm/sec]

' '
1 1 1 1 I 1 1 1 1

10
0 10 20 30 40 50 60 70 80 90 100

Diatom volume fraction [%]

Fig. 9. Permeability vs. diatom volume fraction determined by
falling head permeability tests



= FZ9 FA7F EEtA] AL diatom o] FE3]H]7} 50% K
o A diatom] 237} 2R %2} 49| 3]
He} A7) EHTOH "3571L Ao %EPE]E}. ol Al

> 50% of w 27 a 73]

7§—r , diatom F3]H] 100%01] Fets A RE FEZR
SA| 429} GALSHIL diatom 53] H] 8%~90%0]]

A= ARES A R Lt mel 5
22} SARE Ao 2 VeEldth Diatom F3)8]7} 0%~4%
o Alme Yol 2 Hafl-51t Bl FrAlet frAF
ahlh ol= Hag] o Ao R 2 diatom Fuv]
of w2 &350 4~7]% EAJo| Casagrande and Fadum

(1940), Lin et al.(2005), 12|31 Das(2013)of|A4] E&F3t
& Tl e FAe dAE Btk

4.13 FFAlIee} 7)) A

Diatom F-uju]of| wh2 FpAlp(Fig. 9)oF T

Al 2% A& 7HH]9] BAIE Fig. 10(@)of] HeER 3L
o, A58 Zh5u|et FeAa=2] BAE Fig. 10(b)ell
LR ol diatom |7} 30% o] skl W gku| 7t
dagel wet BAlgT Hadshs A= 24l
L diatomo] SFEA FFALY] 7S AowHA B9
2 He clogging A4ko] AP B S ek
Diatom $-3]H]7} 30% © ,

1 i
Eglat 7hasls TS Hlth o) 30% AR

I

o]

HU
o,

4 o, k5w

[er

S

E| diatom?] H]-&°] AX|HA] diatom YA} FFALY]

1
dolA =l QA Auf S

e v AS =g
i BpAE AAsks FAZE H9le, diatom J2¢

/\
T

o] =2 fAle EF0 7]efskA] HetE R h=H|
e e R e e s R e
A} TAY Bz kA NkRlEEA 7 obd o]
5] S7hE G AlRe] it o] AR ek
gol o] & Ao Ays 4= 9tk AR i 947
FrASE dske a3 U T shuE £

¥ 4739 Aol vl gt Chapuis and Aubertin,

N

¢

> o o2 fr

qr

2003).

< < 5] O Sk = |
A9 B *E‘@E & 5744kE Darcy’s laws: ©]
]

83 BAl AREARL A (Dol difiste] FAE
A kst et
g _9L
K=—=>= 7
id  hAt @
o]7] A, K& E4A4(em/sec), q= T2 AIZFG Sk

(emsed), it 54 A4 AL AR9) T H(em), Qi
SEHem), L& & AR Zol(em), h 4% XKem),
t= B3 AlHsec)= e

Diatom &} o] L7t AFslEo|A] 243t 4% Zhat
4 ()2 o g3tol APgEH Aok A Akke)

QI

ofr

F

Table 2. Typical values of coefficient of permeability for various soils

Permeability, K Casagrande and Fadum Lin et al. Das DVF
[cm/sec] (1940) (2005) (2013) [%]
102 Gravel
10 Clean gravel coarse
10 Coarse sand
107 Clean sand, clean sand and gravel mixtures ) ) Fine gravgl, coarse 0%, 1%
- Medium and fine sand and medium sand
10 2%, 4%
1073 . g it 8%, 10%
i i i i ine sand, loose sit ———————
10 Very fine sandg, gllts, m|>l<tlures of sand gllt silt 20%~90%
and clay, glacial till, stratified clay deposits

107° Dense silt, clayey silt 100%
107¢
107 Impervious soils, e.g., homogeneous clays ola Silty clay. cla
1078 below zone of weathering y y oy, clay
107°
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Fig. 10. Relationship between permeability and void ratio: (a) Permeability and void ratio according to the diatom volume fraction; (b)
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Fig. 11. Variation of permeability and diatom volume fraction
according to time during constant head permeability
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