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As an 1mportant factor in remediation design, aquifer heterogene
ity significantly influences groundwater flow field, the distribution of
dissolved solutes, and migration of nonaqueous phase liquids. The mu
Itilevel slug test (MLST) 1s a single-well technology that employs the
double-packer system for the determination of the vertical heterogeneit
y of hydraulic conductivity, K(z). A three-dimensional K(x,y,z) can b
e obtained by conducting the MLST in different wells at a site. Lim
ited by the structure of the double-packer system and by the MLST
operation, the test section length Is is normally between 0.25 to 1.0
m. The test section is a perforated pipe that connects the two packer

s. Both the resolution associated with the K(z) obtained and the wor



k load of the MLST are inversely proportional to I.. The purposes of
this project are to evaluate the influence of 1¢ on K(z) obtained and
to determine the test section length appropriate for a balanced weight
on a sufficient resolution of K(z) and the work load of the MLST. I
n three wells, a total of 158 MLSTs using different 1. (0.25, 0.5, O.
75, and 1.0m) were conducted. In addition, three full screen slug tes
ts (FSTs) were performed in the three wells, respectively. The results
show that 1in some small areas of little vertical heterogeneity, the res
olutions and profiles of K(z) from the four different 1. are about the
same, so one can choose the longest possible test section length (ls=
1.0m) for the MLST. Under different vertically heterogeneous conditio
ns, however, ls==1.0m vyields the worst resolution for K(z), and the pr
ofiles and the resolutions of K(z) from 1. =0.25 and 0.5m are about
the same, indicating 1s=0.5 m 1s sufficient to reflect the vertical hete
rogeneity. Since aquifer heterogeneity 1S unknown a priori, 1t 1S sugg
ested that 1,=0.5 m be used in the MLST in order to reduce the wor
k load as well as to obtain sufficient resolution for K(z). As far as
the FST is concerned, the K value obtained represents the vertically
averaged hydraulic conductivity over the full well screen, which fails
to reflect the vertical heterogeneity and has an unclear hydrogeologic
al meaning. Because of lacking practical usefulness of K in the reme
diation design, it is suggested that the FST not be used for site inv
estigation.
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As an important factor in remediation design, aquifer heterogeneity
significantly influences groundwater flow field, the distribution of dissolved
solutes, and migration of nonaqueous phase liquids. The multilevel slug test
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(MLST) is a single-well technology that employs the double-packer system for
the determination of the vertical heterogeneity of hydraulic conductivity, K(z).
A three-dimensional K(x,y,z) can be obtained by conducting the MLST in
different wells at a site. Limited by the structure of the double-packer system
and by the MLST operation, the test section length I is normally between 0.25
to 1.0 m. The test section is a perforated pipe that connects the two packers.
Both the resolution associated with the K(z) obtained and the work load of the
MLST are inversely proportional to ls. The purposes of this project are to
evaluate the influence of I; on K(z) obtained and to determine the test section
length appropriate for a balanced weight on a sufficient resolution of K(z) and
the work load of the MLST. In three wells, a total of 158 MLSTs using different
ls (0.25, 0.5, 0.75, and 1.0m) were conducted. In addition, three full screen slug
tests (FSTs) were performed in the three wells, respectively. The results show
that in some small areas of little vertical heterogeneity, the resolutions and
profiles of K(z) from the four different I are about the same, so one can choose
the longest possible test section length (I;=1.0m) for the MLST. Under different
vertically heterogeneous conditions, however, |;=1.0m vyields the worst
resolution for K(z), and the profiles and the resolutions of K(z) from Ils =0.25
and 0.5m are about the same, indicating 1=0.5 m is sufficient to reflect the
vertical heterogeneity. Since aquifer heterogeneity is unknown a priori, it is
suggested that 1;=0.5 m be used in the MLST in order to reduce the work load as
well as to obtain sufficient resolution for K(z). As far as the FST is concerned,
the K value obtained represents the vertically averaged hydraulic conductivity
over the full well screen, which fails to reflect the vertical heterogeneity and has
an unclear hydrogeological meaning. Because of lacking practical usefulness of
K in the remediation design, it is suggested that the FST not be used for site
investigation.
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o PYTTATRIPOSEIE G o RS A L BT RAGRE - — AR
o KIEEEETAPRIERE 55 185 » PSR 1 e PO K PR TR 2 fe] 55 7 B
- VBRI - ISRV EH] - TSRS (homogeneity ) {VZRIELTSI - B
PR f=a8 2 KOoyz) RUAEES ™ i ~ Vet 0y 2 NAP L2 RS BEsmp it
73 ‘m (Bedientetal., 1999) - £l A4 F > Jr%Zi*",EW'ﬂ\ﬁEEU} EIP\'??H%&F}H?&IUW
(PR B AL FEAL TR A PR SR o R T AT R
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YT BN S ﬁ\“ﬁlﬁﬁ?’mt@? & K G ;ﬂj;‘&,%*zﬁ 37\“|‘H“l‘p‘1?|—ftz[ Haggerty and
Gorelick 1995, 1998 ; Schumer et al., 2003 ; Zhang et al. 2008, 2009 ; Berkowitz et
al., 2008 ; Berkowitz and Scher, 2009 ; Bianchi et al. 2011, and references given
therein ] - iR R ] r%ﬁ FA' S 25 KBy O syl « iy
iL JF;‘ ) FF‘,'J K B Rl ™ 7}”&/7{5%&#”117#7%%&'3 VRS & (preferential flow path) » 1% K
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(5 KWk PRV I PO P PR A » 16T IS ROy oy S (R 5 4 -
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éé‘??fgﬂmf‘ﬂ FIv 4 B vty Bp T B F] M REpE - (constant-head test )
==k g (falling-head test) #¢Ee il HT— 4 BRpy K 5 &T% - pprr R i
%¥ Freeze and Cherry, 1979 ; Bedient and Huber, 2002 ; Schwartz and Zhang, 2003 -
SR ff]i*‘jéﬁ%ﬁ%”ﬁ?[@\j %;’Eﬁ%?@ﬁﬁﬁfﬁ#[(disturbed samples) » £ T B2~ 2R
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i £ 1 BYTTRIE A 25T s g
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1.2.2 'F'Lﬂj’-éé.'@’fﬁﬁgﬁﬁffg

- Jﬂ&ﬁfj‘ﬁirﬁl b (in-situ) ! 2986 Rl 157> i) 832 ) 2] 9 [y i [Zlotnik and
Zurbuchen, 2003 ; Chen et al., 2011] - %] 7{@?’5‘]@[}% * Y (direct push, DP)£% =
[Cho et al., 2000; Sellwood et al., 2005; = #£f[ 1, 2009] o [F=fifk o "'MF, & ’&ﬁiﬁ[
PSRV (FF <4 mm > 7 <25~80 m)id £ T [[lfU#ME, (Yp HPT, PST) fir4fl

PG K@) = et ""“'%VF‘E'FTJ%?E‘UWF‘/¢E<FIE pEA R TR
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F’ﬁ?ﬁ%ﬁﬁlﬁhiﬁﬁﬁ?g"r (T, transmissivity ) == 1%—3‘:]?1 (75t (S, storage coefficient ) o FJ ; @%
TR ERISET ~ SRR K2RV A THER Y IR YR T S filRLF A
?f[ﬁ‘ﬁﬁ‘ﬁ'@@ (b) = o Emm ;s iy & b5 T=IObK(X,y,Z)dZ ’ ﬁﬂ‘ﬁE'JﬂJ

— HEA R R Kl R Ry ﬂ [ Freeze and Cherry, 1979 ; Schwartz and

Zhang, 2003 ; Todd and Mays, 2005 ] - [F=9} » <2k~ Eﬁ'i[ B ﬂﬁﬁﬁﬁﬁi{
HSET el B = 7 i) ﬁu’?*ﬁf‘”‘* [ fy - = o P fl B B
RS A AR > F - ﬁt‘%@'\i[ Fl1=fs b ] oA f 'bit""f’ﬁéﬂﬂﬁﬁféﬂ T S N
[FVRUE A= [ ns i~ isgshie » FIpVRLACEH ﬁ%ﬁgfﬁji%f%@fﬁﬂﬁlﬁm K fif > BT py
K fi f*iﬁ&f[ﬁii[ ﬁﬁ?ﬁ&ﬁmgﬁ[ﬂ‘ sl 2 FEFE K(z)@ (™[ Butler, 1998 ; Sellwood
et al., 2005 ]« (I 1 MGHA = i BRSO A
?’ij?fﬁlﬂ?ﬁ?§7fal R 1R (P R ’”’?‘7 IR
[ K g e AR -

i ShalN BT U ’JEKIE%@@( & )= B (D)H R
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%fﬁ,K@ ) ﬁﬁ}‘%ﬁ%@#ﬁwﬁ?ﬂ?ﬁ](pump)@E'J (ﬁ%ﬂ'l) [Boman et al., 1997 ; Young et
al.,1998 ; Arnold and Molz, 2000 ; Crisman et al., 2001 ; Paradis et al., 2011] ; (2) <=y
sy (dipole flow test, DFT) : Z/[l[f;qﬂzf’?ﬁ S AR = D Sa ke kﬁﬁa
(pneumatic packer)==— < Jl-fEJAE Y o S oy i AR A F e g T
P21 A > 20 AP R 2 SRR s ™ 2 SR R 2
= ﬁl f’ﬁf%ﬂ?ﬁiﬁj‘ JPEH PR 1A [Kabala, 1993 ;5 Zlotnik and Zurbuchen, 1998;
Zlotnik et al., 1997, 2001; Zurbuchen et al., 1998, 2011] ; ¥ (3) 2y f&~<z¢
(multilevel slug test, MLST) : J[I[HI3TFr » S5k RLA |~ 28 KTIU3E S
TPy 5B E TS« MR R LT IRTRIR  SoRi  s
T PO SIS AR H R o R R ;@a@l %{ﬁﬁ%
TP GRESEIHAY T o RREE BBy B SR AR e - PR o R
Fhm - OV O Bt T R PR Py BRI YR FERRTR R
PRBRRESFTBITE S (Zo)BFo RIS RFsfs ™ EHE - FIHE R
il 3’%’3@7 [Fil 15 A IJ@%E%#H#EF,K@[ZIotnlk and McGuire, 1998 ; Zlotnik and
Zurbuchen, 2003 ; Zemansky and McElwee, 2005 ; Ross and McElwee, 2007 ; #>- = >
2009 ; FFFEE > 2009 5 Y - 2011 5 Alexander et al. 2011 ; Chen et al., 2011) -

ﬂE'MLSTF’?ﬁIﬂz‘F %lﬁ%ﬁélwﬁ*ﬂi#m s F

PR 15 = 70 2 SRS 0 SRR, DFTEGS RIS (T
EATEIERR R > S RIRAER PR HIE [ MLST=BRT.Y B aRAE i 5
{1 [~ - Zurbuchen et al. (2002) A1 Zlotnik and Zurbuchen (2003) ¥ /]|
FO SIS (TR > R ST~ ~ BSTRARE S 02 OS5
BT R AEEEES10 mpveps grEe (Well-14 ~ Well-15) F=fitBFT « DFT »MLST

7

= PR 0k o AT > e ARSI DFT 4k AU = g 56

BB PO AU H IMLST 43 5 Well-14f9Kfiigh [ ~55(1110= 250 m/day (Q%M-a) ’
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(a) (b)
Well-14 Well-15
T T T T
6 . 6 "E 7
&I - 8 -
E E
£ 2
@10 | - W 10 -
S i
I B
=1 a
=]
=12 F 7 |E 12 7
g &
s <
E_‘} 14 7 §' 14 7
16 ~-o . 16 -
- d
1 N 1
0 50 100 i) 100 200 300
Hydraulic Conductivity K_(m/day) Hydraulic Conductivity K, (m/day)

[ 4~ X SR JROESE AT IR T 1 H R (Well-14 Well- 15)
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AP P I BFT R At L5 (= AR [RE N S B A DT
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Fﬁ%‘[\ﬂﬁé‘ﬁi [y BFT =24l Fﬁﬁ‘xjfé%ﬁﬁ‘%ﬁ[‘%i}z} > Melville et al. (1991) 4k MLST ==
-1 B (tracer test) T [ K(z), LA HPY K(Z)o3 7 - iﬁﬂf{aﬁ'f/ﬁﬁfé{tﬁ%
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HrPSRTRPRIBB I (S > 257 il ™ 2 ARG SE SR R e
I R e RS Tk 2 - PHRR S T AR R AT



gbooobuoobooboooboobooboooboon

(a) (b)
Well 14 Well 15
I 1 v L] v I v 1 ¥ N Ll 1 T Ll ¥ L v L
6 [ . 6 F i
|:|-=:::::|:I
s | - Q..
E E
2 £
g ] 8
1] B
o o
gl - 8
E E
g 2
£ =
8 a
16 |~ -
d
M R TEEPE B B
o0 04 0.8 1.2 16 20 24 o0 04 08 12 16 20 24
Normalized Hydraulic Conductivity K,/ K, _., Mormalized Hydraulic Conductivity K,/ K, .

B S~ B R 2R RS I R R (Well-14~Well- 15)
HIF] BFT=2 DFT RFEHIRES I S5 DFT pu K [ (“AiEh T [l - % BFT
= DFT JI“EI%EJ‘EEBE} > (Zlotnik and Zurbuchen, 2003) : (a)Well 14 pu= @lﬁi[’“‘%fﬂ ;

(b)Well-15 [f=5 1 {5 U -

10



1.2 —

w(t)/w,

-0.8

googn

O Twl1-A27, w,=0.3 m

Eq.(1) with ®=1.08 s* and p=0.54 s
K=1.09x103 m/s

-

&
H,= - 10.467

|
2.9sec, 2.9sec

5 10 15 20 25
Time(sec)

6 ~21 Twi oy MLST S50 RHR 5347 P~ TSR 38 2 i et -

11



gbooobuoobooboooboobooboooboon

1
O Tw2- A8
_ —— K=1.72Xx10"* (m/s)
0.368¢
— |
|
|
7 [
|
[
o
= |
= 01 — '
= = |
= ] |
N I
N I
N |
- |
|
- I
|
|
7] |
|
|
I T,=2.41 sec
0.01 '
| ! | | |
0 2 4 6 8
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googn

fﬁ'ﬁa%ﬁ‘ % Hvorslev (1951); Bouwer and Rice( 1976 ); Dagan( 1978 ); Butler( 1998 ) ;
Ratnam et al. (2001 ) ; MathiaS and Butler (2006 ) (2007 ); Chenetal. (2011) and
references given therein- 4 Ff 2 [Iv MLST e ¥R hL{ANST 1 M (Y= /? F=i ™~ i)
F’*,?FFE%‘*‘@?E (REYZECHES) ~ WG L CHoT /= e F”F ) ITIRMPENE
F[ﬁz‘wﬂmﬁmﬂ JHEH K il - ﬁl[}g MLST ] o3 #1157 57~ il e r.#

ﬁﬁs’ﬁﬁ%?ﬁ TR S K @jﬁ@‘, FYEYZEEL ~~[Butler et al.,1994] - Butler et
al. (1994) l@%f R T IR KIS RR put SRR RY > e i B
,5 IR A TR RRARFIEY - MLST A p KR ﬁ'ﬁ-'}’* ° E'}’?EUE;?@
PR W M ety > MLST B i K fifi 45558 Vf‘ (Gl a AR AL I e
B o B b FRBR AT K@U ) o RS R AT K@i
R o [ MLST [ (BRI D » Rl HIRERRE NS0 K ipo= T 2
VS TR RO PO A S [ R T < 8 DR R BT K@)
BT, > UIED MLST puZ (8 ”FE‘”H%*IL?‘:@W¢ Pd[”ﬂi/['l?f—“v SIS
F&ﬁ@pv]}g K(2)73 7] puiiet g A MLST 7 (B put i E‘%E*‘?ﬁiﬁ%@ RS 4 o

L3 7 5 HER P

R E ORGP ST R R R | B K@IERFOEE -
i =T P IRRFS R SR K@PAERAS - 1 IHCCRL A 2] 3 £
FORRFE RS 1R S K(2) « TS U MLST IR 2 4 - ¥ D it
PR P G T SR BT MLST IOl € FYEDiE -

{1 SRS T R SR O AT R o [T R H ﬁ
3i$5B@W%WJWW%%?'ﬁ®@I[ﬁﬁf{‘NW“*‘N»dﬂé

g!\rfuhsﬁﬁ%ﬁuzf4 (clay) ~ B5Th(silt) ~ frl(sand) ~ #57 ((gravel) | “ﬁﬂ [FlE= 69
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AL o PR 2 A IR~ FETRERT A M e BRI ] B
et R ;’r%iﬁ%%ﬁ%ﬁfﬂ‘ A AR R e SR T (R 9
TR PR o ST BTN 5 T RGO oo 4
%%’EJ U4 RHSYEEAA > AR EE R Y Twl s Tw2 > Twe = [ 1 ([ 8)
AR o £ 1 ERREIESE R o B A R A o T I b
FN LT m e B A T AR - Twl s Tw2 2 Twe = [ 1] &

~Has8m Fﬁjﬁﬁ?l’i’fﬁ[’%’%‘fﬁ%‘ 1.5m5g -

FI VR TRATETIO A 50 50 B - RS INFLE PP - — R A5 0.75
= Lme A SR M IVEE RS B 0.75 m o [NSERFSEE A IGHI - R R AR
A58 0.25 m e SRR PN T80 1 m s PR R R R N
Im > SEEE A (AR R SRR U S 25 m o T IR
MLST Eﬂjjlf?’ﬁlfﬁ EH’?ﬁro{a IEE ,5.'[' s g Im AR K= ;ﬁ’fﬁ%ﬁﬁiﬂ’i
K@i o T R R 7 0.25 % 1m VR - £ FHE T Twl » Tw2
K Twe = [ 14] ﬁ{g,‘?~ v 2 EES TSR (full screen slug test, FST )% U7 [rl)
R (1= 1.0, 0.75, 0.5, 0.25 m)[Usiagige % MLST o FST H[] ik i<k > 2070
BRI R AT Y K PO AT R R [0 [ S5 AR K

AU E MLST fOgs (=t PO 5y %{,F_j\glﬁhﬂ o

Wﬁwiwwm‘ﬁgAé@WW%f%ﬁoiﬁﬁ%%%%ﬁ°“%W%
AU (SR PIH - F 2 PR AFAE -

mLL
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A
Twé

Twl

B 8 ~ FRER] 45 MLST = [ 14 1= M -
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SV B SYL BRI W

MLST fil §14] S5 LA SBRL 1% T SR BTRDR R [~ 52 PR - § 4
LS AR T IR T A R e 0T MLST o e
S (DS (0 9) ¢ [Py R B TRREE CRLF B2
HHE2 47 ~ PYC L Y5 2 QR ESHEVH (R 10) : AR E‘ﬁt‘?“@{’liaf%‘i_i
S~ A o A TR PR R NFIE 75 om S Ak R R B

FIBTH o T R AR RS AL o T A A SR -

MLST R F 11 | ORIk 73 B TR TS « FI5R 0 50 B A4
o T SRR A o PR A A CRIRRER F s S
U“J%E‘*?P*Ja‘ NEDR R R H S A PR e - [P RE  8
R =00 0072 (wo ) o RV 2 FlIf5a iy = wo T2 ity ™ <l Rt R
A REAA PRSI 0 wt) K wOPR I RUE R A RS A MLST
=LEAF - McElwee and Zenner (1998 ) ; Zurbuchen et.al (2002 ); Zlotnik and Zurbuchen
(2003) ; Zemansky and McElwee (2005) =~ *]?/;t,?bil “f< i Agh ™ & G P T R
PR [ 5575 R [l o KRR S 9 (7R [ 555 2
73 PrAEENE > B IEE SRS B S 0.5 m e 2w j%;ﬁ} 0.5 m [Butler et
al., 2003 : Chen, 2006,2008 : Chen, 2011 ] -« 4 & B MLST FUff ] 2HE e

HAfE 05m o = Pl wo [XhT0.5m ©

16



gbooboobobbooboobooboboon

B O~ SRk RAER o b T HE A PORRREE - AR PVC T
EFTERRL o HEOERIT G R R 2
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HE MLST 8 (=R
(1) g 1 PVC E‘fé‘i’*ﬁ%i‘%ﬁﬁﬁl%(ﬁ%ﬁ' 9) < JKf A o IS KT

(2)

(3)

(4)

(5)

(6)

#] [ Eo 7LI [I;E_L%ﬁ\ Y g\ N EII?EH:%FE;FE’{“ b H IJHI%W’ H Zc (&
L) -

rF

gﬂégELF%:E\?%@IQ ’ IEIFl ZIAIEL f]’ . —kﬁﬁij{“%‘ , Eﬂ{@gﬁ.j} o
% ri [ ° IPZ‘EJJ;PHT FIE[F < U:}iag';E IIEII1%LL r}+[g‘?ﬁg;—péﬁ#ﬁ} =

Y AT AT | U R L BSPIF A R 05 2
PSR 0 R W(t) o ple SR e R R RS

TRREYRIHGAE (data logger) » SRHEHM SIS SR Ao

EESERSUATUREES AR RIS

i wo R [T BT B 5 » A w() o 55~ M Ze fe
R -

SRR SR L - ETR)-E) R R
R R -
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SIZ T SRR RO T

- AR AR PR W) 5 S SR R e e e
VU™ o] =00 L RUALSAPERRE =00 o 10 Py - SR o 2 0 K i~ 4:6x10™
m/sJ‘JJ—ElfJﬁ,'Ji%ﬁﬁ‘[‘if‘jF_@_-%(i/[lfll = F'J} ~ 157 ’¢h) - Butler et al. (2003) > Chen and Wu
(2006) 3 H[Iffls = |Springer and Gelhar (1991)f% =iy ™ Taifef ) A 5 Sl flasle ) 3k
P ST FTMLSTHR ™ e vR] o 45 B BRI lisc @ B > Chen(2006) 58 51
ST RIS K - Chen (2008) R~ H i fii ipefrrid o]
RETVVE R (OB g 5 U7 AR [ VYR © 4 F 3 MLSTIS ™~ o) Arfic |
Chen (2006 ) Eﬁ—ﬁﬁﬂﬂé%[’ﬁ,w@ s E PP > s P 2 van der Kamp
(1976) ; Kipp, 1985 ; Springer and Gelhar (1991); Hyder et al. (1994 ) ; Zurbuchen
etal. (2002)- Jﬁf’éﬁ@%@ﬁ ENEE (IFE 6x10™* m/s! |7 BB
w7 F L R (IR ) o U OMLSTZ R g )
£ L#ﬁﬁf%if’ i IHvorslve (1951) %3 55 ¥ o ZH=i > bl e | 1 *LL’?}fFTf{JJElffEﬁ%?ﬁ drph
T [ﬁjfﬁliﬁ’ﬁﬂﬁﬁ sifr s 2 flCooper et al. (1967) ; Bouwer and Rice (1976) ;
Butler (1998): Ratnam etal. (2001 ) : MathiaS and Butler (2006 ) (2007 ) -

T PST [ o SRSHHBEHIO ™ A PR Twl ~ Tw2 ~ % Twe = [ 1] 19
% ET?”EI,F.J ) iFﬁ*yF’?E Sﬁwf “f<(partially submerged)ﬂJ[?E (0l 11) - F{ % 5535 J\[ﬁil}d
G 2[R+ B SRR A A G (F 5 ) @ BRI O (AT [ - Eo5 A
Tk l'] Dagan (L978)I9 T Bh ki £ o I PSS PR RS g AR

EE}*\IILHE iﬁn ET
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# TR
S —E
3

S e, ST g
A
i

Ls

H

B 11 ~ #5335 (partially submerged) @ 47 <At o [0 2] GFIR - F 352 SRR
REE-f= 5 [+ 3o -
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3.1 Y=~ TR ST
Springer and Gelhar (1991)[1 =~ @A+ £

0]
WO

=e P2 [cos(vvt)+£sin(wt)} (1)

20

E T 0=2m/T [ L] ARG > T [ QA RUEP] > B[R 28 4
SRS o K 25 Br o S E 2 ERORy3Y =X (Chen et al., 2011 Butler, 1998 »

Chen, 2006 ) Fr=-

w”+0.25
K:—Br—F (2)
r

O rel LTSRS 0 r L1ERH 457 7 5 FOJERPAIRS > fosk ] il
PR3 A A< O A8 L Y [ 1 Lo B ISP ST G
A T F - ) B2 o B ) WO R348 -1 ) i Chen (2006)
TR P o [0 ATty > 20 ST SRR MLST 99| (TWL-A27) 23]
(Tw1-A27 FUTAAEYI o = [ 14 158 527 [ RS (Ol e MLST o7k
FIA~B~C~D WH&G[UH 4 2% c ARF 1,=0.25m > B#A 1,=05m - C *
1 =075m D A |5 =L.0me 1) RfURE !k FIF AT K S L k=L

25 3+ o Y Twl-A27 ?F Twl # {fi™] 1s=0.25 m Ef:)J 27 {f ﬁ%‘g‘j LEERR] o)

L WMo SR RGO RSAT » I 6 T -

2. i#{%u_’ﬁ Mt =yl £ oS ) o Bl k=123~ 4o il 6 11> 4,=2.9s -

t,=5.85 ~ t3=8.7 5~ K 14,=11.65S -
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3. P IRL [l A CAt e 5 Ry [T &7 PR PR > T= bt it o~ M
Rty ({151 T=5.8 s » HUESRHHHF 0=2n/T=1.08 5™ -

4. RS I S ORI » Hico k=1 223 4« [TIIE 6 151 Hi=-0.467 m -

H,=0.214 m ~ H3=-0.098 m ~ H,=0.045m -

S. H{%—_’#fzﬂjﬁfi’ | H/H+1 | 5 H1/Hp=0.467m/0.214m=2.182 » Hy/H3=2.183 »

Ha/Hy=2.177  [fil— A2 w(t)wo [UFSIpREAR (= > A8~ EEfl -
6. |3

4

Bk =?In

H,

Hk+l (3>

s B1=0.538 5~ B;=0.538 s+ B3=0.537 s - F U [V £ 0.54 57 4T B fifl

7-%“*Ww1%§ﬂ$OMSﬁ‘*ﬁ)ﬁ&Fﬁw“mﬁﬁwﬂfﬁﬁl
RO A o FEA - B [ AR @ e
K fifi - EIIJ[HP‘”H“ﬁ\Z EIFIRE o A -

8. H|F'(A2) S Fu=0.133 < i 0=1.08 s » =0.54 5™ » Fy=0.133 {¢ * N (2) i T

o< [ [ B K=1.09%10™ m/s -

3.2 H=W YR A

Hvorslve (1951)55 #7713 & B 0 [l gy K il » g =4

r’F
= r,T, (4)
To[t] : Eﬁﬁﬁ\ﬂj&ﬂ ENAI wt)ik el o 582 Tw2-A8 B ¥ /i VF’[ Hvorslve (1951)

HE Topu ik -
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L3 WO wo REIEHH S BRI RS SOFIRT » SRV VR » I
7 Hii o

2. TRERPRIRD B s -
3. I o AREE S w(t)/wio=0.368 A1 (ISP ] MR IS To gl 7 A
To=2.41s «

4. F(A2) SFIF Fu=0.133 < Firfi To=2.41s » Fu=0.133 % * = (4) ' T = )

fEGEL [ E K=1.72x10™ m/s »

3.3 ’ﬁﬂ;’)‘ RErR 5T

Dagan (1978 ) 53 #1553t 4=l kil £ Lo/rw> 50 fIuffiipl « = [ 12 i

FST Iy kLI [+ - Dagan (1978) %’F',H',

(5)
El Hl Ls[L] t@?ﬁ”%i‘[ F[UT?J@F/}"EJ I g To[t] k@{ﬁﬁﬁﬁ ] » F[J E[ IEP:HEU W(t)H{kQL: .
£ 11 Twd VI FST 59R] e £ L To i -

Lo AT R

VW:W(t) (Z-s_wo )
w, (2L, —w(D))

2. W) AFVSP W BRFGTREEY o SSUVBIAT » RV SIG ARV > A2

(6)
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'7—1\ o
3. LRVRIN Y S s
VR RS w(t)/w0=0.368 A1 [Ff[HT - AMJEE To o O 12 {1 > To=1.45s -

SN

5. B]=X(AB) j;fgﬁ[gj’} VRS Fp=0.243 < i1 Fp=0.243% To=1.45 5 [*

() » i ) L T K=4.46X107 s -
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1
§ O Twl-FST
il K=4.46x10" (m/s)
0.3684——
I |
|
|
| [
|
|
— |
< —] |
S 01— !
i |
| |
| |
| |
— |
|
I |
|
|
| [
|
|
' T,=1.45 sec
0.01 l | | |
0 2 4 5
Time (sec)

ﬁ' 12 ~ Dagan (1978) #5372 Twl V FST ﬁpﬁ}i@,vjcm[ .
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ST WIRRERRS BHE, K iR

TR [ L T 1587 MLSTs 22 3% FSTs» H R [ 53 #77H  (57 = oy At »
TEPE B K@) o0 70 P R R R R R B K [El#ilﬁ[ﬂ VR o
Jmfﬁlgr,yau EAR i R0 BRI 5 FEH F&?ﬁ@g%@?%ﬂl?[*' JVEET BHORR)

Yigglo— RN E AR AR A9 E 1 0.5 = 1 mmo H K i AR 10°% 107 m/s ;

f |
FIATpRE 28 (=591 0.25 = 0.5 mm » £ K il f 1 10 = 107 m/s 5 VTR (3F
ThBID)RE EA [~54F 10.004 = 0.25 mm> H K i #5@F 1 107 = 10 m/s (5. Freeze
and Cherry » 1979 ; Brassington » 1988) - %Z?E‘p F, » MLST %‘g‘[ A PN B A
PaF M55 2 = 5m iy 54 {1 [AIFSHIEVRE Y MLST 19 (4 3RS i 2K (s
74 3x10° = 6x10° m/s > F{RIBEIEIVE TR ~ APH) - ) 5 = 9 m v 104

1T [FRIREF Y MLST > $4fd ZRPR0 ™ s - KA /150 6x107 % 1.7x10°° mis
T AR (F ) - 41 = 43 ARG Twl - Tw2 32 Twé
= [ li[ T [ﬁ S E‘J K(z)/ﬁ’\[ > 4.4 gﬁ' F"I“ li K(z)*[ﬁ[ﬁf[ﬁyﬁu F@w’*"?jﬁhrf
MLST -

413 Twl I K iR

Twl H #hi7 55 R % MLSTs ; H fli#9% % 2,05 = 4.05 m 19 16 f T fi
ISR 1Y MLSTs 15 (4 ZERf > s » B [P0 Ao s BYBTighht (i 1
[yt o #9% ™ 4.05 = 8.8 m iy 39 [ T [ [ERFE A i MLSTs 15 =i~ ks -
R 1 T TR Tl R TR e TWIL Y B5 A 0] 53 AT 19 K[ 1
234> ﬁlrﬁgp@ K@)RI=- 42 13 o [ = 77 (8 16=0.25 m 19 27 fi [l
B9 K fifl o AR [~ a5 3.06x10° = 1.19x10° mis 5 5T B U =05 m
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#1~ 2 TwiV MLSTERR| 75 #5## (1=0.25 m » r,,=0.0508 m » r=0.0135 m)

ZJs fib ?’?}?—'F Z:.(m) To (sec) F [0] K m/s
7E | Twl-A1l | 2175 9.5 0.101 3.83x10°
Twi-A2 | 2.425 3.55 0.105 1.06 x10™
= Twl-A3 | 2.675 3.75 0.108 1.03 x10™
- Twil-A4 | 2.925 10.3 0.11 3.83 x10°
Twl-A5 | 3.175 13.1 0.112 3.06 x10”
~ Twl-A6 | 3.425 11.8 0.113 3.44 x10”
Twl-A7 | 3.675 11.7 0.114 3.5x10°
1 Twl-A8 | 3.925 35 0.116 1.18 x10™

AR | Zo(m) | o (1) | B(1/s) F [0] K m/s
Tw1-A9 | 4.175 1.37 2.1 0.117 5.94 x10™
Tw1-A10 | 4.425 1.43 1.53 0.118 7.26 x10™
Twil-All| 4.675 1.65 1.29 0.119 1.04 x107
Twil-Al2 | 4.925 1.43 1.53 0.12 7.37 x10™
Twil-A13| 5.175 1.48 1.17 0.12 9.35 x10™
sz |TWL-AL4| 5425 1.45 0.95 0.121 1.07 x10°®
Twl-Al5| 5.675 1.32 0.83 0.122 1.01 x107
W | Twl-Al6| 5925 | 1.28 095 | 0123 | 8.65x10*
Twl-Al7 | 6.175 1.29 0.93 0.124 8.97 x10™
~ | Twl-A18| 6.425 1.36 1.35 0.124 7.63 x10™
Twi1-A19| 6.675 1.32 1.12 0.125 8.25 x10™

T ltwi-A20] 6.925 1.26 0.9 0.126 9 x10™
Twl-A21| 7.175 1.15 0.72 0.127 9.18 x10™
Twl1-A22 | 7.425 1.26 0.72 0.128 1.09 x107
Twl-A23| 7.675 1.2 0.77 0.129 9.52 x10™
Tw1-A24 | 7.925 1.19 0.86 0.13 8.65 x10™
Twl1-A25| 8.175 1.17 0.57 0.131 1.19 x10°®
Twl1-A26 | 8.425 1.11 0.55 0.132 1.12 x107
Twl1-A27 | 8.675 1.08 0.54 0.133 1.09 x107
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% 2~ 2] Twl V MLST ¥R 55 ¥ (1=0.5 m » r,,=0.0508 m > r=0.0135 m)

7fs fib ?’?}?—'F Z:.(m) To (sec) F [0] K m/s
F | twi-B1| 23 35 0.073 7.52x10°
P
g | TwiB2 | 28 3.7 0.078 7.55 x10°°
~ | Twl-B3 | 3.3 8.7 0.081 3.34x10°
B twima | 38 3.05 0.083 9.81 x10°

T*F'}E'F Z.(m) | o(l/s) | B(1/s) F [0] K m/s
Twl-B5 | 4.3 1.28 095 | 0.086 6.01 x10*
Twl-B6 | 4.8 1.3 065 | 0.088 8.63 x10™
= | TwiB7 | 53 151 075 | 0.089 1.03 x10°
W | ™wi-B8 | 58 1.75 116 | 0.091 9.46 x10™
Twl-B9 | 6.3 1.46 107 | 0.092 7.40 x10™
~ Twl-B10| 6.8 1.46 089 | 0.093 8.70 x10™
M |Twl-B1l| 7.3 1.41 069 | 0.095 1.03 x10°
Twl-B12| 7.8 1.3 069 | 0.09 8.97 x10
Twl-B13| 8.3 1.15 041 | 0.098 1.16 x10°
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% 3~ 2] Twl ¥ MLST %y 75 # i (1=0.75 m » r,=0.0508 m » r=0.0135 m)

7fs fib ?’?}?—'F Z:.(m) To (sec) F [0] K m/s
ZE
e Twl-C1 | 2.425 3.85 0.059 5.46 x10°
W
¥ | Twic2 | 3175 6.35 0.063 3.57 x10°
IS
HE | Ze(m) | o (ls) | B(Is) F[0] K m/s
- Twi-C3 | 3.925 1.46 1.09 0.066 5.29 x10™
Tw1-C4 | 4.675 1.11 0.37 0.068 8.2 x10™

E Twl-C5 | 5.425 1.17 0.38 0.070 9.34 x10™

~ Twil-C6 | 6.175 1.28 0.54 0.072 8.21 x10™
Twl-C7 | 6.925 1.37 0.58 0.074 8.95 x10™
e
I
Twl-C8 | 7.675 1.2 0.43 0.075 9.36 x10™

Twl-C9 | 8.425 1.16 0.32 0.077 1.19 x10°®
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# 4~ 2 Twl ¥ MLST =] 75 i (Is=1 m » r,,=0.0508 m » r=0.0135 m)

ek ?ﬁr'}”?"F Z:(m) To (sec) F [0] K m/s
7E :
i Twi-D1 | 255 2.7 0.049 6.55 x10"
oz
~ Twi1-D2 | 3.55 2.91 0.054 6.61 x10°

@FFF Z.(m) | o(/s) | B(1/s) F [0] K m/s

=

Twil-D3 | 455 1.34 0.52 0.056 7.26 x10™
oz

Twl1-D4 | 5.55 1.16 0.32 0.059 9.02 x10*
|2

Twi-D5 | 6.55 1.37 0.52 0.061 8.13 x10™

Twi-D6 | 7.55 1.26 0.41 0.062 8.91 x10™
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Twl continuous MLST
- —A—- - 1.=0.25m

-~ - O - 1=05m
- &~ 1=0.75m
- B - I=1m
2 —2.05
A
L h b
\
3.55 ﬁ\ \ |
4 R = = 1© AT
5 iﬁ%ﬁ
-c | \\\
% 5.05 | 'S N
(D 6 — | AaA
5
e — X
g | &
° 2
8 805 . e S /
A
8B | --------------
K =4.46x10 (m/s) /
10 I I \\\\H‘ I I | I \\\\H‘
10° 10 10° 10°

K(m/s)

B 13~ Twl fliP4f R RERFEREY MLST 5981 K(2)53 1 FST Bogpy

K =4.46 x10-4 m/s » K(z) i@ [ #i-~597t 3.06x10° = 1.19x10° m/s -
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[ 13 {1 Kl g = A5 3.34x10° = 1.16x10°° m/s ; S8 7 (¢
F)1=0.75 m {9 9 it 1[IV 9 K fifi» £ Agh [ = sl 5% 3.57x10° % 1.19x10° m/s ;
BLETHR AT =0 m 19 6 [ P IAVEE Y K ff > 2R [~ sl 55 6.56x10° =
9.02x10™ m/s < [5IR! 13 [19 K(2) 73 ] » TWL FFFTRo-f ST At 55 29 2,05
% 4.05m FUBSETRPR] ERATHY A ST 0 4.05 % 4.55 m FURYETARR] KL - 4.55 = 8.8
m UESEVRPR SV b R e AR pRL T PSRRI SR 8T
Tolg S < FST Frifd K =4.46 X107 m/s » ['|RE6LA 1 13 o =K i s i s arpfRy
TR et SR TR (R e ¥ K RSl ) K VR 2k
B K@ (™ 2P RE ) S K B tﬁrﬁlrﬁfﬁﬁ%ﬁiﬂ FEFEEDT

- o

2 | S K@)ORY > 25 (P71 M K Q)08 (R Ry 292 2.05m = 3.55m
o7 EBPIEE o B9 3.55m = 5.05m £y 4 o R FYERTS 5.05m = 8.05m E.’E;FJE&?‘?]‘
ﬁ:ﬁ% |s By« P9 ™ 8.056 = 8.8 m Elfjﬁfﬁg, LT =1 m A K fif T
ST B g e e~ T Brpl e T B BT T S 3 m S AR K@)
Ak [~ 7. 63x10™* % 1.09x10° m/s » EAZE | K At 1.4 |‘ﬁ F'[Eﬁpﬁfﬁl&'
WFEAgh [~ g [ Bk 5 7% 1.5m F"Jﬁ?{ FE | K (2)7 [~ #fE 3.06x10° % 1.06x107 m/s »
RCEERT KA 3.3 o BV B ETERR RS 5 15 m i a

K(z)i@ 1 3.5x10° = 1.04x10° m/s » fA==2fg | K ffiffi= 29.7 ff -
[l B n 0 ARRL oot ] R AR K> =10 20 e 25
HE KA~ Ke ~ Ko~ 2 Ko 53 I S &P FIFHIRSFER % (5=025m ~ ;=05 m -

s=0.75m-%1;=1.0 m)ﬁﬁ’ﬁﬁ oo e = @F oy EaEL R (Cho et al. »

2000 ; Schwartz and Zhang > 2003) L& 17,
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K=> -t (7)

R Q%ﬂ'lSHIF"lE&: 2.05 = 355 m> 2 1.5m| ng%fﬁ? K R HE) 3

;=0.5m [ K fifi(f5t 2 iy Twl-B1 » Twl-B2 ~ #1 Twl-B3) « £ SPjisfiv=r i 1 #54 K
il kL Ks =(0.5x7.52x10°+0.5x7.55x10°+0.5x3.34x10°°)/(0.5+0.5+0.5)=6.15x10"°

m/s °

[ 15=0.25 m 19 KT % » ZH{P1I ) Ka SRAERE e = [
R K ROYERE  SE RARERER E B KRR o LR AR

ng% Ufrﬁlﬁ 5 K IE{EIF‘:'KA Uﬁlt]“—t EIE5 Rag ~ Rac » Rap * £

o [Ka—Ks

o = ®)
Ka—Ke

R = |

o= ©)
Ka—Ko

R = |l

o=\ (10)

’gl ISERE QHE}?J\Ef » BRSSP %%@Eﬁ@@lﬂ‘ 15 K {fi== 1,=0.25m E{f@"@l
5K A I‘ﬁ]}ﬂ . wﬁﬁuu:ﬁ?&%ﬁf' i K(z)77 Jﬂl 1,=0.25m 1Y K(z)
7}‘”%’* JFU:J%TEJT Bl o

FTE [UZRBRHIE |~ LA (OB BI IR AR S TR o BORERER (MLST
By FST )7 (7191 « P T Eebeepvathie £ HIRGE = ol F VRN /5] (pressure transducer) -
B IR OTEERL ARV ES | A = ETlE Rl - 25 P 2 O Bt (MLST
wpmvww%ﬁ@@wawWQMw%w@wﬂ*@E*@ﬁﬁ@Wﬁ“’
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Al | R E IR LU TSRS « R (MLST F'& FST)pVerR] 5] Rt 2Yph
W H M RCR e~ fe B350k (skin - effect) FA' et B [Fljt“u(vertical
anisotropy) + » fflt [T RENS e B T SRR ([ORUARY < SEETYARNERY K R
FURGE (MR N T B~ RS o S5 [l MLST 8= il [flj‘l‘fkﬁﬁﬁ
eI - Hyder et al. (1994)i) 25 963220 KL ' 4 01U il - 75 1135 Rag » Rac

A Rap = [l 1 PRl 3 -0 FE f) B+ 15% o R[] 2 Ifi +, Rap>15% > F[ljif!

({0 F ) 1m IR A K s 1
T BRPOPH = T 45 K ffiEG  Ka=9.24x107 mis ~ Ke=9.17x10 m/s ~ Ke

=8.96x10™ m/s ~ = Ko =8.69x10™ m/s » #H %] Rap=1% ~ Rac=3% ~ ** Rap=3 % - £

[ e %‘Hﬂﬁlﬁl ri%‘ﬁliﬁ[ﬁ[ FU[?E?B“ fE R S PR R
B oAm 3#75 MLST )[R [=E Lu%&’ﬁ?ﬁﬁ’?‘/¢ °

FIBHOPH =S T 12 K it Ka=5.85x10° m/s » Ke=6.15x10" m/s ~ Kec
=5.29x10° m/s + * Ko =6.57x10° m/s » #%] Rag=5 %  Rac=10 % ~ % Rap=12 %
_r‘f[ 1.5m FIU?—%@T gﬁ[ﬁﬂ ' Rag * Rac » o RAD'FT’J)'JA/\ 15%FIJ§”\§7§% UJ[EU ’ #yﬂ" EEFI
SEAFY =1 m 35 MLST -

SOl P = E[j‘ K I'}Ej B - Ka =5.41x10"* m/s - =5.21x10* m/s ~ Kc

=6.75x10* m/s ~ & Ko =7.04x10™ m/s » %] Rag=4 % - Rac=25 % ~ * Rap=30 % -
M Rac ﬂ:l Rap ‘FT%N 15% %AS/ ] [Eﬂ ’ —“E_A "1=0.75= 1 m ArH K [,ﬁlﬁé]ﬁé

T S AR 05 m [R5 MLST -
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427 Tw2 ¥ K R EF

Tw2 iy MLST H = 53 7V Hiag% % MLSTs 3 £ f[1#9% ™ 2.35 = 5.1 m iy 22
[ﬁj JEU:%F&WR& 19 MLSTs {“dﬁrl‘}'?ﬂf%jﬁ{’;r‘% ’ %ET? [I—Lﬁ% [E;IIEU J~<11; %ﬁ%ﬂji/\l:g

B e - 5.0 m = 8.85 m [ 31 {1 [AIHIEEFE =L iV MLSTs 191 =i ™~ it > 7

m

B EEfRIp - %W’Eﬁ, B E et o T2 [ 53 72 %] 55 Frar i iy K%
F56° 78 AFISEAY K@) H0G 14 IS £ 0% 1:=0.25 m i 26 [ ]
[ o K fif > ETA = A58 1.13x107 % 1.66x107 m/s « 57 1B 4 1,=0.5
m (i 13 {7 AV 9 K [ > B [~ il 1,49 x10™ = 1.55x107° m/s o i 7
[R5 15=0.75 m (98 f T [AIVE S 1 K fif 0 Agh [ il 1.2 X107 = 1.48x10° m/s -
BT =1 m i 6 i [Fl R 19 K > FR [~ mTil 1.6 X107 = 1.22 X107
m/s o (AR 14 fY K(2)737)) > TW2 [ifpo-f< S5 AfS E 55 8« #9%™ 2.35 =
3.1 m B ETAPRI R D - 3.1 % 5.1 m URYETHR LA AR 0 5.1 % 7.0 m i
FYRPRPRIEDH ) > 7.1 % 8.85 m {OISRPRPR KRR - 5 (1 5 1Rl 1 [l
PRI R G P gt By > 20 1 RLESET ~ = BSTTFPRIAE Ay o FST ARl iU K =
4.52x10* m/s > I ke, BT 14 - =K AT B ETRR A e o /6 MLST

R K(2)Eall ] 0 2 A R K () [~

[ K(2)pomeh [~ A% }{*;J’P‘j%&* 2.35m = 3.85m il EL T 0 B#9ERT 4.35m =
5.85m £ 4T > #9 5.85m = 8.35m FLT B f FIH s UR/AY - Py AT 3.85 % 435
m RSP OB VR - jRsR N 8.35 2 8.85 M L[k o SER AL E
15=0.75 ~ 1m (1 K fify » 15[ * 352 B Eﬁﬁjﬁ:ﬁ S Y LR N1 I E U URES = A
T 2.5m ﬂ’ﬁ FERI ) K(2) (11 7x10™ = 1.66x10° m/s » f5 =] K (i 2.4

(o B K@) (] @ 5 7 1.5m ﬁu%@ﬁbﬂ | K(z)f@ (=11 1.13x10 %

36



OO0DO0DOOobO0oOoookKOOOo

% 5~ 2] Tw2 ¥ MLST %] 75 #d (1=0.25 m » r,=0.0508 m » r=0.0135 m)

ZJs fib ?’?}?—'F Z:.(m) To (sec) F [0] K m/s

Tw2-Al | 2.475 1 0.101 3.64 x10™

B | twe-A2 | 2725 1.1 0105 | 3.43x10%
Tw2-A3 | 2.975 0.78 0.108 4.95 x10™

= Tw2-Ad | 3.225 3.5 0.11 1.13 x10°
” Tw2-A5 | 3.475 2.6 0.112 1.54 x10™
Tw2-A6 | 3.725 2.77 0.113 1.46 x10™

~ Tw2-A7 | 3.975 2.56 0.114 1.60 x10™
Tw2-A8 | 4.225 2.50 0.116 1.66 x10™

(5 Tw2-A9 | 4.475 2.52 0.117 1.66 x10™
Tw2-A10| 4.725 2.58 0.118 1.64 x10™
Tw2-All| 4.975 1.8 0.119 2.36 x10™

FHE | Zom) | o (15s) | B (1)) F [0] K m/s

Tw2-Al2| 5.225 1.35 0.95 0.12 9.25 x10™
Tw2-Al13| 5.475 1.45 1.17 0.12 9.03 x10™
Tw2-Al4 | 5.725 1.44 2.12 0.121 6.56 x10™
Tw2-Al5| 5.975 1.43 1.77 0.122 7.00 x10™

= |Tw2-A16| 6.225 1.38 0.76 0.123 1.19 x10°®
Tw2-Al7 | 6.475 1.2 0.76 0.124 9.25 x10™

W [Twe-A18| 6.725 1.32 0.98 0.124 9.03 x10™
Tw2-A19 | 6.975 1.3 0.9 0.125 9.45 x10™

Y [Twe-A20| 7.225 1.26 0.6 0.126 1.26 X107
" Tw2-A21| 7.475 1.21 0.53 0.127 1.32 x10°
= | Tw2-A22| 7.725 1.18 0.4 0.128 1.64 x10°
Tw2-A23| 7.975 1.21 0.49 0.129 1.44 x10°°
Tw2-A24| 8.225 1.18 0.4 0.13 1.66 x107
Tw2-A25| 8.475 1.26 0.5 0.131 1.55x10
Tw2-A26 | 8.725 1.13 0.4 0.132 1.55 x10°®
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% 6~ Z Tw2 IV MLST %¥R[ 55 ¥ (1=0.5 m » r,=0.0508 m > r=0.0135 m)

7fs fib ?’?}?—'F Z:.(m) To (sec) F [0] K m/s
TwW2-BL | 26 0.75 0.073 3.51 x10™
g ™w2-B2 | 31 0.7 0.078 3.99 x10™
W Tw2-B3 | 3.6 1.95 0.081 1.49 x10™
Z Tw2-B4 | 4.1 1.85 0.083 | 1.62x10*
= Tw2-B5 | 46 1.88 0.085 1.63 x10™
?ﬁrfl”?'?"“ Z.(m) | o(s) | B(1/s) F [0] K m/s
Tw2-B6 | 5.1 1.39 0.72 0.087 8.94 x10™
p= | Tw2-B7 5.6 1.31 0.92 0.089 6.66 x10™
\\ Tw2-B8 | 6.1 1.18 0.5 0.09 9.4 x10™
H TW2-B9 | 6.6 1.31 0.65 0.091 9.18 x10™
~ o |Tw2-B10| 7.1 1.22 0.43 0.093 1.18 x10°®
" Tw2-B11| 7.6 1.22 0.34 0.094 1.50 x10°®
Tw2-B12| 8.1 1.16 0.31 0.095 1.51 x10°®
Tw2-B13| 8.6 1.22 0.34 0.097 1.55 x10°®
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# 7~ 2] Tw2 7 MLST %vf] 75 # i (1=0.75 m » r,=0.0508 m » r=0.0135 m)

7fs fib ?’?}?—'F Z:.(m) To (sec) F [0] K m/s
Je | Tw2-Cl | 2725 0.6 0.059 3.50 x10™*
=
W Tw2-C2 | 3.475 1.9 0.063 1.2 x10™
K
T‘E

= Tw2-C3 | 4.225 1.4 0.066 1.70 x10™
. T*F'}E'F Z.(m) | o(l/s) | B(1/s) F [0] K m/s
" | Tweca | 4975 | 169 119 | 0068 6.63 x10°
?ﬁ{ 4
Tw2-C5 | 5.725 1.36 0.67 0.07 7.4 X107
K
Tw2-C6 | 6.475 1.81 0.93 0.072 9.72 x10™
IS
Tw2-C7 | 7.225 1.28 0.41 0.074 1.09 x10°°

Tw2-C8 | 7.975 1.23 0.28 0.075 1.48 x10°®

39



gbooobuoobooboooboobooboooboon

# 8~ 2 Tw2 ¥ MLST =] 75 i (Is=1 m » r,,=0.0508 m » r=0.0135 m)

A< fib ,%r-}”#? Z:(m) To (sec) F [0] K m/s
Je | Tw2-D1 | 285 0.81 0.049 | 218x10"
=
W Tw2-D2 | 3.85 1.2 0.054 1.6 x10™
K
% | Tw2-D3 | 485 1.05 0.056 1.7 x10™

T*r'mv Z.(m) | o(/s) | B(1/s) F [0] K m/s
=
Tw2-D4 | 5.85 1.68 0.74 0.059 8.4 x10™
W
Tw2-D5 | 6.85 1.33 0.32 0.061 1.22 x10°°
|2
i Tw2-D6 | 7.85 1.32 0.28 0.062 1.41 x10°°
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Tw2 continuous MLST

~~ A~ — 1,=0.25m

-~ 0O 1=05m
- O 1,=0.75m
2] -0 - I=1m
Ka)
CRe
s 585 | Agl@ N
A

Depth Below Ground (m)

8.35
8.85 @

K=4.52x10" (m/s)

10 T T T

10™ 10°
K(m/s)

10°

B! 14~ Tw2 Fl1fR0 2 [P R 2 HIREERAY MLST B8H K (2)53 )11 FST 5% W K

53 4.52 x10™ m/s o K(z)#@ [~ #RI~5%5% 1.13x10™* = 1.66x10° mis o
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4.95x107 m/s » ft ATl K A1 4.4 (ﬁ o SRV K@@ ¥ 1.5 m F’%@

AT K(Z)R [~ L 64x10™ = 9.25x10"m/s » A== E | K [liAt>% 5.6 [ﬁ

TG fap = T 34 K ffieg 0 Ka=1.2x10° m/s » Ke=1.21x10° mis + Ko
=1.17x10° m/s ~ & Kp=1.23x10° m/s » # %] Rag=1 % ~ Rac=3% + * Rap=3% - £ M
FHERE BIEESALHE | R I BUEVIEAR L O 2 P RS Pl =t
1m &7 MLST I'J[& (% ]g%ﬁﬁ’ﬁﬂ)?ﬁﬁ‘ﬁ?¢ o

BRI = 1 459 K i EE  Ka =2.69x10° m/s~ K =3x10"* m/s+ K¢ =2.35x10™

m/s ~ & Ko =1.99x10" m/s » #%]] Rag=11 % - Rac=13% - * Rap=26 % ° [ Rap ©'!
iagl]»g} 15 o4 U dl > B[] Im BT K(2)R [ AVYERES 15 o Rac M
Rap 14/ 15 %1 {10 ! » B 15=0.25 ~ 0.5~ 0.75m TR iV K fEsff I~
00 J B = B R PR 15=0.75 m T MLST « < g bl 5y it e
qéﬂ' 14 . K(z)ﬁfﬁ@jﬁf“'ffﬁlpwﬁ o

P T 3 KD 0 Ka=5.08x10" m/s + Ke =5.43x10" m/s ~ K

=6.08x10™* m/s ~ % Kp=3.93x10™ m/s » # %] Rag=6 % ~ Rac=20% ~ » Rap=23 % °
HUFI1{E Rag /[ 15 96[i" B R M - 0 15=0.5m % 0.25m S 19 K ity

< 3 TN 05 m REFR AN G A 5T K(2)EA T -

422 Twe I K MR HERIF

Tw6 H #hi7 50 - VAgE % MLSTs 3 F 189%™ 2.35 = 4.6 m iV 16 {7 [l
VR [V MLSTs 5[ 2By ™ s » R M08 dafalpo s & ST (9% 14

Fygto PyAh 46 m = 8.35 m v 34 {7 [ﬂ R P MLSTSs 15 (4 P=ii > s >
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i B P AT B % 119 2 e TW 19 50 A W] 5 AT AT [ K[54 9
10 ~ 11~ 12 3 A9 K@) 500 15 o [l = FpY 83 1:=0.25 m A i 24 fii
AR K i R = a5 F14.04x10" % 1.03x10° m/s ; 57 €1 [EigT RS
15=0.5 m 51 14 12 {7 [ % (1 K i > £ = 54 1 4,96 X107 % 9.71x10° m/s ;
AR R 152075 m AT 8 fla T AVE R K il HA BRI 4.82
x10™* = 9.56x107 m/s ; f1 <14 VAT I=1 m BT Y 6 fF T [V K il
[~ A 59 1 5.06x10™ % 9.19 x10™ m/s - (B 15 19 K(2)53 1)y » FrAfsps o3 Twe
FRETRY-fd BT 0 B9 2.35 % 4.6m |l J%@Tﬁ;{vlt'ﬁE"rﬂ} » 4.6 = 8.35 m pUESITFT
RIESF 5 B ﬁ?ﬁfgﬁép[j\ (ISR 2 R O3 ARG S - FST A AIK =
6.51x10™ m/s » I'| 560 R 15 - =K [P TR TR E > RS MLST

il K(z)aeled I 1] i dfe K@ ™ -

(MECK(2)fvign [ A “~ 2.35m = 5.35m m BB PR, > By 5.35m =
8.35m £ 41k FﬁT” ls g //zgg Pl L ek = e B 3 m 3@“%‘“@!
K(z)& (=& H 16.33x10* 2 1.03x10° m/s » A2 H ) K At 1.6 '?‘ o CTRHAYPH [

=07 5 K ifiES 0 Ka=8.78x107 m/s ~ K =8.52x10"* m/s » Kc=8.51x10™ m/s + Ko
:8.41X1O_4 m/s > fﬁ ?H Rag=3 %~ RAC:3 %~k Rap=4 % - Fz[ ﬂ:ﬁ{ﬁliﬁ"ﬁ?ﬁiﬁ EL[ ﬁgﬁlﬁﬁ 'J‘ ’
R Py BUETIEAL P PO RS fO PR PORRSRER S L m &7 MLST [ (S
T EEA @ Jzaﬂ\ A e

FIGLEY Ky [" 2l 5 73 3 m gy Jgﬂ‘f[f.ﬁ | K(z)yi@ |~ #af 4.04x10™* =
7.48x10° m/s - AT KR 1O f o PP T S KRG 1 Ka
=5.75x10* m/s ~ Ke=5.78x10" m/s ~ Kc=5.87x10" m/s - = Kp =5.24x10™* m/s » #HZ]

Rag=2 % ~ Rac=2% ~ & Rap=8 % o % {55 ! ﬁgﬁ'ﬁ'}’ ‘' Rag~Rag~ ¥ Rag 15
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%9~ 2] Twé ¥ MLST %] 75 #Fad ! (1=0.25 m » r,=0.0508 m ~ r=0.0135 m)

ZJs fib ?’?}?—'F Z:.(m) To (sec) F [0] K m/s
Tw6-Al | 2.475 0.9 0.101 4.04 x10™
B we-az | 2725 0.65 0.105 5.80 x10™
pe | TWB-A3 | 2.975 0.63 0.108 6.13 x10™
Tw6-A4 | 3.225 0.85 0.110 4.64 x10™
oz TW6-A5 | 3.475 0.75 0.112 5.34 x10™
- Tw6-A6 | 3.725 0.68 0.113 5.97 x10™
Tw6-A7 | 3.975 0.8 0.114 5.13 x10™
IS TwW6-A8 | 4.225 0.7 0.116 5.92 x10™
TW6-A9 | 4.475 0.82 0.117 5.10 x10™
WP | Ze(m) | o) | B(1/s) | F[O] K m/s
TW6-A10| 4.725 1.74 2.87 0.118 7.48 x10™
Tw6-All| 4.975 1.73 2.87 0.119 7.49 x10™
Tw6-A12 | 5.225 1.39 2.45 0.120 6.01 x10™
Tw6-A13| 5.475 1.39 2 0.120 6.33 x10™
= |qwe-Al4| 5725 1.38 1.64 0.121 6.83 x10™
sy | TW6-A15| 5.975 1.4 0.92 0.122 1.03 x107
TW6-A16 | 6.225 1.33 1.24 0.123 7.65 x10™
¥ | Twe-AL7| 6.475 1.26 1.17 0.124 7.32 x10™*
s TwW6-A18| 6.725 1.24 0.89 0.124 8.71 x10™
Tw6-A19 | 6.975 1.24 0.93 0.125 8.48 x10™
TwW6-A20 | 7.225 1.26 0.88 0.126 9.16 x10™
Tw6-A21| 7.475 1.26 0.88 0.127 9.22 x10™
TW6-A22 | 7.725 1.2 0.86 0.128 8.66 x10™
Tw6-A23 | 7.975 1.26 0.88 0.129 9.34 x10™
Tw6-A24 | 8.225 1.17 1.03 0.130 7.37 x10™*
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#10 -~ Twé V MLST &8 75 #radi (1:=0.5 m > r,=0.0508 m » r=0.0135 m)

7fs fib ?’?}?—'F Z:.(m) To (sec) F [0] K m/s
" TW6-BL | 26 0.53 0.073 4.96 x10™
;;’i Twe-B2 | 3.1 0.55 0.078 5.08 x10™
%f TW6-B3 | 36 0.5 0.081 5.81 x10™
I Twe-B4 | 4.1 0.55 0.083 5.44 x10™

;r-}%*%? Z.(m) | o(l/s) | B(1/s) F [0] K m/s

TW6-B5 | 4.6 1.25 0.85 0.085 6.28 x10™

. TW6-B6 | 5.1 1.25 0.75 0.087 7.09 x10™
’ TW6-B7 | 5.6 1.44 1.13 0.089 6.73 x10™
i Twe-B8 | 6.1 1.35 0.64 0.090 9.71 x10™
~ TW6-B9 | 6.6 1.27 0.66 0.091 8.55 x10™
pe | Tw6-B10| 7.1 1.27 0.65 0.093 8.79 x10™
TW6-B11| 7.6 1.23 0.6 0.094 9.01 x10™
Twe-B12| 8.1 1.51 1.05 0.095 8.32 x10™
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# 11~ 2] Twé ¥ MLST ¥rR] 55 #5# 8 (1=0.75 m » r,,=0.0508 m ~ r=0.0135 m)

et A | Ze(m) To (sec) F [0] K m/s
s
p= | Twe-Cl | 2.725 0.35 0.059 6.01 x10™
iz
k>
e Tw6-C2 | 3.475 0.47 0.063 4.82 x10™
W | Ze(m) | () | B(ls) | FIO] K m/s

P= Tw6-C3 | 4.225 1.75 1.71 0.066 5.27 x10™

W Tw6-C4 | 4.975 1.20 0.5 0.068 7.38 x10™
> Tw6-C5 | 5.725 1.6 0.8 0.070 8.59 x10™
e | T6-C6 | 6.475 1.35 0.68 0.072 7.38 x10™

Twe-C7 | 7.225 1.3 0.55 0.074 8.5 x10™

Tw6-C8 | 7.975 1.2 0.42 0.075 9.56 x10™
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A 12~ 2] Twe V MLST ¥R 73 #radid (Is=1 m > r,=0.0508 m ~ r.=0.0135 m)

A< fib ,%r-}”#? Z:(m) To (sec) F [0] K m/s
ol 3
ﬁ?ﬁ Twe-D1 | 2.85 0.35 0.049 5.06 x10™
2 E;g\
&r‘w Z.(m) | o(/s) | P(1/s) F [0] K m/s
P Twe-D2 | 3.85 2.2 2 0.054 5.62 x10*

w | Twe-D3 | 4.85 1.83 1.23 0.056 6.14 x10™

K Tw6-D4 5.85 1.19 0.42 0.059 7.32 x10™

e Tw6-D5 6.85 1.25 0.4 0.061 8.71 x10™

Twe-D6 | 7.85 1.6 0.65 0.062 9.19 x10™
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Twb6 continuous MLST
- A 1;=0.25m

O 1=05m
-~ %o - 1=0.75m
2 - -8 - I=1m
2.35
F 1T

4 |
£
U 1
[
S 5.35
o : N\
O
= 6 —
o
0
= > OB
o
(]
@)

8 _ |

8.35 /
| I
|¥- 'K=6.51x10" (m/s)
10 rTTT T
10* 10° 102

K(m/s)
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