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1. ¥8Z ¥ (Borehole Type)

7t. £E Y £5H|(Boutwell Permeameter)
D AEdEe AL

o] A&@We Boutwell. G.P.(1983)7} 7t
Aoz uy Fo Aue wek 1, [ F @Az
FRArE 2R, #a799 FHE Aol
F9(Cased zone)d FHolAol gl T9
(Uncased zone) 0.8 F-¥3to 3, £2 47

T2 WMSFT A gor 2Asn, I g A
Hol we} gz,

2) 7}7§ =7

-2

& —1173 20~300m—°4 HA oA wha,
olgs Byg Apole AL a2h¢8(Grout-
ing)oz z¥sted 240, A1
Hvorslev(1949)¢] ¥402 1WA 2544
(k) S Aarsich, Azt W3] wE ko &

Plotaln sgo] A dule =2std 1EA9

I d Standpipe ’ '

74
|

-

r—l L—re—Casing — Casing
Grouting Grouting
H

e[y = 250

fil

=0~ =50

n
RS

|

|

XX

250

bid
Clay Liner Clay Liner

250

(a) Stage 1 (b) Stage I

{713 -2) Schematic diagram of two-stage in-situ
permeability with Boutwell Permeameter
for cases in which potentiometric level is

below base of permeability

Aol rdr
NELEEPE

b IaA Age Aoldol dle nazezel
s8¢ Wl 292A 4 (D2 F4A4E
ARkt

nd? H
k ::——_1 ———  teresrresssanasnes 1
! 11D(t2—t1> i H2 ( )
q7)1A,

k : T9A A @olA 2 £54A5(em /s)
d:2d= go]Z e 27 (cm)

D: Aoy A7 =& Y32 2% (cn)
t, t,: Az 9 HF Z2HAIH(s)

Hlv szﬂ-\—kﬂ&z@ 'A(m)

W) &4 AJgE Aol gl BYFoge
BEE Hrtete AL2A o] GAAE k9
To40] AS W7tz FH & A& 1Y
LAY HY "“Efﬂ(’l‘hln Wall sampler)

HU
lo

OI-J )

2 345 74]—57—5‘}01 ’21(2) E 74] FE 74]4‘}?{1
o
ke=-£-In 1}—112 (2)
Aq71A,
A= LAy 14 (E Y3
B=8 D5 (t,—t,{1-0.562 exp

[—1_57(_]%)]} ........................... (4)

k. : T@AA G 9) £5A5(en /5)
L: Ao vigdo gy A%w wype 2

ol {cem)
Ko jn[ ol +\/1+(“15L )
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k
m= h ...........-................-..........(6)
k,
kh:mk‘ .............---...............n.........(7)
khz_nlq_ | e sns e nes (8)

af 714,
m:3FEA (2g-3)o2%Y k, k& F
st ARgE T
ko 7% F5A(cm /s)
k, 1 72 £5A % (em /s)

4

20 7

{32!-3) Curves of k,/k; versus m required to
satisfy Eq.(5) for L/ D=1.0, 1.5 and 2.0

5) A 4

A7 4 ARy Lol AFPstL, HXzol
AAA M 2Ho] 7hE3ie 2, e
o8 EFAFE ERE F Utk FFASE o
107em /s ©]3t2 W& &= &4 o] 7hesith A
A3 d 249 At M2 F dteh

Uy AdE F9 %] H1, EXFEE 73
s, S a5 AYE 4 glon,
A7t 107em /s 08k Foll sl SR Az
o] FU~FFY 288 £ Ut

Ll M55 =228Z FFH(Constant Head
Borehole Permeameter) = HZ S5
(Guelph Permeameter)

D AgEe e

o] Al¥WL Olson & Daniel(1981)¢] AZ %

FA} o] BT YoM BFHE FA8] 9
3lo] nlz) 9 E o] E(Mariotte syphon)eltt
Float valveZ Abg3la] 7HE3 Ao -
FA871 Y3 g A6, S FLeEd
S AR £49 FU1E ¢EA g
S8 AR 2= Fol T FA7 24
a7 GEF ok 3.

,-\
o
o)
&
%’
a
—

2) 7H=3
F gAolx, FdolH, Eo Zol A, B
B3 xd 2%35101 A g1, Ae o A
Bk de o FEY
!

tiste] k, = va}% 7L 2ahe) fle] B,
3) )\]fﬂz};q_,] A @ =Auy
(2g-4)9} o] At l A7 2w RYFE
A% & 1g 4% 20~30me] 7Y FY A
oldL EglE L 1 FHE ?J*lii A FHE
Lol E Jetg-gog Bgste] dxgh

—
Standpipe —w

Seal

{

Constant
00000 water level

Granutar 'g
backfill —s

Perforated
casing

00000

Impermeabie layer

(3-8 Borehole test with constant water level

4) HE&3 9 4

B3 APozny kg Asele A2 de
Glover(1953), Steven & Neuman(1982a)°¢] &
e g FAlstd Adatg s, §U8Y &
g st 7fEg 42 Steven & Neuman
(1982 b, ¢, d), Philip(1985), Reynolds et al.
(1985), Steven et al.(1987) 5L FQIHS M9
st kg Altel7] A s sty HAstd

TE‘-?%* o tg A HME FPaR e kE
317] Y3k o33 22 HHo] B3ty
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SN M2 M 1Z

CALIBRATED INNER

RESERVOIR TUBE \
CALIBRATED OUTER

SLIDING AIR-TIGHT SEALS_%
PRESSURE TRANSOUCER gp-
(OPTIONAL)
—] RESERVOIR TUBE
THREADED COUPLING € OUTLET TUBE
TRIPOD ASSEMPLY WELL —gm- n\

7

AIR-INLET TUBE

-— RELEASE VALVE

— = i

_I\ «¢— RESERVOIR

—

STEADY LIQUID
LEVEL IN WELL T3\

OUT PORT

o

|u

ao
3 g — PERMEAMETER TIP
o O
1o ol
«— RUBBER STOPPER

(drawing not to scale)

_Y__

{l-5) Guelph permeameter
71 A13A oA k] Astel] Ale-5= Philip's
Solution(1985) & t}2-3} 72t}
= q cieiseaserann (9)

™ R*—1[F, o

LIQUID SURFACE IN RESERVOIR

H: A4 (cm)
Az%ar cereeverernsssessens s s ssesssnee e (10)
o:F 2AR HAE Hde FFT
(Sorptive number) 2= MFEEA AY
Eofl oigh dfEH g2 0.002cm ™ ~0
00Lem ‘o] t},
P 4117(1=R™)
In[R+VR-1]-[4/1— éz ]
(1)
4.280 (12)

T mR+VR—1]

60

) A2 e A (9)2 Ak kE Stephens

et al.(1987)¢] FA Ao JAEH ez ALtd
kgkz} v nsiey

HC, (13)

o714, 2319 AF Co=alem™), Hiem), 1

2 9H e 4oz Fen,

log(C,) =[0.653l0gR ] — [0.257)oge. ] —
[0.633log(H) ]+ (0.021VR)
—F 0.313 ]
VN
+(1.4561) +0.453 --ereveeeeens (14)
37]1M, MgEC WF N# o 22 o
1.8cm’, ¢k 0.002cm o] T}, (Stephens et al. 1988).
t}) A3 e otk A (Elrick et al., 1988)2
k& At}
C
k= g (15)
2nH?+ nrt C + 25H-
o714,

C:1a9 627 AH3)

aH : R FoA fA9 A de Zdol(m)

a*: Eq.(10) 9 a9t 7o, Elricke &Aool
A AR Ao tate] oF 0.001cn &
A A 8rA et

{212!-6) Factor C versus H/ r(Reynolds & Elrick
1987 : Soil Moisture Equipment Corp.
1987)
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Reynolds & Elrick(1986)&
oA H# H(H,)H) o 4 & T"r?‘]ﬁ}—‘&ﬁl e
¢ g q) 23 FFATE ok o
T A& AgE

RK=G,=Gyqy +rreeerereerrmmnenrnennnna(16)
o} 7) A,
G _ H1C2
* m{2HH,(H,—H,)+r*(4,C,—H,C,)}
(17)
H,C,
('E—GZHICZ (18)
H, H,: I, TeAM 9] 54 (cm)

C, C,: 18 69lA H /roll W& TaAS e
Aol A 9] Cgt

5) 9 B4

AA7) {2 v go] Y3l dz)7e)7} A},
Al 717te] B (5 AlZb~F9Y). 7‘**% i
T 712402 £HAQ jro|d}, §9H o a3}
2 nslmg Fo B¥s 42e AusA 19
i},

gl o] x| Hol| ALEE Fo] o] v WA A7 & T
3 EFAS 2R RAYEY, EL50)
107en /s o]3¢] &l st 240 st}

2. 34 24 (Probes Type)

7t AFE Ct34 E2l(Cone Shaped Porous

Probe) Se= BAT £4A|

1) A&de Aa

o] AJ&W 2 Torstensson, B.A.(1984)9} Tor-
stensson & Petsonk. A.M.(1986)°] 7123t A
o2 g HE A AHEHE 1 e F
AHRo R e AYAE 5 e 27 4 (Seal)
ol 28 ¥ A7 30mm, %] 40m< Z& ¥ (Filter
tip) & To]Zoj) o xuk Lol AN E FB
ol zue e dFoljt), EFAEL 93 dEY
2 S FAY(Outflow test) REHS F
gto] 9l& 4= %l £7](Chamber)ol 01@&]01

At o] AL L7 7hxe tEW sl £ B
A 23S HOP"% 715 E 1 AHEEle Fok W
T FEAES AF hA gEe oty wg
7](Pressure transducer)2 2A3}u A|8d
Zﬂ-r 71& ZAsAA FAHL] HH ge A3l
H A8k FYstd Aeg7e) ol A4
e AE ZAEEA fdEY AAAE 3
st

) 7].;(4 z7

e

é

WAoln, Sof FYsA Zoj
o34 24 (Porous el-
dslo] A g1, AAzA

o] g ZAIS), S &AM

7t2e] g3 FAg
Ads 9 0}1 Hvorslev

(1949) 9] 48 2143t k,=k.,& &&0lA k9

k, Atol9] olt]o| A & gk AT
3) A EgA HA 2 ZAUH
(28-7>3 2ol A% 30m, ¥°] 40me] 4F

Yol o34 gl g T uid 2 F502 A

dho] WetE ) =2 YA SejA 91 1 ¥Y

of Aol 4-& Xt} AFE7]e HoldE o

2 gEy ZFARY Aes AMgste XES FE

Fo| &Y, 547 EH 3718 X

o, £71U9 371 A E dgeg ol ok

2o oz 29 wet §719 1%
o] Wsait ¢ WEvlE gAUsE BAsa

%3 $5E 2Y(Boyle) 837 £714d e
7hagE o] Wglol ofste] AtE

4) A& 49 a4 (Hvorslev 24))

%9 AU W k= (19)
H,
W) A9 W k=t Lt
(20)

(A)o] A4

F= ' 21 e (21)
In[L/D++v 1+ (L/D)?]

(B)9] 73+
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« — TEST CONTAINER

le. SEPTUM
+— NEEDLE
—a— SEPTUM

e EXTENSION PIPE
L PRESSURE
TRANSCUCER
B‘"— TEST ADAPTER
TL#

POROUS-PROBE

f—D—=
(A) Probe with (B) Probe with (C) BAT Permeameter
Permeable Base Impermeable Base (Commercial Name)

(22}-7) Hydraulic conductivity from porous probe

test
27l
F= —2.8D
In[L/D++v 1+ (L/D)?]
(C)e) A%
_PVe LT
“TFomoR b )
......... (24)

F= 2y
Inly /d+V 1+ (y/d)*]

o7]1A,
k : BFAZS(em /5)
P,: A& £71Weld 27] 7k 4 (), &
o] xol2 EAH.
V,: A8 £7)10el 27] 7k A A (o)
P : A7 43 t, Aleld) 2343 Hi ¢¥Y
(cm), B9 Eo|Z BAE.
P,: A& 7)o 283 ¢ (m), T =
ol2 A,
%— : o2l Wshg(cm of water /s)
F : Flow factor(cm)
y : Porous probe®} o] (cm)
d : Porous probe?] 27 (cm)
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#7 =243 w Zo4 Borehole typed]
Boutwell Permeameter®} Constant head bore-
hole permeameter, 18] Porous probe type
o] cone shaped porous probe(BAT -Per-

Test type Borehole type Porous type
Device | Boutwell Constant head | Cone shaped
Items permeameter | permeameter (BAT
Permeameter)
Installation Easy & Simple| Easy Easy
Cost Low High High
Soil volume Small Small Very small

Soil condition | Unsaturated Unsaturated | Unsaturated

Soil suction Neglect Consider Neglect

Test depth Deep & Slope | Deep Deep

Testing times | Sevéral days | A few hoursto [ A few minutes

to several | several day to a few hours

weeks
Testing Falling head | Constant Constant &
method head falling head
Direction of | Vertical & Horizontal Horizontal

permeability horizontal

Coefficient of
permeability 10 %n/ s 1077em/ s 107%n/ s
(em/ s)
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