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HMRLEO TSN (1) A
S9N TEFIB KA DRBEDHOHTEE 2, 3 DHEHEE

KT B AR R - R

KEFEN - 8BATE— « EHIET | ZFMTIBEOTIB RSN (1) SF-THFSEKFED
REAHFOBEEE 2, 3 OBHEER BAEETL: 137~147, 1989 Fbk-HBOKSEE
T BIEERD S b, BM-THEEKEEONESH 2, BAED LEEEIGIVIRET
HET 21 DDFERETRT 5, KAEE, 1) KRB > 75— (WE19.5cm, B& 78.0
cm) & & BIEREY Y v, 2) BAUEIRLEAER, 3) Steady-state methods i
X ATEIFIEKRSBRD 3 X T v P55, 1) DFEEZRAY, »ETEEE, KK,
REBERETH B HEMLBELHNL, 2 TOF Y 7MZDRT 2) %, BIZFHIZ DT 3)
EEME LIz, ZORR, 180 nNIzffE R Ks 1, HEXORMELEE2RKT 2ELE
Zohiz, FEFEREEE, BB R 2B THHELL ERSRD o1,
FEJIKEOET T 2 REMEMMAOET 2RTHRE &, HEE»FHEINR
REERBEOHIME | dor| 12, L OBELBC OV TOHRDOBRE LD /NS WETH-
7Zo

OHTE, Nobuhito, Suzuki, Masakazu, and KuBoT4, Jumpei: Hydraulic properties of

forest soils (I) The vertical distribution of saturated-unsaturated hydraulic

conductivity 'J. Jpn. For. Soc. 71:137~147, 1989 A method to determine the
vertical distribution of the saturated-unsaturated hydraulic conductivity of forest soils
is proposed and applied to some undisturbed samples. The method had three steps:
1) undisturbed soil sampling using a large size sampler (diameter 19.5 cm, length
78.0cm), 2) saturated hydraulic conductivity test by the steady water-level method,
and 3) unsaturated hydraulic conductivity test by the steady-state method. Three
kinds of forest soils: namely weathered granitic, volcanic ash, and Mesozoic soils
were sampled on a slope in Step 1). Step 2 ) was taken with all of these soils, and Step
3) was taken with first two soils. The saturated hydraulic conductivities, Ks,
obtained by this method typify the Ks of each soil layer. There was similarity in the
unsaturated hydraulic conductivity of these samples with dissimilar parent material.
The obtained parameters, 7, which show the change of the unsaturated hydraulic
conductivity for the pressure head and the absolute values of the critical capillary
head, |¢ee|, were smaller than those for disturbed soil samples reported previously.
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BAuTw»2y, THAEAREE KD VWREREE
BoLEARG 07 7 A VOREE(LE, HB5HEHEO
ESIKEAROMADER2B 2 LENDD, bk
BEKE-EIAEBRED L CORDTH L », F
HFRGEEE A CTRARCEEESARELHZEL 2D
niEe 50, ,

Steady-state methods X, ATBERZ KL 2 TR
BIRIEE I 2 LB A U3 ¥ TNNEK RSO E
HF2rhETHE, BERSEEREBCL? TR
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Y —TEIKEAESREL, THmCHRERAET
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EEHINE <, THEIE, b2VLRIERELY IV
ZOWTORRIIESH L EIE T 5, CAMERON(3),
Rocowskl and WEINRICH(12), 7 @R 27, O —A
TEET 2 =EHU)OREREB DL DD, W

J. Jpn. For. Soc. 71(4)’89

PEED R0,

RO EMZ, FMRBEACE QL BEE IR
BT, #ftBoASE8REIEL, MA-TEMDZE
AEERRESAE L LTHS» 2T 585 R FkEEER
TBRIEREDHDB, FLTEDFELLT, KBy 7
F—% AW THELL 1FEBELY » 7 & B EIREK
REr, ATBMEBYFE VL TRE KRB 2>
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1. B4 7IRERGE
H-1ky>Fo—thvy—, BIU2BEOEE
PR, Y77 —1dAE 19.5cm, EX 1.0cm, E
BB 0cm DA T =—VEBD/ N FRIMT LS
DTHY, EFCWTZ2HMERITHTHS, H5H»L
DR-F ALy TREROR DT TH5, T,
KT Ay THOREITLIRTLEE, ¥y 77—
OTHCRRM, REOL vy —2ED 1, KSR
PROWCHEEZHELDOEBUEELAATIT). 20
B, Ay F—DEAKCLEY 7 VOBEER SN
<Mz, yrrI—nREL LB OICHRSTE
BWESRT2DE, BIH cmEFEH 25 cm 2
EoRERCLEBZYIVHL TS, 7 T7—%
BRRCELAATHL,, T2 LB H X528, §
50cm BBELERY VST - AB L, FTHEZT
V7T RELALDI LPEEC RS I LB H B0
T, ZOE&EE, WEEEIIZ S LD L TRED
Ny —TlelenwTELAL, ZOL EHEEHED
DI, 37O LIHEREBEE, WHEEORAE
BREPTEEIRERT S, BEW0ecm oY > 7V
DERTER Ly 2RI, EEEZERLE
2L, ©v MV AROEEMTEL, BRI
B2k 38R 3,

P INVRBEFE» ST v A A—F —DKR—F R
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S:Sampler — J ¥
@ C:Cuuepr l_lu_]_ 2

W:Water manomelers
P:Porous cups
T:Tank

3
a
3

-1.

US:Undisturbed sample
$S:Standard sand

RS :Rainfall simulator
PU : Pump

Pl :Piezometer

Schematic diagram of a sampler and a measuring system

T2, R—FAH v 7, E&85.0cm#ME 1.8cm T,
RIEDY > 75 —DNE®S 7.0cm IMIEBT S &5
AT %, ELLBOERIE, LV X—F—%
BET 5, FE B T, FEEALY VO T ICERE
#R) (SS) 2B WHEDLME (EFE19.5cm, B
80.0cm) ZEL, MBI R —F R4 v 7% 10cm &
BCRET 5, EEVRIKLDICL>THEET S,
RO 2 RE T 2 BB, TRMZEKEBRE, JE
BELY > 7N O E SRR G R (R ESIAKERNZ O 5
F27:0TH %, ATEREEIZ, 0.5 mm/h~25.0
mm/h ORMBCERCEERZENIHBEEER Y
PRWTHRAT 3, HHEOREE, SHEIEKGBRE
B ARV VI =%, FEMEKEBREET B8R
BEAYREAVRavyPa—-Y—2HWTHEE&ES
Tolz,

B8, UMTTHWRIERIY 7B L EEDO
PEOBES, M-1HicRT Lo, 2B2R-—3
Ay 7ORBEINTWIHEEERE LTRAL,
EENSEE DU DTH B,

2. TEIKAIEIFIEKERER

PNV ETLEEAL TEMEE 5, XU
DE-1OEEBEA, BT, 2083H25 7 »bE
KUMR®D, </ X—F —DKEH 5 HBROEIRIRG

EREDDOORLRCY v 2R LT TV, Fv 2% 1
DEEEFTLTTAROEKENEHREBICR2 T
BET 2, YV /7H0KER21ED D ETFR LYV
VI, LEEOFEESEL, 1EDBTFFBET
MEDORERPEL 2, R T, EEA TR LA
DFWHREFEK L, EEB Tk, EEO#EE LOEH»
5THEORERTHEL /2, HH & b BkARE 4~8
BERELL, RERPHET 0 LFARKE, LERNOD
EKELFE, KT/ A=F —DDSFEABD B8R T %,
3. AIHEREE% AV TSk
BB, Vo2 20 ES L THIK
LENEAN R B2 TTRTOFEEDT V¥ A A—
& —2KEOem BRTREBICE 2 E THET 5,
IOEFHREE AR L LENEE2 5. BNES
T—EHET, WROLKEIM L TREREN—E
23 ETE2 %, ThEeFABCEBARDLKESH
B, /A= = oHAEYERIIMICESRT 5,
TRTCORBIZOWT, VU 7VERB LY v 7k
HD 5 DFEFEIT DT B,

4. FBKFBOEEE

SAE —RITTORIAI- AR E R O EEIHIZ, $AEEE
EEAREET B ERATEES,
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g=—K-- (1)
p=¢+z (2)

IZTq: BATEEYY, BARELYY ORE, K B
HREH, ¢ © 2OKEE, ¢ FEJI/KEE, 2 ¢ $AE TR0 FERE,
K i3, safiRo%E, fafIE KR K Th D, T
WMOBE, ESKE ¢ £/ 3EREKECL >TEL
THRERBENRRECTH 5, LBNOERBOE S D
FELIZ2HA, BitowT, 22 TOENKEES*
NFI Qa, o, 2 BIBER 20, s £ L, 20> TH D L X,
(HRBFRATERLITE B,

o= K(=t41) ®

Zp—RB
(NREAV 2z D5 2 £ TOFHHZ K DEER
Wi, 2Ok EZOXBEOFE L EKEEZ, K
ATKD 2,

—atde
=2 (4)

%7z, B TN ERO R R SRS ARRE Ks X, IR
RDEICEET 5,

=24
7=Ks 24z; (5)

Z 2T Adps, dz: 1%, | BTOERKEE, z FADES T
b5, 2B, TBEOLRELEEECET VY4 A—5—
DS, SUKEEEE, LRI EKRMIREO B
SFEL, EER YV KEEEH 2, ERRTS
20T, BTEO n B E TCORBORIFIE KGRI &K
DEMREFRED,

—K'_Zd‘ﬁi — Ksl_dﬂ— KSZ_A..‘Z.Sl

S 3z Az~

ZIT K ik, (3R TRD SN D, | BORBEKRIG
®Ths,

5. Y TILOEEH & TIRHERL

F VG, WEREBOMRERRRE, RRER
WoBEXLFHBRRE, KARESoAELLE, B8
RGO BIBARFAREFLEENRD 4 1T & WL
7zo MFZNZH KR, RY, KJ, KM, EEDOWE
%8S LR, R-1ELEBY VOB ETRT,
M-2 12, 4 DOIEJEY > AN DT HBHER R B
i, M, BRB X UEE, tRForsBRrERT
T, KR & KJ OF#Z, B 1BOREB L VEHED
5 2EED, TRUTOBREXTHERVI LT
H2, ZOMEDI, RY, KM TR 6hRW», £z K]
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#£-1. A INOFEM e R
Parent materials and soil types of four samples
Samples Parent materials Soil types
KJ V.A. Bl
KM Gr. Be
KR Gr. By
RY Ms.,Ch. By

Legend : V.A., Volcanic ash; Gr, Weathered granitic
rocks ; Ms, Mudstone ; Ch, Chart.

VOLUMETRIC RATIO (/)

0 50 100 0 50 100
1 D % LT
| —— Y
5 " 3 i 7z
; b2 oz
g 2 y—_—
177
3 = 7 i
8 8 R
KR KJ
0 50 100 0 50 100
1 1 )
2 2
3 3
4 4
5 5
6 6
7 7 =
/ & ~
RY KM
JPores
i Roots and humus
Soil particles
-2, FE, BR6 L OEE, LRFORRIEER

Volumetric ratio of pores, roots and humus, and
soil particles

Notes: See Table 1 for soil sample designations. The num-
bers on the vertical lines are those of each soil layer.

i, — iz u Ry cEN 2 EREOBE R HIET,
KB L bRIBREN 80 %h ML, EEFATIFIE—FET
Hd, D3V INTR, EEHRCHEBREOET
BHBNE, ER4V VIV EBRREIFTIEEZTH
HLTw3, BELLERPLEC L3, LRE»
SR TElE L7234 ZFIRFED sk o iz, B
Hhs oo HHEE S, KR iE, #1325 10cm 2 THA
B, BEREZFhUT80cm Ll EH 2, RY I1Z, ks s
15ecm ETHARE, FNUT100cm TR BETDH
%, KJ i, #i#d» 5 100cm U EDQFEX Ty uRy
PHEBLTEY, BLAYAETHS, KM i, #HiE
»530cm ETHABT, ZRLUT0cm ETBE
Db, TRbBAFYINORTH Y A LVOEE
CBRELTWAR DR R 27z, F-2 XE&LEDL
BERNESRERTIMEEZRDIES DD LB b,
TBIZBAL TW2RAPHEOER CH I EHRE
X, A¥EW & o> THRELR, K] O E LT3, KE
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£-2. HLBOIE L NESH
Specific gravity and grain size distribution of
each soil

Specific Grain size distributions

Soils gravities Layers >2.0 2.0~0.1 <0.lmm
(g/cm?®) (%) (%) (%)
KJ 2.2 1+2 0.0 49.5 50.5

445 0.0 56.6 43.4
7+8 0.0  64.9 35.1
KM 2.6 142 19.6  66.9 13.5
4+5 215 64.0 14.5
7+8  26.2  59.4 14.4
KR 2.6 1+2 55  41.0 53.5
4+5  22.0 535 2.5
7+8  22.5 545 23.0
RY 2.6 1+2 425 16,5 41.0
4+5  35.0  20.5 4.5
7+8  45.0  18.5 36.5
ss 2.6 — 0.0 98.0 2.0

BEE AL 2.00mm KET, YV MEH% IR
Vo RY O & U Tk, Bl 39> 7 ic T
£BTHL, BAB.Imm U EOESH B, £720.1
mm BT ORRL S b WS, BTEEED» 5 7% 5
KM, KR i3, BZMo L o 78H 2R L TWV»5, 2E,
PIEDHBHEEO ST L b 2D 3 v IVRIRDRE,
TARTOF Y IV DB TIRRFOREIC L 3 45
nNaYy> 75 —NEEL LEROBER, KebEERT
BEDBNE T,

. AEF0-TREFIEKEHER

1. BFNFBKEBRIER & ¢ kRt

1) ¥y v EBEeEOFR L RIS R

H-312, 4 20 Y MDD W TEIKARE L RED
BRETRT, BV 7N bHEREKAERICHSIL
THEMLTB Y, FIEEIZAFIREE TOD DARCYRIDIEL
L TWw3, F-312, BY IV 20 TREREOH
KREFE, v TV EREOFIR L SFIE KR
Ks #5R7, 22Tl KMS i3 KM & SS 2L 724
Bk TofERN 2 RT. FHORAREKRE K
i, 1.13X107%2cm/sec %5 10.19X107% cm/sec D&
Hickh s, M-3HOEHREIELD Ks 2HE L T3E
BTh2,

2) BREAKREOE S

K-412, BY > 70D TERBE KGRI OSAE 5
fimRT, SS DHMFLEKEE I, BB L HI1ZIZ2X
107 cm/sec B T, SHAMIZES FROHEE 27

141

800 O KM ARY

®ss AR
O kMs
T ES

(o2}
o
(@]

FLUX {mm /h)
I~
o
o

200

0.0 0.1 0.2 0-3
HYDRAULIC GRADIENT (cm/cm)

-3, BIkAE L mEORR

Relationship between flux and hydraulic gradient
Notes: See Table 3 for soil sample designations.

#-3. £1EH» 7 L20RE, HERE, Bk,
LB DV BIRIE AR K

Length, porosity, hydraulic gradient, and mean
saturated hydraulic conductivity Ks of each soil
column

oo Lo oy bl
(cm) (%) (cm/cm) (cm/sec)

KJ 69.6 89.0 0.03~0.24 1.13%x10°2
KM 71.7 68.2 0.03~0.23 10.19x10°2
SS 79.2 47.1 0.03~0.21 2.29X10°2
KMS 151.7 57.6 0.05~0.35 1.86X1072
KR 70.2 54.3 0.08~0.28 5.53X10-2
RY 72.9 66.7 0.04~0.08 7.35%1072

LTwd, ZhiZk~, o 4 DD3EEEY > 7T
X, BZLicZs 28545 NEIFAOTRENE 2
RLTW3, KM, -2 CRLEBEBEOTREARA
ANDOETEMICIE U BT84 6N, 72720 KM
D SS LDEROELDOBET, SEMEKRENZ DL
TORBZH~1 A —F &, Zhid, KM & SS %
BETAE, T30 TE50%MIET 5720 SS
PHOURELEY EF7-0T, BEOE X - -EEDO
Bhr—E KM D 8Bl ENd L#BINE, fl
D 3Y ¥ INTE, HEEON EORIGIZHS»T
372 <, £ KT, MRES2E 2B U T808% &
FIE—ETHEDIENL, BEMBEAREIZIX1073~
1X107 cm/sec DEFETIE 50 <, ZNiE, BIZETH
NPk S REF YN b EE E TEMIRRSOE L
T, TEEBSEARR—F AR LB TH 720,
SIRIE KRB R & < BB T 5 RILEB RN 4578
LT3 i&deEZz6N5,
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160} O kM
® ss
140 Z:YJ o<
AKR o

~ 120 3/
G ]
2 100 f/
o
fay L
= 80 | o= oyundar
> T~
w
o

60t

40 »

A
20 ;:
0 07 10 10°
Ks (cm/sec)
K-4. SUFIEAREOSRE S

Vertical distribution of the saturated hydraulic
conductivity Ks

Notes: See Table 3 for soil sample designations. Bound-
ary : The boundary between KM and SS.

F-4. K WEEDO/NEY > 7Lk B0 BHERDS
e ARESE L D

Comparison of the observed Ks between the

method with small column and method with large

column

Sampling Porosity Hiig?:;ic
column (%) chm Jem) (cm/sec)

- Small* Kujusan (10cm) 87.2 1.24 5.29%x10-2
Kujusan (50cm) 88.2 1.24  3.83x10™*
Komenono (10cm) ~ 73.0 1.24  6.21X1072
Kiryu  (25cm) 59.6 1.24  1.41x10°2
Ryuouzan (50cm)  63.4 1.24  1.17x1072

Large** K] (1) 82.5 0.11  2.22X10-2
KJ (6) 87.3 0.53  4.55x10-®
KM (1) 78.2 0.13 1.61%x10°*
KR (3) 51.1 0.32 4.70X10-2
RY (6) 61.3 0.09 5.98 X102

Notes : * Diameter 10.5cm, length12.7 cm, ** diam-
eter 19.5cm, lengthKJ(1):4.9cm, KM(1) :6.7cm,
KJ(6), KR(3), RY(6):10.0cm.

(), The sampling depth below the surface; [ ), The
layer number corresponding to the sampling depth of the
small sample.

-4, Y VORI ICE UHE TEHRERL

Fo, NS> (B 10.5cm, & 12.7cm) 2/
WIBERDFEIC & B RMFIEAKRBREE £, KHEIC

J. Jpn. For. Soc. 71(4)°89

ko TEz, NI Y AL OEEECELY T 2 EB0H
ERER L 2 HRE, B, SMEKGERCOWT
HEBELUTFET, K] TR 1BOBHE2SBCETET,
INBUY Y PV HER TREID BN E WEDSRF ST
W HDD, 50cmiE (6 B) TiE, RBEDFTHHIIL.I
EORERETH B, ZOED»H/NHY AL
T, KM (1/8) T 2.6f% KR (38 TH3.315,
RY (6 8) TH 5.1 EOHEBEBE S NIz, NV~
7 B TCHIE & N B BIRTE AR ES, @/
BBZrRLIELEERIN TS, i, X
H 5 (10) i Afefe S ILm BN oREIz B »T, A
TRERIC & - CEE EOLBRICEIREI ST 54 s
¥, ZOWHBEE» o LEOMAEKREICHELET 3
BE»JoEKREEEHLTBY, MBIV L

| RBIEARB, SEONZEEEED b4 —F—28

RNEWZEERLTNE, .
KNDHEN T v F A HHE LT 2 HMLET
1%, BERL T2V v PARKIBRE &L O E L HHEE S
N2 8ERBRORNEERT 50, ¥V 7 VOHE
BIMKEL BB EONTRLME I X 3 FLBRAHFOM
ERFhEN, RIBE2EALTED, fEFEKX
REOENRE LD, &7, V7Y v IIROERE
(HEDBELDEER, KEY > 7N DT/
&l b, ZOFKR, KRBV TRV HEFE
AKEREDNELF > TN E R L CREWEERD, &
DOIEZ, ZRENERD b > BaBOLBIEHL T
FOVREUEZDOLHBDTHDEEZLNDY,

2. TEAFNSEKEBRIER

TEIFIFEASERE, K] &L KMS DWW TERL T2,
£-51, 220F IV DNT, [Tol-RBOER
ZfEETRT, KMS Tit, 5.2mm/h 225 9.8 mm/h i&
L THRREEL2ELI 2 440RBHTo /.,
ZZTKMH i, BEEBTY Y7 2 3DMBIES,
KMS 0 TEDAZHERD O RPIEERS> SS RIS ¥ T,
KM & SS OEREIKE 2R & TORRE R
T, TS DOBENGEEOEHABRN CECY 5 28E
Thd Vb, '

®-5aiz, KJ 2w TEMEE 8.7mm/h DD
TBROETIAKES ORI ERT . FIBESK

B RIS, LWEMELEOS Z s hicEE2RKT 3850
BEAEEEBL DI, ¥ 77 —DERED 15~20 cm
BELETH? LT HHENKE, FR9) X > THE
Shlze TOHRETRINTLRERIF, AR|TELNT
ERINEL, KEY Y Zuh 518 5N 3 8FEKRGEHRL
FUELB DLW THREEE D DI LR2TRL TV,
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BRI IZ I SKEAEMS 0 E k2 BHERETH -2
rnz b, BRNEHKRT S LEEMRETIIEONT
FESIKED EERTEANLBEHL TnL, &5, B-
5biznd Fuas o7 2RT, M ORI Wetting
front VR TBIZEYT 2HZ & —KT 30, ZOHR
Thbd, 252 E, FlHR, BRcL2ENLE
ERTENGETAREERL TR I ERRLT
Wb,

Wetting front 2EBL7-H & LE» 5 TEAL,

#-b. B

Artificial rainfall conditions

Samples Intensity Duration
P _ (mm/h) (h)

KJ 21.4 1.7
15.4 4.2
8.7 11.0
2.2 32.7
KMS 22.3 8.0
14.3 13.0
52— 9.8* 20.0—11.0
. 1.4 61.1
KMH 21.8 5.0

Notes : *20.0 h. later, rainfall intensity changed from 5.2
to 9.8 mm/h.
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FE/KED ERMRID, b2—FEHECET S, %
LTCERLBOAFERICH L CiZ e A B LZ
Vi, DED BB —EORSEIGITH LA AT S
b, ZDZLiF, BEAETCRIENESHOEEL
X, RE»S TRBREAP > TEFT S LERLTY
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(cm)
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(mm/h)

i
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TIME (h)
(a) BT IKESHORRZEL
(b)FHNA Rur T 7
(a) Changes of pressure head profiles
(b) Changes of discharge from the sample column
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—
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=
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i
-
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-6, RATFIRAEERIEI 513 B FE I KEAT

Vertical profiles of pressure heads under the un-
saturated steady-state flow

Notes: Artificial rainfall intensities: [KJ] a, 22mm/h;
b, 87mm/h; c, 154mm/h; d, 21.4mm/h, [KMS] e, 1.4
mm/h; f,52mm/h; g 98mm/h; h,143mm / h;
i, 22.3mm/h. [KMH] j, 21.8 mm/h.

Initial : The initial profile of pressure head.
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Relationships between the unsaturated hydraulic
conductivity K and pressure heads

Notes: The numbers indicate the soil layers. The hori:
zontal lines with layer numbers indicate the values of the

saturated hydraulic conductivities Ks. |¢|: The absolute |

value of the pressure heads.
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2%“6~ 'ﬁﬁé iz 75 ¢cr{E
Determined # and ¢, for BROOKS and
Corey type formula

Layers 7 Ger (cm)
KJ 2 1.49 —0.21
3 1.84 —0.18
4 1.73 —1.13
5 1.56 —0.13
6 2.05 —2.44
KMS 2 1.86 —0.14
3 2.50 —0.42
4 - 3.32 —2.53
KM 5 3.34 —3.55
6 2.81 —3.49
7 3.19 —4.93
8 3.59 —9.20
9 8.53 —14.90
10 8.40 —13.03
SS 11 6.82 —12.17
12 5.30 —11.98
13 18.54 —22.30
A
Q K
15| [ kM
A ss
o
10
o e .
Sa. Si.
5 A
5 .
0]
0 10 20 30 40 50 60 70
1Werl (cm)
[X-8. 7, Ger {E@, ﬁﬁi% ExENDANDLED

e

Comparison of values 7 and ¢« between forest

soils and other soils ) )

Legend: Vo, Volcanic sand*; Fi, Fine sand*; Si, Silty
loam* ; Sa, Sandy loam**; Cl, Clay**.

Notes: * By Brooks and COREY (2), ** - By WHISLER
et al. (14).

NWROSNLEEBEI L EFRT, 245 % BROOKS
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SS 13 5.30~18.54 DEFEIZ H 2 »%, KJ it 1.49~
2.05, KM i% 1.86~3.59 DEFIH D, Z 2 THITF 7B
BT A—F— LTREAND Clay LEUL 50
INE WV, 72 gl D 18 1SS T 11.98~22.30 T
Volcanic sand 12 DWW TEHRE I LTV BEIZIT W, K]
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Changes in vertical distributions of the unsatura-
ted hydraulic conductivity K with pressure heads

Notes: The values of K are estimated by Equation (7)
and Table 6. The numbers on distribution lines of X are the
values of pressure heads.

S., The distribution of the saturated hydraulic conductiv-
ities.

Ti2 0.21~2.44, KM TiZ 0.14~9.20 DEE Iz H V),
BEQOLEDY Y VLB HELD /& W, KID
B KLRED v v FEL, KM ORIk B TE R
BHIVEBREANTEWELTHD ZoRL BhoTn3
Zhhrbod, HktEOEBILY Y I e LTR
DIy, gl EHBCHS L HERIRD SN L
720 0 L B AR LIS O L B L T 7 & [de 25 &
BINEW WS FHER A BTz, v
wiz, (MHAROEFREZAY, Ay 7rizonT
—5cm, —10cm, —15¢cm, —20 cm, —25 cm DEE S
RETIWB T 5 FEIFEKREE R DT, -9 IEHE
DFE Ty b T 5, KMS TREEIICWNZ 2 2 LiE,
BIFLREED & FEHAKE -5 em DHWIEDOET, 2
5 38 (KM 243 OFEFLEAREDS 2~3 4 —F —
RBWETT 2L THB, ZOEMIE, K] izowT
BE5BHOIRDEWEZ2ETHRON, EHKE
B—bem ZETT 5 L fIREAKRE L TB BT



146

24— —FEMBERFEIET T3 Z L 8by
3, ZOZLiE, FHRMORBMEIO LB IHEEHN
CROKREZIMBEETZ L EMELTBY, &
5 L7 FLBRIZEEF PR TR BA & WEAEZ R T O
WWHET 208, LU THREIMNCE 2 LAOEEE®
KR F L BERE L UBOEKEDPBBETT5 &
WIBRETT, & {12 KM D 2~4 Bz, EFIKEEHN -5
~—=25cm QEENKET T, LBIFETEEMEK

REDPE B, I, EBR SR T BR

BOEIENKRE {, TEMFGTTHAOEENE 2
Bo TEARREEST 2ILBOEEWNE WD TH S
EEzeohnd, ZOBERE, K-6 1R LT EMESE
MEHEROEIKEBEIFD, HS 10cm PAETER
OFBEKERB NI L EELTWwE, BT
LR OENDBEAEEKE dor 1, ZOED D OF
KOBBROR & RGN G2 RT6(2), EED
BRIE, WY 7VORBTRD 507 dor DIEIHE
BL0em UTFEFFERNASVI ELHHIGL T3,
BEDOMETIE S LEARA 50T, Elk
BE—5cm » & —10 cm DM TiIZIZHAFIRE S
L, fMTOERESHERENG, 2O L, K
BDENTz dor DHRMENEDED Wem A EDH D,
5~10 cn BBEEJIKEMMET L T b ROERME 212
EAERS ZERRNILIZEBEELOND,

V. & b Y I

FMEBOKSRECET 21E8RD > b, $2F-1 4
FOBEKBEOHESMEHET 2FEELT, &
L L7z, REVG V7S — 2k 29> 7Y v, R
FOKGRER, TRFIEKERY» 572 2 —EOREE 2R
RU7ze O, SIRIEARBORIE I EARNE 2
R, TEFZEKGE L EKBEOBZROEE A
THMZERE % F\» % Steady-state methods i2 £ <
FErEo7z, TNE 4 DO SR L 7238
BIAAY TV OWTHEBL, 5B 282 0nT, B
SNEERERE S L ICHEN-TRMNOEKREED &
B IR TIBORRERE L2,

HMHOZE, BERABNT COMKDMREREER
WABRET THL BBV EEZ LNEM,
b 6 B LBOTEIRIOB KRR 5 £ 213,
FALERBR O TSR DILA DR R b o Tk
EBEWNEFHRE L THELAhTRWEr-sTtEZ 6N
3, FEEELY Y N BRI EAREBIE e ERT
DEMLFETHY, ERkpe/Ny I LIzEBa

J. Jpn. For. Soc. 71(4)°89

FEEARFERBEEINTOS, LrLEns, K
TRELU2Y > PR, skl v EERKE L
%Y, —EORBONKEESERENDE L1 IBE
RET 2D TR, fERD 5 O/NUIEREY > 7
VE & BRBTRTSETERY, BHRIERROK
SEIREOD, SHEFANGERKRNESTETHS L v
SEFEEL TS, 0L RAIEEREOERER,
SHEIRE 2 AR HO—BR BT, #Esh
TEBOFAEEEFBRORHEER LT DT TEZ
2EWIENORDICEAEARTHZ EEZ D, R
TRUTBHNZ, % idRvs, EREAEECEL
T, EPSHRSNTWB/NEY > sk 28
EELD bREZENELN, BRIHERT VT LT
HEFMEBEOWTIRREOH2HEER2B 20D
i, EhEFTHL eEZ N, iz, EHE»S
BE & NI R OE AR XA LB O ERES %
RBELTw3EEZ6N2bDTHol,
ZHLTezeds, JOMERE L ZHEAR 2R
LT ZEi&D, FMLEOREIIEAREDS,
IVHOPERBABLIBEONI EWE K 5.5,
IDERLEGETCOEBERTRET 2L EOHEE
Mz i, HFRLEORM-REREKFBE L LR
LRIERTE2HDEEZ D,

AR R ED T GBRT, REAEEZEE RES
BB, IMEEREEE, BREREHFOHEELZY
o, E72, YU INVOEEUIH T T, WEILTIR
TUNKEBFSN WAMCHF LD, BBEREKFLE
EMCREBBRRFRY & BEHFLIVERERT
BHEWE W, Z2LhSBEOBEET,

51 A 3 8k

(1) BX—% FMITBEORAKDL &, 199 pp, AIX,
W, 1987 -

(2) Brooks, R. H. and Corey, A, T.: Hydraulic pro-
perties of porous media. Hydrology Papers, Colo-
rado State Univ. 3: 1~27, 1964 -

(3) CaMmEeRON, D.R.: Prediction of field soil water
content. Soil Sci. Soc. Am. J. 43 : 390~394, 1979

(4) JREFER : FHERIC BT 2 TNeafl Ko mE O
(ID) TEIFEAREDHEE, HMEE 60 © 290~297,
1978

(6) KLUTE, A.: The determination of the hydraulic
conductivity and diffusivity of unsaturated soils.
Soil Sci. 113 : 264~276, 1972

(6) FIEBMF—ER - TIE 3 . TR E L 0RBSE



H#REE

(8)

(9)

(10)

71(4)°89

B3 2 EBWHR ZARESRIEESE 307:
59~69, 1981

L BB EK BRI DT F ik
BT A, LEIESHXHRESE 23, No.d4:
157~170, 1983

FEIE 3 AR - TEIRISEBRA O Lk 0BT
T3 2, 30BFE, TETESHTHEE 23,
No. 3 : 165~177, 1983

KEEE - A E KEERSEEREW L 2 HML
BOZERGEOBEE(L), HEE 70 367~370,
1988

KOEF -BEEE - HAM— | —KTHRETLEEMR
EBrRAOLEWNARBEEOMKS. HMHEE 65
125~134, 1983 :

(1D

(12

(13)

(19

147

B ORES - AE B SEHAERCBT ZMAOR
A LT (1ERIS 4 > X —5 & LEEN.
AP HESR 17B © 511~522, 1974

Rocowski, A.S. and WENRICH, B.E.: Modeling
water flux on strip-mined land. Trans. Am. Soc.
Agric. Eng. 24 : 935~940, 1981

ZHAE: 7uRy s o—stOBKECETZE
B, 97 [EIH A5 © 583~585, 1986

WHISLER, F.D., KLUTE, A. and MILLINGTON, R. J.:
Analysis of radial, steady-state solution, and
solute flow. Soil Sci. Soc. Am. Proc. 34 : 382~387,
1970

(1988 £ 5 H 30 H3ZH)


http://www.tcpdf.org

